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 ن وَ القَْلَمِ وَ ما يسَطُْرُونَ 

 ".ن، سوگند به قلم و آن چه مي نويسند"

 

 :سخن دبیر کنفرانس

دانشکده  بیرا نص رانیا یآل یمیش ناریسم نیام یس یبرگزار قیکه توف میرا سپاسگزار میبزرگ و عل خداوند

 یمیسالانه ش ناریسم نیام یس یقاعدتا برگزار. کرد رانیه علم و صنعت ادانشگا یآل یمیو گروه ش یمیش

و سترگ  ریخط یافهیوظ کشور یهادانشگاه گریپس از سه دهه تجربه و تلاش ارزشمند همکاران در د ،یآل

 یبرا رانیو کارکنان خدوم دانشگاه علم و صنعت ا یگرام انیبود که خوشبختانه همکاران بزرگوار، دانشجو

 ینیو کارآفر یپژوهش ،یاز توان علم یریگراستا، به منظور بهره نهمیدر . آن کمر همت بستند نهیجام بهان

دانش  ينيکارآفر ،ینوآور نیب يپل يآل يمیش" یدیشعار کل ،یآل یمیمرتبط با ش عیو صنا انیدانشگاه

 . انتخاب شد ناریسم نیام یس یبرا "اتريو جامعه پو انیبن

دانشگاه علم  یمیبه دانشکده ش ناریسم یامر برگزار یدر واگذار یآل یمیمساعد انجمن ش با نظر خوشبختانه،

 یکشور و وزن علم ییایبا توجه به گستره جغراف ناریسم رانیدب یاز سو یعلم تهیکم نییو تع رانیو صنعت ا

 کایلیویو س(  (ISCجهان اسلام یاداستن گاهیلازم از پا یها هیدییشاغل، مجوز و تأ یعلم اتیهمکاران ه

(Civilika) نهادها  یو مال یمعنو تیهمزمان مکاتبات لازم جهت اعلام حما. فرصت اخذ شد نیدر اول

راستا،  نیدر ا. انجام و مذاکرات لازم به عمل آمد یو خصوص یدولت یهاو شرکت یتیحاکم یهاو سازمان

 یراهبرد یروین تیکشور با محور یعدفا قاتی، مرکز تحقیو فناور قاتیوزارت علوم، تحق یمعاونت پژوهش

شرکت مصباح  ،یمستضعفان انقلاب اسلام ادیدانشمند وابسته به بن ادیبن ران،یا یاسلام یارتش جمهور ییایدر

، زدی رنگیس افیال یاراک، شرکت مهامکس و تمادکالا، شرکت تعاون نیوابسته به مجتمع آب سنگ یانرژ

از  یو نقره ا ییطلا وم،ینیرا در سطوح الماس، پلات خود یو مال یمعنو تیحما الیکای سپنتاشرکت کیمیا 

گلبرگ خاطره و  حهیرا ،یگستر د انیما ،یمیامرتات ش ییدارو یهاشرکت نهمچنی. اعلام کردند ناریسم

و  یزبانمیبه رسم و آداب . افزودند یجانب شگاهینما یبه غنا یاصل انیغرفه در کنار حام یعطر مانا با برگزار

شكر خدا را بجا نیاورده است آن که از مردم )لا يشكر اللَّه من لايشكر الناّس  ینبو ثیاز حد یسبه تا

و  رانیبرگزارکنندگان از حسن نظر و مساعدت مد یجا دارد از طرف تمام (درقبال انعامشان تشكر نكند

 . میینما یکارکنان تک تک آنها تشکر و قدردان

و متخصصان تراز اول کشور و  دینفر از اسات ۴۴۱از  شیایران، ب یآل یمیش ناریسم یطول سه روز برگزار در

ارشد در دانشگاه علم  یو کارشناس یتخصص یدکترا انیمحققان پسادکترا، دانشجو ،ییایمیمختلف ش عیصنا

و ضمن ارائه  افتندیحضور  -ینیکشور در امر آموزش، پژوهش و کارآفر یهادانشگاه ننگی- رانیو صنعت ا
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ره  ان،یو دانشجو نیمحقق گریبه د یقاتیخود و همکاران تحق ینیو کارآفر یپژوهش یستاوردهاد نیآخر

 یاست که مراتب قدردان ستهیراستا، شا نهمیدر . خود اندوختند یقاتیتحق ندهیآ ریمس یارزشمند برا یاتوشه

 انیونسیدکتر داود  یجناب آقا ژهیبو رانیو صنعت ا علمدانشگاه  سهیرئ اتیو سپاس خود را از مساعدت ه

 ژهیبو یعلم تهیاو همکاران ( یمیدانشکده ش استیر) یغفور نیدکتر حس ی، جناب آقا(دانشگاه استیر)

و ( یعلم بیرد) جمالیمیدکتر محمدرضا نع یو جناب آقا( یاجرائ بیرد) ریسرکار خانم دکتر شهرزاد جوانش

ارشد  یو کارشناس یتخصص یدکترا انیشجودان رینظیب یچند ماهه و از خودگذشتگ یروززحمات شبانه

 یآغازگر فصل یمل ییگردهما نیکه ماحصل ا میوارمیدا. میبه عمل آور ییو اجرا یدر بخش علم ناریهمکار سم

وابسته در جهت  یهاو رشته رانیا یآل یمیش یو صنعت یدانشگاه نیمحقق یو ارتباط علم شرفتیدر پ نینو

 .ان شاء الله. و رفاه مردم دانش دوست آن باشد یاسلام زیعز هنینام بلند م یاعتلا

 

 احترام با

 نیدکام محمدقربان

 ايران يآل يمیش ناریسم نیام يس ریدب

 ۱۴۰۳ بهمن
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 سخن دبیر علمي کنفرانس

 

 بسمه تعالي

 

وزدهم بهمن ماه های هفدهم الی ناُمین کنفرانس شیمی آلی ایران در تاریخبا استعانت از خداوند متعال، سی

در دانشگاه علم و صنعت ایران، با همیاری و مشارکت گسترده جامعه علمی شیمی آلی کشور، با  ۱۴03

ها موفقیت به انجام رسید. در این دوره، شاهد ارائه دستاوردهای پژوهشی ارزشمندی بودیم که بخش اعظم آن

 ض دید و تبادل نظر قرار گرفت.در قالب پوستر و بالغ بر سی مقاله به صورت سخنرانی در معر

های بارز این کنفرانس، توجه ویژه به پژوهشگران جوان کشور بود. فرصتی مغتنم در اختیار این یکی از ویژگی

های خود را در قالب سخنرانی به جامعه علمی ارائه نمایند. در فرآیند عزیزان قرار گرفت تا نتایج پژوهش

د تا نمایندگانی از اقصی نقاط ایران، از جنوب تا شمال، از شرق تا غرب، در انتخاب سخنرانان، تلاش بر این بو

این رویداد علمی حضور داشته باشند. همچنین، در اقدامی نوآورانه، از یک دانشجوی کارشناسی ارشد از شهر 

نشان از  کرمان برای ارائه سخنرانی دعوت به عمل آمد که این مهم، بازخورد بسیار مثبتی را در پی داشت و

 پویایی و استعدادهای درخشان موجود در اقصی نقاط کشور دارد.

 این کنفرانس، در راستای اهداف خود، بر نکات زیر نیز تأکید داشت:

ها: تمرکز بر موضوعات با اهمیت روز کشور و جهان، به منظور همسویی توزیع موضوعی سخنرانی -۱

 رو.ی پیشهاهای علمی با نیازهای جامعه و چالشپژوهش

اکسید: اختصاص بخشی مجزا به این موضوع حیاتی، با توجه به اهمیت بخش ویژه جذب و تبدیل کربن دی -2

 روزافزون آن در مقابله با تغییرات اقلیمی و حفظ محیط زیست.

های ها و ایدهانتخاب سخنرانان جوان: بها دادن به نسل جوان و ایجاد بستری مناسب برای ارائه توانمندی -3

 ها.نوآورانه آن

هایی جامع و کاربردی در زمینه های کلیدی در خصوص کاربردهای شیمی در صنعت: ارائه دیدگاهسخنرانی -۴

 نقش شیمی در توسعه صنایع مختلف کشور.

های آموزشی متعددی با موضوعات متنوع از جمله آشنایی تئوری و عملی همچنین در حاشیه کنفرانس، کارگاه

ی رامان، مقدمه ای بر شیمی محصولات آرایشی و بهداشتی، کارگاه انگیزشی طراح کسب و کار سنجبا طیف
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کنندگان مواجه شد. خود باشید و کارگاه آشنایی با مبانی فوتوشاپ برگزار گردید که با استقبال شرکت

 نماییم.ها نیز صمیمانه سپاسگزاری میبدینوسیله، از مدرسین محترم این دوره

 

اندرکاران و حامیان برگزاری این کنفرانس صمیمانه قدردانی دانم از تمامی دستبر خود لازم میاینجانب 

نمایم. از همراهی و مشارکت ارزشمند انجمن شیمی ایران، جامعه علمی شیمی آلی کشور، دانشجویان گرامی 

تلاش دانشگاه علم و صنعت دانشگاه علم و صنعت ایران، همکاران محترم در کمیته علمی و اجرایی، کارکنان پر

کنندگان عزیز، سپاسگزارم. امید است این کنفرانس، گامی مؤثر ایران، حامیان مالی گرانقدر و تمامی شرکت

 در جهت ارتقاء سطح دانش و توسعه علمی کشور عزیزمان در حوزه شیمی آلی  باشد.

 

 محمد رضا نعیمي جمال

 اُمین کنفرانس شیمي آلي ايرانسي دبیر علمي
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 اعضای کمیته علمی

 

 ( دکتر شهرزاد جوانشیر، دانشگاه علم و صنعت ایران۱

 

 

 ( دکتر محمدرضا نعیمی جمال، دانشگاه علم و صنعت ایران2
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 ( دکتر محمد قربان دکامین، دانشگاه علم و صنعت ایران3

 

 

 ( دکتر علی ملکی، دانشگاه علم و صنعت ایران۴
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 ( دکتر صادق رستم نیا، دانشگاه علم و صنعت ایران5

 

 

 ( دکتر حسین غفوری، دانشگاه علم و صنعت ایران6
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 ( دکتر احمد شعبانی، دانشگاه شهید بهشتی7

 

 

 ( دکتر علی اصغر محمدی، پژوهشگاه شیمی و مهندسی شیمی ایران8
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 زنجان( دکتر علی رمضانی، تحصیلات تکمیلی علوم پایه 9

 

 

 ( دکتر علیرضا کیاست، دانشگاه شهید چمران اهواز۱0
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 ( دکتر رضا پیمان فر، موسسه انرژی ساوه۱۱

 

 

 ( دکتر علیرضا نجفی چرمهینی، دانشگاه صنعتی اصفهان۱2
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 ( دکتر علی شیری، دانشگاه فردوسی مشهد۱3

 

 

 ( دکتر آرش قادری، دانشگاه هرمزگان۱۴
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 ر عظیم ضیایی حلیمه جانی، دانشگاه صنعتی شریف( دکت۱5

 

 

 ( دکتر بابک کریمی، تحصیلات تکمیلی علوم پایه زنجان۱6
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 ( دکتر بابک مختاری، دانشگاه شهید چمران اهواز۱7

 

 

 ( دکتر بابک افتخاری سیس، دانشگاه مراغه۱8
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 توسعه پایدار ( دکتر سیده بهاره عظیمی، پژوهشکده محیط زیست و۱9

 

 

 ( دکتر بهزاد زینی زاده، دانشگاه ارومیه20
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 ( دکتر الهه کوثری، دانشگاه امیرکبیر2۱

 

 

 ( دکتر فرید معین پور، دانشگاه آزاد بندرعباس22
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 ( دکتر فاطمه تمدن، دانشگاه یزد23

 

 

 ( دکتر هادی ادیبی، دانشگاه علوم پزشکی کرمانشاه2۴
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 دکتر حمید بیضایی، دانشگاه زابل (25

 

 

 ( دکتر حسن شیبانی، دانشگاه شهید باهنر کرمان26
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 ( دکتر حسین توکل، دانشگاه صنعتی اصفهان27

 

 

 ( دکتر جواد مختاری، دانشگاه آزاد واحد علوم و تحقیقات28
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 ( دکتر کوروش رادمقدم، دانشگاه گیلان29

 

 

 عی، دانشگاه قم( دکتر محمود زار30
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 ( دکتر علیرضا مدرسی عالم، دانشگاه سیستان و بلوچستان3۱

 

 

 ( دکتر محمد اسلامی، دانشگاه صنعتی خاتم الانبیا بهبهان32
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 ( دکتر محمد سعید عبایی، پژوهشگاه شیمی و مهندسی شیمی ایران33

 

 

 ( دکتر مصطفی کیامهر، دانشگاه قم3۴
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 تر محمدرضا زمانلو، دانشگاه محقق اردبیلی( دک35

 

 

 ( دکتر نادر نوروزی پسیان، دانشگاه ارومیه36

 

 

 ( دکتر رحمان حسین زاده، دانشگاه مازندران37
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 ( دکتر رامین قربانی، دانشگاه بوعلی سینا همدان38

 

 

 ( دکتر رضا نجار، دانشگاه تبریز39
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 دانشجويان کادر علمي

 

 ه رادین کیان( فاطم1

 

 

 ( زهرا نظافت2

 

 

 ( ادیبه محمدی3

 

 

 ( صفیه حیدرزاده4
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 اعضای کادر اجرایی

 

 مسئول دبیرخانه: علی میری تنها

 پور مریم مهنام .1

 علی بدیحی .2

 فرشته فرهادپور .3

 مهدی طاهری .4

 بهنوش محرابی .5

 الناز پیری عالم .6

 مریم جمیلی .7

 امیر محمد شبانی .8

 عیلیعلی اسم .9

  بیمرغی حمیدرضا عطاردی .10

 نیلوفر نشیبی .11

 زهرا تولایی .12

 نیما دیوانی .13

 فومنی تهمینه خوشبین .14

 رویا اوزی .15

 امیر اسدزاده .16

 زیج امیر علی هادیان .17

 احمد ملا .18

 فرشته پیرو هدایتی .19

 نفیسه عزیزی .20

 بنائی شیدا عابدی .21

 پریا عربی  .22

 فاطمه سمیعی  .23

 سارا قاضی پور .24
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 بناکار سپیده حسن زاده .25

 علی نجف زاده .26

 خدیجه اسمعیلی .27

 رحمانی مبینا .28

 محمدمحمدرضا پور .29

 نرگس پورغفاری .30

 میلاد طباطبایی سید  .31

 مهسا زهره وند .32

 هانیه امیرحسینی .33

 لیلا ربیعی .34

 مبینیمونا رئوف  .35

 فرحناز داوودی .36

 نگین رستمی .37

 سما ترک زبان .38
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 سخنرانان

 دکتر محمدرضا نعیمی جمال هیئت علمی دانشگاه علم و صنعت ایران 

 ژوهشی وزارت عتفدکتر پیمان صالحی معاون پ 

 دکتر محمد قربان دکامین هیئت علمی دانشگاه علم و صنعت ایران 

 دکتر مبلغ اسلامی نماینده شرکت مصباح انرژی 

 دکتر مهران رضایی هیئت علمی دانشگاه علم و صنعت ایران 

 دکتر احمد شعبانی هیئت علمی دانشگاه شهید بهشتی 

 دکتر مجتبی خراسانی هیئت علمی دانشگاه زنجان 

 دکتر سعید شفیعی نوید محقق پسا دکتری دانشگاه مازندران 

  شاه چراغ نماینده شرکت داروسازی آپرین سما فارمدسید محمد دکتر 

 دکتر مژگان حسین نژاد هیئت علمی پژوهشگاه رنگ 

 دکتر عظیم ضیایی حلیمه جانی هیئت علمی دانشگاه صنعتی شریف 

 لم و صنعت ایراندکتر خیبر دشتیان محقق پسا دکتری دانشگاه ع 

 دکتر میلاد بزاز راستکار آزمایشگاه تحقیقات شیمی دفاعی وزارت دفاع 

 دکتر سمیه شهرکی هیئت علمی دانشگاه زابل 

 دکتر علی شیری هیئت علمی دانشگاه فردوسی مشهد 

 دکتر محمد کریمی نماینده شرکت الیاف سیرنگ یزد 

 دکتر ندا سیدی هیئت علمی دانشگاه جیرفت 

  ویلسون هیئت علمی دانشگاه گریفیث استرالیادکتر کارن 

  سپنتا یحکیم داوود نماینده شرکت کیمیا الیکامسعود دکتر 

 دکتر  فاطمه تمدن هیئت علمی دانشگاه یزد 

 دکتر علیرضا اویسی هیئت علمی دانشگاه لرستان 

 دکتر حمیدرضا کلهر هیئت علمی دانشگاه صنعتی شریف 

 ه بوعلی سینا همداندکتر بابک نعمتی هیئت علمی دانشگا 

 خانم فاطمه ده یادگاری دانشجوی کارشناسی ارشد دانشگاه شهید باهنر کرمان 
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 دکتر محمد باقر تیموری هیئت علمی دانشگاه خوارزمی 

 آقای سید علی حسینی دانشجوی دکتری دانشگاه تربیت مدرس 

 آقای محمد حسین محسنی دانشجوی دکتری دانشگاه علم و صنعت ایران 
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Abestract: A new series of [1,2,4] triazolo [4,3-a] quinoxaline derivatives have been designed, 

synthesized and biologically evaluated. In addition, molecular docking studies were performed for 

the new compounds. The binding energies of these ligands were investigated. The interactions of 

the ligand with the enzyme, including hydrophobic interactions, hydrogen bonds with the amino 

acids of the enzyme active site, were observed and analyzed using Autodock, DS Visualizer 3. 

Tools and Ligplot software were used to analyze the results. 

Introduction 

The intracellular messages of TLR7 are received by pDCs, then these molecules recruit the 

differentiated protein of myloid 88 through the TIR domain. MyD 88 activates IRAK protein, 

which accepts interferons, and then with the activation of TLR7, inflammatory cytokines, 

including interferon type 1, 6, 12 and TNF-α, are released, which regulate and express Genes 

related to the immune system lead[1-3]. Type 1 IFNs are one of the important products for TLR7/8 

activation.  TLRs have emerged as key targets in the pursuit of novel adjuvant therapies for 

vaccines against a wide variety of pathogens. Among a large number of new biologically active 

compounds synthesized by medicinal chemists, special attention has been paid to polycyclic 

compounds such as triazolo-quinoxaline due to their wide range of biological activities[4] 

Experimental 



35 

 

 The synthesis started from the reaction between benzene-1,2-diamine (1.00 g), oxalic acid  

(1.5 g) and 3.00 mL of 10% HCl in 3.00 mL of H2O, and briefly a mixture of 4- 

chloro[1,2,4]triazolo[4,3-a]quinoxalineor 4-chloro-1-methyl-[1,2,4]triazolo[4,3-a]quinoxaline 

(2.00 mmol) and various aliphatic amines (2.3 mmol) was refluxed in ethanol (15 mL) for 4 h. The 

solvent was then evaporated under reduced pressure. The resulting precipitate was filtered, dried, 

and crystallized from absolute ethanol ,and the final compound (Figure 1) was synthesized. 

 

Figure 1: [1,2,4]triazolo[4,3-a]quinoxaline derivatives 

Result 

In this study, 12 triazole quinoxaline derivatives were investigated. The results of the present study 

showed that the triazole quinazolinone derivatives studied can inhibit the EGFR enzyme by 

binding to the active site. Based on the docking results, the inhibitory potential of the studied 

compounds is different and the strongest binding is related to the following compound 
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Introduction 

This study presents a green and efficient method for synthesizing quinoxaline using sheep rib bone 

as a natural catalyst. This method is not only environmentally friendly but also effectively reduces 

production costs by decreasing reaction time and increasing yield. Additionally, it demonstrates 

the potential for employing alternative catalysts that adhere to green chemistry principles.  

Methods 

For the synthesis of quinoxaline, sheep rib bone was used as a natural heterogeneous catalyst. The 

rib bone was powdered, washed with distilled water, and dried at 100°C before being used in the 

reactions. The reactions were conducted at 70°C in the presence of water as a solvent, as this 

condition yielded the best results. 
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In addition to the sheep rib bone, alternative catalysts, such as DBUT, TNHP, iodine (I₂), and NBS, 

were tested for comparison. These catalysts were evaluated under similar conditions to determine 

their effectiveness in terms of reaction time and yield. The optimal catalyst amounts and reaction 

conditions were recorded for each. 

 

Results  

The use of sheep rib bone as a natural catalyst resulted in a high yield of 98% within 40 minutes, 

highlighting its efficiency and alignment with green chemistry principles. For comparison, other 

catalysts demonstrated varying levels of effectiveness: 

 

Entry Catalyst Yield (%) Time 

1 Sheep rib bone 98 40 min 

2 DBUT 92 2 h 

3 TNHP 78 2-3 h 

4 I2 76 6-8 h 

5 NBS  63 2-4h 

 

This synthesis method supports the principles of green chemistry by using a natural and recyclable 

catalyst. Additionally, the results indicate that sheep rib bone is more effective than the alternative 

catalysts in terms of reaction time and yield. These findings demonstrate the suitability of this 

method for industrial and pharmaceutical applications. 
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Abstract  

The piezo-photocatalytic technique is deemed an emerging area utilized in environmental 

remediation. In this study, the piezo-photocatalytic composite nanofibers, UiO-66(Zr)@IL/PAN 

NFs, were designed to degrade the organic pollutant of Rhodamine B (RhB) under simultaneous 

ultrasonic (US) and light radiation sources. UiO-66(Zr) was first synthesized via the solvothermal 

reaction of terephthalic acid and ZrCl4. Then, the ionic liquid (IL) of HMIM+TFSI− was embedded 

into the UiO-66(Zr) at various concentrations to provide UiO-66(Zr)@IL-1, UiO-66(Zr)@IL-2, 

and UiO-66(Zr)@IL-3, which were subsequently embedded into the piezoelectric matrix of 

polyacrylonitrile (PAN). Finally, the spinning solution of UiO-66(Zr)@IL/PAN was exposed to 

electrospinning under optimal conditions. The RhB piezo-photodegradation efficiencies were 

found in the sequences of UiO-66(Zr)@IL/PAN NFs>UiO-66(Zr)/PAN NFs>UiO-

66(Zr)@IL>IL/PAN NFs>pure PAN NFs>UiO-66(Zr)>HMIM+TFSI−, confirming the boosted 

effect of the UiO-66(Zr), HMIM+TFSI−, and PAN NFs in the dye degradation and more efficiency 

of the fibrous form of catalysts in comparison with their corresponding powders. A boosted effect 

was observed in the piezo-photodegradation efficiencies of RhB (2.2%-95.4%) in comparison with 

the individual photodegradation (0.0%-21.3%) and individual piezodegradation efficiencies 

(2.3%-84.2%). Tauc plots and Mott-Schottky (M-S) results were consistent with the radical 

trapping experiments that introduced O2
•- and HO• species as critical in the RhB degradation. 

Introduction 

Water pollution is indeed a pressing issue that affects ecosystems, human health, and economic 

development globally 1. Various techniques have been utilized to resolve the contaminated water-

related issues 2. Amongst, photocatalysis is an economical and environmentally benign 

phenomenon that can convert light energy into chemical energy and effectively mineralize organic 

dyes, instead of removing them from the aqueous environments 3. However, there are certain 

limitations to the industrial application of photocatalysis, including inefficient use of visible light, 

rapid recombination of electrons and holes, and limited mobility of the photogenerated electrons 

and holes from the bulk to the surface of the photocatalyst 4. Consequently, it is crucial to create 

new strategies to enhance photocatalytic efficiency to achieve significant advancements in 

mailto:sh_asgari@alzahra.ac.ir


39 

 

photocatalysis. Piezocatalysis is a new concept of catalysis technology relying on piezoelectric 

materials agitated by mechanical energy, leading to the temporary polarization and production of 

piezoelectric potential 5. Recently, significant efforts have been made to integrate photocatalysis 

with piezocatalysis, resulting in substantial advancements in the degradation of contaminants 6. 

Piezo-photocatalysis is the synergistic effect of piezocatalysis and photocatalysis under 

mechanical energy and light radiation simultaneously.  In this study, we constructed PAN-based 

IL-loaded UiO-66(Zr) NFs as a piezo-photocatalyst through blending electrospinning and 

investigated its ability on RhB degradation (Fig. 1).  

 

Figure 1. A schematic of the RhB degradation by UiO-66(Zr)@IL/PAN NFs. 

Experimental 

To fabricate the UiO-66(Zr)@IL/PAN NFs, a spinning solution composed of UiO-66(Zr)@IL-1, 

UiO-66(Zr)@IL-2, or UiO-66(Zr)@IL-3 (1.0 wt%) and PAN (12.0 wt%) was provided in DMF 

and followed by electrospinning. The optimal electrospinning conditions were selected as the 

voltage of 17.5 kV, the needle distance to the collector of 15 cm, the needle diameter of 21-gauge, 

the feeding rate of 0.5 mL/h, and the rotating collector speed of 100 rpm. The electrospun NFs 

were dried after their peeling off from aluminum foil. The pure PAN NFs (12.0 wt%), UiO-

66(Zr)/PAN NFs (1.0 wt% for UiO-66(Zr)), and IL/PAN NFs (1.0 wt% for IL) were also fabricated 

at similar conditions for comparison studies. 

Results and Discussion 

The degradation efficiencies of RhB are shown in Figure 2. The results indicated that the 

piezodegradation efficiencies of RhB follow the sequence of UiO-66(Zr)@IL/PAN NFs>UiO-

66(Zr)/PAN NFs>UiO-66(Zr)@IL>IL/PAN NFs>pure PAN NFs>UiO-66(Zr)>PAN 

powder>HMIM+TFSI−. This confirms the significant impact of UiO-66(Zr), HMIM+TFSI−, and 

PAN NFs on the RhB piezodegradation, and highlights the enhanced influence of UiO-

66(Zr)@IL/PAN NFs compared to their respective catalytic powders. The incorporation of PAN 

NFs with UiO-66(Zr)@IL increased their piezocatalytic activity. Pure PAN NFs showed higher 

degradation efficiency of RhB compared to PAN powder, highlighting the significant role of 

electrospinning in promoting PAN’s piezoelectric properties. The photodegradation trend, as 

illustrated in Figure 2, was detected in the order of UiO-66(Zr)/PAN NFs≥UiO-66(Zr)@IL/PAN 

NFs>UiO-66(Zr)>UiO-66(Zr)@IL>pure PAN NFs>PAN powder>IL/PAN NFs. PAN indicated 

minimal photocatalytic activity, while HMIM+TFSI− demonstrated low piezocatalytic activity and 

no photocatalytic effect. The catalysts under simultaneous US and light sources indicated an 

improved RhB degradation, confirming the boosted effect of piezocatalysis and photocatalysis.  
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Fig. 2. RhB piezo-/photo/piezo-photodegradation graphs by (a) UiO-66(Zr)@IL-1/PAN NFs, (b) 

UiO-66(Zr)/PAN NFs, (c) UiO-66(Zr)@IL-1, (d) IL/PAN NFs, (e) pure PAN NFs, (f) UiO-

66(Zr), (g) PAN powder, and (h) HMIM+TFSI−. 

 

The primary reactive oxygen species (ROS) involved in the degradation of RhB were identified 

using scavengers of benzoquinone (BQ) to capture O2
•–, tertiary butyl alcohol (TBA) for •OH, and 

disodium ethylenediaminetetraacetic acid (Na2EDTA) to trap h+. The efficiency of RhB 

degradation decreased when BQ and TBA scavengers were present, showing that the O2
•– and •OH 

species play main roles in the degradation of RhB. To further confirm the degradation mechanism, 

Tauc and M-S plots were recorded. The Eg of +3.31 V and ECB of -0.34 V were determined from 

the Tauc plots and M-S plots of UiO-66(Zr)@IL-1/PAN NFs, respectively. The ECB of the UiO-

66(Zr)@IL-1/PAN NFs was found more negative than the E(O2/O2
•-) = ‒0.33 V, so the 

photogenerated electrons could create the O2
•- species by reacting with O2. Additionally, the 

determined EVB of the NFs (+3.31 V) was found more positive than the E(H2O/•OH) =+2.40 V, 

confirming the effective role of the •OH species in the RhB degradation. 

Conclusion 

In conclusion, we presented a PAN-based composite nanofibrous piezo-photocatalyst, UiO-

66(Zr)@IL/PAN NFs, for the US/light-driven degradation of RhB. A boosted effect was noted in 

the piezo-photodegradation efficiencies of RhB when compared to the efficiencies of individual 

photodegradation and piezodegradation processes. The exploration of this novel catalyst and its 

enhanced photocatalytic performance through piezoelectric effects could stimulate further 

innovations in environmental management. 
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Abstract  
Adsorption-assisted photocatalysis is an effective method for enhancing the removal of pollutants 

from wastewater. This enhancement can be achieved using a new type of metallocene-based 

porous organic polymer, called FcLR-P. The synthesis of FcLR-P involves two key steps 1) the 

creation of a ferrocene-containing metal-organic porous polymer, known as ferrocene-P, through 

a Friedel-Crafts reaction between dimethoxymethane and ferrocene, and 2) the subsequent reaction 

of ferrocene-P with phosphonium pentasulfide (P2S5). The photodegradation efficiency of 

methylene blue (MB) using FcLR-P was found to be higher than that of ferrocene-P, indicating a 

greater photocatalytic activity of FcLR-P, which can be attributed to the presence of FcLR. 

Conversely, the adsorption efficiency of MB decreased following the reaction of ferrocene-P with 

P2S5. When investigating both photodegradation and adsorption simultaneously (known as 

adsorption-assisted photocatalysis), a significant increase in dye elimination was observed for both 

ferrocene-P and FcLR-P. 

Introduction 

Recent evidence shows that the existence of both adsorption and photocatalysis can lead to an 

adsorption-assisted photocatalysis phenomenon, which ultimately enhances the overall removal of 

organic pollutants from water environments 1. The use of porous organic polymers (POPs) for 

pollutant removal combines adsorption and photodegradation for the effective elimination of 
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pollutants. Compared with homogeneous and nonporous heterogeneous catalysts, porous and 

amorphous structures of catalysts, e.g. POPs, facilitate faster and more efficient mass transport of 

water to the photogenerated charges, making them particularly beneficial for applications in 

wastewater treatment, hydrogen production, and pollutant degradation 2. The catalytic application 

of POPs can be enhanced through metal modification, resulting in the creation of metal-containing 

or metalated POPs, referred to as metal-organic porous polymers (MOPPs) 3-4. Research into the 

use of metallocenes as constructing units for establishing MOPPs is quite rare. The first 

metallocene, ferrocene, features a unique sandwich-type structure formed by a covalent bond 

bridge between two cyclopentadienyl (Cp) rings and Fe2+ centers 5-7. Ferrocene can serve as a pore-

forming agent for constructing porous networks 8. Incorporating ferrocenyl units into the structure 

of POPs can effectively enhance photocatalytic activity for the degradation of organic pollutants 
9-10. Ferrocenyl Lawesson’s Reagent (FcLR) is a newly developed ferrocene derivative with high 

reactivity expected to enhance the photocatalytic activity of MOPPs. 

We will develop a new type of ferrocene-based MOPP, called FcLR-P. This product combines the 

benefits of FcLR units with a porous structure for the adsorption-assisted photocatalytic 

degradation of cationic and anionic organic dyes. 

Experimental 

The synthesis procedure of FcLR-P is shown in Figure 1, step by step. Step 1 refers to the Friedel-

Crafts reaction. Ferrocene units were crosslinked to produce a porous polymer in 1,2-

dichloroethane solvent. In the presence of the Lewis acid of BF3, the alkylation reaction between 

the Cp ring and methylene occurred and ferrocene-P with a porous structure was formed.  In step 

2, the ferrocene parts of the ferrocene-P could react with P2S5 to generate FcLR-P. 

 

Figure 1. The synthesis procedure FcLR-P by two steps. 
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Results and Discussion 

The photocatalytic activity of ferrocene-P and FcLR-P was evaluated through experiments on the 

photodegradation of methylene blue (MB). The degradation efficiency of MB with FcLR-P was 

found to be higher than that with ferrocene-P, which can be attributed to the presence of the FcLR 

component. In contrast to the catalysts' photodegradation abilities, the adsorption efficiency of the 

MB dye decreased after the reaction of ferrocene-P with P2S5. A significant improvement in the 

elimination of the MB dye was observed for both ferrocene-P and FcLR-P when the combined 

effects of degradation and adsorption were analyzed, as shown in Figure 2. 

 

 

Figure 2. Photodegradation, adsorption, and combined degradation/adsorption efficiencies of MB 

dye over the ferrocene-P and FcLR-P. 

 

 

Conclusion 

The main objective of this study is to eliminate MB dye by combining two processes: adsorption 

and photocatalysis. A new type of ferrocene-based porous organic polymer, referred to as FcLR-

P, has been developed through two synthetic steps. The first step involves the preparation of 

ferrocene-P using a one-pot Friedel-Crafts reaction between ferrocene and dimethoxymethane. 

The second step involves the production of FcLR-P by reacting ferrocene-P with P2S5. FcLR-P 

exhibited greater efficiency than ferrocene-P in photodegrading the MB dye, which confirms its 

enhanced photocatalytic activity. This improvement can be attributed to the combined 

characteristics of FcLR and the porous polymer. In contrast to the behavior during 

photodegradation, the adsorption efficiency of the dye decreased for FcLR-P. A boosted dye 

elimination was observed for ferrocene-P and FcLR-P when investigating adsorption-assisted 

photocatalysis. 
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Abstract 

In contemporary times, the accelerated growth of industrial activities and the rising global 

population have led to significant challenges, including an energy crisis and environmental 
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pollution. Among the various forms of environmental pollutants, organic pollutants represent a 

critical threat to human health. Consequently, the advancement of green technologies, such as 

photocatalysis, which utilizes renewable and clean energy resources, has garnered considerable 

attention for its potential to effectively eliminate organic pollutants. Heterojunction nanostructure 

construction and morphological engineering are recognized as effective strategies to enhance 

photocatalytic performance.  

Covalent organic frameworks (COFs) are crystalline organic polymers characterized by porous 

structures formed through covalent bonds between organic monomers. Recent studies have 

indicated that layered double hydroxides (LDHs) represent a promising candidate for integration 

with COF, aiming to augment the photocatalytic activity of pure COFs. In this study, we present 

the fabrication of binary hierarchical hollow structures comprising CoAl-LDH nanoplates 

deposited on hollow COF (designated as LDH@HCOF), achieved via a templating method 

followed by a solvothermal process. The resultant composites exhibited superior performance in 

the photocatalytic degradation of tetracycline (TC) in comparison to pure HCOF and LDH when 

exposed to visible light illumination. 

Keywords: Covalent organic framework; Photocatalysis; Hollow structure; Tetracycline; LDH 

1. Introduction  

Energy shortages, environmental pollution, and effluent treatment are critical contemporary 

challenges. There is an urgent need for advanced materials and renewable energy technologies to 

address these issues. Semiconductor-based photocatalysis provides an eco-friendly method for 

decomposing organic pollutants under mild conditions, generating byproducts like H2O and CO2. 

Key factors in synthesizing semiconductor materials include: (1) light absorption capacity, (2) 

specific surface area, and (3) efficient separation and migration of photogenerated electron-hole 

pairs. Suitable band gap semiconductors can enhance reaction rates during light exposure. Various 

photocatalysts have been developed, including metal oxides, phosphides, sulfides, and metal-free 

polymers [1,2].  

Covalent organic frameworks (COFs) are porous polymers formed by covalent bonds and exhibit 

broad absorption spectra and high visible light capture capacity [3]. Despite their potential, pure 

COFs often show low photocatalytic efficiency due to high recombination rates of charge carriers. 

Strategies to improve this include doping, morphological regulation, and coupling with other 

semiconductors. Forming heterostructure materials by integrating COFs with other 

semiconductors has shown promise in enhancing charge separation efficiency [4]. Metal sulfides, 

especially Layered Double Hydroxides (LDHs), have emerged as effective photocatalysts due to 

their favorable properties, including suitable band gaps and stability [5,6]. Morphological 

innovations like hollow microspheres mimic natural photosynthesis processes, enhancing light 

absorption and mass transfer, which improve photogenerated charge migration. These hollow 

structures allow multiple light reflections and provide more active sites, ultimately benefiting solar 

energy conversion in photochemical reactions [7,8].  

Hierarchical hollow heterostructures with two-dimensional nanosheets are valuable for solar 

energy conversion and chemical storage due to their structural benefits. These materials feature 
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porous networks that enhance transport and reaction dynamics. Hollow scaffolds with cavities can 

trap light, particularly in multi-shelled designs, while nanosheet-based architectures reduce charge 

diffusion pathways and increase surface area and active site concentration. This configuration 

supports better charge separation and photocatalytic performance by decreasing electron-hole 

recombination and improving analyte capture and photo-redox reaction kinetics [9,10].  

We have developed a core-shell structure using HCOF as the scaffold and LDH flakes as the shell 

for visible-light photocatalysis. Our approach includes enhancing photocatalytic efficiency 

through distinct morphology that shortens charge diffusion pathways and facilitates light 

reflections, promoting effective charge carrier separation at the LDH-COF junction. Additionally, 

the interaction between LDH and COF reduces charge carrier recombination and boosts light 

absorption. The photocatalytic activity was evaluated using tetracycline degradation under visible 

light, laying the groundwork for advanced photochemical nanostructures. 

2. Method 

A monodisperse spherical silica template was synthesized using a modified procedure. First, a 

solution of 8 mL of aqueous ammonia (32 wt.%) and 10 mL of water was mixed with 180 mL of 

ethanol and stirred for 20 minutes at 35 °C. Next, 8 mL of tetraethyl orthosilicate (TEOS) was 

added while stirring vigorously. The mixture stood for 1 hour to form silica spheres, which were 

then isolated by high-speed centrifugation and washed with ethanol for purity. To modify the silica 

nanoparticles' surface with amino groups, 1 g of nanoparticles was sonicated in 100 mL of 

anhydrous toluene for 30 minutes. Then, 1 mL of (3-aminopropyl) triethoxysilane (APTES) and 2 

mL of toluene were added, and the mixture was refluxed under nitrogen for 24 hours. Afterward, 

unbound NH2 groups were removed through centrifugation and ethanol washes, followed by 

drying the particles at 70 °C for 24 hours. 

2.1. Synthesis of Hollow COF 

A seed solution was prepared by dissolving 1,4-phenylenediamine (PDA, 0.052 mmol) and tri-(4-

formacylphenoxy)-1,3,5-triazine (TFPTA, 0.018 mmol) in a 5 mL suspension of amine-

functionalized SiO2 nanoparticles in ortho-dichlorobenzene and n-butanol (4:1 ratio). The mixture 

was stirred for 2 hours, then for an additional hour after adding 10 μL of acetic acid. Next, PDA 

(0.2 mmol) and TFPTA (0.072 mmol) were sonicated in the seed solution for 15 minutes, followed 

by the addition of 0.3 mL of acetic acid. The reaction was frozen in liquid nitrogen at 77 K, 

degassed through three freeze-pump-thaw cycles, sealed under vacuum, and heated at 120 °C for 

3 days. The product was isolated by centrifugation and washed with THF, anhydrous ethanol, and 

acetone before drying in a vacuum oven at 80 °C for 12 hours. The silica framework was dissolved 

in NH4HF2 at 70 °C for 16 hours, with the final product collected by centrifugation, washed with 

deionized water, and dried under vacuum. 

2.2. Synthesis of core-shell LDH@HCOF 

The LDH@HCOF architectures were synthesized through the in-situ crystallization of CoAl-LDH 

nanosheets onto the surface of HCOF. To accomplish this, 120 mg of the synthesized HCOF 



47 

 

nanoparticles were initially dispersed in a solution comprising Al(NO3)3·9H2O (6 mmol), 

Co(NO3)2·6H2O (16 mmol), NH4F (25 mmol), urea (40 mmol), and 65 mL of water via 

ultrasonication for a duration of 20 minutes. The resulting mixture was subsequently transferred 

to a 100 mL Teflon-lined autoclave and subjected to heating at 100 °C for 14 hours. Following this 

period, the autoclave was allowed to cool naturally to room temperature, and the core-shell 

particles were then collected through centrifugation. These particles were washed several times 

with ethanol and subsequently dried under vacuum at 50 °C overnight. 

2.3. Photocatalytic activity evaluation 

The photocatalytic activity of the synthesized samples was assessed through the degradation of 

tetracycline (TC) under simulated solar light generated by a 300 W xenon (Xe) lamp, utilizing a 

400 nm cutoff filter. In a standard photodegradation experiment, 100 mg of the photocatalyst was 

added to 100 mL of a TC aqueous solution at a concentration of 20 ppm. The mixture was stirred 

in the dark for a duration of 20 minutes to achieve adsorption-desorption equilibrium. Following 

this, the suspension was subjected to irradiation under the 300 W Xe lamp, while the temperature 

was maintained at room temperature using a circulating water system. At predetermined intervals, 

4 mL of the reaction mixture was extracted and centrifuged to separate the photocatalyst particles. 

The concentrations of TC were determined using a UV-Vis spectrophotometer (Raleigh UV-1600) 

at a wavelength of 357 nm. 

3. Results and discussion 

Powder X-ray diffraction (PXRD) analysis has confirmed that the TFPTA-PDA HCOF exhibits a 

crystalline structure, characterized by three prominent peaks at 4.70°, 5.43°, and 7.19°, which 

correspond to reflections from the (110), (200), and (120) facets, respectively (see Figure 1). This 

finding indicates that the removal of the silica core did not compromise the crystalline integrity of 

the HCOF. Additionally, the pronounced peak observed at 2.7° (100) suggests a highly ordered 

structure within the covalent organic framework (COF). Furthermore, the presence of broad 

diffraction peaks around 20° implies an interlayer π-π stacking distance of less than 3.5 Å, a value 

that aligns well with typical metrics observed in π-π stacking systems. 
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Fig. 1 Powder XRD patterns of HCOF 

 

The structure and morphology of the prepared samples were examined using SEM images. As 

illustrated in Figure 2, the fabrication process of the LDH@HCOF nanoparticles comprises four 

primary stages: (i) the synthesis of monodispersed spherical SiO2 modified with amino groups to 

serve as starting templates; (ii) the application of uniform shells of amorphous Schiff-base polymer 

around the silica cores; (iii) the conversion of spherical structures into mesoporous hollow COF 

through a polymerization reaction followed by the removal of silica; and (iv) the in-situ 

crystallization of LDH nanoplates on the surface of the HCOF via a hydrothermal process. The 

silica nanospheres exhibited a high degree of uniformity, with an average diameter of 

approximately 200 nm (see Fig. 2a). Following the application of the organic building coating, 

these SiO2 nanoparticles were entirely encapsulated by Schiff-base shells, resulting in an increased 

diameter of around 220 nm (see Fig. 2b). Consequently, the thickness of the polymer shell is 

estimated to be roughly 20 nm. Upon polymerization of the organic buildings and subsequent 

removal of the silica templates using an NH4HF2 aqueous solution, the produced COF@SiO2 

microspheres were transformed into hollow COF spheres. The SEM image presented in Figure 2c 

reveals that the as-synthesized HCOFs possess a well-defined hollow spherical morphology, with 

a consistent size of approximately 220 nm. Following the hydrothermal decoration of LDH 

nanoplates on the surface of the hollow COFs, the resulting LDH@HCOF structures 

predominantly maintain the spherical morphology of the HCOF, albeit with a distinctly roughened 

surface (see Fig. 2d). 
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Fig.2 Schematic illustration of the morphological evolution of the prepared nanohybrid catalyst 

and corresponding FESEM images 

 

Tetracycline (TC) degradation was investigated using as-prepared photocatalysts under visible 

light irradiation to evaluate their photocatalytic performance. In the absence of a photocatalyst, the 

photodegradation of TC was insignificant, indicating the photochemical stability of these 

contaminants. The degradation rates observed for pure LDH and COF after 120 minutes of light 

irradiation were merely 38% and 45%, respectively. The suboptimal performance of these single-

component photocatalysts is likely attributed to the rapid recombination of electrons and holes 

generated during the photogeneration process. Figure 3 illustrates that the hollow COF (HCOF) 

sample demonstrates enhanced photocatalytic performance under visible light irradiation 

compared to pure COF, highlighting the significant influence of its hollow structure. When 

compared to pure HCOF, the binary composites with a hierarchical structure exhibited superior 

photocatalytic activities for the photodegradation of TC. Several factors contribute to the enhanced 

performance of the ternary composite system: firstly, the synergistic interaction between COF and 
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LDH nanoplates significantly improves the separation of photogenerated electrons and holes, 

thereby boosting photocatalytic performance; secondly, the increase in specific surface area 

provides more surface-active sites, facilitating the adsorption and degradation of contaminants; 

finally, the multiple light reflection effects within the hollow hierarchical structure augment the 

photocatalyst's ability to capture light, which can be associated with its remarkable photocatalytic 

capabilities. The data presented in the figure were analyzed utilizing the pseudo-first-order kinetic 

model to evaluate the degradation reactions of tetracycline (TC): ln (Ct/C0) = -kt, where t represents 

the duration of photocatalysis, C0 denotes the initial concentration of TC, and Ct represents the 

concentration of TC at time t. The apparent rate constant for TC decomposition is denoted by k. 

As illustrated in Fig. 3b, the linear correlation between -ln (Ct/C0) and illumination time validates 

the applicability of the model. The fitting results indicate that both pure LDH and COF exhibit 

relatively low reaction rate constants, as shown in Fig. 3c. Notably, the composite sample 

demonstrated the highest k value under comparable conditions, which is four times greater than 

that of pure LDH and COF regarding TC degradation. Consequently, it can be concluded that the 

LDH@HCOF composite exhibited superior photocatalytic performance compared to all other 

samples prepared in this study. 

 

 



51 

 

Fig. 3. (a) Photocatalytic degradation efficiency of TC under visible light irradiation over 

prepared samples, (b and c) kinetic curves and reaction rate constant for TC degradation over the 

as fabricated photocatalysts. 
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Introduction 

Fighting cancer is a big challenge, and scientists are always looking for better ways to treat it. One 

important method is to use substances having the ability to kill or stop the growth of cancer cells 

which is called cytotoxicity. Reseda lutea L., also known as wild mignonette, is a medicinal plant 

that has been used for centuries to promote healing. Ancient texts mentioned its use in treating 

tumors, and modern studies are now providing evidence to support these claims [1]. Recent 

research has shown that Reseda lutea contains powerful bioactive compounds like flavonoids, 

isothiocyanates, and phenolic acids. These compounds have antioxidant, anti-inflammatory, and 

cytotoxic effects [2]. For example, benzyl isothiocyanate and its derivatives have demonstrated 

strong effects against melanoma and fibroblast cells by stopping their growth and triggering 

programmed cell death, known as apoptosis [1]. Similarly, flavonol glycosides extracted from the 

plant have shown enzyme inhibition and cytotoxic effects against lung cancer cells, even at very 

low concentrations [2]. With the increasing interest in natural products as safer options compared 

to conventional chemotherapy [3], this study investigates the cytotoxicity of Reseda lutea 

methanolic extract based on brine shrimp lethality bioassay to assess whether this plant could be a 

source of new compounds for cancer treatment. 

Method 

The plant was collected in late autumn from Taleghan, Alborz Province, Iran. After collection, the 

fruits were separated and dried in a dark, air-conditioned space. The dried fruits were finely ground 

and macerated in methanol on shaker for 24 hours at 50°C and the mixture was filtered to remove 

any solid residues. The liquid extract was condensed using a rotary evaporator and dried in oven. 

The dried extract was dispersed in deionized water and subjected to a fractional separation process 

using n-hexane solvent. This step helped separate the components, allowing phenolic compounds 

to remain in the aqueous phase. The aqueous phase was carefully decanted and dried to obtain the 

final extract rich in phenolic content. Saltwater was prepared by dissolving specific salts, including 

sodium chloride, magnesium chloride, and potassium chloride, in distilled water. The solution was 

sterilized by heating for 5 minutes, and the pH was adjusted to 9 using sodium carbonate. Brine 
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shrimp eggs were placed in the prepared saltwater and incubated at 30°C under continuous light 

for 48 hours to hatch into larvae. A stock solution (2 mg/mL) of the plant extract was prepared by 

dissolving the extract in dimethyl sulfoxide (DMSO), heating slightly at 40°C, and then diluting 

with saltwater. Different concentrations (10, 100, 300, 500, 700, and 1000 µg/mL) were prepared 

using serial dilutions. Each concentration was tested in triplicate, and 10 brine shrimp larvae were 

added to each test tube. The test tubes were incubated at 30°C for 24 hours under light. After this 

period, the number of dead and alive larvae was counted in each tube. A graph of the percentage 

of lethality was drawn based on the concentration of the extract to determine the concentration at 

which 50% of the larvae were killed (LC50) which represents the cytotoxic potential of the extract. 

Results and Discussion 

The brine shrimp lethality assay was used to evaluate the cytotoxicity of Reseda lutea methanolic 

extract. The results showed a dose-dependent increase in mortality of brine shrimp larvae, 

indicating the extract's cytotoxic potential. The LC50 value was calculated to be 170.69 ± 0.21 

μg/mL, suggesting significant cytotoxic activity of the extract. This low LC50 value shows the 

potency of Reseda lutea against biological systems, aligning with previous reports of its bioactive 

compounds such as flavonoids and isothiocyanates exhibiting cytotoxic and apoptotic effects. The 

observed cytotoxicity can be attributed to the presence of phenolic compounds and benzyl 

isothiocyanate derivatives in the extract, which have been shown to induce apoptosis and inhibit 

cancer cell growth. The brine shrimp assay serves as a preliminary indicator of potential anticancer 

properties, supporting the ethnopharmacological use of this plant in traditional medicine. These 

findings suggest that Reseda lutea could serve as a promising source of bioactive compounds for 

further anticancer research. However, additional studies involving specific cancer cell lines, 

mechanism of action analysis, and in vivo models are required to validate its efficacy and safety.  
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Introduction 

Hibiscus sabdariffa L., known as roselle, is rich in bioactive compounds such as phenolic acids, 

flavonoids, and anthocyanins. These phytochemicals protect biological systems against oxidative 

damage, show anti-inflammatory and anti-aging properties [1,2]. Phenolic compounds, including 

protocatechuic acid, quercetin, and luteolin derivatives, anthocyanins like cyanidin-3-

sambubioside and delphinidin-3-sambubioside, are prevalent in Hibiscus sabdariffa [3]. These 

compounds have been reported to significantly contribute to the antioxidant activity measured 

through assays such as DPPH and ABTS, indicating high radical scavenging efficiency [4]. The 

antioxidant capacity of roselle has been linked to its role in lowering oxidative stress-related 

diseases and enhancing cellular detoxification processes [5]. This study investigates the 

antioxidant properties of the extracts of Hibiscus sabdariffa through DPPH, β-carotene-linoleic 

acid, total phenolic content, and total flavonoid content assays. The findings aim to further clarify 

the relationship between the characterized phytochemicals and the observed antioxidant activities. 

Method 

Hibiscus sabdariffa plant was collected, dried, and ground. Extraction was performed using a 

Soxhlet apparatus with methanol and water as solvents, separately, for 6 hours at approximately 

60°C. Extracts were concentrated with a rotary evaporator at 50°C and dried. The antioxidant 

activity of the extracts was evaluated using the DPPH free radical scavenging method. BHT was 

used as a standard for comparison. Absorbance was measured at 517 nm, and IC50 values were 

calculated. The ability of the extracts to prevent oxidative degradation of β-carotene in a linoleic 

acid system was assessed and was monitored at 470 nm. BHT served as the positive control. Total 

phenolic content was determined using the Folin–Ciocalteu reagent with gallic acid as the 

standard. Absorbance was measured at 760 nm, and results were expressed as mg gallic acid 

equivalents (GAE) per gram of extract. Flavonoid content was analyzed using aluminum chloride 

and sodium acetate reagents, with quercetin as the standard. Absorbance was measured at 415 nm, 

and results were expressed as mg quercetin equivalents (QE) per gram of extract. 
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Results and discussion 

The extraction yields for methanol and water were 21.6% and 11.14%, respectively. The higher 

yield in methanol extraction suggests that methanol is more efficient in extracting compounds, 

especially non-polar and moderately polar compounds. The IC50 values for DPPH radical 

scavenging were 316 ± 17 µg/mL and 512.12 ± 5.77µg/mL for the methanolic and aqueous extract 

respectively, and BHT showed a lower IC50 of 18.26 ± 1.28 µg/mL. The methanolic extract showed 

51.76 ± 6.73% inhibition of linoleic acid oxidation, compared to 38.76 ± 5.22% for the aqueous 

extract. BHT achieved 99 ± 3.11% inhibition. The methanolic extract contained 33.64 ± 6.73 µg 

GAE/mg and the aqueous extract had 12.54 ± 1.22 µg GAE/mg. Flavonoid content was 16.39 ± 

2.28 µg QE/mg and 13.81 ± 3.97 µg QE/mg for the methanolic and the aqueous extract 

respectively. The results demonstrate that the methanolic extract of Hibiscus sabdariffa exhibits 

higher antioxidant activity compared to the aqueous extract, which can be attributed to its richer 

phenolic and flavonoid profiles. The higher phenolic and flavonoid content in the methanolic 

extract likely contributed to its stronger antioxidant performance in both DPPH and β-carotene-

linoleic acid assays. The DPPH assay operates based on single electron transfer (SET). In this 

method, compounds with multiple conjugated rings can donate their electrons to the oxidizing 

agent, thereby reducing and neutralizing it. An ideal response in this test indicates the presence of 

polyphenols, which can donate electrons to the oxidizing agent and compensate for the electron 

deficiency through their electron cloud. However, the β-carotene-linoleic acid assay works based 

on hydrogen atom transfer (HAT). In this method, compounds containing benzylic or allylic 

hydrogens can donate these hydrogens to the oxidizing agent, thereby reducing it. So the 

antioxidant activity of this plant is attributed to both of these reduction mechanisms 
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Abstract 

In this study, a novel heterogeneous nanocatalyst based on functionalized magnetic graphene oxide 

(MGO) with trimellitic anhydride (BTA-APTES-MGO) was successfully synthesized and 

evaluated for its catalytic efficiency in the one-pot synthesis of tetrahydrobenzo[b]pyran 

derivatives under environmentally benign, solvent-free conditions. Graphene oxide (GO) was 

initially prepared using a modified Hummers' method, followed by functionalization with 

magnetic nanoparticles and aminopropyltriethoxysilane (APTES). The resulting MGO was then 

treated with trimellitic anhydride (BTA) to create the BTA-APTES-MGO nanocatalyst. The 

catalyst’s structure was characterized by FTIR and 1H^1H NMR, confirming successful 

functionalization. The catalyst exhibited excellent catalytic activity, reusability, and high 

selectivity in the synthesis of tetrahydrobenzo[b]pyran derivatives. Furthermore, the magnetic 

properties of the catalyst allowed for easy separation from the reaction mixture, supporting its 

potential for sustainable and green chemistry applications. High yields, environmental 

sustainability, and recyclability make this nanocatalyst a promising alternative for future organic 

synthesis applications. 

Introduction 

The increasing demand for sustainable and eco-friendly chemical processes has led to significant 

interest in green chemistry and the development of multifunctional nanocatalysts. Among the 

various materials being explored, graphene oxide (GO) has gained widespread attention due to its 

remarkable properties, including its large surface area, high porosity, and the presence of oxygen-

containing functional groups, which make it highly suitable for chemical modification and 

functionalization.[1] However, GO’s direct application in catalysis is hindered by challenges in 

catalyst recovery and separation from the reaction medium.[2] To overcome these challenges, the 

integration of GO with magnetic nanoparticles has emerged as an effective approach, allowing for 

both enhanced catalytic performance and the easy recovery of the catalyst [3]. 



57 

 

In the field of heterogeneous catalysis, one-pot multicomponent reactions (MCRs) under green 

conditions are gaining considerable attention.[4] MCRs are beneficial due to their simplicity, 

efficiency, and minimal waste generation, making them ideal for sustainable synthesis. One class 

of compounds that has shown significant biological activity are tetrahydrobenzo[b]pyran 

derivatives, which have been recognized for their anti-cancer, anti-inflammatory, and 

antimicrobial properties.[5] As such, the development of efficient, environmentally friendly 

methods for synthesizing these derivatives is highly valuable. 

Previous research has explored the potential of functionalized magnetic nanocatalysts in various 

organic transformations.[6] For example:Smith et al. reported the synthesis of heterocyclic 

compounds using magnetic nanocatalysts, achieving high catalytic efficiency and easy catalyst 

separation[7]. D Wang. utilized amine-functionalized magnetic graphene oxide to catalyze MCRs, 

demonstrating high yields and minimal environmental impact.[8]Chen et al. (2021) highlighted 

the importance of chemical modification of graphene oxide for enhancing both the stability and 

activity of magnetic nanocatalysts.[9] 

Building on these studies, the present work aims to design and synthesize a novel functionalized 

magnetic graphene oxide nanocatalyst (BTA-APTMS-MGO) for the one-pot synthesis of 

tetrahydrobenzo[b]pyran derivatives under green, solvent-free conditions. This approach not only 

addresses the environmental concerns associated with conventional methods but also offers a 

reusable and highly efficient catalytic system, in line with the principles of green chemistry. 

 

Method 

Synthesis of Graphene Oxide (GO) 

Graphene oxide was synthesized via a modified Hummers’ method.[10] Briefly, 1.0 g of graphite 

powder was mixed with 0.5 g of sodium nitrate (NaNO₃) and 23 mL of concentrated sulfuric acid 

(H₂SO₄) at 0°C under constant stirring. After the addition of 3.0 g of potassium permanganate 

(KMnO₄), the mixture was stirred for 2 hours while keeping the temperature below 4°C. The 

reaction was then carefully heated to 70°C, and 46 mL of deionized water was slowly added. 

Following a 30-minute stirring period, 140 mL of distilled water was added, and the reaction was 

quenched with 10 mL of 30% hydrogen peroxide (H₂O₂). The resulting GO was washed with a 5% 

HCl solution and distilled water until neutral pH was reached, and then dried in an oven at 60°C. 

Preparation of Magnetic Graphene Oxide (MGO) 

Magnetic graphene oxide was prepared by adding 0.2 g of GO to 200 mL of distilled water, 

followed by the addition of 0.97 g of FeCl₃·6H₂O and 0.93 g of FeCl₂·4H₂O. The mixture was 

stirred for 30 minutes under a nitrogen atmosphere at 50°C. Next, 10 mL of 25% aqueous ammonia 

solution was slowly added, and the reaction was heated to 80°C for 3 hours. After cooling, the 

resulting MGO was separated using an external magnet, washed with distilled water to neutralize 

the pH, and dried in an oven at 60°C.[11] 

Functionalization with APTES and BTA 
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The magnetic graphene oxide (0.3 g) was functionalized with aminopropyltrimethoxysilane 

(APTMS). The mixture of MGO (0.3 g) and APTMS (3 mL) in 40 mL of ethanol was stirred for 

30 minutes and then refluxed for 12 hours at 75°C. The product was washed with ethanol and dried 

at 60°C. 

For further functionalization, 1.0 g of trimellitic anhydride (BTA) was added to 0.112 g of 

APTMS-functionalized MGO. The mixture was refluxed in a mixture of acetic acid and pyridine 

(3:2) for 7 hours at 110°C. The resulting BTA-APTMS-MGO was washed with 1 M HCl and hot 

distilled water, and then dried at 60°C. 

Catalytic Application 

The catalytic activity of BTA-APTMS-MGO was tested in the one-pot synthesis of 

tetrahydrobenzo[b]pyran derivatives. A mixture of an aldehyde (114 mg), malononitrile (66 mg), 

enolizable compound (112 mg), and BTA-APTMS-MGO (10 mg) was added to a test tube under 

solvent-free conditions. The reaction progress was monitored by thin-layer chromatography (TLC) 

using a mixture of n-hexane:EtOAc (1:3). After the reaction was complete, the catalyst was 

removed using a magnet, and the product was isolated. The products were characterized using 

FTIR, 1H^1H NMR, and melting point analysis. 

 

 

 

Figure 1: 2D schematic of the TMGO-APT-BTA nanocatalyst, showing the dispersion of magnetic 

nanoparticles (Fe₃O₄) within the graphene oxide (GO) structure, with attached functional groups.  
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Figure 2:  FE-SEM images (A) for GO and (B) for BTA-APTES-MGO. 

 

Figur3: FT-IR spectra of BTA,GO, MGO,MGO-APTES, and MGO-APTES-BTA 

 

Table 1 Synthesis of tetraketone derivatives 4a–p from different aldehydes 2 and enolizable 

compounds 3a–b catalyzed by the MGO-APTES-BTA , as a heterogeneous nanocatalyst, under 

the optimized conditions 

400900140019002400290034003900

BTA
MGO-APTES-BTA
GO
MGO
MGO-APTES
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Entry R–CHO 2 Time (min) Yield (%) Mp (°C) found 

1 4-Chlorobenzaldehyde 20 97 145–146 

2 2-Chlorobenzaldehyde 40 90 204–206 

3 4-Bromobenzaldehyde 25 94 157 

4 4-Formylbenzonitrile 20 96 165–168 

5 4-Hydroxybenzaldehyde 40 88 187–188 

Figure 4: XRD patterns of MGO, MGO-APTMS, and MGO-APTMS-BTA 

Results and Discussion 

The IR spectrum of the TMGO-APT-BTA composite shows key functional groups: amide C=O 

stretching (1640-1700 cm⁻¹), amide C-N stretching (1200-1400 cm⁻¹), hydroxyl (O-H stretching) 

around 3200-3500 cm⁻¹, alkyl (C-H stretching) from APTES (2800-3000 cm⁻¹), Fe-O stretching 

of magnetic nanoparticles (550-650 cm⁻¹), and siloxane (Si-O stretching) around 1100 cm⁻¹, 

indicating successful incorporation of amide, siloxane, and magnetic nanoparticles. SEM analysis 

shows magnetic nanoparticles (10-30 nm) with minimal aggregation before composite formation, 
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while after formation, they are more uniformly dispersed in the graphene oxide, which appears 

interconnected with the nanoparticles. The surface becomes rougher, likely due to functional 

groups, suggesting enhanced catalytic potential. 

XRD analysis reveals characteristic diffraction peaks for the magnetic nanoparticles at 2θ = 30.1°, 

35.4°, and 43.2°, corresponding to the [220], [311], and [400] planes of Fe₃O₄, confirming the 

presence of magnetic nanoparticles in the composite. Additionally, the XRD patterns of MGO-

APTMS and MGO-APTMS-BTA show slight broadening and intensity reduction of these peaks, 

suggesting the successful functionalization of the nanoparticles with APTMS and BTA, as well as 

the formation of an organic layer around the magnetic core. 

The BTA-APTMS-MGO catalyst exhibited high yields (above 90%) in solvent-free synthesis of 

tetrahydrobenzo[b]pyran derivatives, with easy separation and reuse across five cycles, 

maintaining its catalytic efficiency, highlighting its suitability for large-scale applications. 

 

Conclusion 

the synthesis and characterization of the functionalized magnetic graphene oxide nanocatalyst 

(BTA-APTMS-MGO) presented in this study demonstrate its remarkable catalytic performance, 

reusability, and sustainability in the one-pot synthesis of tetrahydrobenzo[b]pyran derivatives 

under solvent-free conditions. The catalyst’s magnetic properties facilitate easy separation and 

recovery, ensuring its practical use in eco-friendly and sustainable chemical processes. The 

incorporation of functional groups such as amide, siloxane, and magnetic nanoparticles enhances 

its efficiency, as confirmed by IR, SEM, and XRD analyses. The high yields and stability across 

multiple reaction cycles underline its potential for large-scale applications in organic synthesis. 

This research not only reinforces the potential of magnetic graphene oxide-based catalysts for 

advancing green chemistry but also sets the stage for further exploration of its applicability in other 

complex organic reactions and industrial processes, contributing to more sustainable and 

environmentally friendly chemical manufacturing.  

 

Refrences 

1. Kuila, T., et al., Chemical functionalization of graphene and its applications. Progress in 

Materials Science, 2012. 57(7): p. 1061-1105. 

2. Su, C. and K.P. Loh, Carbocatalysts: graphene oxide and its derivatives. Accounts of 

chemical research, 2013. 46(10): p. 2275-2285. 

3. Rossi, L.M., et al., Magnetic nanomaterials in catalysis: advanced catalysts for magnetic 

separation and beyond. Green Chemistry, 2014. 16(6): p. 2906-2933. 

4. Bosica, G. and R. Abdilla, Recent advances in multicomponent reactions catalysed under 

operationally heterogeneous conditions. Catalysts, 2022. 12(7): p. 725. 



62 

 

 

5. Gharghish, S., M.G. Dekamin, and S.H. Banakar, Functionalized graphene oxide by 4-

amino-3-hydroxy-1-naphthalenesulfonic acid as a heterogeneous nanocatalyst for one-pot 

synthesis of tetraketone and tetrahydrobenzo [b] pyran derivatives under green conditions. 

Nanoscale Advances, 2024. 

6. Gebre, S.H., Recent developments of supported and magnetic nanocatalysts for organic 

transformations: an up-to-date review. Applied Nanoscience, 2023. 13(1): p. 15-63. 

7. Panda, S.S. and D.W. Hansen, Microwave-assisted synthesis of five-membered 

azaheterocyclic systems using nanocatalysts, in Nanoparticles in Green Organic Synthesis. 

2023, Elsevier. p. 255-278. 

8. Wang, D. and D. Astruc, Fast-growing field of magnetically recyclable nanocatalysts. 

Chemical Reviews, 2014. 114(14): p. 6949-6985. 

9. Yang, W., et al., Tannic acid/Fe3+ functionalized magnetic graphene oxide 

nanocomposite with high loading of silver nanoparticles as ultra-efficient catalyst and 

disinfectant for wastewater treatment. Chemical Engineering Journal, 2021. 405: p. 

126629. 

10. Zaaba, N., et al., Synthesis of graphene oxide using modified hummers method: solvent 

influence. Procedia engineering, 2017. 184: p. 469-477. 

11. He, Y., et al., Magnetic graphene oxide: synthesis approaches, physicochemical 

characteristics, and biomedical applications. TrAC Trends in Analytical Chemistry, 2021. 

136: p. 116191. 

 

 

 

 

Designing of new dianionic ionic liquids based on Terephthalate dianion and 

exploring their physicochemical properties by computational method 

Mohammad Rizehbandi1, Behzad Khalili1*, Khatereh Ghauri1 

a Department of Chemistry, Faculty of Sciences, University of Guilan, P.O. Box 41335-1914, 

Rasht, Iran.  

* E-mail: b.khalili@guilan.ac.ir&rizehbandi.mohammad@yahoo.com 

 

In this research, a computational approach based on DFT at M06-2X-GD3/AUG-cc-pVDZ level 

of theory was used to evaluate the structural, energetic, electronic, and electrochemical properties 

of new four dianionic ionic liquids (DAILs).  
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These DAILs are based on dianion Terephthalate [TP]2- and the functionalized cations phenyl 

methyl imidazolium ([PMIM]+), phenyl methyl (1,3,4)- triazolium ([PMTA1]+), phenyl methyl 

(1,3,5)- triazolium ([PMTA2]+) and phenyl methyl tetrazolium ([PMTTA]+). Electrostatic 

potential (ESP) maps were also utilized to explore the active sites of the isolated dianion and 

cations for the formation of [PMIM]2[TP], [PMTA1]2[TP], [PMTA2]2[TP] and [PMTTA]2[TP] 

DAILs.  

The effect of the type of cation in these DAILs was analyzed by increasing the number of nitrogen 

atoms and their position in the five-membered ring of the cations. The interaction between the 

dianion Terephthalate and two cations in any of the DAILs were characterized through an 

assessment of changes in vibrational frequencies, structures parameters, RDG analysis. Also, the 

interaction energies, thermodynamic parameters, the properties of electronic and topological of the 

DAILs were studied. The results show that intermolecular hydrogen bonding in addition to 

electrostatic interactions plays an important role in the stability of ionic triplets of this group of 

DAILs and can significantly affect their physical and chemical properties for specific application 

purposes. 

 

 

 

 

 

 

 

 

Scheme 1. Fig. 2 Optimized structure of [PMIM]2[TP] DAILs and some of selected geometric 

parameters such as bond length CH(CH), hydrogen bond distances/Å  (angles/).  
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Abstract 

Hydrochlorothiazide is a widely prescribed antihypertensive drug; however, it has significant 

gastrointestinal side effects. Nanocarriers can enhance the targeted delivery of hydrochlorothiazide 

to reduce side effects and improve its efficacy. In this study, an iron magnetite nanocarrier was 

synthesized and evaluated for hydrochlorothiazide's loading and targeted release. The synthesized 

iron magnetite nanocarrier's morphology, size, and crystalline structure were examined and 

characterized using FT-IR, SEM, TGA, and XRD techniques. The loading of hydrochlorothiazide 

onto the nanocarrier was studied using adsorption spectroscopy. Experimental design and 

optimization of drug release under various pH conditions, times, and amounts of the nanocarrier 

were investigated. Hydrochlorothiazide was effectively loaded onto the nanocarrier, and its release 

was pH-dependent. The iron magnetite nanocarrier showed significant potential as a targeted drug 

delivery system for hydrochlorothiazide. This nanocarrier can help reduce side effects and enhance 

the efficacy of hypertension treatment. 

Introduction: Chitosan-alginate coated magnetic iron oxide nanoparticles offer significant 

promise for targeted drug delivery due to their ability to be guided by external magnetic fields. 

These nanoparticles can be precisely directed to a specific location and release their drug payload 
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upon application of an external magnetic field. The chitosan-alginate coating serves as a protective 

barrier, preventing premature drug release and offering biocompatibility and biodegradability. 

Additionally, the gel-forming properties of alginate facilitate a controlled drug-release 

environment [1,2]. 

Materials and Methods:  In this research, magnetic iron oxide nanoparticles were synthesized as 

a carrier for hydrochlorothiazide and coated with natural polymers chitosan and alginate. To 

investigate the effect of the environment on drug release, three buffer solutions with different pH 

values (phosphate pH=7.4, acetate pH=4.5, and hydrochloric acid pH=1.0) were used. By 

designing an experimental design based on the Response Surface Methodology (RSM) and using 

the Design-Expert software, the effect of variables such as nanocarrier concentration, pH, and time 

On drug release was investigated (Figure 1). In this design, Fe3O4@Chitosan@Alginate 

nanoparticles loaded with hydrochlorothiazide were incubated under different pH and time 

conditions, and then the amount of released drug was measured using UV-Vis spectrophotometry 

at a single wavelength. The results of 

data analysis showed that the optimal 

conditions for maximum drug release 

were obtained at pH=1, time 30 

minutes, and using 50 mg of the 

nanocarrier. These findings indicate 

the high potential of the designed 

nanocarriers for application in 

targeted drug delivery systems. 

 

 

Results: This research investigated chitosan-alginate-coated magnetic nanoparticles as a novel 

system for the targeted delivery of hydrochlorothiazide. Results demonstrated that these 

nanoparticles can effectively load the drug, and the pH of the environment significantly influences 

the drug release profile. These findings indicate a high potential for designing targeted drug 

delivery systems that can regulate drug release in various physiological environments.  

Discussion and Conclusion: The results of this research demonstrate that the pH of the 

environment has a significant impact on drug loading onto nanocarriers. An increase in pH led to 

a change in the rate of drug loading, indicating a key role of pH in altering the surface charge of 

the nanocarrier and consequently the electrostatic interactions between the drug and the 

nanocarrier. In contrast, changes in nanocarrier concentration and drug amount had a lesser impact 

on the loading efficiency. These findings suggest that precise control of the environmental pH is 

essential to achieve maximum drug loading onto nanocarriers. Additionally, these results can be 

utilized in the design of targeted drug delivery systems with the ability to regulate drug release in 

environments with varying pHs, such as tumours. To better understand the exact mechanisms of 

pH influence on drug loading, further studies on various types of nanocarriers and drugs are 

recommended. Furthermore, investigating the impact of other factors such as temperature, ionic 

Figure 1: the nanoparticles effectively loaded the drug and that drug release 
was directly influenced by the pH of the environment. 
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strength of the environment, and the presence of other molecules on drug loading can provide a 

more comprehensive perspective. 

Keywords: magnetic iron oxide nanoparticles, chitosan, alginate, smart drug delivery, 

hydrochlorothiazide 
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Abstract: This paper presents a comprehensive investigation into the photocatalytic performance 

of nanoparticles palladium metal−organic framework (Pd-MOF) in the Suzuki-Miyaura cross-

coupling reaction, conducted under visible light irradiation at ambient temperature. Our findings 

indicate that nanoparticles Pd-MOF serves as an effective photocatalyst when exposed to visible 

light. The results demonstrate that nanoparticles Pd-MOF exhibits high efficiency and selectivity, 

with the added advantage of being recyclable and reusable multiple times without significant loss 

in catalytic activity. 

Keywords: Metal−organic framework; Photocatalysis; recycled 

Introduction 
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Palladium-based catalysts are extensively utilized in various reactions within modern organic 

synthesis, particularly in the formation of carbon-carbon bonds through well-established cross-

coupling reactions such as Suzuki-Miyaura, Hiyama, Heck, and Stille reactions. In recent years, 

there has been a growing interest in harnessing solar energy for chemical transformations, 

emphasizing the potential of photocatalytic processes [1-3]. These processes offer notable 

advantages, including operation under ambient conditions, utilization of solar light for chemical 

reactions, and alignment with sustainable practices through the use of green, renewable energy 

sources [4, 5]. 

Our objective is to develop novel heterogeneous catalytic systems that are efficient, easily 

separable, and compatible with renewable energy sources. Among various types of heterogeneous 

photocatalysts, noble metals are employed for a range of applications, including innovative organic 

synthesis, environmental remediation, construction and architecture, energy generation, and 

biological detection. Noble metals such as gold (Au), silver (Ag), palladium (Pd), and platinum 

(Pt) exhibit strong visible-light absorption characteristics due to localized surface plasmon 

resonance (LSPR) effects associated with semiconductor-based photocatalysts [6, 7]. In this study, 

we explore modified metal−organic framework materials (Pd-MOF) as potential photocatalysts. 

Experimental Section  

A solution of arylhalids, phenylboronic acid and a base in CH3CN was prepared, and a catalyst 

was added to this mixture. The reaction was conducted under an air atmosphere and stirred while 

being irradiated with visible light from an 11 W LED lamp. Upon completion of the reaction, the 

catalyst was separated by centrifugation, and the solvent was removed under reduced pressure. 

The crude product was subsequently purified using column chromatography. 

Results and Discussion 

We report the synthesis and comprehensive characterization of nanoparticles Pd-MOF. This 

catalyst was synthesized and fully characterized using techniques including Transmission Electron 

Microscopy (TEM), Field Emission Scanning Electron Microscopy (FE-SEM), X-ray Diffraction 

(XRD), Brunauer-Emmett-Teller (BET) surface area analysis, and Inductively Coupled Plasma 

(ICP) analysis. Initially, the photocatalytic activity of nanoparticles Pd-MOF for the Suzuki cross-

coupling reaction between aryl halides and aryl boronic acids (as illustrated in Scheme 1) was 

evaluated in acetonitrile (CH3CN) under visible light irradiation (11 W LED lamp bulb, 
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wavelength range of 400–750 nm) at room temperature. Following the optimization of reaction 

conditions in air at room temperature, the photocatalytic performance of the nanoparticles Pd-

MOF catalyst for coupling reactions was investigated using a series of differently substituted aryl 

halides. 

 

Scheme.1: Carbon-Carbon bond formation. 

Conclusions 

In conclusion, we have successfully demonstrated the efficacy of a heterogeneous nanoparticles 

Pd-MOF catalyst for photocatalytic C-C bond coupling reactions under visible light irradiation at 

ambient temperatures. The photocatalytic activity is influenced by both the wavelength and 

intensity of the light. The reactions were performed under high irradiation conditions using various 

wavelengths. 
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Abstract: 

Hydrogels are macromolecule network of polymers that can be prepared from natural and synthetic 

polymers. In this research, the natural material Astragalus sarcocolla (Anzaroot) was used together 

with the synthetic polymer polyvinyl alcohol (PVA) to make hydrogel, and polyvinyl pyrrolidone 

(PVP) was added to improve its properties, also borax was used as a crosslinker of these polymers. 

This hydrogel has high elasticity and self-healing properties. 
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Introduction: 

Hydrogels are three-dimensional network of polymers that are connected to each other by 

crosslinks. Cross-links cause to make pores between polymer chains. The porosity makes 

hydrogels flexible and gives them the ability to absorb various substances such as water, drugs and 

biological fluids. This ability leads to use the hydrogels in drug delivery, agriculture, water 

purification, etc. 
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Since the first hydrogels were made, polyvinyl alcohol (PVA) has been known as a suitable 

synthetic polymer for making hydrogels which is made from the radical polymerization of vinyl 

acetate. The first paper about hydrogel that made with PVA was published by Danno in 1958 [1]. 

It had been synthesized by using Gamma rays. In the past, scientists considered PVA as a non-

degradable material until a study by Chiellini in 2003 [2]. showed that several species of bacteria, 

fungi, and yeasts use PVA as their only carbon source and thus degrade it. And subsequent studies 

have shown that PVA is safe even when taken orally. 

The hydrogels were made of PVA had limitations that various methods have been proposed to 

overcome them. Among them, its combination with polyvinyl pyrrolidone (PVP) has shown that 

various compounds with different properties and applications have been made [3]. 

Natural polymers can also be used to make hydrogels, although natural polymers are biodegradable 

and safe, synthetic polymers are used to increase the mechanical stability and improve the 

properties of hydrogels, so the combination of synthetic and natural polymers creates a product 

that is biodegradable; They also have good mechanical stability. 

Anzaroot, with the scientific name Astragalus sarcocolla, is a gum of a Shrub and is a biologically 

active compound that has anti-inflammatory properties and is effective in the treatment of joint 

pain and sciatica, as well as its external use in the treatment of open wounds and their bleeding. It 

also has anti-fungal and anti-bacterial properties that prevent wound infection [4]. 

Methods: 

1-Preparation of Anzaroot extract: 

The yellow Anzaroot gum was ground and 10g of it was added to 100 ml of distilled water for 24 

hours to dissolve, then was put in a centrifuge at 5000 rpm for 10 minutes and the extract is ready. 

It was placed in the laboratory environment for several days to dry and finally it was washed with 

70% ethanol for disinfection, then was dried again. 

2-preparation of hydrogel: 

2-1 Preparation of hydrogel with PVA and borax: 

Mixture of water and  Anzaroot extract as a natural polymer and PVA as a synthetic polymer are 

stirred slowly on a stirrer at a temperature of 60⸰C until they be dissolved, then borax solution is 

added to it as a crosslinker. And it is stirred quickly. To make this hydrogel, different ratios of 

PVA/Borax were tested (table1); Although the produced hydrogels are flexible, but they do not 

have good stability and are sticky (Figure 1). 

        

Table1: different ratios of PVA/Borax 

Anzaroot (g) PVA (g) Borax (g) PVA/Borax (w/w) 

0.1 0.3 0.06 5:1 

0.1 0.3 0.03 10:1 
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0.1 0.3 0.015 20:1 

0.1 0.3 0.012 25:1 

0.1 0.3 0.01 30:1 

0.2 0.3 0.015 20:1 

0.05 0.3 0.015 20:1 

 

 

Figure1 

2-2 Preparation of hydrogel with PVA/PVP and borax: 
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To increase the mechanical properties of the hydrogel, PVP was added to the solution of Anzaroot 

and PVA, and after these three types of polymers are mixed at the temperature of 60⸰C; Borax was 

added. To preparation suitable hydrogel with good properties, different ratios of PVA/PVP were 

tested. The produced hydrogel has elasticity and could be film (Figure2). 

 

 

 

 

 

 

Figure2 

 

 

Results and Discussion: 

In addition to elasticity, the produced hydrogel have the ability of self-healing. The self-healing 

property of the prepared hydrogels was evaluated by putting two pieces of each hydrogel close to 

each other; The images related to this test are presented below. 

 

Figure3: Self-healing of PVA/Borax hydrogel 
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  Figure4: Self-healing of PVA/PVP/Borax hydrogel 
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Magnetic nanoparticles play a crucial role as recoverable catalysts in organic reactions, enhancing 

efficiency and reducing reaction times. Due to their large surface area and easy separation using a 

magnetic field, these nanoparticles facilitate the production of high-purity products while 

minimizing chemical waste [1]. In this research, we present the development of 

mesalaminefunctionalized magnetic nanoparticles (mesalamine/GPTMS@SiO2@Fe3O4) as an 

effective and magnetically recoverable nanocatalyst. The synthesis of this nanocatalyst was 

accomplished through a three-step, cost-effective approach, which involves modifying the surface 

of Fe3O4 nanoparticles with silica and GPTMS to produce GPTMS@SiO2@Fe3O4. The final 

nanocatalyst was obtained by treating the intermediate with mesalamine, a well-known 

antioxidant. Various characterization techniques, including FT-IR, SEM, TEM, EDX, XRD, BET, 

VSM, and TGA, were employed to analyze its structure. The catalytic activity of the synthesized 

nanocatalyst was tested in the Knoevenagel condensation of several aromatic aldehydes with 

malononitrile in ethanol at room temperature, yielding good results in a short duration (Scheme 

1). This nanocatalyst demonstrated extremely rapid reaction times under mild conditions, 

impressive recyclability, superior catalytic performance, and an easy work-up process for 

Knoevenagel condensation. Additionally, it maintained its effectiveness over 6 cycles of reuse 

with the aid of an external magnet. 
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Scheme 1. Activity of the mesalamine/GPTMS@SiO2@Fe3O4 MNP in the Knoevenagel 

condensation 
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Recent concerns for the accumulation of non-renewable waste in the environment have encouraged 

researchers to replace plastic with biodegradable materials. Cellulose is one of the best substitutes. 

Carboxymethylation of cellulose is as a new method to make biodegradable and recyclable 

cellulose films, which can replace plastic products. In this research, the possibility of making 

cellulose films was studied by using the excess fine pulp from Harir Khuzestan Tissue Company. 

This process includes the carboxymethylation reaction of an alkaline cellulose, making a dope, 

casting in a 1mm thick mold and then immersion in 10% sulfuric acid bath. Resulting film is then 

thoroughly washed and dried. Fourier transform infrared spectroscopy showed the formation of 

carbonyl bonds on cellulose at 1726 cm-1 which indicates that the carboxymethylation reaction 

was successful. Tensile strength, modulus of elasticity and Elongation of the film was 77.15 MPa, 

1.72 GPa, and 5.77%, respectively, rendering it suitable for packaging purposes. 

Keyword: Fine pulp, Cellulose film, Carboxymethylation.  
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Design and synthesis of green and recyclable catalysts in order to improve the efficiency of organic 

chemistry reactions is a significant challenge. 1 In organic synthesis, the Stille reaction is one of 

the most general, effective, and selective Pd-catalyzed cross-coupling reactions for the formation 

of C–C bonds. It is based on organotin compounds using catalytic amounts of Pd complexes under 

mild reaction conditions normally. The Stille reaction is effective in preparing promising organic 

molecules and is generally superior for synthesizing complex molecules including natural 
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products. 2 In this study, first, Palladium graphitic carbon nitride Pd-g-C3N4/biochar nanosheets 

with high surface area and chemical stability were synthesized. The synthesis of Biphenyl 

derivatives was performed, with high yield. The advantages of this reaction include easy catalyst 

separation and reusability thanks to its recyclable heterogeneous nature, with good to excellent 

efficiency, and short reaction time. (Scheme1) 

 

Scheme1: Carbon–carbon coupling reaction of aryl halides with Sn(C6H5)3Cl in the presence of 

Pd-g-C3N4/biochar 
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(1) Moradi, P.; Hajjami, M. RSC Advances 2022, 12, 13523-13534. 

(2) Majhi, S.; K. Jash, S. Synthetic Communications 2023, 53, 2061-2087. 
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Abstract 

This study explores the use of iron (Fe) and nickel (Ni) incorporated into ZIF-67 (Zeolitic 

Imidazolate Framework-67) as electrocatalysts for the Oxygen Evolution Reaction (OER). Using 

various electrochemical techniques, we evaluate the catalytic performance and kinetics of Fe/Ni-

ZIF-67. Characterization methods, including X-ray diffraction (XRD) and scanning electron 

microscopy (SEM), confirm the successful incorporation of metals and the structural integrity of 

the material. The results demonstrate that metal doping significantly enhances OER activity 

compared to pure ZIF-67, with optimal metal ratios resulting in lower overpotentials and improved 
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current densities. This research highlights the potential of metal-doped MOFs for sustainable 

energy conversion in electrocatalysis. 

Keywords: MOF, electrocatalysts, oxygen evolution reaction, metal-organic framework, OER, 

water splitting, zeolitic imidazolate framework  

 

Catalyst synthesis schematic of the Fe-Ni/Co-ZIF67 in OER process 

Global energy demand is a critical issue due to climate change and the Paris Agreement. With 

fossil fuels accounting for about 80% of energy use, cost-effective strategies are needed to ensure 

energy security and mitigate climate change. Improving electrocatalytic processes is essential, as 

current efficiencies are limited by slow reaction kinetics. Catalytic coatings can enhance hydrogen 

production from renewable sources by utilizing affordable electrocatalysts such as metal-organic 

frameworks (MOFs). These versatile materials, composed of metal nodes and organic linkers, are 

gaining attention due to recent advancements in chemistry. Evolving from zeolites, MOFs now 

incorporate metal clusters that improve porosity and stability, with an emphasis on organic ligands 

and modifications. Zeolitic imidazolate frameworks (ZIFs), a subclass of MOFs, offer excellent 

thermal and moisture stability. Both MOFs and ZIFs show significant promise for the oxygen 

evolution reaction (OER) in water splitting, a key process for solar fuel technologies. Integrated 

systems that combine light-harvesting semiconductors with electrocatalysts hold great potential, 

although finding effective OER catalysts remains a challenge. Recent advances in rapid screening 

methods for OER activity in metal oxides are helping to accelerate catalyst synthesis. This work 

explores the incorporation of iron, cobalt, and nickel ions into the ZIF structure, focusing on the 

Fe-Ni/Co-ZIF-67 catalyst for OER. 

Preparation of Fe-Ni/Co-ZIF67 

The Fe-Ni/Co-ZIF-67 compound was synthesized through a two-step process. Initially, two 

separate solutions were prepared. Solution A contained Co(NO₃)₂·6H₂O, Ni(NO₃)₂, and 

FeCl₃·6H₂O, all dissolved in methanol. In parallel, solution B was prepared by dissolving 2-

methylimidazole in methanol. Solution B was then gradually added to solution A while 

continuously stirring the mixture at room temperature for 24 hours, resulting in the formation of a 

purple precipitate. This precipitate was filtered and washed multiple times with methanol. Finally, 

the product was dried overnight at 60°C. The preparation of Co-ZIF-67 follows a similar 

procedure, except the stirring time is 2 hours, followed by 12 hours of rest without stirring. 
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The microstructure of Fe-Ni/Co-ZIF-67 was analyzed using scanning electron microscopy (SEM). 

The fracture surfaces of the coatings and the substrate after corrosion were also examined. Phase 

composition was determined through X-ray diffraction (XRD) with Cu Kα radiation and energy-

dispersive X-ray spectroscopy (EDS). Stability, voltage, and current were evaluated using linear 

sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS). 
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Abstract 

Fe/Co-ZIF-67 is a promising iron-based catalyst for the oxygen evolution reaction (OER) in water-

splitting applications, integrating iron into a cobalt-based framework to enhance electrochemical 

performance. Its unique structure facilitates efficient charge transfer and optimizes active sites, 

resulting in superior catalytic activity compared to traditional catalysts. Notably, it achieves a 

lower overpotential of 340 mV in NaOH electrolyte. These advantageous properties position 
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Fe/Co-ZIF-67 as a strong candidate for sustainable hydrogen production, contributing significantly 

to advancements in renewable energy technologies. 

Keywords: electrochemical catalyst, MOF, metal-organic framework, water splitting, OER, 

oxygen evolution reaction,  

 

Catalyst synthesis schematic of the Fe/Co-ZIF67 with NaOH 

This abstract emphasizes the need to advance sustainable energy technologies to address energy 

shortages and environmental challenges, with a particular focus on hydrogen as a viable green 

energy source. Hydrogen can be produced through water splitting, which involves key reactions 

at the electrodes: the hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER). 

While these processes are well understood, challenges remain. Metal-organic frameworks 

(MOFs), particularly zeolitic imidazolate frameworks (ZIFs), are gaining attention for their unique 

porous structures and customizable properties. Composed of metal ions and imidazolate linkers, 

ZIFs show significant potential as electrocatalysts for water splitting due to their versatile 

characteristics. Traditional electrocatalysts, such as IrO₂, RuO₂, and platinum, are effective but 

suffer from drawbacks, including high cost and toxicity. This study highlights ZIF-67, enhanced 

with iron, as a promising candidate for improving OER efficiency in water-splitting applications. 

[1-7] 

Preparation of Fe/Co-ZIF67: The synthesis of the Fe/Co-ZIF-67 compound was carried out 

using a two-step process. First, two distinct solutions were prepared. Solution A consisted of 

Co(NO₃)₂·6H₂O and FeCl₃·6H₂O dissolved in methanol. Meanwhile, solution B was prepared by 

dissolving 2-methylimidazole in methanol (MeOH). Next, solution B was gradually added to 

solution A while stirring the mixture at room temperature for 24 hours, resulting in the formation 

of a purple precipitate. The precipitate was then filtered and washed repeatedly with methanol. 

Finally, the product was dried overnight at 60°C. The preparation of Fe/Co-ZIF-67 in the presence 

of NaOH follows a similar procedure, with the addition of sodium hydroxide being stirred together 

with 2-methylimidazole. 

The microstructure and morphology of Fe/Co-ZIF-67 were characterized using scanning electron 

microscopy (SEM, Tescan MIRA3, FESEM, Czech Republic). The fracture surface of the coatings 

and the substrate surface after corrosion were also examined using SEM. The phase composition 

of Fe/Co-ZIF-67 was analyzed by X-ray diffraction (XRD, Tongda TD-3700, China) with Cu Kα 

radiation at a scan rate of 5°/min within the 2θ range of 5°–80°. Stability, voltage, and current were 
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measured using linear sweep voltammetry (LSV, PGSTAT30) and electrochemical impedance 

spectroscopy (EIS). 
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Abstract 

This research involved the synthesis and characterization of magnetic bismuth ferrite nanoparticles 

(BFO MNPs) using a straightforward method. The structure and morphology of the nanoparticles 

were analyzed through FTIR, FESEM, EDS, XRD, and VSM techniques. BFO MNPs were 

utilized as a heterogeneous Lewis acid catalyst for the synthesis of 3,4-dihydropyrimidin-2(1H)-

ones/thiones (DHPMs/DHPMTs). The results demonstrated that BFO MNPs effectively catalyzed 

the synthesis of various DHPMs with low catalyst loading, high yields, eco-friendly reaction 

conditions, short reaction times, simple workup, and reusability. The structures of the synthesized 

compounds were confirmed through ¹H NMR, FTIR, and melting point analyses, highlighting the 

catalyst’s potential for sustainable green chemistry applications. 

Key words: Magnetic heterogeneous catalysts; Bismuth ferrite nanoparticles; 3,4-

Dihydropyrimidine-2(1H)-one/thione; Multi-Component reactions (MCRs) and Green and 

Sustainable Chemistry. 

Introduction 

The synthesis of nitrogen-containing 3,4-dihydropyrimidine-2(1H)-one/thione compounds 

(DHPMs/DHPMTs) is essential due to their diverse biological properties and roles in drug 

discovery. Despite initial progress, challenges remain, including toxic solvents and expensive 

catalysts. Recognizing the importance of heterocyclic compounds, researchers are seeking 

innovative, efficient synthesis methods. In line with green chemistry principles, a novel approach 

utilizing magnetic bismuth nanoparticles has been investigated to enhance the synthesis process. 

This method aims to overcome existing challenges and improve overall efficiency. 

Preparation of the magnetic bismuth ferrite nanoparticles (BFO MNPs)  

The preparation of bismuth ferrite nanoparticles (BFO MNPs) was carried out using the solid-state 

thermal decomposition method. Initially, a 100 mL round-bottom flask was charged with glycine 

(8.0 mmol), Fe(NO₃)₃.9H2O (4.0 mmol), Bi(NO₃)₃.5H2O (4.0 mmol), and deionized water (40.0 

mL). The mixture was heated at 120 °C for one hour. Subsequently, HNO₃ (2.80 mL) was added 
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dropwise to the reaction mixture, which was then heated again at 120 °C, leading to the formation 

of a brown solid. Finally, the brown solid was placed in an oven at 350 °C for one hour, followed 

by an additional hour at 550 °C to prepare the bismuth ferrite nanoparticles (BFO MNPs). 

 

FESEM images of BiFeO3 nanoparticles 

 

X-Ray diffraction pattern of BFO MNPs. 
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Aromatic aldehydes with electron-withdrawing groups (-NO2, -Cl, -Br) demonstrate faster product 

formation compared to those with electron-donating groups (-OMe, -OH, -Me). This is due to their 

higher carbonyl activity, which facilitates the reaction. In contrast, electron-rich heterocyclic 

aromatic aldehydes like thiophen-2-carbaldehyde and furfural exhibit longer reaction times 

because their increased electron density reduces carbonyl activity, hindering electrophilic attack 

on the carbonyl group. These observations align with the reaction mechanism, where the 

electrophile's attack on the carbonyl is the rate-determining step. Thus, aldehydes with electron-

withdrawing groups promote quicker reactions, while those with electron-donating groups and 

heterocyclic aldehydes slow them down. 
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Abstract: 

In this work, nanocomposites comprising copper and silver nanoparticle in nylon 6,6 matrices have 

been prepared. In this manner, copper and silver nanoparticles prepared by its salt reduced by 

sodium borohydride at various concentration. Then this nanoparticle solution was mixed with 

polymer solution and electro spun by electrospinning device. The above nanocomposite has been 

successfully detected by SEM, EDAX, FT-IR Spectroscopy and indicated that not only 

nanoparticles and nylon 6,6 nanofiber have created good chemical interaction but also a relatively 

suitable size and distribution has been yielded in the fibers. The resulted nanocomposite 

conductivity by four-probe method showed a remarkable conductivity produced by Nano 

nanoparticles distribution in the tissue of nanocomposites increasing as concentration rises. 

 

Keyword: nanoparticles, conductivity polymer, nylon 6,6, nanofiber. 

 

Introduction: 

Nanocomposite material consists out of several phases where at least one, two or three dimensions 

are in nanometer range. Taking material dimensions down to nanometer level creates phase 

interfaces which are very important for enhancement of materials properties. The ratio between 

surface area and volume of reinforced material used during nanocomposites preparation is directly 

involved in understanding of structure-property relationship. Nanocomposites offer opportunities 

on completely new scales for solving obstacles ranging from medical, pharmaceutical industry, 

food packaging, to electronics and energy industry. Nanocomposite can be divided in three classes; 

metal matrix, ceramic matrix and polymer matrix nanocomposites. One of the methods to produce 
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nanoparticles is the reduction of metal salts [1-3]. The most important method for producing 

nanofibers is electrospinning due to its high variety and the convenience using the device [4]. 

Many polymers have been transformed into nanofibers via this method [5]. since the availability 

of nanoparticles resulted in the improvement of the nanofibers' properties and composite 

nanofibers' applicability [6,7]. On the other hand, most of the polymers are insulate electrically 

speaking; however, the conductive metal nanoparticles supply a satisfactory conductivity in the 

nanocomposites of metal & polymer [8,9]. 

Method: 

To prepare the desired composite, first nylon 66 is dissolved in its solvent formic acid and acetic 

acid, then silver nitrate and copper nitrate are added to it, and the silver nitrate and copper nitrate 

in the solution are reduced by the reducing agent sodium borohydride, and finally the obtained 

solution is converted into fibers by an electrospinning device. To examine the conductivity of the 

desired fibers at different concentrations of silver and copper, identical solutions of polymer, 

formic acid and acetic acid are prepared, and different amounts of silver nitrate and copper nitrate 

are added to them, and for reduction, sodium borohydride is used in proportion to the amount of 

silver and copper. The produced nanofibers are examined by atomic spectra, UV-VIS, FTIR, SEM 

and conductivity measurement. 

Results and Discussion: 

    

 

 

 

 

 

 

 To identify the electrospun nanocomposite containing nanoparticles, the following spectrometry 

and results were obtained: 

UV spectroscopy 

The table and graph below show that as the concentration of silver and copper in the solution 

increases, the rate of absorption increases (table 1,2). 

 

Table (1): Relationship between copper 

concentration and absorption rate 

Table (2): Relationship between silver 

concentration and absorption rate 

Concentration 

(ppm) 

Absorbance  

BLANK 1.512 

500 1.713 

1000 1.914 

1500 2.124 

2000 2.341 

Concentration(ppm) Absorbance 

BLANK 1.739 

500 2.456 

1000 2.521 

1500 2.573 

2000 2.621 
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As can be seen in the SEM images, the diameter of the fibers is in the nanometer range, the 

distribution of silver and copper nanoparticles is uniformly distributed to a desirable extent. With 

closer observation, it is clear that their size is on average between 20-40 nm and increasing the 

concentration of nanoparticles has not significantly changed their size. However, at higher 

concentrations, some particles may be joined due to the high concentration of nanoparticles 

 

 

 

 

 

 

 

 

Figure 1: SEM image of a nanocomposite 

sample with a nanoparticle concentration of 

500 PPM. 

 

Figure 2: SEM image of electro spun Nano 

polymer sample without nanoparticles 

 Also, using energy dispersive X-ray spectroscopy (EDS or EDX), the presence of silver and 

copper elements in the nanocomposite can be detected. 

  

 Figure 3: EDX analysis diagram of 500ppm sample 
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As the solution concentration increased, the intensity of the EDX peaks of silver and copper present 

in the solution increased. 

From the FTIR spectra of the samples, it was concluded that with increasing concentration of the 

samples, the intensity of the peaks of the functional groups present in the nylon 66 polymer 

decreased, meaning that elements were involved in these functional groups and limited their 

mobility and oscillation. So, as a result, Nano elements of copper and silver particles have entered 

into the nanofibers and interact with the functional groups in the polymer tissue.(fig4&5) 

 

 

 

The conductivity of composite nanofibers containing nanoparticles was measured through four-

point conductometry. In this method, the two ends of the ohmmeter electrode are connected to the 

two ends of the sample (nanofibers) and its resistance and as a result its conductivity is measured. 

Figure6 

 

Figure 6: four point probe conduct meter 

Figure 4: FT-IR spectrum of the nanofiber 

sample without copper and silver 

nanoparticles 

Figure 5: FT-IR spectrum related to the 

nanocomposite sample of nanofibers 

containing copper and silver nanoparticles 

with a concentration of 2000 PPM 
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According to the conductivity results, it was found that while the nano fiber sample is not 

conductive, but the Nano composite sample containing metal nanoparticles is significantly 

conductive. Also, with the increase in the concentration of nanoparticles, a significant increase in 

conductivity is observed. Table 3. 

Table  (3): Relationship between the concentration of  

nanoparticles in the polymer and their conductivity 

 

 

 

 

Conclusion: 

In this work, composite nanofibers based on nylon 66 containing silver and copper particles 

were prepared. The identification of the resulting nanocomposite was investigated by atomic 

absorption spectra, UV-Vis spectroscopy, FTIR spectroscopy, and scanning electron microscopy 

(SEM). Then, conductivity measurements on the resulting nanofibers showed that the 

nanocomposite has a significant conductivity that increases with increasing concentration of metal 

nanoparticles. 
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Abstract: 

Electrospinning is a versatile and viable technique for generating ultrathin fibers. 

Remarkable progress has been made in techniques for creating electro-spun and non-electro-spun 

nanofibers.  In this work. to prepare the desired nanocomposite, first polystyrene was dissolved, 

then silver nitrate was added to the above solution in different concentrations, and these salts were 

reduced by sodium borohydride reducing agent, and finally the obtained solution containing 

copper and silver nanoparticles was converted into nanofibers by electrospinning. The above 

nanocomposite has been systematically identified by atomic absorption spectra, UV-VIS, FTIR, 

EDX, and SEM. Then, the absorption properties of disperse colored wastewater were investigated, 

which showed satisfactory and significant results. Also, the whiteness and reflective yellowness 

properties of the above composite were determined. 

Keyword: nanofibers, nanocomposite, wastewater, Electrospinning  

Introduction: 

Nanofibers were the center of attention for industries and researchers due to their simplicity 

in manufacture and setup Nanotechnology is one of the fastest growing fields of study and has 

entered the profession of medicine and other industries as well. Due to the wide variety of 

applications many researchers hailing from countries all over the world have shown their interest 

in the technology. With respect to the pharmaceutical industry, nanotechnology made a mark 

because of its efficacy and reduced adverse event [.1-5] In the method of creation the 

electrospinning is very common and the basic principle of this method revolves around the static 
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charges that are produced due to stretching of the polymer fiber repel each other which results in 

the formation of the fibers[6]. 

Nanotechnology systems ease the water cleaning process because inserting nanomaterials into 

underground water sources is cheaper and more efficient than pumping for treatment. Among 

nanomaterials, nanofibers are expected to become effective wastewater treatment materials due to 

their high specific surface area, high porosity, their ability to be easily functionalized, and superior 

mechanical performance (stiffness and tensile strength). These compounds are usually produced 

in the various morphologies and various compounds (synthetic polymers, natural polymers, metal-

metal oxide/sulfide/selenide composites, To produce organic-, inorganic-,and polymeric-

nanofibers, several techniques have been conducted such as thermally-induced phase separation 

[7], template synthesis [8], fibrillated bio-component fiber extrusion [9], phase separation [10], 

electrospinning [11], etc. The electrospinning is a cost-effective, simple, and reproducible process 

used to fabricate sizable nanofibers in large-scale. The fields of application of nanofibers are too 

wide and some of them are briefly mentioned here. 

The nanofiber membranes prepared by electrospinning exhibited a higher flux with high removal 

efficiency compared to other membranes due to their higher specific area, high porosity, and fine 

adjustable pores. In the adsorption process, the Nano fibrous adsorbents indicated a higher 

adsorption capacity and easier reusability than other adsorbents such as carbons, zeolites [12-]. 

According to the above mentioned cases, we decided to make polystyrene Nano fibers containing 

copper particles After determining its structure, measure and determine the absorption property of 

colored wastewater 

 

Method 

To prepare the desired composite, first dissolve sodium borohydride in its solvent (20% DMF) and 

then add copper nitrate to it and reduce the copper nitrate in the solution by using sodium 

borohydride reducing agent and then add polystyrene to it. Finally, the obtained solution is 

converted into fibers by electrospinning machine. Different concentrations of copper are prepared. 

Solutions of the same polymer and solvent are prepared and different amounts of copper nitrate 

are added to them and for reduction, sodium borohydride is used in proportion to the amount of 

copper. The produced nanofibers are examined by reflection spectra, UV-VIS, FT-IR, SEM and 

 reflection spectrophotometry. 

One of the methods for identifying produced nanofibers is scanning electron microscope (SEM) 

images, which can determine the dimensions of the fibers and nanoparticles 

 

 

 

In the infrared spectra taken, the presence of copper nanoparticles in the mixture caused a slight 

shift in the peaks compared to the control spectrum and a decrease in absorption intensity, which 
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could be a reason for the placement of metal particles within the polymer tissue and the interaction 

between copper nanoparticles and polystyrene nanofibers. 

 

 

 

 

 

 

 

 

Figure 3: Infrared spectrum of the control sample compared to the sample containing nanoparticles 

with concentrations of 500, 1000, 1500, and 2000 ppm of nanocopper. 

Energy-dispersive X-ray spectroscopy(EDAX) well confirms the presence of copper within the 

nanocomposite structure.(figure 4, 5) 

 

 

 

Figure 2: SEM image of a sample of 

nanofibers containing nanocopper with 

a concentration of 2000 ppm 

Figure 1: SEM image of a nanofiber sample without 

nanoparticles. 
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Wastewater absorption spectrophotometer 

In this method, we prepare a 0.01% (weight-volume) solution of disperse dye and distilled water. 

We put the solution in a stirrer to mix. After it is completely dissolved, we weigh 0.1 of the foil on 

which the polystyrene and copper nanocomposite has been spun and place it in the above solution. 

Then, we read its absorption using an absorption spectrophotometer for 10 to 50 minutes. The 

decrease in the absorption intensity in the solution indicates the absorption of wastewater by the 

nanocomposite. (figure 6-7): 

As can be seen, the nanocomposite containing copper nanoparticles has a much higher wastewater 

absorption capacity than the control nanocomposite, i.e. without particles. Fig.6 

Figure 5: EDAX spectrum of nanocomposite 

with copper concentration of 1000 ppm 

Figure 4: EDX spectrum of the control 

sample without copper nanoparticles 
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Fifure 6.Comparison chart of wastewater absorption of polystyrene nanofiber 

samples without nanoparticles and in the presence of copper nanoparticles with 

a concentration of 1500 ppm 

 

Also, by examining the uv-vis absorption peaks of the samples, it was found that firstly, the optimal 

time for maximum absorption is around 30 minutes, and secondly, the amount of absorption 

increases with the increase in the concentration of nanoparticles (fig. 7) 

 

 Figure 7: Comparison chart of wastewater absorption of polystyrene 

nanofiber samples with different concentrations 

 

Result and Conclusion: 
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In this work, after dissolving polystyrene in a solvent and preparing copper nanoparticles and 

mixing the two together, this mixture was converted into a nanocomposite of nanofibers containing 

copper nanoparticles in an electrospinning device. After identifying and determining the structure 

of the resulting nanocomposite by scanning electron microscopy (SEM), infrared spectroscopy 

(IR) and energy dispersive X-ray spectroscopy (EDAX), its dispersed dye wastewater absorption 

properties were investigated, considering that polystyrene itself also has some absorption ability. 

The investigations and results of the experiment show that the dye wastewater absorption 

properties increase significantly in the form of nanofibers and in the presence of copper 

nanoparticles, and this wastewater absorption capacity increases with increasing nanoparticle 

concentration. Also, the optimal time for maximum absorption is about 30 minutes. 
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Abstract  

Graphene oxide, which is a two-dimensional aromatic scaffold and oxygen-containing functional 

groups shows considerable catalytic properties [1,2]. In this research work, an efficient protocol 

for the design of magnetic nickel graphene oxide [3] functionalized Nb-curcumin nanoparticles 

(Ni-GO/Cur-Nb) has been developed as a nanocatalyst for the Suzuki-Miyaura (SM) cross-

coupling reaction using organic halides and phenyl boronic acid. The synthesized Ni-GO/Cur-Nb 

nanocatalyst was characterized and showed significant advantages compared to previous methods. 

The advantages of this method include easy purification, catalyst reusability, green and mild 

procedure, and high yields in short reaction times. 

 

 

Scheme: General procedure for SM cross-coupling reaction catalyzed by Ni-GO/Cur-Nb 

(1) Su, C.; Loh, K. P. Carbocatalysts: graphene oxide and its derivatives. Accounts of chemical 

research 2013, 46 (10), 2275-2285. 

(2) Su, C.; Acik, M.; Takai, K.; Lu, J.; Hao, S.-j.; Zheng, Y.; Wu, P.; Bao, Q.; Enoki, T.; Chabal, 

Y. J. Probing the catalytic activity of porous graphene oxide and the origin of this behaviour. 

Nature communications 2012, 3 (1), 1298. 

(3) Moradi, P.; Hajjami, M. Magnetization of biochar nanoparticles as a novel support for 

fabrication of organo nickel as a selective, reusable and magnetic nanocatalyst in organic reactions. 

New Journal of Chemistry 2021, 45 (6), 2981-2994. 
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Abstract 

Graphene quantum dots (GQDs) are versatile materials with unique optical and chemical 

properties that make them suitable for a wide range of applications. Their synthesis can be achieved 

through various top-down and bottom-up methods, and their properties can be tailored through 

functionalization and doping to enhance performance in specific applications [1]. Pyrrole and its 

poly-substituted derivatives are important five-membered heterocyclic compounds which exist in 

many pharmaceutical and natural product structures [2]. By collecting our previous knowledge on 

the usage of heterogeneous catalysts and as a part of our continuing interest in the development of 

green and efficient new synthetic methods in organic reactions, we have reported the synthesis of 

novel functionalized GQDs with Schiff base Co(II) complexes and survey the catalytic activity of 

this synthetic catalyst for preparation of pyrrole derivatives.  For this purpose, the GQDs was 

synthesized using citric acid and functionalized Schiff base complex. The structure of the synthetic 

FGQDs fully characterized using various techniques. Then, the catalytic activity of the synthesized 

FGQDs catalyst was investigated in a one-pot MCR reaction of acetophenone, nitro methane, 

aniline and benzaldehyde derivatives for preparation of multi substituted pyrrole derivatives. The 

synthesis of the desired products was carried out successfully with excellent yields and short 

reaction times. 

Keyword: Pyrrole, Green, FGQDs, Heterogeneous, MCR. 
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contaminant. 

The use of antibiotics has significantly increased in recent decades. Consequently, high levels of 

these contaminants are now present in the environment, making the removal of antibiotics from 

aquatic environments essential in combating antimicrobial resistance. Various methods including 

physical, chemical, and biological are employed to treat water. Notably, adsorption stands out as 

a highly efficient, selective, and versatile technique that effectively removes contaminants, making 

it beneficial across multiple industries. A novel highly efficient, eco-friendly magnetite 

nanocomposite (MNC) utilizing xanthan gum (XG) has been developed for the effective removal 

of ciprofloxacin (CIP) and amoxicillin (AMX) from wastewater. This magnetic nanocomposite is 

designed for straightforward separation and reuse. The synthesized magnetite nanocomposites 

were characterized through a range of techniques, including FT-IR, XRD, FESEM, VSM. The 

effects of pH, adsorbent dose, contact time, and AMX and CIP concentration on the adsorption 

processes were investigated. The MNC showed a maximum adsorption capacity (Qmax) of 237.56 

mg−1 for ciprofloxacin (CIP) and 217.37 mg−1 for amoxicillin (AMX) using 0.008 g of the 

adsorbent. Equilibrium data were modelled using Langmuir, Freundlich, among which the 

Freundlich isotherm model gave the best fit. Furthermore, the adsorption kinetic measurements 

were accurately captured by the pseudo-second-order (PSO) model. Overall, this study shows that 

the adsorbent proved to be a viable and promising option for the elimination of antibiotics from 

water, with high adsorption capacity. 
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Abstract: 

On the basis of the energy storage, importance of chemical energies and the charge transfer, the 

objective of this research is study on Homo-Cubane and Aza-Homo-Cubane (C9H10 and C8H9N; 

as the energetic with high stress molecules) and their molecular deformation by stepwise reduced 

states (i.e. C9H10
n and C8H9N

n; n=0 and −1 to −4). In this study, the molecules of homo-cubane 

and aza-homo-cubane were optimized to obtain minimize molecular geometry and the electronic 

structure by the density functional theory (DFT, MO6) using 6-31+G* basis set. Some important 

properties such as bond order changes, electron densities, frontier orbital (HOMO and LUMO) 

energies and characters, thermodynamic parameters, natural bond orbital (NBO) populations, 

computed IR spectrum and structural deformation parameters were calculated and investigated for 

C9H10
n and C8H9N

n (n=0 and −1 to −4). The results of the DFT investigations revealed that this 

compound exhibit excellent performance in the oxidation process in its reduced form. 
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Abstract: 

Aza-cubane as a molecule with high chemical energy and its oxidation and reduction states are the 

objective of this research. In this study on Aza-Cubane (C7H7N; as the energetic with high stress 

structure) and the molecular deformation by stepwise reduced states in the oxidation and reduction 

states. In this study, aza-cubane were optimized to obtain minimize molecular geometry and the 
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electronic structure by the density functional theory (DFT, MO6) using 6-31+G* basis set. Some 

important properties such as bond order changes, electron densities, frontier orbital (HOMO and 

LUMO) energies and characters, thermodynamic parameters, natural bond orbital (NBO) 

populations, computed IR spectrum and structural deformation parameters were calculated and 

investigated for the oxidation and reduction states of C7H7N. The results of the DFT investigations 

revealed the properties and the interesting results of the discussed structure in different oxidation 

and reduction states. 

 
Keywords: Aza-Cubane; Reduction; Molecular deformation; DFT; MO6; Molecular modeling. 
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Nowadays, the detection of synthetic dyes like Allura Red (Scheme 1) is critical due to increasing 

concerns over food safety and consumer health. the use of molecularly imprinted polymers (MIPs) 

has gained significant attention for their ability to selectively recognize and bind target molecules, 

making them valuable for various applications, including food safety and environmental 

monitoring. This study investigates the development of molecularly imprinted polymers (MIPs) 

using Allura Red as a template molecule, with methylacrylic acid(MAA) and vinylpyridine(VP) 

serving as two different functional monomers, Allura red-MIP1 and Allura red-MIP2. Density 

Functional Theory(DFT) calculations were used to study the structures of each of the pre-

polymerized complexes, (Allura red-Complex1 and Allura red-Complex2 refers for Allura red-

MIP1 and Allura red-MIP2, respectively). In this study Calculated the complexation energies, 

solvation energies, The complexation enthalpies and Gibbs free energies of two complexes. 

Which, as preliminary calculations, shows a more favorable interaction between methacrylic acid 

and the template structure1-3. 

 

 

Scheme 1. Allura Red (E129) 
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In recent years, the development of chemical processes and reactions with an approach based on 

green chemistry has become an important principle for scientists. In the meantime, heterogeneous 

catalysts have become very important due to their easy separation, reusability, and compatibility 

with the environment [1]. The functionalization of heterogeneous catalysts with acidic groups 

leads to the production of an attractive group of catalysts with the ability to increase the speed and 

reduce the time of many chemical and organic reactions [2]. Integration of solid acid catalysts with 

magnetic nanoparticles leads to an increase in chemical and thermal stability as well as an increase 

in the ability to separate the catalyst. This issue is considered an important principle in achieving 

versatile and more efficient catalytic systems [3]. Therefore, Fe3O4@Phosphonic acid was 

prepared as a magnetic acid catalyst and it was used in the multicomponent reaction to produce 

pyrido[2,3-b]indole (Scheme 1). Recyclability, reuse of catalyst, high reaction speed and high 

yield of synthesized products are among the attractive features of the above work. 

 

Scheme 1: Preparation of pyrido[2,3-b]indole derivatives using Fe3O4@Phosphonic acid 
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Vitamin-based ionic liquids (VILs) are green and nontoxic class of organics that could be 

synthesized via simple methods.  They could play roles as catalysts various kinds of 

transformations as well as food supplements. Their properties and also toxicity could be affected 

by their cationic and anionic parts. It proved that in nitrogen -containing cations, toxicity increases 

with increasing carbon number. In addition, increasing oxygen in the ring, led to lower toxicity in 

cyclic organic cations. L-ascorbic acid (vitamin C), is an appropriate bioorganic candidate to 

develop VILs filed. Isoxazoles are class of heterocycles that are applicable in many drugs due to 

their biological properties such as hypoglycemic, antiviral, antibacterial, analgesic, anti-

inflammatory, antidepressant, anti-osteoporotic, anti-Alzheimer's, and even anti-cancer and HIV-

inhibiting activities. They are used in the production of penicillin, oxacillin, and cloxacillin. In this 

research, the ultrasound-assisted synthesis of isoxazoles has been done using novel IL based on 

vitamin C ([hexadec(Me)3N]+[L-Asc]-), at room temperature with short reaction times.  
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Introduction: Acetylcysteine, also known as N-acetylcysteine (NAC), not to be confused with N-

Acetylcarnosine, which is also abbreviated "NAC," is a medication that is used to treat paracetamol 

overdose and to loosen thick mucus in individuals with chronic bronchopulmonary disorders like 

pneumonia and bronchitis. It has been used to treat lactobezoar in infants. It can be taken 

intravenously, by mouth, or inhaled as a mist [1-2]. Some people use it as a dietary supplement [3-

4]. 

Methods: The study utilized quantum mechanics (QM) calculations conducted through the density 

functional theory (DFT) method with the GAUSSIAN 09 software at the B3LYP/6-311+G 

theoretical level. The structure of the Acetylcysteine was designd using GaussView software. 
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Results: This study conducted calculations for structural parameters like bond lengths, angles, and 

dihedrals, as well as thermodynamic parameters at the B3LYP/6-311G level of theory and 

provided the results. The electronic energy of the molecule was determined to be -548930.2 

kcal/mole. Additionally, the atomic charge, spin density, and molecular orbital energies were 

calculated. The highest occupied molecular orbital (HOMO) was found to be -0.25 eV and the 

lowest unoccupied molecular orbital (LUMO) was -0.03 eV. The dipole moment in Debye was 

measured as X= 1.52, Y= 0.37, Z= -3.27, with a total of 3.62. 

Discussion: Optimization of the drug was performed using the B3LYP/6-311G method. The study 

focused on Acetylcysteine’s electronic characteristics, specifically the energy difference between 

the HOMO and the LUMO. The HOMO-LUMO gap energy was determined to be -0.28 eV. This 

provides insights into Acetylcysteine’s electronic behavior, which could have applications in 

various fields. 

Keywords: Acetylcysteine, DFT, HOMO and LUMO, Thermodynamic parameters  
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Introduction: Deuruxolitinib is an orally available small molecule inhibitor of Janus kinases that 

is used to treat severe alopecia areata. Alopecia areata is an autoimmune disorder that is 

characterized by hair loss resulting in patches and even complete baldness of the scalp, along with 

thinning or loss of eyebrows and eyelashes. Inhibitors of JAK kinases have been used to treat 

several autoimmune diseases including alopecia areata. Deuruxolitinib can cause anemia, 

lymphopenia, neutropenia, thrombocytopenia, hyperlipidemia, and creatine kinase elevations. 

Potential severe adverse events may include reactivation of fungal, viral, and opportunistic 

infections such as tuberculosis, hepatitis B, herpes simplex, and herpes zoster [1-4]. 

Methods: The study utilized quantum mechanics (QM) calculations conducted through the density 

functional theory (DFT) method with the GAUSSIAN 09 software at the B3LYP/6-311+G 

theoretical level. The structure of the Deuruxolitinib was designd using GaussView software. 

Results: This study conducted calculations for structural parameters like bond lengths, angles, and 

dihedrals, as well as thermodynamic parameters at the B3LYP/6-311G level of theory and 

provided the results. The electronic energy of the molecule was determined to be -619,249.4 

kcal/mole. Additionally, the atomic charge, spin density, and molecular orbital energies were 

calculated. The dipole moment in Debye was measured as X= 3.26, Y= - 0.23, Z= 1.09, with a 

total of 3.44. 

Discussion: Optimization of the drug was performed using the B3LYP/6-311G method. The study 

focused on dipole moment, Bond Length, Bond angle and atomic charge. This provides insights 

into Deuruxolitinib’s electronic behavior, which could have applications in various fields. 

Keywords: Deuruxolitinib, DFT, Dipole moment, Thermodynamic parameters  
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Mild and efficient methods for the synthesis of pyrimidine-based spirocyclic systems have 

attracted widespread interest over the years due to their diverse biological activity. The standard 

protocol for the preparation of pyrimidine-based spirocyclic generally involves nucleophilic 

addition reactions and cycloaddition reactions.1, 2 Sulfones are widely used as a key intermediate 

in the synthesis of organic compounds in many fields, including, polymers, pharmaceuticals, the 

rubber industry, and agrochemicals.3 However, although these compounds are of considerable 

synthetic interest,4 very few protocols are available for the synthesis of spiro-pyrimidines 

containing additional sulfonyl groups. 

As part of our current studies on the development of new routes to heterocyclic systems,5-8 we 

report a novel efficient protocol for the synthesis of sulfonyl-spiro-pyrimidines by a one-pot five 

component reaction of sodium aryl sulfonate, malononitrile, isatin, trichloroacetonitrile, and 

various benzylamines in DMF. Compared with conventional methods, this method has 

considerable advantages such as mild conditions, easier work-up, available starting materials, and 

purer products with high yields (Scheme 1). 
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Scheme 1. Synthesis of sulfonyl-spiro-pyrimidines derivatives. 
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Benzotriazines are six-membered heterocyclic compounds containing three nitrogen atoms 

connected to a benzene ring. Among the two existing isomers (1,2,4-benzotriazine and 1,2,3-

benzotriazine), the first one has received more attention and extensive research has been conducted 

on it.1-4  
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The one-pot Cu-catalyzed intramolecular cross-coupling5-8 reactions of 2-iodoaniline and 

hydrazonoyl chlorides for synthesizing benzo [1,2,4] triazine as shown in scheme 1. The 

advantages of this protocol, such as milder conditions, easier work-up (no column 

chromatography), availability of starting materials, good efficiency (72-92%), and the absence of 

the need for ligands, make this approach attractive for the synthesis of these compounds. The 

ability to achieve good yields of pure products without the need for additional purification steps 

or reagents is a significant advantage of this synthesis method. Not having to perform additional 

purification steps not only saves time but also reduces the consumption of resources, making the 

overall process more efficient and environmentally friendly. This further highlights the practicality 

and effectiveness of the described protocol. 

 

 

Scheme 1. Synthesis of various benzo [1,2,4] triazine by Cu-catalyzed 
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Introduction: Alkynyl imines represent an important class of functionalized alkynes because of 

their applications in the synthesis of a broad range of biologically important compounds. Alkynyl 

imines are versatile intermediates, which are used to synthesize different kinds of heterocycles, 

such as pyrroles, quinolines, pyridines, and others.1-3 Furthermore, they can also react with 

conjugated dienes to give bicyclic compounds.4 Despite their synthetic importance, relatively few 

methods have been described for the synthesis of alkynyl imines. 

Method: Herein, we report a simple procedure for the synthesis of functionalized sulfonyl-yn-

imines via the Cu catalyzed three-component coupling reaction of trichloroacetonitrile,5-7 sodium 

arylsulfinates, and terminal alkynes (Scheme 1). 

 

 

Scheme 1. Synthesis of sulfonyl-yn-imines derivatives. 
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112 

 

 

Results and Discussion: Structures of compounds 5a-f were assigned by IR, 1H-NMR, 13C-NMR 

and mass spectral data. The 1H-NMR spectrum of 5a exhibited 1 s for NH (δ 5.55), along with 

characteristic multiplets for the phenyl H-atoms. The 13C-NMR spectrum of 5a exhibited 11 

signals in agreement with the proposed structure. The mass spectrum of 5a displayed the molecular 

ion peak at m/z = 269. The NMR spectra of compounds 5b-f are similar to those of 5a, except for 

the substituents, which showed characteristic signals in the appropriate regions of the spectra. 

In conclusion, we have demonstrated that CuI is able to catalyze the formation of functionalized 

sulfonyl-yn-imines through coupling reaction of trichloroacetonitrile, sodium arylsulfinates, and 

terminal alkynes. The potential diversity of this type of reaction and available starting materials 

and catalysts are the main advantages of this methodology. 
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Ester plays a key role as an intermediate in various chemical, pharmaceutical, and organic 

synthesis processes. Acids or acid derivatives are synthesized through the oxidation of aldehydes 

or alcohols, followed by esterification reactions to obtain esters. However, the traditional process 

is intricate and demands high energy consumption. To address these concerns, the one-step 

oxidative esterification of aldehydes and alcohols into esters has emerged as a simple, co-friendly 
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and efficient green synthesis method, opening new avenues for cost-effective ester production. 

Notably, catalysts play crucial role in assisting this reaction [1-2].  

The direct conversion of aldehydes into their corresponding esters in the presence of Potassium 

cyanid in aqueous alcohols is reported (Scheme). In all these reactions, alcohol serves as reactant 

and also as reaction medium. Almost quantitative yields were obtained with aldehydes containing 

electron-withdrawing substituents and heterocyclic aldehydes. 

 

 

Scheme: Oxidative esterification of aldehydes promoted by KCN 
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Intermolecular hydrogen bonds are responsible for connecting one molecule with other and 

keeping them bound together. In opposite to that, when intramolecular hydrogen bonding occur, 

molecules are less available for interacting with each other and the molecules have a less tendency 

to stick together. The difference in interaction leads to differences in properties such as stability, 

solubility, melting point, and also biological properties. Therefore, identifying the type of 

hydrogen bond in a molecule is important in studying of its physical, chemical, and biological 

properties.  

In this paper, experimental methods for identifying intramolecular from intermolecular hydrogen 

bonds by using of 1H NMR spectroscopy are presented. The methods include investigating the 
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effect of changes in temperature, solvent, and concentration on chemical shifts of hydrogen 

involved in hydrogen bond. For example, changes in concentration have no effect on the chemical 

shift of hydrogen involved in intramolecular hydrogen bonds (benzylidene aminophenol, A in the 

Scheme). While the chemical shift of hydrogen involved in intermolecular hydrogen bonding 

(phenol, B in the Scheme) shifts to a lower field with increasing concentration.   

 

 

 

 

 

 

 

 

Scheme: Concentration effect on the chemical shifts 
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Metal-organic frameworks (MOFs) are highly ordered, porous structures that result from the 

bonding of metal ions with suitable organic ligands. These materials are important for their large 

surface area, customizable pore sizes, designable and robust chemical stability, making them 

highly suitable for a variety of applications, including catalysis, molecular adsorption, sensing, 
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and drug delivery. Zirconium-based MOFs (Zr-MOFs) are interesting catalysts due to their 

exceptional resilience and particularly under extreme conditions. These materials are not only 

promising for environmental applications such as the removal of pollutants and separation of 

greenhouse gases, but they also show great potential in the other fields such as biomedicine and 

materials science. Nicotinonitrile derivatives, which consist of a nitrile (-CN) functional group 

attached to a pyridine ring, have attracted significant interest due to their broad spectrum of 

biological activities, such as antibacterial, antifungal, anti-inflammatory, and anticancer effects. 

Furthermore, they have shown efficacy in treating neurological conditions, including Alzheimer’s 

disease. Herein, we have designed a Zr-MOFs as a valuable catalyst for the preparing 

Nicotinonitriles. The presented methodology provides an optimized medium that enhances the rate 

and yield of reactions, while minimizing unwanted byproducts (Scheme). 

 

Scheme: Synthesis of nicotinonitrile derivatives catalyzed by Zr-MOFs 
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Abstract 

Herein, a convenient route for the exchanging various anions instead of bromide ions were 

developed. Two bromide ions of compound 3,12-dicyano-3,6,9,12-

tetraazadispiro[5.2.59.26]hexadecane-6,9-diium dibromide as a starting compound was exchanged 

with various anions specially with chloride ions. All products’ structures were characterized and 

confirmed by elemental analysis, FT IR, 1H NMR, 13C NMR and Mass spectroscopy techniques. 

Keyword: DSTP; Anion exchange; Ion exchange resin 

 

Introduction 

Dispirotripiperazines is the class of dispiro compounds, that dispiro system is three six-

membered cycles of piperazines or “6-6-6”.1 A unique feature of dispirotripiperazines is the 

presence of two quaternaries positively charged nitrogen atoms in the structure, which are possibly 

responsible for electrostatic interactions with negatively charged HSGAGs. Initially, 

dispirotripiperazines were investigated as antitumor drugs 2; however, it was found that these 

compounds also have good antiviral activity.3 Previously, we have reported an efficient method 

for the synthesis of dispiritripiperazine core through one-pot reaction of 1,4-

diazabicyclo[2.2.2]octane (DABCO) with cyanogen bromide.4 Sole compound 3,12-dicyano-

3,6,9,12-tetraazadispiro[5.2.59.26]hexadecane-6,9-diium dibromide (1) was obtaind with two 

bromide counter ions. Therefore, in this research, we encouraged to focus our aim on ion 

exchanging of bromide ions with chloride and other anions. 

 

Results and discussion 

This article describes the various ion exchanging on the compound 1 instead of bromide ions 

(Scheme 1). More recently, we have reported the synthesis of compound 1 in the one-pot reaction 

of DABCO and BrCN in high yield.4 Initially, representatively, we performed dropwised silver 

nitrate (AgNO3) solution into the solution of 1 and the silver bromide (AgBr) precipitated and the 
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solution of 3,12-dicyano-3,6,9,12-tetraazadispiro[5.2.59.26]hexadecane-6,9-diium dinitrate (2c) 

was obtained. 

 

Experimental 

In a 50 mL Beacker dissolved 1 mmol DSTP (1) in 4 mL distilled water then added dropwise the 

solution of AgNO3 to precipitate pale yellow AgBr, then filtered off. The mother liquid evaporated 

and white solid (2c) was remained. 
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Body Text: Efforts are underway to reduce greenhouse gas emissions worldwide. In 2017, carbon 

dioxide (CO2) was the most prevalent greenhouse gas. It emitted a total of 1,188 million tons [1]. 

Of these carbon dioxide emissions, approximately 17.3% were from transportation, such as cars, 

trains, and domestic aviation. Electric vehicles (EVs) and fuel cell vehicles (FCVs) can help reduce 

carbon dioxide emissions from vehicles [2]. In this paper, we measured and estimated the outputs 

of vehicle-mounted PV panels under real driving conditions and different effective shading angles. 

Public infrastructure can lead to dynamic partial shading across the PV module at high speeds. In 

addition, effective shading angles close to the sun’s elevation can also lead to static partial shading. 

To improve this three-dimensional radiation model, it is necessary to measure a PV module output, 

including the partial shading effect, under real driving conditions. In this paper, we measured the 

output of a vehicle-mounted PV panel under real driving conditions. In addition, the effective 

shading angle was evaluated and compared with the output performance of a vehicle-mounted PV 

panel. A typical corporate PV module with an insulating material is mounted on a horizontal car 

roof along with thermal flux sensors. Photovoltaic module specifications, Mono-Si, peak power 

143 W, Peak power is 143 W, maximum power voltage is 16.08 V, maximum power current is 

8.92 A, open circuit voltage is 19.73 V, short circuit current is 9.53 A. Fig. 1 shows the GHI as a 

reference, alongside the Iroof and Pm values throughout the experimental period, for (a) a sunny 

day and (b) an overcast day. The ratio of the integrated direct normal irradiance to the integrated 

global normal irradiance during the experimental period for the sunny and overcast days were 0.84 

and 0.00, respectively. The electronic load measured Pm with MPPA, which was operated by 

sweeping for maximum power point from the open-circuit voltage to zero every 1 min. As a result, 

a low Pm was recorded, as shown in the circle in Fig. 1(a). On the sunny day, Iroof fluctuated under 

driving conditions, owing to shade from objects such as buildings and trees. Halation that exceeded 

the base irradiance was observed. Pm also fluctuated under driving conditions. On the overcast 

day, however, Iroof and Pm showed only gradual changes because of the absence of direct 

irradiance. 

 

(a)                                                     (b) 
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Fig. 3. global horizontal irradiance (as a reference), Iroof, and Pm throughout the experimental 

period for (a) a sunny day and (b) an overcast day. 
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Todays, heterogeneous catalysts are represented a research field for academic and industrial 

processes, because the reaction takes place on the surface or inside the catalyst, and the advantage 

of these catalysts over homogeneous catalysts is that they are easily separated at the end of the 

reaction as well as are more environmentally friendly. Polymers and biopolymers are among the 

materials that have received much attention in the field of research. Applications of polymers 

include catalysis, biotechnology, materials science, analytical chemistry, desulfurization of fuels, 

and energy and environmental applications. An important class of polymers are polymeric ionic 

liquids, which play a good catalytic role and can be considered as heterogeneous catalysts. Among 

the cationic and anionic polymeric ionic liquids (PILs), we can mention imidazolium, 

pyrrolidinium and tetrafluoroborates, hexafluorophosphates.1 Polymeric ionic liquids (PILs) can 

be very effective as catalysts due to their nanoporous structure, high surface area and thermal 

stability 2-3. In this regard, the aim is to create a new polymeric catalyst based on imidazole. The 

designed catalyst was used in the synthesis of new pyrido[2,3-d]pyrimidines that have biological 
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components. The structure of the synthesized compounds contains triazole and pyrimidine 

moieties, whose importance in pharmaceutical compounds has been proven (Scheme 1). 

 

Scheme 1: Synthesis of new pyrido[2,3-d]pyrimidines using [PVI-CO2H] as a novel polymeric 

catalyst. 
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Rigid polyurethane foams (RPUFs) are highly versatile materials widely employed in packaging 

applications due to their lightweight, excellent mechanical properties, and superior thermal 

insulation.1,2 
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This study investigates the development and optimization of RPUFs using a formulation 

comprising polyether polyol as the primary polyol, an amine-based catalyst to accelerate the 

reaction kinetics, and propylene glycol as a chain extender to enhance foam rigidity. Water was 

employed as an eco-friendly chemical blowing agent, promoting the formation of a cellular 

structure while minimizing environmental impact. A surfactant was included to stabilize the foam 

during the expansion phase, ensuring uniform cell size and distribution (Scheme 1). 

The resulting RPUFs demonstrated a closed-cell structure with consistent density and high 

compressive strength, which are critical for effective cushioning and shock absorption in 

packaging applications. Furthermore, the formulation was tailored to achieve a balance between 

processability, mechanical properties, and sustainability. This research provides a comprehensive 

framework for producing RPUFs tailored for packaging, contributing to the development of eco-

efficient materials in line with industry demands for performance and environmental compliance. 

 
Scheme 1. Polyol formulation, mixing with B component and spraying for RPUF production . 
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Rigid polyurethane foam is a versatile, lightweight material known for its excellent thermal 

insulation and structural properties.1 It is widely used in refrigerator insulation to enhance energy 

efficiency by minimizing heat transfer.2 Its low thermal conductivity and adaptability to various 

shapes make it ideal for modern refrigeration systems.3 

This study investigates the insulating properties of closed-cell three-component rigid polyurethane 

foam (RPUF), focusing on the effects of different components on thermal and mechanical 

performance. The three-component system includes a blend of polyols, isocyanates, and a specially 

selected blowing agent to optimize the foam's structure and insulation capabilities (scheme 1). The 

foam's closed-cell morphology, characterized by a uniform and highly stable structure, contributes 

to its enhanced thermal insulation performance. The impact of varying the polyol and isocyanate 

ratios, as well as the type and concentration of the blowing agent, on the foam’s density, thermal 

conductivity, and mechanical properties is systematically explored. Results show that the 

optimized foam formulation exhibits low thermal conductivity (~0.022 W/m·K) and high 

compressive strength, making it suitable for high-performance insulation applications. 

Additionally, the study highlights the influence of the foam's microstructure on its mechanical 

resilience, with improved durability under varying environmental conditions. 

 
Scheme 1. Schematic of insulating three-component RPUF synthesis and morphological structure 

of the final product. 
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The design, synthesis and development of nanoparticles (NPs) have emerged as an interesting and 

promising strategy. Among various types of NPs, magnetic nanoparticles e.g. Fe3O4 have emerged 

as powerful tools for the various applications in technology and industry such as drug delivery, 

treatment of cancer, catalysis, medical therapeutics, magnetic data storage, diagnostics, MRI, and 

environmental remediation [1]. In this research, we successfully designed and synthesized a new 

a green and ecofriendly magnetic nanocatalyst through the ethylene diamine immobilized to the 

core-shell Fe3O4 nanomagnetic particles. A variety of analyses such as fourier-transform infrared 

spectroscopy, energy-dispersive X-ray spectroscopy, scanning electron microscopy, transmission 

electron microscopy, vibrating sample magnetometry, thermal gravimetric analysis, X-ray 

diffraction and Brunauer-Emmet-Teller were used to characterize the as-synthesized 

nanocatalysts. The activity of this as-synthesized nanocatalysts can be successfully used in the 

grinding synthesis of various aldehydes, malononitrile and dimedone under solvent- and metal-

free conditions at room temperature to give polyhydroquinoline derivatives within high purity and 

excellent yields. Easy fabrication of Fe3O4@SiO2@NH2/TCT-EDA, waste reduction, effective for 

large scale synthesis, simple work-up procedure, adherence to the basics of green chemistry, high 

catalytic efficiency in very small amounts (0.05 g), environmentally friendly and based on natural 

ingredients are the great advantages of the current method (Scheme 1). 
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Scheme 1: Synthesis of Fe3O4@SiO2@NH2/TCT-EDA and the one-pot synthesis of 

polyhydroquinoline derivatives 
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Introduction: Foot-and-mouth disease (FMD) is a contagious viral disease which is sometimes 

fatal. This viral infection is a plague for the livestock industry. The control of the disease depends 

on vaccination, intensive care of animal transportation, quarantine of infected animals, create 

regulations on the trade of animals, and sometimes the destruction of infected livestock. Peptides 

are one of the smart and innovative ways in these areas to detect foot-and-mouth disease virus and 

focus the immune system's response against specific targets, and on the other hand, to specifically 

distinguish between types O, A, and ASIA foot-and-mouth disease. Serological methods detect the 

presence of viral antigens or antibodies in serum or other body fluid samples. Initial foot-and-

mouth disease kits are based on polyclonal antibodies against foot-and-mouth disease serotypes 

and the double-antibody sandwich ELISA (DASELISA) preparation. Currently, various foot-and-

mouth disease kits, such as Capture antigen ELISA and Competitive solid phase-ELISA, are 

commercially available and are available as direct imports to laboratories and research and 

production centers. These peptides also reduce the costs of kit manufacturing and significantly 

reduce the time for antigen preparation and subsequent development of the diagnostic method.  

Method: After the bioinformatics design stage of foot-and-mouth disease type O-specific 

immunogenic peptides with neutralizing properties, peptide sequences were synthesized according 

to the solid-phase peptide synthesis (SPPS) strategy and following the Fmoc protocol on a 2-

chlorotrityl chloride resin substrate. At each coupling stage, the amino acid addition was checked 

with the Kaiser test. After completing the synthesis with the side-chain protections, the sequence 

was cleaved from the resin using a 1% solution of trifluoroacetic acid. For the removal of side-

chain protections, the K reagent was utilized. Specifically, the solid powder obtained from the 

previous step was introduced into a flask containing the K reagent mixture (20 mL trifluoroacetic 

acid, 2 mL water, and 0.3 mL triisopropyl silane). The mixture was stirred for 2.5 hours, after 

which the solvent was evaporated under vacuum until the solution's volume was reduced to 2 mL. 

Diethyl ether was gradually added to the residual contents. The resulting precipitate was then 

filtered off and dried. 

Using it, we developed a smart indirect ELISA kit at a much more affordable cost than common 

kits based on complete antigen and antibody. In the next step, these antibodies were purified and 

then functionally evaluated by ELISA against a peptide derived from foot-and-mouth disease virus 

as well as intact foot-and-mouth disease serotype O virus. 

Results and Discussion: Indirect ELISA tests showed that the peptide was successfully able to 

bind to antibodies against the virus (average OD ~1.7) and, on the other hand, this peptide did not 

react with standard sera specific to other types (A and ASIA) (OD lower than Cut-off: 0.3). Also, 

antibodies produced against the peptide in laboratory animals have neutralizing properties against 

the virus in the VNT test and have been developed for the Sandwich ELISA kit for the specific 

search for type O virus in diseased samples of infected animals.  
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Today, polymers play a significant role in people's daily lives. These materials are widely used in 

the home appliance, automotive, food, agricultural, and construction industries. One of the 

polymers used in the construction industry, especially the building plumbing industry, is 

polypropylene. Polypropylene is available in homopolymer, copolymer, and random copolymer 

types, which are used in the building plumbing industry. Due to their low thermal resistance, 

polypropylene random copolymer pipes cannot be used in the building plumbing industry and are 

only used in the hot and cold drinking water plumbing industry. Due to the advancement of 

polymer science, a type of polypropylene random copolymer called RCT, which is a type of 

crystalline random copolymer polymer, has recently been produced that can be used in the building 

plumbing industry and can be used in utility applications in addition to drinking water piping. This 

mailto:polymerazmon@gmail.com


127 

 

 

article attempts to discuss and study how to convert polypropylene random copolymer into 

crystalline polypropylene random copolymer using a beta nucleating additive masterbatch and its 

application in the building installation industry. 

Keywords: polypropylene, masterbatch, random copolymer, crystalline random copolymer 
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Abstract 

 

This study presents the development and application of a high-performance 

Fe3O4@SiO2@Mel@DABCO catalyst for the Knoevenagel condensation reaction. The research 

focuses on the ongoing efforts to heterogenize homogeneous catalysts, which aim to leverage the 
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advantages of both homogeneous and heterogeneous catalysis. A common strategy involves the 

attachment of catalysts to organic polymer or inorganic solids, facilitating their easy separation 

and recycling from reaction mixtures. However, these heterogenized catalysts often suffer from 

reduced reactivity and selectivity compared to their homogeneous counterparts. This work 

underscores the necessity for exploring innovative methods and strategies to enhance the 

performance of heterogenized catalysts in organic reactions. A new, highly efficient, and reusable 

nanocatalyst that incorporates DABCO charge was successfully created on a magnetic silica 

substrate. This catalyst was characterized using various analytical techniques including XRD, 

TGA, VSM, FE-SEM, EDX, and FT-IR. Designated as Fe3O4@SiO2@Mel@DABCO, this 

recoverable catalyst is utilized for the synthesis of benzylidenemalononitrile derivates. Key 

advantages of this catalyst include the use of a green solvent, high product yields (ranging from 

80 % to 98 %) achieved in a short time frame, optimal temperature conditions, straightforward 

recovery of the reaction medium, and its overall effectiveness.  

 

Keywords: Knoevenagel condensation, Fe3O4@SiO2@Mel@DABCO, Green chemistry 

 

Scheme 1. Synthesis of benzylidene malononitrile derivates catalyzed by 

Fe3O4@SiO2@Mel@DABCO. 
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Metal oxide catalysts have emerged as versatile and sustainable alternatives to traditional 

homogeneous catalysts in organic transformations [1]. These catalysts, including oxides of 

titanium, copper, zinc, iron, and cerium, offer unique properties such as tunable surface 

acidity/basicity, redox activity, and thermal stability, enabling efficient catalytic transformations. 

Perovskites are a specific type of metal oxide with a unique crystal structure, denoted as ABO₃. 

This structure allows perovskites to have high versatility in catalytic applications due to their 

ability to accommodate a variety of metal cations in both A and B positions, creating diverse 

catalytic properties. The Sonogashira reaction is a widely used method for forming carbon-carbon 

bonds between terminal alkynes and aryl or vinyl halides. Traditionally, the reaction employs 

palladium (Pd) as a catalyst and copper (Cu) as a co-catalyst [2]. Perovskites can be used as 

supports for noble metals in catalytic systems, enhancing the stability, dispersion, and activity of 

active metal species. In this study, Cu supported on perovskite has been explored as alternative 

catalyst to promote the Sonogashira reaction under milder conditions and in a more 

environmentally friendly manner (Scheme). 

 

Scheme 
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Abstract: 

This study investigates the photocatalytic performance of two catalysts: zinc oxide (ZnO) and  

ZnO/Ag₂S/activated carbon composite, specifically for the removal of methylene blue. The 

ZnO/Ag₂S/activated carbon composite was synthesized using a hydrothermal method and 

characterized via X-ray diffraction (XRD) analysis. Photocatalytic removal tests were conducted 

utilizing a UV-visible spectrophotometer. The findings reveal that ZnO is capable of removing 

51.97% of methylene blue within 60 minutes. In contrast, the ZnO/Ag₂S/activated carbon 

composite demonstrated remarkable efficacy, achieving a removal rate of 98.8% within just 10 

minutes. This research underscores the potential for enhancing photocatalytic performance through 

the combination of different materials and illustrates that the use of multiple composites can 

significantly elevate pollutant removal efficiency. 

 

Keywords: Photocatalytic removal, ZnO, ZnO/Ag₂S/Activated Carbon, organic pollutant. 

1. Introduction: 

Methylene blue (MB) represents a significant organic pollutant utilized across various industries, 

including dyeing, textiles, and pharmaceuticals. Its distinctive chemical and physical properties 

render it difficult to eliminate from the environment, categorizing it as a notable environmental 

concern. Addressing the removal of this pollutant, particularly in aquatic environments, through 

photocatalytic methods is widely regarded as one of the most effective solutions for contaminated 

water treatment [1]. Photocatalysts are capable of decomposing pollutants by harnessing light 

energy to catalyze chemical reactions, with zinc oxide (ZnO) being among the most commonly 

employed photocatalysts in this domain. Nevertheless, the efficiency of ZnO requires enhancement 

due to challenges, such as the rapid recombination of charge carriers [2]. 

To enhance the performance of ZnO, combining it with other materials, such as Ag₂S and 

activated carbon, can increase its efficiency [3]. This study investigated the photocatalytic 

performance of two types of catalysts, ZnO and a ZnO/Ag₂S/Activated Carbon composite, for 

removing methylene blue from aqueous solutions under UV light irradiation. 

 

2. Methode: 
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The synthesis of the ZnO/Ag₂S/Activated Carbon composite was carried out using a hydrothermal 

method. Initially, activated carbon and ZnO were combined in 50 mL of distilled water and 

subjected to stirring for 30 minutes. Subsequently, a silver nitrate solution was introduced, 

followed by carefully adding sodium thiosulfate solution to the mixture. This resultant solution 

was transferred to an autoclave, where it was heated to 160°C for a duration of 24 hours. After the 

heating process, the samples were dried at 80°C for 12 hours and then calcined for 2 hours and 

400°C to obtain the ZnO/Ag₂S/Activated Carbon composite. Tests were conducted using a UV-

visible spectrophotometer to assess the composite’s effectiveness in removing methylene blue 

pollutants. The experimental procedure employed an initial methylene blue concentration of 10 

ppm and a photocatalyst dosage of 20 mg, with exposure to UV light for 60 minutes. Before the 

UV irradiation, adsorption and desorption equilibrium were established over a 30-minute period 

to determine the optimal conditions for pollutant removal. 

 

3. Results and discussion: 

The experimental results showed that ZnO was able to remove 51.97% of methylene blue within 

60 minutes. In contrast, the ZnO/Ag₂S/Activated Carbon composite performed much better, 

removing 98.8% of methylene blue within 10 minutes. These results indicate the superior ability 

of the ZnO/Ag₂S/Activated Carbon composite to remove pollutants more quickly than pure ZnO. 

The results show that the ZnO/Ag₂S/Activated Carbon composite has higher photocatalytic 

performance than pure ZnO. This performance improvement is attributed to the specific properties 

of each component in the composite: ZnO, as the main photocatalyst, is capable of generating 

active free radicals and degrading pollutants; Ag₂S accelerates photocatalytic reactions by 

absorbing more UV light and generating active charge carriers; and activated carbon, with its 

microporous structure, adsorbs pollutants and provides a larger contact surface for photocatalytic 

reactions. The combination of these three materials synergistically increases the efficiency of the 

composite and leads to faster pollutant removal. 

 

 

Scheme 1.  The percentage of MB degraded after 60 minutes. 
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The pore structure properties of metal-organic frameworks (MOFs) significantly influence the 

adsorption of target molecules, enhancing MOF efficiency. In this study, we synthesized three 

MOFs with varying hydrophilicity: TMU-6(RL1), TMU-21(RL2), and TMU-59. We investigated 

how the hydrophobicity/hydrophilicity of the pores affects drug delivery and sensing capabilities. 

Characterization was performed using XPS, BET, XRD, IR, and TGA. The drug loading capacity 

(DLC) and drug encapsulation efficiency (DLE) for TMU-6(RL1), TMU-21(RL2), and TMU-59 

were (20%, 70%), (18%, 78%), and (3.6%, 13.6%), respectively. Curcumin release was 74%, 57%, 

and 8% for TMU-6(RL1), TMU-21(RL2), and TMU-59 after 100 hours in PBS at pH 7.2. The 

carriers demonstrated high adsorption efficiency and controlled release, with curcumin loading 

facilitated through mechanisms like Hostπ–πGuest interactions and hydrogen bonds. In vitro 

anticancer studies indicated that MOFs@Curcumin composites showed greater cytotoxicity 

against HT-29 cells compared to free curcumin. These results highlight how modifications in 

hydrophilicity can precisely regulate Host-Guest interactions, drug loading, and release 

(Scheme1). 
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Scheme1: Preparation of MOF and drug loading process 
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To investigate how the pore structure of metal–organic frameworks (MOFs) affects drug 

adsorption and delivery, we created two MOFs, TMU-6(RL1) and TMU-21(RL2), featuring 

amine-based N-donor pillars with phenyl or naphthyl cores and varying hydrophilic 

characteristics. We characterized these MOFs using TG, IR, XPS, and PXRD techniques, revealing 

their high adsorption efficiency, stability, and controlled release. Nimesulide (Nim), an anticancer 

drug, was adsorbed through multiple mechanisms, including Hostπ–πGuest interactions and 

hydrogen bonds. Hirshfeld surface analysis indicated that switching from a benzene to a 

naphthalene core reduced π···π and N···H interactions in TMU-21(RL2) but increased interactions 

with guest molecules. These findings suggest that altering MOF hydrophobicity/hydrophilicity 

influences Nim adsorption capabilities. In vitro studies demonstrated that Nim in MOFs@Nim 

composites exhibited significantly greater cytotoxicity against HeLa and HT-29 cancer cells 

compared to free Nim. Overall, the biological behavior of the carriers can be fine-tuned by 

modifying the structural properties of MOFs. (Scheme1). 

 

Scheme1: Preparation of MOFs and drug loading process 
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     In this study, we demonstrate that the therapeutic efficacy of a zinc-based metal-organic 

framework (MOF) is influenced by particle size. The sizes of the MOFs were precisely adjusted 

to specific ranges (100, 200, and 300 nanometers) by modifying the synthetic conditions. We 

employed various analytical techniques, including X-ray photoelectron spectroscopy (XPS), 

Fourier-transform infrared spectroscopy (FT-IR), powder X-ray diffraction (PXRD), and scanning 

electron microscopy (SEM), to characterize the synthesized structures. The analyses revealed only 

minor changes in the molecular properties of these structures, regardless of their size, supporting 

our hypothesis that the identity of MOF nanoparticles is preserved despite size variations. The 

synthesized carriers undergo structural degradation in response to the weakly acidic environment 

of tumors, facilitating the release of the Nimesulide drug. Notably, anticancer studies conducted 

on SKBR3 human breast cancer cells indicated that different sizes of the MOFs resulted in varying 

degrees of inhibition of cancer cell growth. This research underscores the importance of optimizing 

the geometry of drug carriers, including their size and shape, to enhance cellular uptake and 

therapeutic effectiveness. Additionally, theoretical investigations were carried out using 

B3LYP/6-31G(d,p) methods and density functional theory (DFT) to further explore the drug 

adsorption mechanisms. 



136 

 

 

 

Scheme: The Size Effect of Metal−Organic Frameworks in Drug Delivery and Anticancer Activity 
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Abstract: Lidocaine containing an adamantane moiety was synthesized in two steps. First, 2-

chloro-N-(2,6-dimethylphenyl) acetamide was synthesized by nucleophilic acyl substitution 

reaction of a carboxylic acid and 2,6-dimethylaniline. Then, in the second step, during the 

nucleophilic reaction with amantadine and 2-chloro-N-(2,6-dimethylphenyl) acetamide, lidocaine 

containing the adamantane part was synthesized. 
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                        Lidocaine                                           lidocaine containing adamantane part                                                     

 

Introduction 

The synthesis of lidocaine derivatives has attracted great interest due to its biological and 

medicinal activities[1]. Adamantane is a weakly functional hydrocarbon widely used to develop 

new drug molecules to improve their pharmacokinetic and pharmacodynamic parameters. The 

compound has an affinity for the lipid bilayer of liposomes, enabling its application in targeted 

drug delivery and surface recognition of target structures. Adamantane has been used in two ways 

as a building block to which various functional groups are covalently attached (adamantane-based 

dendrimers) or as a part of self-aggregating supramolecular systems, where it is incorporated based 

on its lipophilicity (liposomes) and strong interaction with the host molecule (cyclodextrins). 

Adamantane represents a suitable structural basis for the development of drug delivery system. 

Diamondoids are generalizations of the carbon cage molecule known as adamantane (C10H16), 

the smallest unit cage structure of the diamond crystal lattice. Diamondoids also known as 

nanodiamonds or condensed adamantanes may include one or more cages (adamantane, 

diamantane, triamantane, and higher polymantanes) as well as numerous isomeric and structural 

variants of adamantanes and polymantanes. These diamondoids occur naturally in petroleum 

deposits and have been extracted and purified into large pure crystals of polymantane molecules 

having more than a dozen adamantane cages per molecule. These species are of interest as 

molecular approximations of the diamond cubic framework, terminated with C−H bonds [2]. 

Lidocaine has a role as a local anesthetic, an anti-arrhythmia drug, an environmental contaminant, 

a xenobiotic, and a drug allergen. It is a monocarboxylic acid amide, a tertiary amino compound, 

and a member of benzenes in terms of functionally related to a glycinamide [3]. In many cases, 

the incorporation of the bulky lipophilic adamantyl moiety into the known drugs has improved 

their pharmacological properties without increasing toxicity and resulted in many promising drug 

candidates with an adamantane moiety[4]. Since the combination of adamantane moiety with other 

pharmacophores on the same scaffold, in most cases, leads to more potent biologically active 

compounds or drugs, we decided to synthesize novel lidocaine incorporating an adamantane 

moiety. 
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Method 

Synthesis lidocaine: dimethylaniline (0.25 Mol) in toluene and sodium carbonate (53 g, 0.50 M) 

at 20-30 oC were added little by little over 30 min to 2-chloroacetyl chloride. The mixture was 

stirred for one hour at room temperature, diluted with water, and diethylamine was added. The 

reaction mixture was refluxed for 6-10 hours, and the organic layer was collected and washed three 

times with water. The organic solvent was removed under vacuum to leave a crude product. After 

30 min under stirring the suspension was filtered[5]. 

 

Fig.1: Synthesis of 2-chloro-N-(2,6-dimethylphenyl) acetamide and Synthesis Lidocaine 

 

After obtaining the assurance of lidocaine production, with the same method of lidocaine 

production, we proceed to make lidocaine with adamantane part. The difference is that instead of 

using diethylamine, we will use adamantane. 

A mixture of 2-chloro-N-(2,6-dimethylphenyl) acetamide (I) (197 mg, 1 mmol) and amantadine 

(II) (151 mg, 1 mmol) in toluene solvent at reflux temperature (105 oC), completion of the reaction 

as indicated by TLC (72 h). then the mixture was washed with water and the solvent was separated 

using a rotary. 2-(((1s,3s)-adamantan-1-yl)amino)-N-(2,6-dimethylphenyl) acetamide (II); mp 

189-190 °C; 1H NMR (DMSO-d6, 500 MHz): δ = 1.57 (s, 6H, Ad), 1.84 (s, 6H, Ad), 1.94 (s, 3H, 

C=C-CH3), 1.95 (s, 3H, Ad), δ = 2.13 (s, 2H, CH3), δ = 3.32 (s, 1H, NH-CH2), δ = 7.05 (d, J= 8 

Hz, 3H arom), δ = 9.08 (s, 1H, NH-C=O). 

Yield of 2-chloro-N-(2,6-dimethylphenyl) acetamide : 93%, white solid powder, mp:86 oC, IR 

(KBr): ῡ=3293 (NH), 3283 (NH), 3036 (Ar-H), 2985 (C-H), 1694 (C=O) cm-1 
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Yield of  Lidocaine: 95%, white solid powder, mp: 68 oC, IR (KBr): ῡ=3290 (NH), 3275 (NH), 

3074 (Ar-H), 2899 (C-H), 1699 (C=O) cm-1. 

 

 

Fig.2: Synthesis of Synthesis of lidocaine containing adamantane part 

Results and Discussion 

According to the nucleophilic acyl substitution reaction of a carboxylic acid and 2,6-

dimethylaniline for conversion of the aromatic amine to the amide was used. Then 2-chloro-N-

(2,6-dimethylphenyl) acetamide(I) and amantadine(II)  were reacted. The structures of novel 

compounds were confirmed by 1H and 13C NMR, and IR spectroscopy. 

We have developed for the first time a convenient and highly efficient add-on strategy to generate 

lidocaine incorporating adamantane moiety. To introduce adamantane moiety in the lidocaine 

skeleton, from amantadine (II) was used in the nucleophilic reaction. We predict the size, rigidity, 

and approximately spherical shape of adamantane as a lipophilic bullet can influence and modify 

the physico-chemical features of these lidocaine-based scaffolds. 
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Electrochemical sensing is based on the fluctuation of output electrical signals produced by the 

chemical interactions between electrode-immobilized recognition components and target analyte 

[1]. To date, numerous techniques have been documented for the quantification of methanol in the 

literature, including gas chromatography with flame ionization detection (GC-FID), fluorescence, 

UV-visible spectroscopy, electrochemical approaches, and Fourier-transform infrared 

spectroscopy (FTIR). Nonetheless, electrochemical methods are considered a promising approach 

for the quantification of methanol [2]. This study presents a new electrochemical sensor for 

methanol detection, utilizing palladium nanoparticles supported on Santa Barbara amorphous-15-

PrNHEtNH2 (PdNPs@SBA-15-PrEn) as a nanocatalytic substrate. The electro-oxidation efficacy 

of the proposed sensor was examined by cyclic voltammetry (CV) and amperometry. The findings 

indicate that the Nafion-PdNPs@SBA-15-PrEn/GCE exhibits potential as an effective and 

integrated sensor for methanol detection. 
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Scheme: Schematic representation of PdNPs@SBA-15-PrEn preparation. 
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Due to the chemical structures of several significant medications, bioactive heterocycles, and 

natural products being derived from the indole framework, current studies on the pharmacological 

and therapeutic properties of indole-containing compounds have garnered the interest of scientific 

researchers [1]. A variety of approaches have been employed for the determination of indole. 

Electroanalytical methods are effective for this purpose owing to their notable characteristics, 

including quickness, ease of use, cost-effectiveness, and sensitivity [2]. An electrochemical sensor 
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for indole detection was developed using Pd nanoparticles modified Metal-Organic Framework 

Cr-MIL-101 (Pd@Cr-MOF) and ionic liquid (IL). The electrochemical properties of indole were 

examined using cyclic voltammetry (CV) and differential pulse voltammetry (DPV) on the surface 

of the modified electrode. The proposed sensor was effectively utilized for the monitoring of indole 

in human serum samples, yielding good findings. 

 

 

 

 

 

 

Scheme: Electrochemical behavior of indole at the surface of the electrode 
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In this study, a series of organometallic complexes based on Pt (II) was synthesized with 

isocyanide ligand. For the first time, organometallic complexes including [Pt(C^N)(L)(2-

isocyanopyridine)] (C1-C4), which C^N = ppy, bhq and L = P-tolyl or isocyanide, were prepared 

[1]. Ligand and all complexes were characterization by 1H-NMR. The structure of new complexes 

was optimized by gaussian. The interaction between compounds and DNA was studied by 

molecular docking and lead-like drug properties was investigated at SwissADME website [2]. The 

results showed the isocyanide complexes could interact with DNA through major groove binding 

and the free binding energies was calculated for all complexes. ADMET comparative results 

indicated that all complexes are drug likeness.  
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Introduction 

Tin(II) 2-ethylhexanoate or stannous octoate (Sn(Oct)2) is a compound of tin. Produced by the 

reaction of tin(II) oxide and 2-ethylhexanoic acid. It is a clear colourless liquid at room 

temperature, though it often appears yellow due to impurities, likely resulting from oxidation of 

Sn(II) to Sn(IV) [1]. The clear yellow liquid is soluble in most organic solvents, but it is practically 

insoluble in water. It is viscous, combustible and has a variety of applications in the chemical 

industry. This product sometimes used as a catalyst for ring-opening polymerization, such as in 

the production of polylactic acid [2]. The aim of this work was synthesis and characterization of 

tin(II) 2-ethylhexanoate with high purity (Scheme 1).  

 

Scheme 1: Tin(II) 2-ethylhexanoate 

 

Experimental 

Materials 

All the materials such as: tin(II) oxide (SnO), 2-ethylhexanoic acid (C8H16O2) were purchased 

from Merck. All samples were characterized using FT-IR (Galaxy series FT-IR 5000 

spectrometer), AAS (Atomic absorption spectrometry, Shimadzu AA-7000 Series) and ICP-OES 

(Inductively Coupled Plasma Optical Emission spectroscopy, PerkinElmer series 4300). 

 

Method 

At first, tin(II) oxide was reacted with excess 2-ethylhexanoic acid ( molar ration 1: 3-6), while 

the reaction mixture was heated under different condition (atmospheric, vacuum and nitrogen 

atmosphere). The water present in the precipitate of tin(II) oxide was removed by distillation and 

the mixture was heated (3-5 h) under reflux at the desired temperature (115-130 °C). When the 

mailto:zeo.sercher@yahoo.c
mailto:zeo.sercher@yahoo.c
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reaction was complete, the product was filtered and excess acid was removed by distillation under 

reduced pressure. 

 

Results and Discussion 

Tin(II) 2-ethylhexanoate produced by the reaction of tin(II) oxide and 2-ethylhexanoic acid 

(molar ration 1: 4.5), it is a clear yellow liquid at room temperature. 

 

FT-IR Analysis 

The results of FT-IR analysis for tin(II) 2-ethylhexanoate showed that the bands at 1707 and 

1262 cm−1 were for v(C=O) and v(C-O), respectively. Also, the bands at 2935 and 1461 cm−1 that 

indicated the stretching v(C-H) and the bending v(C-H), respectively. The stretching v(C-H) 

showed the presence of C-H aromatic group and in range around 2800-3000 cm −1 indicated the 

C-H stretching.  

 

AAS and ICP Analysis 

The total percentage of Sn ions was characterized by using AAS and ICP-OES analysis. As a 

result, suitable reaction conditions were optimized to obtain a product with approximately 28% Sn 

ion.  
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In this study, we successfully developed a C3N5/NiAl LDH composite using the hydrothermal 

method, known for its efficiency in generating nanomaterials with desirable properties. We 

examined the structural and morphological characteristics of the synthesized nanocomposite using 

various techniques such as XRD, SEM, TEM, FT-IR, and UV-Vis. Rhodamine B (Rh-B) at a 

concentration of 10 ppm was used as a model pollutant to evaluate the photocatalytic performance 

of the composite under visible light irradiation. The results demonstrated that the C3N5/NiAl LDH 

composite exhibited exceptional photocatalytic activity in degrading Rh-B, achieving around 71% 

degradation within 120 minutes. The enhanced photocatalytic performance can be attributed to 

factors such as increased specific surface area, reduced band gap, improved charge separation and 

transfer, and the generation of hydroxyl and superoxide radicals.[1, 2] The findings of this research 

indicate that the C3N5/NiAl LDH composite is an effective photocatalyst for the treatment of 

organic pollutants in wastewater. 

 

Fig.1: SEM image of C3N5/NiFe LDH 
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ABSTRACT 

The newly synthesized, characterized, and theoretically investigated Schiff base ligand (E)-1-(4-

nitrophenyl)-N-[6-[(E)-(4-nitrophenyl) methyleneamino] hexyl] methenamine. The most 

important parts of this ligand were di-imines. By employing density functional theory (DFT), 

researchers could analyze the new compound molecular properties, geometric optimization, 

vibrational, frontier molecular orbitals, and energy evaluation. In the FT-IR section, we observed 

N=C stretching vibration at 1500–1700 cm-1, this vibration mentions the formation of the 

azomethine group, and the 1H and 13CNMR spectra peak present in 9.15 (s,1H) ppm and 161.07 

ppm respectively, these peaks confirm the Schiff base formation. The HOMO-LUMO and MEP 

studies were done with the gas phase, NBO calculation represented inter and intra-molecular 

interactions, and The RDG (non-covalent) interactions were calculated and analyzed inter and 

intramolecular hydrogen bonding. Lastly, the interaction between the ligand with 1HSG, 6LU7, 

and 1AJ6 receptors was examined using docking experiments. A docking study of the ligand was 

done, and docking simulation study results show that ligand(L) has good interaction against 6LU7 

protein, and the highest binding energy is – 8.05 kcal/mol for synthesized compound and standard. 

 

Keywords: Schiff base, Molecular docking, hexamethylenediamine, DFT, NBO, Mulliken, NMR 

spectroscopy  

 

1. Introduction 

Schiff bases were first discovered more than 150 years ago in 1834 by Hugo Schiff. Condensation 

products of primary amines with carbonyl compounds are considered a very important class of 

organic compounds as imines or Schiff bases [1-4]. The Schiff base's broad scope of study has 

enabled researchers to find ways to combat pathogens. [5-6]. In recent years, Schiff's bases have 

various properties in the fields of medicine, magnetic properties, catalysis, fluorescence, non-linear 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/schiff-base
https://www.sciencedirect.com/topics/chemistry/molecular-property
https://www.sciencedirect.com/topics/chemistry/frontier-orbital
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optical properties, and medicine, especially in the biological field, in the investigation of 

antibacterial and antifungal properties. The growing bacterial resistance to commonly used 

antibiotics is a severe medical problem, therefore researchers are trying to find some way to 

innovative antimicrobial compounds that may be efficacious against these changed pathogens [7-

12]. Therefore, schiff bases have been widely studied due to its wide applications.  

 

Kangah Niameke and her colleagues synthesized this Schiff base in 2017 and investigated its 

biological properties [13]. Schiff base N, N'(4-nitrophenylmethylene) hexane-1,6-diamine(L) was 

synthesized by hexane-1,6-diamine (1) and 4-nitro benzaldehyde (2), Combination of 1 and 2 were 

dissolved in ether at room temperature. (Scheme1) The experimentally biological tests have been 

done on several bacteria, such as Staphylococcus aureus ATCC 25923, Staphylococcus aureus 

(CIP) 4.83, Pseudomonas aeruginosa (CIP) 103467, E. coli (CIP) 54127AF, and Staphylococcus 

aureus. that these bacteria are sensitive to penicillin. In vitro antimicrobial activities of this 

compound were evaluated against both Gram-positive and Gram-negative bacteria and fungal 

strains. On the other hand, this compound has shown activities on the bacterial strains 

Staphylococcus aureus (CIP) 4.83 and Staphylococcus aureus sensitive to penicillin. In recent 

years, researchers have greatly contributed to the experimental process to improve the conclusion 

process. Based on a series of different research done on Schiff bases that used the DFT [14-19] 

molecular docking method [20-25], we also tried to use this method to investigate this ligand. 

Vibrational frequency calculation is essential for theoretical studies of organic molecules and 

related fields. In addition, the DFT approach is a very important and useful tool to explore the 

relationship between theoretical and experimental performance. The reactivity descriptors of 

B3LYP(E, EHOMO, ELUMO, dipole moment, ∆ɛ, μ, η, ω) were calculated to predict the stability of 

newly synthesized compound .which in this part by calculation highest occupied molecular orbital 

(HOMO)-lowest unoccupied molecular orbital (LUMO) energy with various chemical reactivity 

parameters, also parameters, Mulliken population analysis, molecular electrostatic potential, 

natural bond orbital (NBO) has been checked. In addition, Molecular docking is one of the methods 

used in molecular modeling and is part of structural studies [26-29]. The two-dimensional structure 

of the desired ligand was drawn by the ChemDraw professional 16.0 program Then to minimize 

the energy of the molecule from the -dimensional structure of the desired ligand was drawn by 

ChemDraw professional 16.0 program. [30], and then to minimize the energy of the molecule, 

HyperChem software and MM+ Field and (PM) Semi-empirical methods were used. The Polak-

Ribiere (conjugate gradient) algorithm was used to optimize the molecular structure. Then, the 

conformer with the lowest energy was selected and transferred to the AutoCAD program for 

docking studies. Next, the partial charge for the inhibitor molecule was calculated using Gasteiger-

Marsili was used to optimize the molecular structure. The crystallographic structure of selected 

protein receptors was extracted from 75 protein databases (RCSB PDB). At first, using soft Auto 

dock [31] software, additional ligands and cofactors, and water molecules in the crystal structure 

Proteins were removed. After removing the unnecessary parts in the docking operation, the protein 

to The entry title of AutoCAD software was used, until after hydrogen atoms were added to the 

https://www.sciencedirect.com/topics/chemistry/dft-b3lyp-calculation
https://www.sciencedirect.com/topics/chemistry/lowest-unoccupied-molecular-orbital
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protein, its overall charge should be determined using Koll man Charge, then non-ionized 

hydrogens in the atom adjacent carbons are integrated [32-34] 

H2N
NH2

O

H

NO2

hexane 1,6-diamine 4-nitrobenzaldehyde

+ N
N

NO2

NO2  

Scheme1. Synthesis reaction of ligand L 

 

3. Results & Discussion  

3.1. Calculation methods and computational programs 

The computational evaluations were performed under the DFT method with basis set of B3LYP/6-

311G+(d,p) using Gaussian 09W software and GaussView 6.0.16 visualizer program [35]. The 

GaussView6 program was used for preprocessing, structure modification, and analyses of 

structures, Mulliken and NBO charges, frequencies electron affinity were estimated using the 

energy values of the HOMO and LUMO frontier orbitals, and chemical shifts and computational 

spectral data and the topological parameter (RDG) were generated using the Gaussian software 

[36-37]. Based on molecular docking, 3D crystal structures of three target receptors 1HSG, 6LU7, 

and 1AJ6 with resolutions 2.00 Å, 2.05 Å, and 2.30 Å, respectively, has been obtained from the 

RCSB Protein Data Bank website (http://www.pdb.org) Three-dimensional structure of the Schiff 

base ligand (L) was drawn in HyperChem 7.0 software, then the ligand (L) was optimized using a 

molecular mechanical force field. . The ultimate conformation was calculated by AM1 as a semi-

empirical method, and molecular structure was optimized using the Polak Ribiere conjugate 

gradient algorithm. Optimized structure was used as inputs for Auto Dock tools to prepare PDBQT 

file of ligand. Grid box dimensions with a 0.375 Å grid points spacing are given in Table 1. The 

binding location of the reference ligand was selected as a binding site for finding the best pose of 

ligand. The molecular docking calculations were performed using the AutoDock 4.2 software 

package  

 

3.2. Molecular Structure of the bis-Schiff Base 

The bis-Schiff base (L) is a stable diimine because it lacks imine-enamine tautomerism, which is 

due to the absence of alpha-hydrogens in this bis-Schiff base. Each imine bond (N=CH) can have 

two geometrical configurations, resulting in four geometrical isomers (i.e., ZZ, EZ, ZE, and EE) 

for a bis-Schiff base that contains two imine bonds. Nonetheless, because the same groups are 

connected to both imine bonds, this bis-Schiff base can only have three geometrical isomers, with 

the EZ and ZE isomers being the same. All three geometric isomers (the three diastereomers) were 

optimized via the DFT/B3LYP/6-311G (p, d) method, with their internal energies provided in 

Table 1. As indicated in Table 1, the EE geometrical isomer exhibits the highest stability. Aryl and 

alkyl groups introduce steric hindrance, causing the ZZ isomer and the EZ isomer to possess 

http://www.pdb.org/
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energies that are 7.84 and 6.97 kcal/mol greater than that of the EE isomer, respectively. 

Consequently, this research emphasizes the characteristics of the EE stereoisomer. The three-

dimensional models (created using GussView06 software) of these three configurational isomers 

are displayed in Figure 1.   

 

 

Table 1. Calculated energies of three bis-Schiff bases at RB3LYP / 6-311G (d, p) level of theory 

bis-Schiff base 
Internal Energy 

(au) 
ΔE(au) ΔE(kcal/mol) 

EE -1295.392 0.0000 0.00 

EZ -1295.3946 0.0111 6.97 

ZZ -1295.3821 0.0125 7.84 

1 a.u. of energy = 1 Hartree = 627.5095 kcal/mol 

 

(a) EE geometrical isomer 

 

(b) EZ-geometrical isomer 
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(c) ZZ-geometrical isomer 

Figure 1. The 3D structures of three geometrical isomers for the bis-Schiff base 

 

3.3. Molecular geometry  

Energetic optimized geometry, structural parameters, and energy of the Schiff base for three 

diastereomers were calculated at the DFT/ RB3LYP / 6-311G (d, p) [38,39] level of theory and 

are listed in Table 2. The bond lengths of rC=N and rC-N in different diastereomers are almost the 

same. These bond lengths are 1.272 and 1.45 Å, respectively. The dihedral angle ՓCCNC shows an 

imine bond configuration. The value of 180 belongs to the E-geometric isomer and ՓCCNC=zero 

shows the Z- isomer. Table 2 shows that the dipole moment (µ, Debye) for EE and ZZ isomers are 

zero because they are symmetrical molecules. According to dipole moment values, the most polar 

isomer is the EE-geometrical isomer. Therefore, we concentrate on researching the EE-isomer's 

characteristics. Figure 1 displays the three-dimensional structures of the three configurational 

isomers. 

Table 2. Some selected molecular structure features (bond lengths (r, Å), and dihedral Angles (Փ, 

degree)) and dipole moments (µ, Debye) obtained for three geometrical isomers of the bis-Schiff 

base 

bis-Schiff 

base 
rC=N ՓCCNC rC-N µ (D) 

EE 1.272 180 1.45 0.00 

EZ 
E: 1.269 

Z: 1.268 

E: 180 

Z: 3 

E: 1.452 

Z: 1.456  
6.32 

ZZ 1.269 3 1.456 0.00 

 

3.4. Mulliken and NBO atomic charges analysis 

Mulliken and NBO analyses are very common and effective population analysis methods. 

Mulliken atomic charges of the optimized structure were carried out by the B3LYP/6-311G (d, p) 

method in the gas phase. The calculated electronic charge–density distributions (Mulliken atomic 

charges) of the EE-bis-Schiff base are tabulated in Table 3. Also, NBO atomic charges are given 
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in Table 4. Results from Mulliken and NBO charge analysis show that all the hydrogen atoms have 

a net positive charge. The H44,43 and H37,41 (aromatic CH) atoms have a bigger positive atomic 

charge than the other hydrogen atoms. This is due to the presence of an electronegative imine and 

nitro groups. From Table 3, we can observe that most of the carbons have negative charges, apart 

from C9, C13, C16, C18, and C20 This is due to adjacent electronegative nitrogen atoms. To have an 

easy look at the charge changes a column chart is illustrated in Figure 2. These data clearly show 

that the EE-bis-Schiff base is reactive toward substitution reactions. The most negative atoms are 

two nitrogen atoms, as shown in Table 3 and Table 4. It has been found that two nitrogen atoms 

as donor atoms are suitable sites to coordinate with metal cations. In the following cases, four 

oxygen atoms have a negative charge The amount of negative charge of oxygen in Mulliken is 

more than that of NBO. 

 

 

 

 

 

 

 

 

Figure 3. Column chart of Mulliken atomic charges of EE-bis-Schiff base 

 

 

Figure 4. Column chart illustrates NBO atomic charges of EE-bis-Schiff base 

 

Table 3. Mulliken atomic charges of EE-bis-Schiff 

Carbon Charge Hydrogen Charg Nitrogen charge 
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atom a atom b e atom c 

C1 -0.075 H23 0.121 N7 -0.276 

C2 -0.207 H24 0.081 N8 -0.276 

C3 -0.215 H25 0.119 N45 0.173 

C4 -0.215 H26 0.106 N48 0.173 

C5 -0.207 H27 0.107 Oxygen atom 

d 

charge 

C6 -0.075 H28 0.107 O46 -0.276 

C9 0.140 H29 0.107 O47 -0.266 

C10 -0.131 H30 0.107 O49 -0.267 

C11 -0.026 H31 0.119 O50 -0.266 

C12 -0.048 H32 0.106   

C13 -0.124 H33 0.081   

C14 -0.047 H34 0.121   

C15 -0.071 H35 0.069   

C16 0.140 H36 0.113   

C17 -0.131 H37 0.137   

C18 -0.025 H38 0.102   

C19 -0.048 H39 0.069   

C20 0.124 H40 0.113   

C21 -0.047 H41 0.137   

C22 -0.071 H42 0.102   

a , b , c , d = numbers of atom : Figure1 

 

Table 4. NBO atomic charges of EE-bis-Schiff base calculated by DFT/B3LYP method 

Carbon 

atom a 

Char

ge 

Hydrogen 

atom b 

Charg

e 

Nitrogen 

atom c 
Charge 

C1 -0.179 H23 0.194 N7 -0.426 

C2 -0.370 H24 0.150 N8 -0.426 

C3 -0.369 H25 0.197 N45 0.514 

C4 -0.369 H26 0.188 N48 0.514 

C5 -0.370 H27 0.185 Oxygen atom 
d 

Charge 

C6 -0.179 H28 0.185 O46 -0.383 

C9 0.112 H29 0.185 O47 -0.381 

C10 -0.063 H30 0.185 O49 -0.383 

C11 -0.158 H31 0.197 O50 -0.381 

C12 -.0.180 H32 0.188   

C13 0.069 H33 0.159   

C14 -0.180 H34 0.194   

C15 -0.175 H35 0.145   

C16 0.112 H36 0.230   

C17 -0.063 H37 0.239   
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C18 -0.185 H38 0.209   

C19 -0.160 H39 0.145   

C20 0.069 H40 0.230   

C21 -0.180 H41 0.239   

C22 -0.175 H42 0.209   

  H43 0.239   

  H44 0.239   

a , b , c , d = numbers of atom : Figure1 

 

3.5. Optical Properties 

The non-linear optical (NLO) activities of L are evaluated and presented in Table 5. For NLO 

purposes, versatile parameters have been computed. NLO activities of a newly synthesized 

material can be explored through polarizability (α) and first-order hyperpolarizability (β) 

parameters. The characteristics of NLOs increase with the magnitude of the parameters such as α, 

and β. B3LYP/6-311G (d, p) method along with the keyword ‘polar’, was employed to calculate 

polarizability and hyperpolarizabilities. 

Electrical polarizability is the relative tendency to distribute charges, such as the electron cloud of 

a molecule, by an external electrical field. The mean polarizability is defined, as the polarizability 

anisotropy invariant. The following equation (1) describes the mean polarizability (αave):  

𝛼ave =  (𝛼xx + 𝛼yy + 𝛼zz) /3          (1) 

The polarizability tensors in the output file of Gaussian09 are in this order: αxx, αxy, αyy, αxz, αyz, 

and αzz.  

Aryl Schiff bases are considered a very remarkable category of organic compounds because of 

their π-delocalized structure. Thus, the delocalization of the π-electrons defines the classic 

structures with an optical response due to the large hyperpolarizabilities that result from a push-

pull system [40-42]. The non-linear optical response of the EE-bis-Schiff base is investigated by 

the static hyperpolarizability coefficients (β), calculated using the quantum chemistry algorithms 

(equation 2).  

𝛽total =  [(𝛽x 2 + 𝛽y 2 + 𝛽z
2)]1/2                                            (2) 

𝛽x =  𝛽xxx + 𝛽xyy + 𝛽xzz                         𝛽y =  𝛽yyy+ 𝛽yzz+ 𝛽yxx               𝛽z =  𝛽zzz + 𝛽zyy + 𝛽zxx 

The calculated values of the mean polarizability (αave) and the first-order hyperpolarizabilities 

(βtotal) are listed in Table 5. Urea is one of the prototypical molecules used in the study of the NLO 

properties of molecular systems. Therefore, it was used frequently for comparative purposes. For 

the urea molecule, αave and βtotal values were calculated at the same theoretical level. These values 

are 288.82×10-24 esu and 137.985×10-30 esu, respectively. The comparison of the optical properties 

of urea and the bis-Schiff base shows that the optical properties of the synthesized bis-Schiff base 
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are lower than those of urea. The presence of six methylene (CH2) groups between two aromatic 

rings prevents electron delocalization and resonance among N(NO2)2 and C=N groups. This item 

decreases αave and βtotal values for L. 

  

Table 5. The computed polarizability, and first hyperpolarizability values of the title compound 

Parameter Value Parameter Value 

αxx 488.97 βxxx 0.0114815 

αxy 17.02 βxyy 0.0018856 

αxz 248.81 βxzz 0.0003296 

αyy 44.92 βyyy -0.0001259 

αyz 26.74 βyxx -0.0007933 

αzz 152.59 βyzz -0.0003678 

αave (a.u.) 612.09 βzzz -0.0001978 

αave ( esu) 288.82×10-24 βzxx 0.0001763 

  βzyy -0.000752 

  βtotal ( a.u.) 0.0134 

  βtotal (esu) 0.13798×10-30 

 

3.6. Infrared Spectrum Analysis  

Infrared (IR) spectroscopy is a technique that deals with the IR region of the electromagnetic 

spectrum. This spectroscopy is used in chemistry for the identification of functional groups to 

elucidate the structure of a molecule, kinetics of chemical reactions, etc. In Figure 3, the 

theoretical (simulated) IR spectrum related to EE is observable. The bis-Schiff base (EE) belongs 

to the C1 point group and consists of 42 atoms, having 144 normal vibrational modes. The 

following are some of the critical observed vibrational motions: The stretching, in-plane bending, 

torsional, and out-of-plane bending vibration modes of this compound are presented in Table 6. 

CH vibrations The C-H stretching vibrations of aromatic structures generally occur in the region 

3000–3100 cm−1, while the saturated hydrocarbon shows C-H stretching absorption bands in the 

region 3000–2978 cm−1 [43]. EE has 3 types of C-H bonds: 8 aromatics, 6 CH2 groups, and two 

N=C-H bonds. The aromatic stretching bands of this molecule are calculated at 3172, 3204, and 

3225 cm−1. For the aliphatic NC-H bonds (N-methyl groups) 2947, the symmetric C-H stretching 

vibrations are calculated at 3172 cm−1 and the unsymmetrical C-H stretching vibrations are at 3225 

cm−1. The C-H modes of methylene groups are at 2947 cm−1. 

The CH in-plane bending modes are mainly observed as combined with other vibrational modes. 

For example, the observed bands at 1003, 1005, 1015, 1017, 1027, 1123, 1444, 1522, and 1195 

cm-1, including in-plane bending modes, are mixed with other vibrational modes. However, 

aromatic CH in-plane bending modes of the title compound appear at 1522 cm-1. As a result of 

these mentioned, we can conclude that the CH in-plane bending vibrations can occur in the region 
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1000–1600 cm-1. The CH out-of-plane bending vibrations are observed at the 650–1000 cm-1 

interval. In this connection, the observed bands at 976, 967, 906, 889, 844, 821, and 764 cm-1 are 

assigned to the CH out-of-plane bending modes. The aromatic ring C-H in-plane bending 

vibrations are usually weak and observed in the 1300–998 cm−1 region (exp. 1286–980 cm−1), 

while the C-H out-of-plane bending vibrations lie in the 965–806 cm−1 region (exp. 980–784 

cm−1).  

CC vibrations. The aromatic ring CC stretching vibrations, which are called skeletal vibrations, 

usually occur in the region 1400–1625 cm-1 [44]. Nevertheless, these bands can generally be 

observed as associated with other bands below 1400 cm-1. As seen from Table 6, the CC stretching 

modes are available in the region 900–1600 cm-1 for aromatic rings. The observed bands at 654 

cm-1 can be assigned to the CCC in-plane bending vibrations of aromatic rings in the title 

compound. Likewise, the CCCC torsional modes are observed at 700,703 cm- 

CN vibrations. The most characteristic band of the Schiff base derivatives is due to N=C 

stretching vibration in the region 1500–1700 cm-1 [45]. The azomethine N=C stretching vibration 

is observed in a strong band in the FT-IR spectrum (Figure 5) at 1639 cm-1, while the calculated 

value for this band is predicted at 1712 cm-1. The N=C stretching mode in our study is in good 

agreement with similar Schiff base compounds in the literature [46]. All amine compounds exhibit 

the N-C stretching vibrational in the region 1000–1350 cm-1. The observed band at 1117 cm-1 can 

be assigned to NO2, while the calculated value for this band is predicted at 1117, 1377 cm-1.  

 

 
Figure 5. The IR spectrum of Schiff base L ligand 

 

Table 6. The calculated and experimental wavenumbers of the EE-bis-Schiff base 

υ computational υexperimental Assignment 

7,12,21,23,32,48,54,59,65,71,74  υ(torsional vibration) 

109  υ(skeletal vibration) 

123,128  υ(CH2), bending, rocking 
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134  υ(CH2), bending 

148,163,176  υ(N-CH3, CH2, CH=N), 

bending 

189  (CHN-C-N-CH), twisting 

236  υ(Ring, CH2), bending 

244  υ( CH=N), bending 

262,269  υ(N-CH,CH2), bending, 

twisting 

323,334,342  υ(Skeletal), bending, in 

plane 

378  υ(CH=N-CH2), bending, in 

plane 

404  υ(CH=N-CH2), bending, 

oop 

419  υ(skeletal) bending 

422  υ(HCCH(ring), bending, 

oop, twisting 

447 447 υ(CH2), bending, in a plane 

482 484 υ(Skeletal), bending, in 

plane 

507,513  υ(Skeletal), bending, oop 

530,532  υ (HCCH(ring), bending, 

oop, wagging 

562,567 542 υ (HCCH(ring), bending, 

oop, wagging, and υ(NMe, 

CH2),bending, in plane 

645  υ(ccc-ring), bending, in 

plane 

700,703,708  υ(cccc-ring), bending, in 

plane , (CH=N-CH2) 

bending 

738 726 υ(CH2), bending, in plane, 

rocking 

751  υ(HCCH-ring), bending, 

oop 
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758,807  υ(CH2) bending, twisting 

846,852  υ(HCCH-ring , CH=N-

CH2), bending, in plane 

854,855,877,878 850 υ(HCCH-ring), bending, 

oop 

882,887  υ(CCC ring, CH=N-CH2), 

bending, oop, wagging 

903  υ(CH2), bending, rocking 

976   υ(CH ring, CH=N,CH2), 

bending, twisting 

981  υ(CH ring, CH=N), 

bending, twisting 

992  υ(CH ring), bending, 

twisting 

994  υ(CH ring), bending, 

twisting 

1003  υ(CH2), bending, 

1005  υ(CH ring, CH=N), 

bending, twisting 

1015  υ(CH ring), bending, 

twisting 

1017  υ(CH ring, CH=N), 

bending, twisting 

1027  υ(CH2, CH=N), bending, 

1030  υ(C-C ring), stretching, 

1046  υ(CH=N-C),stretching, 

unsymmetrical 

1049  υ(CH2, CH=N), bending, 

1057  υ(CH=N-C), stretching, 

symmetrical 

1062  υ(CH2-CH2 CH2-CH2), 

stretching, symmetrical 

1110  υ(CH=N-C, CH2-CH2), 

stretching, symmetrical 
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1117  υ(N-CCH(aromatic), 

stretching 

1123  υ(CH, aromatic), bending, 

twisting 

1171,1190  υ(CH2), bending, twisting 

1188,1195  υ(CH2, CH, aromatic), 

bending, twisting 

1239,1240  υ(CH-NCH), bending, 

twisting, 

1244,1255  υ(CH2), Rocking 

1297  υ(CH2), twisting 

1316  υ (CH,aromatic) bending, 

twisting 

1320  υ(CH2, aliphatic, 

CH,aromatic), bending  

1329,1335  υ(CH2), twisting 

1350  υ(CH2, aliphatic, CH=N), 

bending, oop, wagging,  

1353  υ( C-C aromatic), stretching 

1357  υ( C-CH aromatic), 

stretching,( CH=N), 

bending 

1377  υ(N-ring), stretching , 

υ(CH2-NCH), bending, 

twisting 

1380  υ(CH2, aliphatic, CH=N), 

bending, wagging, 

1392  υ(CH2, aliphatic, CH=N), 

bending, wagging 

1404  υ(CH2, aliphatic), bending, 

oop, wagging 

1408,1409  υ(CH2, aliphatic, CH=N), 

bending, in plane, 

scissoring 
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1444  υ(CH, aromatic), (CH=N) ), 

bending 

1487,1491,1496,1507,1516  υ(CH2, aliphatic), bending, 

in plane, Rocking 

1522 1535 υ(CH, aromatic), bending, 

in plane 

1594  υ(C-C, aromatic), 

stretching, symmetrical 

1640 1643 υ(CH,aromatic)stretching, 

symmetrical 

1650  υ(NO,C-CH)stretching, 

unsymmetrical 

1717,1718  υ(C=N), stretching, 

symmetrical 

2947 2819,2853 υ(NC-H, aliphatic), 

stretching, unsymmetrical 

2978  υ(N=C-H, imine), 

stretching, unsymmetrical 

2997  υ(CH2,aliphatic),stretching, 

symmetrical 

3003,3015  υ(CH2, aliphatic), 

stretching, unsymmetrical 

3018,3019,3029  υ(CH2, aliphatic), 

stretching, symmetrical 

3037  υ(CH2, aliphatic), 

stretching, unsymmetrical 

3064  υ(CH2, aliphatic), 

stretching, unsymmetrical 

3070  υ(CH2, aliphatic), 

stretching, symmetrical 

3204,3172  υ(CH,aromatic),stretching, 

unsymmetrical 

3225  υ(CH, aromatic), stretching, 

symmetrical 

 

3.7. 1H-NMR and 13CNMR spectra of ligand (L)  
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The ligand (EE) is formed when hexane-1,6-diamine reacts with 4-nitrobenzaldehyde. NMR study 

ensures the ligand aromatic ring structure, imine (H–C=N), and CH2 groups. 1HNMR identifies all 

protons’ environments, while 13C characterizes the C-atoms in the ligand structure (Figure 6). In 

ligand L, the aromatic, imine (H–C=N), and CH2 proton NMR peak appears at δ (9.23, 9.05, and 

8.1) and δ 9.15 and (1.97- 4.8) ppm. The1HNMR study has effectively verified the imine bond 

formation Table 7, Further, a 13CNMR study in ligand confirmed the C-nature in aromatic-C, C- 

ET, and C-imine appears a (150.38,146.38,134.10,130.47,127.40) and 161.07 and 

(69.01,36.58,32.37) ppm. In the excremental part, the data are as follows in the 1HNMR data (300 

MHz, MeOD): 8.50 (s, 2H), 7.98-8.30 (m, 8H), 1.39-3.64 (m, 12H) ppm; 13CNMR (75 MHz, 

MeOD): 155.92, 146.44, 139.27, 126.14, 129.06, 160.33, 59.33, 28.12, 24.65ppm. 

 

 Figure6. 13C.NMR spectrum of Schiff base L ligand 

 

 

Figure7. 1HNMR spectrum of Schiff base L ligan 
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Table 7. Characteristics 1H NMR data of the studied compound 

Atom Computational(ppm) Experimental  

(ppm) 

S, 2H -imine 9.15 8.50 

m, 8H-aromatice 9.23,9.05,8.1 7.98-8.30 

m, 12H-CH2 1.97- 4.8 1.39-3.64 

 

                                       Table 7. Characteristics 13C NMR data of the studied compound 

Atom Computational(ppm) Experimental  (ppm) 

C-nature 150.38,146.38,134.10,130.47,127.40 155.92, 146.44, 

139.27, 126.14, 129.06 

C- ET 161.07 160.33 

C-imine 69.01,36.58,32.37 59.33, 28.12, 24.65 

 

 

 

3.8. Quantum reactivity parameters 

Figure 8 shows the HOMO and LUMO orbitals shapes of EE in the gaseous phase. The HOMO 

is at -7.451eV., while the LUMO is located at 2.906 eV. with a 4.545eV. energy gap. The calculated 

energy gap value revealed the ease of electron excitation from HOMO to LUMO. The HOMO was 

found to be a predominant molecular orbital, which is consistent with the overall nature of the 

bidentate ligand with a high degree of nucleophilicity. Also, the HOMO–LUMO energy gap is 

related to chemical reactivity or kinetic stability. 

Using Koopmans's theorem for closed-shell components IP and Electron affinity (EA) can be 

defined for the compounds. Electron affinity refers to the capability of a ligand to accept precisely 

one electron from a donor. However, in many kinds of bonding, viz., covalent hydrogen bonding, 

partial charge transfer takes place. The EA and IP given by the B3LYP method for the title 

compound are 2.906 eV and 1.1361 eV, respectively. Chemical hardness (η) is a significant 

quantity that measures the resistance of a chemical component to the change of its electronic 

structure, which is defined as the second derivative of energy concerning the number of electrons 

in a constant external potential. According to Koopmans's theory, the approximate value of 

chemical hardness is obtained from the relation η=(EHOMO-ELUMO)/2. Lower chemical hardness 

indicates that the electron density is more easily affected and the molecule is more active. It 
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improves the electron cloud by the electric field towards the acceptor group and causes more 

intramolecular charge transfer in the molecule. As a result, less chemical hardness means more 

polarizability and hyperpolarizability. The reactivity descriptors of the reported molecules, namely 

EHOMO, ELUMO, energy gap (ΔE), chemical hardness (η), electron affinity (EA), ionization potential 

(IP), electronegativity (χ), electrophilicity index (ω) and chemical softness (S), were estimated by 

the DFT method. Table 8 gives the global chemical reactivity descriptors for the EE ligand. 

 

 
LUMO orbital 

 
HOMO orbital 

 

Figure 8.  HOMO and LUMO orbital 

 

Table 8. The calculated global chemical reactivity descriptors for the EE ligand 

Parameter (eV) value 

EHOMO  -7.451 

ELUMO  -2.906 

∆E (a.u.) 0.167 

EHOMO–ELUMO (∆E)  4.545 

Ionization potential [I = −EHOMO] 7.451 

Electron affinity [A = −ELUMO] 2.906 

Chemical hardness [η =(I − A)/2]  2.2725 

Electronegativity [χ = −(I + A)/2] -2.2725 

Softness [ζ = 1/2η] 1.1362 

Electrophilicity index [ψ = χ2/2η] 1.1361 

 

3.9. Molecular electrostatic potential 

Electrostatic potential maps are handy 3D diagrams of molecules that show the three-dimensional 

charge distribution of the molecule [43]. Charge distribution levels help us a lot in identifying 

reactive sites and how molecules interact with each other. Electrostatic potential surfaces can be 

used to understand the chemical reactivity of ligands. In electrostatic potential maps, negative sites 
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with high electron density are colored red. While positive regions with low electron density are 

blue and green is used for neutral [44]. Figure 9 shows the electrostatic potential map for ligand 

(L). The green color in the ligand (L) shows that this part of the molecular structure has no desire 

to participate in the reaction and is completely neutral regarding reactivity. The highest negative 

electron density is observed in the place of the imine group (CH=N) of the ligand. The red color 

of these regions shows that imine groups are suitable sites for attracting electrophilic species. 

Therefore, the more negative electronegative and positive electrostatic potential sites are more 

favorable for the attraction of nucleophilic and electrophilic species. 

 

 
Figure 9. molecular electrostatic potential for L 

 

3.11. Reduced Density Gradient (RDG) analysis 

RDG analysis is a computational method used in quantum chemistry to analyze the electron 

density and molecular properties [47-50]. RDG is a technique used to visualize and interpret 

molecular interactions by examining the electron density and its gradients. The RDG value helps 

identify regions of significant electron density, which correlate with regions of non-covalent 

interactions, such as hydrogen bonding, van der Waals interactions, and π-stacking. 

In studying Schiff bases, RDG can help identify non-covalent interactions that influence properties 

like stability, reactivity, and molecular recognition. Analysis may reveal regions of electron 

donation or acceptance, pertinent to understanding catalytic activity, medicinal chemistry, and 

materials science or binding affinity in biochemical systems. RDG plots typically show color-

coded iso-surfaces or 2D plots that highlight areas of low (blue) and high (red) electron density 

gradients. This visualization can elucidate interaction hotspots and predict behavior in chemical 

reactions or interactions with biological targets.  
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3.10. Molecular docking study 

Following the current research, the molecular docking of receptors 1HSG, 6LU7, and 1AJ6 and 

Doxorubicin has been used as the reference drug with ligand (L) (Figure 10) was examined. Table 

8 presents the centers and dimensions of the Cartesian grid box of the protein receptors studied for 

conducting molecular docking with ligand (L). 

Table 9. Centers and sizes of the Cartesian grid box for the protein receptors under study 

Size Center 
Receptor 

Z Y X Z Y X 

66.7 29.3 79.3 45.0 5.6 59.2 1AJ6 

79.3 36.1 -3.3 55.6 12.5 -26.9 6LU7 

63.0 30.0 79.5 39.3 6.4 59.3 1HSG 

 

In Table 9, you can find the data related to the binding free energy and ligand interactions, such as 

hydrogen and hydrophobic bonds, obtained from molecular docking studies using the AutoDock 

program. After the docking process, the most favorable conformation with the lowest binding 

energy was chosen. The lower the energy value, the more the ligand is inclined to occupy the 

receptor's binding site. According to Table 9, the binding energies of the studied ligand (L1) with 

receptors 1HSG, 6LU7, and 1AJ6 are 96.7, 85.0, and 73.7 kilocalories per mole, respectively. It's 

worth noting that the strongest interaction and binding of the ligand occur at the active site of 

receptor 6LU7. Qualitative analyses have revealed that specific amino acid residues in the active 

sites of receptors 1HSG, 6LU7, and 1AJ6, namely, are involved in the formation of hydrogen 

bonds with nitro groups (Figure 10). The results of molecular docking demonstrated the promising 

performance and acceptable binding energy of the studied ligand. Given the presence of two nitro 

groups in the para position of the aromatic ring and the imine moiety, it was anticipated that the 

studied ligand would act as a potent inhibitor. The docking results of ligand (L1) indicated its 
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capability to bind to the active sites of the protein receptors under investigation in this study, 

exerting some degree of inhibition. Based on the docking results, the inhibitory potential of the 

studied ligand varies across the protein receptors' active sites, with binding energies ranging from 

3.7 to 5.8 kcal/mol. The lowest binding energy corresponds to receptor 1AJ6 with an inhibitory 

constant (Ki) of 6.7 μM, while the highest binding energy is associated with receptor 6LU7 with 

an inhibitory constant of 25.1 μM. 

 

Table 9. The affinity energy and interaction between ligand (L) and amino acids at the Active site 

of receptors 

Hydrophobic interactions 

Hydrogen 

interactions 

(distance: Å) 

Ki (μM) 

Affinity 

Energy 

(kcal mol-1) 

Receptor 

TYR184-ALA188-LYS189-

PHE216 

ARG192(2.68)-

ASP214(1.99)-

ASP214(1.92)-

ASP214(2.07)-

ASP214(1.85)- 

7.06 -7.03 1AJ6 

SER139-GLY138-GLY170-

GLU166-PHE140-LEU141-

LYS137-VAL171 

HIS172(2.87)- 

THR169(2.66)-

THR169(2.11)-

THR169(2.04) 

1.25 -8.05 6LU7 

LEU23-ARG8-GLY49-

ILE50-ASP25-ALA28-

ASP29-ASP25-GLY27-

GLY49-ILE50-ILE84-

LEU23-ASP29-VAL32-

LEU76-ILE47-CLY48 

GLY27(2.01)-

GLY27(2.05)-

ASP30(2.36)-

ASP30(1.85) 

1.46 -7.96 
1HSG 

 

Tyr845, Glu844, His846, 

Leu846, Gly839, Val741, 

Glu738,Asn676 

Ala 835 (4.25); Leu 

837 )3.38(; Tyr 740 

(5.59); Glu 842 

(5.41); Glu 842 

(5.19) 

7.71 -6.98 Doxorubicin 
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(a) 1AJ6 

 

(b) 6LU7 

 

 



169 

 

 

 

(c) 1HSG 

 

 

(d) Doxorubicin 

Figure 10. Display of two-dimensional and three-dimensional interaction of the ligand (L2) with 

the active site of receptors: a). 1AJ6, b). 6LU7, and c). 1HSG and d). Doxorubicin 

Some of the quantitative assessments of docking results, such as intermolecular energy, van der 

Waals energy, electrostatic energy, total internal energy, docking energy, binding energy, and 

inhibition constant (Ki), are listed in Table 10. The findings from the docking simulation reveal 

the interaction of the studied ligand with the receptor's active site. The derived values of 8.05 

kcal/mol for binding energy, 11.06 kcal/mol for docking energy, and 1.25 μM for the inhibition 

constant indicate the potential effectiveness of inhibiting this ligand in the activity of receptor 

6LU7. In this molecular simulation, the calculated binding energy and docking energy represent a 



170 

 

combination of intramolecular energy with free torsional energy and the ligand's internal energy, 

respectively [45]. 

 

Table 10. Results of Molecular Docking Ligand-Receptor (Kcal/mol) 

Receptors 
Parameters 

1AJ6 6LU7 1HSG 

+7.06 +1.25 +1.46 Ki (µM) 

+0.86 +1.17 -0.02 Unbound system energy 

+4.18 +4.18 +4.18 Torsional Free energy 

+0.86 +1.17 -0.02 Final total internal energy 

-2.65 -2.72 -3.59 Electrostatic energy 

-8.56 -9.51 -8.55 VdW+Hbond+ dissolve energy 

-11.20 -12.23 -12.14 Final intermolecular energy 

-7.03 -8.05 -7.96 Binding energy 

-10.64 -11.06 -12.16 Docked energy 

 

4. Conclusions 

Using the DFT method, we investigated a new Schiff base previously synthesized by the classical 

method. The molecular structure of this compound has been optimized using the DFT/B3LYP 

method and 6-311G )d, p( basis set. NLO and global reactivity parameters have been calculated to 

explain the versatile properties of the ligand. The NLO computed α and β parameters suggest that 

the compounds may have significant optoelectronic applications. the prepared molecule shows 

potential as an organic NLO material in the field of optoelectronics.  The NMR and IR spectrum 

data from the experimental part are consistent with the DFT data. The calculated bond distances 

and bond angles showed good agreement with the literature. The IR vibrational frequencies are 

calculated, and the fundamental bands are assigned and compared with the experimental data. It 

was found that the relationship between donor/acceptor moieties, the pass length, as well as the 

energy gap between the highest occupied molecular orbital (HOMO) and the lowest unoccupied 

molecular orbital (LUMO) strongly influenced the NLO response. Molecular docking was 

conducted to test the biological potency. Accordingly, results proved the antimicrobial effect of 

compounds by binding to proteins. This 6LU7 protein interacts most with ligand L and its binding 

energy is 8.05 kcal/mol. The designed Schiff base ligand can be useful as a suitable candidate for 

new inhibitory drugs in the future due to its medicinal value with fewer side effects and with 

suitable hydrophilicity for gastrointestinal absorption and intestinal permeability of the drug. 
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Abstract 

Multicomponent reactions (MCRs) are referred to one-pot, convergent chemical reactions utilizing 

more than two starting materials, where final product retains significant portions of all starting 

materials. This advanced approach has emerged as an efficient, economical, and eco-friendly 

substitute for conventional sequential multi-step synthesis of various biologically active 

pharmacophores.1 In this study, first biochar was produced from air-dried walnut shells.2 The 

surface of the nano-substrate was subsequently modified to amine-biochar. After charactisation of 
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this catalyst, a Knoevenagel–Michael cyclocondensation reaction was conducted using aryl 

aldehydes, malononitrile, and 2,6-diaminopyridine in the presence of amine-functionalized 

biochar. This reaction was carried out at room temperature, resulting in excellent yields and very 

short reaction times. 

 

Scheme 1. Three-component reaction of 2,6-diaminopyridin, aldehydes and malononitrile in the 

presence of Biochar-NH2 
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Abstract: Rigid polyurethane and polyisocyanurate (PIR) foams are one of the thermal insulation 

materials that are mainly used in civil engineering as well as in the refrigeration industry. RPUs 

are formed by exothermic reactions between alcohols with two or more active hydroxyl groups (-

OH) per molecule (diols, triols, polyols) and and isocyanates that have more than one reactive 

isocyanate group (-NCO) per molecule (diisocyanates, polyisocyanates). Polyisocyanurate foams, 

which are a special type of rigid polyurethane foam, are formed through isocyanate trimerization 

during RPU formation [1]. The use of vegetable oils in the production of polyurethane and 

polyisocyanurate (PIR) foams has increased due to environmental concerns surrounding 

petroleum-based foams [2]. On the other hand, it is important to improve the thermal resistance 

properties of PIR foams, particularly for applications such as building and industrial insulation [3]. 

In this study, a bio-polyol was synthesized from soybean oil (SBO) using the direct amidation 

method. Unlike flame retardants such as tris (chloroisopropyl) phosphate (TCPP), aluminum 

hydroxide nanoparticles (ATH NPs) is not harmful to the environment and adds to maintaining the 

biocompatibility of foams. Other additives, incluging catalysts, water, surfactant, and 

cyclopentane, were also added to the SBO-based polyol to prepare the polyol mixture. PIR foams 

were produced by adding excess polymeric 4,4′-methylene diphenyl diisocyanate (PMDI) (iso 

index 3) to the polyol mixture. Different proportions of ATH NPs (0, 5, 10, and 20%) were added 

to the formulation of foams containing 100% SBO-based polyol. The thermal properties of the 

resulting foams were evaluated using TGA-DTG analysis. The addition of ATH NPs increased the 

number of nucleation sites in the foam matrix, resulting in a more regular foam structure. This 

regular structure is effective in improving both thermal and mechanical properties. The flame 

retardant properties of ATH NPs are due to the production of water and alumina during thermal 

decomposition [4]. The onset of decomposition (Tonset) increased from 94 ℃ (in reference foam) 
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to 168 ℃ (in foam containing 20% ATH NPs). Additionally, the weight loss in samples containing 

nanoparticles decreased significantly (Figure 1). 

 

 

Figure 1: TGA-DTG curves of SBO-based PIR foams containing ATH NPs. 
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Abstract: Approximately 30% of the world's energy is used for heating buildings, making it crucial 

to improve the thermal insulation properties of buildings. Polyurethane sprays are commonly used 

to insulate buildings. Improving the thermal properties of polyurethane-polyisocyanurate (PU-

PIR) foams is done by adding additives to their formulation [1], [2]. In this study, we aimed to 

reduce the environmental impact of petroleum-based foams by incorporating date seed oil (DSO) 

into the foam formulation as a bio-polyol. The DSO was extracted using the Soxhlet method with 

n-hexane solvent. Bio-polyol was then produced through an amidation process using 

diethanolamine and sodium methoxide catalyst in a nitrogen atmosphere (Scheme 1a). To further 

improve the properties of the bio-based foams, aluminum trihydrate nanoparticles (nano-ATH) 

were produced using a mechanical ball mill method added to the polyol mixture. By adding other 

additives to DSO-based polyol, polyol mixture was prepared. Aromatic isocyanate (pMDI) was 

then added to the polyol mixture to produce PU-PIR foams. The modified bio-based foams were 

produced by incorporating the nano-ATH into the foam formulation (Scheme 1b and 1c). The 

mechanism by which nano-ATH acts as a flame retardant is through its thermal decomposition, 

which produces water and alumina are produced (Scheme 1d) [3]. The produced water can 

partially prevent burning, and on the other hand, the produced alumina acts as a protective layer 

and prevents the fire from spreading to the lower layers of the foam. Furthermore, increasing the 

percentage of nano-ATH resulted in a higher foam density, which further improved the mechanical 

properties, particularly in foams with a high percentage of DSO-based polyol. The results showed 

that the addition of nano-ATH to the foam matrix significantly improved its thermal and 

mechanical properties. 
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Scheme 1: (a) Bio-polyol synthesis reaction based on DSO by direct amidation using 

diethanolamine. (b) The process for synthesizing PU-PIR foams involves the use of DSO and the 

addition of nano-ATH (as a flame retardant additive). (c) The polymer network structure of PU-

PIR foam containing DSO nano-ATH. (d) The thermal decomposition reaction of nano-ATH. 
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Abstract: A multi-component one-pot green synthesis of diversely functionalized 7-

arylbenzopyrano[4,3-b]benzopyran6,8-diones by three-component reaction of 4-

hydroxycoumarin, aromatic aldehyde, and dimedone using triethanolammonium acetate 

([TEAH][OAc]) under solvent-free condition is reported. The present protocol meets the criteria 

of green chemistry and the notable advantages of the present method include avoidance of organic 

solvent in the reaction, high yield of the products, employment of [TEAH][OAc] as a green, 

environmentally-benign, non-toxic, bioorganic and recyclable catalyst, easy isolation of the 

products without need of column chromatographic purification, mild reaction conditions.  

 

Sheme1. Green synthesis of Benzopyrans Employing Triethanolammonium Acetate 

([TEAH][OAc]).IL as Green Catalyst.  

Introduction 

Benzopyran and its derivatives, fused O-heterocycles, are an important class of scaffold because 

of their presence in the core of natural products and several synthetic derivatives with diverse 

bioactivities such as antimicrobial, antidiabetic, antifungal, antitubercular, anticancer, anti-HIV, 

antihypertensive, and anti-inflammatory activities. Therefore, it grabbed the attention in the field 

of drug discovery [1-3]. The above stated biological features of benzopyrans drives chemists to 

discover new and sustainable approaches for its synthesis. 
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The multicomponent reactions (MCRs) meet the criteria of the green chemistry to a great extent 

by providing access to complex molecules in one-pot by avoiding extra work-up steps with great 

atom economy and high bond forming efficiency with reduced waste generation [4,5]. Thus, the 

MCRs have been utilized extensively in pharmaceutical chemistry 6, natural product synthesis 7, 

agrochemistry 8, polymer chemistry 9, bioconjugation chemistry 10 and bioactive molecule 

synthesis 11. 

Method,  

4-Hydroxycoumarin and dimedone were procured from Merck, Germany . IR spectra were 

recorded on a Perkin-Elmer FTIR L120-000A. NMR spectra were  measured on Brucker DPX-

400 (400 MHz).  

General Experimental Procedure for the Synthesis of 1a- 12a:  

To a mixture of 4-hydroxycoumarin (164mg, 1.01 mmol), aldehyde (1.04 mmol) and dimedone 

(145mg, 1.04 mmol) in a round-bottomed flask was added triethanolammonium acetate (10 mol%) 

and the mixture was irradiated under MW for 10 min (TLC monitoring). The reaction mixture was 

then cooled to room temperature when the product  separated out. The precipitated product was 

washed with water (3x2 mL) and crystallized from  ethyl acetate-light petrol to furnish a solid (76-

94%). Some selected data: 

7-(3,4-Methylenedioxyphenyl)-10,10-dimethyl-6,7,8,9,10,11-hexahydrobenzopyrano[4,3 

b]benzopyran-6,8-dione (4a, Table 2) Yield 85%, white solid; mp 220-222 oC; IR (KBr): 2968, 

1723, 1671, 1626, 1502, 1489, 1359, 1189, 1031, 924, 776 cm-1; 1H NMR (400 MHz, CDCl3): δ 

7.85 (d, 1H, J = 7.2 Hz), 7.55-7.51 (m, 1H), 7.33 (t, 1H, J = 7.2 Hz), 7.27 (d, 1H, J = 8.4 Hz), 6.87 

(d, 1H, J = 1.2 Hz), 6.82 (dd, 1H, J = 8, 1.2 Hz), 6.65 (d, 1H, J = 8 Hz), 5.84 (d, 2H, J = 4 Hz), 

4.85 (s, 1H), 2.74-2.63 (m, 2H), 2.35-2.21 (m, 2H), 1.16 (s, 3H), 1.09 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ 196.2, 162, 160.6, 153.8, 152.5, 147.5, 146.5, 136.7, 132.3, 124.4, 122.5, 121.9, 

116.8, 115.1, 113.6, 109.3, 108.0, 106.7, 100.9, 50.7, 40.7, 33.0, 32.2, 29.2, 27.6; Anal. Calcd. For 

C25H20O6: C, 72.11; H, 4.84%.  

7-(4-Allyloxyphenyl)-10,10-dimethyl-6,7,8,9,10,11-hexahydrobenzopyrano[4,3b]benzopyran-

6,8-dione (4b, Table 2) Yield 80%, white solid; mp 166-168 oC; IR (KBr): 2959, 1721, 1665, 1509, 

1363, 1238, 1194, 1031, 762 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.86 (dd, 1H, J = 8, 1.2 Hz), 

7.58-7.54 (m, 1H), 7.37-7.31 (m, 2H), 7.28 (d, 2H, J = 8.4 Hz), 6.79 (d, 2H, J = 8.8 Hz), 6.06-5.96 

(m, 1H), 5.36 (dd, 1H, J = 17.2, 1.2 Hz), 5.23 (dd, 1H, J = 10.4, 1.2 Hz), 4.91 (s, 1H), 4.46 (dd, 

2H, J = 4.4, 1.2 Hz), 2.73-2.62 (m, 2H), 2.34-2.24 (m, 2H), 1.16 (s, 3H), 1.09 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 196.1, 161.8, 160.7, 157.6, 153.8, 152.6, 135.0, 133.4, 132.1, 129.6, 124.3, 

122.4, 117.6, 116.9, 115.3, 114.5, 113.7, 106.9, 68.8, 50.7, 40.8, 32.5, 32.3, 29.2, 27.6; Anal. 

Calcd. For C27H24O5: C, 75.68; H, 5.65%. Found: C, 75.59; H, 5.71%. 

Results and Discussion 

Initially, we focused on a one-pot, multi-component reaction of dimedon 1 (1.1 mmol), 4-hydroxy 

coumarin 2 (1 mmol), and benzaldehyde 4 (1 mmol) as the model reaction. To explore suitable 
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conditions, the above mentioned model reaction was conducted in the presence of different 

amounts of [TEAH][OAc] under various conditions (Table1, entries 1-7). 

Table 1. Catalyst screening and reaction condition optimizations for the preparation of benzopyran 

derivativesa. 

Yieldb (%) Time 

(min) 

Condition Catalyst (mol%) Entry 

trace 60 Solvent-Free (100 oC) -------- 1 

15 60 Solvent-Free (r.t) [TEAH][OAc] (5) 2 

30 40 Solvent-Free (40 oC) [TEAH][OAc] (8) 3 

85 10 Mw [TEAH][OAc] (8) 4 

85 10 Mw  [TEAH][OAc] (10) 5 

75 28 Solvent-Free (70 oC) [TEAH][OAc] (10) 6 

78 25  Solvent-Free (90 oC) [TEAH][OAc] (25) 7 

aReaction condition: aniline 1 (1.1 mmol), ethyl acetoacetate 2 (1 mmol), nitromethane 3 (1 mmol), 

and benzaldehyde 4 (1 mmol). b Isolated yields. 

From these experiments, 10 mol % of [TEAH][OAc] under solvent-free condition at  microwave 

irradiation came out as the optimized conditions for the reaction in terms of yield and time (Table 

1, entry 4) for the desired product 7-(3,4-Methylenedioxyphenyl)-10,10-dimethyl-6,7,8,9,10,11-

hexahydrobenzopyrano[4,3-b]benzopyran-6,8-dione (4a). 

To examine the generality of newly developed protocol, a number of other aniline derivatives and 

different aromatic aldehydes were utilized using identical reaction conditions. All of reactants 

underwent the same reaction condition affording the corresponding pyrrole-3-carboxylates in good 

to excellent yields (78−85%) (Table 2). 

Table 2. Synthesis of pyrrole-3-carboxylates using 10 mol % of [TEAH][OAc] under solvent-free 

condition. 
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Conclusion 

In summary, green, facile, and environment friendly approach has been disclosed for synthesis of 

series of diversely functionalized benzopyran derivatives under microwave. The present protocol 

offers several advantages such as the utilization of triethanolammonium acetate, as a environment-

friendly, inexpensive and green catalyst, recyclability of the catalyst, employment of microwave 

as green energy source, easy isolation of the products by avoiding column chromatographic 

purification process, excellent yield of the products and metal-free aspects.  
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Abstract: A multi-component one-pot green synthesis of diversely pyrazolo quinolones by the 

three-component reaction of dimedone, 5-amino pyrazolone and aromatic aldehydes in the 

presence of triethyl ammonium hydrogen sulfate [Et3NH][HSO4] IL as catalyst under solvent-free 

condition has been described. This economical catalyst provides high yields of products, short 

experimental time and easy workup for green synthesis of pyrazolo[3,4-b]quinolone compounds. 
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Sheme1. Green synthesis of Synthesis of pyrazolo[3,4-b]quinolines Benzopyrans Using Triethyl 

Ammonium Hydrogen Sulfate [Et3NH][HSO4] IL as Green Catalyst  

Introduction 

Pyrazole skeleton has been widely used in medicinal chemistry and drug design due to their 

innumerable biological activities such as fungicides, analgesic agents, insecticides, antiviral agents 

and herbicides [1,2]. Recently, multi-component reactions (MCRs) are considered as unique and 

powerful tools in organic and medicinal chemistry due to the benefits of atom efficiency and 

availability of the organic synthesis in one step from three different substrates. Moreover, MCRs 

provide advantages including synthetic efficiency of drug-like compounds, simplicity and easy 

workup and minimize waste generation and diversity [3]. Very recently, ionic liquids (ILs) have 

received great national attention due to their favorable features including non-flammability, 

reactivity, low vapor pressure, high thermal stability and reusability [1–6]. However, difficult 

product separation and using large amounts of ILs in biphasic systems that increase toxicological 

risk are the major challenges of these homogeneous catalysts [7]. 

Method,  

All chemicals were procured from Merck, Germany. IR spectra were recorded on a Perkin-Elmer 

FTIR L120-000A. NMR spectra were measured on Brucker DPX-400 (400 MHz).  

General Experimental Procedure for the synthesis of 1a- 12a:  

A solution of 3-amino-1-phenyl-2-pyrazolin-5-one 1 (0.35 g, 2 mmol), dimedone 2 (0.28 g, 

2 mmol), aldehyde 3 (0.28 mg, 2 mmol) and [Et3NH][HSO4] catalyst ( 8 mol%) at 100 oC was 

heated. The progress of the reaction was controlled by TLC (hexane/ethyl acetate, 2:3). After 

reaction completion, the mixture was cooled to room temperature and then H2O (5 mL) was added. 

The solid product was filtered, washed with cold distilled water (2 mL) and was recrystallized 

from ethanol 96 % to afford the pure products (5a-m). 

Some selected data: 

7,7-dimethyl-2,4-diphenyl-1,2,4,7,8,9-hexahydro-3H-pyrazolo[3,4-b]quinoline-3,5(6H)-

dione (4a): White crystals, mp 230-233 °C. IR spectrum, ν, cm-1: 3205 (NH), 1629, 1595 (C=O), 

1542, 1494, 1453. 1H NMR (400 MHz, DMSO-d6): δ (ppm): 11.37 (1H, s, br, NH), 9.93 (1H, s, 

br, NH), 7.73 (2H, d, 3JH-H=8Hz, arom), 7.46 (2H, t, 3JH-H=8Hz, arom), 7.31-7.24 (5H, m, arom), 
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7.13 (1H, t, 3JH-H=8Hz, arom), 5.17 (1H, s, C4-H), 2.53-2.47 (2H, m, C6-Ha ,Hb), 2.24 (1H, d, 
2JH-H=16Hz, C8-Ha), 2.07 (1H, d, 2JH-H=16Hz, C8-Hb), 1.10 (3H, s, methyl), 1.01 (3H, s, methyl). 
13C NMR (100 MHz, DMSO-d6): δ (ppm): 192.90 (C5), 152.64 (C3), 147.88, 147.53, 146.46, 

139.06, 128.77, 127.69, 127.13, 125.32, 124.54, 120.06, 107.78, 90.50, 50.36 (C6), 40.89 (C4), 

33.01 (C8), 31.92 (C7), 28.84 (CH3), 26.81 (CH3).  

7,7-dimethyl-4-(2-nitrophenyl)-2-phenyl-1,2,4,7,8,9-hexahydro-3H-pyrazolo[3,4-

b]quinoline-3,5(6H)-dione (4b): Red crystals, mp 270-271 °C. IR spectrum, ν, cm-1: 3310 (NH), 

1685, 1665 (C=O), 1625, 1589, 1437. 1H NMR (400 MHz, DMSO-d6): δ (ppm): 11.49 (1H, s, 

br, NH), 10.05 (1H, s, br, NH), 8.10 (2H, d, 3JH-H=8Hz, arom), 7.64 (2H, d, 3JH-H=8Hz, arom), 7.48 

(1H, d, 3JH-H=8Hz, arom), 7.39 (2H, t, 3JH-H=8Hz, arom), 7.17 (2H, d, 3JH-H=8Hz, arom), 5.20 (1H, 

s, C4-H), 2.44 (2H, d, 2JH-H=16Hz, C6-Ha, Hb), 2.18 (1H, d, 2JH-H=16Hz, C8-Ha), 2.00 (1H, d, 2JH-

H=16Hz, C8-Hb), 1.02 (3H, s, methyl), 0.92 (3H, s, methyl). 13C NMR (100 MHz, DMSO-d6): δ 

(ppm): 192.93 (C5), 154.98 (C3), 153.12, 145.41, 138.86, 128.80, 128.50, 124.72, 124.69, 123.12, 

120.1, 120.1, 106.69, 89.12, 50.20 (C6), 40.81 (C4), 33.67 (C8), 31.95 (C7), 28.69 (CH3), 26.84 

(CH3).  

Results and Discussion 

Firstly, the optimization of the reaction condition was checked using 3-amino-1-phenyl-1H-

pyrazol-5(4H)-one 1, dimedone 2, and benzaldehyde 3a as the model substrate under various 

conditions and different amounts of [Et3NH][HSO4] IL catalyst in various solvents (Table 1). In 

order to choose an appropriate solvent, the model substrate was checked in different solvents 

(Table 1, entries 5,). 

Table 1. Catalyst screening and reaction condition optimizations for the preparation of benzopyran 

derivativesa. 

Yieldb (%) Time 

(min) 

Condition Catalyst (mol%) Entry 

trace 60 Solvent-Free (100 oC) -------- 1 

35 60 EtOH (r.t) [Et3NH][HSO4] (5) 2 

45 40 EtOH (78 oC) [Et3NH][HSO4] (8) 3 

20 10 CH3CN [Et3NH][HSO4]  (8) 4 

25 10 CH2Cl2  [Et3NH][HSO4] (10) 5 

91 20 Solvent-Free (100 oC) [Et3NH][HSO4] (8) 6 

91 25  Solvent-Free (90 oC) [Et3NH][HSO4] (25) 7 

aReaction condition: dimedone, 5-amino pyrazolone and aromatic aldehydes.b Isolated yields. 

From these experiments, 8 mol % of [Et3NH][HSO4] under solvent-free condition at 100 oC came 

out as the optimized conditions for the reaction in terms of yield and time (Table 1, entry 4) for 
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the desired product 7,7-dimethyl-2,4-diphenyl-1,2,4,7,8,9-hexahydro-3H-pyrazolo[3,4-

b]quinoline-3,5(6H)-dione (4a). 

Encouraged by these optimized parameters, different substituted pyrazolo[3,4b]quinoline-3,5-

dione 4a-n were synthesized using 1:1:1 molar ratio of 3-amino1-aryl-1H-pyrazol-5(4H)-one 1, 

dimedone 2 and aromatic aldehyde derivatives 3a-n containing electron‐withdrawing groups as 

well as electron‐donating in the presence of [Et3NH][HSO4] IL catalyst under solvent-free 

conditions (Table 2).  

Table 2. Synthesis of pyrrole-3-carboxylates using 8 mol % of [Et3NH][HSO4]  under solvent-free 

condition. 

 

 

Conclusion 

The use of [Et3NH][HSO4] IL catalyst along with solvent-free condition provides a green method 

for the synthesis of pyrazolo[3,4-b]quinoline compounds. Furthermore, the simplified 

experimental setup and the workup, high yields, recyclability of the catalyst, mild conditions and 

cost effectiveness are the extensive advantages of this procedure.  
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Introduction 

The synthesis of heterocyclic compounds, particularly those containing sulfur, has attracted 

considerable attention due to their diverse biological and industrial applications. Among these, 

1,3-dithiol derivatives are a class of compounds with notable chemical reactivity and a wide range 
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of applications in medicinal chemistry, material science, and coordination chemistry [1,5]. These 

compounds often serve as building blocks for pharmaceuticals, ligands in metal complexation, and 

components in electronic materials. A critical step in the preparation of 1,3-dithiol derivatives 

involves the synthesis of key intermediates, such as sodium N’-tosylhydrazine-N-

dithiocarboxylate. Given that this compound is a versatile reagent in organic synthesis [2,3], the 

presence of the N-tosyl group increases its stability and reactivity, making it suitable for various 

chemical transformations [3,4]. In this study, we report the efficient synthesis of sodium N’-

tosylhydrazine-N-dithiocarboxylate and demonstrate its application in the preparation of 1,3-

dithiol derivatives. This work provides a robust and scalable route for the synthesis of these 

valuable compounds and paving the way for their utilization in future advanced applications. 

Method 

The synthesis used a two-neck round-bottom flask equipped with a nitrogen gas inlet and outlet 

system to ensure an inert atmosphere. The apparatus was flushed with nitrogen gas for 10 minutes 

before adding reagents to remove any traces of oxygen or moisture. 2 mmol Reactant 1 (4-

methylbenzene sulfonyl hydrazide) was dissolved in 4 mL of THF. Then, 1mmol Reactant 2 

(carbon disulfide) was slowly added to the solution under continuous stirring. 1mmol Sodium 

hydroxide (NaOH) was introduced to the mixture to facilitate the reaction, ensuring that the pH 

was maintained within an optimal range for the formation of the desired product. 

The reaction mixture was stirred at room temperature under a nitrogen atmosphere for the required 

time. The progress of the reaction was monitored using thin-layer chromatography (TLC), 

ensuring the complete consumption of the starting materials and the formation of the desired 

product. Upon completion of the reaction, the product was extracted by separating the organic 

layer and it was sent for NMR to ensure product formation. The solvent (THF) was removed under 

reduced pressure, and the crude product was subjected to recrystallization for purification. 

 

SchemeA: Synthesis of sodium N’-tosylhydrazine-N-dithiocarboxylate. 

Next, by adding a-haloketone 4 to the product of the previous step (R1 and R2 in first reaction was 

methyl and next time we use 2-Chlorocyclohexanone), in refluxing acetonitrile, the initial 

substitution step was followed by spontaneous cyclization to yield compounds 5 and the reaction 

did not stop at that stage and was followed by elimination of water, yielding the 2-tosylhydrazono-

1.3-dithioles. Both the cyclization step and the water elimination are probably acid-catalyzed by 

the tosylic N-H. 
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SchemeB: Synthesis of 2-tosylhydrazono-1.3-dithioles. 

Results and Discussion 

The products were characterized using spectroscopic and analytical methods, including IR and 

NMR spectroscopy. The IR spectrum exhibited characteristic peaks corresponding to the 

dithiocarboxylate group. The NMR spectrum revealed the expected chemical shifts for the tosyl 

group and hydrazine moieties, further validating the structure of the synthesized compound. It was 

observed that maintaining a dry and oxygen-free environment was critical for the success of the 

reaction. The presence of excess carbon disulfide could also lead to side reactions, so precise 

measurements were crucial. Finally, the product, sodium N’-tosylhydrazine-N-dithiocarboxylate, 

was obtained as a solid with high purity. The presence of the tosyl group enhanced the stability of 

the intermediate in bis (4-methylbenzene sulfonyl) hydrazide as the starting material proved to be 

a key factor in the success of this synthesis. The introduced method offers several advantages, 

including mild reaction conditions, high selectivity, and the use of readily available reagents. 

Overall, the experimental setup and reaction conditions were optimized to achieve a robust and 

reproducible protocol, paving the way for future studies and potential scale-up for industrial 

applications. 
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Introduction: 
Poly (ethylene terephthalate), PET is a saturated polyester of terephthalic acid and ethylene glycol. 

The growing interest in PET recycling is due to the widespread use of packaging made of this 

polymer mainly as bottles. The pertinent feature of PET, namely, it does not have major side effects 

on human-beings, is responsible for its wide applications as packaging material for food items [1]. 

PET does not pose a direct hazard to the environment, but due to its substantial volume fraction in 

the waste stream and its high resistance to the atmospheric and biological agents, it is seen as a 

noxious material [2]. Poly (ethylene terephthalate) is synthesized by the polycondensation of 

terephthalic acid (TPA) and ethylene glycol (EG), or by transesterification of dimethyl 

terephthalate and EG. Since its development by DuPont in the mid‐1940s, it has become one of 

the most abundant mass‐produced thermoplastics. Owing to its excellent mechanical properties, 

thermal stability, impermeability for liquids and gases, and transparency, it is mostly used for 

textile fibers, beverage bottles, and food containers. However, as PET is a very stable polymer and 

resistant to hydrolytic or enzymatic degradation, it has become a major component of plastic waste 

found in the environment, along with PE, PP, and PS [3]. One of the primary motivations for the 

research in catalysis is the use of low-cost, earth-abundant materials that can fulfill the scale-up 

needs of respective technologies [4]. In this study, the use of benzalkonium chloride catalyst in an 

alkaline medium to improve the efficiency of PET degradation and the effect of monoethylene 

glycol in the degradation reaction are investigated. 

Materials and Methods: 
In this study, to degrade polyethylene terephthalate, a combination of 10 grams of water, 30 grams 

of monoethylene glycol (MEG), 4.2 grams of sodium hydroxide, 0.1 grams of benzalkonium 

chloride (BNZ), and 10 grams of polyethylene terephthalate was used at 110°C. after defined 

reaction times, the revored terephthalate nutrolized with hydrochloric acid and terephthalic acid 

obtained by filtration, washed by distilled water and dried in an oven. In various experiments, the 

effects of different combinations (presence or absence of monoethylene glycol and benzalkonium 

chloride) on the degradation reaction efficiency were examined and recovered terephthalic acid 

identified and data compared by an authentic sample. 
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Results: 
The results obtained from various experiments showed that in the absence of monoethylene glycol 

and benzalkonium chloride, the degradation reaction of PET wastes dose not processed. On the 

other hand, and in the presence of monoethylene glycol and without benzalkonium chloride, the 

reaction efficiency increased on average, but it was still not optimal. In contrast, the best PET 

degradation efficiency was observed when both monoethylene glycol and benzalkonium chloride 

were combined. Experimental data summarized in Table 1. 

Table 1. summarized data from performed experiments  

Reagent Reaction time 1 (h) Reaction time 2(h) Reaction time 3 (h) Reaction time 4 (h) 

----- 0 0 0 0 

MEG 0.1 0.75 3.28 4.05 

MEG/BNZ 0.1 2.57 4.10 4.43 

Discussion: 
The results indicate that the benzalkonium chloride catalyst has a significant effect on increasing 

the degradation efficiency of polyethylene terephthalate. This catalyst likely helps accelerate the 

degradation process of polyethylene terephthalate by activating reactant molecules and reducing 

activation energy. Additionally, the addition of monoethylene glycol to the reactions increases the 

degradation efficiency. This may be due to the creation of a favorable environment for breaking 

the carbon bonds in the polymer structure.  

 

Conclusion:  
Based on the obtained results, the combination of monoethylene glycol and benzalkonium chloride 

in an alkaline medium significantly increases the degradation efficiency of polyethylene 

terephthalate. This study demonstrates that the use of these catalysts can be considered an effective 

method for PET degradation and recycling. 
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Abstract  

Heterocyclic compounds play an indispensable role in medicinal chemistry, underpinning the 

development of numerous pharmaceutical agents. Benzimidazoles, a prominent subclass of 

heterocyclic compounds, have attracted considerable attention for their wide range of 

pharmacological activities. These include anticancer, antibacterial, antifungal, antiviral and anti-

inflammatory properties.[1] Structurally, benzimidazoles consist of a benzene ring fused with an 

imidazole ring, a configuration believed to underpin their biological efficacy. Conventional 

methods for synthesizing benzimidazoles typically involve the reaction of O-phenylenediamine 

derivatives with carboxylic acids or aldehyde derivatives under acidic reflux conditions.[2] While 

effectively, these processes often rely on hazardous reagents and generate significant 

environmental waste, the rising emphasis on sustainability and green chemistry has prompted the 

exploration of eco-friendly methodologies to mitigate these drawbacks. This study focuses on a 

novel green approach for benzimidazole synthesis using TiCl4/nanocellulose as a heterogeneous 

catalyst. By supporting TiCl4 on nano cellulose matrix, a catalyst system is created that not only 

enhances reaction efficiency but also adheres to green chemistry principles by avoiding toxic and 

hazardous reagents. In the experimental procedure, O-phenylenediamine and benzaldehyde 

derivatives were combined in the presence of the TiCl4/nancellulose. The mixture underwent 

thermal grinding followed by heating in an oil bath.[3] Reaction progress was monitored using 

TLC, and the final product was precipitated, washed with ethanol and dried to yield crystalline 

benzimidazole compounds. The synthesized benzimidazole was characterized using FT-IR and 1H 

NMR to confirm their structural integrity. 

https://www.embopress.org/doi/full/10.15252/embr.201949365#embr201949365-cr-0001
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Abstract  

Imidazole derivatives, five-membered heterocycles with two nitrogen atoms, have gained 

considerable interest for their diverse biological activities. They are fundamental components of 

key biomolecules like histidine and purines. These compounds have been extensively studied for 

their therapeutic potential against various diseases, including fungal and bacterial infections, 

cancer and viral infections. The synthesis of imidazole derivatives has been subjected of extensive 

research, with various synthetic strategies developed over the years.[1] One particularly efficient 

approach involves a multi-component reaction, combining 1,2-diketones, Aldehydes, ammonium 

acetate and aromatic amines in the presence of a suitable catalyst. This reaction offers a 
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straightforward and versatile route to a wide range of imidazole derivatives.[2] In recent years, 

there has been a growing interest in developing green and sustainable synthetic methodologies. In 

this context, the use of unconventional energy sources and eco-friendly catalysts has emerged as a 

promising approach. One method involves using thermal-electric mixing devices, providing a 

convenient and energy efficient environment for chemical reactions. In this study, we investigated 

the synthesis of 1, 2, 4, 5-tetrasubstituted imidazoles using a thermal-electric mortar device in the 

presence of SbCl5 supported on nano silica catalyst.[3] This approach offers several advantages, 

including short reaction times, high yields and minimal environmental impact. To evaluate the 

efficiency of this method, we compared it with other methods. The results demonstrated that the 

thermal-electric mortar method provided superior performance in terms of reaction time, yield and 

product purity. Furthermore, the use of a heterogeneous catalyst facilitated easy product separation 

and catalyst recovery, making the process more sustainable. The synthesized imidazole derivatives 

were characterized using various spectroscopic techniques, including FT-IR and ¹H NMR 

spectroscopy, to confirm their structural integrity. 
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1.Introduction 

 

 

 

 

 

 

 

 

ABSTRACT 

Photocatalytic degradation is a promising green technology for treating wastewater by removing harmful 

organic pollutants. In this study, we explored the potential of iron chloride (FeCl₃) nanoparticles, uniquely 

designed with nano-sized holes, for photocatalytic degradation of organic pollutants. These nanoparticles, 

confirmed by scanning electron microscopy (SEM), significantly increase the surface area and reactivity of the 

nanoparticles, enhancing their ability to break down harmful substances. The nanoparticles were synthesized 

through a straightforward process by dissolving FeCl₃ in deionized water, adding hydrogen peroxide. X-ray 

diffraction (XRD) confirmed their crystalline structure, and UV-vis spectrophotometry tracked pollutant 

degradation. The results showed that under UV light, approximately 80% of a model pollutant (methylene 

blue) was degraded within two hours, with absorption decreasing from 2.731 to 0.603 in that timeframe. 

Over three hours, the absorption further dropped to 0.037, demonstrating near-complete degradation. The 

reaction followed pseudo-first-order kinetics with a rate constant of 0.014 min⁻¹. This research highlights the 

remarkable efficiency of these innovative materials, making them a promising eco-friendly solution for 

wastewater treatment. 

With the growth of industries and urban areas, the 

release of harmful organic pollutants into water 

systems has become a major environmental 

concern. These pollutants, which include dyes, 

pesticides, pharmaceuticals, and other chemicals, 

can pose serious health risks to both humans and 

wildlife. Conventional wastewater treatment 

methods, such as biological processes, chemical 

oxidation, and filtration, often struggle to 

completely remove these contaminants, especially 

when they exist in low concentrations or are 

resistant to breakdown. This challenge has driven 

the search for more effective, sustainable, and 

affordable ways to tackle water pollution. 

 

Photocatalysis has emerged as a promising 

technology for addressing this issue. It involves 

the use of light-activated materials, known as 

photocatalysts, to break down pollutants into 

harmless substances. This process offers an 

eco-friendly and efficient way to deal with a 

wide range of organic contaminants. Among 

the various photocatalysts studied, iron-based 

materials like ferric chloride (FeCl₃) stand out 

due to their low cost, abundance, and ability to 

participate in reactions that generate highly 

reactive species. When exposed to light, FeCl₃ 

can produce hydroxyl radicals (•OH), which 

are highly effective at degrading complex 

organic molecules. 
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5. Washing and Purification 

The precipitate is washed multiple times with 

deionized water to remove excess ions (e.g.,  Cl−) 

and other impurities. 

Centrifugation at high speeds ensures the 

separation of purified nanoparticles from the 

solution. 

 

6. Drying 

The purified precipitate is dried at 80°C to remove 

all water, leaving behind solid nanoparticles. 

This drying process retains the nanoparticle 

integrity without causing significant changes in 

their structure. 

 

7. Optional Calcination 

The dried nanoparticles can be calcined at 300–

500°C to improve crystallinity and phase stability. 

During calcination, any residual organic materials 

decompose, and ferric hydroxide transforms into 

crystalline ferric oxide or FeCl₃, depending on 

conditions: 

Fe(OH)3→Fe2O3(if calcined) 

 

Summary of Chemical Reactions 

1. Dissolution of FeCl₃: 

FeCl3→Fe3++3Cl− 

2. Precipitation of Ferric Hydroxide: 

Fe3++3OH−→Fe(OH)3 

3. Crystallization and Calcination: 

Fe(OH)3→Fe2O3 (at high temperatures, 

optional) 
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Introduction: 

Indoles and their derivatives constitute a significant portion of heterocyclic compounds containing 

nitrogen, playing an essential role in synthetic chemistry, pharmaceuticals, advanced materials, 

and insecticides.1 

The foundation of typical BIM structures is the indole unit. Bis(indolyl)methanes and their 

derivatives are pharmacologically active and are used in the field of pharmaceutical chemistry 

bis(indolyl)methanes have various biological activities such as antihyperglycemic, anti-

inflammatory, antibacterial, anticancer and antileishmaniasis activities, including enzyme 

inhibition. They play an important role in suppressing many diseases, especially cancer. 

The reactivity of the indole ring is highest at carbon atom 3. As a result, 3,3′-BIMs make up the 

majority of BIMs presented in the literature.2-4 

 

Method: 

This study describes a simple and efficient approach to the synthesis of bis(indolyl)methane from 

indole and 4-chloro-3-formylcoumarin under catalyst-free conditions. For this, 4-chloro-3-

formylcoumarin 1eq (1 mmol) and indole 2eq (2 mmol) were studied in the toluene (5 mL) at r.t 

for 4 h, this gratifyingly afforded the bis(indolyl)methane in 73% yield (Scheme 1). 
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Scheme 1: Synthesis of 4-chloro-3-(di(1H-indol-3-yl)methyl)-2H-chromen-2-one. 

 

 

Results and Discussion: 

A new, environmentally friendly and efficient method for the synthesis of bis(indolyl)methanes 

(BIMs) under catalyst and solvent-free conditions has been developed. Indoles are condensed with 

various aromatic aldehydes to produce bis(indolyl)methanes without a catalyst. This approach 

supports the principles of green chemistry by minimizing the environmental impact and 

simplifying the reaction process.5-7 

The direct functionalization of indole offers a more efficient approach to constructing diverse 

indole scaffolds when contrasted with traditional synthetic methods. As we enter an era of 

emphasis on green and sustainable chemistry, the use of environmentally friendly solvents such as 

water demonstrates great potential in the synthesis of valuable indole derivatives. The reaction can 

be carried out either in a solvent-free environment or in the presence of a mild solvent, both of 

which provide high yields of the target compound. 
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Abstract 

This study aimed to investigation of using Pistacia Atlantica subsp. Kurdica gum essential oil as 

natural active ingredient for medicinal and health purposes. The gum was collected and subjected 

to hydro distillation, yielding essential oil with a 20% yield. Gas chromatography-mass 

spectrometry (GC-MS) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) are used 

to determine of chemical and heavy metal composition of essential oil, respectively. Antimicrobial 

activity was evaluated using the broth microdilution assay against bacterial strains, including 

Staphylococcus aureus and Streptococcus mutans. GC-MS analysis identified alpha-pinene as the 

active pharmaceutical ingredient (>90%), with a retention time of 6.654 minutes and molecular 

ion peak at m/z 136.0. ICP-MS confirmed minimal heavy metal content, ensuring safety for 

biological applications. Antimicrobial assays demonstrated significant activity, with MIC values 

ranging from 0.281 mg/L to 0.624 mg/L across tested strains. Results suggested that the essential 

oil of Pistacia Atlantica subsp. Kurdica gum has the potential to be used in the pharmaceutical 

industry as a natural active compound. 

 

Introduction  

Investigation of chemical products and processes that reduce or eliminate the use and creation of 

hazardous compounds is the focus of green chemistry, a critical area of contemporary research [1]. 

It acknowledges the urgent need for environmentally friendly substitutes for conventional, often 

harmful, industrial processes. The principles of green chemistry promote the utilization of 

biodegradable resources, such as natural materials derived from plants, as fundamental 

components in sustainable chemical innovation [2]. These plant-based substances often exhibit 

unique biological activity and structural characteristics, serving as significant sources of 

inspiration for creating innovative synthetic pathways and environmentally safe products. By 

leveraging the vast chemical diversity present in plants, researchers can develop alternative 

feedstocks and reactions, thereby reducing reliance on finite resources and minimizing waste [3-

5]. 

In pharmaceutical research, the application of chemicals derived from plants is especially 

significant. Plant-derived compounds are instrumental in the creation of new drug candidates with 
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reduced environmental impact. Incorporating green chemistry principles—such as the use of plant-

based chemicals—is pivotal for fostering a more sustainable and ecologically responsible chemical 

industry [5-7]. 

Terpenes, a broad class of naturally occurring organic compounds primarily produced by plants, 

are gaining increasing prominence in green chemistry and the chemical industry [5]. Due to their 

availability, biodegradability, and often distinctive biological functions, terpenes serve as 

appealing alternatives to petroleum-derived compounds [8] . Commonly found in essential oils 

(EOs) and resins, terpenes have diverse applications in solvents, pharmaceuticals, and fragrances 

[9]. Their inherent biocompatibility, biodegradable nature, and typically lower toxicity profiles 

compared to synthetic equivalents position them as essential components of sustainable chemical 

processes. Consequently, heightened interest in terpenes is driving research into their extraction, 

modification, and utilization in environmentally benign synthetic methods, thus fostering a more 

ecologically friendly chemical industry[10, 11]. 

 

Table 1. Chemical structure of some selected monoterpenes 

Monoterpene Alpha-pinene Citral Geraniol Limonene 

Isomers - Citral A Citral B - L-limonene D-limonene 

Structure 

      

 

Pistacia atlantica subsp. Kurdica, a member of the Anacardiaceae family, is a primary source of 

an exudate gum with longstanding use as a treatment for infections. This evergreen shrub or small 

tree, native to regions spanning the Iranian Plateau to North Africa, comprises three subspecies: 

mutica, kurdica, and cabulica. The gum derived from this plant has demonstrated robust 

antibacterial properties, largely attributed to its high content of monoterpene compounds, 

particularly alpha-pinene (≥90%), which serves as its active constituent [12, 13]. 

Alpha-pinene, a common monoterpene of Pistacia atlantica subsp. Kurdica gum EO, is a volatile, 

colorless liquid with a characteristic piney odor [14]. Its physical properties include a boiling point 

of around 155-160°C and a density slightly less than that of water [14]. Chemically, α-pinene is a 

bicyclic hydrocarbon, exhibiting both electrophilic and radical reactivity, allowing for various 

chemical transformations. It's often found in pine resin and the essential oils of various coniferous 

trees, and its extraction typically involves steam distillation. This process utilizes the high vapor 

pressure of α-pinene to separate it from the plant material. Solvent extraction methods are also 

sometimes employed, but steam distillation is generally preferred due to its inherent sustainability 

and lower environmental impact compared to using volatile organic solvents [14, 15].  
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Alpha-pinene, a monoterpene, finds numerous applications across various industries. In the 

fragrance industry, its characteristic pine scent makes it a valuable component in perfumes, soaps, 

and cleaning products. The chemical industry utilizes α-pinene as a precursor for the synthesis of 

other chemicals, including active ingredients for pharmaceuticals and fine chemicals. Its unique 

reactivity makes it useful in the production of various resins, and polymers [16]. To our best 

knowledge, alpha-pinene due to its antimicrobial, anti-inflammatory, and antioxidant properties is 

a good candidate as active ingredient in the pharmaceutical and health industries. So, the aim of 

the current study was to investigate the chemical composition and anti-bacterial effect of alpha-

pinene from Pistacia atlantica subsp. Kurdica gum [17-19].  

 

Materials and methods 

Extraction of α-pinene from Pistacia Atlantica Kurdica 

The gum of Pistacia Atlantica subs. kurdica was collected in the first month of summer in 

Kurdistan province in Iran. The gum was hydro distilled for 6 hours to obtain a volatile oil in 20% 

yield based on the fresh weight of the gum.  The essential oil was dried with anhydrous sodium 

sulfate (Sigma-Aldrich, Steinheim, Germany) to remove moisture. The oil was then stored at a low 

temperature (+4°C) in amber vials to prevent light exposure, ensuring stability until further 

analysis [20, 21]. 

Essential Oil Analysis 

Gas Chromatography-Mass Spectrometry (GC-MS) 

The essential oil composition of Pistacia atlantica subsp. Kurdica gum was analyzed using gas 

chromatography-mass spectrometry (GC-MS) with an Agilent 7890B GC system/5977A MSD. A 

capillary column (30 m × 0.25 mm, 0.25 µm HP-5 ms) facilitated the separation. Helium was used 

as the carrier gas at a pressure of 34 psi and a flow rate of 1 mL/min. The temperature program 

started at 50°C, increasing by 7°C/min to 260°C, then by 5°C/min to 300°C. Mass spectrometry 

employed electron impact ionization (70 eV) with an ionization source temperature of 230°C. 

Retention indices were calculated using n-alkanes as references, and essential oil components were 

identified by comparing mass spectra and retention indices with established GC/MS databases, 

such as Wiley and NIST. 

Heavy Metal Analysis 

Heavy metal content was evaluated using Inductively Coupled Plasma Mass Spectrometry (ICP-

MS).  

Antimicrobial Activity of Alpha-Pinene 

The antimicrobial activity of alpha-pinene was evaluated using the broth microdilution assay with 

resazurin as a metabolic indicator. The minimum inhibitory concentration (MIC) was determined 

against various bacterial strains (Table 3).  

Result and discussion 
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Quantitative data were obtained via flame ionization detection (FID), which revealed that alpha-

pinene dominated the essential oil, constituting over 90% of the volatile organic compounds 

(VOCs). A retention time (RT) of 6.654 minutes confirmed the alpha-pinene identification. Mass 

spectrometry yielded a precise molecular ion peak (M+) at m/z 136.0, consistent with the 

molecular formula C₁₀H₁₆. These findings, summarized in Table 1 

Table 1. GC-MS Analysis of Pistacia Atlantica subsp. Kurdica Gum Essential Oil 

c Area (Ab*s) Hit Name Quality Mol Weight 

(amu) 

Percent 

6.654 2151750723 alpha-Pinene 90 136.125 91.36 

6.934 28378631 Camphene 97 136.125 1.20 

7.482 15927992 Sabinen 97 136.125 0.68 

7.558 90369923 beta-Pinene 97 136.125 3.84 

8.712 21568676 D-Limonene 98 136.125 0.92 

10.297 29598053 α-Pinene oxide 64 152.12 1.26 

10.472 17734747 2,4(10)-Thujadiene 93 134.11 0.75 

 2355328745    100.00 

 

The results of heavy metal analysis by ICP, presented in Table 2, confirmed that concentrations of 

cadmium (Cd), lead (Pb), arsenic (As), and mercury (Hg) were below detectable levels, ensuring 

the safety and suitability of the essential oil for further biological research. 

Table 2. Heavy Metal Analysis 

ITEMS Result (ppm) 

Cadmium (Cd) <0.01 

Lead (Pb) <0.01 

Arsenic (As) <0.01 

Mercury (Hg) <0.01 

 

The assay confirmed significant antimicrobial efficacy, with MIC values ranging from 0.281 mg/L 

to 0.624 mg/L, depending on the bacterial strain. 

 

Table 3. Antimicrobial Activity Results 
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Bacterial Strains Type of Test Result Reference Test Method 

S. aureus ATCC 25923 Microdilution in broth 0.312 mg/L CLSI 

E. coli ATCC 25922 Microdilution in broth 0.312 mg/L CLSI 

P. aeruginosa ATCC 27853 Microdilution in broth 0.281 mg/L CLSI 

S. mutans ATCC  Microdilution in broth 0.624 mg/L CLSI 

 

This study highlights the potential of Pistacia atlantica subsp. Kurdica gum as a sustainable 

resource for green chemistry applications. The high alpha-pinene content (≥90%) underscores its 

suitability for pharmaceutical and therapeutic use. Comprehensive chemical and antimicrobial 

analyses validate the gum's efficacy and safety, supporting its role in advancing environmentally 

benign industrial processes and products. 
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1. INTRODUCTION 

Plants and their derived compounds have been used in medicine and dentistry for centuries. 

Historically, plant-based products have played a significant role in medical applications. Due to 

the importance of human health, there is a growing interest in naturally processed oral health care 

products1. Among the natural products that offer medical benefits, terpenes, as a plant active 

component, play a variety of crucial roles. Common plant sources of terpenes include Pinus 

ponderosa (Pinaceae), spices such as sage, rosemary, caraway, cumin, clove, and thyme, and citrus 

fruits like lemon, orange, and mandarin2. Of the approximately 55,000 known terpene structures, 

some have potential therapeutic applications. Alpha-pinene (α-pinene) and beta-pinene (β-pinene) 

are the main components of turpentine, widely used in chemical raw materials, pharmaceutical 

synthesis, perfumes, cosmetics, and other industries3. 

The essential oils from Pistacia Atlantica subs. Kurdica gum, which grows in the Zagros 

Mountains of Iran, were obtained through hydrodistillation using a Clevenger-type apparatus4. 

GC-MS analysis revealed alpha-pinene as the main component with a purity of 93.85%. Alpha-

pinene is a bicyclic monoterpene commonly used as a fragrance ingredient in perfumes5, personal 

care products3, household cleaners, and air fresheners. Furthermore, alpha-pinene demonstrates a 

range of biological activities, including anticancer6, antibacterial7, antiviral8, anti-inflammatory9, 

antiparasitic10, and antioxidant11 properties. These attributes highlight its potential in oral care 

products and therapeutic applications. Jiran Darou, a knowledge-based enterprise, has harnessed 

the benefits of alpha-pinene in advanced oral care formulations, making significant strides in 

developing innovative and highly effective products. 

2. Experimental Procedure 

2.1. Preparation of Essential Oil 
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The gum of Pistacia Atlantica subs. kurdica was collected in the first month of summer in 

Kurdistan province in Iran. The gum was hydro distilled for 6 hours to obtain a volatile oil in 20% 

yield based on the fresh weight of the gum.  The resulting essential oil was dried with anhydrous 

sodium sulfate (Sigma-Aldrich, Steinheim, Germany) to remove moisture. The oil was then stored 

at a low temperature (+4°C) in amber vials to prevent light exposure, ensuring stability until further 

analysis. 

2.2. Analysis of Essential Oil Composition 

The composition of the essential oil was analyzed using gas chromatograph (Agilent Technologies, 

USA, 7890B GC System/ 5977A MSD) equipped with a column (30 m×0.25mm ,0.25 Micron 

HP-5 ms). Helium was employed as the carrier gas with a flow rate of 1 mL/min, and a pressure 

of 34 psi. Detection was performed using a flame ionization detector (FID). The column 

temperature program started at 50 °C, increased at a rate of 7 °C/min to 260 °C, and then increased 

at 5°C/min at to a final temperature of 300 °C. Mass spectrometry analysis was performed with an 

Agilent 5973 instrument using 70 eV electron impact (EI) ionization. The ionization source 

temperature was maintained at 230°C. Retention indices were calculated based on the retention 

times of n-alkanes (obtained from Fluka). Quantitative data were determined by electronic 

integration of FID peak areas. Identification of the essential oil components was achieved by 

comparing the mass spectra and retention indices with those in established GC/MS library 

databases, including Wiley and NIST. This methodology ensured precise and reproducible analysis 

of the essential oil composition. 

 

3. RESULT AND APPLICATION 

3.1. Chemical Analysis 

A GC-MS analysis was conducted to determine the chemical components of the essential oil. The 

major compounds in Pistacia atlantica Kurdica gum are alpha-pinene (93.85%) and L-β-pinene 

(3.45%) as shown in Table 1. 

Table 1: The composition of Pistacia atlantica Subsp. Kurdica gum essential oil  

Peak No. Compounds RT (%) MWt PERCENT 

1 Alpha-Pinene 6.654 136.125 93.85 

2 Camphene 6.934 136.125 1.14 

3 L-β-Pinene 7.557 136.125 3.45 

4 D-Limonene 8.711 136.125 0.71 

5 α-Terpinolen 10.046 136.125 0.85 

 

3.2. Applications in Oral Care Products 
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Mouthwash 

Mouthwashes are essential for oral hygiene, especially for individuals at risk of periodontal 

diseases. Clinical trials of mouthwashes containing alpha-pinene have shown reductions in plaque 

formation, gingival inflammation, and microbial load (ref). These formulations offer a natural 

alternative to synthetic mouthwashes, addressing consumer concerns about chemical additives. In 

Jiran Darou, five models of natural mouthwashes such as Multi-Action, Mantra (fluoride-free), 

Sensitive, Complete, and Whitening for adults have been formulated, and scientific research has 

been conducted on them.  

Motallebi et al. (2022) compared a natural mouthwash with chlorhexidine mouthwash in a 

randomized clinical trial. The plaque and gingival indices between chlorhexidine and alpha-pinene 

mouthwashes showed no significant difference. However, chlorhexidine mouthwash caused tooth 

discoloration. 

Toothpaste 

Incorporating alpha-pinene into toothpaste formulations capitalizes on its antimicrobial and anti-

inflammatory properties. Studies suggest that toothpaste containing alpha-pinene can reduce 

gingival bleeding and plaque scores, particularly when used as part of a comprehensive oral 

hygiene regimen. Research has been conducted on six models of natural Alpha Dent toothpaste 

for adults and two models for children. Ebrahimi et al. (2024) studied the comparative 

effectiveness of natural versus commercial toothpaste on salivary pH and Streptococcus mutans 

count. They resulted natural toothpaste exhibited antimicrobial activity against S. mutans and 

increased the salivary pH (Table 2). 

 

 

Table 2- comparative evaluation of the salivary pH and Streptococcus Mutans colony count 

between natural and Sensodyne toothpaste 

Parameter  Time period  Group  N Mean ± SD  p-value a  

Salivary pH 

Baseline Natural 40 6.96±0.47 0.23 

Sensodyne 40 6.79±0.47 

After brushing Natural 40 7.06±0.33 0.16 

Sensodyne 40 7.13±0.39 

S. mutans colony count 

Baseline Natural 40 82.22±71.13 0.99 

Sensodyne 40 80.5±62.26 

After brushing Natural 40 67.37±54.83 0.35 

Sensodyne 40 57.1±49.12 
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a Mann–Whitney U test 

Ghodsi et al (2022) investigated the effect of two types of anti-hypersensitivity toothpastes (Alpha 

Dent and Sensodyne) in people with dentin hypersensitivity. As showed, the tooth sensitivity in 

two groups of Alpha Dent & Sensodyne toothpaste was reduced and oral health and quality of life 

was improved (Table 3). 

Table 3- The mean of sensitivity degree at 24 hours and one month after plaque removal in 

people with dentin sensitivity in two groups of toothpaste containing alpha-pinene and 

potassium nitrate  

Variable Frequency Mean SD P-valuea 

Natural toothpaste containing α-pinene 

24 h after dental scaling 30 6.4 2.2 <0.0001 

1 month after dental scaling 30 3.3 2.3 

Toothpaste containing potassium nitrate (Sensodyne) 

24 h after dental scaling 30 5.9 2.2 <0.0001 

1 month after dental scaling 30 1.33 2.1 

a paired t-test 

 

Breath Fresheners 

Alpha-pinene's pleasant aroma and antimicrobial properties make it suitable for breath fresheners, 

such as sprays and chewing gums. These products not only combat halitosis but also address 

underlying microbial causes, providing therapeutic benefits alongside cosmetic effects12 . 
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Trisubstituted imidazoles, a versatile class of heterocyclic compounds, have garnered significant 

attention due to their diverse applications in pharmaceuticals, natural products and material 

science[1].Traditional methods for their synthesis often rely on multi-step processes involving toxic 

solvents and catalysts[2].We present a sustainable and efficient approach for synthesizing trisubstituted 

imidazoles utilizing a solvent-free, one-pot mechanochemical reaction. In this study a list of 

trisubstituted imidazoles were synthesized through the condensation of 1,2- diketones, benzaldehyde 

derivatives and ammonium acetate were used in this process of a recyclable heterogeneous catalyst, 

SbCl5 supported on nanocellulose [3].The reaction was conducted in a thermal electric mortar mill at 60 

°C for 15 minutes. This mechanochemical approach offers several advantages, including reduced 

reaction time, enhanced product yields, and minimized solvent waste. The progress of the reaction was 

monitored by TLC , and the pure products were isolated through recrystallization. FT-IR and 1H  NMR 

spectroscopy confirmed the structural characterization of the synthesized imidazoles. Identification of 

the catalyst was investigated using various characterization techniques, including XRD, EDS, FESEM 

and TEM.  
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The extensive use of toxic and volatile solvents in the chemical industries leads to serious 

environmental damage. Therefore, finding suitable replacements for these solvents that are 

environmentally friendly is urgently needed in the pharmaceutical and chemical sectors. Ionic 

liquids, due to their very low vapor pressure, have attracted the attention of many scientists as 

green solvents or catalysts in multi-component one-pot reactions. Speed, diversity, efficiency, and 

eco-friendliness are some of the key aspects of these reactions. The synthesis of heterocycles 

containing nitrogen, oxygen, and sulfur, which are structural units in many natural products and 

active pharmaceutical ingredients, is highly significant using this efficient one-pot multi-

component method. The heterocyclic pyrimidine compounds have important biological and 

pharmaceutical applications [1-3]. So, herein, triethyl (butyl-4-sulfonic acid) ammonium hydrogen 

sulfate ([TEBSA]+[HSO4]
-) as an acidic ionic liquid was synthesized, identified by IR and NMR 

analyses, and then utilized for its catalytic properties in the one-pot three-component synthesis of 

pyrimidine derivatives from condensation of aldehydes with thiourea or urea and ethyl 

acetoacetate under solvent-free conditions. 

 

Scheme: Synthesis of dihydropyrimidine derivatives in the presence of acidic ionic liquid 
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Lately, more attention has been paid to the use of Graphene oxide (GO) as solid acids in organic 

synthesis. graphene oxide (GO) includes high density of hydrophilic organic functional groups 

including hydroxyl, carboxyl and epoxy functional groups. However, GO and such kind of 

improved GO is a capable candidate as heterogeneous acid catalyst for organic transformation as 

well as industrial applications [1]. One-pot multicomponent reactions are known as significant and 

environmentally benign processes in synthetic chemistry because they decrease the number of 

steps and reduce energy consumption and waste production. Pyrimidine and its derivatives 

constitute an important class of natural and synthetic products that have substantial biological and 

pharmaceutical properties [2]. Specially, functionalized pyrimidines such as fused pyrimidinones 

with an arylidene part are necessary heterocyclic motifs in antitumor agents. Regarding the 

importance of arylidene heterobicyclic pyrimidinones and the great need for environmentally 

benign chemical productions, the development of suitable green synthetic methods for these 

compounds has attracted considerable interest. So, herein we report a new, convenient, mild, and 

efficient method for one-pot, three-component synthesis of pyrimidine derivatives from 

condensation of aldehydes with urea or thiourea and cyclopentanone in the presence sulfonic acid 

functionalized graphene oxide (GO-SO3H) as an effective solid acid catalyst. (Scheme).  

 

Scheme: synthesis of arylidene heterobicyclic pyrimidinones derivatives by using GO-SO3H 
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In synthetic chemistry, the sulfonamide group is one of the most versatile toolboxes for 

synthesizing novel organic compounds1. Moreover, the hybridization of sulfonamide and 

heterocycles is the best technique for discovering novel interesting biologically active 

compounds2. In this work, some novel sulfonamide hybrids including antipyrine, azopyrazole, and 

chalcone group were synthesized using the hybridization technique starting from ampyrone 

(Scheme 1). 

 

 

 

R1 = NHCOCH3, COCH3, H, , ,  , ,  

R2 = H, OCH3, NHCOCH3, CH3, NO2 

R3 = H, OCH3 

Scheme 1.  Synthetic route for the preparation of antipyrinyl azopyrazole sulfonamide hybrids 
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For the synthesis of monosulfonamide hybrids (8 (a-l)), the synthesized 3,5-diamino-4-antipyrinyl 

azopyrazole (3), was reacted with various synthesized arylsulfonyl chlorides (5 (a-c), 7 (a-e)) by 

grinding method. Due to the presence of multiple nucleophilic sites in intermediate 3, the reaction 

conditions were carefully controlled using solvent-free conditions, room temperature, and 

equimolar of each of the raw materials in presence of a weak base, sodium bicarbonate, to produce 

monosulfonamide hybrids. The hybrids were obtained in good to excellent yields (58-91%) after 

an easy work-up, just by adding water and simple filtration according to the principles of green 

chemistry. All hybrids were characterized by FTIR, 13C NMR, 1H NMR, and melting point 

techniques.  
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Metal-organic frameworks (MOFs) are structures made from metal and organic components, used 

in various applications like gas storage, material separation, pollutant removal, catalysis, and 

pharmaceuticals [1]. Metal framework catalysts are gaining attention for their effectiveness in 

chemical processes, particularly in biodiesel production, due to their porous structure and unique 

properties [2]. Biodiesel is a renewable energy source produced by the transesterification of 

vegetable oils and animal fats. The use of metal framework catalysts in this process can improve 

efficiency and lower costs thanks to their high specific surface area, selectivity, and recyclability 

[3]. These catalysts, with their porous structure, can be specifically designed for transesterification 

reactions and lead to the production of high-quality biodiesel. Herein, We report an efficient and 

novel Cr-MOF designed and synthesized through a hydrothermal reaction of chromium(III) nitrate 

nonahydrate with an organic ligand. The prepared Cr-MOF exhibits efficient and potential 

performance for the esterification of oleic and palmitic acids, etc. under gentle reaction conditions. 
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Furthermore, this MOF afforded several benefits, including excellent product yields, stability, easy 

methodology, easy workup, and greener situations. also, This heterogeneous nanocatalyst MOF 

could be easily recovered from the reaction mixture by centrifugation (Scheme 1). 

 

Scheme 1. Esterification of Oleic Acid 
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Deep eutectic solvents (DESs) are often cheap and safe and are usually formed by mixing two or 

three ionic compounds which each component has a high melting point, but when they are 

combined, the melting point of the prepared DES is lower than that of each component [1]. N-

heterocyclic compounds are a class of organic compounds that contain at least one nitrogen atom 

in the heterocyclic ring and often exhibit unique properties and reactivity due to the presence of 

the nitrogen atom [2]. Nitrogen-containing heterocycles are very important and are found as key 

elements of numerous drugs, pharmaceuticals, and biologically active molecules. Considering 

these characteristics, it is not surprising that this group of compounds has been considered very 

important by chemists and a wide range of methods for their synthesis have been reported [3]. 

Among them, pyrano[2,3-d]pyrimidines are one of the most important skeletons and have 
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shown that they have various pharmacological activities, such as anti-bronchitic, anti-microbial, 

antitumor, and several methods have been reported for their synthesis (Scheme 1). 

 

Scheme 1. Synthesis of pyrano[2,3-d]pyrimidines derivative 
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Carbon-based nanomaterials such as carbon quantum dots (CQDs) have attracted special attention 

due to their distinct structural dimensions as well as their outstanding chemical and physical 

properties. In general, quantum dots (QDs) are very important due to their features such as ease of 

synthesis, good solubility in water, high photostability, high photo-responsibility, low cytotoxicity, 

easy surface functionalization, and good catalytic properties. In this project, novel CQDs 

synthesized using carbohydrate natural precursors via a modified simple hydrothermal method. 

The obtained material identified and characterized by FT-IR, DRS, TEM, DLS, VSM, and Raman 

techniques. 
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Metal-organic frameworks (MOFs) are intriguing porous crystalline materials made up of metal-

containing nodes and organic ligands. In recent decades, researchers across various scientific and 

industrial sectors have taken an interest in MOFs due to their distinctive properties, including 
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adjustable porosity, a high surface-area-to-volume ratio (generally between 1000 and 10,000 

m²/g), diverse structural designs, and relatively high performance [1]. Laccases (EC 1.10.3.2), a 

type of multicopper-containing phenol oxidase, are highly valued for their remarkable oxidative 

capabilities and their ability to catalyze the oxidation of a wide array of organic pollutants. This 

review aims to explore the recent advancements in the developing field of enzyme-MOF 

composites for wastewater treatment [2]. 

 

Scheme: Laccase-MOF composites represent synergistic approach for treatment of organic 

plutants. 

In summary, laccase-MOF composites show exceptional effectiveness as biocatalytic systems for 

the treatment of industrial wastewater contaminated with phenolic substances. These composites 

have considerable promise when used with both natural and synthetic mediators, successfully 

breaking down non-phenolic and complex pharmaceutical pollutants. By immobilizing laccase on 

MOF-based carriers, an ideal microenvironment is created that maximizes enzyme loading, 

reusability, and stabilization, while also improving enzyme activity compared to its free form in 

certain instances. Moreover, the unique properties of laccase-MOF composites produce synergistic 

effects that boost biodegradation efficiency [3]. Future studies are expected to concentrate on 

customizing MOF structures to enhance enzyme loading and activity, integrating multi-enzyme 

systems to replicate complex biological processes, and developing smart MOFs that react to 

environmental changes to dynamically regulate enzyme activity [4]. Additionally, improvements 

in the synthesis and functionalization of MOFs may result in composites with better 

biocompatibility and selectivity, paving the way for scaling up and commercializing enzyme-MOF 

composites .The convergence of enzyme immobilization and MOF technology promises to create 

robust, efficient, and sustainable biocatalytic systems, pushing the boundaries of current 

biotechnological capabilities. 
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Abstract: The first-principle calculations employing density functional theory (DFT) at the 

M062X/6-311++G** level were utilized to the examine the adsorption tendencies of nicotine 

molecules on the other surface of pristine B12N12   nano-cages. To understand the binding 

characteristics between the B12N12 complex as adsorbent and nicotine, the structural and electronic 

parameters, including Natural Bond Orbital (NBO) and Atoms in Molecules (AIM) properties 
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were analyzed. The results indicate that nicotine tends to adsorb preferentially via its nitrogen 

atom, situated on 6-membered BN ring onto the Lewis acid sites of B atoms within the nano-cages. 

Based on the calculated density of states, the interaction between nicotine and the external wall of 

B12N12 results in significant variations in their conductivities, thereby suggesting its potential 

suitability as a nicotine sensor. Presence of polar solvent enhances the adsorption of nicotine onto 

the nano-cage. Furthermore, AIM-based analyses suggested an electrostatic nature for N-B 

interaction within the Nicotine…B12N12 complex. According to the calculated results, the B12N12 

nano-cage shows promise as an effective absorbent and sensor for detecting nicotine in 

environmental systems. 

Introduction:  

Nicotine, a naturally occurring alkaloid found in tobacco plants, possesses both benefits and 

drawbacks. On the positive side, nicotine has been linked to several cognitive and physiological 

effects [1]. It acts as a stimulant, increasing alertness, concentration, and cognitive function 

in some individuals. However, nicotine also carries significant health risks and addictive 

properties [2]. Nicotine addiction can result in physical dependence, making it challenging for 

individuals to quit despite the associated health risks [3,4]. Additionally, research is ongoing to 

explore nicotine's potential in treating neurological disorders such as Parkinson's disease and 

Alzheimer's disease [5]. Boron nitride nanocages, with their unique structure and properties, have 

garnered significant attention in the field of nanotechnology. These nanocages, composed of 

B12N12 units, exhibit remarkable stability, high surface area, and excellent thermal and chemical 

resistance [6]. They hold promise for various applications, including gas storage, drug delivery, 

catalysis, and nanoelectronics. The aim of this research is to use first-principles computations to 

analyze how nicotine molecules interact with the external surface of pristine B12N12 nano-cages. 
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By analyzing the interactions between the nicotine molecule and the nano-cage, we can assess 

whether this particular system would be a suitable adsorbent for a given analyte or class of 

compounds [7]. Overall, the use of first-principles computations in this study offers a valuable tool 

for predicting the adsorption behavior of nicotine molecules on B12N12 nano-cages. This approach 

not only saves time and resources but also provides a deeper understanding of the adsorption 

mechanisms at play, ultimately leading to more effective adsorption processes in the future [8]. 

Method 

The Gaussians package facilitated electronic structure calculations. Geometrical parameters for 

pristine B12N12 were fully optimized using the M062X functional and the 6-311++G** basis set to 

achieve the most stable complexes [9]. Two types of active sites on the exterior surface of B12N12 

were investigated, considering all possible orientations for nicotine as a ligand.  

 The adsorption energy (Ead) of NIC is calculated as: 

 Ead = Etot (B12N12/Nicotine) - Etot (B12N12) - Etot (Nicotine)                                                           (1) 

Moreover, solvation effects (water) were examined using the polarized continuum model (PCM). 

Electron Density of States (DOSs) were generated using Gauss Sum, and the sensitivity of B12N12 

complexes in terms of the HOMO–LUMO gap (Eg) was compared during the adsorption. 

Results and Discussion:  

Infrared spectroscopy (IR) (Fig1) is a crucial technique in scientific research that aids in the 

analysis and identification of materials and chemical compounds. In this study, the structure of 

B12N12 was investigated using M062X/6-311++G** method to do IR spectroscopy. The obtained 
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spectrum, analyzed from the most stable ground state of B12N12, indicates the absence of negative 

frequencies or data, which may suggest the stability of this structure.  

 

Fig 1: IR spectrum of optimized B12N12 nano-cage. 

 

Figure 2 depicts the optimized structure of the B12N12 alongside its DOS plot, revealing the nano-

cage as an insulator with a HOMO–LUMO gap (Eg) of 9.34 eV. 

 

Fig 2: The optimized structure of B12N12 and its density of states (DOSs). 
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Determination of stable configurations for single nicotine adsorbed on the nano-cage was guided 

by the molecular electrostatic potential (MEP) plot of single nicotine, illustrated in Figure 3. The 

figure highlights the partial negative charge on the N atom of the hexagon ring of nicotine as a 

reactive site for Lewis acid interactions with B atoms, allowing nicotine molecules to approach 

the external surface of the B12N12 nano-cage. Additionally, the H atoms of the 5-membered ring 

of Nicotine exhibit a favorable trend as reactive sites for base acid interactions with N atoms on 

the external surface of B12N12.  

 

Fig 3: Computed electrostatic potentials on the molecular surfaces of a single Nicotine molecule 

 

Among the five different configurations of nicotine interaction with the nanostructure, one 

configuration, visible in Figure 4, demonstrates greater stability compared to the others. The reason 
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for the higher stability of this structure lies in the interaction between the nitrogen atom of the 

hexagonal ring of nicotine and the boron atom of the nanostructure, which stabilizes the overall 

structure. According to the obtained results, the bond length between the nitrogen atom of the 

hexagonal ring of nicotine and the boron atom of the nanostructure is calculated to be 1.61 Å, 

which classifies it as a covalent bond. Furthermore, the adsorption energy of nicotine on the 

nanostructure, after correcting for basis set superposition error (BSSE), falls within the range of -

37 to -38 kcal/mol, further confirming the covalent nature of the formed bond. Therefore, the 

nitrogen atom of nicotine is identified as the more thermodynamically favorable site for adsorption 

on the boron atoms of the nano-cage. The results of Natural Bond Orbital (NBO) analysis indicate 

a charge transfer of 0.065 |e| from the boron atom of the nano-cage to the nitrogen atom of nicotine 

in the most stable configuration. Additionally, the results show that the electronic properties of the 

B12N12 nano-cage significantly change upon chemisorption of nicotine. Specifically, the energy 

level of the Highest Occupied Molecular Orbital (HOMO) shifts toward more positive values, 

while the energy level of the Lowest Unoccupied Molecular Orbital (LUMO) shifts toward more 

negative values. For instance, the HOMO energy level increases from -9.54 eV in the pure state to 

-8.39 eV in the nicotine-adsorbed state, as evidenced by the shift of the HOMO toward more 

positive values in the Density of States (DOS) diagram in Figure 4. On the other hand, the energy 

level of the Lowest Unoccupied Molecular Orbital (LUMO) decreases from -0.20 eV in the pure 

state to -1.55 eV in the nicotine-adsorbed state. This decrease can be justified by observing the 

newly formed electronic states in the Density of States (DOS) diagram in Figure 4, compared to 

the DOS diagram in Figure 2, which corresponds to the pure state of the nanostructure before 

nicotine adsorption. The shift of the Highest Occupied Molecular Orbital (HOMO) toward more 

positive values and the creation of new electronic states within the LUMO region ultimately lead 
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to a reduction in the bandgap to 6.84 eV in Configuration, compared to 9.34 eV in the pure state 

of the nanostructure, representing a difference of approximately 27%. 

 

 

Fig 4: The most stable configuration of nicotine on B12N12 and its density of states (DOSs) plot. 

 

This change not only indicates the sensitivity of the electronic properties of the B12N12 nano-cage 

to the presence of nicotine but also suggests that the difference in the bandgap after nicotine 

adsorption is significant enough to propose the B12N12 nanostructure as a potential sensor for 

nicotine detection. Moreover, since nicotine is often present in aqueous environments in real-world 

scenarios, the calculations were repeated in the presence of water as a solvent. The results obtained 

are consistent with those in the gas phase, with the exception that the total energy is more negative 

by 0.18 eV, indicating greater stability of the final adsorption configuration of nicotine on the 

B12N12 nanostructure. Overall, these findings demonstrate the strong adsorption of nicotine on the 

B12N12 nano-cage and propose the nano-cage as a suitable candidate for nicotine adsorption. 
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Traditional medicine, including herbal extracts and their active ingredients, is relied upon by over 

80% of the global population for their healthcare needs. Additionally, more than 50% of all modern 

clinical drugs are derived from natural sources. Interestingly, some herbs have demonstrated the 

ability to resist and inhibit the growth of various bacteria, including those resistant to many types 

of antibiotics [1].Natural alternatives to synthetic antibacterials and fungicides are gaining 

prominence as the focus sharpens on green developing protective products [2]. The present study 

aimed to optimized the fermentation of Artemisia annua extract by the probiotic bacterium 

Lactobacillus rhamnosus. The objective was to increase the potential for antibacterial and 

antifungal properties while reducing cytotoxic properties, by identifying the key phytoconstituents. 

The fermentation process was optimized for the survival and growth of the probiotic bacterium L. 

rhamnosus. The key parameters, including substrate concentration, fermentation time, and pH, 

were adjusted to obtain the optimal biofermentative properties. The content of bioactive 

compounds in the plant extracts was evaluated using gas chromatography-mass spectrometry (GC-

MS) analysis [3].Artemisia annua contains a diverse array of secondary metabolites, including 

monoterpenes (both hydrocarbons and oxygenated compounds), sesquiterpenes, flavonoids, 

aliphatic compounds, and coumarins. During the fermentation process, the structural degradation 

of plant cell walls and the hydrolytic activity of bacteria and/or fungi led to an increase in the levels 

of polyphenols, flavonoids, organic acids, proteins, ceramides, amino acids, biological enzymes, 

and antioxidants in the fermentation medium . [4] To assess the cytotoxicity of the tested samples, 

Alamar Blue assay was performed on Human fetal for skin fibroblast (HFF) cells. Cells were 

treated for 72 hours with 100 μL of each sample and the control group [5]. The results showed a 

statistically significant increase in fibroblast cells viability with Fermented Extract Artimesia 

annua (FEAA) treatment at a concentration of 770 μg/mL (102.3 ± 1.74%), while Non-Fermented 
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Extract Artimesia annua (NFEAA) at a concentration of 770 μg/mL (64.45 ± 3.02%) induced 

cytotoxic effects on fibroblasts cells . A comparison of the results from both in vitro assays clearly 

indicates that (FEAA) has a more favorable impact on the viability and metabolic activity of the 

studied cell lines Additionally, microbiological analyses were performed on various pathogenic 

skin bacterial and fungal strains, including Staphylococcus epidermidis, Propionibacterium acnes, 

and Candida albicans, utilizing standardized methods for determining the minimum inhibitory 

concentration (MIC) and minimum bactericidal/fungicidal concentration (MBC/MFC) at 

concentrations ranging from 770 to 1.50 μg /mL after 24 hours of incubation using a microplate 

reader [6] . MIC and MBC values showed that the NFEAA & FEAA were significantly effective 

at low concentration. The results of the present study indicate that the fermented Artemisia Annua 

extract exhibited superior biological activity compared to the non-fermented crude extract. These 

findings suggest the potential for the fermented extract to be utilized as an active ingredient in 

skincare formulations within the cosmetic industry [7,8]. Numerous studies have reported that the 

incorporation of these natural compounds into consumer products elicits increased consumer 

demand and exhibits a favorable environmental impact [9]. 

Keyword: Artemisia annua , Fermentation process , Medicinal plant , Biotechnology , 

Antimicrobial Activity, Anti fungal activity, Microorganisms ,Skin cells,  biological activity , 

cytotoxic 

[1] Zagórska-Dziok, M.; Ziemlewska, A.; Mokrzyńska, A.; Nizioł-Łukaszewska, Z.; Sowa, I.; 

Szczepanek, D.; Wójciak, M. Comparative Study of Cytotoxicity and Antioxidant, Anti-Aging 

and Antibacterial Properties of Unfermented and Fermented Extract of Cornus mas L. Int. J. Mol. 

Sci. 2023, 24, 13232 

[2]Jamshidi N, Mojarrab M, Delnavazi M, Emami A, Bahrami G, et al. Cytotoxic Activity and 

Phytochemical Analysis of Artemisia biennis Essential Oils at Different Growth Stages. 

Jundishapur J Nat Pharm Prod. 2024;19(4):e147988. 

[3] Tao, Ali, Xuehua Feng, Yajing Sheng, and Zurong Song. "Optimization of the Artemisia 

polysaccharide fermentation process by Aspergillus niger." Frontiers in Nutrition 9 (2022): 

842766. 

[4] On, J.-Y.; Kim, S.-H.; Kim,J.-M.; Park, S.; Kim, K.-H.; Lee, C.-H.;Kim, S.-K. Effects of 

Fermented Artemisia annua L. and Salicornia herbacea L. on Inhibition of Obesity In Vitro and In 

Mice. Nutrients 2023, 15, 2022. 

[5] Park, Y.A.; Lee, S.R.; Lee, J.W.; Koo, H.J.; Jang, S.A.; Yun, S.W.; Kim, H.J.; Woo, J.S.; Park, 

M.R.; Kang, S.C.; et al. Suppressive effect of fermented Angelica tenuissima root extract against 

photoaging: Possible involvement of hemeoxygenase-1. J. Microbiol. Biotechnol. 2018, 28, 1391–

1400. 

[6] Wu L., Chen C., Cheng C., Dai H., Ai Y., Lin C., Chung Y. Evaluation of tyrosinase inhibitory, 

antioxidant, antimicrobial, and antiaging activities of Magnolia officinalis extracts after 

Aspergillus niger fermentation. BioMed Res. Int. 2018;2018:5201786. doi: 

10.1155/2018/5201786. 



232 

 

 

[7] Bezerra, K.G.O.; Rufino, R.D.; Luna, J.M.; Sarubbo, L.A. Saponins and microbial 

biosurfactants: Potential raw materials for the formulation of cosmetics. Biotechnol. Prog. 2018, 

34, 1482–1493.  

[8] Sharmeen, J.B.; Mahomoodally, F.M.; Zengin, G.; Maggi, F. Essential Oils as Natural Sources 

of Fragrance Compounds for Cosmetics and Cosmeceuticals. Molecules 2021, 26, 666. 

[9] Rybczy´ nska-Tkaczyk, K.;Grenda, A.; Jakubczyk, A.;Kiersnowska, K.; Bik-Małodzi ´ 

nska,M. Natural Compounds with Antimicrobial Properties in Cosmetics. Pathogens 2023,12, 320. 

 

 

 

 

Synthesis, characterization and investigation of electromagnetic wave 

absorption properties of Graphene oxide/Fe3O4/ Polyaniline nanocomposites in 

frequency ranges of 8-12 GHz 

Nafiseh Abazari*a, Ali Reza Zareia, Abbas Abdolmalekia 

a Department of Chemistry and Chemical Engineering, Malek Ashtar University of Technology, 

Tehran, Iran 

*E-mail: nafas7779.a@gmail.com 

Keywords: Electromagnetic waves absorption, Polyaniline (PANI), Nanocomposite, Graphene 

oxide (GO), Band X. 

In recent years, the increase in electromagnetic radiation has raised concerns about environmental 

hazards.1 Therefore, coatings and absorbent materials in various sectors such as military and 

defense industries, electronics, health and treatment, etc. are very important. Various materials 

have the ability of magnetic loss and dielectric loss together to absorb these waves, which can be 

carbon fibers, graphene/graphene oxide composites, single-walled and multi-walled carbon 

nanotubes (CNTs), hybrid composites, ceramic structures, metal organic frameworks (MOFs), 

iron, cobalt, polymers and etc.2,3 

Graphene oxide has good mechanical strength and surface area, also magnetite has high magnetic 

sensitivity and polyaniline has electrical conductivity and tunable properties. Therefore, the 

intelligent design of this nanocomposite combination of these three components together can show 

high performance. 

In this work, at first the GO/Fe3O4/PANI nanocomposites was synthesized. The synthesized 

composite shows excellent wave-absorbing property with the maximum reflection loss of -30.5 

dB in vector network analyzer (VNA). Therefore, this nanocomposite can be recommended for 

radar absorbing coatings.4–8 
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Introduction: The racemization process in proteins and enzymes causes gene mutations and is a 

factor in cancer. Since we are faced with several points susceptible to racemization with different 

pKa in an oligopeptide, we can obtain the point with the highest pKa by obtaining each pKa point 

through an equation that is an innovation of our project. By applying specific optimal conditions, 

racemization can be stopped at the desired point and prevent gene mutations and cancer.  
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Results and Discussion: The optical purity of asymmetric catalysts used in asymmetric synthesis 

plays an important role in determining the stereoselectivity of the reaction, especially the 

enantiomeric excess of its product. In this project, we will theoretically study the racemization 

process of some amino acids individually and in the form of L-proline-based dipeptides and find 

a linear relationship between the structural or process characteristics calculated for each with the 

acid constant, or pKa of the alpha carbon proton, or the reported racemization reaction rate 

constant. To select experimental data in our project, we focused on the acid strength of the alpha 

carbon during the study of the racemization process. In this project, we are looking for a quantity 

that is part of the geometric property of the molecule, and let's measure its relationship with the 

experimental data through calculations. The relationship is that the higher the acid strength of the 

alpha carbon, the faster the racemization rate and, as a result, the easier hydrogen abstraction 

occurs. We concluded that the conversion of proline to its D-isomer can reduce the optical purity 

of this asymmetric catalyst. Observations show that the racemization potential of amino acids 

bound to L-proline is significantly increased In fact, we are trying to find a relationship between 

the stereoselectivity of these catalysts and their racemization potential. 

Method: In this study, all calculations will be performed with Spartan software using the "density 

Functional theory" method and at the DFT/M06/6-31++G** theoretical level. 
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1,6-dihydropyridines are mostly known as versatile precursors to complex organic materials 

and are frequently employed as building blocks.1 In this work, we present a novel strategy for the 

straightforward synthesis of functionalized 1,6-dihydropyridines via a three-component reaction 

of 3-vinylchromones, aromatic aldehydes, and ammonium acetate. A tandem procedure including 

in situ NH aldimine2 formation/Michael-type addition/opening of the pyrone 

ring/isomerization/6π-electrocyclization/[1,5]-H shift allows rapid access to a series of 

dihydropyridines bearing an ortho-hydroxybenzoyl and a benzoyl scaffold in good yields. Readily 

available precursors, simple heating conditions, and operational simplicity are some highlighted 

advantages of this transformation. Notably, the presence of various substituents around the 

dihydropyridine core could furnish attractive points of postfunctionalization to afford a series of 

useful compounds that are difficult to prepare with other methods. The structures of the products 

were characterized by high-resolution mass spectrometry (HRMS) analysis, nuclear magnetic 

resonance (NMR), and X-ray crystallographic analysis. 
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بررسی پتانسیل احیا شدگی غشای اولترافیلتراسیون اصلاح شده با مایع یونی در برابر گرفتگی های 

 بیولوژیکی

 

 2، علی فیوضی2سامان علوی نیکو ،*1آذر اسدی

 

 عضو هیات علمی دانشکده نفت و گاز گچساران، دانشگاه یاسوج، ایران*1

 دانشجوی کارشناسی دانشکده نفت و گاز گچساران، دانشگاه یاسوج، ایران2

 

 چکیده

کاهش مصرف انرژی به دلیل عدم تغییر فاز، تنوع در شکل، انتقال جرم فرآیند های غشایی با داشتن مزایای فراوان مانند 

از   بکار گرفته شده اند. با این حال آب گریز بودن غشاء که دلیل عمده گرفتگی غشاء است  زیاد و کاربرد برای انواع صنایع

ادی ازگرفتگی آن جلوگیری کند. جمله معضلات توسعه غشا می باشد. بنابراین افزایش آب دوستی غشاها می تواند تا حد زی

در این مقاله  میزان مقاومت گرفتگی غشای اولترافیلتراسیون اصلاح شده با مایع یونی مورد بررسی قرار گرفته است. مایعات 

یونی به دلیل ماهیت آب دوستی بالایی که دارند سطح غشا پلیمری را آب دوست می کنند. جهت بررسی نفوذپذیری )تراوایی( 

گرم بر  50و  10یت ضد گرفتگی  غشاء، آزمایشاتی با استفاده از آب مقطر و دو محلول شیر خشک با غلظت های و خاص

لیتر به عنوان عامل گرفتگی طراحی شد. در طی آزمایشات میزان فلاکس عبوری در هر مرحله اندازه گیری شد و همچنین 

غشای مورد نظر در برابر  FRRبق نتایج بدست آمده مقدار اندازه گیری شد. ط (FRR)پارامتر مهم میزان بازیابی شار 

می باشد که نشان دهنده غملکرد بالای این  %70و  %81گرم بر لیتر به ترتیب  50گرم بر لیتر و  10محلول شیر خشک 

گرفتگی غشا در برابر پدیده گرفتگی می باشد. همچنین در مرحله نهایی از روش شستشوی معکوس جهت بازیابی غشا بعد از 

 ارتقا داد.  %80به  %70را از  FRRگرم بر لیتر استفاده شد که مقدار  50ناشی از محلول 



237 

 

شست و شوی  -پودر شیر خشک -آب دوستی -تمیز کردن غشاء -گرفتگی غشاء -واژه های کلیدی :  شار جریان عبوری

 1معکوس

 ( مقدمه1

ن هجدهم انتخابی می باشد و مانند سد عمل میکند که از قر ( به معنای پوسته است که دارای نفوذپذیریMembraneغشاء )

گرفت.  مفهوم غشاء شناخته شده است اما در زمان جنگ در اروپا که ذخایر آب آشامیدنی به خطر افتاد مورد توجه قرار

جامعه  عت وامروزه غشا کاربردهای گوناگونی در صنعت دارد از جمله تصفیه آب و فاضلاب که در تامین آب مورد نیاز صن

شاء می غمورد توجه قرار گرفته است. لازم به ذکر است مهمترین عامل محدود کنندة کاربرد گستردة مشکل پدیده گرفتگی 

ار می شباشد. گرفتگی غشاء منجر به کاهش طول عمر مفید غشاء، هزینه های مربوط به تمیز کردن و همچنین کاهش میزان 

 [2]باشد.

تی غشاها بنابراین افزایش آب دوس[3] تگی به طور عمده از آب گریز بودن غشاء ناشی می شود؛ از آنجایی که خاصیت گرف 

ت به عنوان می تواند تا حد زیادی از گرفتگی غشاء جلوگیری کند.تلاش برای توسعه غشاهای مخلوط که در آنها از نانو ذرا

نوذرات در وجه زیادی قرار گرفته است؛ زیرا وجود نامواد افزودنی در غشاهای پلیمری استفاده می شود، به تازگی مورد ت

ای ماتریس غشاء میتواند آب دوستی، مقاومت، پایداری مکانیکی و حرارتی، نفوذپذیری آب و خواص ضد رسوب پلیمر ه

می  است که متکی بر غشاهای نانو کامپوزیتی را بهبود بخشد. از نانوذرات بسیاری به منظور آب دوستی غشاها استفاده شده

                              اشاره کرد.                  [5]، نانولوله های کربنی، آهن صفر ظرفیتی و پالادیم  TiO2  ،Al2O3توان به 

ق انجام جهت احیا غشا از روش های تمیز کردن غشا استفاده می شود که به طور کلی روش های تمیز کردن غشاء به دو طری

شاء در آن غشاء در خود محل، مورد شست و شو قرار می گیرد و یا به صورت غیر درجا که در آن غ می گیرد؛ درجا که

 خارج شده و برای شست و شو فرستاده می شود. تمیز کردن هر کدام از این روش ها، خود توسط چهار روش فیزیکی،

قاله پتانسیل احیا فلاکس عبوری از غشای یزیکی صورت می گیرد. در این مف -شیمیایی، زیستی و ترکیبی از روش شیمیایی

ین منظور از اصلاح شده با مایع یونی مورد بررسی قرار گرفته است. به ا (PVDF)اولترافیلتراسیون پلی وینیلیدن فلوراید 

 دو محلول شیر خشک با پتانسیل گرفتگی بالا استفاده شد. 

 ( مواد و روش ها:2

ه در مقاله قبلی ن پلی وینیلیدن فلوراید اصلاح شده با مایع یونی استفاده شده است کدر این تحقیق از غشای اولترافیلتراسیو

رد غشای همین گروه به چاپ رسیده است و غشای بهینه این مقاله در این تحقیق حاضر استفاده شده است. جهت بررسی عملک

ه فرمول زیر ( با توجه بfluxگین شار عبوری )( عبور داده شد و میانwater1دقیقه آب ) 40بهینه در ابتدا از غشاء به مدت 

 0.0019625سانتی متر مکعب ) 19.625دقیقه از غشایی با سطح مقطع  40( را به مدت Water 1ابتدا آب ) محاسبه شد.

ب ، حجم برحسV( با توجه به فرمول زیر محاسبه شد که در آن fluxمترمکعب( عبور داده شد و میانگین شار عبوری )

 ، سطح مقطع برحسب متر مربع می باشند. Aمان برسب ساعت،ز  Tلیتر

𝑭𝒍𝒖𝒙 =
𝑽

𝑻. 𝑨
                     

ری ثبت دقیقه  از غشاء عبور داده و داده های فلاکس عبو 70گرم بر لیتر را به مدت   10سپس پودر شیرخشک با غلظت  

داده شد.  دقیقه در آب مقطر قرار 15اده شد و به مدت دقیقه غشا از ستاپ خارج شد و با آب مقطر شستشو د 70شد. پس از 

ده های فلاکس (از غشا عبور داده شد و  در نهایت با توجه به داWater 2دقیقه آب مقطر )30 در مرحله بعد، مجددا  به مدت 

مقطر  : آب w2: آب مقطر اول   W1که در آن   با توجه به فرمول زیر محاسبه شد FRRعبوری، میزان احیا فلاکس عبوری 

 دوم می باشند.

 

                                                           
1 Backwash 
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𝐅𝐑𝐑 =
𝐰𝟐

𝐰𝟏
∗ 𝟏𝟎𝟎      

گرم  50در ادامه به جهت بررسی دقیق تر پتانسیل غشا در برابر گرفتگی های بیولوژیکی، از محلول شیر خشک با غلظت 

غشا در این  FRR بر لیتر لستفاده شد که قدرت گرفتگی بسیار بالایی را دارد و تمامی مراحل فوق تکرار شد تا در نهایت

گرم بر لیتر از شیر خشک از روش فیزیکی شستشوی غشا جهت  50مرحله نیز محاسبه شود. پس از گرفتگی غشا با محلول 

 غشا بعد از شستشوی معکوس دوباره اندازه گیری شد.  FRRاحیا آن استفاده شد و 

 ( نتایج و بحث:3

آیندهای جداسازی، شستشوی مناسب و ارزیابی عملکرد پس از آن از ها در فرهای مربوط به غشاها و عملکرد آندر پژوهش

در این تحقیق، پتانسیل غشای اولترافیلتراسیون پلی وینیلیدن فلوراید اصلاح شده با مایعات . ای برخوردار استاهمیت ویژه

گرم  50و  10های ظتیونی مورد بررسی قرار گرفت. به این منظور در مراحل مختلف آب مقطر و محلول شیر خشک با غل

کنید. همانطور که در نمودار ملاحظه می 1های بدست آمده را در شکل بر لیتر از غشای مورد نظر عبور داده شد که داده

گرم بر لیتر کاهش پیدا کرده است  10شود فلاکس عبوری غشا بعد از گذراندن شیر خشک با غلظت رسم شده دیده می

کیلوگرم بر متر مربع در ساعت رسیده است. قابل توجه است که بعد  3به  15دقیقه از  70بطوریکه فلاکس عبوری بعد از 

از عبور دادن آب مقطر دوم فلاکس عبوری تا حد زیادی احیا شده است. جهت بررسی دقیق تر میزان احیا شدگی غشا دز طی 

ئه شده است. طبق داده های بدست آمده مقدار ارا 1محاسبه شد که نتایج آن در جدول  FRRتست گرفتگی انجام شده، پارامتر 

FRR  می باشد که حاکی از پتانسیل بالای این غشا در برابر گرفتگی های شدید می باشد. %81در این مرحله 

های مختلف، یکی از موارد حائز اهمیت در مطالعات علمی مربوط به شیر خشک، به ویژه در غلظتهمانطور که می دانیم  

گرم بر لیتر، دارای قدرت  10آید. طبق شواهد موجود، شیر خشک با غلظت نعتی و آزمایشگاهی به شمار میهای صپتانسیل

ای بر فرآیندهای غشایی داشته باشد. در این راستا، به منظور بررسی تواند اثرات قابل ملاحظهگرفتگی چشمگیری است که می

گرم بر لیتر به عنوان یک نمونه آزمایشی انتخاب  50ا غلظت تر پتانسیل ضد گرفتگی این غشا، محلول شیر خشک بعمیق

گرم بر  50. در ادامه به منظور کنکاش بیشتر در خصوص پتانسیل ضد گرفتگی این غشا، محلول شیر خشک با غلظت .شد

از عبور دقیقه  250در نهایت، پس از گذشت برابر شد.  5لیتر مورد آزمایش قرار گرفت که در واقع قدرت گرفتگی محلول 

های بالا بر دهنده اثرات منفی غلظتمحلول شیر خشک با غلظت بالا، مقدار فلاکس عبوری به نزدیکی صفر رسید که نشان

ها بر کارایی فرآیندهای های مختلف و تأثیر آنها اهمیت توجه به غلظتعملکرد غشا و افزایش قابلیت گرفتگی است. این یافته

 سازد .میجداسازی را به وضوح نمایان 

در مرحله بعد غشای مورد نظر با آب مقطر شستشو داده شد و بعد از آن فلاکس آب مقطر عبوری دوباره اندازه گیری شد که 

اندازه گیری شده نیز این موضوع را اثبات کرده است بطوریکه  FRRاین بار هم میزان عبور آب قابل ملاحظه بود. مقدار 

حاکی از توانایی این غشا در مقابله با عوامل گرفتگی و حفظ کارایی در طول زمان ه گزارش شده است ک FRR 70%مقدار 

 دهنده پتانسیل قابل توجه غشا در فراهم کردن جریان پایدار و مؤثر آب تصفیه شده است. نشان FRRاست. این مقدار 

آید. در این تحقیق، به شمار می همچنین روش شستشوی معکوس به عنوان یکی از روش های موثر و رایج در احیای غشاها

 50به منظور ارزیابی قابلیت احیای مجدد غشا پس از گرفتگی، از این روش استفاده گردید. فرایند شستشوی معکوس به مدت 

دقیقه انجام شد و نتایج حاصله نشان دهنده افزایش قابل توجه میزان آب مقطر عبوری از غشا نسبت به حالت پس از گرفتگی 

افزایش یافته است.  %80به  %70از   FRRعلاوه بر این، میزان  .ین تغییرات در نمودار به وضوح قابل مشاهده استبود. ا

باشد. این نتایج نشان های شدید میاین افزایش درصد، گویای کارایی و قابلیت استفاده مجدد از غشا پس از بروز گرفتگی

ن یک راهکار موثر برای احیای غشای مورد نظر مورد استفاده قرار تواند به عنوادهد که روش شستشوی معکوس میمی

گیرد که از لحاظ اقتصادی مقرون به صرفه می باشد و از لحاظ زیست محیطی روشی بی ضرر خواهد بود چون از مواد 

ای مناسب برای زینهآمده مؤید این نکته است که غشای مورد مطالعه، گدستشیمیایی استفاده نمی شود. به طور کلی، نتایج به

 تواند به بهبود فرآیندهای تصفیه کمک شایانی نماید.آید و میمحیطی به شمار میکاربردهای صنعتی و زیست

 نتیجه گیری: 

بطور کلی میتوان نتیجه گرفت که غشای اولترافیلتراسیون پلی وینیلیدن فلوراید اصلاح شده با مایعات یونی، عملکرد مناسبی 

ها نشان دادند که ن شیر خشک با غلظت های بالا )که قدرت گرفتگی بالایی دارد( نشان می دهد.  آزمایشجهت فیلتراسیو

های بالای محلول شیر خشک، باعث کاهش شدت جریان عبوری )فلاکس( و افزایش لزجت و گرفتگی نهایی غشا غلظت
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تواند کارایی غشا را به طور قابل ی معکوس میشود. با این حال، شستشوی مجدد با آب مقطر و استفاده از روش شستشومی

 %80گرم بر لیتر به  50پس از فیلتراسیون محلول شیر خشک با غلظت  %70از  FRRتوجهی بهبود بخشد بطوریکه مقدار 

 پس از شستشوی معکوس رسید. 

 

 

 : نمودار فلاکس عبوری از غشا در مراحل مختلف1شکل 

 لفدر مراحل مخت FRR: داده های 1جدول 

 % ,FRR شرایط ردیف

1 
گرم بر لیتر  10پس از افزودن پودر شیر 

(g/l) 
81.1594 

2 
گرم بر لیتر  50پس از افزودن پودر شیر 

(g/l) 
70.6087 

 Backwash 80.3478پس از  3
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Introduction 

Layered Double Hydroxides (LDHs) and Metal-Organic Frameworks (MOFs) have emerged as 

advanced materials with significant potential for the efficient removal of heavy metals from 

wastewater. Among the common metals, copper (Cu), nickel (Ni), and cobalt (Co) are especially 

valuable, with widespread industrial uses, and are often found together in wastewaters from steel-

making and electroplating industries [1]. Consequently, the separation and recovery of these 

metals from aqueous solutions has become a major focus of research. Over the past few decades, 

a variety of water-phase separation techniques for metals have been developed, including 

adsorption, metal replacement, precipitation, ion exchange, electrochemical methods, and 

biological approaches. Among these, adsorption is considered one of the most effective methods 

due to its high efficiency, low cost, and ease of operation. The development of adsorbents with 

excellent selectivity and large adsorption capacities is critical for the effective separation and 

recovery of metal ions [2]. 

The integration of LDHs and MOFs into hybrid composites takes advantage of their 

complementary properties, offering an innovative and efficient approach to water and wastewater 

treatment [3]. LDHs are known for their unique layered structure, positive charge, and outstanding 

anion exchange capacity, which make them highly effective for the adsorption of heavy metals. 

On the other hand, MOFs, characterized by their high surface area, tunable porosity, and structural 

flexibility, have gained significant attention as potential adsorbents in environmental applications. 

When combined into a composite material, LDHs and MOFs enhance each other’s performance, 

particularly in metal ion removal [4]. In these composites, LDHs serve as a structural backbone, 

providing stability to MOFs in aqueous environments, while MOFs contribute to increased surface 

area and adsorption capacity. These composites have shown remarkable ability to remove heavy 
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metals such as cadmium, lead, mercury, and nickel, primarily through mechanisms like surface 

adsorption, ion exchange, and chemical reactions. 

LDH@MOF composites have shown superior performance compared to the individual 

components, offering advantages such as improved chemical stability, enhanced adsorption 

efficiency, and the ability to selectively target specific heavy metals. Furthermore, these materials 

are economically and environmentally advantageous, thanks to their reusability and low 

production costs. The flexibility in designing these composites also allows for customization, 

making them suitable for a wide range of applications. In conclusion, LDH@MOF composites 

represent a cutting-edge solution for sustainable water management and the effective remediation 

of heavy metal pollution. 

Method 

MOF-303 was synthesized through a solvothermal reaction using aluminum chloride hexahydrate 

(AlCl₃⋅6H₂O) and 3,5-pyrazoledicarboxylic acid (H₂PDC), following a previously reported 

procedure [5]. The synthesis of Ni-Ti LDH was carried out by the co-precipitation method in an 

aqueous medium, involving the reaction between nickel nitrate or chloride salts and titanium salts, 

using a strong base like NaOH or Na₂CO₃ as the precipitating agent [6]. The synthesized LDH was 

then dispersed in the MOF reaction solution, which contained aluminum chloride hexahydrate as 

the metal precursor and 3,5-pyrazoledicarboxylic acid as the organic ligand. The mixture was 

stirred for several hours or heated at elevated temperatures (80–120°C) in a hydrothermal reactor. 

During this process, the MOF grew uniformly on the surface of the LDH. 

Results and Discussion 

The material under investigation, LDH@MOF composites, was tested for the selective adsorption 

of Cu²⁺ ions from binary metal systems, such as Cu²⁺/Ni²⁺ and Cu²⁺/Co²⁺. The LDH@MOF 

composite exhibited a high adsorption capacity of 330 mg/g for Cu²⁺ ions. It also demonstrated 

exceptional selectivity in separating Cu²⁺ from other metal ions, with separation factors of 6076 

for Cu²⁺/Ni²⁺ and 2662 for Cu²⁺/Co²⁺. The adsorption mechanism of these composites is primarily 

attributed to the dual-pyrazol sites in MOF-303, which play a key role in selectively binding and 

removing Cu²⁺ ions. These sites are organized in a manner that enhances the framework’s ability 

to separate metal ions from complex mixtures, improving both selectivity and efficiency. 

This study highlights the potential of LDH@MOF composites as a promising material for the 

separation and recovery of high-value metals like copper from wastewater, particularly in binary 

metal systems. The research underscores the importance of the dual-pyrazol sites in improving the 

separation of metal ions, which is crucial for recovering valuable metals from industrial 

wastewaters. In addition, the study emphasizes the role of MOFs in environmental sustainability, 

demonstrating their potential in the recovery and reuse of valuable metal ions, and offering a 

solution for more efficient and eco-friendly metal resource recovery. 
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Malachite green (MG) is one of the cationic dyes that has been banned in many parts of the world 

due to its azo groups and toxic aromatic compounds. Therefore, extensive research is underway to 

remove it from wastewater by various methods, including photocatalysis. In this study, three types 

of catalysts, Sn-TiO2/CaO, La@MxOy/TiO2 (M = V, Cr, Mn, Fe), and La@SnO2–CaO, were used 

for MG degradation. The results showed that doping transition metals in these catalysts improved 

their photocatalytic properties. The direct relationship between time and pH in the Sn-TiO2/CaO 

and La@MxOy/TiO2 catalysts are quite clear [1-3]. These catalysts had increasing performance at 

all three pHs (Figure 1), but the photodegradation percentage (PDE%) was always higher for Sn-

TiO2/CaO. This is while the relationship between pH and time is less evident in La@SnO2–CaO. 

This issue occurred for two reasons; first, due to the non-uniform dispersion of lanthanum on the 

catalytic support and second, due to the very small pore volume of the La@MxOy/TiO2 and 

La@SnO2–CaO catalysts, which despite the high surface area, the small pore volume prevents 

high dye adsorption into the pores and requires more time for the photocatalytic process of this 

catalyst. Tin and titanium doping and the process of nucleation and growth of nanoparticles in the 

https://pubs.rsc.org/en/results?searchtext=Author%3APriyadarshi%20Roy%20Chowdhury
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Sn-TiO2/CaO catalyst clearly state that the uniform distribution of particle size has a significant 

effect on its performance in removing malachite green dye. 

Figure 1: The effect of pH on the PDE of MG in the ranged from 5–35 min. 
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Gasoline is one of the most important fossil fuels used in transportation and internal combustion 

engines. It is derived from a mixture of hydrocarbons and features properties such as rapid 

evaporation and high energy density, but its use generates pollutants like carbon dioxide, posing 

environmental challenges. New regulations aimed at reducing benzene levels in gasoline have been 

implemented to improve air quality. However, these changes lower the octane number, potentially 

causing engine knocking. To address this issue, catalytic isomerization of linear alkanes such as 

n-heptane into branched isomers, using acidic catalysts, helps increase the octane number and 
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enhance fuel performance [1].This study presents a comparative analysis of platinum catalysts 

supported with different supports, including MCM-48, HZSM-5, HY, mordenite, and composites 

modified with zirconium, aluminum, and titanium [2, 3]. This study evaluates the structural 

characteristics, acidity distribution, catalytic performance, and stability during n-heptane 

isomerization. The results show that composite catalysts such as Pt/Al-MCM-48-Mordenite and 

Pt/MCM-48-HZSM-5 have outstanding performance in n-heptane isomerization and have been 

able to produce branched isomers with high octane numbers. These catalysts have been effective 

in producing high-quality fuels and reducing environmental pollutants by reducing the formation 

of by-products such as coke and aromatics. This research shows that the combination of zeolites 

and precious metals can have a significant impact on improving industrial processes and achieving 

cleaner fuels. The Pt/Al-MCM-48-Mordenite catalyst showed very good performance, especially 

at low temperature (200°C). The conversion rate of 78.8% and the selectivity of 81.9% for the 

multi-branched isomers indicate the extraordinary ability of this catalyst to produce high-quality 

products. This is while the Pt/MCM-48-HZSM-5 catalyst had a maximum selectivity of 37.8% 

under the best conditions. The major difference in the performance of these two catalysts is 

attributed to the more optimized structure of Pt/Al-MCM-48-Mordenite, which is associated with 

increased porosity and a uniform distribution of acidic sites. The larger pore diameter (5.3 nm) in 

Pt/Al-MCM-48-Mordenite allows for more efficient diffusion of multi-branched isomers (Table 

1). This feature prevents the accumulation of products in the pores and reduces the possibility of 

their cracking. In addition, the high specific surface area of 771.9 m2/g in this catalyst provides a 

larger surface area for catalytic reactions, while this value was lower in Pt/MCM-48-HZSM-5. 

Another important feature of this catalyst is its optimized acidic properties. The total number of 

acidic sites (552.9 μmol NH3) and the appropriate ratio of strong to weak acids (S/W=1.4) 

accelerated the isomerization reaction and reduced the by-products. In contrast, the second catalyst 

had fewer acidic sites, which limited its ability to produce multi-branched isomers. 

The high resistance of Pt/Al-MCM-48-Mordenite to coke formation is another key point. In long-

term tests, coke formation in this catalyst was much lower than that of Pt/MCM-48-HZSM-5 due 

to the better balance between acidity and porosity. This feature increases the stability of the catalyst 

and allows its long-term use in industrial processes. Finally, the high octane number (RON) of 

96.5 for Pt/Al-MCM-48-Mordenite indicates the production of high-quality isomers that are more 

resistant to knock. This number is significantly higher than the octane number of 58. For the 

Pt/MCM-48-HZSM-5 catalyst, indicating the superiority of Pt/Al-MCM-48-Mordenite for 

application in the production of quality fuels. 

 Table 1: Physicochemical properties of the Pt-synthesized catalysts 
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Abstract 

Biodiesel is acknowledged as a more sustainable alternative to fossil fuel products. 

Transesterification, as well as esterification, is a common chemical reaction for the preparation of 

biodiesel [1,2]. Biochar, an inexpensive carbon-rich material derived from the thermochemical 

decomposition of biomass, showcases unique characteristics that make it valuable in various 

scientific applications. This work first presents the method and design for synthesizing g-

C3N4/biochar composite (Biochar-Based Graphitic Carbon Nitride) as support catalysts [3]. The 

surface of g-C3N4/biochar composites was modified and characterized using FT-IR, XRD, SEM, 

EDS, TGA, and BET techniques. The applications of this nano catalyst in biodiesel production are 

thoroughly discussed. The structure of biodiesel synthesized in this work was confirmed using 

validated techniques such as NMR and FT-IR techniques. This green catalyst offers easy isolation 

and recyclability due to its heterogeneity, along with good to excellent efficiency and a short 

reaction time. Its reusability was tested over five cycles, showing no significant loss in catalytic 

activity or efficiency. 

 

Scheme: Synthesis of biodiesel in the presence of g-C3N4/biochar composite 
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Introduction: 

Coagulation and flocculation processes are widely employed in industrial wastewater treatment to 

remove colloidal particles, dyes, heavy metals, and organic compounds.(Badawi et al., 2023) 

Polyelectrolytes are versatile materials that can enhance water treatment processes either directly, 

by serving as treatment agents, or indirectly, by acting as additives to improve the efficiency of 

existing systems.(Chen et al., 2024) It has garnered significant attention in wastewater treatment 

due to its ability to remove a wide range of pollutants. Chitosan’s unique structure, comprising 

amino (–NH2) and hydroxyl (–OH) groups, makes it an excellent adsorbent for both anionic and 

cationic contaminants. These functional groups act as active sites for pollutant adsorption, enabling 

the effective removal of impurities from aqueous solutions. However, chitosan's practical 

application faces challenges, such as limited selectivity, weak mechanical properties, and low 

solubility in acidic conditions. Therefore, various strategies have been explored to modify the 

physicochemical properties of chitosan to address these limitations and enhance its 

performance.(Bhatt et al., 2023) 

Method: 

For the synthesis of polyelectrolyte, a solution of different molar ratios of chitosan and urea in 

deionized water was prepared and refluxed at 90°C for 24 h (Table 1). After the reaction was 
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completed, the pH of the final solution was adjusted to 3 using HCl and the solution was gradually 

heated to concentrate. The reaction product was obtained as a thick gel, which was separated and 

washed with methanol. The obtained gel was dried in an oven at 60°C and powdered. It was 

analyzed using spectroscopic and performance evaluation methods. The overall reaction was 

shown in scheme 1.  

 

Scheme 1. Schematic representation of polyelectrolyte synthesis 

Table 1. The synthesized samples compassion  

Samples Chitosan Urea Ratio W/W Yield% 

Sample 1 1 g 0.5 g 2:1 46.06 

Sample 2 1 g 1 g 1:1 65.1 

Sample 3 1 g 2 g 1:2 42.9 

Sample 4 1 g 0.25 g 4:1 68.16 

Results and Discussion: 

The procedure for synthesis of polyelectrolyte was simple and quantitative and the synthesized 

polyelectrolytes were characterized through instrumental analyses and evaluated for their 

performance as coagulant. Key experiments included determining filtration time (TTF), turbidity 

(FTU), total suspended solids (TSS), and sludge cake moisture percentage were carried out. The 

coagulation tests for synthesized polyelectrolytes were done at a concentration of 0.01 wt% of 

polyelectrolyte in suspension of clay (1% w/w) as the turbidity agent. Results showed that varying 

the urea to chitosan ratios significantly influenced on coagulation speed and coagulation quality 

(figure 1). The optimal performance was observed in the sample 2 achieving maximum clarity and 

rapid coagulation. Further analysis indicated that the ratio of urea to chitosan plays a crucial role 

in improving the efficiency of the coagulation process. The sample with an equal ratio of urea and 

chitosan demonstrated superior results, including the highest solution clarity and the fastest 

coagulation rate, highlighting its potential for effective water treatment. The findings of this study 

suggest that chitosan-urea-based polyelectrolytes can serve as effective coagulants for municipal 

wastewater treatment. 
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Figure 1. The images of samples after coagulation 
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1,2,3-Triazoles have always constituted an important class of heterocyclic organic frameworks due 

to the immense pharmacological activities associated with them. [1] Metal-organic frameworks 

(MOFs) have shown potential applications due to their high porous hybrid structure. [2] In this 
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project, a new structure of Co-MOF was synthesized through functionalization with pyrimidine-

triazine as an effective catalyst in the synthesis of different triazole derivatives. Three-component 

reactions of aldehydes, nitroalkanes, and sodium azide for the synthesis of NH-1,2,3-triazoles have 

been developed. The reaction provides a safe and efficient approach for the synthesis of various 

NH-1,2,3-triazoles in good to excellent yields. [3] 

 

 

 

Scheme 
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Natural deep eutectic solvents (NADESs) have emerged as a novel class of solvents with properties 

reminiscent of ionic liquids while offering additional advantages in terms of cost, environmental 

impact, and synthesis. This article focuses on the applications of NADESs of mannose:urea and 

glucose:dimethylurea as inexpensive, accessible, and reusable catalysts in the synthesis of 

dihydropyrimidinone and polyhydroquinoline derivatives. The results demonstrate significant 

yields for both dihydropyrimidinones (47-99%) and polyhydroquinolines (90-97%) reactions 

using mannose:urea and glucose:dimethylurea as catalysts. The advantages of NADESs as 

catalysts include their simple and reproducible preparation, low cost, environmentally benign 

nature, long-term durability, and tunable properties. This NADESs can also be recovered and 

reused for four times without a significant loss of activity. 

 

Scheme: 
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Homogeneous catalysts have considerable advantages over heterogeneous ones due to their 

solubility in the reaction medium, which improves substrate accessibility to catalytic sites and 

increases their efficacy in chemical processes [1]. Multicomponent reactions have become 

effective methods for the synthesis of heterocyclic molecules. Polyhydroquinolines are 

particularly significant due to their varied biological and therapeutic applications, encompassing 

anti-inflammatory, antibacterial, wound-healing, and antioxidant characteristics [2]. For this 

purpose, we have synthesized two novel Ni(II) and Cu(II) Salen Schiff-base complexes from 

salicylaldehyde and ethylenediamine in ethanol at ambient temperature. These catalysts have 

remarkable efficacy in the Polyhydroquinolines reaction, which entails a four-component one-pot 

synthesis that integrates substituted aromatic or aliphatic aldehydes, ethyl acetoacetate, dimedone, 

and ammonium acetate in ethanol under reflux conditions (Figure 1). 

 

Figure 2 One-pot synthesis of PHQs 
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Introduction 

NPs have exceptional biological properties, unlike whitening agents, and have been used in diverse 

applications in prosthetic dentistry, implants, restorative dentistry, periodontology, and oral cancer 

treatments. NPs display antibacterial, antifungal, and antiviral possessions.1 Nevertheless, few 

studies have used NPs for tooth whitening because NPs might irreversibly damage teeth through 

invasive whitening. Though, through the green synthesis of nanoparticles without reducing agents 

we could save sources and produce nanoparticles with better properties.2.3-4 

In terms of environmentally friendly and green chemistry synthesis, pomegranate waste applied to 

provide applicable product in health arena, which could be more efficient in comparison with other 

reported work.5-6 First, it is better to examine the structure of the tooth and consider the 

mechanism of the bleaching process from the perspective of dental physiology (Scheme 1). The 

tooth is made up of various parts. 1. The crown of the tooth (the part above the gum) 2. The root 

of the tooth (the part below the gum). The outer part of the crown of the tooth is covered with 

enamel, which is very similar to bone in terms of hardness and mineral content, although unlike 

bone, it is brittle and fragile. Tooth enamel is mainly made of hydroxyapatite. The color of enamel 

can range from light yellow to grayish white depending on personal hygiene. Beneath the enamel 

is dentin, which is less strong than enamel and, unlike it, is a living tissue and is sensitive to 

irritation. The color of dentin is light yellow and has a tubule-like structure. Dentin protects the 

pulp of the tooth. 7 
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Scheme 1. Dental anatomy8 

The mechanism of action of hydrogen peroxide in tooth bleaching is considered oxidation, 

although the process is not well understood. 20 It is felt that oxidants remove some of the unbound 

organic material from the tooth to a colorless state without dissolving the enamel matrix. There 

are concerns that continued long-term treatment may lead to dissolution of the enamel matrix .

(Scheme2) 9. 

 

 
10 Scheme 2. Bleaching process  

Method 

To prepare aqueous leaf extract, the pomegranate waste was collected from Saveh, Iran India. The 

fresh waste was washed with tap water to remove the dust particles on their surface and 

homogenized using mortar and pestle. The homogenized solution was prepared by adding 200 ml 

of sterile distilled water. The homogenized content was boiled at 60°C for 10 min using microwave 

irradiation. The mixer was allowed to cool and filtered through Whatman No.1 filter paper. The 

filtered extract was used for nanoparticle synthesis.11 

For the green synthesis of TiO2 nanoparticles, 25 ml of filtered extract was added to 5 mM of 225 

ml of TiO(OH)4. The mixture was then incubated for 12 h. The appearance of color change chiefly 

established the making of TiO2NPs. The reaction mixture was then centrifuged at room 

temperature. The supernatant was cast-off and settled pellets were dissolved in appropriate volume 

of sterile distilled water. The nanoparticle pellet was dried and used for characterization. 11 

Various analyses such as examining the structure of nanoparticles by scanning electron microscope 

spectroscopy (FE-SEM), Raman spectroscopy, scanning electron microscope (SEM), transmission 

electron microscope (TEM), and..., and biological tests such as toxicity testing Cellular, 

antimicrobial activity, and specific product tests will be done based on existing standards. 

The synthesis nanomaterials and diatom were added to the three brand gels and evaluated according 

to the following formula.  

3 types of bleaching were bought and our type was added and compared the teeth whiting process 

(Table 1). 

Table 1. types of bleaching 

No. Types 

1 Pulpdent 
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2 Smileactive 

3 Colgate 

4 (1-3) +Diatom+TiO2 

Results and Discussion 

To prepare aqueous leaf extract, the pomegranate waste was collected from Saveh, Iran India. The 

fresh waste was washed with tap water to remove the dust particles on their surface and 

homogenized using mortar and pestle. The homogenized solution was prepared by adding 200 ml 

of sterile distilled water. The homogenized content was boiled at 60°C for 10 min using microwave 

irradiation. The mixer was allowed to cool and filtered through Whatman No.1 filter paper. The 

filtered extract was used for nanoparticle synthesis.11 

For the green synthesis of TiO2 nanoparticles, 25 ml of filtered extract was added to 5 mM of 225 

ml of TiO(OH)4. The mixture was then incubated for 12 h. The appearance of color change chiefly 

established the making of TiO2NPs. The reaction mixture was then centrifuged at room 

temperature. The supernatant was cast-off and settled pellets were dissolved in appropriate volume 

of sterile distilled water. The nanoparticle pellet was dried and used for characterization. 11 

The TiO2 nanoparticles were synthesis in the presence of the pomegranate waste, which was 

applied in bleaching gel. Then, the whiting process was evaluated based on the following 

formulation and it was proved that the presence of TiO2 nanoparticles and diatom could be highly 

important in terms of whiting. 12 

The synthesis nanomaterials were added to the three brand gels and evaluated according to the 

following formular and it was proved that the presence of the TiO2 and diatom could be highly 

important to be added in formulation to increase the teeth whiteness.  
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Porphyrin molecules have been intensively studied because they present a variety of desirable 

features such as rigid planar geometry, small HOMO-LUMO energy gap, intense electronic 

absorption and emission and high stability. Porphyrins can be incorporated to polymers via 

conjugated bonds [1]. Kinds of porphyrin molecules and their polymers, that possess large planar 

π-conjugated structure and good thermal and photochemical stability, have attracted attention as 
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useful materials for organic electronics and photonics devices. Applications of porphyrin-based 

polymers for diverse functions such as preparation of epoxy oligomer, field-effect transistors 

(OFETs), solar cells, light-emitting diodes (OLEDs),and charge storage have been reported [2].  

In this study, firstly, the 5,15-bis(4-formylphenyl)–10,20-diphenylporphyrin have been prepared 

by a three-step procedure. Then an π-conjugated polyazomethine was synthesized by 

polycondensation of this monomer and complex of β-cyclodextrin/ 1,4-phenylenediamine 

(Scheme 1). Appearance of cyclodextrin in π-conjugation polymers can be used to increase 

solubility of polymers and protects the imine bonds that thus enables gaining suitable stabilities 

[3].The structure and purity of monomers and as-prepared polymer were characterized by 1H-

NMR, UV-Vis and FT-IR spectra. 

 

 

 

Scheme 1. π-conjugated polyazomethine containing porphyrin units 
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The Oxidized Multiwalled carbon nanotube is effective adsorbent for the removal of Methyl 

orange (scheme 1) aqueous solutions. Equilibrium and kinetic fitting of the experimental data were 

carried out to value and study the adsorption of Methyl orange from aqueous solutions onto this 

new adsorbent concentration range 50–200 mg/L at pH 3. The equilibrium data have been analyzed 

using Langmuir, Freundlich and Tempkin isotherms and the characteristic parameters for each 

isotherm and related correlation coefficients have been determined. The Langmuir isotherm was 

demonstrated to provide the best correlation for the adsorption of Methyl orange onto Oxidized 

Multiwalled carbon nanotube. The adsorbed amounts of Methyl orange increased with increase in 

contact time and reached the equilibrium after 22 min for Oxidized Multiwalled carbon nanotube. 

The kinetics of adsorption of Methyl orange onto Oxidized Multiwalled carbon nanotube was 

studied by using pseudo first- and second-order equations, the Elovich equation and the 

intraparticle diffusion equation. The data showed that the second-order equation was the more 

appropriate one, although intraparticle diffusion is the rate-limiting factor. 

 

 

 

Scheme 1. Methyl orange structure 
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  Cr(III) complexs are an inert, highly stable and coordinatively saturated complexes, that are of 

great interest because of its different applications such as catalytic uses for reactions like 

polymerization of ethylene[1], and oxidation of alcohols to aldehydes and ketones[2,3]. In this 

study, the synthesis and characterization of a new magnetic nanocatalyst based on a Cr (III) oxalate 

complex were investigated. This nanocatalyst was synthesized by immobilizing the chromium 

complex on the surface of magnetic nanoparticles, and to enhance its stability and catalytic 

efficiency, an oxalate ligand was used. After the synthesis of the nanocatalyst, its characterization 

was carried out using various techniques such as FT-IR, XRD, SEM, EDS, TEM, BET, TGA and 

VSM. The results of these analyses indicate the successful formation of the nanocatalyst with 

nanometric particle size and appropriate magnetic properties. Subsequently, the catalytic activity 

of the synthesized nanocatalyst was evaluated in the synthesis of polyhydroquinoline compounds 

(schem1). The results show that this nanocatalyst exhibits high catalytic activity in the synthesis 

of various heterocyclic derivatives and can be used as a green and efficient catalyst in organic 

compound synthesis. The advantages of this nanocatalyst are easy separation from the reaction 

medium due to its magnetic properties, high stability, and the ability to be recovered and reused. 

 

 

schem1. 
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  Metal–organic frameworks (MOFs), also called porous coordination polymers or porous 

coordination networks, are constructed from rigid multipodal organic linkers and inorganic nodes 

coordination bonds. It is well-known that a wide variety of MOF applications results from their 

unique properties, such as high amount of transition metals, adjustable and permanent porosity, 

ultrahigh surface area, active-site uniformity, and ability of post-synthetic modification[1-3]. 

  In this study, a novel magnetic hybrid catalyst based on a metal-organic framework (MOF) has 

been designed and synthesized. The MOF catalyst was constructed using magnetic nanoparticles 

and UiO-66-NH₂, resulting in the composite Fe₃O₄@UiO-66-NH₂, which was further modified 

with acetylacetonate (acac-) to introduce active amine groups. This modification enhances the 

anchoring of palladium onto the support, leading to a significant improvement in the catalyst's 

performance. The catalyst structure was characterized using various techniques to confirm its 

composition and properties. Furthermore, the catalyst exhibited excellent to good yields in Suzuki 

coupling reactions. The magnetic properties of the MOF-based catalyst facilitate its easy 

separation from the reaction mixture, allowing for efficient reuse in subsequent reactions. 
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Introduction 

Neuromuscular blocking agents are structurally similar to acetylcholine and contain at least one 

positively charged quaternary ammonium group. They are classified into two main groups based 

on their mechanism of action at the neuromuscular junction: Depolarizing Neuromuscular 

Blocking Drugs and Non-Depolarizing Neuromuscular Blocking Drugs [1]. Atracurium 

besilate is a non-depolarizing neuromuscular blocking agent commonly used in anesthesia to 

induce muscle relaxation during surgery. It works by inhibiting the action of acetylcholine at 

nicotinic receptors. This agent is an intermediate-acting bisquaternary ammonium compound and 

is metabolized by two pathways: hofmann degradation and ester hydrolysis [2]. 

Method 

Synthesis of Tetrahydropapaverine 

In a 25 mL round-bottom flask, which contained 5 mL of solvent, was added 1 mmol 

of acid and 1mmol of amine. It was stirred for 10 min at 25 °C. Next, after stirring the 

reaction mixture, 0.5 mmol of the coupling reagent was added to the reaction container. The 

mixture was stirred at 25 °C for 24h. After the completion of the reaction, material 

obtained was purified by column chromatography on silica gel to provide the Amide as a white 

solid. The amide was then treated with POCl3 in a 25 mL flask which contained 5ml of solvent at 

room temperature for 24h to provide a cyclic imine. The last step of the synthesis was reduction 

of imine with NaBH4 to provide the tetrahydropapaverine in 70% yield [3]. 

 

Synthesis of 1,5-Pentanediol diacrylate  

To a stirred solution of 1 mmol of 1,5-pentanediol and 1 mmol of triethylamine in 5 mL of toluene 

as the solvent at room temperature, were added 4 mmol of acryloyl chloride. The mixture was 

stirred at room temperature for 24h. After the completion of the reaction, material 

obtained was purified by column chromatography on silica gel to provide the 1,5-pentanediol 

diacrylate as a yellow liquid product in 90% yield. 

 

 

Results and Discussion 
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As part of our ongoing reseach on the synthesis of atracurium besilate, the Michael addition of 

tetrahydropapaverine with 1,5-pentanediol diacrylate will be carried out to yield atracurium. 

Atracurium besilate will then be prepared from atracurium by reacting it with benzenesulphonic 

methyl acid ester. 
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Introduction 

Although the chemotherapy is a common method for the treating of cancer cells, it has some 

disadvantages such as side effects for normal cells, insufficient dosages for the killing of cancer 

cells and nonspecific delivery of chemotherapeutic agents [1]. Recently, drug carriers based on 
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nanoparticles have attracted much attention in the biomedical applications due to its efficient 

loading, controlled release and targeted delivery of drugs [2]. Among these nanoparticles, the use 

of magnetic nanoparticles (MNPs) in development of drug delivery systems for controlled release 

of drugs has received an increasing attention [3]. Among the different kinds of MNPs, iron oxide 

(Fe3O4), with its ideal biocompatibility, tunable surface modification and superparamagnetic 

properties, has attracted the most interest in biomedical applications [4]. 

Chitosan (CS), a natural compound and a deacetylated derivative of chitin, is a positively charged 

polymer carrier. The cell adhesion and potential uptake of chitosan particles are also most 

favorable due to their attraction to negatively charged cell membranes, an attractive feature for the 

treatment of solid tumors [5]. The chitosan along with nanoparticles has been utilized as a 

stabilizing agent due to its excellent mechanical strength, biocompatibility, non-toxicity, 

susceptibility to chemical modifications, cost-effectiveness [6]. 

Method 

Synthesis of CS-Fe3O4: chitosan (0.05 g) was dissolved in 15 mL of 1% acetic acid and the pH 

was adjusted to 5 by 10 M NaOH. Under the nitrogen gas flow and by vigorously stirring at 50 °C, 

the iron salts (0.67 g of FeCl2.4H2O and 1.70 g of FeCl3.6H2O) were dissolved in 15 mL of chitosan 

solution. Then 15 mL of aqueous ammonia solution (25%) was added slowly to produce smaller 

sized nanoparticles. The resulting solution was stirred for an additional 45 min. The colloidal 

chitosan coated Fe3O4 nanoparticles were washed with deionized water and separated by magnetic 

decantation for several times. 

Loading and release study: in the loading procedure, 20 mg of CS-Fe3O4 was added in 20 ml of 

DOX•HCl solution (0.1 mg/ml, pH=7.4) and stirred at room temperature for 72 h. At appropriate 

time intervals, drug loaded CS-Fe3O4 was separated from the supernatant with the help of 

permanent magnet. The next step is to measure the amount of drug in the supernatant using a UV-

vis spectrophotometer at 480 nm, referencing a standard calibration curve of absorbance against 

concentration. The release studies were carried out at pH 5.4 and 7.4 (at 37°C) for 48 h. 20 mg of 

drug loaded nanoparticles were added to 24 mL of deionized water under a constant slow magnetic 

stirring of 100 rpm. At specific time intervals, 2 mL of the sample was taken out and substituted 

with an equal volume of deionized water in order to release the drug into a constant volume. These 

samples were then determined for DOX content at 480 nm by UV-Vis spectrophotometer. The 

concentration of DOX was calculated by using the standard curve.  

Results and Discussion 

In this work, CS-Fe3O4 nanoparticles were synthesized by coating chitosan onto the surface of iron 

oxide nanoparticles by in situ coating method (Scheme 1) and their structural and morphological 

properties were determined by different analytical techniques. The anticancer drug doxorubicin 

(DOX) was used to illustrate the nanocarriers’ ability to deliver the drug in a controlled fashion, 

and drug loading efficiency and release behavior of the nanoparticles were studied. This 

nanocarrier provided a high drug loading efficiency (83.8%) and exhibited pH sensitivity. The 

cumulative release at 37 °C and pH values of 5.4 and 7.4 was 62.4 and 57.3%, respectively. So 

that, the amount of DOX released from the CS-Fe3O4 nanoparticles was much higher at lower pH 
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levels, which indicated that CS-Fe3O4/ DOX can be used efficiently in treatment of cancerous 

cells. 

Fe+2

Fe+3 NH4OH

80 °C

Fe3O4 Fe3O4

DOX

conjugation
co-precipitation

method

Fe3O4

chitosan

Scheme 1: Illustration of the modification mechanism of Fe3O4 with chitosan, followed by DOX 

loading. 
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Introduction 

Ciprofloxacin (CIP) is a potent broad-spectrum antibiotic of quinolones. Several drug delivery 

systems (DDS), such as polymeric gels, particulate carriers, and lipids, have been used as drug 

delivery matrices. Therefore, it is of great importance to solve the problems of CIP’s poor systemic 

distribution, short half-life, low oral bioavailability, and poor hydrophilicity while designing 

carriers [1]. As proven, biodegradable and bioabsorbable polymers provide a magical option for 

many novel DDS. For instance, CD derivatives are one of the natural polymers for polymeric drug 

delivery carriers [2]. β-CD has a versatile potential with its suitable geometry for forming inclusion 

complexes with innumerable drugs [3]. 

Magnetic separability plays an important role in expanding the medical applications of magnetic 

nanoparticles (MNPs), which usually contain a magnetic component, such as the oxides of iron, 

nickel and cobalt. Among magnetic metal oxides, Fe3O4 presents a higher extent of 

biocompatibility and stability [4]. That is why it has been represented as an appropriate candidate 

for extensive medical applications, including improving the function of effective substances in the 

treatment of various diseases such as Alzheimer's disease and HIV [5]. 

Method 

Synthesis of carboxymethyl-β-CD: briefly, appropriate amounts of β-CD (2.0 g) and NaOH (1.8 

g) were dissolved in 7.4 mL of deionized water. Then, 5.4 mL of monochloroacetic acid (16.3%) 

was added to the reaction medium. The reaction mixture was allowed to stir for 5 h (at 50 ◦C). 

Afterward, the solution was cooled to room temperature, and the pH of the reaction medium was 

adjusted to the range of 6-7 by adding a concentrated solution of HCl drop by drop. The neutral 

solution obtained was poured into methanol to collect the residues. The resulting white precipitate 

product was filtered and dried at 25 ◦C for a whole day. 

Synthesis of carboxymethyl-β-CD modified Fe3O4 nanoparticles (CMCD-Fe3O4): Briefly, 0.8 g of 

FeCl2·4H2O, 2.3 g FeCl3·6H2O and 1.5 g CM-β-CD were dissolved in 40 mL of deionized water 

with vigorous stirring at a speed of 1200 rpm. 5 mL of NH4OH (25%) was added after the solution 

was heated to 90 ◦C. The reaction was continued for 1 h at 90 ◦C under constant stirring and nitrogen 

environment. The resulting nanoparticles were then washed with deionized water and dried. 

Loading and release study: in the loading procedure, 100 mg of CMCD-Fe3O4 was added in 25 

mL of drug solution (0.2 mg/ml, pH=7.4) and stirred at room temperature for 48 h. At appropriate 

time intervals, drug loaded CMCD-Fe3O4 was separated from the supernatant with the help of 

permanent magnet. The next step is to measure the amount of drug in the supernatant using a UV-

vis spectrophotometer at 272 nm, referencing a standard calibration curve of absorbance against 

concentration. In the release study, 20 mg of drug loaded nanoparticles were filled into a dialysis 

bag, and then it was immersed into 50 mL of phosphate buffer saline (PBS) of pH 5.4 and 7.4. The 
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pH-sensitive release of CIP was carried out at 37 °C for 72 h with continuous stirring. To quantify 

the amount of CIP released from the CMCD-Fe3O4, 2mL of the PBS was taken out for the UV 

analysis at λmax=270 nm and an equal volume of fresh PBS was added to the solution for 

replenishment. 

Results and Discussion 

In this work, CM-β-CD modified Fe3O4 nanoparticles were synthesized by simple one-step co-

precipitation where iron precursors (Fe2+ and Fe3+) and CM-β-CD were mixed together in the 

reaction medium (Scheme 1). The binding of CM-β-CD on the magnetic surface was confirmed 

by different analytical techniques. As an antibiotic drug model, CIP was loaded onto the CMCD-

Fe3O4 nanoparticles. The drug loading efficiency was reached at 98.2% for 48 h. The pH 

responsiveness of the nanocarrier was investigated using two different pH levels over a time period 

of 3 days. The cumulative release at 37 °C and pH values of 5.4 and 7.4 was 89.8 and 73.5%, 

respectively. So that, the amount of CIP released from the CMCD-Fe3O4 nanoparticles was much 

higher at lower pH levels. 

Fe+2
Fe+3

1) NaOH

2) ClCH2COOH NH4OH, N2

90 °C, 1h

Fe3O4

2

B-CD CMCD-Fe3O4
CMCD  

Scheme 1: An illustration for the carboxymethylation and binding of cyclodextrin onto Fe3O4 

nanoparticles. 
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Abstract 

Diamide macrocycles are valuable intermediates for the synthesis of aza crown compounds as well 

as more complex ligands such as various cryptands and cryptohemispherands. Their versatility in 

many fields, such as chemistry, biochemistry, biophysics, biology, agriculture, industry, medicine, 

molecular diagnosis, sensors, and phase transfer catalysts, has captured the interest of many. In the 

first step, 2,4-dimethylphenol was converted to the oxythiobis [4,6-dimethylphenyl] (1) by 

reacting with thionyl chloride. Then, oxythiobis [4,6-dimethyl phenoxy methyl acetate] (2) was 

obtained from the reaction of oxythiobis [4,6-dimethylphenyl] (1) with methyl chloroacetate. The 

reaction of oxythiobis [4,6-dimethyl phenoxy methyl acetate] (2), with a diethylenetriamine, 

produced the tri-aza dibenzo sulfoxide macrocyclic diamides (3). Bis [tri-aza dibenzo sulfoxide 

macrocyclic diamides] (4) was prepared from the reaction of tri-aza dibenzo sulfoxide macrocyclic 

diamides (3) with a suitable active compound such as diacid or dichloride. The structures of all 

synthesized compounds were characterized by 1H NMR, 13C NMR, FT-IR, and mass spectra. 

Keywords: Macrocycle, Biscrown, Crown ether, Dimer 

Introduction 

The area of supramolecular research has become one of the fast-growing fields in organic 

chemistry in recent times [1, 2]. Supramolecular systems typically consist of intricate and 

uncommon organic compounds, prompting researchers to conduct studies on their synthesis. 
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Furthermore, predicting the properties of compounds in supramolecular systems and creating 

specific methods for their self-assembly is significant in supramolecular chemistry [3-8]. In the 

field of supramolecular chemistry, macrocycles reign as the most commonly utilized category of 

host compounds [9]. The development of host-guest chemistry has seen remarkable breakthroughs 

over the past few years,  mainly due to the inception of crown ethers by Pedersen in 1967 [10, 11]. 

The chemistry of synthetic macrocycles has evolved significantly in the past 50 years with the 

discovery of crown ethers [10]. This development has led to the creation of highly selective and 

structure-specific supramolecular complexes that have been utilized for various purposes, 

including the creation of optically active sensors and mobile ion carriers [12-15]. Crown ethers, 

with their simplicity, are one of the most captivating groups of compounds in the realm of 

supramolecular chemistry [16-18]. Crown ethers possess a structural arrangement consisting of a 

hydrophobic ring that envelops a hydrophilic cavity, thus enabling them to form complexes with 

metal ions [19]. Crown ethers also have potential in the development of novel therapeutics. DNA 

intercalates and echinomycin D are examples of crown ethers with antitumor activity [20, 21]. 

Over the last twenty years, considerable focus has been on the chemistry of biscrown ethers due 

to their captivating structures and superior capability to form complexes with various cations. 

Many different kinds of biscrown ethers have been successfully synthesized and documented [22-

27]. The production of cyclic diamides has received significant attention across different classes 

of supramolecular chemistry because of their different uses, such as chemistry, biology, molecular 

recognition, medicine, industry, and agriculture [9, 28]. Macrocyclic diamides play an essential 

role in synthesizing aza crown compounds and complex ligands, including cryptands and 

cryptohemispherands [29-31]. Researchers have extensively studied macrocyclic diamides and 

their corresponding aza crown compounds due to their wide range of applications in fields such as 
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biology, microanalysis, enzyme mimics, medicine, and industry [32]. The  particular  interest 

in  aza and diaza crown ethers is because of the introduction of various substituents on the nitrogen 

atoms of aza and diaza crown ethers that give rise to modified biological properties of them [33, 

34]. Macrocycles have excellent characteristics due to having O, S, and N atoms and can bond 

with various ions and molecules. The synthesis of macrocycles with high efficiency in technology 

and industries such as medicine and pharmaceuticals has been considered.  Also, biscrown ethers 

have more linking and complexing capabilities than crown ethers. Therefore, their preparation and 

molecular design are essential. The purpose of this research work is the synthesis of a new 

biscrown diamide macrocycles compound. Diamide macrocycles are essential intermediates in 

preparing of azacrown ethers, cryptands, biscrowns, cryptohemispherands, and other similar 

compounds, with many applications. 

 

Materials and methods 

 Syntheses of oxythiobis[4,6-dimethylphenyl[ (1) 

The synthesis of oxythiobis(4,6-dimethylphenyl) as a precursor for the preparation of oxythiobis 

[2,4-dimethyl phenoxy methyl acetate] derivative was reported by Bavili and Chandrasekaran et 

al [35, 36].   

 (25 g, 0.187 mol) anhydrous aluminum chloride and 200 mL dry dichloromethane were stirred in 

the ice bath. Then, 16 mL of 2,4-dimethylphenol was added to the solution and stirred for 30 min. 

Then, a solution of 8 mL thionyl chloride in 50 mL of dry dichloromethane was added dropwise 

for 1 h. After that, the solution was stirred for 15 h in the ice bath, and the product obtained a white 

precipitate. Later, the precipitate was filtered with a Buchner funnel and washed with 35 mL of 

chloroform and 5 mL of a 10% HCl solution to ensure the removal of aluminum oxide-containing 
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impurities. After separating the organic phase from the aqueous phase, ethanol was used to 

crystalize and purify the product. The product had a melting point of 192-196 ℃ and a reaction 

yield of 65% (Scheme 1).  

 

Scheme 1 Synthesis and structure of oxythiobis [4,6-dimethylphenyl] (1) 

 

IR (KBr): 3400, 3200, 3040, 3010, 2920, 2558, 1900, 1880, 1762, 1760, 1580, 1500, 1480, 1400, 

1360, 1280, 1230, 1140, 1060, 940, 880, 820, 760 cm-1. 1H NMR (400 MHz, CDCl3) 𝛿: 2.23 (s, 

6H), 2.26 (s, 6H) , 6.73 (s, 2H), 6.92 (b, 2H) , 7.05 (s, 2H) ppm.  

Synthesis of oxythiobis [4,6-dimethyl phenoxy methyl acetate] (2) 

(8 g, 0.0017 mol) oxythiobis [4,6-dimethylphenyl] (1), 5.86 mL methyl chloroacetate, and (7.46 

g, 0.0034 mol) potassium carbonate were mixed in 100 mL acetonitrile and refluxed for 18 hours 

at 82 °C.  The mixture was filtered and organic layer evaporated and the obtained yellow viscous 

product was dried. The product was crystallized and purified in methanol and the oxythiobis [4,6-

dimethyl phenoxy methyl acetate] (2) was obtained as a white cotton solid with a yield of 98%. 

The melting point of the compound is 98-100 °C and Rf = 0.3 in ethyl acetate/petroleum ether 

(3:1) solvent system [37]. 
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Scheme 2 Synthesis of  oxythiobis [4,6-dimethyl phenoxy methyl acetate] (2) 

 

IR(KBr): 2980, 2920, 1760, 1730, 1480, 1440, 1300, 1280, 1250, 1150, 1080, 990, 800 cm-1 

1H NMR (400 MHz,CDCl3) 𝛿: 2.23 (s, 6H), 2.26 (s, 6H), 3.79 (s, 6H), 4.65 (s, 4H)، 6.72 (s, 2H), 

7.02 (s ,2H) ppm. 13C NMR (400 MHz, CDCl3) 𝛿: 168.27, 153.58, 132.61-132.51, 129.7, 122.19, 

112.29, 67.88, 49.33, 39.25, 22.51, 21.53 ppm.  

Synthesis of tri-aza dibenzo sulfoxide macrocyclic diamides (3) 

(2 g, .0046 mol) of oxythiobis [4,6-dimethyl phenoxy methyl acetate] (2) and 49 mL of 

diethylenetriamine in the presence of 25 mL dry methanol refluxed for 18 hours. After cooling, a 

white precipitate formed. The precipitate was separated from the solvent and several times washed 

with water. The solvent was evaporated and the solid residue was recrystallized in 20 mL of 

dichloromethane. The organic phase was washed with 20 mL of HCl (10%) and 20 mL of H2O. 

The solvent evaporated and the residue was recrystallized in methanol and the glassy-needled 

crystals were obtained with a yield of 70%. The melting point of macrocycle diamide was 218-

220 ℃ and Rf = 0.2 in the ethyl acetate/methanol (1:2) solvent system. 
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Scheme. 3 Synthesis of tri-aza dibenzo sulfoxide macrocyclic diamides (3) 

 

IR (KBr, cm-1): 3420, 3360, 3040, 2940, 2880, 1680, 1570, 1490, 1280, 1250, 1210, 1080, 1050, 

830, 800, 770, 680, 590, 560, 438 cm-1. 1H NMR (400 MHz, CDCl3) 𝛿: 2.21-2.31 (s, 6H), 2.73- 

2.76 (t, 4H, J= 4Hz), 3.33-3.37 (m: disturbed ddd, 4H), 4.55 (s, 4H), 6.92 (s, 2H), 7.04 (s, 2H), 

7.48 (s, 2H) ppm.13C NMR (400 MHz, CDCl3) 𝛿: 168.27, 153.58, 132.61, 132.51, 129.7, 122.19, 

112.29, 67.88, 49.33, 39.25, 22.51, 21.53 ppm. MS (EI): m/z 445 (M)+, 446 (M+1)+, 447 (M+2)+, 

402, 376, 371, 332, 319, 273, 257, 244, 206, 196, 194, 180, 167, 137, 124, 121, 107, 101, 100, 72, 

65, 59, 46.  

Synthesis of bis (tri-aza dibenzo sulfoxide macrocyclic diamides) (4) 

(0.033 g, 0.28 mmol) of heptanedioyl dichloride, (0.24 g, 0.56 mmol) tri-aza dibenzo sulfoxide 

macrocyclic diamides (3), and 0.08 mL triethylamine was mixed in 25 mL dry dichloromethane 

and refluxed for 24 hours. Then the reaction mixture was filtered and the organic phase was washed 

with 20 mL of 10% NaOH solution and 20 mL of H2O and dried with Na2SO4. The solvent was 

removed by rotary evaporation and a white solid compound was obtained. The solid compound 

was crystallized in n-hexane/chloroform, with a yield of 60%. The melting point was 260-263 ℃ 

and Rf = 0.44.   
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Scheme 4  Synthesis of bis(tri-aza dibenzo sulfoxide macrocyclic diamides) (4) 

IR (KBr, cm-1): 3440, 3410, 3027, 2936, 2868, 1681, 1636, 1533, 1496, 1437, 1362, 1292, 1254, 

1081, 811 cm-1. 1H NMR (400 MHz, CDCl3) 𝛿: 1.23-1.29 (m: disturbed ddd, 3H), 2.13-2.37 (m, 

16H), 3.27-3.69 (m: disturbed ddd, 8H), 4.41-4.67 (s, 2H), 6.75-6.78 (s, 1H) , 6.95-6.97 (s, 1H), 

7.38-7.44 (s, 1H) ppm. 13C NMR (400 MHz, CDCl3) 𝛿: 174.42, 168.85, 168.74, 154.56, 152.09, 

136.83, 132.57, 132.28, 131.53, 130.44, 128.55, 124.31, 120.26, 113.23, 112.53, 68.27, 67.9, 

49.64, 49.03, 39.11, 38.41, 32.97, 26.62, 24.82, 21.42, 21.36, 20.69, 20.52 ppm. MS (EI) m/z (%): 

543 (M)+, 544 (M+1)+, 545 (M+2)+, 473, 369, 304, 288, 284, 272, 270, 241, 217, 184, 154, 146, 

136, 122, 106. 

 

Results and discussion 

Fig. 1 [A] shows the FT-IR spectrum of the compound (1). A broad and strong absorption band in 

the region of 3200–3400 cm-1 is related to the O-H stretching vibration with hydrogen bonding, an 

absorption band related to the C-H ring in the 3040 cm-1, and an aliphatic C-H shows an absorption 

band in the 2920 cm-1. Two absorption bands in the region of 1230–1280 cm-1 correspond to the 

C-O vibration, and two absorption bands with the same intensity in the 1360–1400 cm-1 correspond 

to the bending vibration of methyl, and the stretching absorption band of the C=C ring in the 1500–
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1580 cm-1. In the 760–880 cm-1 region, there are weak bands related to aromatic ring substitutions, 

indicating the formation of the desired sulfoxide. The FT-IR spectrum of compound (2) is shown 

in Fig. 1 [B]. The disappearance of the broad phenolic OH absorption band in the region of 3200–

3400 cm-1 and the appearance of the strong carbonyl ester absorption band at 1730–1760 cm-1 and 

the strong ether C–O absorption band at 1300 cm-1 indicate the formation of the desired dimethyl 

ester. 
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Fig. 3 FT-IR spectrum of compound (1) [A] and compound (2) [B] 

 

Fig. 2 shows the FT-IR spectrum of compound (3). The C=O absorption band is observed at 1680 

cm-1. The sharp and strong absorption band at 3420 is related to NH amide. Absorption bands at 
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3040, 2880, 1680, 1570–1490, 1210–1250–1280, and 830 cm-1 are related to aromatic CH 

stretching, aliphatic CH stretching, carbonyl amide group stretching vibration, aromatic C=C 

stretching vibration, phenolic C-O stretching vibration, and aromatic C-H bending vibration, 

respectively. The absorption band at 1080 indicates the S=O bond. 

 

 

Fig. 4 FT-IR spectrum of compound (3) 

 

Fig. 3 shows the FT-IR spectrum of compound (4). Sharp and strong absorption bands at 3440 and 

3410, 2936-3027, 2868, 1636-1681, 1533, 1437-1496, 1254-1292, and 811 cm-1 indicate the amide 

N-H stretching vibration, aromatic C-H stretching, aliphatic C-H stretching, carbonyl amide 

stretching vibration, N-H bending vibration, aromatic C=C stretching vibration, phenolic C-O 

stretching vibration, and aromatic C-H bending vibration, respectively. 

 



276 

 

 

Fig. 5 FT-IR spectrum of compound (4) 

The 1H NMR spectrum of compound (1) is shown in Fig 4. The absorption bands of aromatic 

protons including Hc and Hd have appeared at 6.92 and 7.05 ppm (singlet). The absorption band 

in the 6.73 ppm is related to the (OH proton). The absorption bands of aliphatic protons, including 

Ha and Hb, are seen in the region of 2.23 and 2.26 ppm, respectively. 
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Fig. 6 1H-NMR spectra of compound (1) 

 

The 1H NMR spectra of compound (2) are shown in Fig. 5 [A]. The peaks that have appeared at 

6.72-7.02 ppm are related to (He and Hf) aromatic ring protons. Also, the aliphatic protons (Ha 

and Hb) appeared at 2.23 and 2.26 ppm, and protons related to methyl acetate (Hc and Hd) were 

observed at 3.79 and 4.65 ppm. The 13C NMR spectra of compound (2) are shown in Fig. 5 [B]. 

The absorption band of Ck carbonyl ester can be seen in the region of 168.72. The absorption band 

of aromatic carbons is seen in the region of 112.29-153.58. Cd, Cc, Ca, and Cb have appeared in 

72.12, 67.88, 22.58, and 21.57, respectively. Therefore, the presence of 11 absorption bands 

corresponding to 11 types of carbons in the 13C NMR spectrum confirms the synthesis of 

compound oxythiobis [4,6-dimethyl phenoxy methyl acetate]. The melting point of compound (2) 

is 100 °C, which confirms the formation of ester. 



278 

 

 

Fig. 7 [A] 1H-NMR spectra and [B] 13C NMR spectrum of compound (2) 
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Fig. 6 shows the 1H NMR and 13C NMR spectrum of compound (3). In Fig. 6 [A], the absorption 

bands of aromatic protons and amide including He, Hf, and Hj are seen in the region of 6.92, 7.04, 

and 7.48 ppm. The absorption bands of methyl and aliphatic protons including Ha, Hb, Hc, and 

Hd have appeared in the region of 2.21-2.31, 2.73-2.76, 3.33-3.37, and 4.55 ppm. In Fig. 6 [B], 

the absorption bands of Cm (C=O) in the region of 168.27 ppm, Ck in the region of 153.58, the 

absorption band of Ci in the region of 132.61 ppm, Cf in the region of 132.51 ppm, the absorption 

band of Cj in the region of 129.78 ppm, Ch in 122.19 ppm, Cg in 112.29 ppm, Ce in 67.88 ppm, 

Cd in 49.33 ppm, Cc in 39.25 ppm, Ca in 22.51 ppm, and Cb in the region of 21.53 ppm are seen. 
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Fig. 8 [A] 1H-NMR spectra and [B] 13C NMR spectrum of compound (3) 
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A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

429 (M)+, 430 (M+1)+, 431 (M+2)+, 386, 360, 355, 316, 303, 257, 241, 228, 190, 180, 178, 164, 

151, 121, 108, 105, 91, 85, 84, 56, 49, 43, 30. 

 

Fig.9 Mass spectrometry analysis of compound (3) 

 

Fig. 8 shows the 1H NMR and 13C NMR spectra of compound (4). In Fig. 8 [A], the absorption 

bands of aromatic protons, including Hf and He in the region of 7.44-7.38 and 6.97–6.75 ppm. The 

aliphatic protons including Hd, Hc, Hd, and Ha appeared in regions of 4.67-4.41, 3.69-3.27, 2.37-

2.13. and 1.29-1.23, respectively. In Fig. 8 [B], the absorption bands of Cp and Co are seen at 

https://www.sciencedirect.com/topics/chemistry/electron-impact
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174.42 ppm and 168.85–168.74 ppm. Aromatic carbon atoms are seen at 154.56–112.53 ppm. The 

absorption band of Cf in the region of 67.90–68.27 ppm, the absorption band of Ce in the region 

of 49.03–49.64 ppm, the absorption band of Cd in the region of 38.41–39.11 ppm, the absorption 

band of Cc at 32.97 ppm, and the absorption bands of Ca and Cb at 24.82 and 26.62 ppm have 

appeared, respectively. 
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Fig. 10 [A] 1H-NMR spectra and [B] 13C NMR spectrum of compound (4) 
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A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

543 (M)+, 544 (M+1)+, 545 (M+2)+, 473, 369, 304, 288, 284, 272, 270, 241, 217, 184, 154, 146, 

136, 122, 106. 

 

Fig. 11 Mass spectrometry analysis of compound (4) 

 

Conclusions 

In this research, the synthetic method of preparing the biscrown compound from the primary 

diester has been carried out. The diester method is simple, convenient, and suitable for preparing 

diamide crowns. This research showed that by using simple chemical reactions, it is possible to 

synthesize new coronands, such as biscrown compounds, based on diamide crown compounds. 

The compounds resulting from this process were characterized using different chemical analyses, 

https://www.sciencedirect.com/topics/chemistry/electron-impact
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which showed appropriate chemical characteristics. Due to their reactivity and unique properties, 

these compounds can be used for various applications, especially in medicine, chemicals, and 

carriers. This research has helped to increase knowledge in the synthesis of biscrown compounds 

based on diamide crown compounds. 
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The organic molecules with D–π–A structures have attracted increasing attention since they can 

serve as electro active and photoactive materials in molecular electronics, such as biochemical 

fluorescent technology, NLO materials, electro generated chemiluminescence, OLEDs, and solar 

cells [1]. In this work, new metal free dye (Figure 1) is reported and its optical, electrochemical, 

photovoltaic properties and structural relationships are investigated in detail. The absorption 

spectrum of dye in CH3CN has three distinct absorption bands at around 395 nm. The absorption 

peaks at around 496 nm correspond to an intramolecular charge transfer between the 

phenothiazine-based donor and the cyanoacrylic acid [2], providing efficient charge-separation at 

the excited state. The wavelength of maximum absorption (λmax) of dye adsorbed on a TiO2 film is 

509 nm. Upon dye adsorption on to a TiO2 surface, the wavelength of maximum absorption is 

bathochromically shifted by 13 as compared to the corresponding spectra in solution, implying 

that dye adsorbed on to TiO2 surface contain partial J-type aggregates [3]. The DSSCs were 

prepared and compared to investigate the relationships between the sensitizing behaviour of dye 

molecule and its structures. The efficiency (η) of the DSSCs is 7.69% (Figure 1). 
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Figure 1. Chemical structure of Photosensitizer and J-V diagram of DSSCs; R= thioindigo. 
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World energy resources, including households, industry and technology, are rising with 

population growth. Solar radiation is one of the energy sources with the characteristics mentioned 

above. One of the emerging technologies for the generation of energy from solar radiation is dye-

sensitized solar cells (DSSCs) [1]. 1 Sensitizers are the main components of this technology, which 

are responsible for producing electrons based on the light received from the sun. Organic 

compounds are a good option for preparing new and highly efficient photosensitizers, and the 

conjugated bridge for connecting functional groups plays an important role in the maximum and 

shape of the absorption band of organic dyes [2]. To prepare sensitizers, electron-withdrawing and 

electron-donating groups are connected to each other through a conjugated bridge. The presence 
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of at least one effective electron-withdrawing node is essential for bonding to the semiconductor 

surface [3]. Thiophene rings were used as conjugated bridges. The number of thiophene rings was 

evaluated to compare the effect of conjugated bond length on the maximum absorption and 

efficiency of DSSCs. The chemical structure of the dye is shown in the figure1. The maximum 

absorption of synthesized dyes 1-4 is 493, 507, 519, and 532 nm, respectively. The efficiency of 

the DSSCs prepared based on the synthesized dye, 1-4, is about 7.78, 7.92, 8.12, and 8.32%, 

respectively. 

 

Figure 1. Chemical Structure of Photosensitizers; R=thioindigo. 
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Dephostatin is known as a natural protein-tyrosine phosphatase inhibitor that contains a 

nitrosamine moiety that is often mutagenic and carcinogenic. Therefore, development of 

approaches for detection and quantification of this natural compound is crucial (1). Compared to 

conventional methods for measuring analytes and controlling biochemical processes, biosensors 

offer advantages such as reusability, rapid response times, and high specificity (2). Laccase, an 

enzyme from the oxidoreductase family, is particularly effective in catalyzing reactions involving 

ortho- and para-diphenols, with its effectiveness varying based on the producing organism (3). 

Unlike many enzymes that target specific substrates, laccase can oxidize a wide range of 

substances, including diphenols, polyphenols, diamines, methoxyphenols, aromatic amines, and 

ascorbate. Additionally, protein tyrosine phosphatases are enzymes that remove phosphate groups 

from protein residues (4). 

The electrochemical properties of the electrodes were evaluated through cyclic voltammetry (CV) 

and electrochemical impedance spectroscopy (EIS). Key parameters such as oxidation potential, 

pH, temperature, and concentration were optimized. The current response for each sample was 

measured at an oxidation potential of 0.45 V relative to the Ag/AgCl electrode. Calibration curves 

were established, and measurements were taken by interpolating the amperometric signals from 

dephostatin solutions. Dephostatin standards were then added to a diluted Nescafe sample 

(phosphate buffer, 0.05 M, pH 6.5) without any pretreatment, and recovery rates were 

subsequently calculated. 

By immobilizing graphene oxide and laccase onto the electrode surface, the modified electrode 

demonstrated enhanced cathodic and anodic currents when compared to the unmodified electrode 

in a K₄Fe(CN)₆/K₃Fe(CN)₆ solution. The incorporation of graphene nanoparticles on the electrode 

surface facilitated an improved electron transfer rate, resulting in an increase of 20 µA. The 

electrode's response was linear over a concentration range of 10 to 900 nM, with a detection limit 

established at 6 nM. 

Given the critical roles of protein tyrosine phosphatases in cell signaling pathways and disease 

progression, there is growing interest in using dephostatin as an inhibitor. Consequently, 

developing a precise and rapid method for measuring dephostatin is essential within the 

pharmaceutical industry. The biosensor developed for this purpose incorporates laccase enzyme 

and graphene nanoparticles stabilized with a chitosan nanocomposite, enabling accurate 

dephostatin measurements. 
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Scheme: cyclic voltammetry of the prepared biosensor in K4Fe(CN)6/K3Fe(CN)6 solution. 
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Abstract: This study investigates the antioxidant properties of the lichen M. glabra, known for its 

medicinal potential due to bioactive compounds. Using Thin Layer Chromatography (TLC) and 

various solvent systems, we identified key metabolites, including lecanoric acid. Results showed 

that while the methanol extract had higher extraction efficiency, the acetone extract exhibited 

superior antioxidant activity, highlighting the potential of M. glabra in natural pharmaceuticals. 
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Introduction: 



294 

 

Lichens are fascinating symbiotic entities formed through the collaboration of a fungus and one or 

more photosynthetic organisms. Certain lichens are referred to as medicinal due to their rich array 

of bioactive compounds. They are known to produce a wide range of secondary metabolites, many 

of which are distinctive and present promising opportunities for the discovery of new classes of 

antioxidant agents. The unique and often underexplored metabolites of lichens contribute to their 

resilience in extreme environments. Given the limited efficacy of many synthetic pharmaceuticals, 

there is a growing interest in researching natural bioactive compounds. In this study, we focused 

on M. glabra, a lichen of ecological and potential medicinal value, to evaluate its antioxidant 

properties [1,2]. 

 

Material and Method: 

Lichen samples of M. glabra were carefully gathered from the lush forests of Gilan. To explore 

the secondary metabolites present, the Thin Layer Chromatography (TLC) technique was 

employed. The species P. acetabulum served as an internal control to accurately determine the Rf 

values of the compounds analyzed. In this study, three distinct solvent systems were utilized as the 

mobile phase: System A: Toluene, 1,4-Dioxane, and Acetic Acid in a ratio of 180:60:8 (v/v/v), 

System B: n-Hexane, Diethyl Ether, and Formic Acid in a ratio of 130:1000:20 (v/v/v), System 

C: Toluene and Acetic Acid in a ratio of 200:30 (v/v). A 10% sulfuric acid solution was utilized 

as a reagent to facilitate the detection process. Furthermore, a spot test method was incorporated 

as a supplementary technique to identify metabolites, employing reagents such as KOH, NaOCl, 

and PPD. Spotting tests were conducted under a stereomicroscope to enhance the visibility of color 

changes. To assess antioxidant activity, acetone and methanol extracts of M. glabra were obtained 

through the maceration method, and the extraction efficiency for both solvents was calculated. The 

phenolic content was quantified using the Folin–Ciocalteu colorimetric method, with gallic acid 

serving as the standard reference. The total flavonoid content was determined following the 

modified Dowd method, employing rutin to establish a standard curve. Finally, the antioxidant 

properties of the extracts were evaluated by measuring their capacity to inhibit DPPH free radicals, 

and the IC50 values were compared to assess their effectiveness. 

 

Results and Discussion: 

The findings revealed that the methanol extract demonstrated superior extraction efficiency. 

Through Thin Layer Chromatography (TLC) and spot tests, lecanoric acid was identified among 

the extracted substances. Interestingly, the amounts of phenolic and flavonoid compounds obtained 

from acetone extraction were higher than those from the methanol extract, despite the latter's 

greater efficiency. Additionally, the DPPH free radical inhibition assay showed that at all tested 

concentrations, the acetone extract exhibited a stronger inhibitory activity compared to the 

methanol extracts. 
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Fig: % inhibition vs concentration for a) Methanol and b) Acetone extracts 

 

Table: Comparison of extracts 

Extracts Efficiency 
Total phenol 

(mg/gr) 

Total Flavonoid 

(mg/gr) 
IC50 

Acetone 2.03 231.202±6.50 22.25±1.25 13.86 

Methanol 3.72 99.84±1.95 11.83±1.91 83.06 
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Material engineering has attracted a lot of scientific attention among scientists in recent years. 

Meanwhile, metal-organic frameworks (MOFs) are a promising class of engineered materials. The 

ability to design and target synthesis, attractive porous architecture and flexibility are among the 

characteristics of these crystal structures, which are obtained by connecting organic ligands to 

metal clusters. The attractive nature and properties of MOFs have caused these crystalline porous 

materials to have potential applications in sensors, drug delivery, gas absorption, catalysts, and 

photocatalysts [1]. Nowadays, green and low-cost synthesis of organic compounds has become an 

attractive challenge. Therefore, an attractive approach in this field is the synthesis of organic and 

pharmaceutical compounds with the help of MOFs catalyst, which provide a suitable platform for 

chemical reactions. Expanding the potential capabilities of MOFs in Click reactions and especially 

the synthesis of triazole compounds is a very attractive scientific approach [2]. Therefore, in this 

report, Fe-MOF@CuO, which is a MOF modified with CuO, was designed and its capability in 

the preparation of triazole derivatives was measured. Triazole compounds are very important 

because of their medicinal and biological properties, such as antibacterial, antifungal, etc. [3]. This 

was a strong motivation for us in this research (Scheme 1). 

 

Scheme 1: Preparation of triazole derivatives using Fe-MOF@CuO 
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In recent years, the synthesis of metal-organic frameworks (MOFs) as a new generation of 

nanoreactors has expanded significantly. MOFs are crystalline structures with tunable pores, the 

attractive scientific properties of this class of porous materials have attracted much scientific 

attention. Nowadays, MOFs have wide applications in various fields such as catalysts, 

photocatalysts, energy storage, gas absorption and sensors [1]. Catalytic applications of MOFs 

have created an interesting research motive due to the high porosity, high surface area, chemical 

and thermal stability of these compounds. In this context, the placement of ionic liquids that have 

low volatility, high thermal stability, low vapor pressure and are environmentally friendly in the 

pores of MOFs has caused interesting physical and chemical properties in MOFs [2]. With these 

attractive features in mind, we have developed the highly motivated [Zr-UiO-66-imidazole]Br, a 

Catalyst Ionic Liquid Metal Organic Frameworks (ILMOFs). The catalytic application of the 

above ILMOFs was measured in the preparation of a wide range of macromolecule compounds 

which mainly have significant biological properties such as anti-cancer, anti-tumor, and anti-

bacterial properties (Scheme 1) [3].  

 

Scheme 1: Preparation of macromolecule derivatives using [Zr-UiO-66-imidazole]Br 
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Pyrrolidine-2-ylidenes, a specific category of N-heterocycles, are commonly found in abundant 

biologically active natural compounds.1 Natural products containing pyrrolidine-2-ylidenes, such 

as azinomycins are characterized by their significant antitumor properties.2 While simple 

pyrrolidine derivatives are commercially accessible, synthesizing pyrrolidine-2-ylidenes often 

requires significant synthetic effort. A notable strategy involves [3+2] dipolar cycloadditions of 

azomethine ylides, which enable the direct construction of the five-membered ring.3 Herein, a 

diastereoselective synthesis of pyrrolidin-2-ylidene derivatives through the Huisgen reaction of H-

bond-assisted azomethine ylides with chalcones is described. This reaction forms three stereogenic 

centers with remarkable diastereoselectivity. The practical applicability of this approach was 

further illustrated through a gram-scale experiment. The final product's structure was confirmed 

via single-crystal X-ray analysis, affirming the successful synthesis of the target compounds. 

Various features of this protocol will be presented and discussed. 
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Biginelli reactions are a valuable tool in organic synthesis, specifically for the creation of 

dihydropyrimidinones (DHPMs) [1]. These heterocyclic compounds are essential building blocks 

for various pharmaceutical and medicinal compounds [2]. Traditionally, Biginelli reactions often 

require harsh conditions, such as high temperatures and long reaction times [3]. Magnetic 

nanoparticle catalysts have emerged as a promising solution to address these limitations. These 

tiny particles, often composed of magnetic materials like iron oxide, exhibit unique catalytic 

properties due to their large surface area and magnetic susceptibility. When employed as catalysts 

in Biginelli reactions, magnetic nanoparticles can significantly enhance reaction rates, improve 

product yields, and allow for milder reaction conditions [4]. Additionally, their magnetic properties 

facilitate easy separation from the reaction mixture using an external magnetic field, making them 

environmentally friendly and cost-effective [5]. This study, we is reported the synthesis of 

magnetic copper nanoparticles and their application as an efficient and reusable catalyst for 

synthesis of dihydropyrimidinone by Biginelli reaction. The nanoparticles were characterized 

using various techniques, including X-ray diffraction (XRD), Fourier Transform Infrared 

Spectrometer (FT-IR). The catalytic activity of the synthesized nanoparticles was evaluated in the 

Biginelli reaction under 70 °C, and 30-150 min conditions, and the results showed high yields of 

the desired products. The catalyst could be easily recovered using an external magnet and reused 

for 5 cycles without significant loss of activity. 
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Scheme: center 
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Tetrazoles, a class of heterocyclic compounds, have garnered considerable attention in recent years 

due to their fascinating properties and versatile applications [1]. Structurally, tetrazoles are five-

membered rings consisting of four nitrogen atoms and one carbon atom [2]. This unique 

composition lends tetrazoles exceptional chemical stability and high nitrogen content, making 

them attractive for various applications. Tetrazoles have also been recognized for their bioactive 

potential, with several compounds showing promising activity against various diseases [3]. 

Furthermore, tetrazoles have been extensively explored as building blocks in organic synthesis and 

functional materials [2]. Their synthetic versatility has been demonstrated through the 

development of diverse methodologies for their preparation, modification, and incorporation into 

complex molecular structures [4]. In addition, their electronic properties have been exploited in 

the design of new materials for optoelectronics, sensing, and energy storage applications [5]. 

In conclusion, tetrazoles have proven to be a remarkable class of heterocyclic compounds with far-

reaching implications in both chemical and materials science. Their intriguing properties and 

versatile synthetic routes continue to inspire researchers to explore new avenues for their 

application and discovery. 

In this work, we present the synthesis of tetrazoles using Magnetic nanoparticles supported zinc 

(II) complex (Fe3O4@SiO2-schiff base-Zn(OAc)2) as efficient catalysts. The (Fe3O4@SiO2-schiff 

base-Zn(OAc)2) were prepared via a co-precipitation method and characterized using various 

techniques(XRD-FT-IR, map). The catalytic performance of the nanoparticle was evaluated in the 

synthesis of tetrazoles. The results demonstrated that the nanoparticle exhibited excellent catalytic 

activity, and recyclability (five cycle). The magnetic properties of the catalyst allowed for easy 

separation and recovery, making them a environmentally friendly catalyst for the synthesis of 

valuable tetrazole derivatives. 

 

Scheme: Preparation of tetrazole catalyzed by Fe3O4 @SiO2 -Schiff Base-Zn(OAc)2  
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Introduction: 

In recent years, reports show that the use of β-cyclodextrin on the surface of titanium dioxide and 

the formation of the TiO2-β-CD structure will lead to an increase in photocatalyst activity.[1] 

Photopolymerization of free radical is of high commercial importance. Ritter and his colleagues 

revealed that the first type photoinitiator complex 2-hydroxy-1-phenyl-1-propanone with 

methylated beta-cyclodextrin causes the formation of a water-soluble host-guest complex. Also, 

this cyclodextrin complex shows a more effective start for organic monomer polymerization 

compared to a single photoinitiator.[2] Investigations show that by changing the physical properties 

of water through magnetization, it can be used as a media solvent in organic reactions. [3] 

Magnetized water has been passed through a static magnetic field with a certain strength and as a 

result its physical properties has changed.[4]  
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Results and Discussion 

In this work, photocatalytic polymerization of organic monomers using TiO2-β-CD, 400nm LED 

and magnetized water were selected as the model reaction. The reduction of refractive index in 

magnetized water compared to deionized water makes the water environment transparent when 

light hits the photocatalyst, and causes more photons to be absorbed and electron transfer to be 

better, thus increasing the reaction speed. Therefore, the effect of magnetized water and its 

utilization is reasonable and justified (Scheme). 

 
(Scheme): Synthesis of organic polymers by TiO2-β-CD as photoinitiator under visible light in 

magnetized water 

Conclusion: 

In the present work, by changing the physical properties of water through magnetization, it was 

used as a green solvent in photocatalytic polymerization. Therefore, in this system and through an 

efficient method, photocatalytic polymerization of organic monomers using TiO2-β-CD 

photocatalyst has been reported as a photoinitiator under visible light. 
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The development of biomaterials-based catalysts for photo-induced transformation 

reactions of organic compounds holds significant promise as a sustainable solution for addressing 

environmental and resource challenges. The cleanliness, affordability, moderate reaction 

conditions, ease of handling, sustainability, and, most importantly, the environmental friendliness 

of visible light as an energy source are what make visible light-induced organic reactions appealing 

and increase their potential for real-world use [1].Organic photoredox catalysts have been 

employed in many useful chemical reactions and have developed into effective instruments for 

activating organic molecules in visible light . In organic synthesis, eosin Y (EY) is frequently 

employed as a photoredox catalyst. In organic photochemistry, it has been used as an economical 

and sustainable visible light absorption photocatalyst[2] .Notwithstanding all of the benefits 

discussed, photoredox dyes frequently experience stability problems in reaction media because of 

their delicate chromophores, which are readily harmed by various reaction circumstances .For dyes 

to be used effectively in photoredox catalysis, an efficient stabilizing method is therefore necessary 

[3]. 3D water-swollen networks made of artificial or naturally occurring polymers are called 

hydrogels. They are becoming more widely acknowledged as a promising platform for carrying 

out chemical reactions and bear a striking resemblance to microreactors[4]. In order to overcome 

this difficulty, hybrid materials that combine photoredox dyes with other hydrogels exhibit 

promise. Furthermore, these disadvantages can be addressed by the method of creating a covalent 

link between the photoredox dye and anchoring material, such as hydrogels based on 

polysaccharides. In addition, reduction reactions of nitroaromatic compounds in a water 

environment with EY catalyst are typically carried out in the presence of chemical reducing agents 

(such as NaBH4 or triethanolamine as strong H-donor compounds) and metal/metal-oxide 

nanoparticles[5]. In the current study, Eosin powder was added to the substrate at room 

temperature and dried in an oven. p-NP was efficiently transformed into p-AP using an 

environment-friendly and sustainable photoredox EY-BS catalyst under metal-free conditions and 

without chemical-reducing agents (Scheme1). The novel photoredox EY-BS catalyst, which 

contains covalently immobilized eosin Y (EY) dye on Basil seed (BS), exhibited long-term 

stability and a high photoreduction rate. The findings showed that the BS substrate significantly 

contributes to catalyst stability in the reaction environment through the rapid regeneration process 
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of oxidized eosin-Y. In the optimal condition, the 96.7% conversion rate of p-NP into p-AP was 

obtained within 45 min under white LED illumination. We also pointed out BS hydrogel's leading 

roles as an efficient reducing agent and hydrogen-donor molecule through the SET reaction 

mechanism. The light absorption characterization analysis of EY-BS shows that utilizing the light-

trapping structure of porous hydrogel led to radiant photon management and increased light 

absorption and harvesting in a wide spectrum. Such a light-trapping behavior makes the EY-BS 

an intelligent material that may be valuable to apply to photo-mediated organic transformations. 

The catalyst was extensively characterized using FT-IR, XRD, TGA, TEM, FE-SEM, and EDS. 

The synthesized EY-BS presents several advantages, including environmental sustainability, cost-

effectiveness, and high chemical stability. 
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Pseudocapacitors are appropriate for applications needing a high power density because 

they have higher energy densities than conventional capacitors and store energy through quick 

faradaic redox processes. The performance of pseudocapacitive supercapacitors is examined in 

this paper, with particular attention paid to a negative electrode made of carbon felt that contains 

active elements such as graphene-like carbon and cobalt oxide. With a specific capacitance of 218 

A/g, this electrode showed promise for effective energy storage[1, 2]. Because of their high surface 

area and conductivity, graphene-like carbon and cobalt oxide, when mixed with carbon felt as a 

negative electrode substrate, improve capacitive performance.[3]  

Hierarchical porous carbon, especially graphene, is widely used to anchor and stabilize 

mixed metal oxide nano-heterojunctions due to its exceptional properties, such as a large specific 

surface area, high conductivity, and numerous surface defects. With a charge mobility of 

approximately 200,000 cm² V⁻¹ s⁻¹, graphene also exhibits chemical inertness, biocompatibility, 

thermal stability, and electron mediating capabilities, making it an ideal support material for 

functional components.  However, manufacturing processes involving metal oxides often struggle 

with controlling textural characteristics, hindering the achievement of high graphitization and 

porosity in graphene. This highlights the need for simple, secure, affordable, and environmentally 
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friendly synthesis methods for these compounds. One promising approach is using biomass as a 

carbon source to create a hierarchical porous graphene-like carbon (GLC) network suitable for 

metal oxide loading. Basil seeds (Ocimum basilicum L.), rich in mucilage, provide an inexpensive 

green precursor for GLC production through pyrolysis. The carboxylic acid and hydroxyl groups 

in basil seeds enhance metal ion insertion, improving catalyst dispersity, preventing aggregation, 

and reducing charge recombination due to graphene's carrier capabilities. Moreover, the 

hierarchical porous carbon network facilitates charge transfer between nanograins, enhancing 

electron transmission by serving as a charge carrier. [4] 

Cobalt oxide and other transition metal oxides are well-known for their pseudocapacitive 

qualities, which enable them to produce large energy densities via reversible redox processes.[5] 

In line with the performance of other cutting-edge pseudocapacitive materials, the study's specific 

capacitance of 218 A/g shows a notable improvement above conventional materials. The 

electrochemical performance of pseudocapacitors is greatly influenced by the electrolyte selection, 

in this case potassium hydroxide. It has an impact on the electrode materials' overall stability and 

ion transport . Long-term applications require cycling stability and rate performance, which can 

be enhanced by electrolytes with bigger cations, according to studies.[6] 

For applications such as hybrid electric vehicles, pseudocapacitors provide a compromise 

between high power and moderate energy densities, bridging the gap between batteries and 

capacitors.[3] [5] The nanocatalyst was extensively characterized using FT-IR, XRD, TGA, XPS, 

HR-TEM, FE-SEM, and EDS. The synthesized Co3O4/GLC presents several advantages, including 

environmental sustainability, cost-effectiveness, and high electrochemical stability. 
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Investigating the catalytic properties of the MIL-53(Fe) metal framework in the synthesis of bis( 

3-metyl-1-phenyl-1H-pyrazol-5-ol)s [1]. Bispyrazolyl methane derivatives used through the three-

component one-pot condensation reaction of phenylhydrazine,acetoacetate and aromatic 

aldehydes. This reaction is used in neutral and solvent-free environments and it is catalyzed by 

green chemistry. This method has several advantages, including non-toxic materials, high yield, 

short reaction time, and clean operation. Pyrazoles have attracted particular attention due to the 

diverse biological activities associated with this heterocyclic system, and some have been shown 

to be cytotoxic to several human cell lines. Several drugs currently on the market have this 

heterocycle as the key structural motif, and some have been approved for the treatment of different 

types of cancer [2]. 

MIL-53(Fe) is synthesized and fully investigated by XRD, MAPPING, EDAX‚ SEM‚ FT-IR‚ 

VSM‚ TGA and AFM. Bis( 3-metyl-1-phenyl-1H-pyrazol-5-ol)s are checked by 1HNMR, 
13CNMR, FT-IR, MASS‚ Investigation of Anticancer and anti corrosion activity  
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Scheme. Synthesis of Bispyrazolylmethanes derivatives in the presence of MIL-53(Fe) 
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Due to the anticancer properties of some pyrazolyl, in this work have been demonstrated to 14 

compound of pyrazolyl derivatives to were synthesized in the presence of MIL-53(Fe)‚ to be 

cytotoxic on several human cell lines namely, glioblastoma (U-87), breast (MCF-7), cervical 

(HeLa), colon (HT-29), prostate (DU-145),  and normal mouse adipose fibroblast cell line (L-929). 

MTT assay using to evaluate cell viability for 48 h [1, 2].  

Cell lines was purchased (ATCC, Manassas, VA, USA). Line (L-929) was purchased from the 

(ECACC, Salisbury, UK). DMEM (Gibco)  . The media were supplemented with a 1% penicillin 

and streptomycin mixture (100 U/mL penicillin, and 100 μg/ml streptomycin) (Gibco 15140-122) 

and mixed with 10% heat-inactivated fetal bovine serum (Capricorn FHS-HI-12B). Cells were 
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passaged at 70–80% confluence, about twice a week by trypsinization (Multicell 325-542-C1). 

DMSO and cisplatin (Sigma-Aldrich). 

 

 conclusion: a Non-cancer cells.bThe data are presented as IC50 values represents the mean ± 

S.E.M, µM, obtained by  five replicates experiments (n=5), as measured by the MTT assay after 

48 h of incubation. Cisplatin was used as positive control.  SI = IC50 of a compound in a normal 

cell line/IC50 of the same compound in the cancer cell line. A favorable SI > 1.0 indicates a drug 

with efficacy against tumor cells greater than the toxicity against normal cells. 

The selectivity index (SI) was calculated to evaluate the toxicity of the compounds studied  against 

normal cells and to predict their therapeutic potential. High SI values result from large differences 

between the cytotoxicity against cancer and normal cells. From the tested compounds with BPM-

3 and BPM-13 have showed SI >1.0. Complex BPM-3 (SI>17.7) and BPM-13 (SI>3.12)  have 

highest selectivity index for DU-145 and MCF-7 cancer cells, respectively.  

 

                           Scheme.  Two examples of cell lines (BPM-3 and BPM-13) 
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Scheme.   Cytotoxic activity of synhesized compounds (BPM 1-14)  and cisplatin against human 

cancer cells and L-929 non-cancer cells in vitro  IC50 (µM) 
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 IC50 (µM)b 

 Cell Line 

 U-87 MCF-7 HeLa HT-29 DU-145 L-929a 

BPM 1 >20 >20 >20 >20 >20 >20 

BPM 2 >20 >20 >20 >20 >20 >20 

BPM 3 >20 >20 >20 >20 1.13 ± 1.40 

SIc > 17.7 

>20 

BPM 4 >20 >20 >20 >20 >20 >20 

BPM 5 >20 >20 >20 >20 >20 >20 

BPM 6 >20 >20 >20 >20 >20 >20 

BPM 7 >20 >20 >20 >20 >20 >20 

BPM 8 >20 >20 >20 >20 >20 >20 

BPM 9 >20 >20 >20 >20 >20 >20 

BPM 10 >20 >20 >20 >20 >20 >20 

BPM 11 >20 >20 >20 >20 >20 >20 

BPM 12 >20 >20 >20 >20 >20 >20 

BPM 13 >20 6.40 ± 0.17 

SIc > 3.12 

>20 >20 >20 >20 

BPM 14 >20 >20 >20 >20 >20 >20 

Cisplatin >20 >20 >20 >20>20 >20 >20 



312 

 

 

 

  

 

 

Preparation of basic ceramic nanocatalyst based on eggshell waste using 

ultrasonic waves and its application in the synthesis of some DHPMs 

compounds 

Asadollah Farhadi 

Department of Basic Sciences, Petroleum University of Technology, Ahvaz, Iran, 61981-44471 

farhadichem@put.ac.ir 

Abstract: In this research, ceramic nanocatalyst based on eggshell (ES) was prepared from food 

waste using ultrasonic wave method. Ultrasonic bath waves were used to prepare nanoparticles of 

this catalyst. This catalyst was characterized by FESEM, EDX and zeta potential spectrum. Finally, 

some 3,4-DHPMs were synthesize by this catalyst.  

Keywords: Eggshell, Catalyst, FESEM, EDX, Zeta potential, 3,4-DHPMs 

1. Introduction 

Used the chemical compounds as catalyst lead to generation the toxicity problem and 

environmental issues. So, it is very necessary to using the green reactants in chemical reaction. 

There have been reviews on use of egg shell (ES) waste focusing on synthesis of syngas, dimethyl 

carbonate, and waste water. Also, the synthesis of Schiff bases compounds and biodiesel 

production from green waste and nonedible cooking oil waste in particular by using ES was 

investigated [1,2] So, in this project used the egg shell as base catalyst for synthesis of some 

heterocyclic compounds.  

2. Experiment Section 

2.1. Materials and Equipments 

Catalyst was prepared from recycled egg shells. Compounds were purchased from Sigma-Aldrich 

chemical company. The entire materials were used without any further purification. 

Melting points were determined on a Melting point meter M3000 apparatus and were uncorrected. 

FT-IR spectrum was recorded from KBr discs on a Bruker ALPHA FTIR spectrometer. 1HNMR 

spectrum was recorded using a Bruker Ascend 300 1HNMR machine. Morphological analysis of 

the particle was obtained by Field Emission Scanning Electron Microscope (FESEM TESCAN 

MIRA2) apparatus which was equipped with an X-ray unit at an accelerator voltage of 20 kW. 

Zeta spectrum was recorded using Malvern Instruments apparatus. 

2.2. Preparation of ES catalyst 
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At first step, the outer shell of the egg was separated, then the thin white layer that was attached to 

the inner wall of the shell was removed. The remaining shell was ground into finer powder particles 

by grinding. To separate the organic compounds, present in the resulting powder, 5 grams of the 

powder was mixed with 50 mL of ethanol and refluxed for 1 hour. Then the powder was mixed 

with water, and was placed in an ultrasonic bath for 5 hours. Finally, the resulting mixture was 

filtered and placed in an oven at 100°C for 5 hours. The structure of ES was characterized by 

FESEM, EDX and Zeta potential spectrums.  

2.3. Synthesis of some 3,4-dihydropydrimidin-2(1H)-ones (DHPMs) using ES as catalyst 

According data of optimization conditions for synthesis of for 2a compound are obtained, for 

synthesis of DHPMs is used 10 mmol of aldehydes, 10 mmol of EAA, 12 mmol of urea and 0.1 g 

of ES as catalyst in ethanol as solvent under reflux conditions. (Scheme 1) 

ES

EtOH/ reflux

X:  H (a), 4-MeO (b), 3-MeO (c), 2-MeO (d), 4-Cl (e),        3-

Cl (f), 2-Cl (g), 4-NO2 (h), 3-NO2 (i), 4-Me (j), 3-Me (k),  2-

Me(l), 4-Br (m), 3-Br (n), 2-Br (o)

1 a-o 2 a-o

ArCHO + EAA + Urea 3,4-DHPMs

 

Scheme 1: Synthesis of various 3,4-

DHPMs by used ES as catalyst. 

3. Results and Discussion 

According to data that obtained from FESEM, the particles size of catalyst is below 80 nm. Also, 

the morphology of ES catalyst prepared is similar to structure reported in pervious paper. [3]. EDX 

data obtained, confirm the exist of Ca and Mg compounds in this catalyst. Too, according to zeta 

potential data, the potential of ES in water as solvent is 1.1 V and the average particle size is 2231 

nm. The zeta potential show that the surface charge of ES is positive. As well, for confirm the 

basic property of ES catalyst, pH of water solution of its was recorded. pH of mixture that contain 

1 g of ES catalyst in 20 mL of distilled water at 25 ºC after 2 h was 11. 

Conclusion 

In this work, an extremely simple, convenient and efficient protocol for the synthesis of some 

DHPMs by using ES as catalyst was reported, because: 

1. It does less harm to the environment; 2- It is economically more efficient; 3- Compared to some 

chemical catalysts use, this method has better reaction efficiency and time the reaction is less. 
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Abstract: Currently, demand for using the fossil fuels such as petroleum oil and coal energy are 

growing swiftly with global economic growth. These fuels are major environmental threats due to 

the release of CO2 into the atmosphere. So, used the technology for reducing greenhouse gases is 

one of the novel methods today. One a way method for reduction this gas, used the various catalysts 

for conversion it to methanol. In this work, the zeta potential spectra were used for investigation 

of this reaction. Data obtained from zeta potential shown that Al2O3 is the best nano catalyst for 

production methanol. 
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4. Introduction 

In recent years, many industrial fields used fossil fuels, which contribute to greenhouse gas (GHG) 

emissions, especially carbon dioxide (CO2). this parameter was led to increase the global 

temperature [1,2]. Compared with the GHG level in 2010, CO2 reduction of 41–72% by 2050 and 

78–118% by 2100 is necessary to preserve the temperature change below 2 ◦C relative to 

preindustrial levels. [3] In this case, converting CO2 into valuable products through several 

processes is one of the promising strategies for reducing its emission. For instance, electrocatalytic 

and photocatalytic CO2 reduction is subjected as a potential process for future. Several important 

chemical products could be obtained from this process, e.g., methane, alkanes, carbon monoxide, 

olefins, and alcohol [4]. Therefore, methanol production from CO2 benefits from environmental 

and economic points of view. Generally, a catalyst is needed to transform the CO2 into a methanol 

product because CO2 is a highly stable molecule. Some of these catalysts are Cu, Zn, Cr, V2O5 and 

others compounds [5]  

5. Experiment Section 

5.1. Materials and Equipment 

Compounds were purchased from Sigma-Aldrich chemical company. The entire materials were 

used without any further purification. Zeta spectrum was recorded using Malvern Instruments 

apparatus. Density functional theory was done by Gaussian software. 

2.3. Synthesis of Methanol from CO2 
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Recently, producing methanol from CO2 is a promising pathway because this method is benefitting 

environmental point of view. Generation of methanol from greenhouse gas leads to reduce impact 

environmental and help to resolving climate change. CuO, ZnO and Al2O3 as catalysts for 

synthesis of methanol were used [6]. Used of zeta potential spectra helps to investigation the 

mechanism of this reaction. So, in this work, zeta potential of CuO, ZrO2, Fe2O3 and Al2O3 nano 

catalysts in water media was done. Data obtained of these catalysts are reported in Table 1.  

Table 1: Zeta potial of some nano catalyst in water media in range -200 to +200 (eV).  

catalyst CuO ZrO2 Fe2O3 Al2O3 

Zeta potential 

(eV) 

+105 +80.3 +56.9 +123 

 

3. Results and Discussion 

Data reported in Table 1, shown that the Al2O3 has the more zeta potential data, for this reason this 

compound is the best catalysts for conversion of CO2 to methanol. According to data reported in 

Table 1, the best mechanism was proposed for conversion of CO2 to methanol.  

Conclusion 

The results reported based on the potential spectrum of colloidal suspensions of some catalysts 

used in methanol synthesis show that the charge on the surface of these catalysts is positive, which 

is why these catalysts play a significant role in the conversion of greenhouse gases to methanol. 

Also, the use of mixed catalysts increases the surface charge, which is one of the reasons for 

increasing the rate of methanol production under milder conditions. 
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Abstract 

Physical manipulation can be carried out on molecules and cells through the utilization of 

nanomachines which are machines with nano dimensions. There are different types of 

nanomachines .Among them, rotaxanes stand out as the most well-known. The term of  rotaxane 

originates from the combination of the Latin words wheel and axis. The application of 

nanomachines is  identifying and measuring the concentration of toxic substances in the 

environment, targeted drug delivery and cancer diagnosis .The objective of this study is to 

synthesize and identify several new nanomachines in the form of rotaxanes (internally locked 

molecules) with nanopharmaceutical properties from the corresponding crown compounds. In the 

first step, 2,2-dimethylphenol was converted into bisphenol compound (1) in reaction with thionyl 

chloride. Bisphenol compound (1) was converted into methyl diester compound (2) in reaction 

with methyl chloroacetate. The methyl diester compound (2) reacts with the appropriate diamine 

to form the diamide macrocycle compound (3). Rod (4) is prepared from the reaction of diethylene 

glycol ditosylate, 4,4-bipyridine and a bulk phenol such as 4-tert-butylphenol in DMF. Each of 

the rings in the presence of the prepared rod leads to the corresponding rotaxane compound (5). 

Chemical structure of the obtained compounds were established by 1HNMR, 13CNMR, FT-IR and 

SEM spectroscopic methods. 

Keywords: Nano machine, Drug delivery, Cancer diagnosis, Rotaxane, Interlocked compounds 
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In recent times, there has been a significant advancement in the realm of supramolecular chemistry 

[1]. This progress has led to its widespread use in various fields owing to its ability to employ 

precise, directional, adjustable, and reversible molecular recognition motifs [2-6]. One area of 

particular interest is the development of molecular machines using mechanically interlocked 

molecules (MIMs) [7]. These MIMs involve the assembly of multiple components that are 

mechanicaly connected [8, 9]. For instance, rotaxanes and pseudorotaxanes are examples of such 

MIMs which are formed through the utilization of macrocyclic molecules including crown ethers, 

cyclodextrin, cucurbituril, and calixarene. These macrocyclic molecules have proven to be 

extremely valuable in diverse areas such as supramolecular gels, fluorescence studies, and 

biological applications [9-14]. 

The manipulation of molecular motion on a molecular scale presents an extraordinary challenge 

for contemporary nanotechnology. As a result, there has been a rapid advancement in the 

development of mechanically interlocked molecules that possess the ability to effectively react to 

external stimuli [15-21]. Amongst these compounds, rotaxanes have garnered considerable 

attention due to their remarkable potential as molecular switches and machines [22, 23]. The 

composition of rotaxanes entails the mechanical interlocking  of a macrocycle (a molecular wheel) 

onto a thread-like  molecular axle with the aid of bulky stoppers. Additionally, rotaxanes 

incorporate two or more recognition sites, known as stations, which enable the macrocycle to 

seamlessly traverse between them along the thread [24, 25]. 

The components of the molecular machines are continuously in random motion due to thermal 

fluctuations, unlike their macroscopic counterparts . Consequently, when energy is provided to 

these molecular systems, often in the form of chemical [26, 27], electrochemical [28, 29], or 

photochemical input [30, 31], it disrupts their equilibrium for a short time and influence the 

macrocycles movement in a specific direction [32-35]. The activation of light as an energy source 

has advantages since it does not produce any byproducts and can directly convert solar energy into 

mechanical work. Additionally, when researchers combine this light-induced molecular motion 

 Introduction 
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with optical monitoring using time-resolved laser spectroscopy techniques that are able to track 

changes over time very precisely, they gain a superior ability to analyze intricate kinetics [25]. 

The linkage of molecules through non-covalent, mechanical bonds allows for the development of 

unique physical and chemical qualities in these supramolecular systems that are hard to attain or 

perhaps impossible through conventional synthetic methodologies [36, 37]. With the use of 

external stimuli, scientists have made headlines by successfully controlling the shape and dynamic 

motion of mechanically interlocked molecules, leading to advancements in artificial molecular 

machine development [38]. Functional supramolecular compounds have exhibited versatility 

through their application in various areas including logic gates or molecular switches for electronic 

devices [39], controlled drug release [40], and catalytic activity [41, 42]. rotaxanes can be 

particularly useful in advanced drug delivery mechanisms that rely on enzyme-mediated separation 

and subsequent activation of prodrugs within tumor cells [43-45]. 

 

 

 

 Synthesis of 2,2ˊ-bis[(2-(4-methyl 1-hydroxy)phenyl)] sulfoxide (1): 

To perform this reaction, we used the method reported by Bavili et al. Based on this method, 200 

ml of dry dichloromethane (25 g, 0.187 mol) and aluminum chloride were stirred in an ice bath 

environment. Then 16 ml (2 mol) of 2,4-dimethylphenol was gradually added and stirred for half 

an hour. After stirring for half an hour, a mixture of 8 ml of thionyl chloride solution and 50 ml of 

dry dichloromethane was added dropwise to the solution. The mixture was stirred in an ice bath 

for 15 h until a white precipitate formed. After that, the precipitate was filtered using a Buchner 

funnel and then washed with 35 mL of chloroform and 5 mL of 10% HCl solution to remove 

aluminum oxide. After that, distilled water is added to neutralize the pH of the solution. After 

washing and separating the organic phase from the aqueous phase, the precipitate was crystallized 

and purified in ethanol. The melting point of the product was 192-196 ℃ and the reaction yield 

was 65%. The reaction carried out is shown in diagram (1) [46]. 

 MTERIALS AND METHODS 
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Scheme 5: synthesized compounds structure of dihydroxy crown is well-formed. 

 

IR (KBr): 3450, 3310, 1889, 1762, 1668, 1642, 1450, 1226, 1052 cm-1 

1H NMR (400 MHz, CDCl3) 𝛿: 2.23 (s, 6H), 2.26 (s, 6H) , 6.73 (s, 2H), 6.84 (b, 2H) , 7.05 (s, 2H) 

ppm 

 

 Synthesis of Sulfoxo-2,'2-bis[(2,4-dimethyl) phenoxy) methylacetate]  (2): 

To carry out this reaction, a mixture of bisphenol (1) (8 g, 0.0017 mol), methyl chloroacetate (5.86 

mL, 0.0034 mol), potassium carbonate (7.46 g, 0.0034 mol), and potassium iodide (0.23 mol, 0.23 

mol) was added. 0.) was prepared. Then 100 ml of acetonitrile was added and the resulting mixture 

was refluxed for 18 hours. The mixture was filtered using a Buchner funnel and purified using 

methanol. The obtained pure compound shows a melting point in the range of 98-100 °C and its 

Rf value was determined to be 0.3 in the ethyl acetate/petroleum ether (3:1) solvent system. It is 

also essential to maintain the system temperature below 5°C during the initial 8-hour period [47]. 
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Scheme 6: Sulfoxo 2,'2-bis[(2,4-dimethyl methoxy) methylacetate]. 

 

IR(KBr): 2915, 2858, 1740, 1720, 1600, 1577, 1200, 1069 cm-1 

1H NMR (400 MHz,CDCl3) 𝛿: 2.23 (s, 6H), 2.26 (s, 6H), 3.82 (s, 6H), 4.56 (s, 4H)، 6.81(s, 2H), 

7/02 (s ,2H) ppm 

 Synthesis of diamide macrocycles 

I.Synthesis of 1,7-dioxo-4-sulfoxo-11-methyl-2,3-5,6-di(2ˊ,4ˊ-dimethyl)benzo-10,13-diaza-14-

crown-5 (3a): 

Diasteremethyl (2) (0.0046 mol, 2 g) and 1,2-diaminopropane (0.39 mL) were added to 25 mL of 

methanol  and refluxed for 18 h. Triethylamine or pyridine was used to increase the reaction yield. 

The solvent was removed by rotary and a white precipitate remained. Then the precipitate was 

crystallized in methanol, which led to the formation of white cotton crystals. The reaction yield is 

75% and Rf = 0.1-0.2 in the ethyl acetate/methanol (1:2) solvent system. 
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Scheme 7: Synthesis of crown diamide macrocycle (3a). 

 

IR(KBr, cm-1): 3449, 3010, 2921, 1696, 1671, 1494, 1251, 1212, 1072, 894 cm-1 

1H NMR (500 MHz,CDCl3) δ: 1.07 (s, 3H), 2.2 (s, 6H), 2.25 (s, 6H) ،3.32- 3.33 (m, 1H), 4.29- 

4.31 (d, 2H, J= 8 Hz), 4.83 (s, 4H), 6.91 (s, 2H), 7.29 (s, 2H), 7.38 (s, 2H) ppm. 

13C (500 MHz,CDCl3) 𝛿: 168.50, 154.06, 134.03, 131.83, 129.08, 126.66, 113.53, 68.19, 39.86, 

38.51, 22.94 , 21.9, 19.47 ppm. 

 

II.Synthesis of 1, 7-dioxa-9, 30-dixo-10, 13, 16, 19-tetraaza-4-sulfoxo-2, 3, 5, 6-di(2, 4-

dimethyl)benzo- 21- Crown-7 (3b): 

Diasteremethyl (2) (0.0046 mol, 2 g) and triethylene tetraamine (0.68 ml) were added to 20 mL of 

methanol and refluxed for 18 h. The solvent was removed by rotary and a white viscous precipitate 

remained. Then the precipitate was crystallized in methanol, which led to the formation of white 

cotton crystals. The reaction yield is 75% and Rf value ranged from 0.0 to 1.2 in the ethyl 

acetate/methanol (1:2) solvent system. 

 

Scheme 8: Crown diamide macrocycle (3b). 

 

IR(KBr, cm-1): 3420, 3398, 3040, 2850, 1680,1570, 1490, 1368, 1350, 1074, 830 cm-1 

1H NMR (400 MHz,CDCl3)𝛿: 2.22  (s, 6H) 2.24 (s, 6H), 2.73- 2.76 (t, 4H, J= 9 Hz), 2.89- 2.92 (t, 

4H, J= 12 Hz), 3.33 - 3.37 (m, 4H) , 4.65 (b, 2H), 6.92 (s, 2H), 7.04 (s, 2H), 7.38 (s, 2H) ppm. 
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13C NMR(400 MHz,CDCl3) 𝛿: 168.27, 153.58, 132.61, 132.51, 129.7, 122.19, 112.29, 67.88, 

49.33, 42.43, 39.25, 20.9, 20.8 ppm. 

  

 Synthesis of N-((4-tertbutyl methoxy) ethoxy) ethyl) 4,4ˊ-bipyridinium axel (4): 

Synthesis of axle has 2 steps. In the first step, 2 mol, (1 g) diethylene glycol ditosylate and 2 mol, 

(0.881 g) 4-tertiobutylphenol and 0.372 g of potassium carbonate were refluxed in 20 ml of 

acetonitrile for 18 hours. Then the solvent was removed by rotary. The contents of the flask were 

extracted with 20 ml of chloroform. A white solid product was obtained and was crystallized in 

ethanol solvent. 

In the next step, 0.615 g of the material obtained from the first step and 0.2 g  (1 mol) 4,4ˊ- 

bipyridinium were refluxed in 20 ml of DMF solvent for 18 hours. Then the solvent was evaporated 

by rotary. Recrystallization of the product in ethanol resulted in cottony white crystals. 

 

Scheme 9: synthesis of axle. 
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IR (KBr, cm-1): 3432, 3380,3047, 2957, 1506, 1360, 1215, 1121, 1011, 815 cm-1 

1H NMR (500 MHz,CDCl3) 𝛿: 1.3 (s, 9H), 3.71- 3.74 (m, 2H), 3.95- 3.97 (m, 2H), 4.10- 4.12 (m, 

2H), 4.46- 4.48 (m, 2H), 6.74- 6.76 (d, 2H, J= 10 Hz), 7.25- 7.27 (d, 2H, J= 9 Hz), 8.86- 8.89 (d, 

2H, J= 15.5 Hz), 9.30-9.32 (d, 2H, J= 10.5 Hz) ppm. 

13C NMR (500 MHz,CDCl3) 𝛿: 157.15, 151.66, 146.37, 145.90, 126.91, 124.28, 114.72, 69.29, 

68.82, 68.32, 56.05, 34.43.ppm. 

 

 Synthesis of rotaxane  nanomachines 

I.Binding between axle and 1,7-dioxo-4-sulfoxo-11-methyl-2,3-5,6-di(2,4-dimethyl)benzo-10,13-

diaza-14- wheel with Crown-5 (5a): 

Axle and wheel (3a) with a molar ratio of 1:1 was refluxed in methanol solvent for 12 hours in the 

presence of templating metal. Then the solvent was removed by rotary and the material obtained 

was washed with hydrogenated water and distilled water. The obtained product crystallized in 

ethanol and resulted in cotton-white crystals. 

 

Scheme 10:  Rotaxane (5a) 



324 

 

 

IR(KBr, cm-1): 3449, 3432, 3380, 3047, 3010, 2957, 2921, 1696, 1671, 1506, 1494, 1360, 1251, 

1215, 1212, 1121, 1072, 1011, 894, 815 cm-1 

1H NMR (500 MHz,CDCl3) 𝛿: 1.07 (s, 3H), 1.3 (s, 9H), 2.2 (s, 6H), 2.25 (s, 6H), 3.32-3.33 (d, 2H, 

J= 5 Hz), 3.71- 3.74 (m, 2H), 3.95-3.97 (m, 2H), 4.10- 4.12 (m, 2H), 4.29- 4.31 (d, 2H, J= 7.5 Hz), 

4.46- 4.48 (m, 2H), 4.83 (s, 4H), 6.74- 6.76 (d, 2H, J= 10 Hz), 6.91 (s, 2H), 7.25- 7.27 (d, 2H, J= 

15.5 Hz), 7.29 (s, 2H), 7.38 (s, 2H), 8.86- 8.89 (d, 2H, J= 15.5 Hz), 9.30-9.32 (d, 2H, J= 10.5 Hz) 

ppm. 

13C NMR (500 MHz,CDCl3) 𝛿: 168.50, 157.15, 154.06, 151.66, 146.37, 145.90, 134.03, 131.83, 

129.08, 126.91,126.66,  124.28, 114.72, 113.53, 69.29, 68.82, 68.32, 68.19, 56.05, 39.86, 38.51, 

34.43, 22.94, 21.9 19.47 ppm. 

 

II.Binding between axle and 1, 7-dioxa-9, 30-dixo-10, 13, 16, 19-tetraaza-4-sulfoxo-2, 3, 5, 6-di(2, 

4-dimethyl)benzo-21-wheel with Crown -7 (5b): 

Axle and wheel (3b) with a molar ratio of 1:1 was refluxed in methanol solvent for 12 hours in the 

presence of templating metal. Then the solvent was removed by rotary and the material obtained 

was washed with hydrogenated water and distilled water. The obtained product crystallized in 

ethanol and resulted in cotton-white crystals. 
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Scheme 11: Rotaxane (5b) 

 

IR(KBr, cm-1): 3432, 3420, 3380, 3047, 3040, 2957, 2850, 1680, 1570, 1506, 1490, 1368, 1360, 

1350, 1215, 1121, 1074, 1011, 830, 815 cm-1 

1H NMR (500 MHz,CDCl3) 𝛿: 1.3 (s, 9H), 2.25 (s, 6H), 2.31 (s, 6H), 2.73-2.76 (m, 4H), 2.89-2.92 

(m, 4H), 3.33- 3.37 (m, 4H), 3.71-3.74 (m, 2H), 3.95- 3.97 (m, 2H), 4.10- 4.12 (m, 2H), 4.46- 4.48 

(m, 2H), 4.55 (s, 4H), 6.74- 6.76 (d, 2H, J= 9 Hz), 6.92 (s, 2H), 7.04 (s, 2H), 7.25- 7.27 (d, 2H, J= 9 

Hz), 7.43 (s, 2H), 8.86- 8.89 (d, 2H, J= 15.5 Hz), 9.30-9.32 (d, 2H, J= 10.5 Hz) ppm. 

13C NMR (500 MHz,CDCl3) 𝛿: 168.27, 157.15, 153.58, 151.66, 146.37, 145.90, 132.61, 132.51, 

129.7, 126.91, 124.28, 122.19, 114.72, 112.29, 69.29, 68.82, 68.32, 67.88, 56.05, 49.33, 42.43, 

39.25, 34.43, 31.17, 20.9, 20.8 ppm. 
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In the Fig.1 [A] IR spectrum of compound (1) showed a broad and strong absorption band in the 

region of 3310 cm-1 corresponds to O-H stretching vibration with hydrogen bond and two 

absorption bands with the same intensity at 1450 cm-1 corresponding to methyl bending vibration, 

a broad absorption band at 3450 cm-1 corresponded to O-H Phenolic, the absorption band at 1052 

cm-1 indicated the S=O bond. The absorption band in the region of 1226 cm-1 corresponded to 

phenolic C-O, the stretching absorption band of C=C  of ring in the region of 1668-1642 cm-1, and 

in the region of 1889-1762 cm-1 there were weak bands related to aromatic ring substituents, which 

indicated the formation of the desired sulfoxide. In the Fig.1 [B] IR spectrum of compound (2) 

indicated the intensity decrease of the broad absorption band of phenolic O-H in the region of 

3200-3400 cm-1.  The strong absorption band at 1720-1740 cm-1 and the absorption band at 1069 

cm-1 corresponded to carbonyl ester and S=O. The absorption band at 1577-1600 ,2858 and 2915 

cm-1 corresponded to C=C of the aromatic ring, C-H aromatic and aliphatic stretching, 

respectively. The presence of a strong absorption band for C-O ether at 1200 cm-1 indicated the 

formation of the desired methyl diester compound. In the Fig.1 [C] IR spectra of compound (3a), 

the absorption band at 894, 1074, 1671,  2921, 3010 and 3449 cm-1 indicated the bending vibration 

of aromatic C-H, S=O bond, C=O, aliphatic and aromatic C-H, and Stretching N-H ,respectively. 

The absorption bands observed at 1251-1212 cm-1 indicated the ether bond. The presence of 

absorption band at 1696-1494 cm-1 is for aromatic C=C bond. In the Fig.1 [D] IR spectra of 

compound (3b)  the absorption band of the aromatic C-H bending vibration, S=O bond, C=O, C-

H aliphatic and aromatic stretching, and N-H (amide) at 830, 1074,  1680, 2850, 3040 and 3398 

cm-1 is observed, respectively. The absorption band at 1490-1570 cm-1 corresponded to aromatic 

C=C bond and bands at 1368 and 1250 cm-1 corresponded to the C-O stretching vibration. The 

stretching N-H absorption band is observed at 3420 cm-1. 1- 3b 

 

 RESULTS AND DISCUSSION 
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Figure 12: IR spectrum of compound (1) [A], compound (2) [B], compound (3a) [C], compound 

(3b) [D] 

In the Fig.2 IR spectra of compound (4) the stretching vibrations related to the N-H bond in the 

region of 13380 cm-1 and the bending N-H bond in the region of 1506 cm-1 were seen with strong 

absorption. The out-of-plane C-H bond, ether bonds in C-O (aromatic) Ar-O-C, C-O-C, C-N, and 

aliphatic  and aromatic C-H bond was seen in the region of 815, 1011, 1121, 1215, 1360, 2957, 

3047 cm-1, respectively. The peak observed at 3432 cm-1 indicated Ar-H. 

 

Figure 13: IR spectrum of compound (4) 

 

In the Fig.3 [A] IR spectrum of rotaxane (5a), the absorption band at 1074 cm-1 indicatesd the S=O 

bond. The absorption band observed at 3449-3380 cm-1 is related to the stretching vibration of N-

H bond and strong absorption at 1506 cm-1 corresponded to the bending vibration  of N-H bond. 

The aliphatic C-H bond in the region of 2921-2957 cm-1 shows a weak absorption and aromatic C-

H bond in 3010-3047 cm-1 region. The absorption band of  out-of-plane C-H bond in 815 cm-1 

were observed. The absorption band at 1696-1494 cm-1 for the aromatic C=C bond. The absorption 

band observed at 894, 1011, 1121, 1212, 1215 , 1251, 1360, 1671 and 3432 cm-1 indicated the 

aromatic C-H bending vibration, ether bonds in C-O (aromatic), Ar-O-C ,C-O-C , C-N ,C=O of 

carbonyl group and Ar-H, respectively. In the Fig.3 [B] IR spectrum of rotaxane (5b), the 

absorption band at 1074 cm-1 indicatesd the S=O bond. The absorption band observed at 3420-

3380 cm-1 is related to the stretching vibration of N-H bond and strong absorption at 1506 cm-1 

corresponded to the bending vibration  of N-H bond. The aliphatic C-H bond in the region of 2850-

2957 cm-1 shows a weak absorption and aromatic C-H bond in 3040-3047 cm-1 region. The 
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absorption band of  out-of-plane C-H bond in 815 cm-1 were observed. The absorption band at 

1570-1490 cm-1 for the aromatic C=C bond. The absorption band observed at 830, 1011, 1121, 

1215 , 1250 , 1368, 1680 and 3432 cm-1 indicated the aromatic C-H bending vibration, ether bonds 

in C-O (aromatic), Ar-O-C, C-O-C, C=O of carbonyl group and Ar-H, respectively. The absorption 

band of  C-N observed at 1360 cm-1. 

 

Figure 14: IR spectrum of [A] Rotaxane (5a), [B] Rotaxane (5b) 

 

In the Fig.4 1H NMR spectrum of compound (1) were found to be in good agreement with the 

suggested structure. The signals of aromatic protons due to Hc and Hd protons indicated singlet 

peaks appeared at 6.73 and 7.05 ppm and He proton (OH) indicated a broad peak at 6.84 ppm. The 

signals of aliphatic protons due to Ha and Hb protons indicated singlet peaks at 2.23 and 2.26 ppm.  
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Figure 15: 1H-NMR spectra of compound (1) 

 

1H NMR spectra of compound )2( showed in Fig.5 [A[. The  signals of aromatic protons indicated 

singlet peaks at 6.81 and 7.02 ppm related to He and Hf. The signals of aliphatic protons due to Ha, 

Hb, Hd and Hc indicated  singlet peaks at 2.23, 2.26, 4.56 and 3.82 ppm. Fig.5 [B] shows 13C NMR 

spectra of compound (2). Signals of various carbon atoms indicated Ck signal at 168.21 ppm, Cg 

at 152.73 ppm, Ci at 132.21 ppm, Cj at 131.92 ppm, Ch at 128.57 ppm, Cf at 126.35 ppm, Ce at 

113.29 ppm, Cd at 70.62 ppm, Cc at 68.26 ppm, Cb at 20.41 ppm, Ca at 19.5 ppm.  
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Figure 16: [A] 1H-NMR spectra and [B] 13C NMR spectrum of compound (2) 
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The Fig.6 [A] showed 1H NMR spectra of compound (3a). The signals of aromatic protons due to  

Hg and Hf indicated singlet peaks  in the region of 6.91 and 7.29  ppm. The signal of  amide proton 

showed  a singlet peak in the region of 7.38 ppm related to Hh. The signals of aliphatic protons 

indicated a singlet peak in the region of 1.0 7, 2.2 and 2.25 ppm related methyl protons Ha,He and 

Heˊ. Hc protons indicated multipet (ddd) peaks in the region of 3.32-3.33 ppm. Hb  protons indicated 

doublet peaks at 4.29-4.31 ppm. Hd protons showed a singlet peak at 4.83 ppm. Fig.6 [B] shows 

13C NMR spectra of compound )3a(. Signals of various carbon atoms indicated  Cl )C=O( signal 

at 168.50 ppm, Cf at 154.06 ppm, Ci at 134.03 ppm, Cg at 131.83 ppm, Ch at 129.08 ppm, Cj at 

129.66 ppm, Ck at 113.53 ppm, Cd at 68.19 ppm, Cc at 39.86 ppm, Cb at 38.51 ppm, Ceˊ at 22.94 

ppm, Ce at 21.9 ppm and Ca at 19.47 ppm. 



333 

 

 

Figure 17: [A] 1H-NMR spectra for compound (3a), [B] 13C NMR spectrum of compound (3a) 
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A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

430 (M+), 431 (M+1) +, 432 (M+2) +, 345, 331, 326, 316, 304, 288, 272, 184, 170, 158, 122, 106, 

74, 59, 44. 

 

Figure 18: Mass spectrometry analysis of compound (3a) 

Fig.8 [A] shows 1H NMR spectrum of  compound (3b). The signals of aromatic protons due to Hf 

and Hg indicated singlet peaks at 6.92 and 7.04   ppm. The signal of amide proton due to Hh showed 

a broad peak at 7.48 ppm. The signals of aliphatic protons due to methyl protons He and Heˊ 

indicated singlet peaks at 2.25-2.31 ppm. Ha, Hb and Hc showed multipet (ddd) peaks in the region 

of 2.73-2.76 ppm, 2.89-2.92 ppm and 3.30-3.37 ppm and Hd indicated  a singlet peak at 4.62 ppm. 

Fig.8 [B] shows 13C NMR spectra of compound (3b). Signals of various carbon atoms indicated 

C=O signal at 168.27, Cj at 153.5 ppm, Cg (aromatic carbon atoms) at 132.6 ppm, Ce at 132.5 ppm, 

Ci at 129.7 ppm, Ch at 122.19 , Cf at 112.3 ppm, Cd at 67.88 ppm, Ca at 49.3 ppm, Cb at 42.7 ppm, 

Cc at 39.25 ppm , Cl and Clˊ at 20.8 and 20.9 ppm. 

https://www.sciencedirect.com/topics/chemistry/electron-impact
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Figure 19: [A] 1H-NMR spectra for compound (3b) and [B] 13C NMR spectrum of compound (3b) 



336 

 

A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

473 (M+), 474 (M+1) +, 475 (M+2) +, 369, 304, 288, 284, 272, 270. 241, 217, 184, 154, 146, 122, 

106. 

 

Figure 20: Mass spectrometry analysis of compound (3b) 

1H NMR spectrum of  compound )4( has been shown in the Fig.10 [A[. The signals  of aromatic 

protons due to Hf  indicated doublet peaks (due to coupling with He) in the region of 6.74-6.76 

ppm. He signals in the region of 7.25-7.27 ppm showed doublet peaks )due to coupling with Hf(. 

Hh signal at 8.86-8.89 ppm showed doublet peaks )due to coupling with Hg(. Hg showed doublet 

peak at 9.30-9.32 ppm (due to coupling with Hh). The signals of aliphatic protons due to Hi showed  

a singlet peak at 1.3 ppm. The signals of Hb and Hc  showed multipet peaks (ddd) at 3.71-3.74 and 

3.95-3.97 ppm, respectively. The signals of Ha and Hd indicated multipet peaks (ddd)at 4.10-4.12 

ppm and 4.46-4.48. Fig.10 [B] shows 13C NMR spectra of compound )3b(. Signals of various 

carbon atoms indicated Cg signal at 157.15 ppm, Ck at 151.66 ppm, Ch at 146.37 ppm, Ci at 145.90 

ppm, Ce at 126.91 ppm, Cj at 124.28 ppm, Cf at 114.72 ppm, Ca at 69.29 ppm, Cb at 68.82 ppm, Cc 

at 68.32 ppm, Cd at 56.05 ppm, Cm at 34.43 ppm. 

https://www.sciencedirect.com/topics/chemistry/electron-impact
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Figure 21: [A] 1H-NMR spectra and [B] 13C NMR spectrum of compound (4( 
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A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

598 (M+), 599 (M+1) +, 600 (M+2) +, 466, 378, 299, 246, 243, 202, 156, 150, 134, 125. 

 

Figure 22: Mass spectrometry analysis of compound (4) 

1H NMR spectrum of  rotaxane (5a) has been shown in the Fig.12 [A]. The signals of aromatic 

protons due to Hg and Hf showed singlet peaks  at 6.91 and 7.29 ppm. The signals of  Hk indicated 

doublet peak (due to coupling with Hj) at 6.74-6.76 ppm, Hj  showed doublet peak (due to coupling 

with Hk) at 7.25-7.27 ppm, Hq showed doublet peak (due to coupling with Hp) at 8.86-8.89 ppm 

and Hp showed doublet peak (due to coupling with Hq) at 9.30-9.32 ppm. The signal of amide 

proton due to Hh indicated a singlet peak in the region of 7.38 ppm. The signals of aliphatic protons 

due to methyl protons Ha, Hi, He and Heˊ showed singlet peaks at 1.07, 1.3, 2.2 and 2,25 ppm. Hc 

imdicated a multipet peak (ddd) in the region of 3.32-3.33 ppm. Hm and  Hn showed multipet peaks 

(ddd) in the region of 3.71-3.74 and 3.95-3.97, respectively. Hl and Ho indicated multipet  peaks 

(ddd) in the region of 4.10-4.12 and 4.46-4.48 ppm, respectively. Hb showed  a doublet peak in the 

region of 4.29-4.30 ppm and Hd showed a singlet peak in the region of 4.83 ppm. Fig.12 [B] shows 

13C NMR spectra of rotaxane (5a). Signals of various carbon atoms indicated Cl (C=O) signal at 

168.50 ppm, Cq at 157.15 ppm, Cf at 154.06 ppm, Cx at 151.66 ppm, Cp at 146.37 ppm, Cv at 

145.90 ppm, Ci at 134.03 ppm, Cg at 131.83 ppm, Ch at 129.08 ppm, Co at 126.91 ppm, Cj at 126.66 

ppm, Cw at 124.28 ppm, Cn at 114.72 ppm, Ck at 113.53 ppm, Cr at 69.29 ppm, Cs at 68.82 ppm, 

https://www.sciencedirect.com/topics/chemistry/electron-impact
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Ct at 68.32 ppm, Cd at 68.19 ppm, Cc at 39.86 ppm, Cb at 38.51 ppm, Cm at ppm 34.43, Ce at 21.9 

ppm, Ca at 19.47 ppm. 
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Figure 23: [A] 1H-NMR spectra for Rotaxane (5a), [B] 13C NMR spectrum of Rotaxane (5a) 

A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

598 (M+), 599 (M+1) +, 600 (M+2) +, 466, 430, 378, 345, 331, 326, 316, 304, 299, 288, 272, 246, 

243, 202, 184, 170, 158, 156, 150, 134, 125, 122, 106, 74, 59, 44. 

 

Figure 24: Mass spectrometry analysis of compound (5a) 

 

1H NMR spectrum of  rotaxane (5b) has been shown in the Fig.14 [A]. The signals of aromatic 

protons due to  Hf and Hg indicated  singlet peaks  in the region of 6.92 and 7.04 ppm. Hk  showed 

a doublet peak (due to coupling with Hj) in the region of 6.74-6,76 ppm, Hj showed a doublet peak 

(due to coupling with Hk) in the region of  7.25-7.27 ppm, Hq showed a doublet peak (due to 

coupling with Hp) in the region of 8.86-8.89 ppm and Hp showed a doublet peak (due to coupling 

with Hq ) in the region of 9.30-9.32 ppm. The signal  of amide proton  due to Hh showed  a singlet 

peak at 7.48 ppm. The signals of aliphatic protons due to Hi, He and Heˊ showed singlet peaks at 

1.3, 2.2 and 2.3 ppm, respectively. Ha, Hb and Hc showed multipet peaks )ddd( in the region of 

2.73-2.76, 2.89- 2.92 and 3.33-3.37 ppm, respectively. Hd showed a singlet peak at 4.62 ppm. Hm, 

Hn, Hl and Ho showed multipet peaks (ddd) in the region of 3.71-3.74, 3.95-3.97, 4.10-4.12 and 

4.46-4.48 ppm, respectively. Fig.14 [B[ shows 13C NMR spectra of rotaxane (5b). Signals of 
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various carbon atoms indicated Cl (C=O) signal at 160.50 ppm, Cq at 157.15 ppm, Cf at 154.06 

ppm, Cx at 151.66 ppm, Cp at 146.37 ppm, Cv at 145.90 ppm, Ci at 134.03 ppm, Cg at 131.83 ppm, 

Ch at 129.08 ppm, Co at 126.91 ppm, Cj at 126.660 ppm, Cw at 124.28 ppm, Cn at 113.72 ppm, Ck 

at 113.53 ppm, Cr at 69.29 ppm, Cs at 68.82 ppm, Ct at 68.32 ppm, Cd at 68.19 ppm, Co at 56.05 

ppm, Cc at 39.86 ppm, Cb at ppm 38.51, Cm at 34.43 ppm, Ce at 22.9 ppm, Ca at 19.47 ppm [48-

50]. 
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Figure 25: [A] 1H-NMR spectra for Rotaxane (5b) and [B] 13C NMR spectrum of Rotaxane (5b) 

A mass spectrum was obtained by electron impact (EI) at 70 eV. Peaks were detected at m/z (%): 

598 (M+), 599 (M+1) +, 600 (M+2) +, 473, 466, 378, 369, 304, 299, 288, 284, 272, 270, 246, 243, 

241, 217, 202, 184, 156, 154, 150, 146, 134, 125, 122, 106. 
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Figure 26: Mass spectrometry analysis of compound (5b) 

Surface morphology 

The morphologies of the compound 3a were investigated through scanning electron microscopy 

(SEM) experiments. According to Fig 16, the images demonstrate the formation of randomly 

dispersed rectangle-like structures with diameter ranging from 26 to 98 nm. The main advantage 

of this synthesis technique is its capability to generate particles in nano-scale dimensions without 

depending on traditional methods typically used for nanostructure synthesis [51]. 
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Figure 27: 1,7-dioxo-4-sulfoxo-11-methyl-2,3-5,6-di (2ˊ,4ˊ-dimethyl)benzo-10,13-diaza-14-

crown-5 (3a) 

 

 

 

The method employed in this research facilitated the efficient and simple preparation of the diester 

utilized in macrocycle synthesis under mild conditions. The preparation of diamide macrocycles 

becomes significantly simpler and more efficient by the diester method, which not only provides 

high efficiency but also enables large-scale mass synthesis. The prepared chiral diamide crown 

macrocycle is a new ligand that has biological properties and the ability to bind to all kinds of 

molecules. This macrocycle was used as a component of rotaxane, which is one kind of 

nanomachines with new pharmaceutical applications. 

 Conclusions 
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Abstract 

 This study investigates the phytochemical properties of Daphne stapfii, focusing on its total 

phenol and flavonoid content, alongside antioxidant potential using the DPPH assay. Results 

demonstrate a significant presence of phenolic and flavonoid compounds, which contribute to its 

potent antioxidant activity. These findings highlight the therapeutic potential of Daphne stapfii 

and provide a foundation for further research on its bioactive properties. 

 

Keywords: Daphne stapfii, phytochemical evaluation, DPPH assay, phenol, flavonoid 

 

Introduction 

Plants from the genus Daphne have been renowned for their pharmacological benefits, largely 

attributed to their rich phytochemical content, including phenolics, flavonoids, and terpenes [1]. 

Daphne stapfii, endemic to certain regions, has received little scientific attention despite its 

traditional medicinal uses [2]. This study aims to quantify its total phenol and flavonoid contents 

and evaluate its antioxidant activity using the DPPH method. 

 

Materials and Methods 

 Plant material was collected from Jiroft, dried, and ground into fine powder. Methanolic, ethyl 

acetate, and hexane extracts were prepared through maceration. Total phenolic content (TPC) was 

determined using the Folin-Ciocalteu method, and total flavonoid content (TFC) was assessed via 

the aluminum chloride method. Antioxidant activity was evaluated using the DPPH radical 

scavenging assay, with results expressed as IC50 values. 

 

 

Results and Discussion 

 The best TPC of D. stapfii extract was methanolic extract and quantified at 191.0909 mg GAE/g, 

indicating a high concentration of phenolics. TFC analysis revealed 68.5 mg RUT/g, confirming 

the presence of substantial flavonoid content in ethyl acetate extract. Antioxidant activity, 

measured via DPPH assay, showed an IC50 value of 263.58 μg/mL in methanolic extract, 

demonstrating strong radical scavenging potential. The high levels of phenolics and flavonoids 

correlate with significant antioxidant activity, aligning with prior studies on similar species. These 



350 

 

 

findings underscore the plant’s potential as a source of natural antioxidants and its applicability in 

the development of health-promoting agents. The results are summarized in Table 1. 

 

Extracts 
Total phenol 

(mg/gr) 

Total Flavonoid 

(mg/gr) 

DPPH IC50 

(μg/mL) 

Methanol 191.0909±0.69 14.75±0.72 263.58 

Ethyl Acetate 113.1313±15.12 68.5±0.72 _ 

Hexane 32.72727±2.32 32.12±1.44 _ 

Table1: the result of (TPC), (TFC) and DPPH assay 

 

 

Conclusion 

This study establishes Daphne stapfii as a rich source of phenolic and flavonoid compounds with 

notable antioxidant activity in methanolic extract. Further investigations into its bioactive 

constituents and mechanisms are recommended to explore its therapeutic potential. 
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In recent years, the design and application of biological-based catalysts in organic synthesis and 

functional groups transformation have attracted intensive attention in the science and industry 

because of their unique properties, such as biodegradable ability, efficiency, reusability, reactivity, 

stability, selectivity, and easy separation of the catalyst.1 In continuation of our investigation for 

developing biological based catalysts, we wish to introduce a novel nano magnetic catalyst with 

phosphorus acid tags. Magnetic catalysts have been used for the synthesis of a good range of 

pharmaceutical and chemical compounds, due to their easy removal and convenient separation. 

The reported catalysts can be easily isolated from the reaction mixture with an external magnetic 

field.2 Magnetic catalysts are usually made of magnetic nanoparticles such as iron oxide 

nanoparticles (Fe3O4) or other magnetic nanoparticles to which various catalytic materials such as 

precious metals or organic compounds are attached.3 Fe3O4@MHMHPA as new catalyst 

containing phosphorus acid tags will be used in the synthesis of new pyrazolo[3,4-b]pyridines to 

determine the importance of its synthesis. Synthesized pyrazolo[3,4-b]pyridines can be suitable 

candidates for medical and environmental uses due to the presence of biological nuclei. 

 

 Scheme 1: Synthesis of new pyrazolo[3,4-b] pyridines using Fe3O4@MHMHPA as a magnetic 

catalyst. 
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 Introduction 

Water pollution, particularly from heavy metals, presents a major environmental challenge 

worldwide. Contaminants such as lead, cadmium, mercury, and arsenic are not only harmful to 

aquatic life but also pose significant health risks to humans through the food chain and direct water 

consumption [1]. Cellulose serves as an excellent matrix for the development of nanocomposites 

[2]. The incorporation of functionalized graphene oxide (GO) into cellulose can significantly 

enhance the surface area and adsorption capacity due to the high surface-to-volume ratio of 

graphene, making it a valuable addition for heavy metal adsorption [3]. Amine-functionalized 

graphene oxide (AFGO) specifically offers additional advantages due to the presence of amine 

groups that can further increase metal ion binding through chelation, enhancing the overall 

removal efficiency of the composite.. Iron oxide nanoparticles are particularly effective for 

magnetic separation and can catalyze redox reactions, thus playing a dual role in both adsorption 

and degradation of pollutants [4]. Zinc oxide nanoparticles are known for their photocatalytic 

activity, which can facilitate the degradation of organic pollutants when activated by UV light, 

thereby providing an additional mechanism for water purification. This study aims to synthesize a 

novel cellulose-based nanocomposite that integrates amine-functionalized graphene oxide, iron 

oxide, and zinc oxide nanoparticles to enhance the removal efficiency of heavy metals from 

contaminated water.  

Experimental Synthesis Method of Catalyst 

Graphene oxide synthesized from graphite through the Hummers' method [5].To functionalize GO 

with amine groups, disperse GO in ethanol, and add APTES while stirring at room temperature for 

24 hours. Prepare iron oxide nanoparticles by dissolving iron(III) sulfate (FeSo4) in deionized water 
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and adjusting the pH to around 12 using sodium hydroxide. Create zinc oxide nanoparticles by 

dissolving 0.1 M zinc sulfate in deionized water, then add an equimolar amount of sodium hydroxide 

to the solution under constant stirring. Gradually add the synthesized AFGO, Fe₃O₄, and ZnO 

nanoparticles to the cellulose solution while stirring. Maintain the stirring for 4–6 hours to ensure 

uniform dispersion of the nanoparticles in the cellulose matrix.[6,7] 

Result and Discussion 

ZnO is a semiconductor with a wide band gap (approximately 3.2 eV), which allows it to absorb 

UV light. When ZnO is irradiated with UV light, electrons in the valence band can be excited to 

the conduction band, generating electron-hole pairs. The generated electron-hole pairs play a 

crucial role in the photocatalytic process. The holes (positive charge carriers) can oxidize water or 

hydroxide ions (OH⁻) to form hydroxyl radicals (•OH), while the electrons can reduce oxygen to 

form superoxide radicals (•O₂⁻) (Zhao et al., 2020). These ROS are highly reactive and can degrade 

organic contaminants effectively The synthesis of cellulose-based nanocomposites incorporating 

amine-functionalized graphene oxide (AFGO), iron oxide nanoparticles (Fe₃O₄), and zinc oxide 

nanoparticles (ZnO) presents a promising approach for enhancing water pollution remediation, 

particularly in the removal of heavy metals and organic contaminants from wastewater. Zinc oxide 

nanoparticles incorporated into the composite provide an additional layer of functionality through 

photocatalytic activity. Under UV light, ZnO can generate reactive oxygen species (ROS) that 

assist in the degradation of organic pollutants and enhance the overall efficiency of the composite 

[8].This dual function of adsorption and catalytic degradation establishes the composite as a 

multifunctional material for wastewater treatment. 

 

 

 

 a b 

a) Photocatalytic results in the presence of UV light. b) Color removal of MB under UV lamp at 

different times 
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Introduction 

In recent years with the rapidly growing industries and population, water pollution has emerged as 

major challenge for scientific community that demands an intense and real-world solution. 

According to the United Nation World Water Development report, around 748 million people 

around the world do not have provision for pure drinking water and water demand for industrial 

manufacturing will increase by 400% by 2050 [1]. Approx. 3.2 million children die every year due 

to unsafe drinking water and poor sanitation conditions in developing countries [2]. Graphene (G) 

based nanomaterials received a lot of attention in the field of photocatalytic waste water treatment. 

It has been extensively explored and utilized for the alteration of semiconductor photocatalysts 

due to its exceptional properties i.e. high specific surface area, high electron conductivity and high 
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thermal stability. On the other hand, zinc oxide (ZnO) as a photocatalyst possesses excellent 

qualities as strong oxidation ability, good photocatalytic property, chemical stability, 

biocompatibility, non-toxicity, high photosensitivity, piezoelectric and pyroelectric properties. But 

inherited with some limitations such as absorption in Ultraviolet (UV) region, photocorrosion etc. 

as a consequence of modification due to demand of visible light active photocatalysis. Hybrid of 

ZnO with graphene based nanocomposites is an alternative for the degradation of organic and 

inorganic contaminants present in water.[3] 

 

Experimental Synthesis Method of Catalyst 

Begin by oxidizing graphite powder to produce graphene oxide using the Hummers’ method [4], 

as follows -Mix concentrated sulfuric acid (H₂SO₄) with graphite powder and add potassium 

permanganate (KMnO₄ ( .)Stir the mixture at low temperatures, then add deionized water and 

hydrogen peroxide to quench the reaction. Wash the product with hydrochloric acid to remove 

impurities and obtain GO. In a typical synthesis, zinc nitrate (0.1 M) was dissolved in 50 ml of 

double deionized water with 10 min slight constant magnetic stirring. Reducing agent as well as 

capping agent of leaf extract was used in precursor solution and heated at 60 °C to 90 °C and 

colour changed from clear white to yellow colour paste confirming ZnO NPs formation. Then 

obtained paste was moved into ceramic crucible for 2hr calcination at 400 °C in muffle furnace 

(Fig. 1). 4 mg of GO was dissolved in a mixture of distilled H2O (20 ml) and ethanol (10 ml) via 

utrasonication (1 h) and 0.1 mol of ZnO was added into attained GO colloidal dispersion followed 

by 2 h stirring to form homogeneous suspension. The resultant suspension was then employed in 

a 50 ml Teflon-sealed autoclave at 200 ◦C for 6 h to reduce GO and ZnO deposition on graphene 

sheet.[5] 

 

 
Fig. 1. Schematic depiction of green synthesized ZnO NPs. 

 

Result and Discussion 

The ZnO@GO nanocomposite attained 98.5% maximum degradation efficacy in a neutral solution 

under UV-light irradiation for 15 min than pure ZnO (degradation efficacy is 49% after 60 min of 

irradiation). The photodegradation efficiency of ZnO nanoparticles was explored for the 

degradation of MB (methylene blue) under solar light irradiation and the observed degradation 

efficacy observed was 49% even after 60 min (degradation efficacy was found 12% after 15 min 

of irradiation) displayed in Fig. 2(c, d). The degradation efficacy (%) of MB only (absence of 

catalyst-Blank) was about 6.5% even after 180 min which was 1.5% after 15 min irradiation. Thus 

the results exposed that prepared ZnO@GO nanocomposite is an efficient photocatalyst for 

effective photocatalytic degradation of MB. 
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Fig. 2. Schematic representation of ZnO, GO and ZnO@GO composite 
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Abstract: 

The novel charge-transfer (CT) solid complex of pyrazine Schiff base, derived from 2-

aminopyrazine (2-AMP) and 4-nitrobenzoic acid (4-NBA)) as an aromatic nitro compounds have 

been synthesized and characterized experimentally. The aim of the study is to estimate the reaction 

nature of bonding between 2-AMP and 4-NBA, and some spectroscopic parameters. CT complexe 

was formed in a molar ratio of 1 : 1 with good indications for the existence of charge-transfer in its 

molecular structure. In addition, theoretical studies were done on donors and acceptors, elucidating 

their structures and active sites where the charge-transfer occurs. The experimental work was done 

in methanol. The calculations of geometries and energies were performed using the density 

functional theory with Becke's three-parameter exchange functional method. The Lee–Yang–Parr 

correlation functional approach (B3LYP/DFT) combined with the 6-31G(d,p) basis set has been 

consecutively carried out in solution using methanol as a solvent to compliment measured results, 

and to justify CT within donors and acceptors. In addition, the nature and structure of the reaction 

product of CT complex in both solution and gas phase can be determined using the spectroscopic 

techniques like 13C-NMR, FTIR, 1H-NMR, and UV–Vis electronic absorption. DFT calculations 

were in good agreement with the experimental data and provided further evidence of the CT 

complex formation. The molecular stability, N-H…O bond strength and intramolecular CT have 

been investigated applying natural bond orbital (NBO) analysis. 

Keyword:, DFT, Schiff base, 4-nitrobenzoic acid, 2-aminopyrazine, Charge-transfer complex 

Introduction: 

Schiff bases, named after Hugo Schiff, formed by a condensation reaction of a primary amine with 

an aldehyde or ketone were reported in the 19th century[1]. Charge transfer (CT) complexes are 

formed between electron donors with sufficiently low ionization potentials and electron acceptors 

with sufficiently high electron affinities. The transfer of an electron from a donor to an acceptor is 

readily possible in a CT-complex [2]. The HOMO–LUMO energies explain that the charge transfer 

occurs within the molecule [3]. The energy eigenvalues of these orbitals are generally used to 

define various reactivity descriptors such as ionization, electron affinity, hardness, softness, 

chemical potential, and so on [4]. 

Method: 

All materials were obtained from Merck Company. All calculations were performed using the 

B3LYP approach with the 6-31G(d,p) basis set. The hyperconjugative interactions, molecular 

stability, bond strength and intramolecular CT have been investigated applying natural bond orbital 

(NBO) analysis. The mean polarizability, total static dipole moment, anisotropy of polarizability, 

and mean first-order hyperpolarizability have also been attained [5].  

Results and discussion: 
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The calculated HOMO/LUMO energy levels of new charge-transfer complex are –4.92/–2.06 eV, 

respectively. The reaction between 2-AMP and 4-NBA to form the CT complex is shown in 

Scheme 1. 

 

 

Scheme 1: The structure of CT complex derived from 2-AMP and 4-NBA 

The main relationship between donor and acceptor molecules is through the π–π* interaction. The 

vibrational wavenumbers were also determined using B3LYP/6-31G(d,p), and the results match 

with the experiment. Also, the DFT calculations provide reasonable explanations for electronic 

structure and absorption spectra of new CT complex. The obtained values show that CT complexes 

are accomplished candidates to non-linear optical (NLO) materials. 
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1. Introduction 

In recent years, due to the significant role of secondary phytochemicals and their traditional and 

pharma ceutical application, the development of green extraction methods has improved 

substantial attention. These methods aim to minimize solvent using up wile optimizing process 

efficiency. Among these, ultrasound assisted extraction has emerged as an innovative and efficient 

approach for isolating bioactive compounds (1,2). 

Hawthorn (Crataegus monogyna L.), a species from the Rosaceae family, is an important 

representative of the plant community. Its fruits are found in various colors, such as red, yellow, 

or black-purple. The fruits of Crataegus monogyna are highly valued for their high levels of 

secondary metabolites, which have several medicinal activities and properties, including anti-

anxiety and anti-depressant effects, cardioprotective effects, blood lipid-lowering effects, and anti-

inflammatory properties. These benefits are attributed to the presence of key polyphenols such as 

quercetin, chlorogenic acid, and epicatechin (3,4). The natural compounds of hawthorn, such as 

anthocyanins, exhibit strong antioxidant activity and low cytotoxicity. The extraction of these 

natural compounds, which contribute to cancer prevention and treatment as well as pharmaceutical 

drugs, is of significant importance (5). Anthocyanins are recognized as the most abundant 

pigments among flavonoids, with over 540 types of these compounds identified from various plant 

sources. Artificial colorants are commonly used in the food industry; however, due to their harmful 

effects such as carcinogenicity and allergenicity, their use is being limited. Therefore, the 

extraction of anthocyanins from natural sources has gained significant importance. These 

compounds, with their antioxidant properties and appealing colors, serve as suitable alternatives 

to harmful synthetic colorants (7). recently, according to scientific studies, ultrasonic extraction, 

by facilitating mass transfer from inside plant cells to the solvent (via the cavitation phenomenon), 

significantly increases the efficiency of the extraction process and is recognized as a widely applied 

advanced technique (8). 

The selection of suitable solvents for extracting natural chemical compounds from plants depends 

on various factors, such as the solubility of the target compound, the physical and chemical 

properties of the plant sample, and the used extraction method. These processes have long played 

a crucial role in environmental chemistry, with a focus on optimizing extraction efficiency while 

minimizing solvent usage (9,10). Recently, there has been significant attention on the use of safer 
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solvents and more efficient techniques such as ultrasound-assisted extraction. These advancements 

aim to reduce environmental impacts while enabling the extraction of high-quality compounds 

with high yields. 

The aim of this study is to evaluate the extraction yield of active compounds from hawthorn fruit 

using different solvents and ultrasonic-assisted extraction method. Additionally, the anthocyanin 

contents present in hawthorn fruit and their antioxidant properties are investigated to better 

understand their potential applications in disease prevention and treatment. 

 

2.  Material and Methods 

2.1. Plant collection 

The plant material of Crataegus monogyna L. were collected from Marand, East Azerbaijan 

Province, Iran in September 2023. They were dried at room temperature, without any direct 

sunlight. 

2.2. Extraction method 

About 1 gr of plant was mixed with different solvents (water, ethanol, ethyl acetate, and diethyl 

ether), and then the extraction was done using an ultrasonic apparatus at various times (10, 30, and 

50 minutes) at room temperature the extraction yield was calculated below equation. 

𝑌𝑖𝑒𝑙𝑑(%) = (
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐷𝑟𝑖𝑒𝑑 𝐸𝑥𝑡𝑟𝑎𝑐𝑡)

(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑅𝑎𝑤 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙)
) × 100 

2.3. Determination of anthocyanins content  

The total anthocyanin content was determined using the pH differential method. This method is 

based on the reversible color change of anthocyanins in response to pH. The technique measures 

the colored oxonium form of anthocyanins at pH 1.0 and the colorless hemiketal form at pH 4.5. 

For the analysis, the extracts were diluted with buffers at pH 1.0 and pH 4.5 until the absorbance 

at 520 nm fell within the range of 0.2–1.4, which was used to determine the dilution factor (Df). 

Absorbance measurements were conducted at two wavelengths, 520 nm (to quantify the 

anthocyanin content) and 700 nm (to correct for haze). 

The total anthocyanin content was calculated using the following equation: 

𝐴 = (𝐴520 − 𝐴700)𝑝𝐻=1 − (𝐴520 − 𝐴700)𝑝𝐻=4.5 

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
𝐴 × 𝑀𝑊 × 𝐷𝐹 × 10

3

𝜀⁄  

In this equation, 𝑀𝑊 is the molecular weight of cyanidin-3-glucoside (449.2 g/mol), 𝐷𝐹 is the 

dilution factor, 𝜀 is the molar extinction coefficient for cyanidin-3-glucoside (26900 L/mol·cm). 
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Results were expressed as milligrams of cyanidin-3-glucoside equivalents per 100 grams of dry 

weight (mg CGE/100 g DW). This method provides accurate and reproducible quantification of 

anthocyanins in plant materials (9,10). 

 

3. Results and Discussion 

The quantity and quality of active pharmaceutical compounds in medicinal plants are highly 

influenced by different extraction conditions. Therefore, to optimize the extract, it is essential to 

precisely evaluate and adjust extraction parameters.  

The extraction of anthocyanins from plant cells, similar to phenolic compounds, is significantly 

influenced by key factors such as particle size, solvent-to-sample mass ratio, and extraction time. 

Reducing particle size enhances surface area and solvent penetration, thereby substantially 

improving extraction efficiency. Additionally, the extraction time must be carefully optimized to 

ensure the effective release of target compounds. The solvent-to-sample mass ratio should also be 

appropriately adjusted to provide sufficient solvent for complete dissolution of the desired 

compounds while avoiding unnecessary solvent use. Proper selection and adjustment of these 

parameters play a crucial role in maximizing the recovery and purity of anthocyanins (12). 

this extraction of bioactive compounds using ultrasound is facilitated by thermal, mechanical, and 

cavitation effects. The thermal effect is directly dependent on the type of solvent and results from 

the conversion of ultrasonic energy into heat. The mechanical effect is characterized by the 

vibration of particles in the medium, induced by ultrasonic mechanical waves. In contrast, the 

cavitation phenomenon occurs due to the collapse of microscopic bubbles in the medium (13). 

3.1. The yield and anthocyanin content extracted by water  

The yield and anthocyanin content extracted by water solvent under various conditions were 

investigated. The results indicated that the highest yield was obtained at a solvent-to-plant ratio of 

1:15 g/mL and an extraction time of 50 minutes. On the other hand, the highest anthocyanin content 

was observed at a solvent-to-plant ratio of 1:5 g/mL and an extraction time of 50 minutes (Figure 

1). 
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Figure 1. Extraction yield and anthocyanin content of hawthorn using water as a solvent under 

different conditions 

3.2. The yield and anthocyanin content extracted by ethanol  

The yield and anthocyanin content extracted by ethanol solvent under various conditions were 

investigated. The results indicated that the highest yield was obtained at a solvent-to-plant ratio of 

1:10 g/mL and an extraction time of 50 minutes. On the other hand, the highest anthocyanin content 

was observed at a solvent-to-plant ratio of 1:5 g/mL and an extraction time of 10 minutes (Figure 

2). 

 

Figure 2. Extraction yield and anthocyanin content of hawthorn using ethanol as a solvent under 

different conditions 

3.3. The yield and anthocyanin content extracted by diethyl ether  
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The yield and anthocyanin content extracted by diethyl ether solvent under various conditions were 

investigated. The results indicated that both the highest yield and the highest anthocyanin content 

were obtained at a solvent-to-plant ratio of 1:15 g/mL and an extraction time of 50 minutes (Figure 

3). 

 

Figure 3. Extraction yield and anthocyanin content of hawthorn using diethyl ether as a solvent 

under different conditions 

3.4. The yield and anthocyanin content extracted by ethyl acetate  

The yield and anthocyanin content extracted by ethyl acetate solvent under various conditions were 

investigated, with the highest yield obtained at a solvent-to-plant ratio of 1:10 g/mL and the highest 

anthocyanin content observed at a ratio of 1:15 g/mL, both after an extraction time of 50 minutes 

(Figure 4). 
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Figure 4. Extraction yield and anthocyanin content of hawthorn using ethyl acetate as a solvent 

under different conditions 

In summary, the highest extraction yield was achieved using ethanol as the solvent, with a plant-

to-solvent ratio of 1:10 g/mL and an ultrasonic extraction time of 50 minutes. Also, the highest 

anthocyanin content was obtained with ethanol solvent at a plant-to-solvent ratio of 1:10 and an 

extraction time of 30 minutes. These findings underscore the significant role of solvent-to-plant 

ratio and extraction time in optimizing both yield and anthocyanin content, which is essential for 

improving the extraction process of this valuable compound from plants.  
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Introduction  

Polyurethanes (PUs) are a group of valuable materials with wide range of applications that can 

typically be prepared by polyaddition of diols with diisocyanates. Wide range applications of this 

polymer have been observed in various industries. A major deficiency of polyurethanes is their 

low heat-resistance. Above 80 °C their usual physical-mechanical properties diminish and above 

200 °C their thermal degradation occurs. To improve heat-resistance of polyurethanes different 
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challenges have been made over decades. Incorporation of some thermally stable functional groups 

into the backbone of PUs is an important strategy in this way [1,2]. 

In the present work novel polyurethanes containing silyl ether and sulfone groups with desirable 

properties including improved thermal stability and good solubility were prepared. This was 

achieved by preparation of new urethane-diols comprising silyl ether units (as monomers) via 

reaction of diphenylsilanediol with methylene diphenyl diisocyanate (MDI) and also toluene 

diisocyanate (TDI) in the first step. Polycondensation reactions of these monomers with 4,4′-

dichlorodiphenyl sulfone (DCDPS) in the second step resulted in preparation of related 

polyurethanes.  

 

Experimental 

Materials 

Synthesis of urethane diol monomers (Si-MDI and Si-TDI) 

Into a two-necked round-bottomed flask equipped with a magnetic stirrer, condenser, and N2 inlet 

tube, 0.645 g (2.5 mmol) of MDI was placed and 5 mL of dry dimethylacetamide (DMAc) were 

added. It was stirred for a few minutes and then 2 drops of DBTDL was added into it and the 

mixture was stirred by gradual heating of the solution to 110 °C.  Then, 1.1385 g (5 mmol) of 

diphenylsilanediol was dissolved in 13 mL of dry DMAc and added to the flask content at the same 

temperature. After 4 hr heating, the flask was cooled and its content poured into water. The mixture 

was stirred and then the precipitate was collected by vacuum filtration and vacuum dried.   

The same procedure was executed for preparation of Si-TDI monomer using TDI instead of MDI.  

Polymer synthesis (Si-MDI-DCDPS and Si-TDI-DCDPS) 

Into a two-necked round-bottomed flask (100 mL) equipped with a magnetic stirrer, Dean-stark 

trap, condenser, thermometer, N2 gas inlet, and oil bath was placed 1.3924 g (2.0 mmol) of Si-

MDI diol, 0.5860 g (2.0 mmol) of 4,4′-dichlorodiphenyl sulfone (DCDPS), and 0.5724 g (4.1 

mmol) of K2CO3. After that, 16 mL of dry DMAc and 8 mL of dry toluene were added to the flask 

and the reaction mixture was heated at 110 °C for 2 hr and 140 °C for about 6 hr. After cooling 

the mixture, it was poured into 300 mL of distilled water (non-solvent) and stirred overnight until 

the polymer was completely precipitated (Scheme 1).  

 

Scheme 1: Preparation of Si-MDI-DCDPS polymer 

Results and discussion 

The monomers and polymers were characterized using FT-IR, H-NMR, and elemental analysis.  

Polymer films were prepared by dissolving the dried polymers in DMAc (20 %w/v) under stirring 

at ambient temperature. The homogeneous solutions were filtered and cast on a clean glass plate. 
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Thermal and mechanical properties of the polymers were investigated and the results were 

collected in Table 1. 

Table 1. Data of thermal analysis and mechanical properties  

 

Polymer                  Tg(°C) T0(°C) T10(°C)  C.Y.at 600°C (%) Tensile strength (MPa)  

Elongation (%) 

        

 Si-MDI-DCDPS   165     275     315        21.5                       79.6 ± 2.3               12.4 ± 1.3             

 Si-TDI-DCDPS    143     255     293        18.7                       75.3 ± 3.1               10.2 ± 1.2 

Thermal analyses showed increased glass transition and enhanced heat-resistance in comparison 

to conventional polyurethanes without silyl ether units and sulfone group [3,4]. Good solubility of 

the prepared polymers originated from their flexible ether, polar sulfone groups, and presence of 

bulky aromatic groups in the polymers. Therefore, introduction of silyl ether and sulfone groups 

in companion with bulky units into the backbone of polymers led to preparation of a new class of 

polyurethanes with high thermal stability and good solubility. 
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Introduction  

By improving modern technology in today’s life, the product of polyurethanes needs to grow. 

Owing to numerous requirements, ranging from chemical characteristics to physical properties, 

and to novel uses and sustainability, the chemistry and technology of polyurethane are quickly 

responding to and adopting such changes and requirements. Despite wide-spread applications and 
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massive market for polyurethane products, definite subjects such as low thermal stability and high 

flammability, limit their usage in valuable applications that need more scientific attention [1]. 

This study was devoted to improving thermal stability of polyurethanes by introducing silicone 

and ester units. For this purpose, a new silicone- and ester-containing diol was synthesized through 

reaction of diphenylsilanediol with terephthaloyl chloride. After characterization of the diol, it was 

polycondensed with methylene diphenyl diisocyanate (MDI) and also toluene diisocyanate (TDI) 

to produce related polyurethanes named as M-SEP and T-SEP, respectively. 

Experimental 

Materials 

Synthesis of diol monomers  

Into two-necked, round-bottomed flask equipped with a magnetic stirrer, nitrogen gas inlet tube, 

condenser, and dropping funnel was charged with 1.14 g (5 mmol) of the diphenylsilanediol and 

15 mL of 1,2-dichlorobenzene. e was stirrurThe mixt ed and 0.10 g of triethylamine hydrochloride 

was added to it. Next, 0.50 g (2.44 mmol) of terephthaloyl chloride was dissolved in 10 mL of 1,2-

dichlorobenzene and added to the flask gently through dropping funnel. The mixture was heated 

gradually to 120 °C and remained at that temperature for about 12 hr. The mixture was cooled and 

product was precipitated by pouring the flask content into hexane. 

Polymer synthesis  

About 1.29 g (5 mmol) of MDI was placed into a dry 100 mL, round-bottomed flask equipped 

with a magnetic stirrer, condenser, and N2 inlet tube, then 10 mL of dry dimethylacetamide 

(DMAc) were added to it. The solution was stirred for a couple of minutes and 2 drops of DBTDL 

was added into it and the mixture was stirred by slow heating of the solution to 110 °C.  Then, 

2.81 g )5 mmol( of prepared diol was dissolved dry DMAc and added to the flask content. After 4 

hr heating, the flask was cooled and its content poured into water. The mixture was stirred for 1 hr 

at room temperature and then the precipitate was collected by vacuum filtration.  (Scheme 1).  
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Scheme 1: Preparation of monomer and M-SEP polymer 

Results and discussion 

After characterization of monomer and polymers by common spectroscopic methods, polymer 

films were prepared by solution casting method. The Tg of M-SEP and T-SEP of the polymers 

were 153 °C and 132 °C, respectively. Thermal properties of the polymers were investigated and 

TGA curve of polymers was shown in Figure 1.  
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Figure 1. TGA curves of polymers 

In order to find information about the flame retardancy of the prepared polyurethanes, the values 

of limiting oxygen index (LOI) were obtained using the Van Krevelen equation. The result showed 

that these polyurethanes had suitable flame-retardant properties with LOI of over 25 [2,3]. 

Tensile strength and elongation at break of the polymer films were in the range of 73.2-81.3 MPa 

and 10.9-13.2% for M-SEP and T-SEP, respectively (Table 1). 

Table 1. Thermal and mechanical analysis data 

Polymer     Tg        TIDT        T10      Char yield at      Tensile              Elongation          

LOI 

                  (°C)    (°C)        (°C)      600 °C (%)      strength (MPa)   at break (%)  

            M-SEP    153     225       292        29.1             81.3 ± 3.3         13.2 ± 1.5       29.14 

            T-SEP     132     205       265        18.8             73.2 ± 3.8         10.9 ± 1.3       25.02 

In sum, thermal stability and flame retardancy that are the main deficiencies of polyurethanes in 

various industries, were overcome by preparation of polyurethanes through incorporation of 

silicon and ester units and phenylation of backbone. 
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Introduction  

Aromatic polyamides are an important class of high performance polymers. These groups of 

polymers show excellent thermal stability, mechanical properties, chemical and oxidative 

resistance. Despite their remarkable properties, all these aromatic polymers generally have 

restricted solubility arising from the presence of rigid aromatic structures in the polymer chain and 

also strong hydrogen bonds between the amide groups. Therefore, one of the important challenges 

in the field of thermally stable polymers is increasing the solubility of them while maintaining 

other appropriate properties [1].  

Main aim of this article was preparation of new types of polyamides with high thermal stability 

and improved solubility. This was achieved by synthesis of a novel diamine containing flexible 

ether bonds and polar ketone group. The diamine was synthesized via reaction of 4-aminophenol 

with 4,4’-difluorobenzophenone. Then the diamine was polycondensed with terephthaloyl 

chloride (TPC) and isophthaloyl chloride (IPC) to attain related poly(keto ether amide)s.  

 

Experimental 

Materials 

Synthesis of diamine 

Into a three-necked, round-bottomed flask equipped with a Dean-stark trap, a condenser, a nitrogen 

inlet tube, a thermometer, an oil bath, and a magnetic stirrer were placed 0.02 mol of 4-

aminophenol, 0.01 mol of 4,4’-difluorobenzophenone, 25 mL of dry NMP, and 15 mL of dry 

toluene. Then 0.02 mol of K2CO3 was added to the mixture and the reaction mixture was heated 

to 140 °C for 6 h with continuous stirring. The reaction temperature was raised to 160 °C by 

removing more toluene, and maintained at the same temperature for 20 h. The mixture was cooled 

and poured into water. Then it was isolated by filtration and dried in a vacuum oven. 

Polymer synthesis 

A two-necked flask equipped with a magnetic stirrer, a nitrogen gas inlet tube, and a calcium 

chloride drying tube was charged with 1 mmol of diamine and 10 mL of dry NMP. The mixture 

was stirred at room temperature for 1 h. The solution was cooled to -5 °C, then 1 mL of 

triethylamine was added. After 5 min, 1 mmol of diacid chloride (TPC or IPC) was added and the 

mixture was stirred at room temperature for 6 h. Polymer was precipitated by pouring the content 

into water. It was filtered then washed with hot water and methanol several times.  

Results and discussion 

All materials were characterized using FT-IR, 1H-NMR, and elemental analysis techniques. FT-

IR spectra of the polyamides were shown in Figure 1. 

 

a          b    
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Figure 1. FT-IR spectrum of a) TPC-based, and b) IPC-based polyamides 

Inherent viscosity of polymers measured at a concentration of 0.5 g.dL-1 in NMP at 30 oC was in 

the range of 0.68-0.73 dL.g-1. Inherent viscosity is a criterion for assessment of molecular weights, 

and these polyamides had moderate-high molecular weights compared to other polyamides [2].  

Low water uptake values (ranging from 1.5 to 2.0%) were observed for the polyamide samples in 

comparison to the common commercial polyamides (for instance polyamide 6 shows 2.75% water 

uptake at room temperature and 50% humidity). Such favorable low water uptake might be related 

to a decrease in the content of polarizing amide functional groups originated from lengthy diamine 

moieties that could function as spacer units in the polymer chains and hence decrease backbone 

polarizability to some extent. According to the thermogravimetric analysis, the initial 

decomposition temperature (To) of polyamides was about 295-338 oC. The temperature for 10% 

gravimetric loss (T10) which is an important criterion for assessment of thermal stability was in the 

range of 390-440 oC. The solubility of the polymers in polar aprotic solvents including NMP, 

DMAc, DMF, and DMSO was in the range of 2.2-2.7 g.dL-1. This improved solubility could be 

attributed to the presence of polar ketone and flexible ether units in the backbone.  

The performance of polyamide asymmetric membranes [3] was evaluated by measuring their pure 

water flux over a duration of 120 minutes, at operating pressures of 5, 10, and 15 bar that was in 

the range of 25-300, 550-600, and 700-800 L.m-2.h-1, respectively. 

The rejection values of various salt solutions (MgSO4, MgCl2) were measured (94-97%(. TPC-

based membranes exhibited superior salt rejection. This phenomenon could be related to the zeta 

potential of these membranes. TPC-based membranes showed higher negative surface charge due 

to its symmetric aromatic structure. This enhanced negative charge caused an increase in rejection 

values. The repulsive electrostatic interactions between the anions and the negatively charged 

membrane surface hindered the passage of salt ions. The rejection order of the salts was as follows: 

MgSO4 >MgCl2. 
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Abstract 

In this research, we investigated the effectiveness of two types of spinel ferrite nanoparticles, 

MnFe2O4/TiO2/GO and MnFe2O4/TiO2/g-C3N4, for the removal of arsenic from groundwater. 

The magnetic adsorbents were thoroughly characterized using various analytical techniques, 

including X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), 

energy-dispersive X-ray spectroscopy (EDS).  We examined the influence of several factors on 

the adsorption process, such as pH, contact time, initial arsenic concentration, and temperature. 

Both MnFe2O4/TiO2/GO and MnFe2O4/TiO2/g-C3N4 were employed to effectively reduce 

arsenic concentration. The results showed a significant decrease in arsenic levels, from an initial 

concentration of 17.8 mg/L to 197 µg/L and 177 µg/L, respectively, for MnFe2O4/TiO2/GO and 

MnFe2O4/TiO2/g-C3N4, which corresponds to removal efficiencies of 98.89% and 99.01% 

Key words: nanoparticles, arsenic, adsorption, water, reusability 
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Abstract 

Gene therapy vectors come in viral and non-viral forms. While viral vectors excel at cell invasion, 

non-viral vectors offer advantages like low immunogenicity, cheaper production, and scalability. 

Among non-viral carriers (Liposomes, Cationic polymers, Exosomes, Dendrimers), cationic 

polymers effectively transport DNA through electrostatic interactions. Natural polymers like the 

aminated Dextran can be modified for nucleic acid delivery. (1-11) 

Dextran dialdehyde was produced using 2 mmol sodium periodate and 1g Dextran (9000-11000 

Da) in water for 6h. After dialysis and lyophilization, amination was performed using 11 mmol 

Putrescine and 15 mmol Sodium Cyanoborohydride for 24h. The product was analyzed using 

NMR spectroscopy, retardation assay, DNase protection test, and MTT cytotoxicity assay.(6, 7) 

NMR confirmed successful synthesis with aldehyde peaks at 9.86 and 9.96 ppm, and Putrescine 

methylene peaks at 1.54, 1.66, 1.78, and 1.81 ppm. HEK-293 cells showed minimal toxicity. 

Retardation assay demonstrated strong plasmid interaction, and DNase testing showed plasmid 

protection. 

The Dextran dialdehyde-Putrescine copolymer successfully demonstrated nucleic acid interaction 

and protection against nucleases while remaining biologically inert.Key words: nanoparticles, 

arsenic, adsorption, water, reusability 

Key Words: Copolymer, Dextran , Putrescine, Malprade method, Gene Delivery, Plasmid 
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  تدوین نقشه راه و برنامه اقدام راهبردی مدیریت پسماند کشور

 2، پیام جوهرچی1*سیده بهاره عظیمی

 ااااا ا اااا اااا اااااااا ااااا اااا ااااااا ا ااااااا اااا ااااااااا1

 ااااا اااااا ااااا اااا ااااا ااااااااااااا

 ااااا اااااا ااااا اااا ااااا اااااا اااااااا2

 خلاصه

امروزه تغییر سبک زندگی تمایل روز افزون شهروندان به مصرف مصرف گرایی، تنوع محصولات و کالاهای تجاری و به 

ف شهری و روستایی را با بحران بسیار جدی به نام دنبال آن تحولات پدید آمده در میزان و کیفیت مواد مصرفی، مناطق مختل
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افزایش روزافزون  .]1[تولید بیش از اندازه و غیر منطقی انواع و اقسام مواد زائد یا به عبارتی پسماندها روبرو ساخته است

پسماندها در وکارها، همراه با افزایش شهرنشینی و رشد جمعیت جهانی، منجر به افزایش چشمگیر حجم تعداد صنایع و کسب

بنابراین، مدیریت مؤثر پسماندها در تمام سطوح جامعه برای مقابله با این . یافته و در حال توسعه شده استکشورهای توسعه

 .]2[ی است مشکل رو به رشد ضرور

زیست  مشکل اصلی ناشی از تولید بیش از اندازه و غیر منطقی پسماندها که در سالهای اخیر به یکی از مهمترین معضلات

محیطی برای تمامی مناطق شهری و روستایی ایران تبدیل شده است تلنبار شدن مواد زائد در زمینهای اطراف شهرها و 

روستاها رودخانه ها، جنگل ها و حتی در مزارع است که منجر به آلودگی خاک، هوا، آبهای سطحی و زیرزمینی و اکوسیستم 

 علاوه بر محیط طبیعی محیط انسانی و حتی حیات خود انسانها و جانوران هم در این میان. آبی گردیده است -های خشکی 

 .]1[تحت تأثیر و تهدید قرار گرفته است 

رویکردهای متنوعی در مناطق مختلف، شامل مناطق . یافته و در حال توسعه متفاوت استمدیریت پسماند در کشورهای توسعه

فرآیندهای صنعتی به طور قابل توجهی در تولید . شودبه کار گرفته میهای مسکونی و صنعتی شهری و روستایی، و بخش

 . ]3[انواع پسماندهای گازی، مایع و جامد مشارکت دارند 

با وجود اینکه ایران به لحاظ سرانه تولید پسماند در جایگاه پایین تری نسبت به دیگر کشورهای جهان و حتی کشورهای همسایه 

از آنجایی که ایران کشوری رو به صنعتی شدن . ت زیست محیطی شدیدتری مواجه می باشدمیباشد ولی برعکس با مشکلا

ود که میزان تولید پسماند در سالهای آینده افزایش افزایش شهرنشینی و در آینده بهبود شرایط اقتصادی می باشد، انتظار می ر

مدیریت پسماند . آمد با میزان تولید پسماند وجود داردچشمگیری داشته باشد چرا که ارتباط مستقیمی بین میزان شهرنشینی و در

عیت و تغییرات با توجه به افزایش جم. به عنوان یک چالش اساسی در ایران، نیازمند رویکردهای نوین و استراتژیک است

ومی سبک زندگی، تولید پسماند در کشور به شدت افزایش یافته و این امر تهدیدی جدی برای محیط زیست و سلامت عم

 .شودمحسوب می

اقتصادی، قانونی و  ،لذا بایستی پیش بینی های لازم برای بهبود ساختار مدیریت پسماند در کشور از ابعاد مختلف زیر ساختی

 . فرهنگی اتخاذ شود

 پسماند، نقشه راه، محیط زیستکلمات کلیدی؛ 

 قانون برنامه توسعه هفتم 22چ ماده  بند-1

لف است با همکاری وزارتخانه های کشور، صنعت، معدن و تجارت، نیرو، نفت، سازمان حفاظت محیط زیست مک

جهادکشاورزی و بهداشت، درمان و آموزش پزشکی برنامه ملی راهبردی مدیریت پسماندها را با رویکرد اصلاح الگوی 

ی در چرخه مدیریت تولید و مصرف، کاهش حداکثری تولید پسماندها، تفکیک از مبدأ و پیاده سازی نظام اقتصاد چرخش

دستگاه های ذیربط مکلفند در طول سالهای . پسماندها در پایان سال اول برنامه تهیه کند و به تصویب هیأت وزیران برساند

شمالی به  ای عمل نمایند که برنامه ملی راهبردی مدیریت پسماندها در کلانشهرها و شهرهای استانهایاجرای برنامه به گونه

 .ی گرددصورت کامل اجرائ

 مشکلات وضع موجود -1-1

رتبه . آورده شده است -2و شکل  -1مهمترین مشکلات مدیریت پسماند در کشور و نیز تهدیدهای آن در نمودارهای شکل 

ته بندی این عوامل بر اساس نظرات متخصصان حوزه پسماند و نیز کارشناسان نهادهای اجرایی و نظارتی صورت گرف

 .است

 وضع موجودتبعات ادامه  -1-2

 .موجود را به صورت زیر می توان جمع بندی کرد مهمترین نتایج ادامه وضع
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 پسماندمدیریتضعفنقاطبنديرتبه -1شکل

 

 رتبه بندی تهدیدهای مدیریت پسماند -2شکل

   ار میلیارد هز 870مدیریت نادرست پسماندها دفن غیر اصولی عدم تفکیک عدم بازیافت مناسب و غیره، سالانه حدود

ریال خسارت زیست محیطی به کشور وارد میکند این خسارت ها ناشی از اشغال زمین برای دفن آلودگی آبهای زیرزمینی 

استفاده مناسب از منابع قابل بازیافت آلودگی آبهای سطحی آلودگی خاک، ناشی از نفوذ شیرابه تولید گازهای گلخانه ای، عدم 

 .می باشدو غیره  منظر شهری و روستایی
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   تهدید امنیت ملی در صورت ادامه مشکلات زیست محیطی امروزه از تهدیدات زیست محیطی به عنوان یکی از تهدیدات

تخریب محیط زیست بر زندگی انسان باعث شده  نوین امنیت ملی یاد میشود نگرانی فزاینده در مورد آینده بشر و تأثیر منفی

منطق اساسی امنیت زیست محیطی بر . افزون در سیاست ملی و بین المللی پیدا کندکه مشکلات زیست محیطی اهمیتی روز 

. این انگاره است که در چشم انداز جهانی، نوع بشر به گونه ای گذران زندگی میکند که از حد تحمل کره زمین خارج است

محیط زیست بر سلامتی  أثیر تخریبامنیت زیست محیطی دو مسئله مجزا را بیان میکند تخریب عوامل زیست محیطی و نیز ت

با توجه به اینکه الگوی . نقش آفرینی کند جوامع انسان که هر دوی اینها میتواند به مثابه عاملی در ایجاد بی ثباتی و نزاع

مصرف در کشور در سالهای اخیر به تبع تحولات جهانی به شدت تغییر پیدا کرده است ظهور انواع پسماندهای جدید که مواد 

ی زیادی دارند افزایش جمعیت شهری و شهرنشینی و به تبع آن افزایش میزان تولید پسماند نبود زیر ساخت طرناک و سمخ

و عوامل مشابه ) های مناسب مدیریت پسماند در کشور مکانهای دفن بهداشتی سیستمهای پردازش و بازیافت استاندارد و غیره

یم منجر به تخریب محیط زیست می شود و هم بر سلامتی ه طور مستقدیگر، عدم مدیریت صحیح پسماندهای شهری هم ب

 .جوامع اطراف تأثیر منفی دارد که ممکن است با ایجاد بی ثباتی و نزاع به عنوان عامل نوین تهدید کننده امنیت ملی عمل کند

 7۶00جدید شونده جهان تشدید چالش آب به عنوان یکی از مهمترین چالشهای جهانی در حال حاضر سرانه منابع آب ت 

در تقسیمات اقلیمی . متر مکعب در آستانه ورود به تنش آبی و بحران میباشد 1۶2۵متر مکعب در سال بوده و ایران با سرانه 

منابع سالانه آب سطحی و زیرزمینی کشور . درصد کشور در منطقه فراخشک نیمه خشک و بیابانی قرار دارد 8۵حدود 

 93میلیارد متر مکعب آن سالانه استحصال میگردد از این میزان حدود  100ی باشد که حدود میلیارد متر مکعب م 130

درصد در بخش  1درصد در بخش شرب و  ۶درصد است و  70درصد سهم مصارف بخش کشاورزی متوسط جهانی آن 

یک ن وجود در با ای. مدیریت پسماند در کشور به خودی خود چالش زیست محیطی مهمی است. صنعت مصرف می گردد

با تلنبار کردن زباله ها در مکانهای دفع و دفن . نگاه یکپارچه مدیریت نادرست پسماندها، منابع آبی را هم به شدت تهدید میکند

غیر بهداشتی و کنترل نشده به فاصله نه چندان زیاد شیرا به این زباله ها وارد رودخانه ها و از آنجا وارد زمین ها و محصولات 

شود و زندگی و سلامت تمام کسانی که از این محصولات استفاده می کنند و یا در تماس هستند را تحت و دریا می کشاورزی

درصد آب مازندران از سفره های زیر زمینی  90برای نمونه بنا بر آمار آب و فاضلاب مازندران بیش از . دهدتأثیر قرار می

خانه تغذیه می شوند و سطح آنها نیز در مقایسه با کل کشور بسیار بالا می تأمین میشود و این سفره ها از آب باران و رود

 . باشد

  شکل گیری بحرانهای اجتماعی در منطقه در صورت ادامه مشکلات موجود به تهدیدات امنیتی پسماند بایستی از دو بعد

سلامتی روانی و اجتماعی شود و دوم نگاه کرد اول ماهیت خود پسماند که میتواند منجر به انواع مشکلات زیست محیطی، 

پسماند . تأثیر مستقیم آنها بر منابع آب زیرزمینی و سطحی که خود آب امروزه از مهمترین چالشهای کشور و جهان میباشد

اگر اصولی مدیریت نشود، علاوه بر مشکلات زیست محیطی محیط زیست انسانی را حتی در کوتاه مدت هم با مشکل مواجه 

مشکلات در قالب انواع بیماری بو، تغییر کیفیت خاک، آب، خشک شدن جنگل ها و غیره منجر به شیوع این  .خواهد کرد

روانی می تواند منجر به بحران اجتماعی در  شکل گیری بار روانی بر شهروندان و ساکنان منطقه خواهد شد که خود این بار

 .شکل های مختلف شود

 ع بندی روند موجود ادامه هر کدام از مشکلات و تهدیدهایی که از جانب مدیریت جمع بندی روند موجود به عنوان جم

شرایط حساس زیست محیطی منجر به شکل  پسماند در منطقه وجود دارد منجر به تشدید آنها شده و این مشکلات با توجه به

 .انواع بحرانهای زیست محیطی و اجتماعی امنیتی و غیره خواهد شد گیری

 وبوضعیت مطل -2

 مأموریت جمعی -2-1

با تدوین این مأموریت نگاه جزیره . گام اول در وضعیت مطلوب تعریف یک مأموریت فراسازمانی برای مدیریت پسماند است

 .صورت بگیرد ای هر دستگاه به منطقه باید حذف شود و یکپارچه سازی استراتژی ها

 چشم انداز مدیریت پسماند کشور -2-2
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ی صورت گرفته از چالشهای مدیریت پسماند در ایران و شناسایی عوامل مؤثر داخلی و خارجی و نیز با توجه به آسیب شناس

چشم . در راستای مأموریت جمعی چشم انداز مدیریت پسماند به صورت شکل زیر تدوین و مورد اجماع قرار گرفته است

باشد اری زیست محیطی و پایداری اجتماعی میکارآیی اقتصادی مشارکت مردمی پاید انداز تدوینی شامل چهار محور اساسی

 ).3شکل(

 

 پسماندمدیریتراهنقشهاندازچشم -3شکل

 نقشه راه وضعیت مطلوب و اقدامات مورد نیاز -3

بر اساس بررسی های صورت گرفته مطالعه . جهت تدوین نقشه راه مدیریت پسماند در کشور اقدام به سناریوسازی شده است

بعد  ۵شاخص در  17سناریو تدوین و با توجه به  ۶) رگاه هم اندیشی مطالعه اسناد بالادست و غیرهگزاری کاادبیات جهانی بر

در نهایت . اجرایی مورد ارزیابی قرار گرفته است -مدیریتی و فنی  -فرهنگی زیست محیطی، سیاسی  -اقتصادی، اجتماعی

ناریویی که بیشترین امتیاز را آورده بودند، سناریوی برتر س 3بعد از ارزیابی و مشخص شدن سناریوهای برتر از ترکیب 

 .آورده شده است 4سناریوی برتر برای مدیریت پسماند کشور در شکل . برای کشور تدوین شده است

 

 پسماندمدیریتبرايبرترشکل سناریوي -4شکل

، برنامه عملیاتی مختص )منطقه 1۴ه ریزی شامل بعد از تدوین سناریوی برتر و با توجه به این سناریو برای هر منطقه برنام

لازم به توضیح است که در برنامه عملیاتی هر منطقه اصل نگاه سیستمی و یکپارچه به منطقه . آن منطقه تدوین شده است
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 در نهایت با توجه به برنامه. اصل توسعه تدریجی و نیز پروژه های نیمه تمام و موجود هر منطقه مورد توجه بوده است

عملیاتی هر منطقه موازنه جرمی پسماند برای هر منطقه به همراه برآورد هزینه ها به تفکیک سال برنامه نوع فرایند و با 

 .صورت گرفته است) توجه به موزانه جرمی

سناریوی نهایی منطقه ساحلی شامل جمع آوری و تفکیک بازیافت پسماند خشک، کمپوست پسماند تر و استفاده ترکیبی از 

RDF  و زباله سوز در مناطق مختلف بسته به شرایط جغرافیایی طبیعی اقتصادی پسماندی و غیره حاکم بر آن منطقه میباشد

 :یادآوری شود در خصوص این سناریو و اجرایی کردن آن موارد زیر بایستی

ی که تولید میشود باید هر پسماند. منظور از جمع آوری، جمع آوری مکانیزه و پوشش حرفه ای جمع آوری پسماند است -1

 .بلافاصله و با بهترین شرایط زیست محیطی جمع شود

 2۵شروع شده و به  1403رویکرد به تفکیک در این سناریو رویکردی تدریجی است و از کمترین میزان درصد در سال -2

 . خواهد رسید 1407درصد در سال 

اخلی صورت گرفته ایجاد کارخانه کمپوست در مناطقی که بر اساس طرح های بالادستی ، مطالعات جهانی و مطالعات د-3

 .تن در روز باشد به صرفه اقتصادی نبوده و پیشنهاد نمی شود 100میزان تولید پسماند آنها کمتر از 

بر اساس طرح های بالادستی مطالعات جهانی و مطالعات داخلی صورت گرفته ایجاد واحد زباله سوز و بیوگاز در  -4

 .تن در روز است دارای توجیه فنی و اقتصادی نبوده و پیشنهاد نمی شود ۴00تولید پسماند آنها کمتر از مکانهایی که 

سناریوی برتر هر منطقه با توجه به وجود تاسیسات مدیریت پسماند نیمه تمام پتانسیل های موجود در منطقه و میزان  -5

 .پسماند تولیدی قابل تغییر میباشد

ظر به نحوی پیشنهاد شده است که هیچ پسماندی به صورت خام و پردازش نشده دفن نگردد و دفن برنامه های مورد ن -6

 .بهداشتی تنها برای پسماند ریجکت سایر تاسیسات صورت می گیرد

درصد و فراهم آمدن شرایط برای اجرای سناریوهای  70در صورت وجود سرمایه گذار بخش خصوصی با آورده بیشتر از  -7

خی سناریوهای آلترناتیو با اولویت مناطق اعلامی توسط وزارت کشور و تایید سازمان حفاظت محیط زیست جایگزین بر

 .مناطق قابل اجرا خواهد بود
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Bis(indole)methanes have been considered an important pharmaceuticals due to their diverse 

biological properties [1-3]. In this research, an effective method for the synthesis of new 

derivatives of bis(indole)methane using polyvinylpolypyrrolidone supported p-toluene sulfonic 

acid (PVPP-p-TSA) as an efficient catalyst was presented. This reaction has various advantages, 

including high yield, reusability of the catalyst, short reaction time, and simple procedure, making 

this method an attractive and efficient option in the field of bis(indole)methane construction. 
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Abstract 

Buccal candidiasis, a fungal infection primarily caused by Candida albicans, presents a significant 

challenge in oral health, particularly in immunocompromised patients. This study introduces a 
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targeted therapeutic system using a mucoadhesive hydrogel-lipid composite loaded with nystatin 

for localized treatment. The hydrogel, synthesized from hyaluronic acid modified with cysteamine 

and dopamine, exhibits enhanced mucoadhesion and controlled drug release. Liposomes 

encapsulating nystatin were prepared via microfluidics and incorporated into the hydrogel matrix. 

Characterization tests, including SEM, TEM, DLS, and Zeta potential, Rheological properties, 

confirmed the properties of the composite. Drug release profiles and antifungal assays 

demonstrated the efficacy of the system, suggesting its potential for targeted oral candidiasis 

treatment. 

Introduction 

Buccal candidiasis is a common fungal infection that affects the mucosal membranes, often leading 

to pain and discomfort1. Conventional treatments, including systemic antifungal drugs, are 

associated with side effects and suboptimal drug concentrations at the infection site. Hence, topical 

drug delivery systems have gained interest as an alternative approach2. Hyaluronic acid, a naturally 

occurring biopolymer, has been extensively used in drug delivery systems due to its 

biocompatibility and mucoadhesive properties3. In this study, we developed a mucoadhesive 

hydrogel-lipid composite incorporating nystatin for the targeted treatment of oral candidiasis. The 

composite system leverages the advantages of liposomes for controlled release and hyaluronic acid 

based- hydrogels for prolonged retention at the site of infection. 

Method 

1. Liposome Preparation: Phosphatidylcholine (PC) was extracted from soybean and egg yolk 

using solvent-based methods. Liposomes based-PC were fabricated using a microfluidic device, 

ensuring uniform size and efficient nystatin encapsulation. 

2. Hydrogel Synthesis: Hyaluronic acid was chemically modified with cysteamine and 

dopamine to enhance mucoadhesion. The hydrogel was crosslinked using BDDE (1,4-butanediol 

diglycidyl ether), optimizing its rheological properties. 

3. Composite Formation: The prepared liposomes were incorporated into the hydrogel matrix. 

The resulting composite was characterized for mucoadhesion, swelling behavior, and drug release 

properties. 

Result and Discussion 

The mucoadhesive hydrogel-lipid composite demonstrated excellent properties for topical drug 

delivery. The strong mucoadhesion, confirmed through rheological tests, ensures prolonged 

retention at the infection site, significantly enhancing targeted delivery. Controlled drug release 

profiles, measured through in vitro studies, showed a sustained and efficient release of nystatin, 

These results underline the composite's potential to improve the efficacy of oral candidiasis 

treatment by reducing systemic side effects and increasing patient compliance. The dual 

functionality of mucoadhesion and controlled release provides a promising strategy for precise and 

effective localized drug delivery. 
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Figure: Synthesis and chemical structures of reaction A) Hyaluronic acid-Dopamine B) 

Hyaluronic acid-Cysteamine  C) Hyaluronic acid-BDDE 
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Introduction  

Anisotropic particles, such as Janus particles, have recently attracted significant attention in 

various applications such as drug delivery, catalysts, and molecular imaging [1]. The 
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electrohydrodynamic method, consisting of electrospinning and electrospraying of polymer 

solutions, is a direct technique for producing micro and nanoparticles and fibers by applying an 

electric voltage to polymer solutions. Electrospinning and electrospraying differ in the polymer 

solution density, applied voltage, and collection method [2]. Studies have been conducted on usage 

of nanoparticles in production of Janus particles [3]. Herein, Janus particles and fibers have been 

successfully produced using two polymers and two nanoparticles and analyzed. 

Experimental 

Polyethersulfone (PESU, with a molecular weight of 75 kg mol-1) was acquired from BASF Co. 

(Germany). Dimethylformamide (DMF) and ethyl acetate (EAc) were obtained from Merck Co. 

(Germany). Polyaniline (PANI) was purchased from Mahan Sanat Iranian Co. (Iran). Copper (Cu, 

25 nm( and titanium dioxide )TiO2, 30 nm( were obtained from US-Nano (USA). Two 14-gauge 

needles with an inner diameter of 1.753 mm were used together. The distance between the needle 

and the collector was 10 cm. The collector plate was made of aluminum. A syringe pump with a 

flow rate of 0.15 ml/h was used for electrospinning and electrospraying of polymer solutions. To 

prepare Janus particles and fibers, first in solutions (A) 5 wt. % and 25 wt. % PESU and PANI 

were prepared in a 2:1 ratio in DMF and EAc in a 4:1 ratio, respectively, by mixing each on a hot-

plate stirrer at 900rpm. After that, 10 wt. % polyethersulfone and polyaniline, copper nanoparticles 

were added to the solution. In preparing solutions (A) for Janus particles and fibers, first a 

polyethersulfone solution was prepared in DMF solvent and then 10 wt. % polyethersulfone, 

titanium dioxide nanoparticles were added to the solution. Solution A was sonicated for 15 min, 

while solution B was stirred for 2 hours at room temperature at 900 rpm. Finally, Janus particles 

and fibers were produced by applying a high voltage to two nozzles placed side by side. The 

morphology of the resulting particles and fibers was examined using field emission scanning 

electron microscopy (FESEM), and the Janus nature was confirmed using energy-dispersive X-

ray spectroscopy (EDX). 

Results and Discussion 

After determining the flow rate, the voltage was increased to 16 and 18 kV, respectively, which 

led to the formation of two-component Taylor cones at the nozzle exit and the induction of stable 

jets aligned next to each other by the electric field. In the electrospinning and electrospraying 

process, the solvent evaporation and solidification of the product occurred rapidly. As shown in In 

Figure 1, the average fiber diameter is 205±100 nm and the average particle diameter is divided 

into two categories: large particles, 600±200 nm, and small particles, 215±55 nm. 

   

Figure 1. FESEM images: (a) Particle and (b and c) Fiber 

a b 
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EDX was performed on specific regions of the produced particles and fibers, which are determined 

in Figure 1 with alphabets A and B. Table 1 shows the elemental analysis of the two regions on 

the particle and fiber along with the elemental composition. The results revealed that region A 

contained a significant amount of titanium dioxide nanoparticles and a small amount of copper 

nanoparticles. In contrast, region B contained only copper nanoparticles, which confirmed the 

formation of Janus particles and fibers. These findings indicated that despite the preservation of 

the two-phase nature in the Janus particles and fibers, some degree of mixing between the two 

phases occurred. 

Table 1. EDX results of Janus particle and fiber  

Element (wt. %) 
Part Morphology 

Titanium Copper Nitrogen Sulfur 

30.13 0.64 10.05 59.18 A 
Particle 

0 5.03 30.70 64.27 B 

10.60 0.45 14.44 74.51 A 
Fiber 

0 3.78 30.21 66.01 B 
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Scheme 1: Structure of Tilmanocept 

The first node to receive lymphatic drainage straight from the primary tumor site is the sentinel 

lymph node (SLN). The detection of SLN is considered valuable prognostic information for certain 

types of cancers, specifically, melanoma, breast, lung, and colon. Tilmanocept is a synthetic 

molecular radiopharmaceutical that was designed to reduce the limitations of currently used agents 

for SLN identification. Improving lymphatic uptake and high retention in the sentinel node can be 

achieved by optimal size and binding properties, ultimately enabling an enhancement in the 

precision of cancer staging in conditions that employ SLNM. 

Tilmanocept is the generic name for DTPA mannosyl dextran. It is a macromolecule consist of a 

dextran backbone and multiple subunits of DTPA and mannose.  

Method: The molecule has an average size of 7 nm, enabling swift entry into lymphatic channels 

and quick clearance of the injection site. Synthesis commenced with a 2-step method that binds a 

high density of amino-terminated leashes to a dextran backbone. Allyl-bromide was reacted with 

dextran to yield allyl-dextran. After diafiltration with water and lyophilization, allyl-dextran was 

reacted with aminoethanethiol and ammonium persulfate. The resulting amino-conjugated dextran 

was dialyzed and lyophilized. The mixed anhydride method was used to attach DTPA; after 

dialysis, filtration, and lyophilization, 2-imino-2-methoxyethyl-1-D-mannose was used to attach 

the receptor substrate. 
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Scheme 2: synthesis of tilmanocept 

Results: DTPA-mannosyl-dextran had a molecular weight of 35,800 g/mol and a molecular 

diameter of 7.1 nm. The final amine, mannose, and DTPA densities were 23, 55, and 8 mol per 

dextran. 
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Abstract 

In this study, Bi₂NiTiO₆ nanoparticles were successfully synthesized using a co-precipitation 

method, and their electrochemical performance was assessed in a symmetric two-electrode system 

with a 2 M KOH electrolyte. The galvanostatic charge-discharge (GCD) experiments revealed an 

impressive specific capacitance of 253.6 F/g at a current density of 0.5 A/g. Additionally, cyclic 

voltammetry (CV) studies indicated a specific capacitance of 281.2 F/g at a scan rate of 10 mV/s. 

These findings highlight the significant potential of titanium-based double perovskite oxides as 

advanced supercapacitor electrodes, paving the way for future advancements in energy storage 

technology. 

Keywords: Copercipitation, electrochemical performance, Specific capacitance, Supercapacitor 

Electrode 

1. Introduction 

The global energy crisis highlights the urgent need for renewable and sustainable energy sources, 

making efficient storage solutions essential [1]. Electrochemical energy storage technologies, 

especially supercapacitors, offer promising options due to their high power density, rapid charge-

discharge capabilities, and extended cycle life. However, challenges such as low energy density 

and stability pose obstacles to their broader adoption [2,3]. To overcome these limitations and 

enhance storage performance, developing advanced electrode materials, including carbon 
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compounds, transition metal oxides, and conductive polymers, is crucial. Perovskite oxides, 

particularly single (ABO₃) and double (A₂BB'O₆) perovskites, are highly esteemed for their diverse 

range of properties. These materials exhibit a significant presence of oxygen vacancies, 

adaptability to multiple valences, cost-effectiveness, and ease of synthesis [4]. A-site cations play 

a crucial role in enhancing thermodynamic stability, while B-site cations are instrumental in 

promoting electrochemical activity. Notably, double perovskites stand out for their exceptional 

ionic and electronic conductivity, minimized lattice distortion, and enhanced cyclic stability, 

making them promising candidates for advanced applications in supercapacitors and energy 

storage systems [5,6]. Bi₂NiTiO₆, a double perovskite oxide, is a multiferroic material with notable 

ferroelectric and magnetic properties, rendering it invaluable for fundamental and technological 

research. Synthesized by Zhou et al. in 2013 under high-temperature (1273 K) and high-pressure 

(5 GPa) conditions, the structural stability of this material was confirmed through X-ray 

diffraction, which identified two high-temperature phase transitions resulting from the 

displacement of bismuth ions [7]. These findings highlight the material's potential for advanced 

applications, particularly in studying multiferroic materials. In this research, Bi₂NiTiO₆ double 

perovskite nanoparticles were synthesized for the first time using a novel chemical method. The 

electrochemical performance of these nanoparticles was evaluated in a three-electrode system with 

a 2 M KOH solution as the electrolyte. The results demonstrated that the fabricated electrodes 

exhibited exceptional electrochemical properties, emphasizing their potential for energy storage 

applications. 

2. Methods  

2.1. Preparation of Bi2NiTiO6 nanoparticles  

Bi₂NiTiO₆ nanostructures were synthesized via the co-precipitation method using 

Bi₅O(OH)₉(NO₃)₄, Ni(NO₃)₂·6H₂O, and TTIP in a 2:1:1 molar ratio [8]. TTIP was hydrolyzed in 

acetic acid and ethanol, while Bi and Ni precursors were dissolved in water with PVP as a 

surfactant. After combining the solutions and inducing precipitation with NH₄OH, the product was 

dried at 80 °C and annealed at 700 °C, yielding a homogeneous green powder suitable for advanced 

applications. 

3. Result and discussion 

3.1. Characterization  

The X-ray diffraction pattern of the Bi₂NiTiO₆ (BNT) sample, shown in Figure 1 (a), perfectly 

agrees with the X-ray diffraction pattern of the BNT sample prepared in 2013 [7]. Both samples 

exhibit an orthorhombic crystal structure with the space group Pn21a.  

3.2. Electrochemical Study 

All electrochemical tests of the prepared materials were conducted using a three-electrode system. 

In this setup, nickel foam coated with active materials served as the working electrode, an Ag/AgCl 

electrode acted as the reference electrode, and a Pt electrode was used as the counter electrode. 

The electrolyte employed was a 2 M potassium hydroxide solution. Cyclic voltammetry tests were 

performed within a potential range of 0 to 0.5 V, while galvanostatic charge-discharge curves were 

obtained at current densities ranging from 0.5 to 10 A/g. Additionally, electrochemical impedance 
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spectroscopy (EIS) was utilized to investigate the electrical conductivity behavior of the prepared 

materials within a frequency range of 100 kHz to 0.01 Hz, with a scan amplitude of 0.01 V. 

Figure 1 (b) illustrates the charge-discharge curve of the BNT sample at current densities ranging 

from 0.5 to 10 A/g. The longest charge-discharge time occurs at a current density of 0.5 A/g. The 

specific capacity of the BNT electrode was calculated using Equation 1, derived from the charge-

discharge curves [9]. 

𝑆𝐶 =
𝐼∆𝑡

𝑚∆𝑣
 

(1) 

In this equation , I represent the current density (A/g) , while Δt denotes the difference between 

charge and discharge times (s), m signifies the mass of the active material on the Ni Foam, and Δv 

represents the potential window. At a current density of 0.5 A/g, the specific capacity was 

measured at 253.68 F/g, which decreased to 106.6 F/g as the current density increased. Figure 1(c) 

depicts the effect of scan rates on the electrochemical performance of the BNT sample. The 

specific capacitance for this sample was calculated using Equation 3 [10]. 

𝑆𝐶 =
∫ 𝐼𝑑𝑣

𝑚𝑠Δ𝑣
 

(3) 

The values obtained at scan rates of 10, 20, 30, 40, and 50 mV/s were 281.2, 237.4, 215.33, 207.6, 

and 203.85 F/g, respectively. Electrochemical impedance spectroscopy (EIS) was performed to 

investigate charge transfer resistance and electrical conductivity behavior of the BNT sample. 

Figure 1(d) depicts the Nyquist plot corresponding to the BNT sample. The small diameter of the 

semicircle in the high-frequency region indicates negligible charge transfer resistance and 

excellent electrical conductivity of the prepared material. The solution resistance (Rs) for the 

fabricated electrode, derived from the intersection of the Nyquist plot with the real axis, was 

determined to be 1.05 Ω. 

4.  Conclusion  

In this study, BNT nanoparticles were synthesized via the co-precipitation method and evaluated 

for supercapacitor applications. The electrochemical performance was tested using a symmetric 

two-electrode setup with 2 M KOH as the electrolyte. The nanoparticles showed specific 

capacitances of 253.6 F/g at 0.5 A/g and 281.2 F/g at a scan rate of 10 mV/s. These results 

demonstrate the promising potential of BNT, a titanium-based double perovskite oxide, for 

efficient energy storage in supercapacitors, especially in neutral electrolytes. 
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Fig.1. (a) the XRD pattern, (b) the 

effect of scan rate on the 

electrochemical performance, (C) 

the GCD Plot at different current 

densities, (d) EIS Spectra of 

Bi2NiTiO6 as synthesized 

nanoparticles. 
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Abstract 

This study successfully synthesized silver-doped La₂ZnTiO₆ (LZT) double perovskite 

nanoparticles through sol-gel and photochemical methods. Silver was integrated both into the 

crystal structure and on the surface of the nanoparticles. The electrochemical performance of these 

synthesized materials was evaluated using a three-electrode system. The pristine LZT 

nanoparticles exhibited a specific capacitance of 230.4 F/g, as determined by galvanostatic charge-

discharge (GCD) curves. Remarkably, doping the structure with 10% silver enhanced the specific 

capacitance to 593 F/g. These findings highlight the potential of Ag-doped LZT nanoparticles as 

promising electrode materials for supercapacitor applications, ultimately contributing to 

advancements in high-performance energy storage solutions. 

Keywords: Ag-doped La2ZnTiO6, Solgel, Photochemical, Specific Capacitance, Supercapacitor 

1. Introduction 

Renewable energy sources are essential for mitigating greenhouse gas emissions and ensuring 

long-term energy sustainability; however, their output is subject to fluctuations that present 

challenges [1]. Supercapacitors are pivotal in stabilizing these systems due to their rapid charge-

discharge rates, high power density, and extended lifespan [2]. Supercapacitors can be categorized 

into three primary types based on their charge storage mechanisms: electric double-layer 

capacitors (EDLCs), which accumulate charge through non-faradic electrostatic interactions; 

pseudo-capacitors, which depend on faradic redox reactions; and hybrid supercapacitors, which 

integrate the benefits of both EDLCs and pseudo-capacitors to enhance charge storage 
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performance [3]. Double perovskite metal oxides (M₂NN'O₆), which incorporate rare earth 

elements (M) and transition metals (N, N'), are promising candidates for use as supercapacitor 

electrodes due to their impressive conductivity, stability, and structural versatility. However, their 

low energy density poses challenges for practical applications. To enhance their electrochemical 

performance, strategies such as metal ion doping and the formation of binary composites with two-

dimensional materials are essential [4,5]. Combining these materials with gold, copper, silver 

nanoparticles, and nickel oxide nanowires has shown significant potential in supercapacitor 

applications. Notably, Poudel et al. successfully used hydrothermal to deposit silver nanoparticles 

onto a WO3/MoS2 nanorod structure, achieving a remarkable specific capacitance of 637.77 F/g. 

This performance is primarily attributed to the excellent electrical conductivity of the silver 

nanoparticles, which enhances charge transfer between the electrode and electrolyte [6]. In this 

study, we synthesized silver-doped perovskite oxide LZT nanoparticles, both at the surface and 

within the structure, utilizing sol-gel and photochemical methods for the first time. We assessed 

the influence of silver doping on the electrochemical performance of these synthesized 

nanoparticles within a three-electrode system. With 10% silver doping incorporated into the 

structure, the resulting electrodes demonstrated a specific capacitance of 593 F/g, indicating their 

strong potential for energy storage applications. 

2. Methods  

2.1.  preparation of Ag- LZT Nanoparticles (within & on the structure) 

To synthesize silver-doped LZT perovskite within its structure using the sol-gel method, a solution 

containing lanthanum nitrate, zinc nitrate, and silver nitrate was combined with a hydrolyzed TTIP 

solution in ethanol and acetic acid. This final mixture was maintained at 90°C for 12 hours and 

calcined at 550°C and 1050°C [7] for surface doping using a photochemical process; LZT and 

silver nitrate were processed under a nitrogen atmosphere, followed by exposure to UV light with 

continuous stirring for 12 hours. The resulting precipitates were then dried at 90°C [8]. 

3. Result & Discussion 

3.1. characterization  

We utilized XRD, FT-IR, SEM, and BET analyses to characterize the synthesized nanostructures. 

Figures 1(a) and 1(b) display the XRD patterns of the synthesized materials. The XRD pattern for 

pure LZT aligns with reference card No. 17-2755, confirming the successful formation of the 

perovskite structure. The patterns of the silver-doped samples correspond to the primary perovskite 

phase without any impurities. However, a secondary silver oxide phase was observed in the 

surface-doped samples, indicating a potential reduction in electrochemical performance due to 

oxidation and environmental exposure [9]. 

3.2. Electrochemical analysis 

The electrochemical performance of the synthesized nanoparticles was investigated using a three-

electrode system comprising an Ag/AgCl electrode as the reference, nickel foam coated with active 

material as the working electrode, and platinum as the counter electrode. The experiments were 

conducted in a 2 M KOH electrolyte using cyclic voltammetry (CV) and galvanostatic charge-

discharge (GCD) techniques. Figure 1 (c) displays the CV curves of pure LZT and silver-doped 

LZT samples (with different doping levels both on the surface and within the structure) within a 
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potential window of 0–0.5 V at a scan rate of 50 mV/s. The specific capacitance of each sample 

was calculated using Equation 1, yielding values of 64.64, 132.48, 155.48, 65.64, and 53.6 F/g for 

pure LZT and LZT doped with 5% and 10% silver (both internally and externally), respectively 

[10].  

𝑆𝐶 =
∫ 𝐼𝑑𝑣

𝑚𝑠∆𝑣
 

(1) 

Among these, the highest specific capacitance (155.48 F/g) and surface area were observed for 

LZT doped with 10% silver internally. Figure 1D shows the GCD curves of the samples measured 

at current densities of 4 A/g within the same potential window. The specific capacitance was also 

derived from these curves according to equation 2 , with LZT doped with 10% silver internally 

exhibiting the highest charge-discharge time and specific capacitance of 593 F/g, significantly 

higher than that of the pure LZT perovskite, which was 230.4 F/g [11].  

𝑆𝑐 =
𝐼∆𝑡

𝑚∆𝑣
 

(2) 

The superior electrochemical performance of silver-doped LZT nanoparticles with internal silver 

doping is attributed to the presence of metallic silver nanoparticles. Due to their excellent electrical 

conductivity, these nanoparticles interact effectively with the porous LZT perovskite structure, 

facilitating charge transfer between the electrode and electrolyte, thereby enhancing 

electrochemical performance. In contrast, for surface-doped silver samples, forming a secondary 

silver oxide phase reduces electrical conductivity and adversely affects electrochemical 

performance, resulting in lower capacitance values. 

4. Conclusion 

In conclusion, this study successfully demonstrated the synthesis of silver-doped LZT 

nanoparticles, employing sol-gel and photochemical methods to achieve doping both within and 

on the surface of the perovskite structure. Comprehensive characterization confirmed the 

successful formation of the perovskite phase and highlighted the impact of doping on structural 

and electrochemical properties. The electrochemical analysis revealed that internal doping with 

10% silver significantly enhanced the specific capacitance, reaching an impressive 593 F/g, 

attributed to the high electrical conductivity of metallic silver nanoparticles and their effective 

integration with the porous LZT structure. In contrast, surface doping reduced performance due to 

forming a secondary silver oxide phase. These findings underscore the potential of internally 

silver-doped LZT nanoparticles as promising candidates for advanced energy storage applications. 
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Introduction 

 

Among the various N-containing heterocyclic compounds, benzimidazole and its derivatives are 

common building blocks usually found in biologically active and therapeutically useful products 

[1]. Benzimidazoles can easily interact with the biopolymers of the living systems, which are 

responsible for their numerous biological activities and functions. In particular, benzimidazole 

derivatives exhibit antimicrobial, antiviral, anticancer, anti-inflammatory and antioxidant [2, 3]. 

They are also acclaimed for their widespread applications as enzyme inhibitors, drugs, dyes and 
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polymers [4]. Indole is a kind of heterocyclic compound, which is composed benzene and pyrrole 

ring and has rich biological activities. Indoles are found almost universally throughout the body in 

biologically active products, and when substituted, they have the ability to bind to multiple 

receptors or coordinate with several other molecules. Many drugs have been synthesized using 

indole structures with various substituents that elicit anticancer, antihypertensive, antidepressant, 

and anti-inflammatory properties [5-7]. This article details the outcomes of my innovative simple 

and efficient multicomponent reactions of benzimidazole (1), chloroacetyl chloride (2) and indoles 

(4) for the preparation of 2-(1H-indol-1-yl)-N-(1-methyl-1H-benzo[d]imidazole-2-yl) acetamide 

5 (See Scheme 1). 

 

Method 

 

A mixture of 1-methyl-1H-benzimidazole-2-amine (1) (1 mmol) and triethylamine (1eq) was 

stirred in THF (20 mL) at 0-5 oC.  then, chloroacetyl chloride (2) (1 mmol) was added dropwise to 

the reaction mixture under the same conditions and stirring was continued for 4 hours. After 4 

hours, the solvent was removed under reduce pressure. The product 3 was washed with water to 

remove triethylamine hydrochloride and crystallized from ethanol. Next, a mixture of 2-chloro-N-

(1-methyl-1H-benzimidazol-2-yl) acetamide 3 (2 mmol) and indole (4) (2 mmol) in acetone was 

stirred at room temperature for 6 hours in the presence of triethylamine. After 6 hours the product 

5 was filtered, the residue was washed with water and crystallized from ethanol. 

 

Results and discussion 

  

A simple and efficient approach for the synthesis of 2-(1H-indol-1-yl)-N-(1-methyl-1H-

benzo[d]imidazole-2-yl) acetamide 5 is reported from benzimidazole (1), chloroacetyl chloride (2) 

and indole derivatives (4) in tetrahydrofuran and acetone under mild and catalyst-free conditions. 

Although the mechanistic details of the reaction are not known, but the preparation of compounds 

3 and 5 are outlined in Scheme 1. In this study, the target compounds, containing both 

benzimidazole and indole moieties were successfully synthesized using a convenient and efficient 

catalyst-free approach. The reaction exhibited advantages such as simple purification, short 

research time, easy work up and readily accessible starting materials.  

 

 

Scheme 1: The synthetic route for the preparation of compounds 5  
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Introduction 

 

Pyridine and its derivatives are a volatile liquid of disagreeable odor, colorless, organic produced 

from coal tar or by chemical synthesis. Pyridine and its derivatives have high solubility in water 

and non-polar solvents. The World Health Organization (WHO) has listed them as priority 

pollutants because of their strong carcinogenic and teratogenic risks after long-term exposure. A 

large amount of pyridine and its derivatives have been emitted in modern industrial pro duction, 

so it is particularly important to detect them quickly and sensitively [1, 2]. Diversified biological 

activities and electronic properties make pyridine ring as unique structural motif. Due to its 

uniqueness pyridine core has found numerous applications in pharmaceutical science, agriculture, 

material science, catalysis and organometallic chemistry [3-5]. Indole core is a privileged structure 

found in biologically active natural products and are known as an important class heterocyclic 

compounds and bioactive intermediate in pharmacutical industry. Many drugs have been 

synthesized using indole structures with various substituents that elicit anticancer, 
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antihypertensive, antidepressant, and anti-inflammatory properties [6, 7]. This article details the 

outcomes of my innovative simple and efficient multicomponent reactions of benzimidazole (1), 

chloroacetyl chloride (2) and indoles (4) for the preparation of 2-(1H-indol-1-yl)-N-(1-methyl-1H-

benzo[d]imidazole-2-yl) acetamide 5 (See Scheme 1). 

 

Method 

 

A mixture of pyridine-2-amine (1) (1 mmol) and triethylamine (1 mmol) was stirred in 

dichloromethane (20 mL) at ambient temperature.  then, chloroacetyl chloride (2) (1 mmol) was 

added dropwise to the reaction mixture under the same conditions and stirring was continued for 

3 hours. After 3 hours, the solvent was removed under reduce pressure. The product 3 was washed 

with water to remove triethylamine hydrochloride and crystallized from ethyl acetate. Next, a 

mixture of 2-chloro-N-(pyridin-2-yl) acetamide 3 (2 mmol) and indole (4) (1 mmol) in 

dichloromethane was stirred at ambient temperature for 5 hours in the presence of triethylamine. 

After 5 hours the product 5 was filtered, the residue was washed with water and crystallized from 

ethyl acetate. 

 

Results and discussion 

  

A Convenient and efficient procedure for the preparation of 2-(1H-indol-1-yl)-N-(pyridin-2-yl) 

acetamide 5 is reported from pyridine-2-amine (1), chloroacetyl chloride (2) and indole derivatives 

(4) in dichloromethane under mild and catalyst-free conditions. Although the mechanistic details 

of the reaction are not known, but the synthesis of compounds 3 and 5 are outlined in Scheme 1. 

In this work, the target compounds, containing both pyridine and indole moieties were successfully 

synthesized using a convenient and efficient catalyst-free approach. The reaction exhibited 

advantages such as simple purification, short research time, easy work up and readily accessible 

starting materials.  

 

 

Scheme 1: The synthetic route for the preparation of compounds 5  
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Introduction 

 

Used heterocyclic compounds are very important compounds partially because of their 

pharmacological properties which include wide applications in medicinal chemistry. 

Benzothiazole is a class of heterocyclic compounds having sulfur and nitrogen hetero atoms. The 

analogs of benzothiazole and its derivatives have an important role particularly in medicinal, 

synthetic, and pharmaceutical chemistry due to their biological and pharmacological activities. 

Especially in the last few years, some benzothiazoles have found application in bioorganic and 

medicinal chemistry and in the development of clinical drugs such as pramipexole, lubeluzole, 

probenazole, ethoxazolamide, zopolrestat and bentaluron. Benzothiazoles rarely occur in various 

marine or terrestrial natural compounds, which have useful biological activities. They form part of 

the structure of firefly luciferin and are also known as aroma constituents of tea leaves and 

cranberries or flavor compounds produced by the fungi Aspergillus clavatus and Polyporus 

frondosus [1-4]. Benzimidazole is a heterocyclic aromatic organic compound. It is an important 
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pharmacophore and a privileged structure in medicinal chemistry. This compound is bicyclic in 

nature which consists of the fusion of benzene and imidazole.  Benzimidazole moiety is supposed 

to be an advantageous component because many drugs contain this nucleus as important 

constituent such as; astemizole (antihistaminic), telmisartan (antihypertensive), omeprazole 

(antiulcer), albendazole and mebendazole (anthelmintic) and pimobendan (ionodilator) [5-7]. This 

article details the outcomes of my innovative simple and efficient multicomponent reactions of 2-

amino-benzothiazole (1), chloroacetyl chloride (2) and 2-mercaptobenzimidazole (4) for the 

preparation of 2-((1H-benzo[d]imidazole-2-yl)thio)-N-(benzo[d]thiazol-2-yl) acetamide 5 (see 

Scheme 1). 

 

Method 

 

A mixture of 2-amino-benzothiazole (1) (1 mmol) and triethylamine (1eq) was stirred in acetone 

(20 mL) at ambient temperature.  then, chloroacetyl chloride (2) (1 mmol) was added dropwise to 

the reaction mixture under the same conditions and stirring was continued for 1 hours. After 1 

hours, the solvent was removed. The product 3 was washed with water to remove triethylamine 

hydrochloride and crystallized from ethanol. Next, a mixture of N-(benzo[d]thiazol-2-yl)-2-

chloroacetamide 3 (1 mmol) and 2-mercaptobenzimidazole (4) (1 mmol) in acetone was stirred 

under reflux conditions for 4-5 hours in the presence of potassium carbonate. After 4-5 hours the 

product 5 was filtered, the residue was washed with water and crystallized from ethanol. 

 

 

Results and discussion 

  

A new and efficient method for the synthesis of 2-(1H-indol-1-yl)-N-(1-methyl-1H-

benzo[d]imidazole-2-yl) acetamide 5 is reported from 2-amino-benzothiazole (1), chloroacetyl 

chloride (2) and 2-mercaptobenzimidazole (4) in acetone under mild and catalyst-free conditions. 

Although the mechanistic details of the reaction are not known, but the preparation of compounds 

3 and 5 are outlined in Scheme 1. In this study, the target compounds, containing both 

benzothiazole and benzimidazole moieties were successfully synthesized using a convenient and 

efficient catalyst-free approach. The reaction exhibited advantages such as simple purification, 

short research time, easy work up and readily accessible starting materials.  

 

 

Scheme 1: The synthetic route for the preparation of compounds 5  
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Benzimidazoles are very useful intermediates used in the synthesis of pharmaceutical and 

biological compounds [1-2].This research presents an effective method for synthesizing new 

polysubstituted imidazole derivatives. The method involves a three-component reaction using a 

compound of 1,2-diketones (such as acenaphthene quinone, benzyl, or 9,10-phenanthrene 

quinone), synthetic aldehydes with a nano-SiO2 catalyst in ChCl/NH4OAc at 120 °C. Some 

advantages of this method include high performance, high yield, and wide applicability in 

producing various imidazoles with different compositions. The research demonstrates that this 

method can be an effective approach for producing polysubstituted imidazoles with desired 

properties. 
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Abstract 

In order to de-desert and stabilize quicksand, oil and petroleum products can be used in large areas 

and at a lower cost, but it has many environmental effects. Therefore, it is recommended to use 
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environmental compounds and polymers to reduce the harmful environmental effects. 

Carboxymethyl cellulose is an organic polymer synthesized from a natural polysaccharide, which 

is non-toxic, renewable and biocompatible. CMC was first discovered in Germany and then spread 

in America and then in other western countries and is widely used in both industrial and food 

grades. Based on this, the extraction of carboxymethyl cellulose from textile waste is presented in 

this research. The production process of recycled carboxymethyl cellulose includes two stages of 

alkalization (converting cellulose to alkaline cellulose in a concentrated sodium hydroxide 

environment) and etherification (reaction of alkaline cellulose with monochloroacetic acid in 

alcoholic environments such as isopropyl alcohol, methanol or ethanol). Considering that the side 

product of the reaction is NaCl salt, for purification, the obtained product is washed with alcohol. 

This product is a hydrophilic colloid with remarkable thickening properties, which can be used 

with additives such as Eremurus, gum and clay to stabilize loose sand and prevent the spread of 

deserts. 

Keyword: wastes, carboxymethyl cellulose, desertification, stabilization of quicksand. 
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Abstract 

This study explores the use of ethers such as dioxane, diglyme and THF as alternative formylation 

agents under photocatalytic conditions, involving: TiO2 , sunlight irradiation and in another 

experiment uses 400 nm LED irradiation. the work emphasizes the trapping and utilization of 

formic acid, a significant intermediate formed during photodegradation by demonstrating the 

conversion of these intermediates into valuable chemical products. 

 

Introduction 

Photocatalytic synthesis offers a promising solution to environmental pollution and the global 

energy crisis by effectively converting solar energy into chemical energy. A key focus in this field 

is the development of eco-friendly photocatalytic materials with high activity. Among these, TiO2 

stands out as a versatile catalyst for various oxidative, reductive and radical reactions. Notably, 

TiO2 facilitates sunlight-induced radical reactions of ethers with heterocyclic bases and three-

component coupling reactions involving ethers, aldehydes, and amines under UV light. The 

Formylation of amines is a significant process in organic chemistry, as it is essential for producing 

materials like heterocycles, pharmaceuticals, and agrochemicals [1-3]. 
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Method 

A notable discovery is that photocatalytic degradation of ethers such as dioxane and THF produces 

formic formic acid as an intermediate, which can potentially be used as in situ formylation agent 

for amines. using ethers as both solvents and formylating agents offers several advantages: they 

are inexpensive, readily available, and environmentally friendly. Photocatalytic reactions were 

carried out irradiated by sun light under magnetic stirring. (scheme1) The reaction was carried out 

in the presence of TiO2 in dioxane and aromatic amine and give formamide product [4-6]. 

 

Results and Discussion 

Based on the evidence, the photocatalytic degradation of ethers appears to generate formic acid as 

an intermediate, which holds potential as a formylating agent for amines. this insight opens new 

possibilities for designing sustainable formylation reaction.in this study, aniline was selected as a 

representative aromatic substrate, sunlight as a natural energy source, and titania as the catalyst to 

evaluate the efficiency of this approach in an aerobic oxidation model system. 

                                                                                                                                                                                                                   

 

Scheme1. Formamide formation by dioxane solvent and arylamines with formic acid and TiO2 

under sunlight irradiation. 
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Introduction 

Aminophosphonates are one of the most extensively studied organophosphorus compounds in 

interdisciplinary scientific fields due to their biological and physical characteristics, as well as their 

synthetic intermediate usage.These compounds have a wide range of applications in industrial, 

agricultural, and medicinal chemistry fields. Recently, the use of aminophosphonate derivatives 

embedded in heterocyclic frameworks has demonstrated intriguing biological and physical 

properties.[1] 

Coumarins with natural and synthetic origin are important compounds that have various 

pharmacological and biological activities. In addition to the coumarins' medicinal properties, a 

number of fluorescent coumarin-fused heterocyclic skeletons made of π-conjugated fraction are 

utilized as molecular sources in chemical sensors, optical brighteners, lasers, light-emitting diodes, 

and biomedical imaging markers.[2] 

As part of our ongoing research to develop the synthesis and applications of novel 

organophosphonic esters, we describe the effect of solvent on the chemoselectivity reaction of 4-

chloro-3-formylcoumarin and aromatic amines. 

Method 

In a 10 mL oven-dried round-bottom flask, which contained 2 mL of solvent, was added 1 mmol 

of 4-chloro-2-oxo-2H -chromene-3-carbaldehyde. It was stirred for 10 min at 25 °C. To this, 2 

mmol of dialkyl phosphite (or diphenyl phosphine oxide) was added. Next, after stirring the 

reaction mixture, 1 mmol of the corresponding amine was added to the reaction container. It was 

mailto:kaboudin@iasbs.ac.ir
mailto:mojtabaghashghaee@iasbs.ac.ir
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then stirred in an oil bath at 70 °C for 8−12 h. After the completion of the reaction, crude material 

obtained was purified by column chromatography on silica gel. 

Results and Discussion 

 

 

Scheme1: General procedure for the synthesis 

Entr

y 

Additive 

(eq) 
Solvent T (℃) 

Time 

(h) 

Diethyl 

Phosphite 

(eq) 

Yield % 

5 + 4 

1 --- 
Dioxan

e 
70 8 1.5 15 + 72 

2 --- MeCN 70 8 1.5 20 + 76 

3 --- DMF 70 8 1.5 
Trace + ˃ 

90 

4 --- DMSO 70 8 1.5 
Trace + ˃ 

90 

5 --- DMF 70 8 0 
Trace + ˃ 

90 

6 
ZnCl2 

(0.2) 

Dioxan

e 
70 8 1.5 22 + 65 

7 
ZnCl2 

(0.2) 
MeCN 70 8 1.5 30 + 62 

8 
ZnCl2 

(0.2) 
DMF 70 8 1.5 

Trace + ˃ 

90 

9 
ZnCl2 

(0.2) 
DMSO 70 8 1.5 

Trace + ˃ 

90 

10 
ZnCl2 

(0.2) 
DMF 70 8 1.5 

Trace + ˃ 

90 
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11 ZnCl2 (1) MeCN 70 12 1.5 51 + 30 

12 ZnCl2 (3) MeCN 70 12 1.5 65 + 27 

Table 1: Optimum tabl for 2-methylaniline 
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Ethyl 2-cyano-3-phenyl acrylates are considered important organic compounds with various 

applications in pharmaceutical and chemical industries. The synthesis of these compounds through 

the Knoevenagel reaction is an efficient and common method for their production. The unique 

properties of these compounds make them valuable intermediates in the synthesis of more complex 

compounds and active substances in various industries [1,2]. In this research, we present an 

effective method for synthesizing new derivatives of ethyl using nano-SiO2 as a catalyst in choline 

chloride-urea deep eutectic solvent. The unique characteristics of nanosilica, such as high yield 
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and simplicity of the process, make this method an attractive option for synthesizing Knoevenagel 

ethyl cyanoacetate analogs with high yields.  
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INTRODUCTION 
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Nitrogen-containing heterocycles are some of the most important structural elements found in 

pharmaceuticals[1]. Quinazoline derivatives are nitrogen-containing heterocyclic compounds that 

are the current research focus for pharmaceutical chemists due to their diverse and significant 

biological activity [2]. Quinazolines were found to have anti-SARS-CoV-2 [3], anti-tumor[4], anti-

viral[5], anti-bacterial[6], anti-oxidant[7], and anti-cancer[8] activities. 

Herein, we report a simple approach for the synthesis of 1'H-spiro[indoline-3,2'quinazoline]-

2,4'(3H)-diones using ammonium iron(III) sulfate, an inexpensive heterogeneous acid catalyst 

(Scheme 1). 

Scheme1 synthesis of 1'H-spiro[indoline-3,2'quinazoline]-2,4'(3H)-diones 

 

Method 

A mixture of isatoic anhydride 1, isatin 3, primary amines 2a-g, ammonium iron(III) sulfate, and  

EtOH in a 25 ml flask was stirred at reflux. After the completion of the reaction (monitored by 

TLC), distilled water was added, then the resulting solid product was filtered and dried. The crude 

product was recrystallized and dried to provide powder compounds of 4a-g. 

 

RESULTS AND DISCUSSION 

In summary, we have developed a novel, simple, and efficient protocol for the synthesis of 1'H-

spiro[indoline-3,2'quinazoline]-2,4'(3H)-diones using easily available ammonium iron(III) sulfate 

as a catalyst. This method offers several advantages: (a) inexpensive ammonium iron(III) sulfate 

as the catalyst; (b) environment-friendly ethanol as the solvent; (c) high reaction yields; (d) short 

time duration. 

 

Spectral data of selected compound 

 1'H-spiro[indoline-3,2'quinazoline]-2,4'(3H)-dione(4a)  

Cream powder; mp 261–263 ͦ C dec; IR (KBr) (νmax, cm-1 ): 3491 (NH), 3227(NH), 2964, 1725 

(C=O), 1642 (C=O), 1614, 1526; 1H NMR (300 MHz, DMSO-d6): : δH 6.60 (d, 1H, J=8.0, ArH), 

6.68 (t, 1H, J=7.4, ArH), 6.84 (d, 1H, J=7.7, ArH), 7.05 (t, 1H, J=7.4, ArH), 7.22 (t, 1H, J=7.2, 

ArH), 7.28 (s, 1H, NH), 7.33 (t, 1H, J=7.8, ArH), 7.47 (d, 1H, J=7.3, ArH), 7.59 (d, 1H, J=7.4, 
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ArH), 8.36 (s, 1H, NH), 10.30 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): δC 71.41, 110.53, 

114.31, 114.76, 117.61, 122.73, 125.81, 127.30, 129.89, 131.26, 133.75, 142.58, 147.28, 164.40, 

176.47; MS (EI, 70 eV) (m/z, %): 265 (M+, 25), 263 (50), 237 (100), 119 (95), 92 (60), 63 (35), 

50 (30), 39 (40). Anal. Calcd for C15H11N3O2: C, 67.92; H, 4.18; N, 15.84. Found: C, 67.80; H, 

4.11; N, 15.73. 
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Introduction: Metal oxides are a class of inorganic materials that have diverse applications as 

catalysts. Metal oxides contain various types of anionic and cationic defects and vacancies that 

play an important role in catalytic phenomena. This surface unsaturation is usually compensated 

by reaction with water, which leads to the formation of surface hydroxyl groups and consequently 

acid-base and redox properties. Single or complex metal oxides based on first-row transition 

metals exhibit a wide range of non-stoichiometric properties, such as the case of AxBO3 perovskites 

that exhibit cationic defects at A or B sites. These non-stoichiometries and vacancies strongly 

affect the catalytic properties due to the presence of defects or changes in the redox and electrical 

properties of the solids. Metal oxide catalysts have gained importance in most refining and 

petrochemical processes, in the synthesis of certain chemicals, in pharmaceutical fields, and 

especially recently in improving environmental issues [1,2]. More than a hundred years ago, the 

Italian chemist Pietro Biginelli first performed the three-component condensation reaction of 

arylaldehyde, ethyl acetoacetate, and urea using HCl as a catalyst in ethanol solvent. The result of 

this reaction was the synthesis of 3,4-dihydropyrimidine-2(1H)-one derivatives [3]. With the 

discovery of the pharmacological properties and biological effects of dihydropyrimidones, the one-

pot three-component synthesis of this class of compounds has attracted attention, so that in recent 

years, many studies have been conducted on the pharmacological and biological properties of 

dihydropyrimidones. By changing each of the reactants urea, alkyl acetoacetate, and arylaldehyde, 

numerous compounds of 3,4-dihydropyrimidones derivatives can be synthesized. The Biginelli 

reaction is a one-step method for the synthesis of 3,4-dihydropyrimidine-2(1H)-ones. These 

compounds have broad biological applications as anticancer, antihypertensive, antiviral, 

antibacterial, antioxidant, and anti-inflammatory [4]. 

Method: A mixture of ethyl acetoacetate (2.5 mmol, 325 mg), benzaldehyde derivatives (2.5 

mmol), urea (3.75 mmol, 225 mg) and MgCuO2@SiO2@La2O3 nanocatalyst in 20 mL of distilled 

water as a green solvent was heated at 100 °C. After the reaction time, as monitored by TLC 

(ether/n-hexane 4:1), the reaction temperature was reduced to 25 °C and 25 mL of distilled water 

was added to the reaction mixture. The 3,4-dihydropyrimidine-2(1H)-ones were extracted with 30 

mL of ether three times and the organic phase was dried over Na2SO4. Using rotary evaporation, 

ether was separated from the products. The 3,4-dihydropyrimidine-2(1H)-ones were purified and 

identified using ethanol. The MgCuO2@SiO2@La2O3 was separated by filtration for reuse in 

subsequent reactions and washed several times with water, ethanol and ethyl acetate, and finally 

was dried at 80°C for 2 hours. 

Results and Discussion: Initially, the progress of the reaction without catalyst was investigated at 

room temperature and reflux conditions. At room temperature, no product was produced after 

stirring for 90 minutes, and under reflux conditions, little product was produced after stirring for 

90 minutes. In the present study, MgCuO2@SiO2@La2O3 nanoparticles were used as catalysts to 
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carry out the Biginelli reaction. The reaction was carried out at room temperature and water as a 

green solvent in the presence of MgCuO2@SiO2@La2O3 nanocatalyst, which showed no progress 

in product formation. Then, in the presence of different amounts of catalyst under reflux conditions 

and the same time, the reaction efficiency was calculated. The results showed that the best 

performance was obtained using 20 wt% of the catalyst relative to ethyl acetoacetate. It is possible 

to separate and purify the MgCuO2@SiO2@La2O3 nanocatalyst. The MgCuO2@SiO2@La2O3 

nanocatalyst was separated by filtration. The MgCuO2@SiO2@La2O3 nanocatalyst was reused 

after washing with water, ethanol and ethyl acetate and then drying at 80°C for 2 h. This process 

was performed five times and showed that all reactions were carried out in the desired yield. The 

MgCuO2@SiO2@La2O3 nanocatalyst showed excellent stability and activity during 5 consecutive 

reaction cycles. The reaction efficiency indicates that the MgCuO2@SiO2@La2O3 nanocatalyst 

maintains its activity and durability during recycling. 

 

Scheme: Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones using MgCuO2@SiO2@La2O3 
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Introduction: Nowadays, the synthesis of various nanocatalysts has become a topic of interest for 

researchers in the field of nanochemistry. Design and fabrication of a new catalyst for organic 

reactions is required to increase efficiency, improve reaction conditions and reduce environmental 

impacts. Synthesized nanocatalysts are metal nanooxides, which can be increased in surface area 

to volume ratio depending on the synthesis method. The role of mixed metal nanooxides in organic 

reactions for the synthesis of important chemicals in industries and the production of 

pharmaceutical compounds with high efficiency, selectivity and reusability has been accepted. 

Metal oxides are key components for catalysis of a variety of chemical reactions. Therefore, the 

importance of metal oxides in the field of catalysis is vast. Until now, the main interest in 

heterogeneous catalysts has focused on the kinetics of reactions and their mechanisms have 

received less attention. Now, it is the catalyst itself, and in particular its surface, that is in the 

spotlight. In investigating the performance of a catalyst and its surface, two specific factors have 

been considered. One is the geometric factor, which chemical adsorption and catalysis experiments 

on different facets of single crystals have helped to determine. The second factor is the role of 

electrons in the catalytic process, and the science of metal oxide surfaces has attracted much 

attention in recent years. The emergence of several advanced techniques for probing surfaces has 

led to a new understanding of their surface properties and structure, which has helped researchers 

in the field of catalysis to tune the properties of oxide materials for suitable applications [1-3]. 

Method: A mixture of chalcones (2.5 mmol), urea or thiourea (3.75 mmol) and CuAl2O4@Fe2O3 

nanocatalyst in 20 mL of ethanol was heated at 80 °C. After the reaction time, as monitored by 

TLC (EtOAc/n-hexane 2:5), the reaction temperature was reduced to 25 °C and 25 mL of distilled 

water was added to the reaction mixture. The 3,4-Dihydropyrimidones were extracted with 30 mL 

of ethyl acetate three times and the organic phase was dried over Na2SO4. Using rotary 

evaporation, ethyl acetate was separated from the products. The 3,4-Dihydropyrimidones were 

purified and identified using ethanol. The CuAl2O4@Fe2O3 was separated by filtration for reuse in 

subsequent reactions and washed several times with water, ethanol and ethyl acetate, and finally 

was dried at 120°C for 2 hours. 

Results and Discussion: The results of images and spectra showed that the synthesized 

nanocatalysts have small particle size distribution, homogeneous morphology and acceptable and 

desirable surface. The CuAl2O4@Fe2O3 nanocatalyst, which was synthesized for the first time, 

was used as a recyclable catalyst in the synthesis of 3,4-Dihydropyrimidones derivatives. The 

notable points of this new protocol are the reaction in the presence of the economy and cheapness 

of the methods and materials used, environmental compatibility, high efficiency, reduced reaction 

time, easy recovery and reuse of the nanocatalyst, all of which are in line with green chemistry. 



416 

 

 

The good results obtained from the optimization with benzaldehyde encouraged us to continue 

working on other aldehydes, including those with electron-donating and electron-withdrawing 

groups. All reactions were carried out in the presence of CuAl2O4@Fe2O3 nanocatalyst using 20 

Wt% catalyst relative to ethyl acetoacetate in ethanol at 80°C. The experimental results showed 

that the yield and rate of the reaction changed with the change of the functional groups on 

benzaldehyde, such that electron-withdrawing functional groups led to an increase in the yield and 

rate of the reaction. However, electron-donating functional groups caused a decrease. Electron-

withdrawing groups improve and increase the efficiency of the reaction, which is due to the 

activation of the carbonyl aldehyde group to react with ethyl acetoacetate, while electron-donating 

groups reduce the activity of the carbonyl aldehyde group, which leads to a decrease in the rate 

and efficiency. In general, 45–140 min are required to complete all the reactions. The synthesis of 

3,4-Dihydropyrimidone derivatives was achieved in 80–95% yield. 

 

Scheme: Synthesis of 3,4-Dihydropyrimidones by CuAl2O4@Fe2O3 
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Introduction: Metal oxides have special properties such as acidity or basicity and redox behavior 

(in the presence of transition metal ions) that lead to specific catalytic properties. They are also 

substrates for single or multi-metallic catalysts. Metal oxides may be used as supports for active 

phases such as silica, alumina, silica-alumina, mesoporous oxides and MOFs and affect the 

catalytic properties due to synergistic interactions, electronic or thermal conductivity [1]. Metal 

oxide-based catalysts are mainly used in refining and petrochemical processes. Many of them are 

being replaced by homogeneous catalysts to reduce the environmental factor E-factor. At the 

beginning of green chemistry in the early 1990s, the E-factor was developed to assess the 

environmental impact of chemical processes. Hence, great efforts are needed to improve the E-

factor in all industrial processes, and this has led to extensive research. Most catalysts used in 

industrial applications contain an oxide as the active phase or substrate [2]. Considering the 

biological importance of dihydropyrimidone compounds, we decided to continue our research 

work in this direction to develop new improved methods for the Biginelli reaction [3]. The 3,4-

dihydropyrimidin-2(1H)-thiones were confirmed by specific physical data and the 

MgCuO2@Fe2O3 nanocatalyst with XRD, EDX, BET, FTIR, FESEM and Mapping. 

Method: Synthesis of MgCuO2@Fe2O3 core-shell nanoparticles was prepared by impregnating 

MgCuO2 nanoparticles with a secondary metal precursor. In other words, the oxide nanoparticles 

used as the core and the nitrate precursor used in the shell formed the final nanoparticle. Another 

important point in this regard was the molar ratio of nanoparticles to the precursor used, which 

should be 1:1. After the end of this process, the obtained solid was calcined at 500 °C. 

In a typical procedure, 5.7 mmol of thiourea, 5 mmol of ethyl acetoacetate and 5 mmol of aldehyde 

derivatives with a 15 Wt% of MgCuO2@Fe2O3 nanocatalyst were poured into 50 mL of distilled 

water and a round bottom flask equipped with a condenser, and the desired mixture was stirred 

well under reflux conditions using a magnetic stirrer. The progress of the reaction was monitored 

using thin layer chromatography. In this chromatography method, the stationary phase was an 

aluminum plate impregnated with silica gel and the mobile phase was a 6:4 mixtures of hexane 

and ethyl acetate. After the reaction was completed, the prepared 3,4-dihydropyrimidin-2(1H)-

thione was extracted using ethyl acetate and the residue of the reaction vessel was dried at 80°C 

after filtration to be used for subsequent times and to investigate the recovery of the catalyst. 

Results and Discussion: The reaction of benzaldehyde derivatives with electron-withdrawing and 

electron-donating functional groups with thiourea and ethyl acetoacetate was investigated to 
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prepare 3,4-dihydropyrimidin-2(1H)-thiones. All reactions were carried out in the presence of 

MgCuO2@Fe2O3 using a catalytic amount of 15 Wt% in water at 100 oC and a time of 45-90 min. 

The synthesis of 4,3-dihydropyrimidine-2(H1)-one/thione was achieved with a yield of 72-93%. 

According to experimental data, electron-withdrawing functional groups are effective in the 

activity of benzaldehyde and increase the reaction efficiency. Steric repulsion can reduce the 

reaction rate and efficiency. It should be noted that increasing the amount of catalyst increases the 

reaction efficiency, but increasing the amount of catalyst excessively leads to clumping of particles 

together and a decrease in catalyst performance. 

 

 

Scheme: Synthesis of 3,4-Dihydropyrimidin-2(1H)-thiones by MgCuO2@Fe2O3 NPs 
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Deep eutectic solvents (DESs) are solvents that moreover to having the properties of green 

solvents due to properties such as easy synthesis, low melting point, stability towards moisture and 

air, low vapor pressure, and high thermal stability can be used as an alternative to ionic liquids 

(IL)[1]. DESes are be made of mixture a hydrogen-bond acceptors (HBA) and hydrogen-bond 

donors (HBD). Generally, a DES is a type of solvent composed of a mixing two or more 

components under simple operation of  that forms an eutectic with a much lower melting point 

than either of the individual components[2]. deep eutectic solvent was prepared with a mixture of 

amino acids and acid used as a novel catalyst for the green synthesis. The eutectic point phase 

diagram showed that one mole of amino acids to two moles of acid is the best mole ratio for the 

synthesis of the new DES. Then, NADES was characterized by the FT-IR, TGA/DTA, 

densitometer, eutectic points, and 1H NMR techniques, and used as a novel catalyst for green 

synthesis[3].  

 

Scheme 1. Synthesis of 3,4-dihydropyrimidines derivative 
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Introduction: furosemide is a prescription medicine that treats congestion caused by fluid build-

up in a person with heart failure. furosemide should be replaced with oral diuretics as directed by 

healthcare provider. Follow the instructions provided by your physician when taking furosemide. 

 

Figure1: Optimized structure of furosemide at the B3lyp/6-311g level of theory 

Methods: The study utilized quantum mechanics (QM) calculations conducted through the density 

functional theory (DFT) method with the GAUSSIAN 09 software(1). The structure of the 

furosemide drug was first optimized through gradient procedures at both restricted Hartree-Fock 

(HF) and hybrid density functional B3LYP levels of theory using the 6-311G basis set. 

Examination of the results revealed that the optimized structure achieved in this research was 

situated at the minimum point on the potential energy surface, displaying no negative modes. 

Results: This study conducted calculations for structural parameters like bond lengths, angles, and 

dihedrals, as well as thermodynamic parameters at the B3LYP/6-311G level of theory and provided 

the results. The electronic energy of the molecule was determined to be -1134338.606 kcal/mole. 

Additionally, the mulliken atomic charge, spin density, and molecular orbital energies were 

calculated. The highest occupied molecular orbital (HOMO) was found to be -0.25296 eV and the 

lowest unoccupied molecular orbital (LUMO) was -0.09510 eV. The dipole moment in Debye was 

measured as X=-11.1037, Y=-3.1885, Z=-2.6970, with a total of 11.8631. 
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Discussion: Optimization of the drug was performed using the B3LYP/6-311G method. The 

study focused on furosemide's electronic characteristics, specifically the energy difference 

between the HOMO and the LUMO. The HOMO-LUMO gap energy was determined to be 

0.15786 eV. This provides insights into furosemide's electronic behavior, which could have 

applications in various fields.(2,3) 

Keywords: furosemide; DFT; B3LYP/6-311G, HOMO-LUMO gap 
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Abstract 

 The present study describes the development of a novel nanocomposite, consisting of palladium 

nanoparticles (Pd NPs) immobilized on the surface of polydopamine (PDA)-modified TiO2 

microparticles (TiO2/PDA-Pd NPs). The physical and chemical characteristics of the synthesized 

TiO2/PDA-Pd nanocomposite were analyzed using different techniques, such as FT-IR, FE-SEM, 

EDX, TEM, XPS, and ICP-OES. This TiO2/PDA-Pd NPs nanocomposite was then investigated 
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for its catalytic application in the Suzuki-Miyaura coupling reaction, yielding biphenyl products 

with good efficiency. Furthermore, the nanocatalyst exhibited exceptional catalytic performance, 

maintaining its high activity after seven reaction cycles, highlighting its potential for use as a 

sustainable and recyclable catalyst. 

 

1. Introduction 

In the past decade, nanoscale materials have gained attention for their catalytic potential and 

unique chemical properties [1], also serving as support for immobilizing homogeneous catalysts, 

combining the benefits of both homogeneous and heterogeneous catalysis [2]. Palladium (Pd) is 

valued for its excellent catalytic performance and stability. Polydopamine (PDA) is used to modify 

noble metal nanoparticle catalysts, with functional groups that anchor and reduce metal ions to 

nanoparticles, stabilizing them [3-4]. In this study, TiO2 nanoparticles were functionalized with 

PDA, and Pd nanoparticles were deposited to form a TiO2/PDA-Pd NPs composite. The composite 

was characterized by FT-IR, FESEM-EDX, TEM, XPS, and ICP, and tested in the Suzuki-Miyaura 

reaction for synthesizing biaryl compounds. 

2. Result and discussion 

2.1. Characterization  

Figure 1 displays the FE-SEM images of the TiO2/PDA-Pd NPs nanocomposite. As shown in 

Figure 1a, the TiO2 microparticles consist of nearly uniform sub-microspheres, each with an 

approximate diameter of 200 nm. In Figure 1b, it is evident that the Pd nanoparticles are evenly 

dispersed throughout the PDA coating on the TiO2 microparticles, with a nearly uniform 

morphology, and the Pd nanoparticles have diameters ranging from 80 nm to 90 nm.  

 

Fig. 1. (a) FESEM image of TiO2 micro (b) FESEM image of TiO2@PDA/Pd NPs  

 

2.2. Catalytic performance of TiO2@PDA/Pd NPs in the Suzuki-Miyaura coupling reactions 
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After thoroughly characterizing the synthesized TiO2@PDA/Pd NPs catalyst, its catalytic 

performance was assessed in the Suzuki-Miyaura coupling reaction. Various haloarenes were 

reacted with phenylboronic acid, resulting in a diverse array of C-C coupled biaryl products.  

3. Conclusion  

The current study introduced the novel synthesis of palladium nanoparticles (Pd NPs) supported 

over the surface of polydopamine (PDA)-functionalized TiO2 microparticles (TiO2/PDA-Pd NPs). 

The as-prepared TiO2/PDA-Pd nanocomposite was characterized using various advanced 

techniques and applied as an efficient nanocatalyst in the Suzuki-Miyaura coupling reaction. 
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In this research, the nonbonding interaction of Remdesivir antiviral drug and the boronnitride 

nanocluster(B12N12) was investigated by the DFT method at the B3LYP/6-31G (d) level of theory. 

The adsorption energy of Remdesivir on B12N12 at 298 K and 1 atm pressure, in the gas phase and 

water solvent, was calculated to be -24.488 and -23.756 kcal/mol, respectively. The calculations 

of thermodynamic functions and the energy values indicate that Remdesivir is less reactive and 

more stable with the presence of B12N12. A non-bonded interaction between Remdesivir and 

B12N12 results in lower Enthalpy and Gibbs energies. It is highly hoped this study could provide 

theoretical guidance for choosing suitable carriers to deliver the Remdesivir drug, and further 

expand the application of BnNn nanocages in drug delivery. 

Keyword: Remdesivir, Boron Nitride Nanocluster, DFT, Adsorption, Drug Delivery 

 

Introduction  

The COVID-19 pandemic was met with rapid, unprecedented global collaboration and action. 

Even still, the public health, societal, and economic impact may be felt for years to come. The risk 

of another pandemic occurring in the next few decades is ever-present and potentially increasing 

due to trends such as urbanization and climate change. While it is difficult to predict the next 

pandemic pathogen threat, making reasonable assumptions today and evaluating prior efforts to 

plan for and respond to disease outbreaks and pandemics may enable a more proactive, effective 

response in the future [1].Different drugs were investigated for control of COVID-19 infection. 

Clinical researches show that Remdesivir (RDV, GS-5734) drug, which has been known as a 

promising antiviral drug against some RNA viruses, can be as an important drug in prophylactic 

and therapeutic efficacy of patients with COVID-19 illness. Remdesivir is a prodrug of a 

nucleoside analogue that hinders viral RNA polymerases because it is intracellularly metabolized 

to an analogue of adenosine triphosphate. The clinical and antiviral effectiveness of Remdesivir in 

COVID-19 illness remains to be recognized [2-7]. In order to improve therapeutic efficiency of 

Remdesivir drug, the use of nano medicine and design of drug delivery vehicles based on 

nanomaterials, which may increase efficiency of absorption of drugs, is important [8,9]. The 

boosting of nanotechnology renders nanomaterials a promising and popular candidate for 

controllable drug delivery systems. Nanomaterials can not only improve the solubility of poorly 

water-soluble drugs and prolong the half-life of drugs, but also release the drug in a controlled or 

environmentally responsive manner to regulate the biological distribution of drugs and thus 

minimize side effects [10, 11]. In recent decades, various nanomaterials have been developed and 

adopted as drug delivery vehicles, especially these low-dimensional nanomaterials based on 

carbon and boron nitride (BN), such as fullerenes, graphene derivatives, boron nitride nanocages 

and so on [11, 12]. Among them, BN nanocages with different sizes have been repeatedly studied 

for varied applications (e.g., drug delivery and biosensors) due to their superior biocompatibility, 

remarkable stability as well as excellent physical and chemical properties [13-24]. For example, 

the potential applications of B12N12 for serine [18], penicillamine [19], cladribine [20],ciclopirox 

[17] and flucytosine [24] were computationally investigated. Recently, the use of boronnitride 

nanoparticles drug delivery systems for antiviral drugs like Favipiravir has also been considered, 

for example Mehade Hasan et al. proposed the computational quantum mechanical investigation 

mailto:mehade@just.edu.bd%20mehade.36@gmail.com
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of the functionalized boron nitride nanocage as the smart carriers for favipiravir drug delivery [13]. 

Nevertheless, the adsorption behaviors of Remdesivir onto the BN nanocages remains unknown. 

Therefore, in this study, we used boron nitride nanocluster (B12N12) as a drug carrier for 

Remdesivir and investigated non-bonded interaction of Remdesivir with BN(B12N12) using density 

functional theory (DFT) calculations.  

Method  

This process was carried out in Gaussian 09W software using DFT with the B3LYP method and 

6-31G)d( basis set. It was performed with gaseous and solvent phase, 298.15 degrees Kelvin and 

1 atm. Remdesivir adsorption energy on B12N12 was computed according to the following formula: 

𝐸𝑎𝑑  = 𝐸𝑅𝐷𝑉/𝐵𝑁 − (𝐸𝑅𝐷𝑉 + 𝐸𝐵𝑁) 

The energy of (ERDV/BN) represents the total energy of the RDV- B12N12 complex, including both 

the compound RDV and the compound BN. The energy of (ERDV) and (EBN) represents the total 

energy of their respective compounds. 

Results and Discussion  

The geometric structures of B12N12, RDV drug were reoptimized by using B3LYP functional in 

conjunction with the 6-31G(d) basis set (Figure. 1). 

 

 

Figure 1. Optimized structures of the compound Remdesivir and Boron nitride nanocluster 

(B12N12) using the B3LYP/6-31G* level of theory 

In order to load the RDV onto the boron nitride nanocluster(B12N12), RDV was placed in different 

directions of the B12N12. We have considered four interactions between the RDV with the B12N12. 

The four optimized states (I–IV) were calculated at the HF/STO-3G basic set (Fig. 2).  

https://link.springer.com/article/10.1186/s13065-023-01029-7#Fig2
https://link.springer.com/article/10.1186/s13065-023-01029-7#Fig2
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Figure 2. Four interaction states of the compound Remdesivir with B12N12 with the optimized 

at HF/STO-3G level of theory 

 

The calculated values of electronic energy (E) for the four states I-IV were calculated: 

− 2,019,961.218, − 2,019,958.494, − 2,019,918.522, − 2,019,973.593 kcal/mol, respectively. The 

IV conformation turns to be the lowest by energy, and its energy was chosen as the reference 

energy. 

The most stable RDV-B12N12 complex(state IV) was optimized with the 6-31G(d) basis set (Fig. 3) 

and the adsorption energy (E adsorption) of RDV on B12N12 was calculated in the gas and solvent 

(water) phases at B3LYP/6-31G* level. The values of electronic energies of  B12N12, RDV and 

RDV-B12N12 complex and the adsorption energy (E adsorption) of RDV on B12N12 were reported 

in Table 1. 

https://link.springer.com/article/10.1186/s13065-023-01029-7#Fig2
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Figure 3. Optimized structure of RDV-B12N12 at B3LYP/6-31G* level 

 

Table1. The values of electronic energies of B12N12, RDV and RDV-B12N12 complex and the 

adsorption energy (E adsorption) of RDV on B12N12 at B3LYP/6-31G* level 

 

According to Table 1, the adsorption energy (E adsorption) of RDV on B12N12 has an exothermic 

nature due to its negative adsorption energy in the gas (-24.488 kcal/mol) and solvent (-23.756 

kcal/mol) phases.  

The thermodynamic parameters optimized at the B3LYP/6-31G* level of theory for B12N12, RDV 

and RDV-B12N12 complex in the gas and solvent phases. These parameters include the thermal 

energies (T), the thermal enthalpies (H), and the thermal free energies (G) (Table 2). As can be 

seen from the data of Table 2, the negative electron energy, enthalpies, and Gibbs energies of 

RDV-B12N12 complex make it stable vibrational states.  

SCF done energy (kcal/mol) 

Adsorption 

Energy 

(kcal/mol) 

SCF done energy(kcal/mol) 

Adsorptio

n Energy 

(kcal/mol) 

Eel 

(BN/RDV) 
Eel (RDV) Eel (BN) E adsorption 

Eel 

(BN/RDV) 

Eel 

(RDV) 
Eel (BN) E adsorption 

In the gas phase In the solvent phase 

-2056850.84 

-

1456835.9

3 

-

599990.42 
-24.488 

-

2056876.82 

-

1456859.0

2 

-

599994.050

7 

-23.756 

https://link.springer.com/article/10.1186/s13065-023-01029-7#Tab3
https://link.springer.com/article/10.1186/s13065-023-01029-7#Tab1
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Table 2. The thermodynamic parameters of Remdesivir, B12N12 and RDV-B12N12 complex at 

B3LYP/6-31G* level of theory calculated in kcal/mol 

 

Table 3 shows the thermochemical parameters for interaction of the compound Remdesivir with 

B12N12 (state IV) optimized using B3LYP/6-31G* method in the gas and solvent phase. According 

to Table 3, all of the calculated parameters are negative and show an exothermic process in the 

adsorption of RDV on the B12N12 surface for more stable configurations. A non-bonded interaction 

between Remdesivir and B12N12 results in lower Enthalpy and Gibbs energies. The energy values 

indicate that Remdesivir is less reactive and more stable with the presence of B12N12. 

 

Table3. Thermodynamic functions for the adsorption process of RDVon B12N12 at B3LYP/6-

31G* level. 

Thermodynamic parameters for the adsorption 

process (Kcal/mol) 

 

In the 

gas 

phase 

 

 

In the solvent 

phase 

 

ETad= T (B12N12/RDV) – [T(B12N12) + 

T(RDV)] 
-21.923 -21.803 

Had= H (B12N12/RDV) – [H(B12N12) + 

H(RDV)] 
-22.516 -22.395 

Thermodynamic 

parameters 

(Kcal/mol) 

In the gas phase In the solvent phase 

(BN/RDV) (BN) (RDV) (BN/RDV) (BN) (RDV) 

T -2056344.622 -599903.548 -1456419.151 
-

2056371.659 
-599907.235 

-

1456442.62

1 

H -2056344.030 -599902.955 -1456418.559 
-

2056371.066 
-599906.643 

-

1456442.02

8 

G -2056438.015 -599931.737 -1456498.908 
-

2056465.572 
-599935.489 

-

1456521.98

7 

https://link.springer.com/article/10.1186/s13065-023-01029-7#Tab3
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Gad= G (B12N12/RDV) – [G(B12N12) + 

G(RDV)] 
-7.37 -8.096 

 

Conclusion 

In this work, the nonbonding interaction of Remdesivir antiviral drug and the boronnitride 

nanocluster(B12N12) was investigated by the DFT method at the B3LYP/6-31G (d) level of theory.  

The adsorption energy of the Remdesivir on the B12N12, in the gas and solvent (water)phase, was 

calculated -24.488 kcal/mol and -23.756 kcal/mol, respectively, indicating that the adsorption of 

Remdesivir on the B12N12 is exothermic and that it is feasible at ambient temperature. The 

calculations of thermodynamic functions and the energy values indicate that Remdesivir is less 

reactive and more stable with the presence of B12N12 and again denoting that B12N12 nanocluster 

is suitable for the adsorption of RDV drug and it can be an effective guide for experimental trials. 
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Abstract- Nanocomposites comprising Cu, Carbonyl Iron (CI), Carbon Nanofiber (CNF), Graphite 

Nanoflake (GNF), Polypyrrole (PPy), and [(Cu-CI-CNF-GNF)₀.₅-PAA]-PPy₀.₅ were synthesized 

through various methods, including in-situ polymerization on core-shell structured nanoparticles 

(NPs). This study presents a detailed process for polyacrylic acid (PAA) coating of NPs in an 

aqueous solution, followed by PPy coating via template polymerization. The morphology, 

magnetic properties, and electrical conductivity of the nanocomposites were characterized using 

scanning electron microscopy (SEM), vibrating sample magnetometer (VSM), and the four-probe 

method, respectively. Microwave absorption performance was evaluated using the arch method 

with a network analyzer. The synthesized PPy nanocomposites demonstrated excellent multi-band 

microwave absorption in the 2–18 GHz range. Furthermore, nanocomposites with 50% w/w 

composition and lightweight exhibited effective absorption properties within the 2–3 GHz and 5–

https://www.sciencedirect.com/science/article/pii/S1387700322011340
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14 GHz frequency ranges, making them suitable for applications such as cellphone, radio 

frequency, and radar shielding. 

Keywords: nanocomposites, polypyrrole (ppy), microwave absorption, carbon nanofiber (cnf), 

electrical conductivity 

1. Introduction 

In the last decade, various microwave (MW) absorption materials have been widely investigated 

for electromagnetic interference to protect human health and electronic equipment from 

electromagnetic pollution which is caused by the wide applications of high-power electronic 

devices and communication technology [1,2]. High absorption, wide frequency band and low 

density are a pursuing in the design of microwave absorption materials. Some current researches 

of electromagnetic absorption are focused on the range from 2-18 GHz [3,4[. Polypyrrole (PPy) 

and polyaniline (PANI), the most extensively studied conducting polymers, have attracted great 

interest in the construction of electromagnetic absorbers for its low weight, high electrical 

conductivity and suitable Physical chemistry properties [5,6]. For instance, 

MWCNT/Ba0.2Sr0.2La0.6MnO3 nanocomposite based PANI was synthesized by core-shell structure 

which exhibit Ku band absorption property [7]. Increased absorption of electromagnetic waves 

based on nanoparticles and carbon nanostructures has also received much attention [8]. The 

multiband microwave absorption films epoxy-based multilayered coating containing carbon 

nanotube (CNT), silicon carbide (SiC), and carbonyl iron (CI) particles were prepared by Mahdavi 

and his coworkers [9]. In addition to absorbing electromagnetic waves, polypyrrole and epoxy 

nanocomposites also increase enhanced flame retardancy in the presence of nano magnetite [10]. 

On the other hand, nanocomposites with shell core structure have been extensively developed and 

have several applications [11,12]. The conductive and magnetic nanocomposites with core-shell 

and different nanostructures were used for electromagnetic absorption application [13,14]. The 

preceding works, we have synthesized magnetic and conductive nanofiber-nanocomposites based 

polythiophene which exhibit excellent MW absorption in the X-band range [15[. Therefore, we 

fabricated double core-shell structure polyaniline nanocomposites which exhibit both good MW 

absorption and thermal infrared performance [16-18[. The graphite nanoflake (GNF) and carbon 

nanofiber (CNF) as a new kind of absorbers have attracted much attention for their unique physical, 

chemical and mechanical properties, such as their light weight, flexibility, high specific surface 

and excellent electronic conductivity [15,19]. In this work, we attempted to add Cu and CI 

nanoparticles into the CNF, GNF and PPy composite to synthesize a new nanocomposite with five 

components, [(Cu-CI-GNF)0.5- PPA[-PPy0.5. A green chemical method was applied to prepare by 

in-situ polymerization on the surface of all components after were coated by PAA. This paper is a 

revised and expanded microwave absorption properties in the frequency of 2-18 GHz. 

2. Experimental Materials 

Natural flake graphite with an average size of 500 µm was used for preparing the expanded 

graphite nanoflakes. Concentrated sulfuric acid and concentrated nitric acid were used as chemical 

intercalate and oxidizers. Pyrrole monomer (analytical grade, Merck) distilled twice under reduced 

pressure and stored blew 0 °C. The liquid carbonyl iron was commercially from Aldrich. Carbon 
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nanofiber was purchased size of 10 to20 nm industrial. Dodecylbenzene sulfuric acid (DBSA, 

90%) and polyacrylic acid (PAA) were purchased from the Aldrich. All the other chemical 

reagents were purchased from Merck without further purification. 

3. Preparation of Green Cu Nanoparticles 

For biological synthesis of copper nanoparticles, Nag champa (Artabotrys odoratissimus, Family: 

Annonaceae), leaves were collected and dried for 4 days at room temperature. The plant leaf broth 

solution was prepared by taking 25 g of thoroughly washed and finely cut leaves in a 1 L beaker 

with 500 mL of sterile distilled water and then boiling the mixture for 5 min before finally 

decanting it. It was stored at 4 °C and used within a week. Typically, 30 mL of leaf broth was 

added to 170 mL of 1 mmolL−1 aqueous CuSO4.5H2O solution for the reduction of copper ions. 

The effects of temperature on synthesis rate and particle size of the prepared copper nanoparticles 

were studied by carrying out the reaction in a water bath at 95 °C with reflux. The copper 

nanoparticle solution thus obtained was purified by repeated centrifugation at 15,000 rpm for 20 

min followed by re-dispersion of the pellet in deionized water. 

4. Preparation of Green Cu Nanoparticles 

A mixture of concentrated sulfuric acid and nitric acid (3:1, v/v) was mixed with graphite flake at 

room temperature. The reaction mixture was stirred continuously for 12 h. The acid treated natural 

graphite was washed with water until neutralized and was then dried at 60 °C to remove any 

remaining water. The dried flakes were heat-treated at 1050 °C for 15s to obtain expanded graphite. 

Expanded graphite was immersed in a 70% of aqueous alcohol solution in an ultrasonic bath. The 

mixture was sonicated for 12 h, and then was filtered and dried to produce GNF. 

4.1. Coating of NPs with PAA (NPs-PAA) 

0.5 g NPs and 50 mL PAA (5% w/v) were added into 250 mL flask and the mixture were 

ultrasonicated for 15 min. The mixture was stirred vigorously at 25 °C for 24 h. The mixture was 

filtered and then washed with acetic acid (2% v/v) and acetone. After vacuum drying the filtrate, 

NPs-PAA was achieved. 

4.2. Preparation of PPy Nanocomposite, [(Cu-CI-CNF-GNF)0.5-PAA]-PPy0.5 

The PPy nanocomposite as core-shell nanocomposite was prepared with template polymerization 

by in-situ polymerization in the presence of DBSA as the surfactant and dopant and Fe(NO3).9H 

O as the oxidant. The 0.5 g DBSA dissolved in morphologies of samples. The magnetic 

measurements carried out at room temperature using a Termo company 7400 model (USA), 

vibrating sample magnetometer (VSM) with maximum magnetic of 10 KOe. The XRD patterns of 

the samples were collected on a Philips-PW 1800 with Cu Kα radiation (λ=1.54184 Å) in the 2θ= 

4-900 with steps of 0.020, scanning operated at 40 kV and 30 mA (Netherland). The electrical 

conductivity of compressed pellet of samples and nanocomposites were calculated using a standard 

four-probe set-up connected to a Keithly system comprising a voltmeter and constant high-current 

source, made in IRAN. Microwave absorption properties of nanocomposites were measured using 

microwave vector network analyzer (Agilent technologies Inc.8722-USA) in the 2-18 GHz range 

at room temperature. 
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5. Results and Discussion  

5.1. FTIR Study 

Figure.1  shows  FTIR  spectrum  of [(Cu-CI-CNF-GNF)0.5-PAA]-PPy0.5 nanocomposites. We 

synthesized GNF by acid treatment and thermal shock. We expect see hydroxyl and carboxyl 

functional group on GNF. So, the band at 3439 cm-1 can be attributed to3 2 distilled water with 

vigorous stirring for about 20 min. The 0.287 g NPs-PAA were added to the DBSA solution under 

stirring condition for approximately 1 h .Then 1 mL (0.015 mol) of freshly distilled pyrrole as 

monomer added to the suspension and stirred for 30 min. The NPs-PAA were dispersed well in 

the mixture of PPy/ DBSA under ultrasonication for 2 h. 12.12 g (0.03 mol) Fe(NO3)3.9H2O as 

initiator dissolved in 30 mL deionized water and added drop wise to stirred reaction mixture. 

Polymerization was allowed to proceed for 6 h. The nanocomposite was obtained by filtering was 

washing the suspension with deionized water and acetone, respectively. The obtained dark powder 

contains [(Cu-CI-CNF-GNF)0.5-PAA]-PPy0.5 and dried under vacuum for 24 h. 

 

Figure 1. FTIR spectrum of [(Cu-CI-CNF-GNF)0.5-PAA]-PPy0.5 

5.2.  Characterization 

The ultrasonic experiment was carried out by an ultrasonic disperser (Hielsche, UP4005, 

Germany). Field emission scanning electron microscopy (FESEM) was performed  by  TESCAN  

MIRA  to  observe  surface O-H stretching (st.) vibrations of alcoholic functional group presented 

on the GNF, PAA and DBSA. And attributed to N-H st. vibrations of PPy, The peak at 2922 and 

2845 cm-1 are attributed to aliphatic C-H st. vibrations of PAA and DBSA. The peaks at 2359, 

2332 cm-1 and 1675, 1643 cm-1 are related to C=O st. vibration of CI, PAA and DBSA, 



435 

 

respectively. The different angles of Fe-C=O have been obtained for CI, so we observed to higher 

frequency for C=O. The specific peaks around 1537 and 1461 cm-1 are attributed with vibrational 

modes of quinonic and aromatic type ring for PPy. The peaks at 1385,1461 cm-1 are attributed to 

C=C st. vibration of CNF and GNF that 1461 cm-1 cover to aromatic mode with PPy. The peaks at 

1171 and 1046 cm-1 are attributed to C-N and C-C st. vibration mode for PPy and CNF, GNF, 

respectively. The peaks at 779, 665 and 601, 517 cm-1 are attributed to Cu-O and Fe-O st. vibration 

for Cu and CI NPs. 

5.3. XRD Patterns Study 

Figure 2 shows XRD pattern for GNF that the peak at 2θ=26 related to carbon of GNF. The XRD 

patterns of molecular structures of CI-PAA-PPy, Cu-PAA-PPy and CNF-PAA-PPy in Figure 3 (a-

c), were showed, respectively. The results show the diffraction peaks of NPs structures were not 

destroyed after the chemical polymerization of PPy as shell. We see all patterns of core NPs and 

shell polymers well. According to Figure 3 (a-c) characteristic peaks at 2θ=16-25, 2θ=17-25, 42, 

44, 48, 50,72.38 and 2θ=16-23 with base peaks  at 2θ=22.33, 72.38 and 24.83 for the CI-PAA-

PPy,  Cu-PAA-PPy  and  CNF-PAA-PPy  were observed that correspond to JCPDS files no. 4073-

004-98,   1646-002-98   and   2719-008-98, respectively. Figure 2 shows XRD pattern for GNF 

that the peak at 2θ=26 related to GNF. The XRD patterns showed molecular structures of CI-PAA-

PPy, Cu-PAA-PPy and CNF-PAA-PPy in Figure 3 (a-c), respectively. The results show the 

diffraction peaks of NPs structures were not destroyed after the chemical polymerization of PPy 

as shell. We see all patterns of core NPs and shell polymers well, too. 

According to Figure 3 (a-c) characteristic peaks at 2θ=16-25, 2θ=17-25, 42, 44, 48, 50,72.38 and 

2θ=16-23 with base peaks  at 2θ=22.33, 72.38 and 24.83 were observed for the CI-PAA-PPy, Cu-

PAA-PPy and CNF-PAA-PPy that correspond to JCPDS files no. 4073-004-98,   1646-002-98   

and   2719-008-98, respectively. These results and the relative width of the peaks indicate that the 

nanocomposite containing NPs-PAA-PPy are semi-crystalline and amorphous. According to these 

results and peaks observed in XRD patterns, we can ensure the existence of NPs. The average 

crystallite size can be calculated by the Debye-scherrer formula: D= 0.89 λ/β cosθ where λ is the 

wavelength of Cu Kα radiation and the value of K depends on several factors, including the Miller 

index of reflection plane and the shape of the crystal. 

If the shape is unknown, K is often assigned as a value of 0.89, D is average crystallite size, θ is 

the Bragg’s angle, and β is the full width at half-maximum of the diffraction peaks. Therefore, 

from the width of the peaks observed in the XRD patterns, the average crystallite sizes of GNF, 

CI, Cu and CNF are calculated to 70, 21.5, 20.3 and 19.8 nm, respectively. 
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Figure 2. XRD pattern for GNF that the peak at 2θ 
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Figure 3. XRD of a) CI-PAA-PPy , b) Cu-PAA-PPy and c) CNF-PAA-PPy 

5.4. SEM Images Study 

Figure 4 (a-d) shows FESEM images of Cu, CI NPs and Cu-PAA-PPy, CI-PAA-PPy 

nanocomposites. The diameters of samples are about 30, 59, 40 and 65 nm, respectively. Figure 5 

(a-b) shows the FESEM image of the CNF and CNF-PAA-PPy. Images analysis calculation results 

showed that the average diameters of CNF and its nanocomposite are 18 and 55 nm, respectively. 

Figure 6 (a,b) shows the FESEM images of the GNF and GNF-PAA-PPy nanocomposite. We 

adopted ultrasonic irradiation technique to break down the expanded graphite and then obtained 

GNF. The average distribution of all NPs, both pure and in the composite substrate, is very good 

and well dispersed. This will have a direct effect on their absorption properties. Image analysis 

calculation results showed that the average sheet diameter is approximately 5µ m, and average 

thickness of nanoflake is about 80 nm. In Figure 6 b, we can see that PPy was coated on the most 

of GNF. All NPs are completely coated by PPy. The thickness of PPy as shell in all 

nanocomposites are about 10-20 nm. The surfaces of SEM images of nanocomposites were shown 

uniformity with some hollow and sponge structures. This structure, which is porous and has 

composite cavities, helps to reduce the energy of microwaves. By observing the shapes of 

nanofibers and nanoflakes and their composites, it is clear that the nanofibers in the composite are 

completely blurred, while the nanosheets have almost retained their shape in the composite. 
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Figure 4. FESEM images of a) Cu b) CI NPs and c) Cu-PAA-PPy d) CI-PAA-PPy nano composite 

5.5. Vibrating Sample Magnetometer (VSM) Study 

The magnetization curves versus the magnetic field of CI NPs and CI-PAA-PPy nanocomposite 

are shown in Figure 7 (a,b). The samples are ferromagnetic behavior and applied fields are 20 and 

30 kOe for CI NPs and CI-PAA-PPy respectively. The magnetic parameters such as saturation 

magnetization (Ms), coercivity (Hc) and remnant magnetization (Mr) are measured by the 

hysteretic loops. As shown in Figure 7 (a,b), the value of Ms decreased from 225.87 to 51.164 

emu/g and the value of Mr increased from 1.882 to15.452 emu/g for CI to nanocomposite. On the 

other hands, Hc was increased from 16.558 to 151.53 Oe, too. VSM curve of nanocomposite 



439 

 

showed semi hard magnetization behavior that can be used to magnetic memories and microwave 

absorber. 

 

Figure 7. Vibrating sample magnetometer (VSM) field of a) CI NPs and b) CI-PAA-PPy 

nanocomposite 

5.6. Electrical Conductivity Study 

Electrically conductivity of NPs and their nanocomposites were measured by four probe method 

and were summarized in Table 1. The conductivity of PPy after polymerization by Fe(III) as 

initiator and DBSA as dopant is 0.044 S/cm. The conductivity of Cu that prepared by chemically 

method is higher than green method. This is due to completely of reduction in chemical method. 

On the other hands, conductivity of CNF is higher than GNF that is related to high molecular 
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weight and crystallity of GNF. When mass content of Cu, CNF and GNF as core and PPy as shell 

were incorporated in composites, conductivities are increased. But incorporation of CI NPs, 

conductivity is decreased. 

Table 1. The electrical conductivity of samples 

 

5.7. Microwave Absorbing Study 

The microwave absorbing properties of nanocomposites with the coating thickness of 1 mm 

investigated by using vector network analyzers in the frequency range of 2-18 GHz, that this range 

is contained S, H, C, X and Ku bands. 

The results for PPy, Cu-PAA-PPy, CI-PAA-PPy and [(Cu-CI-CNF-GNF)-PAA] PPy  

nanocomposite are for CNF-PAA-PPy, 9.14 and 16.5 GHz for GNF-PAA-PPy with minimum 

reflection loss in -17.5, -10, -17, -19, -31, -27, -18, -27.5 and -25 dB, respectively. The absorption 

bandwidth under -10 dB are 3.2, 3.5, 8.4, 12.9, 13 and 15.5 GHz ranging from 2 to 18 GHz for 

PPy, Cu-PAA-PPy, CI-PAA-PPy, CNF-PAA-PPy, GNF-PAA-PPy and [(Cu-CI-CNF-GNF)0.5-

PAA]-PPy0.5. 

6. Conclusion 

The absorption properties of electromagnetic waves are primarily influenced by two factors: 

conduction and magnetic characteristics. In the selected samples, carbonyl iron (CI) provides 

strong magnetic properties, while other nanoparticles exhibit excellent electrical conductivity. 

Moreover, the final polymer (PPy) enhances electrical conductivity. This project aimed to engineer 

these materials in a systematic manner to maximize microwave absorption across different 

frequency ranges. Green copper powder and graphite nanoflakes (GNF) were synthesized, while 

CI and carbon nanofibers (CNF) were acquired commercially. A polyacrylic acid (PAA) coating 

was applied to the nanoparticles, followed by the in-situ template polymerization of PPy to produce 

nanocomposites. Microwave absorption data for PPy, CNF-PAA-PPy, GNF-PAA-PPy, and [(Cu-

CI-CNF-GNF)₀.₅-PAA]-PPy₀.₅ are shown in Figures 8 and 9. Key absorption peaks were observed 

at 9.5 GHz for PPy, 3 and 9 GHz for Cu-PAA-PPy, and 9.5 GHz for CI-PAA-PPy. Samples with 
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core-shell structures exhibited dual peaks at 8.5 and 11 GHz. The absorption properties were 

further analyzed over the 2–18 GHz frequency range (S, H, C, X, and Ku bands). The optimal 

absorption ranges were identified as 2–4 GHz and 5–14 GHz, achieving reflection loss (RL) values 

of -12.5 dB and -33 dB at a thickness of 1 mm. The absorption performance improved with an 

increased core-to-PPy weight ratio and enhanced electrical conductivity. These results confirm the 

potential of these nanocomposites as efficient multiband microwave absorbers, suitable for diverse 

applications in civil and military electromagnetic shielding. 

 

Figure 8. Microwave absorbing results for PPy, Cu-PAA-PPy, CI-PAA-PPy, and [(Cu-CI-CNF-

GNF)0.5-PAA] -PPy0.5 nanocomposite 

 

Figure 9. Microwave absorbing results for PPy, CNF-PAA-PPy , GNF-PAA-PPy, and [(Cu-CI-

CNF-GNF)0.5-PAA]-PPy0.5 
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Abstract- Composites of MoO₃/polypyrrole (PPy) were synthesized using various methods 

through in-situ polymerization, resulting in a core-shell structure. This paper outlines a method for 

coating nanoparticles with polyacrylic acid (PAA) in an aqueous solution, followed by a PPy 

coating applied using template polymerization on NPs-PAA. The enhancement mechanism is 

attributed to suitable interactions and improved electromagnetic compatibility between these 

materials. The microwave characterization of the nanocomposite was evaluated through arch tests 

using a network analyzer. The PPy nanocomposites demonstrated excellent Ku-band microwave 

absorption properties in the 12–18 GHz range. Optimal absorption was observed at 12 GHz for 
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PPy and 14.5 GHz for MoO₃-PAA-PPy, with minimum reflection loss (RL) values of -19 dB at a 

thickness of 2 mm. Additionally, nanocomposites with 50% w/w demonstrated lightweight 

properties and effective microwave absorption. 

Keywords: composite, Microwave, Polyacrylic acid, Polypyrrole, MoO3 

1. Introduction 

The rapid advancement of electronic information technology has resulted in a significant increase 

in electromagnetic wave (EMW) emissions. These emissions pose risks to human health, interfere 

with sensitive equipment, and compromise military security. Consequently, the development of 

high-performance EMW-absorbing materials has become critical for advancing societal and 

technological progress [1-4[.  

Over the past few decades, various types of EMW absorbers have been explored, with carbon-

based materials emerging as a predominant class due to their lightweight nature, favorable 

electrical properties, and wide range of structural tunability [5-7[. In parallel, conducting polymers 

have gained significant attention as EMW absorbers, offering advantages such as facile synthesis, 

tunable electrical properties, and environmental stability, which make them attractive candidates 

for practical applications [8-13[. Despite the promise of these materials, single-component 

absorbers often suffer from poor impedance matching and limited energy dissipation mechanisms, 

resulting in suboptimal absorption efficiency. 

 To overcome these limitations, researchers have turned to binary or multi-component 

nanocomposites that integrate the strengths of individual materials, creating synergistic effects and 

enabling multiple energy-loss mechanisms for enhanced EMW absorption [14,15]. Advances in 

interface engineering and structural design have been particularly instrumental in improving 

energy dissipation, as heterogeneous interfaces promote charge transfer, enhance interfacial 

polarization, and improve overall absorption performance. Additionally, the incorporation of 

conductive materials further boosts the electrical conductivity of these composites, enabling 

greater conductive losses [16]. Optimization strategies such as morphology control, elemental 

doping [17,18], and oxygen vacancy engineering [19,20] have expanded the design possibilities 

for high-performance EMW absorbers. Among these approaches, oxygen vacancy engineering has 

proven especially effective, as it introduces defects that facilitate charge carrier mobility and 

increase polarization loss. For instance, Dong et al. demonstrated that SnO₂−x/N-rGO composites, 

composed of SnO₂ hollow nanospheres with oxygen vacancies and conductive graphene, exhibit 

remarkable EMW absorption performance due to the synergistic effects of their components [21].  

Conducting polymers, particularly PPy, have garnered significant interest for their lightweight 

nature, ease of synthesis, and tunable electrical properties. PPy stands out for its superior 

environmental stability, higher conductivity, and enhanced mechanical flexibility compared to 

other conducting polymers, making it a highly promising candidate for EMW absorption 

applications. Recent developments in core-shell architectures and other complex nanostructures 

have further expanded the potential of PPy-based and other polymer-based nanocomposites for 

achieving high-efficiency EMW absorption [22-24[. 
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In this study, we report the synthesis of MoO₃ nanoparticle composites via in-situ polymerization 

on PAA-coated surfaces. The microwave absorption properties of these composites were 

systematically analyzed within the frequency range of 12–18 GHz, with a focus on optimizing 

their structural design and interface properties to enhance EMW absorption. 

2. Experimental 

 

2.1.  Synthesis of o-MoO3 

o-MoO3 synthesis follows a previously described method. Initially, 1 gram of commercial MoO3 

and 0.5 grams of NaBH4 were combined in a mortar and ground for 20 minutes. Subsequently, the 

mixture was stirred in cold water for 2 hours to remove any residual NaBH4. The solid product 

was then filtered, rinsed with water and methanol, and dried under vacuum at 60 °C overnight. 

The resulting gray material was designated as o-MoO3. 

2.2. Coating of NPs with PAA (NPs-PAA) 

To prepare the NPs-PAA composite, 0.5 grams of nanoparticles (NPs) were mixed with 50 ml of 

5% w/v PAA in a 250 mL flask. This mixture was subjected to ultrasonication for 15 minutes and 

then stirred continuously at 25 °C for 24 hours. Following this, the mixture was filtered and washed 

with 2% v/v acetic acid and acetone. After drying the filtered material under vacuum, the NPs-

PAA composite was obtained. 

2.3. Synthesis of PPy 

PPy was synthesized as a core-shell nanocomposite using in situ template polymerization in the 

presence of dodecyl benzene sulfonic acid (DBSA) as the surfactant. Approximately 0.5 g of 

DBSA was dissolved in distilled water and stirred vigorously for about 20 minutes. Then, 0.287 g 

of NPs-PAA were added to the DBSA solution and stirred for nearly 1 hour. Following this, 1 mL 

(0.015 mol) of freshly distilled pyrrole, serving as the monomer, was added to the suspension and 

stirred for 30 minutes. The NPs-PAA were efficiently dispersed in the PPy/DBSA mixture under 

ultrasonication for 2 hours. 12.12 g (0.03 mol) of Fe(NO3)3.9H2O, used as the initiator, was 

dissolved in 30 mL of deionized water and slowly added to the actively stirring reaction mixture. 

Polymerization was allowed to proceed for 6 hours. The nanocomposite was isolated by filtration 

and then washed with deionized water and acetone. The resulting dark powder was dried under 

vacuum for 24 hours. 

3. Results and discussion 

3.1. Microwave absorbing study 

The microwave absorbing properties of nanocomposites with a 1 mm thick coating were examined 

using vector network analyzers over the 12-18 GHz frequency range, which corresponds to the Ku 

band. This study is crucial for developing advanced materials for electromagnetic interference 

shielding and radar stealth technologies, where effective absorption in the Ku band is particularly 

important. PPy exhibited significant microwave absorption characteristics, making it a promising 

candidate for applications in electromagnetic interference shielding. The absorption peak at 12-18 
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GHz and the substantial absorption bandwidth indicate PPy's potential effectiveness in various 

practical scenarios within the Ku band frequency range. 

     3.2. Microwave absorption properties 

To evaluate the EMW absorption performance of MoO3-PAA-PPy composites, the reflection loss 

(RL) curves for various samples have been computed and are presented. Using the principles of 

transmission line theory, the RL values across the tested frequency range can be derived as follows: 

𝑅𝐿 = 201𝑔 |
𝑍𝑖𝑛  −  𝑍0

𝑍𝑖𝑛 + 𝑍0

| 

𝑍𝑖𝑛 = 𝑍0√
𝜇𝑟

𝜀𝑟
 𝑡𝑎𝑛ℎ (𝑗

2𝑔𝑔𝑔

𝑐
√𝜇𝑟𝜀𝑟) 

In this context, Zin and Z0 represent the impedance values of the absorber and air, respectively. 

Meanwhile, μr, εr, d, f, and cc denote the complex permeability, complex permittivity, absorber 

thickness, frequency, and the speed of light. The frequency range where the RL value falls below 

−10 dB is defined as the effective absorption bandwidth (EAB) of the absorber, as it indicates that 

over 90% of the electromagnetic waves are absorbed in this range. As illustrated pristine MoO3 

does not exhibit a clear EAB within the tested frequency range, suggesting that its intrinsic 

structural properties are not well-suited for EMW absorption. 

The microwave absorbing properties of nanocomposites with the coating thickness of 2 mm 

investigated by using vector network analyzers in the frequency range of 8-12 GHz, that this range 

is contained Ku band. The results for PPy, MoO₃-PAA-PPy The best microwave absorption were 

obtained in 12 GHz for PPy, 14.5 GHz for MoO₃-PAA-PPy, with minimum reflection loss in -19 

dB, respectively the absorption band with under -10 dB from 12 to 18 GHz for PPy, MoO₃-PAA-

PPy. 

 

 

Figure 1. Microwave absorbing results for PPy 
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Figure 2. Microwave absorbing results for o-MoO3-PAA-PPy 

 

4. Conclusion 

We synthesized MoO₃ powder and developed a method to coat it with PAA. Subsequently, a PPy 

coating was applied using template polymerization through an in-situ process. Finally, we prepared 

nanocomposites, either individually or as a complex with a core-shell structure. We then 

investigated their microwave absorption properties in the 12-18 GHz range, corresponding to the 

Ku band. Our findings demonstrate significant absorption characteristics, highlighting the 

potential of these composites for applications in electromagnetic interference (EMI) shielding and 

radar stealth technologies, particularly within Ku band frequencies. 

 

References 

[1] S. Gupta and N.-H. Tai, “Carbon materials and their composites for electromagnetic 

interference shielding effectiveness in X-band,” Carbon N Y, vol. 152, pp. 159–187, 2019. 

[2] M. Qin, L. Zhang, and H. Wu, “Dielectric loss mechanism in electromagnetic wave 

absorbing materials,” Advanced Science, vol. 9, no. 10, p. 2105553, 2022. 

[3] G. Redlarski et al., “The influence of electromagnetic pollution on living organisms: 

historical trends and forecasting changes,” Biomed Res Int, vol. 2015, no. 1, p. 234098, 2015. 

[4] S. Cheng et al., “Carbon nanofilm stabilized twisty V2O3 nanorods with enhanced multiple 

polarization behavior for electromagnetic wave absorption application,” J Mater Sci Technol, vol. 

119, pp. 37–44, 2022. 

[5] Q. Li, Z. Zhang, L. Qi, Q. Liao, Z. Kang, and Y. Zhang, “Toward the application of high 

frequency electromagnetic wave absorption by carbon nanostructures,” Advanced Science, vol. 6, 

no. 8, p. 1801057, 2019. 



448 

 

[6] P. Liu et al., “Carbon nanocages with N-doped carbon inner shell and Co/N-doped carbon 

outer shell as electromagnetic wave absorption materials,” Chemical Engineering Journal, vol. 

381, p. 122653, 2020. 

[7] L. Wu et al., “Metal/nitrogen co-doped hollow carbon nanorods derived from self-

assembly organic nanostructure for wide bandwidth electromagnetic wave absorption,” Compos B 

Eng, vol. 228, p. 109424, 2022. 

[8] M. Boujar Dolabi, A. Azimi, and S. Hossein Hosseini, “Preparation of thermal infrared and 

microwave absorber using WO3/MnFe3O4/polyaniline nanocomposites,” Materials Research 

Innovations, vol. 24, no. 6, pp. 326–334, 2020. 

[9] S. Hossein Hosseini, A. Azimi, and M. B. Dolabi, “Study of UV-Visible and near infrared 

absorption CsXWO3/polypyrrole nanocomposite,” Materials Research Innovations, vol. 24, no. 

6, pp. 335–340, 2020. 

[10] S. H. Hosseini, A. Azimi, and S. S. Hosseini, “Preparation of Microwave Multi-Adsorbent 

Nanocomposites Based on Copper, Iron Carbonyl, Carbon Nanofiber, Graphite Nanoflake and 

Polypyrrole,” J. Adv. Nanotechnol, vol. 1, pp. 42–55, 2020. 

[11] H. Sh and Azimi A, “Preparation of Modern Nanocomposites of Polyaniline Multi-

Adsorbents for X-Ku Bands and UV-Visible-Near IR Regions Based On Carbon Nanofiber, 

Carbonyl Iron, Cu, WO 3 and Cs 0.3 WO 2.7,” Pubtexto Publishers | www.pubtexto.com 1 Int J 

Nanomater Mol Nanotechnol Open Access International Journal of Nanomaterials & Molecular 

Nanotechnology, vol. 3, 2021, doi: 10.36266/IJNMN/121. 

[12] A. Azimi and S. H. Hosseini, “Preparation absorption microwave X-band based carbonyl 

iron/polypyrrole nanocomposite”. 

[13] A. Azimia and S. H. Hosseinib, “Study of microwave absorption based Copper/polypyrrole 

nanocomposite”. 

[14] T. Hou et al., “Preparation of two-dimensional titanium carbide (Ti3C2Tx) and NiCo2O4 

composites to achieve excellent microwave absorption properties,” Compos B Eng, vol. 180, p. 

107577, 2020. 

[15] X. Yan et al., “Balancing interface polarization strategy for enhancing electromagnetic 

wave absorption of carbon materials,” Chemical Engineering Journal, vol. 391, p. 123538, 2020. 

[16] Z. Wu et al., “Facile preparation of core–shell Fe3O4@ Polypyrrole composites with 

superior electromagnetic wave absorption properties,” The Journal of Physical Chemistry C, vol. 

121, no. 29, pp. 15784–15792, 2017. 

[17] L. Mai, B. Hu, Y. Qi, Y. Dai, and W. Chen, “Improved cycling performance of directly 

lithiated MoO3 nanobelts,” Int J Electrochem Sci, vol. 3, no. 2, pp. 216–222, 2008. 

[18] K. Paipitak, W. Techitdheera, S. Porntheeraphat, and W. Pecharapa, “Influence of Ti and 

Zn dopants on structural properties and electrochromic performance of sol-gel derived WO3 thin 

films,” Energy Procedia, vol. 34, pp. 689–696, 2013. 



449 

 

 

[19] S. Cheng et al., “Modulating surficial oxygen vacancy of the VO 2 nanostructure to boost 

its electromagnetic absorption performance,” J Mater Chem C Mater, vol. 9, no. 29, pp. 9158–

9168, 2021. 

[20] M. Al-Hashem, S. Akbar, and P. Morris, “Role of oxygen vacancies in nanostructured 

metal-oxide gas sensors: a review,” Sens Actuators B Chem, vol. 301, p. 126845, 2019. 

[21] N. Wu et al., “Hollow SnO 2 nanospheres with oxygen vacancies entrapped by a N-doped 

graphene network as robust anode materials for lithium-ion batteries,” Nanoscale, vol. 10, no. 24, 

pp. 11460–11466, 2018. 

[22] A. Azimia and S. H. Hosseinib, “Study of microwave absorption based Copper/polypyrrole 

nanocomposite”. 

[23] M. Sedlačík, V. Pavlínek, P. Sáha, P. Švrčinová, P. Filip, and J. Stejskal, “Rheological 

properties of magnetorheological suspensions based on core–shell structured polyaniline-coated 

carbonyl iron particles,” Smart Mater Struct, vol. 19, no. 11, p. 115008, 2010. 

[24] S. H. Hosseini, A. Asadnia, and M. Moloudi, “Preparation and electromagnetic wave 

absorption hard–soft Ba ferrite/polypyrrole core–shell nanocomposites,” Materials Research 

Innovations, vol. 19, no. 2, pp. 107–112, 2015. 

 

 

 

 

 

MgCuO2: A Simple and Efficient Mixed Metal Oxide Nanocatalyst for the 

Synthesis of Unsymmetrical 1,4-Dihydropyridine 

Imran Jadidi, Seyyed Mohiyeddin Seyyed Rahmani, Abbas Nikoo*, Amir Mohammad Qazi Khani  

Department of Organic Chemistry, Faculty of chemistry, Urmia University, Urmia, Iran 

 

Keyword: Mixed metal oxide, Sol-Gel, Auto-combustion, 1,4-Dihydropyridine 

 

Introduction: Mixed metal oxide nanoparticles are known as heterogeneous catalysts in a variety 

of organic reactions. In general, nanoparticles are considered more reactive because they offer a 

higher surface area. The surface area of the catalyst increases dramatically with size reduction to 

nanoscale levels, which is responsible for higher catalytic activity and has the potential to improve 

the efficiency, selectivity, and yield of catalytic processes. The use of transition metal 

nanoparticles in catalysis is of great importance because they provide surface activation of the 



450 

 

metal and catalyst at the nanoscale, thereby bringing selectivity and efficiency to heterogeneous 

catalysis. The use of mixed metal oxides plays an important role in organic reactions due to their 

ease of control, reduced corrosion problems, cost-effectiveness, and because most of them are 

reusable and recyclable. Multicomponent one-pot reactions (MCRs) have emerged as a powerful 

method for the synthesis of organic compounds. The development of multicomponent reactions 

(MCRs) is currently an integral part of numerous research efforts worldwide. In such reactions, 

three or more reactants are simultaneously combined in a single reaction vessel and successive 

chemical reactions are carried out to form new products. The synthesized products contain 

fractions of all the starting materials, providing rapid access to new organic molecules [1,2]. In 

fact, the products are produced in a single reaction step, and the diversity can be easily increased 

by changing each component. Due to the rapidity of the reaction, the reduction in the number of 

synthesis steps, and the consequent increase in the efficiency of these types of reactions, they are 

often referred to as green, and thus contribute to the development of synthetic methods. Unlike 

multi-step reactions, multi-component reactions (MCRs) can synthesize complex molecules in a 

single-pot process with lower cost and time, greater selectivity, and higher yields. From an 

environmental and economic perspective, MCRs are recognized as a valuable tool for the 

preparation of structurally well-defined pharmaceutical compounds. This approach is also 

desirable from a green chemistry perspective due to the reduction in the number of synthesis steps 

and the consequent increase in efficiency and speed. The MCR approach using heterogeneous 

catalysts is the most effective option in organic synthesis [3].  

Method: In this research project, 20 mol% of MgCuO2 nanocatalyst was used during the 

experiment compared to ethyl acetoacetate. 2.5 mmol of various chalcone and 3.75 mmol of 

ammonium acetate were stirred with 2.5 mmol of ethyl acetoacetate in 20 mL EtOH at 80°C in the 

presence of MgCuO2 nanocatalyst to produce Unsymmetrical 1,4-Dihydropyridine derivatives 

with excellent yields. The progress of the reaction was regularly monitored by TLC plates and 

monitored by UV light (254 nm). After the reaction was completed, the Unsymmetrical 1,4-

Dihydropyridine derivatives were extracted with ethyl acetate. 

Results and Discussion: In this work, an efficient method for the synthesis of Unsymmetrical 1,4-

dihydropyridine derivatives using recyclable MgCuO2 nanocatalyst in ethanol solvent is reported 

for the first time. Urea was used as fuel for the synthesis of the MgCuO2 nanocatalyst. The 

MgCuO2 nanocatalyst was characterized by XRD, BET, FT-IR, FESEM and EDS techniques. In 

this study, the catalytic role of MgO and CuO was compared with MgCuO2 nanocatalyst. 
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Scheme: Synthesis of unsymmetrical 1,4-Dihydropyridines by MgCuO2 nanocatalyst 
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Introduction: In general, catalysts are divided into three categories, which include homogeneous 

catalysts, heterogeneous catalysts, and biocatalysts. The practical application of homogeneous 

catalysts is limited due to the difficulties of separating the catalyst from the product after the 

reaction is completed [1]. In heterogeneous catalysis, the starting materials and the catalytic 

material are in different phases, and as a result, the separation of the products and the catalyst is 

easier. The main drawback of traditional heterogeneous catalyst systems compared to their 

homogeneous counterparts is the reduction of the contact surface area available to the reactant 

molecules, thereby limiting their catalytic activities and leading to a high consumption of 

expensive catalytic materials [2]. One possible way to solve this problem is to increase the surface-

to-volume (S/V) ratio by reducing the size of the catalytically active material. High surface-to-

volume (S/V) ratios can be achieved by synthesizing specifically engineered catalysts at the 

nanoscale. Key goals pursued with nanocatalysts include selectivity close to 100%, very high 

activity, excellent yields, all of which are traditionally associated with homogeneous catalysts, as 

well as enhanced product separation and catalyst recovery. Recovery of used catalysts would be 

beneficial in two respects. On the one hand, catalytic nanomaterials, especially metals such as 

platinum, gold, and silver, are very expensive. On the other hand, unrecovered catalysts are a major 

source of unwanted impurities, e.g., in pharmaceutical products. Efficient separation of the catalyst 

from the reaction mixture can help to more easily meet regulatory standards for impurities. Some 

experts consider nanocatalysts to be “semi-heterogeneous” catalysts [3]. 

Given that one of the main goals of medicinal chemistry and organic chemistry is the design and 

synthesis of biologically active molecules, the 1,4-dihydropyridine ring is one of the most 

attractive heterocyclic frameworks found in many generic drugs. Among the most important 

pharmaceutical products, for example, nifedipine, nicardipine, felodipine and amlodipine are on 

the World Health Organization (WHO) list of essential medicines and contain the 1,4-

dihydropyridine ring [4]. 

Method: In a one-pot four-component reaction, taking into account the time required for each 

reaction, a mixture of aryl aldehyde (2.5 mmol), ammonium acetate 289.06 mg (3.75 mmol), ethyl 

acetoacetate 650.7 mg (5 mmol) and CuAl2O4@SiO2@ZnO nanocatalyst in water was placed in a 
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round-bottomed flask under reflux conditions at 80 °C and the mixture was stirred with a magnetic 

stirrer until the reaction was complete. The reaction progress was regularly monitored with ethyl 

acetate/petroleum ether TLC plates at a ratio of 1:3. After the reaction was complete and a yellow 

precipitate formed, the temperature was reduced to 25 °C. The 1,4-dihydropyridine derivatives 

were extracted with 25 mL of ethyl acetate three times and the organic layer was dried with Na2SO4 

(5 g). Ethyl acetate was separated from the product by rotary evaporation and 1,4-dihydropyridine 

derivatives were obtained with a yield of 78-97%. The 1,4-dihydropyridine derivatives were eluted 

with ethanol for purification and identification. The CuAl2O4@SiO2@ZnO nanocatalyst was 

separated by filtration for reuse in subsequent reactions, washed several times with water, ethanol 

and ethyl acetate, and finally the CuAl2O4@SiO2@ZnO nanocatalyst was dried in vacuum at 80 

°C for 2 hours. 

Results and Discussion: The Hansch reaction is a four-component reaction used to prepare 1,4-

dihydropyridine derivatives, and the synthetic products offer very useful pharmaceutical 

properties. Therefore, the development of new nanocatalysts for the Hantzsch reaction has 

attracted much research studies. The reaction involves aldehyde, ammonium acetate and ethyl 

acetoacetate in a suitable solvent. In this paper, an efficient method for the synthesis of 1,4-

dihydropyridine derivatives using a recyclable CuAl2O4@SiO2@ZnO nanocatalyst in water 

solvent is reported for the first time. Urea was used as a fuel for the synthesis of the 

CuAl2O4@SiO2@ZnO nanocatalyst and was characterized by XRD, FT-IR, EDS, mapping and 

BET techniques. 

 

Scheme: Synthesis of 1,4-DHP derivatives by CuAl2O4@SiO2@ZnO nanocatalyst. 
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Introduction: 1,4-Dihydropyridines (DHPs) are important pharmaceutical compounds and are 

synthesized through a one-pot, multicomponent reaction. 1,4-Dihydropyridines are prepared 

through the cyclization reaction of a β-keto ester, an aldehyde, with an ammonia source [1]. The 

long reaction time and low product yields are among the drawbacks of this reaction. Over the past 

decades, various catalysts have been synthesized to optimize these reactions [2]. However, cost-

effectiveness, high efficiency, ease of access to raw materials for catalyst synthesis, recyclability, 

and environmental compatibility are important parameters that are not all combined in a single 

catalyst. However, the effort to maximize these parameters prompted us to synthesize a suitable 

nanocatalyst. Mixed metal oxide nanoparticles are one of the most widely used materials as 

nanocatalysts that have overcome many disadvantages in catalytic systems [3,4]. Not only can they 

be easily separated from the reaction mixture, but they can also be reused for multiple reactions 

without losing their catalytic properties.  

Method: First, a solution of metal nitrate salts, which acts as an oxidant, is prepared together with 

a water solvent and an organic compound (urea) which acts as a reducer or fuel. In the colloidal 

stage, nanoparticles are formed. After initial heating in an oven, the water in the solution is 

gradually removed and becomes concentrated. After most of the water is removed, a gel with a 

metallic structure and containing metal ligand polymers is produced. By completely drying the 

gel, the water is completely removed, which is known as a xerogel when heated. With a further 

increase in temperature, the complexing agent or fuel in the oven begins to burn. Energy is released 

from the exothermic reaction of metal nitrate and fuel, and this released heat is so high that it can 

raise the system to a high temperature, and the result of this ignition is the release of CO2, N2 and 

H2O gases. In this way, a foam-shaped powder with a high volume that fills the entire container is 

obtained and nanoparticles are synthesized. One of the most important steps in this method is the 

calcination process, in which the metal hydroxide is converted to metal oxide, and the calcination 

step affects the final properties of the nanoparticles, such as morphology, particle size, purity, and 

magnetic properties. 
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Results and Discussion: In the first step, the reaction was investigated without the presence of 

catalyst under reflux conditions and after stirring for 60 minutes, a small amount of product was 

produced. In the next step, the reaction was carried out under reflux conditions and in the presence 

of CuAl2O4 nanocatalyst, which showed a much better result. In the next step, the reaction was 

carried out with 10, 20 and 30 mol% of the nanocatalyst. The efficiency of each of these amounts 

was 75, 90 and 89%, respectively. The best efficiency was achieved with 20 mol% relative to ethyl 

acetoacetate of the CuAl2O4 nanocatalyst at 100 oC in water solvent. The use of more catalyst did 

not facilitate the efficiency and reaction time, and in fact, there was no change in efficiency with 

increasing the amount of catalyst. Based on the experiments, it was determined that the addition 

of 20 mol% relative to ethyl acetoacetate of CuAl2O4 nanocatalyst leads to the best result. Due to 

the hydrophobicity of the catalyst and organic reactants, the presence of water does not pose a 

problem and the product is produced in 90% yield. 

 

 

Scheme: Synthesis of 1,4-DHP derivatives by CuAl2O4 nanocatalyst. 
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       In the last four decades, allenes have been recognized as one of the most important and 

versatile structures in organic synthesis. Allenes are used to prepare both natural and unnatural 

compounds [1]. A subgroup of allenes includes compounds where the terminal carbon is attached 

to a heteroatom such as nitrogen, oxygen, or sulfur [2]. Attention and reports regarding the 

functionalization and use of allenes are increasing due to their reactivity, selectivity, and unique 

availability. The electron-donating effect of the heteroatom in allenes increase their electrophilic 

and nucleophilic character in comparison to simple allenes. This is due to the resonance with the 

lone electron pair of heteroatom in the allylic position [3].  

       We are interested to report the synthesis of various allyl dithiocarbamates via a one-pot three-

component reaction of amines, CS2 and heteroatom-coupled allenes under green conditions. 

Various catalyst such as heteropoly acids, acidic organic salts, and ionic liquids were screened in 

green organic solvents to achieve the excellent yield. Diversities of heteroatom-coupled allenes 

and various primary and secondary amines were used in this protocol to afford the corresponding 

allyl dithiocarbamates in high to excellent yields.   
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Abstract  

A simple and efficient method was used to successfully synthesize novel silver (Ag) nanoparticles 

immobilized on triethanolamine-functionalized mesoporous silica SBA-15 [SBA-15/IL/Ag]. Its 

catalytic performance was evaluated in the reduction of 4-nitrophenol to 4-aminophenol in the 

presence of NaBH4. The structural properties of the synthesized nanocatalyst were characterized 

using Fourier-transform infrared spectroscopy (FT-IR), X-ray powder diffraction (XRD), Field 

Emission Scanning Electron Microscopy (FE-SEM), Transmission Electron Microscopy (TEM), 

and N2 adsorption/desorption isotherms (BET). The catalytic activity of the material during the 

reduction process was quantitatively monitored using Ultraviolet-Visible (UV-Vis) spectroscopy, 

which resulted in excellent yields within a short reaction time in aqueous media at room 

temperature, using a very low catalyst load. A kinetics study was also carried out, which yielded a 

good rate constant. Moreover, the synthesized nanocatalyst was easily recoverable from the 

reaction mixture and could be reused multiple times without significant activity loss. 

1. Introduction 
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The rapid industrial growth and urbanization in recent years have increased environmental 

pollution, especially water contamination by hazardous organic pollutants like 4-nitrophenol (4-

NP), which threaten both the environment and human health. Catalytic reduction of 4-NP to 4-

aminophenol (4-AP) using NaBH4 is an effective, cost-efficient method for pollutant removal. 

Mesoporous materials like SBA-15, with high surface area and stability, are widely used in 

catalysis, particularly for pollutant reduction [1]. SBA-15’s hexagonal pore structure and surface-

functionalization ability make it an excellent catalyst support [2]. 

This study used functionalized SBA-15 mesoporous silica to support silver nanoparticles (AgNPs) 

as a catalyst. The catalyst (SBA-15/IL/Ag) was prepared by immobilizing AgNPs on chloropropyl-

modified SBA-15, functionalized with triethanolamine, which stabilized the AgNPs. The catalyst 

showed high activity and stability, confirmed by the reduction of 4-nitrophenol to 4-aminophenol. 

2. Result and discussion 

2.1. Characterization  

The specific surface area, mesoporous volume, and average pore diameter of SBA-15 and SBA-

15/IL/Ag were determined using the BET method. After modification, a significant decrease in 

these properties was observed, indicating successful grafting of the ligand and formation of the 

final catalyst. According to the IUPAC classification, both samples (Fig. 1) show type-IV 

isotherms, with a hysteresis loop characteristic of mesoporous materials. 

 

 

Fig. 1. The N2 adsorption/desorption isotherm for a) SBA-15, and b) final catalyst 

 

2.2. Catalytic activity of SBA-15/IL/Ag for reduction of 4-NP 

 

The catalytic reduction of 4-Nitrophenol (4-NP) to 4-Aminophenol (4-AP) was studied using 

NaBH4 as a hydrogen donor and SBA-15/IL/Ag as the nanocatalyst. As the reaction progressed, 

the solution color changed from yellow to colorless at room temperature, allowing real-time 

reaction monitoring via UV-Vis spectroscopy at short intervals. 

3. Conclusion  
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This study presents an efficient, environmentally friendly method for reducing 4-nitrophenol in 

water using SBA-15/IL/Ag as a catalyst. The catalyst showed excellent activity, high yield, and 

stability over five cycles. It is easy to separate, making the process simple and effective. 
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Abstract 

Nowadays, Artificial Intelligence (AI) plays a significant role as an advanced tool in enhancing 

educational processes in the fields of chemistry and organic material science. This technology 

simplifies and makes learning complex concepts more interactive by offering innovative methods 

such as chemical reaction simulations, molecular modeling, and material property predictions. AI-

based tools like educational chatbots, adaptive platforms, and computational chemistry software 

provide personalized learning experiences and facilitate solving chemical problems. This article 

explores the application of AI in predicting chemical reactions, including organic reaction 
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predictions, material structure modeling, and optimizing learning processes. Additionally, it 

analyzes the benefits and challenges of using this technology in basic science education. 

 

Introduction 

With the advancement of technology, Artificial Intelligence (AI) has gained a significant position 

as a transformative tool in the field of chemistry. One of the prominent applications of AI is in 

predicting chemical reactions, made possible by advanced platforms such as IBM RXN for 

Chemistry. This platform utilizes deep learning models and intelligent algorithms to predict 

reaction products, design synthesis pathways, and optimize reaction conditions. By leveraging this 

technology, researchers and students can reduce laboratory time and costs while accelerating the 

discovery of new materials. This article explores the application of this tool in chemistry education 

and research and analyzes its importance in advancing scientific and industrial processes. 

Tool Explanation 

One of the most prominent platforms that uses neural networks to predict chemical reactions is 

IBM RXN for Chemistry. This free tool leverages deep learning to provide advanced capabilities 

for modeling and analyzing chemical reactions. Key features of this platform include: Prediction 

of Chemical Reactions: IBM RXN can simulate chemical reactions and propose possible reaction 

pathways using molecular structures entered in SMILES format. Its neural network models, such 

as Transformer Models, utilize vast and accurate chemical data to predict the final products of 

reactions. Retro-synthesis Design: One of the standout features of IBM RXN is retro-synthesis. 

Users can input a specific product, and the tool suggests the raw materials and potential pathways 

for synthesizing it. This process directly uses deep learning to identify optimal synthesis 

routes.Simulation and Optimization of Reaction Conditions: The tool is capable of predicting 

optimal reaction conditions, including solvents, temperature, and catalysts. Neural networks, by 

analyzing data from similar reactions, propose conditions that yield the highest efficiency and the 

least amount of by-products.Ease of Use: This platform is free and web-based, requiring no 

programming knowledge or complex computations. Its simple interface allows students, 

researchers, and industry professionals to easily input reactions and view results. 

Applications 

Pharmaceutical Industry: Prediction of synthesis pathways for new pharmaceutical compounds. 

Advanced Organic Chemistry: Identification of optimal routes for the production of complex 

organic compounds. Chemistry Education: Interactive learning on how to synthesize materials 

and predict reactions. Scientific Research: Accelerating the discovery of new materials and 

modeling chemical reactions. 

Level of AI Integration 

IBM RXN follows some of the most advanced AI technologies, particularly in the fields of 

machine learning and natural language processing. Its primary goal is to simplify complex 
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chemical tasks that traditionally require a high level of expertise and knowledge. However, this 

tool still requires the knowledge and judgment of chemists, as results generated by AI models may 

sometimes require further review. 

Conclusion 

The IBM RXN for Chemistry tool, with its integration of artificial intelligence and deep learning, 

has revolutionized reaction prediction and synthesis pathway design. This platform not only 

reduces time and costs but also delivers unparalleled accuracy and speed in chemistry education 

and research. Its widespread adoption can open new horizons in science and industry, paving the 

way for innovation. 
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Introduction  

Meroterpenoids are a group of terpenoid-containing hybrid natural products with unique structural 

architectures and impressive pharmacological properties. Meroterpenoids can be classified based 

on their nonterpenoid moiety into polyketide-terpenoids, shikimate-terpenoids, and alkaloid-

terpenoids. These compounds are synthesized by a wide range of organisms, including bacteria, 
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fungi, algae, plants, animals, and marine organisms. Notably, meroterpenoids derived from 

chromane/chromene can be condensed with hemi-, mono-, sesqui-, and diterpenoid units; their 

presence has been observed in various organisms, such as tunicates (Botryllus), brown macroalgae 

(Sargassum, Cystoseira), and Rhododendron (Ericaceae), Sarcandra (Chloranthaceae), and 

Mimosa (Fabaceae) plant species [1]. Previous phytochemical studies of gum ammoniacum 

identified unique meroterpenoids derived from chromane [2,3], prompting us to further explore 

the plant's extract. 

Method 

Two kilograms of resin were ground and extracted three times by maceration with ten liters of 

ethyl acetate. The extract was concentrated under reduced pressure at 45° C to 860 grams and 

separated on a silica gel column using a gradient solvent system of n-hexane-ethyl acetate (95:5 to 

0:100), followed by an increasing concentration of MeOH (up to 40%) in ethyl acetate. Based on 

TLC analysis, fractions with similar compositions were combined, resulting in 18 main fractions 

(A1-A18). The third fraction (A3) was processed through a silica gel column using a gradient of 

n-hexane-chloroform (50:50 to 0:100), followed by an increasing concentration of MeOH (up to 

5%), resulting in 20 subfractions (B1-B20). Subfractions B3, B5, and B7 were individually 

analyzed using reversed-phase high-performance liquid chromatography with isocratic MeOH-

H2O (70:30) as the solvent, resulting in the isolation of fifteen pure sesquiterpene 2,4-

chromandiones from gum ammoniacum. 

 

Results and Discussion 

A phytochemical study of the ethyl acetate extract of gum ammoniacum using reversed-phase 

high-performance liquid chromatography led to the isolation of fifteen sesquiterpene 2,4-

chromandiones, including four primary structures and their stereoisomers. Among them, 

compounds 1-13 were reported as new compounds. Identification was achieved through NMR 

(1D-NMR, 2D-COSY, HSQC, HMBC, NOESY, and ROESY) and HRMS analysis. Their unique 

structures present significant opportunities for further exploration in the realm of chemical 

research and application.  
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Figure 1: Isolated compounds from gum ammoniacum 
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Introduction: Since the mid-1950s, metal oxides have been shown to effectively catalyze a wide 

range of chemical reactions. These catalysts include simple oxides such as silica, alumina, silica-

alumina, hydrotalcites, layered clays, zeolites, titania, zirconia, zinc oxide, and copper oxide, 

porous and mesoporous metal oxides such as MOFs, and complex oxides such as polyoxometalates 

(POMs) [1]. The performance of metal oxide catalysts depends on their nature, size, shape and 

surface area, and the relationships between them are influential in determining catalytic activity 

and selectivity. In recent years, mixed metal oxides have been widely studied as active phases and 

as substrates. The presence of two or more metal cations in mixed oxides provides an opportunity 

to control, design the morphology and properties of the materials and they are considered as 

substitutes for simple metal oxides [2]. In general, mixed oxides are crystalline, but their nature 

depends on the calcination temperature because at moderate calcination, some phases may remain 

amorphous. Considering their diverse properties and compositions, the advantages of crystalline 

mixed oxides are many [3]. The reason for the better catalytic activity of mixed metal oxides is 

related to the increase in active acidic or basic sites and their increased surface area, which reduces 

the reaction time and increases the reaction efficiency or conversion of reactants. The synthesis of 

2-amino-1,3,4-thiadiazole and its derivatives is of particular importance due to the high anticancer 

activity of these compounds. 2-amino-1,3,4-thiadiazole and its derivatives are used in the 

production of polymers, dyes, herbicides, and insecticides [4]. 

Method: First, monoaqueous citric acid was dissolved in deionized distilled water. Then, 25% 

ammonia solution was added dropwise to sharply increase the pH and form an ammonium citrate 

solution. Then, Cu(NO3)2·3H2O, Ni(NO3)2·6H2O, and Al(NO3)3·9H2O were each dissolved 

separately in deionized distilled water. After preparing the solutions, each of the metal nitrate 

solutions was added to the monoaqueous citric acid solution, which was being mixed by a magnetic 

stirrer, at an interval of 10 minutes, and the stirring process was carried out at room temperature 

for 3 hours. Mixing with stirring led to the formation of colloidal particles or sol. The resulting 

mixture was transferred into an oven and allowed to form a gel, which is a polymeric material, at 

a temperature of 120°C for 24 hours. Gel formation and drying occurred simultaneously in the 
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oven. Gel formation under heating conditions is known as xerogel. In this way, the hydroxyl groups 

were placed as bridges between the metals. The resulting material was thoroughly ground in a 

mortar and turned into powder. The resulting powder was transferred to an oven for calcination at 

a temperature of 600, 700, and 800 °C for one hour. 

Results and Discussion: First, a solution of metal nitrate salts, which acts as an oxidant, is 

prepared with a suitable solvent of water and monohydrate citric acid, which acts as a fuel. It is 

worth noting that ammonia is added to the solution to increase the pH and ammonium citrate is 

formed in the colloidal phase. After initial heating in an oven for 24 hours, the water in the solution 

is gradually removed and thickened. The resulting xerogel has connections between metal centers 

and oxygen in the form of oxygen-containing bridges, and metal-ligand polymers are produced. 

With a further increase in temperature, the complexing agent or fuel begins to burn in the oven. 

Energy is released from the exothermic reaction of metal nitrate and fuel, and the result of this 

ignition is the release of CO2, NO2 and H2O gases. In this way, a foam-shaped powder with a high 

volume that fills the entire container is obtained. In the calcination step, the metal hydroxide is 

converted to metal oxide, and this step affects the final properties of the nanoparticles, such as 

morphology, particle size, and purity. 

 

Scheme: Synthesis of 2-amino-1,3,4-thiadiazoles by NiCuAl2O5 nanocatalyst. 
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Introduction: Most corrosion inhibitors are organic molecules. Heterocyclic compounds 

containing nitrogen, sulfur, and conjugated double bonds perform best. Some 2-amino-1,3,4-

thiadiazole derivatives, including 2-amino-5-methyl-1,3,4-thiadiazole, 2-amino-5-ethyl-1,3,4-

thiadiazole, 2-amino-5-n-propyl-1,3,4-thiadiazole, and 2-amino-5-t-buthyl-1,3,4-thiadiazole have 

been introduced as corrosion inhibitors [1-3]. Compounds containing heterocyclic rings play an 

important role among organic compounds with pharmacological activity. 2-Amino-1,3,4-

thiadiazole are nitrogen and sulfur containing heterocyclic compounds that have wide applications 

as biologically active molecules and as useful intermediates in medicinal chemistry. 2-Amino-

1,3,4-thiadiazoles have been extensively studied due to their wide range of pharmacological 

activities. 2-Amino-1,3,4-thiadiazole derivatives can be considered as intermediates for the 

synthesis of drugs [4,5]. In the present study, 2-amino-1,3,4-thiadiazoles were synthesized by the 

reaction of thiosemicarbazide and benzoic acid derivatives in water solvent and in the presence of 

CuAl2O4@NiO nanocatalyst. The chemical structure of the synthesized compounds was confirmed 

using FT-IR, 1H NMR, and 13C NMR. 

Method: A mixture of thiosemicarbazide (9.11 g, 0.1 mol), benzoic acid derivatives (0.1 mol) and 

CuAl2O4@NiO nanocatalyst in 20 ml of distilled water was heated at 100 °C. After the reaction 

time, as monitored by TLC (ethyl acetate/n-hexane 3:5), the reaction temperature was reduced to 

25 °C. The 2-amino-1,3,4-thiadiazole derivatives were extracted with 30 ml of ethyl acetate three 

times and the organic phase was dried over Na2SO4. The ethyl acetate was separated from the 

product using rotary evaporation and the 2-amino-1,3,4-thiadiazole derivatives were obtained in 

74-90% yield. The 2-amino-1,3,4-thiadiazole derivatives were purified using ethanol. The 

CuAl2O4@NiO nanocatalyst was separated by centrifugation for reuse in subsequent reactions and 

washed several times with water, ethanol and ethyl acetate. Finally, the CuAl2O4@NiO 

nanocatalyst was dried at 120 °C for 2 hours. 

Results and Discussion: XRD technique was used to identify the crystal structure, determine the 

phase type and size of the nanocatalyst particles. According to the XRD pattern, it was determined 

that the CuAl2O4@NiO nanocatalyst is crystalline. The data were analyzed in the range of 10o to 

80o with a scan rate of 0.5 per second. Considering that urea was used as a fuel, stabilizer and 

reducer in the synthesis of CuAl2O4@NiO nanocatalyst, it had a significant effect on the size. The 
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size distribution, surface morphology and shape of the CuAl2O4@NiO nanocatalyst were 

investigated by scanning electron microscopy (FESEM), which revealed the nanostructure of the 

CuAl2O4@NiO catalyst. The BET technique was used to determine the porosity of the 

CuAl2O4@NiO nanocatalyst and to calculate its surface area. N2 adsorption and desorption 

isotherms were used to measure the size distribution, specific surface area, and pore volume of 

CuAl2O4@NiO nanocatalyst in K77. The pore size distribution and pore volume were calculated 

using the BJH method. The surface area was calculated using the BET equation. Before the BET 

experiment, the CuAl2O4@NiO nanocatalyst was degassed in vacuum at 120 °C for 4 h to remove 

the adsorbed moisture. The type (IV) adsorption isotherm in the range (2p/p0 0.990) confirmed the 

nature of the mesoporous sample. The hysteresis loop formed was of the H3 type and the pore 

shape was of the lamellar type. 

 

 

Scheme: Synthesis of 2-amino-1,3,4-thiadiazoles by CuAl2O4@NiO. 
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Introduction: Catalytic processes play an important role in the advancement of chemical and 

industrial reactions and these processes are widely recognized as the heart of some chemical 

reactions. It should be noted that the application of catalysts has now expanded from an academic 

research laboratory to an industrial unit [1,2]. In addition, catalysts are very important in chemistry 

and, most importantly, the synthesis of organic materials because these compounds can potentially 

accelerate the process and produce products effectively and sustainably [3]. The development of 

new, bio-stable and non-toxic catalytic materials for the synthesis of natural compounds, drugs 

and bioactive molecules is not possible without the use of some catalysts [4]. A good catalyst will 

guarantee the performance of a reaction with the lowest energy. In recent years, catalysts and 

catalytic processes have attracted much attention to themselves so that they can be used to prepare 

and produce useful materials in the pharmaceutical industry. Thus, it can be said that catalysts have 

become an integral part of medicinal chemistry in recent years and have been one of the most 

strategic technologies in this field in the current century [5]. In other words, the new era in organic 

chemistry has been driven towards a direction in which creative approaches are carried out with a 

focus on green chemistry and sustainable catalysts. 1,3,4-Thiadiazole structures, which are five-

membered heterocycles, have a wide range of biological activities. In this study, the synthesis of 

1,3,4-thiadiazole derivatives is described by oxidative cyclization. 

Method: Synthesis of NiAl2O4@CuO core-shell nanoparticles was prepared by impregnating 

NiAl2O4 nanoparticles with a secondary metal precursor. In other words, the NiAl2O4 

nanoparticles used as the core and the nitrate precursor used in the shell formed the final 

nanoparticle. Another important point in this regard was the molar ratio of nanoparticles to the 

precursor used, which should be 1:1. After the end of this process, the obtained solid was calcined 

at 500 °C. 

Results and Discussion: Bimetallic nanoparticles with heterogeneous composition in terms of the 

type of metals present in the clusters can play an important role in many fields of materials science 

due to their orbital properties and size-dependent characteristics. These nanoparticles can be the 

reason for these characteristics due to their unique electronic and magnetic properties resulting 

from the combination of two metals or their oxides in a matrix. These nanostructures can be 

composed of metal oxides in different ratios and include core-shell nanoparticles. Various methods 

have been proposed for the synthesis of these nanomaterials, including bottom-up and top-down 

methods. The conventional methods for the synthesis of core-shell structures include the sol-gel 
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method and co-precipitation. The orbital properties of these particles of these structures have led 

to these materials having wide applications in catalytic chemistry. A better investigation of the size 

of nanoparticles was also carried out using the dynamic light scattering (DLS) method. The particle 

size obtained in the dynamic light scattering method was slightly larger than the sizes obtained 

from the electron microscope. This can be related to the principle that in the dynamic light 

scattering method the particle size can be represented hydrodynamically. 

 

 

Scheme: Synthesis of 2-amino-1,3,4-thiadiazoles using NiAl2O4@CuO. 
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This study focused on developing a core-shell structured heterogeneous nanocatalyst, 

Fe3O4@Chitosan@CPTMS@Asparagine-Ag. It highlighted several essential features, including 

stability, magnetic properties, easy separation, and recyclability. The catalyst enhances product 

yield, reduces reaction time, and allows for straightforward separation using a magnet, facilitating 

subsequent washing and reuse without reducing its catalytic efficiency. Additionally, it shows 

promise in promoting environmentally friendly synthesis reactions, such as the production of 

Hantzsch compounds. The modification began with treating Fe3O4 as a magnetic core, applying 

Chitosan coating, then functionalization with 3-chloropropyltrimethoxysilane (CPTMS) and 

asparagine, and finally incorporating silver metal. Silver is renowned for its excellent catalytic 

properties, making it a preferred choice for environmental and industrial applications, further 

enhancing the magnetic nanocatalyst's overall performance [1, 2]. 
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Introduction 

2D MOFs have been used for photocatalytic reactions such as decomposition of water, catalysis 

of oxidation-reduction reactions exposed to light, oxidation and selective degradation of 

antibiotics, water decontamination. The catalytic performance is attributed to metal nodes and 

flexible ligands and large aspect ratio, which provides a high diversity and density of active sites 

during the photocatalytic process.  

Herein; the PMS (peroxymonosulfate)activation is catalyzed by NiZrCu-BDC 2D MOF structure 

which is synthesized via a simple ultrasonic route at room temperature. The attained 2D MOF is 

utilized in catalytic degradation of organic pollutants like 2,4-dichlorophenol(DCP). 

Method 

In a 100 mL beaker, 124.6 mg of terephthalic acid, 32 mL of DMF, and 2 mL of ethanol were 

combined and dissolved. Next, 116.3 mg of Ni(NO3)2·6H2O, 35 mg of ZrCl4, and 48.3 mg of 

Cu(NO3)2·3H2O were added, and the mixture was sonicated. Then, 0.8 mL of TEA was introduced, 

and the mixture was stirred. The beaker was sonicated continuously for 8 hours. Finally, the 

product was washed five times with ethanol and dried in an oven at 60 °C. 

Results and Discussion 

Scheme 1 presents the powder X-ray diffraction (XRD) patterns for NiZrCu-BDC and Cu-BDC. 

The XRD pattern of NiZrCu-BDC closely matches the simulated pattern for Ni-BDC, suggesting 

that the two-dimensional Ni-BDC is well crystallized. The primary diffraction peaks for all three 

catalysts are observed around 8.9°, corresponding to the characteristic (200) facet.  

Scheme 2 illustrates the Fourier transform infrared (FTIR) spectra for Cu-BDC, NiZr-BDC, and 

NiZrCu-BDC. The peak at 3610 cm−1 is attributed to the terephthalic acid linkers coordinating to 

metal ions. 
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Our study showed that the trimetallic MOF nanosheets (NiZrCu-BDC) perform better than the 

monometallic MOFs (Cu-BDC) in activating PMS for the effective oxidation of organic 

compounds in water. The activation of PMS takes place with the reaction between PMS and metal 

ions attended in the MOF structure, coupled with continuous redox cyclic reactions, which led to 

the generation of reactive oxygen species, primarily 1 O2 and O2 
•–.  

 

References:  

[1]  Xue, Y., Zhao, G., Yang, R., Chu, F., Chen, J., Wang, L., & Huang, X. (2021). 2D metal–

organic framework-based materials for electrocatalytic, photocatalytic and thermocatalytic 

applications. Nanoscale, 13(7), 3911-3936. 

[2]  Dhakshinamoorthy, A., Asiri, A. M., & Garcia, H. (2019). 2D metal–organic frameworks as 

multifunctional materials in heterogeneous catalysis and electro/photocatalysis. Advanced 

Materials, 31(41), 1900617. 

0 20 40 60 80 100

in
te

n
si

ty
 (

a.
u

.)

2ϴ (degree)

simulated
Cu-BDC
NiZrCu-BDC

0

50

100

150

200

250

300

350

0 1000 2000 3000 4000 5000

Tr
an

sm
it

ta
n

ce
 (

%
 a

.u
.)

 

Wavenumber(cm-1)

NiZrCu-BDC

NiZr-BDC

Cu-BDC

Scheme 1. Comparison XRD patterns of as-synthesized 2D-MOFs. 

Scheme 2. Comparison FTIR spectrum of as-synthesized 2D-MOFs 



473 

 

 

[3]  Hu, M., Liu, J., Song, S., Wang, W., Yao, J., Gong, Y., ... & Li, Z. (2022). Ultra-thin two-

dimensional trimetallic metal–organic framework for photocatalytic reduction of CO2. ACS 

Catalysis, 12(5), 3238-3248. 

[4]  Wang, Q., Lu, J., Jiang, Y., Yang, S., Yang, Y., & Wang, Z. (2022). FeCo bimetallic metal 

organic framework nanosheets as peroxymonosulfate activator for selective oxidation of 

organic pollutants. Chemical Engineering Journal, 443, 136483. 

 

 

 

 

Efficient niobium-ionic liquid based heterogeneous nanocatalyst for selective 

oxidation of sulfides to sulfoxides 

Hamed Gholami, Maryam Hajjami* 

Department of Organic Chemistry, Faculty of Chemistry and Petroleum Sciences, Bu-Ali Sina 

University, Postal code 6517838683, Hamedan, Iran. hamedgholamichemistry@gmail.com, 

m.hajjami@basu.ac.ir & mhajjami@yahoo.com  

Keyword: Niobium, Oxidation of sulfides, Nanocatalyst, Biochar 

Since the oxygenated products are useful as platform commodities and specialty chemicals, liquid-

phase selective oxidation of organic substrates is an important reaction [1]. Sulfoxides and sulfones 

are useful organosulfur compounds as synthetic intermediates for natural products and biologically 

important molecules [2], ligands used for asymmetric catalysis [3], and oxygen atom donors [4]. 

Niobium compounds and materials are shown to be useful as promoters and supports of catalysts 

and as unique solid acid catalysts, selective oxidation catalysts and photosensitive catalysts. In this 

study, first biochar was formed out of biomass in high temperature. Afterwards, the surface of 

biochar was modified with ionic-liquid and NbCl4 to obtain niobium catalyst. The ideal oxidation 

reaction was performed in absence of solvents and room temperature (25°C), with high yield. As 

result Methylphenylsulfoxide, Ethylphenylsulfoxide, Benzylphenylsulfoxide, Dibutylsulfoxide, 

and Diphenylsulfoxide were synthesized with the help of catalyst. 

 

 

Scheme: Oxidation of sulfides in the presence of niobium-IL-Biochar nanocatalyst. 
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The advantages of this work include easy catalyst preparation, separation and reusability, selective 

and highly efficient reactions with short reaction time. 
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Introduction: Green Chemistry seeks to reevaluate and innovate chemical products and synthesis 

methodologies to mitigate detrimental effects on human health, animal welfare, and ecological 

systems. Since its introduction in the 1990s by Paul Anastas and John Warner, progress has been 

made in addressing the dangers of toxic chemicals and promoting sustainable practices. Examples 

include safer insulating foams and reduced fossil fuel use. Nevertheless, there remains a substantial 

necessity for the implementation of more sustainable methodologies in both chemical 

manufacturing and agricultural practices to mitigate ecological degradation(Kadam & Bhangale, 

2024(. One way to achieve green chemistry goals is to use of nanocatalysts in the synthesis of 

multicomponent reactions(Zolfagharinia et al., 2020).Sulfated nanocatalysts have many 
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applications in medical field, pollution control, energy storage and as catalysts in important 

reactions( Lowe et al.,2022). Zirconium oxide (Zirconia) can be transformed into an acidic catalyst 

by adding sulfate ions. The performance of these catalysts can be enhanced with noble metals like 

platinum and nickel , which also alter their surface properties. Key factors influencing sulfated 

zirconia catalyst performance include calcination temperature and sulfur concentration(Hsu et 

al.,2009). 

As part of our initiative toward green synthesis and ongoing research into utilizing eco-friendly, 

recyclable, and efficient heterogeneous catalysts for the Biginelli reaction, we aim to present 

NiO/ZrO2-SO4 as catalyst for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones. These 

compounds are produced via the reaction of various aromatic aldehydes (1a-m), urea (2), and ethyl 

acetoacetate (3).  

---- solvent free 80 °C  ----------->                                                                                                        

Preparation of NiO/ZrO2-SO4 nanocatalyst: Initially, 40 mmol of sulfuric acid was mixed with 

2 cc of oleaster extract. Then, nickel acetate and zirconium chloride were added to the solution, 

and the mixture was stirred for one hour until a yellow, gelatinous mixture formed. The mixture 

was filtered and dried at 80°C. Finally, the dried precipitate was calcined at 500°C for 4 hours. 

General procedure for preparation of 3,4-dihydropyrimidin-2-(1H)-ones: In a reaction vessel, 

urea (1 mmol), ethyl acetoacetate (1 mmol), and aromatic aldehyde (1 mmol) were introduced in 

the presence of the NiO/ZrO2-SO4 nanostructured catalyst (0.1 mmol) while employing magnetic 

stirring at a temperature of 80 °C for an appropriate duration. The advancement of the reaction 

was monitored utilizing thin layer chromatography (TLC). Upon the completion of the reaction, 

the resulting mixture was subjected to washing with hot ethanol and subsequently centrifuged 

multiple times, with the hot ethanolic solution being transferred to a beaker after each 

centrifugation. The crude product was amassed within the beaker, recrystallized using ethanol, and 

subsequently washed with cold ethanol before being dried. 

Results and Discussion: 

 

As outlined in Table, the reaction of benzaldehyde, ethyl acetoacetate, and urea was tested using 

various solvents, catalyst quantities, and temperatures with NiO/ZrO2-SO4 nanostructures as 

catalysts. When performed with different solvents and under reflux at varying temperatures, the 

reactions resulted in slow progress, low yields, and the formation of side products. However, 

conducting the reaction under solvent-free conditions at 80 °C yielded the best results, with no 

side products and significant improvements in both yield and reaction time. Finally, evaluating 
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catalyst quantities of 5, 10, 20, and 30 mol% identified 10 mol% (0.1 mmol) as the optimal amount. 

The experiment is ongoing, and the final results will be announced at the time of the presentation. 
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Introduction: Inflammation is a natural defense response of the body against many types of internal 

and external stimuli. Prolonged inflammation is often associated with the pathogenesis and 

progression of cancer, arthritis, autoimmunity, cardiovascular problems, and neurological 

disorders. Cyclooxygenase enzymes are key inflammatory markers because they catalyze the 

production of prostaglandins. Nonsteroidal anti-inflammatory drugs (NSAIDs) act by inhibiting 

the activity of cyclooxygenase enzymes, namely the COX-2 and COX-1 isoenzymes, in a selective 

and nonselective manner. Diaryl heterocyclic Compounds are a common and important scaffold 

in many specific COX-2 inhibitors because of their greater selectivity for this enzyme. They have 

better enzyme and safety profiles, which is why they have been studied in different central ring 

pharmacophore formats. In this study, based on the structure-activity relationship of selective 

cyclooxygenase-2 inhibitors, new 1-alkyl-2-aryl-tetrahydroindole derivatives were designed and 

synthesized as selective cyclooxygenase 2 inhibitors. 

Method: Target derivatives were synthesized in two steps. In the first step, methyl sulfonyl 

phenacyl bromide, dimedone and potassium carbonate were mixed together at room temperature 

in a small amount of dry chloroform. After the completion of the reaction, the resulting precipitates 

were filtered, dissolved in water and then acidified. Finally, the precipitates were crystallized with 

ethanol. In the second step, the amine derivatives were added to the intermediate obtained from 

the previous step in a mixture of water and ethanol and the solution was refluxed. After the 

completion of the reaction the resulting precipitates were filtered and crystallized with methanol-

acetone. 

Result and Discussion: A series of novel 1-alkyl-2-aryl-tetrahydroindole derivatives were 

synthesized in good yields and the structure of the compounds was confirmed by FT-IR, 1HNMR 

and MASS spectroscopy. In this study new derivative of 1-alkyl-2-aryl-tetrahydroindole was 

synthesized in two steps according to the structure activity relationship of selective COX-2 

inhibitors. Molecular structure of the synthesized compounds was confirmed by FT-IR, 1HNMR 

and MASS spectroscopy. 

 

 

K2CO3/CHCl3 

EtOH/H2O 
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Introduction:The non-steroidal-anti-inflammatory drugs(NSAIDs) that act via inhibition of the 

cyclooxygenase(COX) enzyme,are widely used as anti-inflammatory agents.However the 

gastrointestinal toxicities associate with wide-spread use of NSAIDs proved to be a major problem 

during long therapy,they are due to the inhibition of gastroprotective PGs synthesized through the 

COX-1 pathway. Thus selective inhibition of COX-2 over COX-1is useful for the treatment of 

inflammation.In this study novel diaryl tetrahydroindole derivatives were designed and 

synthesized according to the structure activity relationship of selective COX-2 inhibitor. 

 

Method:In the first step methylsulfonyl phenacyl bromide and dimedone were stirred in dry 

chloroform in the presence of K2CO3 as a catalyst at room temperature. After completion of the 

reaction the resulting precipitates were filtered and dissolved in water,then acidified and finally 

the resulting product was filtered and crystallized with ethanol .In the second step,aniline 

derivatives were added to the resulting product from the previous step in a mixture of water and 

ethanol.The solution was refluxed for 48 hours.After that the precipitates were filtered and 

crystallized with acetone-methanol. 

Result and Discussion: In this study,new diaryl tetrahydroindole derivatives were 

designed,synthesized and purified.The structure of the synthesized compounds was confirmed by 

FT-IR,1HNMR and mass spectroscopy.The COX-2 inhibitory activity of the target compunds is 

under investigation. 
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Body Text: Oxytetracycline (OTC) is a widely used antibiotic for treating infections in both 

humans and animals, yet it remains in wastewater, creating health hazards for people and 

ecosystems. Researchers are exploring different treatment approaches for Oxytetracycline 

residues. Conventional techniques such as adsorption and biochemical processes are expensive 

and ineffective, possibly leading to secondary pollution. Advanced oxidation processes (AOPs), 

especially semiconductor photocatalytic degradation, have surfaced as effective solutions because 

of their high efficiency and minimal toxicity[1] . Global attention has turned to environmental 

issues, especially regarding micropollutants that threaten ecosystems and human health. Advanced 

oxidation processes (AOPs) efficiently tackle these pollutants by employing generated radicals to 

break them down into CO2 [2]. Biochar, a valuable carbon-rich product, is created through the 

pyrolysis of various biomass precursors such as corn stalks, rice husks, Grape waste-Derived and 

coconut shell. It showcases excellent characteristics, including a large surface area, high porosity, 

stability, and retention of nutrients and water, making it valuable for multiple applications [3],[4]. 

Converting organic waste into biochar benefits both environmental remediation and sustainable 

waste management. Often produced as a green alternative to activated carbon for wastewater 

decontamination, biochar production relies on pyrolysis, a method favored for its ability to 

preserve carbon and recover energy. The efficiency of biochar production depends on the 

characteristics of the organic waste and specific pyrolysis conditions, categorized into slow, fast, 
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and flash pyrolysis based on temperature and processing duration, yielding biochar, bio-oil, and 

gas, respectively [5 ,6].  

10g Grape waste-Derived underwent hydrothermal carbonization at 200°C with 10 g of water for 

12 hours in autoclave. The solid product was filtered, washed with 100 ml of water and dried at 

100◦C for 24 h. Samples were ground with KOH (KOH / sample = 2 by weight) and heated at 

5°C/min to 800°C under N2 for 1 hour. They were then washed with 10 wt% HCl and boiling 

distilled water until conductivity was below 2 μS-1 Finally, they were dried at 100°C for 24 

hours[7]. 

Scheme 1 : EDX spectrum of Grape waste-Derived 

 

The EDX analysis shows thats Grape waste-Derived consist of organic materials with a high 

percentage of carbon and oxygen. 
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Sulfoxides are one of the most important functional groups in organic chemistry and are found in 

many pharmaceuticals and natural products. Sulfoxides are usually obtained from the oxidation of 

the corresponding sulfides [1]. The use of magnetic nanocatalysts is a rapidly growing area for 

developing sustainable and green processes. Magnetic separation not only eliminates the need for 
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filtering or centrifuging the catalyst after the reaction is completed but also provides practical 

methods for recovering these catalysts [2,3]. 

In this project, the magnetic Tin Ferrite nanocatalyst, after achieving optimal conditions, showed 

good performance in sulfide oxidation reactions. The resulting catalyst was investigated using 

various analyses such as IR, XRD, SEM, EDS, ICP, and TGA. After the synthesis of each 

compound, the synthesized structures were identified and confirmed using instrumental analysis 

methods such as IR and NMR, as well as melting point measurements. (Scheme 1).

 

Scheme 1. Oxidation of sulfides to sulfoxides 
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Oxytetracycline (OTC), a prevalent antibiotic in both medical and agricultural domains, presents 

considerable threats as an organic contaminant in aquatic environments, raising alarms regarding 

antibiotic resistance and public health risks, while its resistance to conventional wastewater 

treatment underscores the critical necessity for innovative and sustainable remediation 

strategies[1]. Advanced oxidation processes (AOPs) and reactive oxygen species (ROS) such as 

hydroxyl radicals (OH•), sulfate radicals (SO4
•), and superoxide radicals (O2

•) are highly efficient 

at breaking down organic compounds in wastewater, demonstrating significant promise in recent 

studies. The sulfate radical (SO4
•) is primarily produced by activating peroxymonosulfate (PMS) 

and peroxydisulfate (PDS) using ultraviolet (UV) irradiation[2]. Single atom catalysts (SACs) are 

a type of catalyst in which single catalytically active metal atoms are attached to the substrate and 

interact with the reactants. Normally, the valence of the metal at the surface of the substrate should 

be zero, but the zero valence metal atom is unstable. For this reason, the metal atom is placed on 

the substrate through ionic or covalent interaction with surface atoms or through ligands to remain 

fixed. It should be noted that in this type of catalysts, metal ions have a positive charge and the 

substrate has a negative charge. Due to the strong bond between the single metal atom and the 

supporting substrate, charge transfer and separation is facilitated in these compound particles[3]. 

In this research, considering the significant potential of single atom catalysts in photocatalytic 

processes, a single atom catalyst based on iron and graphitic carbon nitride (Fe/g-C3N4( was 

designed. The designed Fe/g-C3N4 catalyst has the ability to coordinate with Fe(II) and Fe(III) due 

to the presence of six electron pairs of nitrogen in the heptazine and triazine rings. This catalyst 

has been used to activate PDS for the degradation of OTC antibiotics (Scheme1). XRD, EDS, FT-

IR and UV Spectroscopy were employed to characterize and elucidate the properties of the 

catalyst, facilitating its identification and providing insights into its structural and compositional 

attributes[4, 5]. 
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Scheme1. UV results from OTC degradation using the prepared photocatalyst during 120 min of 

reaction 
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Materials 

Introduction 

The increasing contamination of water by heavy metal ions highlights the urgent need for efficient 

and sustainable remediation strategies due to their toxicity, persistence, and bioaccumulative[2-3] 

nature[1]. In this study, a bimetallic Cu/Ni-based metal-organic framework (MOF) was synthesized 

using benzene tricarboxylic acid as the organic ligand under solvothermal conditions. The 

synthesized MOF was subsequently pyrolyzed at 500°C under an inert nitrogen atmosphere to 

enhance its structural stability, thermal resistance, and surface properties. Characterization 

techniques, including XRD, FTIR, and SEM confirmed the successful conversion of the MOF into 

a porous carbonaceous composite with well-dispersed Cu and Ni active sites. These features 

significantly increased the active site availability, making it highly suitable for adsorption. 

Adsorption experiments demonstrated high removal efficiencies for  heavy metal ions in aqueous 

solutions, with the performance attributed to the synergistic effects of the bimetallic centers, 

enhanced porosity, and functionalized carbon matrix applications.  

 

Scheme1: Schematic representation of the synthesis and pyrolysis process for Cu/Ni-based MOF 
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The removal of heavy metal ions from water is crucial due to their harmful environmental and 

health impacts. Among various materials, Metal-Organic Frameworks (MOFs) have gained 

attention for their high surface area, tunable structures, and functional properties. [1] Functional 

MOFs, especially those incorporating amino acids, offer enhanced adsorption capabilities for 

specific ions. [2] This study explores the potential of a mixed linker Zr-MOF 808 for the effective 

removal of arsenic (As) ions from contaminated water. [3] 

The Zr-MOF 808 was synthesized using a mixed linker approach, incorporating benzene 

tricarboxylic acid and histidine amino acid-based linker. Characterization techniques, including 

XRD, FT-IR, BET and TGA were used to confirm the structure of the MOF. The arsenic ion 

removal process was evaluated under varying conditions of pH, contact time, and concentration, 

using batch adsorption experiments via ICP. 

The mixed linker Zr-MOF 808 exhibited superior performance in arsenic removal, with a high 

removal efficiency and selectivity over other common metal ions up to 85%. The material 

demonstrated remarkable stability and recyclability, maintaining high performance even after 

multiple reuse cycles.  

 

Scheme1: Heavy metal removal via mixed linker Zr-MOF 
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Introduction: 

Metal-organic frameworks (MOFs) are innovative porous materials formed by metal ions or 

clusters linked with organic ligands. They exhibit remarkable structural diversity and high surface 

areas, making them valuable for various applications. Among the diverse types of MOFs, those 

incorporating sulfur-based ligands have gained attention due to enhanced stability and reactivity. 

Sulfur integration within the organic linkers modifies the frameworks' physicochemical properties, 

increasing their catalytic activity and broadening their potential applications, including in 

environmental remediation, gas storage, catalysis, energy storage, and biomedicine.1, 2 

A notable example is HKUST-1, or Copper Benzene-1,3,5-tricarboxylate, recognized for its 

significant surface area and durability. Recent modifications to HKUST-1 with sulfur-containing 

ligands have further improved its properties, enhancing its catalytic efficiency and adsorption 

capabilities. This article investigates the synthesis and structural attributes of sulfur-modified 

HKUST-1, emphasizing its superior catalytic performance, gas adsorption, and potential in water 

purification and biomedical applications. The insights gained aim to leverage these advancements 

to tackle contemporary challenges and foster innovation across varied fields.3-5 

Method:  

 Synthesis of Ligands SH-1 and SH-2: The synthesis of the sulfur-containing ligands SH-1 and 

SH-2 was conducted as follows: In a 100 mL round-bottom flask, 1 mmol of thiosemicarbazide 

(Merck, 97% purity) was dissolved in hot methanol at 80°C. Subsequently, 3 mmol of either 4-

pyridine carboxaldehyde (Merck) for SH-1 or 4-methylpyridine carboxaldehyde (Merck) for SH-

2 was added to the flask. The reaction mixture was refluxed at this temperature for 6 hours, during 

which a light yellow precipitate formed. This precipitate was collected by filtration and washed 
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thoroughly with methanol to remove any unreacted starting materials. The purity and structural 

confirmation of the synthesized ligands were assessed using 1H NMR spectroscopy and infrared 

(IR) spectroscopy. 

 Preparation of HKUST-1: The synthesis of HKUST-1 was carried out following established 

protocols4 with modifications for a post-synthetic ligand exchange. Initially, 300 mg of HKUST-

1 was treated with 1 mL of 0.1 M HCl. Subsequently, a solution containing either SH-1 or SH-2, 

dissolved in 10 mL of distilled water, was added to the HKUST-1. The mixture was left to react 

for three days, allowing for the incorporation of the ligands into the metal-organic framework. 

Post-reaction, the modified HKUST-1 (referred to as HS-1 and HS-2) was thoroughly washed with 

distilled water and methanol to eliminate any unbound ligands. Finally, the materials were dried 

in a preheated oven at 80°C for 24 hours to ensure complete removal of solvents. 

Result and discussion: 

The synthesis of two novel sulfur linkers, designated as SH-1 and SH-2, was confirmed using 
1HNMR and IR spectroscopy. The 1H NMR spectrum, recorded in DMSO, displayed chemical 

shifts at 12 ppm (1H), 10 ppm (1H), and peaks between 6-8 ppm (6H) and at 1 ppm (6H). Infrared 

spectroscopy revealed characteristic absorption bands at 800 cm⁻¹ and around 1800 cm⁻¹, 

indicative of C=S functional groups. The modification of HKUST was conducted via the post-

synthesis modification (PSM) approach, and the results were corroborated using 1HNMR, IR 

spectroscopy, and thermal gravimetric analysis (TGA). The powdered X-ray diffraction (PXRD) 

patterns of HS-1 and HS-2 exhibited a remarkable similarity to the simulated PXRD pattern of the 

synthesized HKUST, confirming that the crystal structure and packing of the HKUST framework 

remain stable after the incorporation of the second linker. The TGA analysis of HS-1 and HS-2 

identified four distinct weight-loss steps. The first step was attributed to the release of encapsulated 

solvents, such as methanol and water, from the pores. The second step corresponded to the loss of 

the introduced linkers (SH-1 and SH-2), while the third step involved the degradation of the BTC 

linker, and the final step was linked to the metal cluster decomposition. Utilizing sulfur linkers in 

the HKUST metal-organic framework significantly enhanced the adsorption capacity for heavy 

metals, including Hg²⁺ and Pb²⁺. This increase in adsorption efficacy was demonstrated through 

UV-Vis spectrophotometric analysis conducted over time intervals of 1, 3, and 5 hours. 
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Due to global concerns about energy demand and environmental problems caused by fossil fuels, 

researchers are looking for clean and renewable biofuels. Biodiesel is known as one of the most 

important of these fuels, which has attracted much attention due to its biodegradability and ability 

to reduce greenhouse gas emissions. This fuel is produced through the transesterification reaction 
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of vegetable oils or animal fats with alcohol and is usually carried out in the presence of acid, base, 

or enzyme catalysts [1]. Magnetic heterogeneous catalysts have many advantages over 

homogeneous catalysts. These nanoparticles are well dispersed in solution in the absence of an 

external magnetic field and provide a large surface area for the access of reactant molecules. Also, 

the easy separation of these catalysts is another advantage [2]. In this regard, a new and 

environmentally friendly magnetic nanocatalyst (SrFe2O4) was synthesized and characterized by 

various techniques. High activity under mild conditions and simple recovery from the reaction are 

suitable features of this magnetic heterogeneous catalyst (Scheme 1), The yield of methyl ester 

products with a catalyst amount of 0.03 in various derivatives is between 77 and 86 percent. 

 

 

Scheme 1. Esterification of Oleic Acid 
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In recent years, magnetic nanocatalysts have become increasingly important and are recognized as 

an excellent option for catalyst immobilization. These magnetic nanocatalysts have various 

applications, including serving as adsorbents for dyes and pollutants in wastewater, acting as drug 

carriers, and being used as catalysts in various organic reactions [1]. In this project, we focused on 

the magnetic nanocatalyst SnFe2O4 and its application in cross-coupling reactions. Cross-coupling 

reactions, such as the Suzuki and Stille reactions, are considered fundamental methods in modern 

synthetic organic chemistry. These reactions have a wide range of applications in both academic 

and industrial fields, particularly in the production of drugs, pesticides, chemicals, polymers, liquid 

crystal materials, and advanced materials [2,3]. This project aims to address the challenges 

associated with the synthesis of biphenyl compounds through cross-coupling reactions, such as 

long reaction times, low yields, and the necessity of organic solvents for catalyst separation. By 

utilizing the proposed catalyst, we hope to overcome these issues. Heterogeneous palladium 

nanocatalysts immobilized on tin ferrite magnetic nanoparticles were characterized by various 

techniques such as FT-IR, TGA-DSC, EDX, ICP-OES, Elemental Mapping, SEM, TEM, and 

VSM. (Scheme 1). 

 

Scheme: Suzuki reaction 
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Deep eutectic solvents consist of a hydrogen bond donor (HBD) and a hydrogen bond acceptor 

(HBA) component that can be used as catalysts in reactions. The use of deep eutectic solvents as 

acid catalysts has several advantages, including non-toxicity, catalytic activity similar to or higher 

than that of the acid itself, and the possibility of recovery and reuse without significant loss of 

activity. If both components of the DES are from natural sources, they are called Natural Deep 

Eutectic Solvents (NADES). NADES are mainly formed by natural molecules such as amino acids, 

primary metabolites such as sugars, or organic acids through the complexation of HBA and HBD 

[1-2]. In this project, a cheap, simple, and non-toxic method for the synthesis of 

benzo[4,5]thiazolo[3,2-a]-pyrimidin derivatives was considered using a NADES catalyst. The 

structure and properties of the NADES catalyst were investigated by FT-IR, TGA/DTA, 

condensation, eutectic point, and 1HNMR. Among the advantages presented by this study, we 

mention the reaction in solvent-free conditions (reduction of pollution), short reaction time, high 

productivity, easy recycling and separation of the catalyst, as well as high selectivity (Scheme 1). 

 

Scheme 1.Synthesis of derivatives of benzo[4,5]thiazolo[3,2-a]-pyrimidin 
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The degradation of pharmaceutical pollutants, such as oxytetracycline hydrochloride 

(OTC), in aqueous environments has become a pressing environmental concern. OTC, a frequently 

used antibiotic, can persist in water bodies, posing risks to aquatic life and human health[1].Among 

various techniques,utilizing porous carbon materials derived from biomass for drug degradation 

has garnered significant attention due to their extensive surface area, customizable pore structure, 

and eco-friendly attributes[2]. Biomass,being a renewable and plentiful resource, presents a 

promising starting point for the creation of functional carbon materials. Converting agricultural 

waste into useful products addresses waste management issues while also promoting the circular 

economy[3]. In recent times, different biomass sources have been investigated for the generation 

of activated carbon, such as tea waste, wood, sesame residue and agricultural byproducts[4]. 

Sesame (Sesamum indicum) is a primary oil crop widely cultivated in various regions, resulting in 

substantial quantities of residual biomass in the form of leaves and stems. Currently, these by-

products are often discarded or incinerated, which not only contributes significantly to 
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environmental pollution but also represents a considerable waste of valuable resources. Notably, 

the discarded sesame biomass is rich in cellulose, hemicellulose, and lignin. Consequently, 

utilizing sesame straw to develop high-performance biomass-based adsorbents for the removal of 

antibiotics from water presents a significant opportunity. Such an approach would provide an 

economical and effective raw material for water purification efforts. The preparation of porous 

carbon from biomass generally entails carbonization and then activation. The chemical activation 

process that follows, frequently using potassium hydroxide (KOH), improves the porosity and 

surface area of the carbon material[5]. Recent studies have demonstrated that biomass-derived 

porous carbons exhibit significant adsorption and catalytic properties, making them suitable for 

wastewater treatment application [6]. 

In this method, pre-carbonization is conducted in conjunction with activation using potassium 

hydroxide (KOH). The powdered sesame residue is subjected to direct flame exposure, after which 

the resultant carbonized material is collected. Following this, the carbonized material undergoes 

activation with KOH. The mixture is then heated within a horizontal tube under a nitrogen 

atmosphere to facilitate the activation process. Finally, the activated material is immersed in 1 M 

hydrochloric acid (HCl), washed with distilled water to remove potassium species, and 

subsequently dried in an oven to yield the final activated carbon product[7]. 

 

Scheme 1 : EDX spectrum of Sesame residue -Derived 

The EDX analysis shows thats Sesame residue -Derived consist of organic materials with a high 

percentage of carbon and oxygen. 
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Incorporating a polymer coating onto Fe3O4 magnetic nanoparticles significantly enhances their 

surface characteristics for application in catalytic systems.[1] In this study, a novel core-shell solid 
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acid featuring a magnetic core and a sulfonated polymeric shell, Mag-BuSO3H, has been 

effectively designed, characterized, and synthesized. The Mag-BuSO3H solid acid exhibits good 

to excellent catalytic performance for the synthesis of various pyrazole derivatives in ethanol at 

room temperature as showed below. The synthesized solid acid can be easily separated from the 

reaction medium using a permanent magnet, allowing for its recovery and reuse. The innovative 

structure of the Mag-BuSO3H solid acid may also be utilized to develop other green and reusable 

catalytic systems.  
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Abstract-In this study, a dye-sensitized solar cell (DSSC) was designed based on porphyrin dye 

and ZnO nanomaterial. The porphyrin dye was analyzed using UV/Vis and FTIR spectroscopy, 

which indicated the successful synthesis of porphyrin dye.  A crystalline layer of ZnO was 

deposited on the surface of fluorine-doped tin oxide (FTO) transparent conductive oxide (TCO) 

substrate and the obtained results show that the porphyrin dye can be used as a sensitizer in the 

fabricated dye-sensitized solar cell due to appropriate anchoring functional groups, donor and 

acceptor in its molecular structure. 
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1. Introduction 

The industrialization of advanced countries, imposes the demand for fossil fuels to be replaced 

with renewable energy sources, and need for their application in societies is increasing, rapidly. 

The photovoltaic cells as an electronic component that converts sunlight photons to electricity 

directly, work based on the photovoltaic effect which in their third generation, dye-sensitized solar 

cells (DSSCs), have attracted considerable attention due to their cheap manufacturing 

processing[1]. The operation of the solar cell begins with the absorption of light and continues 

with the separation of the opposite charge carriers and the flow of the carriers in the external 

circuit[2]. Organic and organometallic sensitizers provide cheaper and easier synthesizing 

opportunities. For these dyes with main advantages such as high molar extinction coefficients, 

simple modeling, and easy synthesis, easily adjustable adsorption energies, the ability to integrate 

into thin solid-state electrolyte cells, and low cost. A large number of organic sensitizers have been 

studied for DSSCs, the most promising of which are coumarins, porphyrins, and indoline dyes. 

Among them, the molecular structure of a porphyrin dye consists of four meso and eight beta 

positions, which can serve to function as one or more linkers containing carboxylic acids that play 

as anchors to the surface[3]. Applying ZnO nanoparticles as less toxic n-type semiconductor 

materials as substrates for dye sensitization, and wide band gaps have been at the core of interests 

of fabrication DSSCs [4]. In this work, the DSSCs were fabricated following instructions as:1) 

Photoanode, which consists of a semiconductor such as TiO2 or ZnO placed on a conductive glass 

substrate. 2) porphyrin dye as a sensitizer 3) Iodide/triiodide electrolyte, 4) A counter electrode 

like platinum-coated FTO sheets[5]. 

2. Experimental 

2.1.Preparation of [5,10,15,20-Tetrakis(4-carboxyphenyl)porphyrinato]-Fe(III) Chloride 

The obtained ester (0.75 g) was stirred in THF (25 mL) and MeOH (25 mL) mixed solvent, to 

which a solution of KOH (2.63 g, 46.95 mmol) in H2O (25 mL) was introduced. This mixture was 

refluxed for 12 h. After cooling down to room temperature, THF and MeOH were evaporated. A 

solution of TCPP 0.854 g (1.0 mmol) and FeCl2·4H2O (2.5 g, 12.8 mmol) in 100 mL of DMF was 

refluxed for 6 h. After the mixture was cooled to room temperature, 150 mL of H2O was added. 

The resultant precipitate was filtered and washed with 50 mL of H2O for two times. The obtained 

solid was dissolved in CHCl3, followed by washing three times with 1 M HCl and twice with 

water. The organic layer was dried and evaporated to afford quantitative dark brown crystals[6]. 

2.2. Preparation of ZnO 

Dissolve 3.7 grams of zinc acetate dihydrate in 350 ml of distilled water and stir for 10 minutes. 

Add 2.8 g of hexamine and 0.09 g of sodium citrate to the solution and stir for 1 h. Place the 

solution in a water bath at 90°C for 6 hours until a white precipitate of zinc oxide nanoparticles is 

formed. Wash the sediments five times with ethanol and dry them in an oven at 60°C for 12 h[7]. 

3. Results and discussion 
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3.1. Energy Conversion Efficiency 

The overall solar conversion efficiency (ƞ) represents the amount of incident radiation the device 

can convert into electrical power. Equation (1) reports the most commonly known expression of 

the overall conversion efficiency for Dye-sensitized solar cells: (1)η=(Jsc.Voc.FF)/Pin where Jsc is 

the photocurrent produced per unit area (mA cm-1) under illumination, at shortcircuit conditions, 

while Voc is the potential difference between the quasi-Fermi level of the semiconductor and the 

redox couple at open-circuit conditions. FF, the fill factor, expresses the relative area between an 

imaginary rectangle representing the maximum power obtainable from the cell in ideal conditions, 

and the one drawn to get the maximum area inside the real J-V curve. According to Figure 1 and 

the mentioned formula, the energy conversion efficiency of the solar cell is equal to 0.095%. 

 

Fig. 1: I–V curve of the Fe-TMCPP Porphyrin-based DSSC 

3.2.UV/Vis spectroscopy 

The UV-Vis spectrum of Fe-TMCPP (Figure. 2) demonstrates significant peak shifts compared to 

the metal-free porphyrin, reflecting changes in the electronic structure upon metalation. The 

variations in peak intensity and the emergence of new features (as highlighted in Figure 2) indicate 

enhanced electronic transitions and altered molecular symmetry due to Fe(III) coordination. 
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Figure. 2: UV-Vis absorption spectra of TMCPP (black line) and Fe-TMCPP (red line). The 

comparison illustrates the spectral differences. 

3.3.FT-IR spectrum 

The FT-IR spectrum of Fe-TMCPP (Figure. 3) is expected to exhibit shifts in porphyrin core 

vibrations (C=C and C=N at 1500–1600 cm⁻¹) and broadening of carboxylic acid O–H and C=O 

bands (2500–3300 cm⁻¹ and 1700–1750 cm⁻¹). Metal-ligand interactions (Fe–N) likely appear 

below 600 cm⁻¹ (see Figure 3), confirming the successful incorporation of Fe(III). 

 

Figure. 3:  FT-IR spectrum of Fe-TMCPP 

Conclusion 

This paper investigates the use of Fe-TMCPP porphyrin as DSSC and the results show that these 

porphyrin dyes can be used as a sensitizer with appropriate photovoltaic parameters such as short-

circuit current, open-circuit voltage, and power conversion efficiency. 
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Abstract  

A biocompatible hybrid hydrogel adsorbent was prepared by chemically grafting aspartic acid 

(AA) with pectin (Pc) and hybridizing it with polyacrylic acid (PAAc) using a high-energy electron 

irradiation method[1-3]. The chemical structure of the hybrid hydrogel was evaluated through 

FTIR, SEM, EDX, TGA and XRD. The ability of hydrogels to recover uranium from aqueous 

solutions was investigated. The results of this work introduced a new efficient adsorbent with 

biocompatibility and biodegradability properties for the practical applications of removing 

uranium from aqueous wastes. 

Introduction 

There are various techniques to remove various organic and inorganic pollutants from water 

resources such as surface adsorption, membrane filtration, flocculation/coagulation, biological 

processes, electrolysis, photochemical degradation, chemical precipitation and oxidation 

processes. Among the mentioned methods, the surface adsorption method is a suitable and more 

effective method than other methods due to its low cost, simple operator and higher selectivity. 

Considering the ability to absorb heavy metals by the synthetic polymer polyacrylic acid (PAAc), 
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in this study, it was tried to use this synthetic polymer to prepare a hybrid hydrogel with a semi-

IPN structure. In the present study, grafting of this amino acid with pectin was used in order to 

increase the capacity of uranium adsorption. In the next step, by hybridizing it with PAAc, a new 

hybrid hydrogel was synthesized with the help of electron irradiation method and its ability to 

remove uranium from aqueous environments was used. 

Results and discussions 

The use of biopolymers such as pectin to prepare hydrogel absorbents increases their 

biodegradability and biocompatibility properties, and due to their abundance and availability, 

cheap hydrogel absorbents can be prepared with them. Pc is one of the biopolymers of anionic 

polysaccharides, which has many acidic, ester and alcoholic functional groups. Therefore, it can 

easily react with various chemical reagents.  the preparation of hydrogel based on pure biopolymer 

using high-energy electron irradiation method leads to breaking of polymer chains and failure to 

form hydrogel macromolecule structure. One of the ways to solve this problem is to hybridize 

biopolymer with synthetic polymers. Considering the high adsorption capacity of heavy metals by 

PAAc synthetic polymer, in this study, it was tried to use this polymer to prepare hybrid hydrogel. 

Therefore, AA-grafted pectin (Pc-AA) was mixed with PAAc and subjected to electron irradiation, 

and a new hydrogel with a porous structure was obtained to remove uranium (VI) ions from 

aqueous samples. This process is shown schematically in (Fig. 1). To confirm the successful 

grafting of AA with Pc and also the formation of Pc-AA/PAAc hydrogel, FTIR spectra of hybrid 

hydrogel components were prepared (Fig. 2). 

 

 

Fig. 1. Formation of hybrid hydrogel by irradiation method. 
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Fig. 2. FT-IR spectra of Pc, AA, Pc-AA, Pc-AA/PAAc hybrid hydrogel, and hybrid hydrogel after 

uranium adsorption. 
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Abstract 

Fe3O4@SiO2@Cyt-Mn/Co as a novel heterogeneous bimetallic nanocatalyst was successfully 

synthesized and characterized by different techniques. It was catalyzed the three-component 

coupling synthesis of propargylamines with high yields in short reaction times and solvent-free 

conditions.  

Keyword: Heterogeneous, bimetallic, Propargylamines 

Introduction 

Recently, the heterogeneous catalysts in the form of magnetic nanoparticles (MNPs) have attracted 

considerable attentions due to their unique properties such as ease of availability, high accessible 

surface area and excellent thermal stability [1-2]. In addition, these magnetic nanoparticles 

strongly response to magnetic field and efficiently recover from the reaction mixture by an external 

magnet. Among the numerous heterogeneous catalysts are currently known, bimetallic composites 

are of particular importance. Bimetallic catalysts can perform multi-step reactions in one-pot 

to obtain the target product with high efficiency, high selectivity, low reaction time and 

elimination of intermediate purification/separation step. In this regard, various bimetallic 

systems reported for a variety of organic reactions such as multi component, cross coupling, 

and domino one-pot reactions [3-7]. Recently, some heterogeneous nanoparticles have been 

reported as the efficient catalytic systems for the A3-coupling reactions of aldehydes, amines, and 

terminal alkynes [8-11]. Propargylamines are key intermediates for the synthesis of many 

biologically active nitrogen molecules such as β-lactams and therapeutic drugs [11-13]. Moreover, 

some propargylamines are known to be neurodegenerative protecting groups. Rasagiline and 

Deprenyl are used in the treatment of dementia diseases such as the Parkinson [14-15]. 

Experimental 

A mixture comprising aldehyde derivatives (1 mmol), secondary amines (1.5 mmol), and 

phenylacetylene (1.2 mmol) and Fe3O4@SiO2@Cyt-Mn/Co catalyst (10 mg) under solvent-

free condition was stirred vigorously at 100 ◦C (Scheme 1). As soon as the reaction was 

complete (monitored by TLC), the resultant mixture was diluted with EtOAc. The catalyst 

was easily removed using an external magnet, washed with ethanol, and dried in the oven 

(70 ◦C) for 12 h to use in the next run. The pure products were procured using silica gel 

column chromatography (hexane: EtOAc, 8:2). 

 

  
 

Scheme 1. The A3-coupling reaction of aldehyde, amine, and terminal alkyne. 



506 

 

Results and Discussion 

Regarding to the advantages of bimetallic magnetic nanocomposite and their high 

efficiency in the synthesis of organic compounds, we synthesized a novel magnetically 

manganese-cobalt cytosine complex as a recoverable bimetallic magnetic nanocatalyst for 

the efficient A3 coupling reactions in short reaction time (Scheme 2). The prepared catalyst 

was well characterized by different methods (Scheme 3). The vibrating sample magnetometer 

(VSM) analysis showed the behavior of magnetic bimetallic nanoparticles was sufficient to 

complete the separation from the mixture under an externally applied magnetic field which 

indicates the magnetic nature of the synthesized catalyst. The presence of the desired bands of FT-

IR analysis confirmed the successful synthesis of the nanocatalyst. 

 

Scheme 3. Structure of Fe3O4@SiO2@Cyt-Mn/Co bimetallic nanocatalyst 
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Scheme 3. VSM (left) and FTIR (right) of the Fe3O4@SiO2@Cyt-Mn/Co bimetallic 

nanocatalyst. 
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Geminal dihalides constitute a very important group in organic chemistry. These compounds have 

very interesting properties and applications in the fields of medicine, industry and also organic 

synthesis. In this connection, many important drugs containing antifungal, antibacterial or enzyme 

inhibitory properties have this functional group in their structures [1-2]. However, far fewer 

methods have been introduced for the synthesis of these valuable compounds from alcohols and 

especially from protected alcohols compared to aldehydes [3]. With these descriptions in this work, 

a one-pot, oxidative and efficient way is described for the conversion of both benzylic alcohols 
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and silyl ethers as protected alcohols containing electron withdrawing or donating groups in 

different positions of aromatic ring to gem-dichlorides using N-chlorosuccinimide (NCS) and  

chlorodiphenylphosphine (ClPPh2) (Scheme 1). These conversions can be operated in the presence 

of different other functional groups such as nonbenzylic alcohol, epoxide, acetal, carboxylic ester 

and amid, ketone, and phenol with excellent chemoselectivity. Operation in a one-pot manner and 

in the neutral media, simple work up, applicability for both alcohols and protected alcohols, and 

excellent chemoselectivity can be considered as main advantages of the present work. 

 

 

 

 

Scheme 1: Conversion of alcohols and silyl ethers to gem-dichlorides using NCS and ClPPh2. 
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Deep eutectic solvents (DESs) are usually mixtures of two solid or liquid components that have 

low melting points so that they turn into liquids at room temperature. The compounds that make 

up these DESs include amino acids, organic acids, sugars, and quaternary ammonium and 

phosphonium salts. Today, chemists are looking for ways to prepare safer and more 

environmentally friendly compounds, which are called green compounds. Deep eutectic solvents 

are used in the preparation of organic compounds for the purpose of solvents and catalysts due to 

their capacities and capabilities.DESs are widely used due to their easy recovery and high potential 
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for dissolving non-polar and polar compounds. these solvents have special properties that make 

them a reliable and safe alternative to ionic liquids and distinct organic solvents [1-3]. In this study, 

a new natural deep eutectic solvent (DES) based on arginine was prepared. The eutectic point 

phase diagram showed that the 1:1 ratio was the best molar ratio for the synthesis of this new DES. 

Then, NADES was characterized by FT-IR, TGA/DTA, densitometry, eutectic points, and 1 

HNMR techniques and was shown to be a novel catalyst for the green synthesis of Pyrano[2,3-d]-

pyrimidine derivatives via a one-pot condensation reaction of 4-hydroxycoumarin, barbituric acid 

and benzaldehydes at 80 °C under solvent-free conditions (Scheme 1). 
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Scheme 1. Synthesis of derivatives of Pyrano[2,3-d]-pyrimidine 
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Introduction 

 Aspirin (acetylsalicylic acid) is one of the most widely consumed pharmaceuticals globally, 

playing a crucial role in alleviating pain, reducing inflammation, and preventing cardiovascular 

diseases. As global demand for aspirin increases, the methods of its production have come under 

continuous scrutiny and improvement. Traditional aspirin production methods, which have been 

in use for decades, are simple and cost-effective but come with numerous environmental and 

economic drawbacks. Modern methods, aimed at improving efficiency and reducing negative 

environmental impacts, have emerged. These include the use of biotechnology, green catalysts, 

and advanced technologies such as microwave and ultrasound methods, which not only offer 

higher efficiency but also have significantly less environmental impact. 

Traditional Aspirin Production Methods and Their Drawback  

Traditional Methods Traditional aspirin production methods primarily rely on a simple chemical 

reaction between salicylic acid and acetic anhydride, catalyzed by strong acids such as sulfuric or 

phosphoric acid. The primary reaction is as follows:  This process is simple and economical on an 

industrial scale but has significant negative consequences.  Drawbacks 1. Environmental Effects - 

Chemical Waste Generation: The primary byproduct of this process is acetic acid, which, if not 

managed properly, can pollute water and soil. - Acidic Waste Disposal: The strong acidic catalysts, 

when discharged in waste streams, pose severe risks to the ecological balance of surrounding areas. 

2. Lower Product Quality Traditional methods often result in lower product purity due to 

inadequate control of reaction parameters, leading to higher purification costs in subsequent stages.  

3. Reduced Global Market Competitiveness - Traditional methods, compared to modern green 

methods adopted in advanced countries, yield products of lower quality and efficiency. - High 

environmental costs reduce the competitiveness of products in international markets. 

Advantages of Traditional Methods 

Despite the challenges and environmental concerns, traditional methods remain widely used in 

many countries, including Iran, due to certain advantages:  1. Easy Access to Raw Materials - 

Salicylic acid and acetic anhydride are readily available and cost-effective. 2. Simple Equipment 

and Lower Costs - The process does not require advanced equipment or complex technologies, 

keeping initial production costs relatively low. 3. Meeting Domestic Market Needs - Due to its 
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simplicity and capacity for mass production, the traditional method has successfully met the 

domestic market demand in Iran and other developing countries at affordable prices. 

Modern Aspirin Production Methods 

Higher Efficiency and Reduced Environmental Impact Modern aspirin production methods are 

designed to maximize reaction efficiency while minimizing waste generation. The use of advanced 

technologies and environmentally friendly approaches has enabled the production of aspirin with 

higher quality and reduced environmental impact.  1. Biosynthesis This method uses enzymes or 

microorganisms to produce aspirin. Biosynthesis is considered a green method because it operates 

under milder conditions and does not require hazardous chemicals. Advantages: - Reduced 

chemical waste. - Higher product purity. Challenges: - High costs of enzymes and biotechnological 

equipment. - Complexity in scaling up for industrial production. 2. Use of Green Catalysts 

Replacing traditional acidic catalysts with environmentally friendly materials, such as organic 

acids or nanocatalysts, reduces environmental impact. Advantages: - Decreased production of 

acidic waste. - Faster reactions with higher yields. 3. Advanced Techniques: Microwave and 

Ultrasound These methods use microwave energy or sound waves to accelerate reactions. 

Advantages: - Reduced reaction time. - Savings in energy and raw materials.4. European Approach 

to Aspirin Production European countries have achieved greater success in aspirin synthesis 

through the adoption of advanced technologies. Their approach emphasizes: - Renewable Energy 

Use: Incorporating renewable energy sources in production processes. - Emission Control: Strict 

regulations on greenhouse gas emissions. - Advanced Catalysts: Use of innovative catalysts for 

cleaner and more efficient reactions. These strategies have allowed European manufacturers to 

produce aspirin with minimal environmental impact and maximum efficiency. 

Conslusion 

Given the critical role of aspirin in the pharmaceutical industry and the need to reduce 

environmental impacts, replacing traditional methods with modern technologies is essential. 

Advanced methods such as biosynthesis, green catalysts, and cutting-edge techniques like 

microwave and ultrasound have demonstrated higher efficiency and reduced environmental harm. 

European countries serve as a successful example of integrating science and industry for 

sustainable production. It is imperative for Iran to invest in research, development, and technology 

transfer to improve its aspirin production processes and align with global standards. 
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Abstract 

The present research work reports the pyridinium-based deep eutectic solvents were 

easily synthesized and characterized by FT-IR and NMR techniques. Pyridinium salts and 

aromatic compounds containing active hydrogens were used as hydrogen bond acceptors 

(HBA) and donors (HBD), respectively, for the efficient cycloaddition of Carbon dioxide 

(CO2)  with styrene oxide without metal cocatalysts. 

       Keywords: Cyclic carbonate, Epoxides, Deep eutectic solvents. 

1. Introduction 

Carbon dioxide (CO2) has attracted much attention as a greenhouse gas and its use as a 

starting material in the synthesis of valuable chemicals[1]. Cyclic carbonates produced 

from CO2 have wide applications in organic synthesis and polymer production[2]. In 

recent years, efforts have been made to synthesize these carbonates using a variety of 

innovative catalytic methods, including homogeneous and heterogeneous catalysts. 

However, many of these catalysts have limitations such as high cost and hard reaction 

conditions .In response to these challenges, the development of deep eutectic solvents 

(DESs) has been proposed as an environmentally friendly and low-cost alternative[3]. 

DESs are made of specific combinations of hydrogen bond acceptors (HBA) and donors 

(HBD) and have distinct physical and chemical properties that can aid in the activation 

and conversion of CO2. These efforts represent significant advances in the design of high-

performance catalytic systems for the conversion of CO2 into useful chemicals. 

2. Experimental  

 

Phenol was chosen as an aromatic compound with active hydrogens as HBD for DES. 4-

Dimethylaminopyridinium with a four-carbon chain length was used as HBAs for the 

synthesis of pyridinium-based DES (scheme 1). In a 25 mL flask, these two materials 

were mixed together in equal proportions and stirring at room temperature until a 

homogeneous liquid was formed. 
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Scheme (1): Synthesis procedures of DES. 

3. Results 

 

The FT-IR spectra of  the pure ionic liquid, the absorption peak appearing at 3057 cm-1 

belongs to the C-H stretching peak which is broadened and shifted to a higher 

wavenumber region, 3044 cm-1, after the formation of DES. With the formation of DES, 

the OH stretching vibration was shifted to a higher wavenumber region, 3290 cm-1. The 

broadening of the peaks indicated that the O-H is involved in a more extensive hydrogen 

bonding network. In 1H-NMR spectrum of DES, the hydroxyl group in phenol peaks at 9 

ppm, but the chemical shift of the hydroxyl hydrogen in DES at 7.24 ppm indicates the 

formation of new hydrogen bonds. The formation of intermolecular hydrogen bonds 

generally leads to a change in the hydrogen field in 1H-NMR. The 13C-NMR  indicate 

that the compound was properly synthesized. These results are consistent with the IR 

spectrum. 

4. Conclusion 

Finally, the deep eutectic solvent was used as a solvent and catalyst in the conversion of 

carbon dioxide into valuable cyclic carbonate compounds under mild conditions. The 

results confirm the great efficiency of the deep eutectic solvent in the synthesis of cyclic 

carbonate from carbon dioxide. 
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Abstract 

The present research work reports the synthesis of a deep eutectic solvent (DES) based 

on the pyridinium ionic liquid [C4DMAPy]Br. Full characterization of DES was then 

performed using 1H-NMR, 13C-NMR, FTIR. DES was then used in the synthesis of cyclic 

carbonates from carbon dioxide and epoxide. The results confirm the excellent efficiency 

of DES in the synthesis of cyclic carbonates. 

        Keyword: Deep Eutectic Solvents, CO2 Fixation, Cycloaddition reaction. 

 

5. Introduction 

 

The increasing use of fossil fuels and the subsequent CO2 pollution are causing health 

and environmental hazards, so chemists are looking for ways to reduce this pollution and 

convert CO2 into valuable materials and carbonates[1]. Carbonates are used in lithium 

batteries, as solvents, and in the synthesis of polyurethanes. Efforts have mainly focused 

on the synthesis of carbonates from CO2 and epoxides under mild conditions using green 

solvents and efficient catalysts[2]. Green solvents such as ionic liquids (ILs) and deep 

eutectic solvents (DESs) are used as catalysts and solvents in these processes. DESs have 

been proposed as superior alternatives to ILs due to their unique physical and chemical 

properties, lower toxicity, and greater flexibility[3]. This research focuses on the design 

and synthesis of DESs using ethylene glycol (EG) as hydrogen bond donor (HBD)  and 

1-butyl-4-(dimethylamino)pyridinium bromide ([C4DMAPy]Br) as hydrogen bond 

acceptor (HBA). These novel DESs are expected to improve the CO2 adsorption reaction 

by accelerating the reaction. 

6. Experimental  

 

The deep eutectic solvent was synthesized according to the Scheme 1. The synthesis 

process of DES were carried out in a 25 mL round-bottom flask. [C4DMAPy]Br was 

mixed with EG. It was stirrig magnetically at room temperature until a homogeneous 
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liquid was observed. This DES was characterized by IR and NMR. Finally, it was used 

to synthesize the cyclic carbonate. 

 

Scheme (1): Synthesis procedures of DES. 

   3.  Results 

 

The synthesized DES was characterized by 1H-NMR, 13C-NMR and FT-IR. In FT-IR 

spectrum we see that the peak at 1077 cm-1 represents the ethylene glycol structure and 

the peak at 3325 cm-1 represents the OH group, both of which are shifted relative to the 

original structure. So, hydrogen bonding causes a decrease in the peak wavenumber. In 
1H-NMR spectrum, the peaks appearing at 3.55 ppm and 4.49 ppm represent the ethylene 

glycol group. Appear  in the original structure at 3.8 ppm and 4.58 ppm. In both the 13C-

NMR and 1H-NM spectra, the peaks of the synthesized compound are shifted relative to 

the parent structures, indicating the formation of hydrogen bonds, confirming the correct 

synthesis of DES. 

4.   Conclusion 
 

deep eutectic solvent was synthesized under solvent-free conditions and used in the 

synthesis of cyclic carbonate from carbon dioxide and epoxide. These processes are also 

very suitable from an economic point of view and can help improve the economic 

conditions of the country. 
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Introduction: 

Quantum dots, a class of nanomaterials, offer significant potential across pharmaceutical and 

chemical applications. Numerous applications utilizing plant-synthesized carbon quantum dots 

have been documented. These compounds find utility in drug delivery systems and biosensor 

development. These points have achieved widespread adoption and recognition due to their 

superior biocompatibility and low toxicity profile. [1][2] Thymus vulgaris, a widely used medicinal 

plant, contains compounds such as thymol, carvacrol, and para-cymol. [3] This research employed 

T. vulgaris as the raw material for quantum dot synthesis via a hydrothermal method. 

 

Materials and work methods: 

A 0.05-gr quantity of T. vulgaris hydroalcoholic extract powder was dissolved in 10 milliliters of 

70% ethanol. The mixture underwent a 12-hour, 160°C thermal treatment within a PTF-lined 

autoclave for the synthesis of CQDTV. Carbon quantum dot synthesis was also performed in the 

presence of iron ions CQDTVFe. Under identical conditions, 5 ml of iron (III) nitrate solution was 

added for this experiment. Following completion of the photoluminescence reaction, both resultant 

products underwent UV irradiation across the wavelength of 360 nm.  Subsequently, UV-Vis 

spectral analysis of each product was performed using a spectrophotometer. 

 

Results: 

Figure 1 (1a and b) present the UV-Vis spectra of CQDTVFe and CQDTV.  The CQDTVFe 

reveals that the observed peaks at 465 nm and 230 nm correspond to π-π* and n-π* transitions of 

C=C and C=O bonds, respectively. Furthermore, the CQDTV sample exhibited absorption peaks 

at 283 nm and 430 nm, consistent with π-π* and n-π* transitions of C=C and C-N bonds, 

respectively. 
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Figure 1. The fluorescence and UV-VIS spectra CQDA, CQDB   

 

Conclusion: 

Research findings indicate the potential utility of quantum dots (QDs) as biosensors for different 

applications such as water pollutant detection and treatment; however, further investigation is 

recommended. 
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Introduction: 

Medicinal plants contain various secondary metabolite, which are dependent on different  factors 

of plant growth conditions (1). Thymus Vulgaris grows in the dry slopes of different Mediterranean 

areas. The plant has several medicinal uses due to the presence of various active compounds. So 

far, anti-flatulent, sedative, and antispasmodic properties have been reported for the plant (2). 

Flavonoids are useful antioxidants that have received much attention due to their beneficial effects 

in fighting diseases. In this research, we intend to investigate the amount of flavonoids in the 

hydroalcoholic extract of T. vulgaris. (3)  

Experimental Section: 

The aerial parts of T. vulgaris was extracted by maceration in 70% ethanol solvent for 72 h at room 

temperature. After this period, the extract was passed through filter paper and dried at room 

temperature. A colorimetric method using AlCl3 was run to measure the TFC of T. vulgaris extract 

at different concentrations. A standard curve of rutin was used to calculate the TFC amount of 

extracts. The results were expressed as mg of rutin per gram of dry extract (RE/g extract).(4)  

Results and Discussion: 

According to Figure 1, the maximum amount of TFC was obtained for extract at concentration of 

1000 ppm with the amount of 51.90±3.10. RE/g extract. Furthermore, 

The results show a concentration depending for the TFC of the plant extract. The presence of 

flavonoids in T. vulgaris may be responsible for a wide spectrum of biological activity such as 

radical scavenging activity. 
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Fig.1: Total flavonoids content Thymus vulgaris extract at different 

concentration.  

 

 

Conclusions: 

The obtained results, revealed the presence of flavonoids in T. vulgaris extract with an acceptable 

amount. The compounds are known as a main secondary metabolite with various medical uses 

such as coronary heart disease prevention hepatoprotective, anti-inflammatory, and 

anticancer activity. 

Reference: 

 1. Seyedi FS, Nafchi MG, Reezi SJH. Effects of light spectra on morphological 

characteristics, primary and specialized metabolites of Thymus vulgaris L. 2024;10(1). 

2. DARDONA Z, AMANE M, DARDONA A, BOUSSAA S. The anti-parasitic activity of 

Thymus vulgaris (Thyme): A literature review. 2024. 

3. Mokhtari R, Kazemi Fard M, Rezaei M, Moftakharzadeh SA, Mohseni AJJoFQ. 

Antioxidant, Antimicrobial Activities, and Characterization of Phenolic Compounds of Thyme 

(Thymus vulgaris L.), Sage (Salvia officinalis L.), and Thyme–Sage Mixture Extracts. 

2023;2023:1-9. 

4. HOSSEINPOOR MAZ, Mahdavi B, REZAEI SE. Contents of aerial parts of Salvia 

leriifolia Benth. 2016. 

 

 

 

 

 



521 

 

 

 

 

 

 

 

Effect of ethyl acetate extracts of Medicago Sativa leaf on blood coagulation 

 

Fatemeh Rahmani a, Behnam Mahdavi ⃰ a, Jafar Vatandoost b 

a Department of Chemistry, Faculty of Science, Hakim Sabzevari University, Sabzevar, Iran 

b Department of Biology, Faculty of Science, Hakim Sabzevari University, Sabzevar, Iran 

Corresponding Author E-mail: b.mahdavi@hsu.ac.ir 

 

Keyword: Traditional medicine, coagulation, Medicago Sativa, extraction 

Introduction:  

Medicago Sativa contains various secondary compounds and many of these compounds are 

effective in primary and secondary hemostasis of blood coagulation(1). This plant, having 

compounds such as flavonoids, tannins, alkaloids, can be effective in blood coagulation. The aim 

of this study is to investigate the effect of ethyl acetate extract on the blood coagulation process(2). 

Materials and work methods: 

Medicago sativa was extracted by maceration in 70% ethanol solvent for 72 h at room temperature. 

The extract was concentrated by a rotary device and dried in an oven. First, a 1000 ppm solution 

was prepared and solutions (500, 250, 50, 25 ppm) were made from this solution. The effect of 

different concentrations (500, 250, 50, 25 ppm) of the extract using prothrombin time (PT) and 

The activated partial thromboplastin time (APTT) test was evaluated(3).  

Result: 

Ethyl acetate extract had a significant effect on APTT and PT coagulation time. Ethyl acetate 

extract increased APTT at a concentration of 50, 250, 500 ppm and also increased PT at a 

concentration of 50, 250, 500 ppm. It seems that the compounds of ethyl acetate extract are 

effective on the coagulation factors of the internal and external pathways of blood coagulation. 

Conclusion: 

According to the results of APTT and PT tests, ethyl acetate extract has anticoagulant effect and 

can be used to treat cardiovascular diseases. 
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Laccases are multicopper oxidase enzymes known for their ability to catalyze a wide range of 

reactions. They can oxidize various substrates, producing water as the sole byproduct. This 

characteristic makes laccases an excellent choice for applications in green chemistry. Their 

versatility allows them to be used in diverse industrial fields, including food processing, chemical 

manufacturing, and pharmaceuticals (1). While Laccase has numerous industrial applications, but 

its inactivity in organic solvents limits its use. While stable in water and aqueous solvents, laccase 

denatures in the presence of high amounts of organic solvents, which are often necessary for 

dissolving certain substrates in industry. This inactivity restricts its broader application in 

industrial processes (2). 

Deep eutectic solvents (DES) have emerged as a promising solution due to their low vapor 

pressure, environmental friendliness, and ability to dissolve a wide range of chemicals including 

organic compounds, which, as mentioned before, can act as substrates for laccases (3). Recent 
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studies have shown that DESs offer a conducive environment for enzymes, preserving their 

stability and functionality. Therefore, DESs can function as suitable solvents, offering an 

environment that maintains the structure and activity of laccases while simultaneously dissolving 

their substrates with varying polarities (4). In light of the increasing significance of in-silico 

studies, this research aims to examine the functionality and stability of laccase derived from 

Trametes versicolor in the presence of reline deep eutectic solvent and compare that with water, 

ethanol, and n-hexane. This study employs molecular dynamics simulations using GROMACS 

2024.3 with OPLS-AA as a force field to investigate the activity of laccase in various solvents, 

including water, ethanol, n-hexane, and choline chloride-urea. Comparative analysis of protein 

activity in these solvents highlights the potential of deep eutectic solvents in maintaining enzyme 

activity. 

 

 

 

 

 

 

 

 

 

Figure: Simulation of laccase enzyme in water within a cubic box containing 23376 water 

molecules, conducted using the OPLS-AA force field at 300 K. 

 

Promising results indicate that choline chloride-urea can maintain laccase activity, paving the way 

for efficient industrial use by preserving activity and dissolving substrates. Experimental 

validation is needed to confirm in-silico findings. Future researches should explore enzyme 

interactions and industrial conditions to optimize the use of deep eutectic solvents. 
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The compatibility of molten salts with a diverse array of reactions, substrates, and conditions 

highlights their versatility in facilitating catalytic transformations across various branches of 

chemistry. Among these, ionic liquids (ILs) are recognized as a distinctive subgroup of classical 

molten salts. They are defined as liquid compounds possessing both ionic and covalent 

characteristics within their crystalline structures. This classification more effectively differentiates 

ionic liquids from molten salts than their melting points alone [1]. In this context, we present an 

efficient methodology for synthesizing spiro-4H-pyran derivatives—compounds of significant 

biological and pharmaceutical importance—via a one-pot, three-component reaction. This 

approach employs active carbonyl compounds (such as isatins or acenaphthoquinone), 

malononitrile, and a range of C-H activated acidic substrates. A novel quinoline-based molten salt 

catalyst was introduced to accelerate the synthesis of the target molecules [2] (Scheme 1). 

Previously, this catalyst has been utilized as a reactant and anti-corrosion agent. However, the 

present study investigates its efficacy as a catalytic agent for the first time. The quinoline-based 
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catalyst demonstrated exceptional catalytic performance, functioning as an efficient molten salt 

that promotes the desired transformations with remarkable effectiveness. This method offers 

several advantages, including environmentally friendly and straightforward catalyst synthesis, 

high efficiency, reduced reaction times, operational simplicity without the need for acidic or basic 

catalysts, ease of product isolation without column chromatography, reliance on commercially 

available starting materials, and excellent catalyst recyclability over multiple cycles. Additionally, 

the antibacterial properties of this catalyst, along with its primary component, quinoline, were 

assessed using the agar well diffusion method. The in vitro activity was evaluated against 

Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-positive), providing further 

insights into its multifaceted applications. 

 

Scheme 1. Synthesis of spiro-2-amino-3-cyano-4H-pyran derivatives using quinoline-based 

catalyst. 
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Over the past few years, industries have rapidly developed around the manufacture of insecticides, 

pesticides, fungicides, herbicides, and paints, which are major contributors to the accumulation of 

toxic pollutants in the environment. Aromatic nitro compounds, such as 4-nitrophenol and 

nitrobenzene, are widely used in various industries. However, these compounds are highly toxic 

pollutants that pose serious risks to both the environment and human health. Conversely, 4-

aminophenol (4-AP), a reduction product of 4-nitrophenol (4-NP), is extensively utilized in 

industry as an intermediate for manufacturing corrosion inhibitors, analgesic medications, 

anticorrosion lubricants, and other materials. Nitrophenol has numerous adverse effects on the 

human body, including headaches, respiratory tract irritation, cyanosis, and eye and skin 

conditions, whereas 4-AP is significantly less harmful to humans and the environment [1,2]. 

 In this study, magnetic copper ferrite nanoparticles were synthesized as an effective and recyclable 

catalyst using a green method. Characterization of the synthesized materials included XRD, FTIR, 

BET, FESEM, TEM, EDS, and VSM analyses.  The catalyst effectively reduced 4-nitrophenol to 

4-aminophenol under optimized conditions. Notably, the magnetic nanoparticles were easily 

separated using an external magnet, and the catalyst retained its stable and high catalytic 

performance even after five consecutive cycles under the same conditions. 

 

 

 

 

 

Scheme: Reduction of 4-nitrophenol using CuFe2O4 MNPs. 
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The textile industry has expanded rapidly in recent decades due to human demand. Dye pollutants 

in the environment can adversely affect aquatic flora and microorganisms. Congo red is an 

aromatic, direct heterocyclic diazo compound. The dye is primarily utilized for paper, textiles, 

printing, and leather. Congo red is a carcinogenic substance that is harmful to humans. Fish, 

shrimp, aquatic organisms, and algae are endangered by Congored dye in water. Water bodies 

containing organic dyes such as Congo red are eutrophic and exhibit light limitation. A minimal 

concentration of Congo red can significantly diminish light intensity, impairing the photosynthetic 

efficiency of aquatic organisms. The stable benzene and naphthalene rings of Congo red are 

resistant to aerobic biodegradation. The structure of this compound is resistant to light, heat, and 

oxygen. The removal of Congo red dye pollution from wastewater is challenging, necessitating 

effective solutions [1]. Various methods, including adsorption, photocatalysis, and biodegradation, 

have been proposed to remove this toxic dye. Among them, photocatalysis is preferred due to its 

safety, cost-effectiveness, efficiency, and environmental friendliness [2,3]. 

 In this study, Cu0.5Cd0.5FeCrO4 magnetic nanoparticles were synthesized using a green approach. 

The sample was thoroughly characterized by various analytical techniques, including FTIR, BET, 

XRD, FESEM, TEM, UV-Vis DRS, and VSM. Additionally, the photocatalytic performance of 

the nanoparticles was evaluated for the degradation of Congo red dye under visible light 

irradiation. The efficiency of the photocatalytic process was investigated by varying factors such 

as initial dye concentration, photocatalyst dosage, and irradiation time. The results highlighted the 

exceptional capability of Cu0.5Cd0.5FeCrO4 MNPs to efficiently degrade Congo red dye. This 

approach offers several advantages, including low cost, simplicity, reduced processing time, 

environmental sustainability, and scalability, making it a promising candidate for large-scale 

applications. 
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𝟣 | INTRODUCTION 

𝟣,𝟤,𝟥-Triazoles are nitrogen containing heterocyclic compounds that find extensive use in various 

fields, especially in medicinal chemistry and materials science. They are prominent in drug 

discovery due to their biological activities, including antiviral, antimicrobial, and anticancer 

properties. These compounds function as essential scaffolds in the formulation of numerous 

pharmaceuticals, including Rufinamide and Cefatrizine, and play a crucial role in the innovation 

of novel bioactive agents aimed at combating diseases such as tuberculosis.[𝟣,𝟤]Triazoles are also 

utilized in agriculture as fungicides, contributing to crop protection.[𝟥]The synthesis of 𝟣,𝟤,𝟥-

triazoles can be achieved through various methods, including: Huisgen 𝟣,𝟥-dipolar 

cycloaddition,[𝟦] metal-free methods,[𝟧]one-pot reactions[𝟔]and  Diazo-transfer reactions.[𝟩] 

Herein we report one-pot three-component reaction of aryl halides, sodium azide, and dimedone 

using choline chloride:Glycerol deep eutectic mixture as a green and recoverable solvent and CuI 

based on magnetic 𝟤,𝟤’-biimidazole  functionalized nano cellulose as a catalyst. Glyceline is a 

deep eutectic solvent (DES) formed from choline chloride and glycerol, respectively in a 𝟣:𝟤 molar 

ratio. It has garnered interest due to its unique properties and potential applications. 

𝟤 | EXPERIMENTAL SECTION 

𝟤.𝟣 | General procedure for the synthesis of 𝟣-aryl 𝟣,𝟤,𝟥-triazoles 

A mixture of aryl halides (𝟣 mmol), dimedone (𝟣 mmol), sodium azide (𝟣.𝟤 mmol), base (𝟤 mmol) 

and catalyst (𝟑𝟎 mg) was stirred at 𝟏𝟐𝟎℃ in choline chloride:Glycerol (𝟤 ml, 𝟣:𝟤) for the 

appropriate time until the reaction was completed as monitored by TLC. 

𝟤.𝟤 | Preparation of DESs 

In order to synthesize DES, a certain molar ratio (𝟤: 𝟣) of HBD (glycerol) and HBA (choline 

chloride) was mixed and then heated at 𝟖𝟎℃ under continuous stirring until a homogeneous and 

transparent liquid was formed. 
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𝟥 | RESULTS AND DISCUSSION 

𝟥.𝟣 | Catalyst preparation 

 

𝟥.𝟤 | Catalyst characterization 
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One of the principles of green chemistry is the use of catalysts to prevent and eliminate hazardous 

chemicals. Recently, remarkable developments have been made in the field of green catalysis, the 

design of safer chemicals, and green solvents. In this paper, novel magnetic choline chloride-based 

deep eutectic solvent immobilized on Fe3O4 magnetic nanoparticles (Fe3O4@SiO2@THAM 

@ChCl = D) was obtained from the sequential synthesis of Fe3O4 (A), Fe3O4@SiO2 (B), and 

Fe3O4@SiO2@THAM (C), and characterized with various techniques such as Fourier 

transform-infrared spectroscopy (FT-IR), energy-dispersive X-ray spectroscopy (EDX), elemental 

mapping, vibrating sample magnetometer (VSM), field emission scanning electron microscopy 

(FE-SEM), transmission electron microscopy (TEM), thermo-gravimetric-differential thermal 

analysis (TGA-DTA) and X-ray diffraction analysis (XRD). TEM images confirm that the 

nanoparticles are core-shell. Then, the novel D was used as a capable heterogeneous catalyst for 

the one-pot three-component condensation reaction of 3-amino-1,2,4-triazole, aromatic aldehydes, 

and malononitrile for the synthesis of 1,2,4-triazolo[4,3-a]pyrimidines under solvent-free 

conditions with high yields and short reaction times. Some advantages of using this catalyst are 

the novelty, easy separation from the reaction medium, reusability, high thermal stability, excellent 

yield, and short reaction times. 
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Scheme: D-catalyzed three-component condensation reaction to prepare 4(a-d), and 4′(e-o) 
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ABSTRACT 

The role of amine-based organocatalysts in aldol reactions has emerged as a significant area 

of research in organic chemistry, particularly in the context of asymmetric synthesis. Aldol 

reactions, which involve the nucleophilic addition of ketone enolates to aldehydes, are pivotal 

for constructing carbon-carbon bonds and creating chiral molecules. The introduction of 

amine-based organocatalysts, especially secondary amines like proline, has revolutionized this 

process by enhancing stereoselectivity and reactivity under mild conditions, making these 

reactions more accessible and environmentally friendly than traditional metal-based 

catalysts.[1][2] 

The notable contributions of chemists such as David W.C. MacMillan and Benjamin List in 

the early 2000s have established amine-based organocatalysts as powerful tools in synthetic 

organic chemistry, showcasing their effectiveness in promoting highly enantioselective aldol 

reactions. These catalysts facilitate reaction mechanisms, including enamine and iminium 

catalysis, that stabilize transition states and intermediate species, thereby optimizing product 

formation and selectivity.[1][3] Additionally, the shift towards solvent-free protocols and 

green chemistry principles has further highlighted the advantages of these catalysts, 

underscoring their role in minimizing waste and employing safer reaction conditions.[2] 

Despite their advantages, the use of amine-based organocatalysts is not without challenges. 

Issues such as the reversible nature of aldolization steps can lead to low yields, and 

enantioselectivity may be significantly influenced by catalyst loading and reaction conditions. 

The need for specific solvents and additives also complicates optimizing these reactions, 

presenting barriers to achieving desired outcomes in certain contexts.[2][4] 
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Ongoing research continues to address these limitations while exploring novel catalytic 

systems and methodologies to enhance the efficiency and applicability of amine-based 

organocatalysts in aldol reactions. As the field progresses, amine-based organocatalysts are 

poised to play an increasingly integral role in the total synthesis of complex natural products 

and pharmaceuticals, aligning with sustainable practices in chemical synthesis. Innovations in 

catalyst design and mechanistic understanding are expected to further expand the utility of 

these organocatalysts, driving future developments in asymmetric synthesis and contributing 

to the broader goals of green chemistry.[1][3] 
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Introduction 

Covalent organic frameworks (COFs) as a new generation of porous materials, are assembled by 

covalent linkers which have strong building blocks [1,2]. In recent years, COFs due to having 

diverse properties such as excellent thermal and physical stability, large surface areas, designable 

and post modification ability, are various application chemistry and organic synthetic 

methodologies [3]. Tetrazoles and their nitrile-linked derivatives are known as one of the most 

important families of N-heterocycle compounds, have a decisive role in most of sciences. These 

chemicals have been used in diverse fields such as medicinal chemistry, sensors, energetic 

materials, and agriculture [4,5]. In this work, we synthesized a ferrocene-based covalent organic 

framework as highly active catalyst. After full characterization of the mentioned catalyst, it was 

used for the preparation of nitrile-linked tetrazole derivatives. 

Method 

In current study, the ferrocene-linked COF was synthesized on the surface of carbon nanotube and 

was applied as robust catalyst for the preparation of nitrile-linked tetrazoles by using starting 

materials such as aryl aldehydes, malononitrile, sodium azide and EtOH as solvent under reflux 

condition (Scheme 1). 

 

Scheme 1: Schematic preparation of nitrile linked tetrazoles by synthesized COF as catalyst 

Results and Discussion 

In this study, a novel ferrocene-based COF was designed, synthesized and constructed via a simple 

and green synthetic route. After that, the ferrocene-based COF was functionalized with copper 

acetate and its structure approved by using several techniques including FT-IR, SEM, TEM, BET, 

TGA and XRD analysis. 
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According to the SEM and TEM results, the catalyst has tube-type core-shell morphology (Figure 

1). XRD patterns of COF1 and COF1@Cu(OAc)2 were illustrated in figure 2. In the XRD motifs 

of these materials, the diagnostic peaks at 26.2, 30.3, 35.5 and 43.4◦ correspond to crystalline 

structure of COF and the distinctive peak of Cu(OAc)2 is clearly observed at 6.85◦. 

In another study, we delve into the generality of catalytic activity of synthesized COF in the 

preparation of nitrile-linked tetrazole derivatives. A variety of aromatic aldehyde derivatives with 

electron-withdrawing and electron-donating nature were used and all of the products have high 

yield and short reaction times.  

 

 

 

 

 

 

Fig.1: SEM and 

TEM images of synthesized COF 

 

Fig.2: XRD patterns of COF1 and COF1@Cu(OAc)2 
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Ullmann-type aryl amination has been widely utilized in both academic and industrial research 

due to its promising applications in the development of pharmaceuticals, polymers, and functional 

materials (1). In contrast to the Pd-catalyzed approach, which depends on air- and moisture-

sensitive conditions, the Cu-catalyzed coupling reaction proceeds under milder conditions. Among 

the various copper-based catalysts, ligand-free heterogeneous zero-valent copper nanoparticles 

(Cu NPs) continue to attract considerable and growing attention from researchers, owing to their 

advantages, including high specific surface area and size- and shape-tunable catalytic properties 

(2). Herein, a simple electrochemical method for the preparation of a composite of reduced 

graphene oxide (rGO) decorated with Cu NPs is presented, along with an evaluation of its catalytic 

performance in Ullmann C−N coupling reactions. The efficient and recyclable Cu-rGO catalyst is 

used to synthesize N-arylated compounds through Ullmann coupling under ligand-free conditions 

at relatively mild temperatures. 
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The rapid industrialization and human activities in catchments have posed notable global 

challenges in removing of heavy metal contaminants from wastewater. Numerous industries, such 

as paint, battery manufacturing, mining, textile, steel, alloy, and electrical equipment 

manufacturing, generate industrial wastewater that often contains elevated levels of heavy metal 

ions such as lead (Pb), cobalt (Co), cadmium (Cd), copper (Cu), chromium (Cr), arsenic (As), and 

mercury (Hg) [1, 2] 

Porous organic polymers (POPs) are a crucial type of organic porous materials that have shown 

significant promise as adsorbents [3, 4]. In continuation of our research on covalent organic 

frameworks and porous organic polymers [5-7], hearin, a Phloroglucinol-based magnetic porous 

organic polymer (Ph-MPOP) was successfully created through a catalyst-free Schiff's base 

condensation process involving 4,4-oxydianiline and a novel trisaldehyde in the presence of 

magnetic nanoparticles (Fe3O4@SiO2) in dimethylformamide (DMF) under solvothermal 

conditions (Scheme 1). The structural properties of Ph-MPOP were characterized using different 

spectroscopic techniques. 

The prepared porous organic polymer (Ph-MPOP) demonstrated strong binding capabilities and 

high efficiency in adsorbing Pb(II) and Cd(II) metal ions from aqueous solutions with removal 
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efficencies of 97% and 95%, respectively. The heavy metal ions were adsorbed through 

coordination with nitrogens and oxygens of the nanostructure, as well as electrostatic interactions.  

The adsorption process followed the Freundlich isotherm with a high correlation coefficient (R2 = 

0.97, 0.96) and a pseudo-second-order kinetic model. Results from batch adsorption experiments 

revealed that porous organic polymer (Ph-MPOP) is highly effective in removing heavy metal ions 

with maximum adsorption capacities of 351 mg/g for Pb(II) and 343 mg/g for Cd(II). The recycled 

hybrid nanostructure was dried and subjected to various adsorption-desorption tests, revealing a 

desorption efficiency of 97%.  

In conclusion, the newly synthesized magnetic adsorbent shows great promise in effectively 

removing heavy metal ions from water and wastewater. 

 

 
Scheme 1. Synthesis of Phloroglucinol-based magnetic porous organic polymer (Ph-MPOP) as an 

efficient adsorbent for heavy metal ions 
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Cross-linked polymers, with their stable three-dimensional structure, offer high mechanical 

strength, thermal and chemical stability, making them ideal for applications in water purification, 

energy storage and drug delivery [1]. These polymers also serve as a support for the immobilization 

of metals and catalysts. Acrylamide-based polymers are increasingly used due to their accessibility 

and versatility [2]. In this study, cross-linked polyacrylamide (CPAM) was synthesized using 

acrylamide and N,N'-methylenebisacrylamide (MBA). CPAM was modified with propylene 

diamine to form CPAMPD, then reacted with isatoic anhydride to form a bidentate ligand that 

coordinates with copper(I) iodide. FT-IR, UV-Vis, DRS, ICP-OES, SEM-EDS and XRD 

confirmed the catalyst structure. Immobilization of copper(I) was confirmed by FT-IR peaks at 

around 620 cm-1 and 755 cm-1, and ICP analysis showed that 9.3% of copper(I) was 
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immobilized.The results showed that the synthesized catalyst efficiently performed the click 

reaction heterogeneously in 45 min with 0.7 mol% catalyst and was recyclable. 

 

Scheme 1: Structural and Analytical Characterization of the Final Catalyst: FT-IR, FE-SEM, and 

EDS Analysis 
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Introduction  

In the last years, several attempts have been made to design and prepare new hydrogels with high 

performance and low cost which can be used as pharmaceutical carriers. In multicomponent 

reactions (MCRs), most reactants are extracted from nature, are very cheap, and are available 

materials. Also, the combination of the MCRs with hydrogels makes them superior in drug 

delivery properties. This work has tried to use carboxymethyl cellulose/β-cyclodextrin as an acidic 

component of the Ugi MCR to obtain a better drug carrier system versus carboxymethyl 

cellulose/β-cyclodextrin [1, 2]. 

 

Method  

Ugi multicomponent reaction was performed on CMC@ꞵ-CD in the one-pot method to obtain the 

CMC@ꞵ-CD@FCA with cyclohexyl isocyanide, 4-methoxy benzaldehyde, and ethylenediamine 

and then used ampicillin as an antibiotic drug to load on the desired carrier for oral bacterial 

infection treatment [3]. 

 

Results and discuss 

The in vitro drug loading test displayed the enhancement of the ampicillin (AMP) loading 

efficiency from 64.22 % to 92.44 % which is a sign of more possible interactions between 

CMC@β-CD@FCA with AMP than CMC@β-CD. 
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Scheme: Graphical abstract of the CMC@ꞵ-CD@FCA action for oral bacterial infection 

treatment. 
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Introduction: Asarum europaeum L. belongs to the family Aristolochiaceae, known as Asarum or 

European wild ginger. This plant has been used traditionally to treat many diseases, and it is 

famously known to improve memory. Therefore, phytochemical study of the ethyl acetate fraction 

of methanol extract of A. europaeum rhizomes was investigated to identify compounds that have 

not been previously reported for this plant. Methods: Purification of compounds was done 

following column chromatography of the ethyl acetate fraction with increasing polarity solvents. 

The structure of isolated compounds was determined by the comparison of the NMR spectrum 

data with the literature values. Results and Discussion: Three compounds were isolated and 

identified: bis(2-ethylhexyl) terephthalate (1), 4-(3-glucopyranosyloxy-4-hydroxyphenyl)-(E)-3-

buten-2-one (2), and neohesperidin (2R) (3). To extend the notion of drug discovery development, 

this study described the isolation and identification of the structure of secondary metabolites that 

are yet to be determined for A. europaeum. 
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Biotechnology is recognized as a more efficient and safer alternative to synthetic chemicals due to 

its ability to produce bioactive compounds. The cosmetics and personal care industry places 

significant emphasis on high-bioactivity compounds and their availability for treating and 

preventing skin diseases. In this context, plant extracts and bioferments have garnered considerable 

attention as valuable sources of phytochemicals. In this study, we compared the antimicrobial 

activity (MIC, MBC) and cell viability (MTT) of non-fermented ethanolic extracts of Laurus 

nobilis (NFELN) and fermented ethanolic extracts of Laurus nobilis (FELN) under controlled 

laboratory conditions. The fermentation process utilized the probiotic bacterium Lactobacillus 

rhamnosus A6-5 as the inoculum. The extracts' bioactive compounds' content was assessed using 

gas chromatography-mass spectrometry (GC-MS). The Alamar Blue assay was performed on 

human fetal skin fibroblast (HFF) cells to evaluate cytotoxicity in the tested samples. Cells were 

treated with 100 μL of each sample and the control group for 72 hours. The results indicated a 

significant increase in fibroblast cell viability when treated with FELN at a an 810 μg/mL 
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concentration, yielding a viability percentage of 102.8 ± 2.27%. In contrast, NFELN at the same 

concentration (810 μg/mL) induced cytotoxic effects on HFF, resulting in a viability of 63.52 ± 

2.49%. A comparison of the results from both assays demonstrates that FELN exerts a more 

beneficial effect on the viability and activity of the examined cells. Additionally, microbiological 

analyses were conducted on various pathogenic skin strains, including Staphylococcus 

epidermidis, Propionibacterium acnes, and Candida albicans, employing methods to determine the 

minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The 

MIC and MBC of FELN and NFELN were assessed at concentrations ranging from 810 μL to 1.58 

μL after a 24-hour incubation using microplate reader. The results of the present study indicate 

that the fermented extract of Laurus nobilis (FELN) exhibits significant antimicrobial efficacy, 

particularly at low concentrations, demonstrating superior biological activity when compared to 

the non-fermented crude extract. These findings suggest that the fermented extract could be 

utilized as an active ingredient in skincare formulations within the cosmetic industry. Numerous 

studies have reported that incorporating such natural compounds into consumer products not only 

increases consumer demand but also demonstrates a favorable environmental impact. 

Keyword: Laurus Nobilis, Fermentation process, Medicinal plant, Biotechnology, Antimicrobial 

Activity, Antifungal activity, Microorganisms (S. epidermidis, P. acnes, and C. albicans), Skin 

cells, biological activity, cytotoxic 
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The oxidation of alcohols to aldehydes is a very important process in organic reactions[1]. 

Benzaldehyde is a valuable industrial compound which was employed mainly as a precursor for 

the manufacture of diverse key chemicals in the pharmaceutical and food industries.In industry, 

the traditional method of preparing aldehydes by alcohol oxidation usually requires high reaction 

temperature and high valence metal salts as oxidants, which is a high energy consumption method 

and will inevitably produce environmental pollutants containing metal ions with high valence[2]. 

Compared to other classical methods, using multiphase photocatalysis requires milder conditions, 

and the main problem with these reactions is to find effective factors and optimize them to have 

appropriate selectivity. The selective synthesis of benzaldehyde from benzyl alcohol by visible 

light is a promising green synthesis method The use of photocatalysts in the presence of visible 

light energy for chemical transformation is an active area of research today[3]. Nature is a vast 

resource pool with an abundance of natural biomass. Natural biomass can meet the demand for 

green chemistry, cut costs, and maximize resource usage. In this respect, the use of natural 

substances in the production of catalysts has seen significant growth among researchers; natural 

materials such as fibroin , starch , chitosan , cellulose , and basil seeds could appear effectively in 

this field[4].  

In this research, graphene-like carbon (GLC) incorporated with Ag-Cu₂O was effectively produced 

by activating basil seeds with sodium hydroxide via a two-step microwave-assisted method that 

involved reactions with silver and copper metal salts. The resulting photocatalyst was applied in 

the alcohol oxidation reactionreaction (Scheme 1), showing excellent performance in optimized 

conditions. An extensive characterization of the nanocatalyst was performed using a range of 

analytical methods, including FT-IR, XRD, TGA, XPS, HR-TEM, FE-SEM, AAS, and EDS. The 

prepared Ag-Cu₂O/GLC presents multiple advantages, including environmental sustainability, 

affordability, and high catalytic efficiency. 
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Scheme 1: oxidation of alcohols to aldehydes Photocatalyst by Ag-Cu₂O/GLC 
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Introduction 

Piperazine is a cyclic diamine with two amino groups (NH) positioned in a hexagonal ring. TiO2 

thin films is drastically increasing due to their various and promising applications, such as 

photocatalysis, catalysts and optical filters, production of pigments, cosmetics [1]. The 

functionalized TiO2 materials are classified as a new type of catalysts to synthesis wide variety of 

compounds. Tetrahydrobenzo[b]pyrans are known as heterocyclic compounds with diverse 
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medicinal applications. These compounds possess anti-cancer, anti-microbial, and anti-coagulant 

properties, and are effective in the treatment of diseases such as Alzheimer's and Parkinson's ].2[  

In the present study, Tetrahydrobenzo[b]pyran was synthesized using functionalized TiO2. For 

this propose, Piperazine as a cyclic diamine was used for functionalizes of TiO2 as a new catalyst 

(TiO2@Pip).  

Method 

Preparation of TiO2@Pip: A 10 mL of aqueous solution piprazine (0.12 M) was added to a 10 

mL of dispersed TiO2 in water. The mixture was stirred for 30 min at RT. Next, the mixture was 

heated in an autoclave for 12 h at 120 °C. After that, the yield was centrifuged and washed with 

water. 

General procedure for the synthesis of Tetrahydrobenzo[b]Pyran: A mixture of benzaldehyde  

(1 mmol), malononitrile (1 mmol), dimedone (1 mmol), and 0.05 gr of  TiO2@Pip was refluxed at 

90°C. The reaction process was monitored by TLC to complete.Scheme1) 
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Scheme1. The synthesis procedure of Tetrahydrobenzo[b]pyran  

Discussion 

TiO2@Pip and tetrahydrobenzo[b]pyran were characterized using FT-IR spectroscopy (see Figure 

1 a,b,c,d).  For TiO2@Pip, a band at 667belongs to Ti – O [1]. The bands of TiO2@Pip were 

observed at 2967 cm−1 and 2886 cm−1, which correspond to the asymmetric and symmetric 

stretching vibrations of -CH-, respectively. The bending vibrations of N-H and C-N were observed 

at 1527 and 1459 cm−1, respectively. Furthermore, the characteristic peak at 3400 cm−1 for belongs 

to the stretching vibration of N-H [3]. All of these results indicated that piperazine was conjugated 

to the surface of Titanium dioxide. 

Characterization of tetrahydrobenzo[b]pyran: The stretching bands at 3500 and 3300 cm−1 

belong to N-H. The band of stretching aromatic hydrogens were observed at 3150 cm−1.  The band 

at 2921 cm−1 belongs to stretching vibrations of -CH-. The stretching vibrations of C-O, C=C, and 

C=N were observed at 1250, 1475, and 2250 cm−1, respectively. In addition, the bending peaks of 

CH2 and CH3 were appeared at 1465, 1375 and 1450 cm−1. Finally, the bending band of aromatic 

C-H was appearance at 900   and 960 cm-1. All the results indicated that the successfully synthesis 

of Tetrahydrobenzo[b]pyran. 
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Fig1. a (TiO2), b (Piperazine), c (TiO2@Pip), d (tetrahydrobenzo[b]pyran)  
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During the past years, the use of recyclable heterogeneous catalyst (a solid catalyst that is dispersed 

on a supporting material to increase surface area and provide stability) has received significant 

importance in organic chemistry [1]. 

The pistachio hard shell is an agricultural waste and would be an excellent biosource for preparing 

solid acids because of its high adsorption ability, low cost, and easy sustainability [2]. 

 Much like other agricultural lignocellulose biomass, such as coconut shell, sawdust, peanut shell 

pistachio hard shell is composed mainly of lignin, cellulose and hemicelluloses. Consequently, the 

main active sites of pistachio shell are a wide variety of hydroxyl groups that can be used for the 

preparation of solid acid catalysts [3]. 

Multi-component reactions (MCRs) have significant role in organic chemistry, because of some 

merits like selectivity, synthetic convergence, high atom economy, simplicity, short reaction time, 

facility of workup, synthetic efficiency and high yield of products. An efficient way for the 

synthesis of heterocyclic compounds is using multi-component reactions, which have great value 

in design of biologically new active compounds. Tetrahydrobenzo[b]pyrans as one of the 

significant group of oxygen-containing heterocycle compounds are highly considered due to their 

medicinal and biological properties such as spasmolytic, antitumor, antibacterial, anti HIV, 

insulin-sensitizing activity and hypotensive antiviral [4]. 

Experimental 

A mixture of aromatic aldehyde (1 mmol), malononitrile (1 mmol) and dimedone (1 mmol) was 

prepared and 0.01 gr of Hard Shell of Pistachio (HSP) was added to the mixture and heated at 80 

°C in Ethanol. The progress of the reaction was monitored by TLC (eluent: EtOAc/ n‐hexane, 1:1) 

(Scheme1). 

 

Scheme 1. The preparation of benzopyrans using Hard Shell of Pistachio (HSP) 

results & discussion 

The results obtained from the energy dispersive X-ray spectroscopy of pistachio shell show that it 

consists of 62.5% carbon and 37.2% oxygen, along with trace amounts of other elements present 

in its structure (Fig1). 
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Fig1. "X-ray Powder Diffraction Spectroscopy Analysis of Hard Shell of Pistachio." 
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Introduction 

Zeolites are crystalline microporous materials formed by corner-sharing TO4 (T = Si or Al) 

tetrahedra, which have the periodic one-to-three dimensional frameworks, unique porous structure, 

and fine thermal and chemical stability. They have found widespread applications in many 

industrial fields such as catalysis, adsorption, separation, and ion exchange [1]. 

Heterocyclic compounds containing the 4H-pyran ring have played important roles in synthetic 

and medicinal chemistry, and polyfunctionalized 4H-pyran groups have attracted the attentions of 

many researchers involved in drug discovery process. The main interest in the 4H-pyran group is 

due to its biological and pharmacological characteristics. Pyrano[2,3-c]pyrazoles are heterocyles 

with significant activities, such as anti-tumor, analgesic, anticancer and anti-inflammatory 

properties. In addition, these compounds are important precursors for promising drugs in the field 

of medicinal chemistry. They also serve as potential inhibitors of human Chk1 kinase. Spiro 

compounds containing pyrans have also been proven to have a wide range of biological activities, 

as hypertensive and potential novel analgesic agents [2]. 

Experimental 

Ethyl acetate (1 mmol) and hydrazine hydrate (2 mmol) were poured into the flask, and one ml of 

water solvent and 0.003 gr of zeolite beta catalyst were added to the reaction mixture and stirred 

for 10 minutes at room temperature. Then malononitrile (1 mmol) and isatin (1 mmol) were added. 

After completion of the reaction as monitored by TLC  

(eluent: EtOAc/ n‐hexane, 1:1).(Scheme1) 

Scheme 1. The preparation of spiropyrazoles using Zeolite beta 

 

 

results & discussion 

The XRD diffraction pattern of zeolite beta is observed as two characteristic peaks at 2ɵ= 20-25   

 and 2ɵ=8, indicating the crystalline structure of the synthesized zeolite beta.(Scheme 2( 
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Scheme 2. XRD diagram of zeolite beta 
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Scheme: Solvent-free synthesis of alkyl 2-((5-hydroxy-1H-pyrazole-4-

carbonothioyl)thio)acetates 3a-3g. 

Introduction: Pyrazoles, a versatile class of heterocyclic compounds, have captured significant 

attention due to their broad spectrum of properties and applications [1,2]. These compounds exhibit 

various pharmacological activities, including analgesic, antiinflammatory,antimicrobial, 

herbicidal, and pesticidal effects [3,4]. Additionally, they have shown promise in addressing 

cognitive disorders such as Alzheimer’s disease [5]. 

Results and discussion: Alkyl 2-((5-hydroxy-1H-pyrazole-4-carbonothioyl)thio)acetates 3 were 

synthesized in a two-step process from pyrazolone derivatives 4, carbon disulfide, and alkyl 

bromoacetate derivatives 5. The reaction was initiated by adding a base to a mixture of compound 

4 and carbon disulfide in a sealed test tube. TLC analysis was used to monitor the consumption of 

the starting material, 4. Once 4 was completely consumed, alkyl bromoacetate 5 was added, and 

the reaction quickly proceeded to completion, as confirmed by TLC (step 2). The crude product 

was purified by washing with water followed by recrystallization from diethyl ether. 
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Abstract: In this study, Glu.@SiO2@(CH2)3OWO3H as a green, benign and recyclable 

nanocatalyst was prepared via anchoring of tungstic acid onto 3-chloropropyl-grafted SiO2-coated 

glucose nanoparticles. Glu.@SiO2@(CH2)3OWO3H was characterized via FE-SEM, XRD, FT-IR 

and EDX analysis. This catalyst was used to achieve a high‐efficiency, low‐cost and eco‐friendly 

approach for synthesizing 4-substituted-1,5-benzodiazepines by the multi-component reaction of 

aromatic aldehydes, o-phenylenediamine and dimedone. The presence of tungstic acid group on 

glucose-entrapped SiO2 possessed both Lewis and Brønsted acidity, which is responsible for the 

high catalyst activity. The results revealed that this catalyst showed high catalytic activity in the 

presented protocol and can be reused at least six times without any change in its catalytic activity. 

Introduction 

Homogeneous transition metal catalysts often exhibit excellent performance in organic 

transformations, but show drawbacks regarding recovery and recyclability.24,25 From both 

industrial and environmental points of view, immobilization of transition metal on solid supports, 

such as mesoporous silica or polymers to produce reusable catalysts have many benefits.26 

Heterogeneous catalysts compared to their homogeneous counterparts have some inherent 

advantages such as milder experimental conditions, an easier set-up and work-up. mixture by 

filtration or centrifugation and reused for more turns. The heterogeneous catalytic systems not only 

decrease the production of waste, but also show high activity and good selectivity.27-31  

2.1. Methods and materials 
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All chemicals and reagents were purchased from Fluka and Merck companies. The reaction 

progress was monitored by using TLC on silica gel polygram SIL G/UV254 plates. Reported 

melting points were determined by an elecrtothermal KSB1N apparatus. NMR spectra was 

recorded in DMSO solvent using a Bruker advanced DMX-400 MHz spectrometer. IR spectra 

were obtained with a JASCO FT-IR/680 instrument spectrometer using KBr pellets. Energy 

dispersive spectroscopy (EDX) was obtained using TESCAN vega model instrument. X-ray 

powder diffraction (XRD) pattern was obtained using a Panalytical X-Pert diffractometer. The 

morphology of the particles was investigated by field emission scanning electron microscopy (FE-

SEM) of Zeiss sigma VP. 

1.2. Procedure for the synthesis of glucose-silica coated nanoparticles (Glu.@SiO2) 

Firstly, glucose (6 g) was dissolved in deionized water (6 mL). Then, tetraethyl orthosilicate 

(TEOS) (18 mL) was added dropwise to the solution, and kept stirred for 3 h at room-temperature. 

Subsequently, sulfuric acid (4 mL) was added dropwise to the mixture and stirred for 2 h. Finally, 

the product was washed three times with distilled water and dried at 100 °C for 24 h.49 

2. Results and discussion 

The preparation of Glu.@SiO2@(CH2)3OWO3H has been carried out according to the steps shown 

in Scheme 1. Initially, the surface of glucose was modified with a coating layer of SiO2 using 

TEOS. To obtain the desired catalyst, Glu.@SiO2 nanoparticles were treated with 3-

chloropropyltrimethoxysilane followed by the reaction with H2WO4. Identification and 

characterization of physicochemical properties of this new catalyst was performed via various 

analyzes methods such as FT-IR, XRD, FE-SEM and EDX technique. 

 

Scheme 1. Preparation of Glu.@SiO2@(CH2)3OWO3H (1). 
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Introduction: 

Synthesis of heterocycles has always been a topic of great interest owing to the pharmacological, 

agricultural, and industrial significance of most heterocyclic structures. Among an immense 

variety of N-heterocyclic compounds, acridine moieties are notable for their antitumor, 

antiparasitic, antifungal, antibacterial, and anthelmintic properties. During our research efforts to 

develop efficient methods for synthesizing heterocycles and preparing nanocatalysts, we would 

like to report the highly stable and recyclable synthesis and application of heterogeneous 

nanocatalysts based on metal-organic/polymer frameworks for the synthesis of 2-

arylpyrroloacridines. We have developed a novel, efficient and clean route for the synthesis of a 

new class of pyrroloacridines via an unexpected three-component reaction between dimedone, 

various anilines and isatin on a new catalyst. The products were successfully synthesized under 

the reaction conditions. 
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Introduction: Dextroamphetamine is a prescription medication primarily used to treat attention 

deficit hyperactivity disorder (ADHD) and narcolepsy. It works by increasing the levels of certain 

chemicals in the brain that help with focus, attention, and impulse control. Dextroamphetamine 

should be taken as directed by your healthcare provider, who may adjust the dosage based on your 

specific needs and response to the medication. Follow your physician's instructions carefully when 

taking dextroamphetamine to ensure its effectiveness and minimize potential side effects. 

Methods: At the outset, the molecular composition of Dextroamphetamine was meticulously 

crafted using GaussView software, followed by detailed quantum mechanical computations at the 

B3LYP/6‒311G theoretical level with the aid of Gaussian09 software. 

Results: Computational modeling of the medication Dextroamphetamine was conducted using 

GaussView software at the B3LYP/6-311G theoretical method, with the presentation of structural 

data.The thermodynamic properties for the molecular structure of Dextroamphetamine have been 

determined at the B3LYP/6-311G level. The calculated electronic energy value is -405.5293961 

kcal/mol.Tables 1 and 2 showcase the structural parameters of Dextroamphetamine, while Tables 

4 and 5 display the calculated dipole moments (Debye) values and HOMO-LUMO energy, 

obtained using the B3LYP/6-311G method. 
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Table 1. Calculated Bond Length Values for Dextroamphetamine Molecule using B3LYP/6-311G 

Computational Method. 

 

 

Table 2. Calculated Bond Angles Values for Dextroamphetamine Molecule using B3LYP/6-311G 

Computational. 
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121.02863 34.78580 120.67621 48.45584 61.01557 97.72075 

 

Table 4. Calculated Dipole Moments Values for Dextroamphetamine Molecule using 

B3LYP/6-311G Computational.  
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Table 3. Calculated Dihedral Angle Values for Dextroamphetamine 

Molecule using B3LYP/6-311G Computational.  
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µx µy µz µtot 

-0.3110 -0.9387 -0.7918 1.2669 

 

Table 6. Calculated HOMO-LUMO Energy Gap Values for Dextroamphetamine Molecule using 

B3LYP/6-311G Computational. 

EHOMO HLG ELUMO 

-0.22322 0.21567 -0.00755 

 

Discussion: The optimization of Dextroamphetamine was conducted using the B3LYP/6-311G 

method, focusing on its electronic properties. provides important insights into the drug's stability, 

reactivity, and electronic behavior. These findings are valuable for enhancing its pharmacological 

potential and applications. 

Keywords: Dextroamphetamine; DFT; B3LYP/6-311G, HOMO-LUMO gap, Electronic energy, 

Dihedral Angle, Bond Angles, Bond Length, Dipole Moments 
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Abstract 

Currently, the presence of drugs from contaminated water is worrisome due to their high toxicity, 

which necessitates their critical removal by developing highly efficient adsorbents. Hence, in this 

study, alginate hydrogel beads of magnetic ZIF-8 metal-organic frameworks (ZIF-8@Fe3O4-SA) 

were prepared for the first time and then utilized as a new absorption system for the removal of 

tetracycline drug (TC) from aqueous solutions by batch adsorption manner (Scheme 1). The effects 

of different experimental factors, such as adsorbent dosage, contact time, pH, and drug 

concentration for the removal of TC drug. Based on the study, the ZIF-8@Fe3O4-SA hydrogel 

beads could be considered a sustainable, simple, economical, environmentally friendly absorption 

system for the removal of pharmaceutical contaminants from water.  

 

Keyword: Hydrogel beads, Metal-organic frameworks, Absorption system, Tetracycline. 

 
Scheme 1: Schematic illustration of the synthesis of ZIF-8@Fe3O4-SA hydrogel beads.  

 

Introduction 

Nowadays, contamination of water sources by various organic and inorganic pollutants 

(pharmaceuticals, industrial additives, organic dyes, etc.) is considered to be one of the serious 

pandemic problems worldwide [1, 2]. Among the various contaminants, antibiotic drugs as a type 

of contaminant have garnered significant attention due to their large-scale production, diverse uses, 

and frequent detection in surface water [3, 4]. Therefore, it is crucial to efficiently remove 

antibiotic drugs from the water before entering the natural environment. In the present study, we 

report the preparation and characterization of ZIF-8@Fe3O4-SA hydrogel beads as a new and 

effective adsorbent for the removal of TC antibiotic from aqueous solutions by the batch method. 

The effects of different parameters on the adsorption process were evaluated. The obtained results 

showed that the designed ZIF-8@Fe3O4-SA hydrogel beads could be potentially used as a new 

adsorbent for the removal of water environmental pollutants. 

 

Method 
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Preparation of ZIF-8@Fe3O4-SA hydrogel beads 

For the preparation of the ZIF-8@Fe3O4-SA hydrogel beads, 0.02 g of as-prepared ZIF-8@Fe3O4 

was uniformly dispersed for 15 min in 5 mL deionized water. Then, a 2% w/v SA solution was 

prepared and slowly added to the above suspension and stirred at room temperature. After 2 h, the 

homogeneous solution was added drop by drop to 2% w/v solution of CaCl2 (2% w/v) under 

continuous stirring using a syringe. Finally, the ZIF-8@Fe3O4-SA hydrogel beads were isolated 

easily by a magnet, washed continuously with distilled water, and dried at room temperature.  

 

Results and Discussion 

The effect of adsorbent dose (10-60 mg) indicated that increasing the mass of the hydrogel beads 

led to an increase in the removal efficiency of TC drug from 27.05% to 75.06%, due to the presence 

of more vacant adsorption sites and greater surface area of the hydrogel beads. Therefore, 

economically, 30 mg of hydrogel beads were selected as the optimum dosage for further adsorption 

studies. In addition, the maximum adsorption of TC onto hydrogel beads was achieved at pH 5. 

The adsorption capacity of TC increased gradually with an increase in the concentration of drugs 

from 10 mg/L to 50 mg/L. Also, at high initial concentrations, the lower removal efficiencies are 

probably due to the saturation of the adsorptive surface sites. Therefore, 30 mg/L was determined 

as the optimal initial concentration for further investigation. Also, the removal efficiency of TC 

was enhanced gradually by an increase in the contact time (0-90 min). As a result, 25 min was 

considered as the optimum contact time for further studies. Based obtained results, the prepared 

hydrogel beads could be considered as simple, economical, environmentally friendly adsorbent 

with high adsorption capacity for drug contaminants removal from water.  
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Abstract 

The excessive release of antibiotic pharmaceuticals endanger the ecological environment as well 

as human health. Hence, it is of profound significance to develop effective removing strategies by 

developing highly efficient adsorbents. Hence, in this work, layered double hydroxide supported 

copper metal organic framework were coated with chitosan biopolymer in the presence of citric 

acid to prepare Cu MOF-LDH@CS were prepared and then utilized as a new absorption system 

for the removal of penicilin drug (PC) from aqueous solutions by batch adsorption method 

(Scheme 1). The effects of different experimental factors, such as adsorbent dosage, contact time, 

pH, and drug concentration for the removal of PC drug. Based on the study, the Cu MOF-

LDH@CS could be considered an environmentally friendly absorption system for the removal of 

pharmaceutical contaminants from water.  
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Scheme 1: Schematic illustration of the synthesis of Cu MOF-LDH@CS.  

Introduction 

With increasing in world population as well as the improvement of living standards, the use of 

antibiotics pharmaceuticals has increased [1]. The presence of these drugs in the wastewater of 

pharmaceutical industries, hospitals, livestock and municipal wastewater, and 

ultimately their penetration into groundwater and drinking water has been one of the most 

important environmental challenges [2]. Therefore, it is crucial to efficiently remove antibiotics 

from the water before entering the natural environment. In this study, Cu MOF-LDH@CS 

absorption system were prepared. Then, their performances for the adsorption and removal of 

penicilin drug (PC) from aqueous solutions were investigated by study from the effects parameters 

such as contact time, adsorbent dosage, and solution pH. The obtained results showed that the 
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designed Cu MOF-LDH@CS could be potentially used as a new adsorbent for the removal of 

water environmental pollutants. 

 

Method 

Preparation of Cu MOF-LDH@CS 

The Al-Zn LDH nanocomposite was prepared by the co-precipitation method in the alkaline 

medium [3]. In this work, the Cu MOF-LDH composite was synthesized by an in-situ growth 

method in hydrothermal conditions [4].  For preparation Cu MOF-LDH@CS, the CS solutions 

(%1) were obtained by adding 0.1 g of CS powder into 100 mL of 1 wt% of acetic acid solution at 

40 ◦C for 2 h. Then, 20 mL of the sonicated Cu MOF-LDH solution was added to the prepared CS 

solutions under vigorous stirring. Then, 0.8 g of citric acid was dissolved in 5 mL of 

distilled water and added into above solutions. The pH of the prepared solutions was then adjusted 

to 4.5 using NaOH (0.1 M), and these solutions were stirred (200 rpm) for another 2 h at 70 ◦C. 

The Cu MOF-LDH@CS were washed with excess distilled water followed by the freezedrying 

process.  

 

Results and Discussion 

The results of the effect of adsorbent dose indicated that increasing the mass of the Cu MOF-

LDH@CS from 5 to 40 mg led to an increase in the removal efficiency of PC drug from 31.45% 

to 81.06%, due to the presence of more vacant adsorption sites and greater surface area of the 

hydrogel beads. Therefore, economically, 25 mg of Cu MOF-LDH@CS were selected as the 

optimum dosage for further adsorption studies. The effect of the initial concentration of PC drug 

(5-25 mg/L) showed that the adsorption capacity of PC increased gradually with an increase in the 

concentration of drugs. Also, at high initial concentrations, the lower removal efficiencies are 

probably due to the saturation of the adsorptive surface sites. Therefore, 15 mg/L was determined 

as the optimal initial concentration for further investigation. Also, the removal efficiency of PC 

was enhanced gradually by an increase in the contact time (0-120 min). As a result, 40 min was 

considered as the optimum contact time for further studies. Based obtained results, the prepared 

Cu MOF-LDH@CS could be considered as environmentally friendly adsorbent with high 

adsorption capacity for drug contaminants removal from water.  
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Abstract 

In this study, we design a pH-controlled carrier based on magnetic copper metal-organic 

framework-chitosan crosslinked к-carrageenan hydrogel nanoparticles (Fe3O4-MIL 100 MOF-

CUR-CS@CAR) for targeted release from curcumin (CUR) to breast cancer cells (Scheme 1). The 

encapsulation efficiency and drug loading capacity of the CUR were obtained to be 86.1% and 

8.6%, respectively. These in vitro release results confirmed the controlled release and pH-response 

behavior of hydrogel nanoparticles. On these findings, the present study suggests the potential of 

the prepared Fe3O4-MIL 100 MOF-CUR-CS@CAR hydrogel nanoparticles as a pH-controlled 

drug delivery system for cancer treatment. 
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Scheme 1: Schematic illustration of the synthesis of Fe3O4-MIL 100 MOF-CUR-CS@CAR.  

 

Introduction 

Recently, various drug delivery systems composed of various materials such as graphene oxide, 

Metal-organic frameworks, magnetic Fe3O4, starch, κ-carrageenan, alginate, and Chitosan, have 

been widely investigated for anticancer drug delivery to cancer cells [1]. Amongst, metal-organic 
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frameworks (MOFs) as drug delivery systems have been receiving increasing attention due to their 

unique properties such as high surface area, effective biodegradability, minimal toxicity to cells, 

high drug loading capacity, long-term controlled release, good biocompatibility, and tunable 

surface functionalities. However, drug delivery applications of MOFs are limited due to their 

tendency to aggregate [2, 3]. Therefore, modification of MOFs with biopolymers not only 

improves their drug loading capacity, and biocompatibility but also increases the stability of MOFs 

[21, 22]. Therefore, in this study, Fe3O4-MIL 100 MOF-CUR-CS@CAR hydrogel nanoparticles 

were prepared for targeted CUR delivery within breast cancer cells.  

 

Method 

CUR loading in the Fe3O4-MIL 100 MOF 

In this work, the Fe3O4-MIL 100 MOF was synthesized by an in-situ growth method in 

hydrothermal conditions. Then, 50 mg of the prepared Fe3O4-MIL 100 MOF was dispersed in 5 

mg of CUR (2 mg/mL) for 10 min in ethanol. Then, the suspensions at dark were shaken at room 

temperature for 72 h.  Finally, by collecting and measuring the supernatant solution at 428 nm with 

a UV-Vis spectrophotometer.  

 

Preparation of Fe3O4-MIL 100 MOF-CUR-chitosan crosslinked with к-carrageenan (Fe3O4-MIL 

100 MOF-CUR-CS@CAR)  

For the preparation of Fe3O4-MIL 100 MOF-CUR-CS@CAR, 0.5 g of CAR was dissolved 

separately in 50 mL of deionized water. On the other hand, 0.5 g of CS was dissolved in 100 mL 

of acetic acid solution (1% w) to obtain a CS solution (0.5% w/v). Next, 0.18 g of Fe3O4-MIL 100 

MOF-CUR was dispersed for 10 min in 5 mL of deionized water and then was added dropwise to 

the CS solution. Finally, CAR solution was added dropwise to Fe3O4-MIL 100 MOF-CUR and CS 

mixture under vigorous stirring. The final pH of the mixture was around 6 to prepare crosslinked 

hydrogel nanoparticles. The produced hydrogel nanoparticles were isolated using an external 

magnet and washed multiple times with distilled water and then dried using a freeze-dryer. 

 

In vitro CUR release from Fe3O4-MIL 100 MOF-CUR-CS@CAR 

To release CUR, 20 mg of hydrogel nanoparticles were mixed with 10 mL of PBS solution (pH 

7.4 and 5.5) and the resulting suspension was kept for 72 h on a shaker incubator with a temperature 

of 37°C. The hydrogel nanoparticles were separated with an external magnet and after removing 

the 5 mL of supernatant solution, 5 mL of fresh buffer was added to each treatment. The amount 

of drug released was estimated by UV-Vis spectroscopy.  

 

Results and Discussion 

The CUR loading on Fe3O4-MIL 100 MOF showed an encapsulation efficiency of 85.3% and a 

drug loading capacity of 8.5%.The release of CUR from the Fe3O4-MIL 100 MOF-CUR-

CS@CAR showed that the CUR release in pH 5.5 is accelerated in compared to pH 7.4, which 
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suggest a pH-dependent release behavior from Fe3O4-MIL 100 MOF-CUR-CS@CAR. The 

obtained result suggests that hydrogel nanoparticles can be a potential system in cancer treatment. 
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In pharmaceutical industry, pharmacopeial standards are defined in the form of monographs to 

analyze active pharmaceutical ingredients (APIs) and determine their purity (BP pharmacopeia 

and USP pharmacopeia).  

One of the analyses performed is the impurity test, and in most cases, HPLC (High-Performance 

Liquid Chromatography) is used for this purpose. Structure of some impurities are known, limits 

is defined for them, and during HPLC test, these impurities need to be injected into the device as 

References and should be identified in Final API. Many of these impurities are synthesized by 

regulatory organizations (BP and USP) and sold to other countries at high costs, which creates 

significant annual expenses for the pharmaceutical industry. 

Spironolactone is an active pharmaceutical ingredient (API) which after undergoing a specific 

formulation process, is transformed into a pharmaceutical product (spironolactone tablet). 

One of known impurities in pharmacopeia for spironolactone is its epimer which its price of 30 

mg is 800$. 

mailto:aJahangirVazifeh.r.d@gmail.com
mailto:bshirini@guilan.ac.ir
mailto:csharifzadeh@guilan.ac.ir


570 

 

 

Spironolactone                             Epimer  

We have developed a method for extracting the epimer impurity of Spironolactone from the liquor 

produced in the industrial process (Behdasht Kar Company)2.  

Efforts to analyze the HPLC spectra of several industrial batches and investigate the cause of the 

increased epimer impurity in the company’s products, along with reviewing scientific literature on 

the synthesis of this impurity, led to the discovery of a method for synthesizing and recovering this 

impurity from the main production liquor.  

This approach ensures that, alongside the synthesis of the epimer impurity, the main active 

ingredient, spironolactone, which also has significant economic value, is synthesized, making the 

method economically viable thus preventing waste of raw materials.  

Method of synthesis and separation  

Reaction of Canrenone with an excess amount of Thioacetic acid, under solvent-free conditions 

and indirect heating with steam during 6 hours, leads the reaction to formation of the Epimer 

impurity. 

The progress of the reaction was monitored using TLC. Upon observing no change in the TLC 

appearance, tetrahydrofuran and ethyl acetate were added to the mixture. Saturated sodium 

bicarbonate solution was then gradually added, resulting in the cessation of bubbling and 

neutralization. After phase separation and dehydration of the organic phase using magnesium 

sulfate, the solvent was distilled. After drying, fluffy brown-orange precipitate was obtained. 

HPLC analysis revealed that approximately 46% of the compound was the main product, 

spironolactone (alpha form), while about 45% was Epimer impurity. 

 During the purification of the product in methanol, spironolactone is separated, and the recovery 

of the impurity from the separated liquor is carried out through distillation, re-crystallization, and 

thin-layer chromatography. After obtaining the epimer with over 80% purity, in subsequent steps, 

the separation of the epimer from the liquor is achieved through seeding, under very precise and 

controlled conditions. 

                                                           
2 https://www.bk-api.com/; Info@behdashtkar.com  
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Heterocyclic compounds, particularly five-membered rings such as 1,2,4-oxadiazoles, have 

garnered significant attention due to their wide range of biological activities, including 

antiinflammatory, antimicrobial, anticonvulsant, and antihypertensive properties. Among these, 5- 

thione derivatives of 1,2,4-oxadiazoles hold promise as intermediates for synthesizing biologically 

important compounds. However, despite extensive research on oxadiazole derivatives, the 

synthesis of 5-thione derivatives has been relatively underexplored. This study presents a novel 

and efficient method for synthesizing 1,2,4-oxadiazole-5-thiones using carbon disulfide (CS2) as 

a cost-effective and practical C=S donor under super basic conditions. The proposed methodology 

is scalable, economically viable, and yields products with high efficiency, offering a valuable 

contribution to the development of heterocyclic compounds for pharmaceutical applications. 
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The proposed method involves reacting amidoximes with carbon disulfide (CS2) under super basic 

conditions (KOH/DMSO) at 40°C. This reaction efficiently yields 1,2,4-oxadiazole-5-thiones with 

good to excellent yields. The method is notable for its simplicity, scalability, and the use of CS2 

as a cost-effective C=S donor. Additionally, it offers straightforward purification processes and 

demonstrates compatibility with various substrates, making it highly practical for pharmaceutical 

and industrial applications. 

In the "Results and Discussion" section, we investigated the synthesis of 1,2,4-oxadiazole-5- 

thiones through the reaction of amidoximes with carbon disulfide (CS2) under super basic 

conditions (KOH/DMSO) at 40°C. Our results demonstrated that KOH is the most effective base, 

leading to high yields of the desired products, particularly when excess CS2 was used. The method 

proved versatile, efficiently converting a range of amidoximes, including those with 

electronwithdrawing groups and halogen substituents, into 5-thione derivatives. However, 

amidoximes with methoxy or bulky groups exhibited reduced yields. Additionally, we successfully 

synthesized a benzothioamide derivative from p-cyanobenzamidoxime and CS2, further 

illustrating the method's broad applicability. The proposed mechanism involves the formation of 

an intermediate via O-C=S bond formation, followed by the elimination of H2S, resulting in the 

final 1,2,4- oxadiazole-5-thione products. 
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Quinoline and dihydrothiophene structures are well-known for their significant medicinal and 

biological properties. Inspired by these attributes, we aimed to synthesize novel derivatives of 

these biologically important compounds using a new and innovative method.1-3 This study focuses 

on a three-component reaction involving 3-formyl-2-mercaptoquinoline, nitroepoxide, and aniline 

to produce dihydrothiophene and quinoline rings (Scheme 1). Key advantages of this reaction 

include excellent yields, the absence of a catalyst, the ability to synthesize a variety of 

dihydrothiophene derivatives, and a straightforward procedure that proceeds efficiently within a 

short timeframe. 
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Scheme 1. Synthesis of dihydrothiophene rings from 3-formyl-2-mercaptoquinoline, aromatic 

amines, and nitroepoxide. 
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Sulfonamides and anthraquinones (AQs) are two important groups in organic chemistry. This 

importance stemmed from their valuable and attractive properties in different fields especially in 

medicine such as antibacterial, antifungal, antiulcer, antidiabetic, antiparasitic, enzyme inhibitory, 
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anticancer, antiviral, antioxidant, analgesic, antiinflammatory and so on [1-2]. Despite this great 

importance, the reports concerning the synthesis of chemical structures containing both these 

moieties are rare in the literature [3]. In this work, the synthesis of anthraquinone-1-sulfonamides 

having an additional anthraquinone derivative on nitrogen atom is described. For this purpose, first 

anthraquinone-1-sulfonyl chloride (AQ-1-SO2Cl) was prepared from the reaction of sodium 

anthraquinone-1-sulfonate with phosphorus (V) oxychloride. Then the synthesized AQ-1-SO2Cl 

was treated with a basic solution of different primary and secondary 1-aminoanthraquinones (AQ-

1-NHR) in DMF via a nucleophilic substitution reaction affording the desired anthraquinone-1-

sulfonamides. A model reaction is shown in Scheme 1. Some these 1-aminoanthraquinones 

themselves were synthesized via the reductive Claisen rearrangement of the related 1-(N-

allylamino)anthraquinones reported in the literature [4]. Some of these anthraquinone-1-

sulfonamides have even more potent antibacterial properties than chloramphenicol.   

 

 

 

 

 

 

Scheme 1: synthesis of anthraquinone-1-sulfonamides having an additional anthraquinone core. 
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Abstract: 

Recent developments have highlighted the significance of chitosan in heterogeneous catalytic 

processes. in this research, we synthesized 2-Hydroxy Ethyl methacrylate grafted to Chitosan as a 

heterogeneous catalyst for multicomponent reactions (MCRs). 2-Hydroxy Ethyl methacrylate 

(HEMA) is recognized as a multifunctional monomer, hydrophilic and biocompatibe with diverse 

applications across various domains. the synthesized catalyst underwent characterization using 

Fourier transform infrared (FTIR) spectroscopy, field emission scanning electron microscopy 

(FESEM), energy dispersive X-ray spectroscopy (EDS), elemental mapping, and X-ray diffraction 

analysis (XRD). this catalyst effectively promoted the synthesis of Imidazole derivatives as a one-

pot multicomponent reaction with high product yields and reduced reaction times. additionally, 

the heterogeneous catalyst showcased exceptional reusability, retaining its catalytic performance 

for a minimum of six cycles without significant efficiency loss. 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Schematic reaction of synthesis of imidazole derivatives via one-pot three component 

reaction 

 

Conclusion: 

In this paper, we studied the new CS-g-HEMA catalyst was utilized in the multicomponent 

reaction for the synthesis of imidazole derivatives. the nanocatalyst has advantages such as easy 

separation, good recovery, low-cost, high product yield and maintenance of the catalytic activity 

up to several cycles. also, the low need for catalyst and solvent and on the other hands, are use of 

solvent non-toxic are other benefits of this catalyst in reactions. 
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There is considerable research on the expansion of biocatalysts in organic reactions is due to their 

high catalytic efficiency, selectivity, mild and environmentally friendly reaction conditions, simple 

operational procedures and low energy requirements [1-2]. Among the reported biocatalysts, 

commercially available and inexpensive bovine serum albumin (BSA) as most abundant protein 

of mammalian blood plasma has been used as an active and efficient catalyst or co-catalyst in 

various organic transformations [3]. In this research work, chitosan biopolymer was functionalized 

with 2,4,6-trichloro-1,3,5-triazine to produce new arms for further modification with BSA protein. 

The magnetization of biosupport was done through treatment of Fe3O4 nanoparticle with chitosan 

biopolymer that functionalized with chlorinated derivative of 1,3,5-triazine. BSA-immobilized on 

the magnetic chitosan support (Fe3O4@CSC-BSA (Scheme 1)) was applied as an efficient 

magnetic heterogeneous catalyst in the synthesis of dihydropyridine derivatives through Hantzsch 

reaction and dihydropyrimidinones by Biginelli reaction. 

 

Scheme 1.  
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Nitrogen-containing compounds are of great importance in medicinal chemistry and related 

sciences due to their unique chemical and biological properties. Among these compounds, 2-

amino-3-cyanopyridine has many biological properties.1 In this context, various metallic catalysts 

have been introduced as efficient catalytic system for the synthesis of this evaluable compounds2. 

Metal-organic frameworks (MOFs) have porous structures consisting of metals and organic 

ligands. Due to their large surface area and special chemical properties, these structures have the 

ability to facilitate and optimize chemical reactions3. In this project, the metal-organic framework 

UiO66-NH2 was used as a recyclable catalyst for the synthesis of 2-amino-3-cyanopyridine 

derivatives (Scheme 1). This reaction is a four-component reaction between aromatic aldehyde, 

acetophenone, malononitrile and ammonium acetate. High efficiency and selectivity, ability for 

easy separation and recovery from the reaction mixture, reusability, low energy consumption, high 

yield and short reaction time are some of the advantages of the synthesized catalyst. 
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Scheme 1. Preparation of 2-amino-3-cyanopyridine catalyzed by UiO66-NH2 
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Introduction: Diethyl ether (CH3CH2OCH2CH3) is a well-known anesthetic drug and also a 

dipolar protic solvent widely used in organic synthesis. Additionally, diethyl ether is potentially 

an interstellar molecule [1]. Despite its pharmacological importance, limited studies have focused 

on the conformers of this molecule and its potential energy surface (PES). The aim of this research 

is to present a new PES map of DEE through dihedral angle scans. Furthermore, a comprehensive 

study has been conducted on the stable conformers, transition states, HOMO-LUMO gap, and 

variations in the electric dipole moment. 

Method: All calculations were performed using the Gaussian 09 software at two levels of theory: 

Hartree-Fock and Density Functional Theory [2] (B3LYP), with the aug-cc-pVDZ basis set [3-5]. 

In this study, the angles D1 (corresponding to the C-C-O-C rotation) and D2 (corresponding to the 

C-O-C-C rotation) were scanned in 10-degree steps over a range of 0 to 360 degrees, resulting in 

the generating of 1369 independent structures. These structures were subjected to single-point 

calculations at the same level of theory used in the PES scan to obtain the values for μ (Dipole 

Moment) and ΔE = ELUMO - EHOMO. 

Results and Discussion: The molecular energy variation, electric dipole moment and ELUMO - 

EHOMO as a function of the dihedral angles D1 and D2 at two levels, HF/aug-cc-pVDZ and 

B3LYP/aug-cc-pVDZ , is shown in Figure 1.  

 

Figure 28: From the left, respectively, the Potential Energy Surface at the B3LYP and HF levels, 

the Electric Dipole Moment at the B3LYP and HF levels, the Homo-Lumo gap at the B3LYP and 

HF levels of the DEE. 

Both computational levels produced similar PES, which differs only in the range of energy values 

covered. To fully calculate the energy of the conformers, each of these structures was completely 

optimized. This analysis confirms that, after relaxing the selected structures, 4 ground-state 

conformers and 6 transition-state structures were identified. To check the consistency of our 

results, the reader is referred to the article by Kuze et al. [6]. The structure of the diethyl ether 

molecule and the ground-state conformers of the molecule are shown in Figure 2.  

 

Figure 29: From the left, respectively, the structure of the DEE and the angles D1 and D2 ; The 

ground state conformers of DEE: TG, GG, GG' and TT. 

Overall, the DFT and HF calculations yield identical results, with only minor structural differences 

observed in the location of the minimums on the PES, originating from the level of theory applied. 

Additionally, in both cases, the conformers are nearly isoenergetic. The widely used parameter ΔE 

= ELUMO - EHOMO, which reflects the chemical reactivity and molecular stability, does not appear 
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to have a direct correlation with the PES. However, our results indicate that careful consideration 

is required when using this parameter to evaluate the kinetic stability of a molecule, as DFT results 

may strongly depend on the specific method employed. In these plots, a larger HOMO-LUMO gap 

indicates greater molecular stability, whereas lower values correspond to molecules in a transition 

state or an unstable condition. As expected, any change in geometry may alter the centers of 

molecular charge symmetry, leading to a change in the molecule's electric dipole moment. The 

dipole moment is commonly used to explain certain physical and chemical properties of molecules. 

The greater the dipole variations, the stronger the band intensity in the IR spectrum. Additionally, 

in that state, the molecular interaction is stronger than in other states. In the ground-state 

conformers, the instantaneous dipole moment and potential energy are low. 
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Abstract 

Diazo coupling products with cyclic enol-type coupling components are a fascinating group of 

compounds. They are especially useful for studying azo-hydrazone tautomerization because they 

can exist in a number of different tautomeric and isomeric forms in both solution and solid state 

[1-5].  

The present study examined the impact of electron-donating and electron-withdrawing groups 

(in the azo coupling component) on the physical and chemical properties of three novel azo 

derivatives of 4-hydroxybenzo[h]quinolin-2(1H)-one. Mass spectroscopy, 1H NMR, 13C NMR, 

and FT-IR were used to characterize final structures of the compounds. DFT quantum chemical 

calculations were carried out on the optimized structures of the products and compared with 

experimental data in order to gather more information about the structure of compounds. The 

optimized compounds' frontier orbital energy gap, which includes HOMO-LUMO and HOMO-1- 

LUMO+1, was also examined in this study. Furthermore, the characteristics, uses, and solubility 

of the produced dyes in six solvents—DMF, DMSO, CH₃CN, chloroform, ethanol, and acetic 

acid—were examined using UV-visible spectroscopy. 

Keywords: 4-hydroxybenzo[h]quinolin-2(1H)-one, azo dyes, solvatochromism, NMR, DFT  
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Introduction 

Magnetite nanoparticles are commonly utilized as solid supports in core-shell catalysts due to their 

unique electrical and magnetic properties. However, challenges such as surface contamination and 

particle aggregation necessitate surface modifications [1]. Polysaccharides like chitosan are 

frequently employed to modify these surfaces, enhancing properties such as solubility, stability, 

and catalytic activity. The surface of chitosan can be altered through physical loading or covalent 

grafting of active groups [2, 3]. Pyrimidines are significant heterocyclic compounds with diverse 

biological activities, making them crucial in drug design and valuable in pharmaceuticals and 

agriculture [4]. Spiro heterocycles are typically synthesized using multicomponent reactions. 

Although various catalytic systems have been developed for the synthesis of pyrimidine-based 

spiro heterocycles, many face challenges such as high costs, recovery difficulties, or limited 

reactivity [5-7]. This study aims to address these issues by utilizing NiFe2O4@chitosan as a 

heterogeneous catalyst for the synthesis of spiro heterocycles based on pyrimidine derivatives 

through multicomponent reactions. 

 

Scheme 1: Graphic abstract of the synthesis pyrimidine-based spiro heterocycles by 

NiFe2O4@Chitosan catalyst 

Experimental 

Preparation of NiFe2O4@Chitosan   
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To prepare NiFe2O4@Chitosan, chitosan was dispersed in ethanol, and the medium was made 

alkaline with triethylamine. NiFe2O4 was then added to the mixture. Subsequently, the mixture was 

sonicated for one hour and stirred vigorously at 80°C for one hour. The magnetic precipitate was 

collected using an external magnet, and the obtained solid was dried at 80°C after washing with 

ethanol. 

Synthesis of Indene-2,2'-pyrrolidine-4',5''-pyrimidine]-1,2'',3,4'',6''(1''H,3''H)-pentaone derivatives 

using the provided catalyst   

First, aldehyde derivatives, barbituric acid, glycine, and ninhydrin were dissolved in hot ethanol, 

followed by the addition of the catalyst. After a few minutes of reflux, a precipitate formed, which 

was purified by washing with ethanol.  

Results and Discussion 

The EDX data indicate the percentage of the expected elements in the structural phase of NiFe2O4 

and magnetic chitosan favorably (Fig. 1).  

 

Fig.1. Elemental analysis of NiFe2O4 (a) and NiFe2O4@Chitosan (b) 
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In recent years, the application of magnetic heterogeneous catalysts, particularly magnetic 

nanoparticles (MNPs), has garnered significant attention[1]. Consequently, magnetic 

nanoparticles featuring an iron oxide core and a silica shell serve as effective supports for the 

development of novel magnetic heterogeneous catalysts[2]. Additionally, Schiff base transition 

metal complexes have been extensively investigated as critical intermediates in the synthesis of 

diverse organic and inorganic compounds[3]. 

This study reports the preparation, characterization, and catalytic application of a novel catalyst 

based on magnetic nanoparticles for Ullmann-type coupling reactions. Magnetic iron oxide 

(Fe3O4) and Fe3O4@SiO2 core-shell nanoparticles were synthesized as the primary substrates. 

The desired catalyst was subsequently synthesized using a dendrimer ligand, followed by 

complexation with copper and iron metals. 

 

 

The new catalyst Fe3O4@SiO2@NEE/Cu-Fe[4[ was employed in the Ullmann-type coupling 

reaction, yielding corresponding derivatives in good yields. The catalyst demonstrates the 

capability for multiple reusability, with only a moderate decrease in activity observed. 
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Introduction 

Semiconductors play a key role in photocatalysis, utilizing light energy to drive reactions under 

mild and eco-friendly conditions [1]. A significant application is the photocatalytic conversion of 

o-phenylenediamines and o-nitroanilines into benzimidazoles, which are valued in medicinal 

chemistry for their antimicrobial, antifungal, anti-inflammatory, and anticancer properties [2]. 

Their stability and bioavailability make benzimidazoles indispensable in pharmaceutical research. 

Method 

All reactions were conducted in a one-pot batch system using titanium dioxide (TiO₂) as the 

photocatalyst. The starting materials (o-nitroanilines or o-phenylenediamine) were mixed with the 

solvent, sonicated for 3 minutes to form a suspension, and irradiated under optimized conditions. 

O-nitroaniline reactions used blue LED light in an argon atmosphere, while diamine reactions were 

stirred under sunlight. Reaction progress was monitored using standard analytical techniques. 

Results and Discussion 

As shown in Table 1, the synthesis of 2-methylbenzimidazole and 2-ethylbenzimidazole was 

achieved with excellent yields using ethanol and 1-propanol as solvents, respectively. The 

reactions proceeded efficiently under optimized conditions, highlighting the versatility of the 

photocatalytic method. Notably, these benzimidazole derivatives were synthesized at room 

temperature using a blue LED lamp as the light source, emphasizing the practicality and 

environmental compatibility of this approach. 
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Table 1: synthesis 2-methyl and 2-ethyl benzimidazole derivatives by  

TiO2-P25 under blue LED light 

 

(100 %) (100 %) 

(68 %) (94 %) 

In addition, other benzimidazole derivatives were synthesized with excellent yields using o-

Phenylenediamine and various alcohols under sunlight irradiation in an O2 atmosphere. These 

results, summarized in Table 2, further demonstrate the efficiency and versatility of the developed 

photocatalytic method. 

Table 2: synthesis of benzimidazol by o-Phenylenediamine and alcohol 

 Under sunlight irradiation 

 

(84 %) (91 %) 

(96 %) 
(80 %) 

The synthesized products were characterized using 1H and 13C NMR spectroscopy in deuterated 

chloroform as the solvent. The NMR spectrum of one representative product is shown in Figure 1, 

confirming its structure. 
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Figure 1:1H NMR Spectra of 2-methyl-5-methoxybenzimidazole 
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Modification of a support with a single metal atom in the form of doping or dispersion (adsorbed) 

on the surface is a powerful technique for achieving a high-performance catalyst, namely single-

atom catalyst (SAC). Using SAC causes a larger available surface area, extraordinary catalytic 

activity, more selectivity, higher stability (versus aggregation), and low cost in comparison with 

metal nanoparticles [1]. The first SAC was introduced by Botao Qiao et al in 2011 as Pt/FeOx, 

which caused significant progress in this field as well as in the performance of chemical reactions 

[2]. After that, these perfect materials were investigated in the fields of oxygen reduction reaction 

(ORR), hydrogen evaluation reaction (HER) [3], CO2 oxidation [4], and water gas shift (WGS) 

reaction [5] in various experimental and theoretical studies. In the area of organic chemistry, 

several synthetic methods have also been developed employing SACs such as oxidation of the 

C−H bond of alkanes, oxidative esterification, oxidation of sulfides, alkenes epoxidation, oxidative 

dehydrogenation of heteroarenes, synthesis of imines, cyclohexene oxidation, alcohol 

ammoxidation, and alcohols oxidation.  

To examine the applicability of SACs in organic transformations, DFT calculations were used via 

M06-2X/def2-SVP level of theory, employing Gaussian 09 program package. In this line, NBO 

calculations were performed and solvent effects have been considered using PCM model. 

In the present work Ni, Co, and Cu atom or ions were decorated on the surface of various substrates 

such as graphene, graphyne, g-C3N4, and alumina to obtain the desired SACs. Then their catalytic 

effects in various reaction such as, aldol condensation, CO oxidation, CO2 reduction, and direct 

oxidation of benzene to phenol have been investigated and compared to obtain the most 

appropriate catalyst. Moreover, the possible mechanistic  pathways for each reaction have been 

examined using the SACs and the most appropriate route was determined.  
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Triazine derivatives have attracted considerable attention from scientists due to their diverse 

applications. Triazines are used as analytical reagents [1], dyes [2], and in the preparation of 

polymers [3]. Their significant applications span the fields of medicine, agriculture, and industry 

[4]. Additionally, the tautomeric equilibrium of substituted triazines has garnered interest. 

Tautomeric effects influence the reactivity of compounds in chemical processes and are crucial for 

many biological and biochemical processes. 

In this study, we performed theoretical calculations of 1,3,5-triazine derivatives using the DFT 

B3LYP method to examine the tautomeric conformations of 1,3,5-triazine-2,4-thion-thiol 

derivatives. Full geometry optimizations were carried out using the 6-31G basis set. 

In summary, 12 conformers, which are tautomers of each other, were identified. The energy results 

revealed a range of barriers and thermodynamic profiles with some pathways being energetically 

more favorable, while others required high activation energies. These findings underscore the 

complexity of the tautomerization process and its sensitivity to molecular configurations. The 

calculation results showed that the di-thione tautomer is the most stable, aligning well with 

experimental results. Furthermore, frontier orbital energy, atomic net charges, and reactivity 

indices were also analyzed and discussed. 

 

Scheme. thion−thiol tautomerization process of 1,3,5-triazine-2,4-dithion 
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Heterocyclic compounds, with their significant and diverse roles in various fields, have always 

been an attractive subject for research. Sulfur- and nitrogen-containing heterocycles, in particular, 

play a crucial role in the pharmaceutical and therapeutic industries. Among them, thiophene and 

quinoline are noteworthy heterocycles with remarkable medicinal and biological properties, 

essential in the treatment of many serious and life-threatening diseases.1-3 Considering these 

characteristics, we focused on synthesizing these biologically active compounds using novel 

methods. The core of this research involves the synthesis of fused thiophene rings from 3-formyl-

2-mercaptoquinoline and nitro epoxide derivatives )Scheme 1(. This reaction offers several 

advantages, including high yields, the absence of a need for catalysts, a short reaction time, and 

the facile synthesis of new thieno[2,3-b]quinoline derivatives. 

 

 

 

Scheme 1. Reaction pathway for the synthesis of thieno[2,3-b]quinolines 

 

References 

 

(1) Alizadeh, A.; Roosta, A. Chemical Papers 2018, 72, 2467-2478. 

(2) Faghihi, Z.; Shiri, M.; Pourabed, R.; Heravi, M. M.; Zadsirjan, V.. Polycyclic Aromatic 

Compounds 2020, 41 (10), 2120-2209. 

(3) Ranjbari, M. A.; Tavakol, H. The Journal of Organic Chemistry 2021, 86 (6), 4756-4762. 

mailto:a.haratibeiranvand@gmail.com
mailto:habibi@khu.ac.ir


593 

 

 

 

 

 

 

 

fabrication of the Ca-BTC MOF /polylactic acid/gelatin porous nanocomposite 

scaffold for bone tissue engineering application 

Authors: Soghra Nikpour 1*, Zeinab Ansari-Asl 1, Tahereh Sedaghat 1 , Elham Hoveizi 2 

1 Department of Chemistry, Faculty of Science, Shahid Chamran University of Ahvaz, Ahvaz, 

Iran 

2 Department of Biology, Faculty of Science, Shahid Chamran University of Ahvaz, Ahvaz, Iran 

Keyword: Metal-organic framework; Polylactic acid; Gelatine; Composite scaffold; Bone 

tissue engineering 

The main aim of tissue engineering (TE) is replacement or regeneration of organs or tissues that 

are damaged by injuries or diseases. In this study, a novel porous composite scaffold, Ca-BTC 

MOF/PLA/Gelatine, was prepared by incorporating a Ca-based metal-organic framework (Ca- 

BTC MOF) into polylactic acid (PLA) and gelatin mixture (Scheme 1). PLA/Gelatine scaffold was 

also fabricated as a control. EDS elemental mapping and SEM images exhibited the homogeneous 

dispersion of the Ca-BTC MOF particles into the porous scaffold. Additionally, SEM images 

confirmed the interconnected porous morphology of the as-prepared scaffold. The obtained 

scaffold was evaluated in terms of structural and biocompatibility properties, as well as its ability 

to promote bone development. porous scaffold exhibited proper bone repair properties compared 

to the PLA/Gelatine scaffold that was tested as a control These findings suggest that the Ca-BTC 

MOF/PLA/Gelatine scaffold is a promising material for bone regeneration. Therefore By 

successfully loading Ca-BTC MOF into the PLA/Gelatine matrix, the as-obtained scaffold was 

able to act as a biocompatible material with bone regeneration capability. 

 

Scheme 1. Schematic procedure for fabrication of the Ca-BTC MOF/PLA/Gelatine composite 

scaffold. 
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Activation of allenes with Rhodium catalyst is an important technique for the synthesis of branched 

allylic compounds. In this talk, I will discuss about the application of [Rh(COD)Cl]2 as catalyst 

for regio- and enantioselective hydrothiolation of terminal allenes with thioacids for atom-

economic synthesis of chiral branched allylic thioesters. In addition, intramolecular cyclization of 

nitrogen-tethered allenols will be discussed for the synthesis of functionalized morpholines in the 

presence of Rhodium catalyst. By using this strategy, various N-protected 2,5- and 2,6-

disubstituted as well as 2,3,5- and 2,5,6-trisubstituted morpholines can be obtained via an atom-

economic pathway with high to excellent yields, diastereo- and enantioselectivities.   
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Due to the considerable growth of global energy intensity to almost 2.1% in 2016, the efficient 

impact of renewable sources that control 50% of global energy intensity came to mind. 

Additionally, due to the increase in renewable energy sources usage until 2030, it is essential to 

keep global energy usage under surveillance to meet the Kyoto and Paris Agreement targets and 

control the global temperature rise average. By the way, a supercapacitor, which resembles a 

battery came to the eyes as a reliable high-capacitor energy storer due to its fantastic surface area, 

electrodes’ slim dielectric layer space, and high capacity which lower the increase of economical 
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contaminations and limitation in energy resources.1 Carbon-based materials’ notable 

electrochemical features which include excellent conductivity and stability, in addition to their low 

cost, porous structure, and high specific capacitance make them efficient candidates for SC 

electrode materials particularly for EDLCs.2 Among various carbon-based materials used as SC 

electrode materials, graphitic carbon nitride (g‐C3N4), a two-dimensional semiconductive provides 

numerous adsorption/desorption active sites, besides their other properties such as chemical 

stability and eco-friendly features that have drawn attention to them for supercapacitors 

applications.3 In this work, we prepared a mesoporous graphitic carbon nitride (g‐C3N4) with 

melamine and urea. In addition to electrochemical analyses like GCD (galvanostatic charge and 

discharge), CV (cyclic voltammetric potentiostatic), and EIS (FRA impedance potentiostatic), we 

also analyzed the structural features using SEM, FT-IR, XRD, and EDX. The electrochemical 

experiments on the as-prepared g‐C3N4 indicate 124.44 F g–1 specific capacity at 2 A/g and 12.59 

Wh kg–1 of energy density at a power density of 1618.71 W kg–1, in conjunction with 123.52% 

stability after 6000 cycles at 5 A/g. 
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Abstract 

The global community is taking steps to drastically reduce greenhouse gas (GHG) emissions 

associated with climate change and global warming. There are different types of greenhouse gases, 

and their global warming potential is different. The best known GHG is CO2. According to the US 

Environmental Protection Agency (EPA), CO2 concentrations have increased dramatically since 

the beginning of the industrial age. Concentrations have increased from an annual average of 280 

parts per million (ppm) in the late 1700s to more than 400 ppm in 2021, representing a 48 percent 

increase. Anthropogenic activities, including the combustion of fossil fuels such as coal, oil, and 

natural gas, are primarily responsible for this dramatic increase in CO2 levels, which leads to 

numerous effects such as global temperature rise and ocean acidification. Today, the global 

temperature is on average 0.8-1.2 ◦C higher than pre-industrial levels, which is predicted to reach 

1.5 ◦C by 2030-2050. Extensive research conducted in the last two decades, notable features of the 

framework, has highlighted metal-organic frameworks (MOFs) in terms of storage and separation.  

 

 

 

 

 

 

However, the practical application and commercialization of MOFs have been limited to powder 

form due to their crystalline nature, creating challenges in their integration for various applications. 

In addition, certain types of MOFs show reduced performance under wet conditions. To overcome 

these limitations, there is the potential of combining MOFs with polymers to achieve desirable 

properties. Polymeric materials offer excellent solubility and mechanical properties for solid 

adsorbents such as powdered and crystalline MOFs. 

In this research, in order to achieve a new structure of carbon dioxide-adsorbing MOF-polymer, 

polydopamine polymer was first synthesized and then added to Zn-MOF-74 precursors, and as a 

result, Zn-MOF-74 self-assembled around polydopamine. By solvothermal method, the core-shell 

structure of PDA@Zn-MOF-74 is formed. The results of structural tests such as PXRD, SEM, 

FTIR, and TEM showed that the synthesized adsorbent was successfully synthesized according to 

the previous data. The adsorption results showed that the maximum CO2 adsorption capacity and 

the cyclic efficiency of the synthesized adsorbent were 8.17 and 96.8 mmol/g, respectively.  
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Abstract:  

The 20-year vision of economic development and non-oil exports of our country, Iran, and the 

need to pay attention to the role of its natural resources as a unique ecosystem in the world, creates 

a suitable platform for the development of exports and the increase of non-oil income of the 

country. Economic production and targeted processing of natural essential oils from God-given 

potential resources, compared to other sources, is less dependent on non-native complex 

technologies, foreign raw materials and imports in general. Therefore, in terms of stability, 

resilience and economic risk-taking, it is in more suitable conditions and political and international 

fluctuations have less negative impact on it. The direct but different entry of academics, especially 

scientists and researchers in the fields of chemistry and chemical engineering with trends related 

to this noble industry, as well as the use of specific beliefs for the synthesis of new products, can 

be a suitable model in providing the technical knowledge of scientific processing for international 

markets, and this is what farmers and artisans are looking for and cannot find. In addition, in order 

to keep the international markets dynamic, we must carefully identify the specific needs and 

demands of the consumers and in accordance with their desires and tastes, we should design the 

stages of production until the export of the products based on knowledge. In this regard, the 

technical know-how to produce competitive products in the field of natural essential oils is 

available on a laboratory scale, but it is important to note that the technical know-how is not a pre-

prepared package, but according to the needs and as a result of the close relationship between the 

industry and the university. The statistics and reports of UNIDO, the World Bank and important 

economic centers of the United Nations show that developed countries with high per capita income 

create an added value of about 185 dollars per ton of vegetable products. While this figure in 

developing countries is close to 40 dollars, which means absolute raw sales. Also, 98% of the plant 

products of developed countries are placed in industrial processing, which is 38% for developing 
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countries. In 2024, the volume of the economic market of plants containing effective substances, 

including medicine, flavor, smell and taste, will be 296 billion dollars, of which about 26 billion 

dollars will be natural essential oils, and this figure will increase to 2030. It has predicted 430 and 

42.5 billion dollars respectively. 
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Carbon-carbon cross-coupling reactions are vital in synthetic organic chemistry due to their 

diverse applications. They allow chemists to link carbon atoms and create complex molecules 

similar to natural substances [1-2]. In this study, new heterogeneous Palladium nanocatalysts 

immobilized on zinc ferrite magnetic nanoparticles (ZnFe2O4@SiO2@CPTMS@PYA-Pd) were 

designed and synthesized. The structure and magnetic properties of this nanomagnetic material 

were analyzed by FT-IR, TGA, EDS, VSM, XRD, X-ray mapping, ICP-OES, and SEM 

techniques. This new magnetic Palladium nanocatalyst has outstanding properties such as 

acceptable chemical stability, low toxicity, and easy recycling. The 

ZnFe2O4@SiO2@CPTMS@PYA-Pd exhibited excellent catalytic activity for Stille, and Suzuki 

cross-coupling reactions and biphenyl products were obtained with good to high conversion. The 

reported catalyst was efficiently recovered using a magnet and reapplied for at least five 

consecutive cycles while maintaining its catalytic activity throughout the C-C coupling reactions 

(Scheme 1). 

 

Scheme 1. Suzuki and Stille reactions 
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Biodiesel is a promising renewable alternative to fossil fuels, offering a sustainable solution to 

energy needs. The transesterification of triglycerides into fatty acid methyl esters (FAME) is a 

widely accepted method for biodiesel production. The acid catalysts for the esterification of free 

fatty acids (FFAs) and the transesterification of triglycerides present a viable biodiesel synthesis 

approach from diverse and low-cost feedstock [1-2]. In this research, we report the synthesis and 

characterization of ZnFe₂O₄@SiO₂–SO₃H, a novel, environmentally friendly nanomagnetic solid 

acid catalyst. This catalyst incorporates sulfuric acid catalytic sites on the surface of ZnFe₂O₄ 

magnetic nanoparticles, which serve as the catalytic support [3]. The synthesized ZnFe₂O₄@SiO₂–

SO₃H magnetic nanoparticles (MNPs) were thoroughly characterized using various 

physicochemical methods, including FT-IR, FE-SEM, VSM, EDS, and X-ray mapping 

magnetometer analyses. The advantages of heterogeneous catalysts are particularly noteworthy, as 

they facilitate easier separation, exhibit lower corrosion rates, and offer potential for recycling. 

Furthermore, the catalytic activity of the recycled nanocatalyst was assessed over at least five 

cycles, demonstrating a negligible loss of activity, indicating its potential for sustainable biodiesel 

production (Scheme 1). 

°

 

Scheme 1. Esterification of Oleic Acid 
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Abstract 

This study examines the structural changes in gluten proteins due to alkaline deamidation. It aims 

to compare the infrared properties of gluten before and after this process to highlight the induced 

structural changes. 

Key words: Gluten, Deamidation, structural modification 

1. Introduction 

Gluten polymers feature two main domains: a beta-sheet-rich N-terminal repeat domain and a 

globular C-terminal domain rich in alpha-helices. Deamidation enhances the charge in the N-

terminal domain and partially unfolds the C-terminal structure, leading to a decrease in alpha-helix 

content [1]. This modification converts glutamine and asparagine residues to glutamic acid and 

aspartic acid, significantly altering gluten's physicochemical properties and can be induced by 

acids, alkalis, and heat [2-6]. Alkaline deamidation promotes cross-link formation, such as 
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disulfide bonds, enhancing gluten polymerization and creating fibrous microstructures while 

reducing cysteine content, which affects the disulfide bond network [7-11]. Thus, controlling 

deamidation conditions is essential for optimizing gluten's functional properties for food 

processing and developing new gluten-based products. 

2. Experimental 

2.1 Material 

Commercial wheat gluten powder used in this study was procured from Starch Company, Shiraz,  

2.2. Deamidation by NaOH on gluten 

A 25 mM NaOH solution was prepared in 70% ethanol. Gluten powder (10% w/v) was added to 

this solution and stirred at room temperature for 16h. The mixture was then heated to 35°C with 

continuous stirring until the ethanol evaporated. 

2.3. Fourier Transform Infrared Spectroscopy 

T-IR spectra were obtained using a Nicolet 550 Magna FT-IR spectrometer with KBr pellets, 

displaying wavenumber (cm⁻¹) on the X-axis and transmittance percentage on the Y-axis. 

3. Result and discussion 

Wheat gluten is insoluble in water but can be dispersed when the pH is below or above its 

isoelectric point of approximately 7.3 [12]. This study offers a comparative analysis of the infrared 

(IR) spectra of gluten and its deamidated product, as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

The fingerprint region (500-1500 cm⁻¹) shows significant differences in the IR spectra of gluten 

and deamidated gluten, indicating changes in hydrogen bonding, functional groups, and spatial 

structure after deamidation. In the 1500-4000 cm⁻¹ range, variations in peaks related to functional 

Figure 1: Comparison of spectra between gluten and the deamidation product 
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groups such as hydroxyl (OH), amide (NH), and carbonyl (C=O) reflect changes in their content 

and intermolecular interactions. Alterations in N-H stretching peaks indicate modifications to the 

hydrogen bond network during deamidation, affecting the intensity and position of IR spectrum 

peaks, especially in the 1600-1700 cm⁻¹ range. 

4. Conclusion 

The comparison of FTIR spectra reveals that deamidation significantly alters the structure and 

properties of gluten. Key changes include the breaking of hydrogen bonds, alterations in functional 

group content, and modifications to the spatial structure of the gluten molecule. These findings 

enhance the understanding of the deamidation process and can improve the functional properties 

of gluten-containing products. 
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Introduction 

Electrosynthesis is one of the best methods for the synthesis of molecules. Electrosynthesis is a 

green method when Electrons are produced using renewable energy, waste-free and sustainable. 

Electrosynthesis is carried out through the transfer of electrons, which are inherently clean. The 

time to perform electrochemical processes is usually shorter than the chemical one, and as a result, 

it minimizes the associated costs. Synthesis of new drug derivatives using, late-stage modification 
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(LSM), or called late-stage functionalization (LSF) of drugs has attracted our attention in this 

work. Pharmaceutical derivatives synthesized by this method can have better activity than the 

mother drug [1]. 

Method 

Nitrazepam derivatives under controlled potential conditions using a simple cell equipped with 

ordinary graphite as cathode and anode electrodes, was carried out in water/ethanol mixture under 

mild conditions. After completion of electrolysis, it was allowed to evaporate at room temperature 

to one-third of the original volume, and the product was extracted with ethyl acetate and washed 

with chloroform, and collected. For electrochemical studies, a three-electrode system in an 

undivided cell has been used. The structure of the product was identified by FT-IR, 1H NMR, 13C 

NMR and MASS spectra [2]. 

 

 

Results and Discussion 

We have investigated the electrochemical behavior of nitrazepam using cyclic voltammetry (CV) 

technique. In this study, in addition to looking at the oxidation and reduction mechanism of 

nitrazepam in an aqueous environment, we also tried to look at one of its metabolites . 

 

Scheme1. Mechanism of reduction of nitrazepam 

The mechanism of the reaction is that the nitro group of nitrazepam is reduced to amine on the 

surface of the cathode, and the amine created at the anode is oxidized and reacts with aryl sulfonic 

acid.  
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Scheme2. Interaction of Nitrazepam with Gamma-aminobutyric acid 

In docking studies, synthesized derivative was docked and has a promising binding pattern in 

interaction with Gamma-aminobutyric acid.  Based on this study, synthesized derivative 

 can have a hydrogen bond with the nitrogen of THR208 and interact with other amino acids shown 

in Scheme2. The obtained data show that the compound under study shows a good fit inside the 

binding site. 
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The rigid 1,10-Phenanthroline (phen) core is a very popular bidentate ligand containing two 

nitrogen donor atoms oriented for metal cation chelation, which binds to all elements from s-, p-

and d-block elements to lanthanide, and actinide elements and plays an important role in the 

development of coordination chemistry. 1,10-Phenanthroline decorated with various backbone 

substituents has been known to have a variety of applications, such as luminescent coordination 

scaffolds, catalysis, and sensors. In contrast to the widely used 1,10-phenanthroline and its 

derivatives, other isomers having different conformational features have been studied less. We 

report the improvement of 1,7-phenanthroline binding (especially hydrogen bonding) and its future 

applications in developing supramolecular assemblies. The tendency of 1,7-phenanthroline to form 

infinite N+-H∙∙∙N assisted chains and hence layered structures is presented. 
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Tetrazoles are a valuable class of heterocycles that have been recently used both as anticancer 

and antimicrobial agents. They have received increased attention due to their potential biological 

activities and industrial applications [1]. A versatile method for the preparation of tetrazole is 

based on [3+ 2] cycloaddition of the azide ion and organic nitriles in the presence of a catalyst 

[2-6]. 

 We report here the functionalization of cobalt-based metal-organic frameworks with triazine and 

thiourea, followed by the immobilization of copper (I) iodide, which produces a new, green, and 

efficient [Co (BDC-NH2)-TA-TU/Cu] catalyst for the synthesis of 5-substituted 1H-tetrazoles. 

XRD, FESEM, atomic absorption, TGA, N2 absorption-desorption, and FT-IR analysis were 

recorded for the characterization of the [Co (BDC-NH2)-TA-TU/Cu] structure. In synthesizing 5-

substituted 1H-tetrazoles, [Co (BDC-NH2)-TA-TU/Cu] shows superior yields in short reaction 

times at 120 °C. This catalyst also showed high thermal stability and recyclability, at least for 6 

runs, without apparent loss of efficiency. 

 

 

Scheme 
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Compounds containing pyridine moieties, as one of the most inspiring and beneficial families of 

N-heterocycles, have gained the burgeoning attention of the society of researchers [1-3]. The 

plethora of utility of pyridines in natural products, functional materials, pharmaceuticals, 

coordination chemistry, and organic catalysis is undeniable [4-5]. In this paper, we have developed 

green, efficient, and powerful protocols for the preparation of 2,4,6-triarylpyridines in the presence 

of cobalt-based metal-organic frameworks Co (BDC-NH2) under mild and solvent-free reaction 

conditions. These protocols furnished the desired products in short reaction times with good to 

high yields (60 min and 94%). Also, the nanocatalyst can be recycled and reused in both cases of 

the scrutinized one-pot multicomponent reactions with high turnover number and turnover 

frequency. 

 

 

 

Scheme 
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Abstract 

Design and synthesis of green and recyclable catalysts in order to improve the efficiency of organic 

chemistry reactions is a significant challenge. 1 Tetrahydro benzopyran are known to have diverse 

biological and pharmacological activities. 2 In this study, first, graphitic carbon nitride (g-C3N4) 

/biochar nanosheets with high surface area and chemical stability were synthesized. Afterwards, 

the surface of this nano-substrate was modified with polyethyleneimine to obtain g-C3N4 

biochar/PEI. The synthesis of tetrahydro benzopyran derivatives was performed in reflux (water: 

ethanol) condition. The advantages of this reaction include easy catalyst preparation, separation 

and reusability, with good to excellent efficiency, and short reaction time. 

 

Scheme 1. Three-component reaction of dimedone, aldehydes and malononitrile in the presence 

of modified g-C3N4/Biochar 
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Energetic materials are compounds or mixtures that store significant energy and must meet criteria 

such as environmental friendliness, high performance, thermal stability, and cost-effectiveness[1, 

2]. They include explosives, pyrotechnics, and propellants, used in military and non-military 

applications like missile propulsion, mining, and automotive safety systems[3]. High-energy solid 

formulations, like plastic-bonded explosives, utilize flexible binders that incorporate granular 

materials[4, 5]. Polymers play a vital role in these compositions by reducing sensitivity to heat, 

shock, and abrasion while enhancing structural strength[6, 7]. Binders are divided into energetic 

and non-energetic types. Non-energetic binders such as hydroxyl-terminated polybutadiene 

(HTPB), polypropylene glycol(PPG)  and others lack energetic functional groups[8]. Energetic 

binders, which incorporate high-energy moieties, examples of energetic binders such as 

Polyglycidyl nitrate (PGN)[9]and Poly(azidomethyl methyloxetane) (PAMMO). These 

compounds can be obtained either by polymerizing energetic monomers or by adding high-energy 

groups to existing polymers. In this paper, we chose the polymerization of an energetic monomer 

as the method for synthesizing a high-energy polymer. The objective was achieved in two 

stages(Scheme1). In the first stage, the monomer 2-[(2,4-dinitro(phenoxy)methyl]oxirane) was 

produced through the reaction between glycidol and 2,4-dinitrofluorobenzene at room 

temperature, with yield 43% . Subsequently, in the next stage, the polymer Poly(2-[(2,4-
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Dinitro(phenoxy)methyl]oxirane) was synthesized at room temperature through the 

polymerization of this monomer, achieving a 62% efficiency. This project focuses on the synthesis 

of an energetic polymer, poly(2-((2,4-dinitrophenoxy)methyl)oxirane), with a low molecular 

weight (Mn = 1260 g/mol). This polymer was synthesized for the first time using a cationic ring-

opening polymerization method with  2-[(2,4-dinitro(phenoxy)methyl]oxirane as the monomer 

and 1,4-Butanediol(BDO) as the initiator and boron trifluoride etherate (BF3.OEt2) as the catalyst. 

The polymer was characterized using FT-IR , 1H-NMR and 13C-NMR spectrometry and gel 

permeation chromatography (GPC). Its thermal properties were evaluated through 

thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC).  The newly 

synthesized polymer shows a glass transition temperature (Tg) of -9.5°C, which has the potential 

to be used as a plasticizer and binder. 

 

Scheme1 
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Introduction 

Coordination molecules known as metal-organic frameworks (MOFs) have a controllable function 

and a tunable structure. MOFs are widely used in many different industries, however their potential 

biological toxicity limits their employment in the food and biomedical industries. To solve this 

problem, researchers have concentrated on creating biocompatible MOFs [1–3]. Cyclodextrin-
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based metal-organic frameworks (CD-MOFs) have become a viable substitute among them. CD-

MOFs are new MOFs that are edible, non-toxic, and renewable. They are made from naturally 

occurring carbohydrate cyclodextrin and alkali metal cations. CD-MOFs have been widely used 

in a variety of delivery methods, including the encapsulation of flavors, antibacterial agents, and 

nutraceuticals, because of their high specific surface area, adjustable porosity, and excellent 

biocompatibility. Although the field of CD-MOF materials is still in its early stages, they provide 

a promising direction for the development of MOF materials in the delivery field [4-7]. 

 

Method 

Until today, vapor diffusion has been the most widely used method for creating CD-MOFs. 

However, there have also been reports of other techniques, such as ultrasonication synthesis and 

seed-mediated synthesis [8–11]. 

 

Results and Discussion 

CDMOF-based MOF can be categorized into three categories. Based on the range of applicability 

of different types of CD-MOF, the sub-sections of CD-MOF have been arranged as follows (See 

Scheme 1): 

1. α-CD-MOF 

In contrast to γ and β-CD-MOF, α-CD-MOF has not been as thoroughly investigated for use in 

pharmaceutical applications. Certain medications can form inclusion complexes with α-CD-MOF, 

which is biocompatible. Using Na-α-CD-MOF has greatly improved 5-FU's drug loading 

efficiency and bioavailability. Similarly, α-CD-MOF has the ability to encapsulate menthol and 

improve its thermal stability. α-CD-MOF has been used for gas adsorption and storage stability 

applications in addition to medication delivery [12, 13]. 

 

2. β-CD-MOF 

The laminated structure generated by β-CD-MOF can be synthesized utilizing β-CD and a 

contamination-free approach that does not use K+ or Na+. However, the low adsorption/desorption 

capacity caused by the cavities being stacked up in a layer covered by β-CD has reduced the 

loading capacity of β-CD-MOF. Therefore, sensing applications could make use of this type of 

MOF system [14, 15]. 

 

3. γ-CD-MOF 

Among CDs, γ-CD can form the MOF with a wide variety of inorganic ligands such as NH2-CD-

MOF, KOH-CD-MOF, Na2CO3-CD-MOF.The high surface area and porosity, crystalline nature, 

definite structure, and host–guest complex formation properties of CDs make them suitable for the 

pharmaceutical application. The high solubility of γ-CD-MOFs could be used in for rapid 

dissolution and absorption of BCS-II class drugs. Moreover, CD-MOFs are cytocompatible and 

did not show any IC50 effect on various kinds of cells [16, 17]. 
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Scheme 1: Cyclodextrins and cyclodextrins‐based metal‐organic frameworks. 
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Introduction 

The cyclic oligosaccharides known as cyclodextrins (CDs) have special hydrophobic inner 

surfaces. Three parent α-CD, β-CD, and γ-CD, are employed in numerous medicinal applications 

and undergo additional chemical modification mainly to make them appropriate for parenteral 

delivery [1]. The ability of CDs to form inclusion complexes with a wide range of organic and 

inorganic lipophilic compounds gives them a unique advantage. This feature holds promise for a 

variety of applications, including gene transfer, medication administration, cancer treatment, and 

biosensing. The application of CDs as functional materials in drug delivery via nanoparticles (NP) 

has increased recently [2-4]. By adding CDs or their derivatives, NPs' characteristics can be 

usefully altered. Among the many advantages of CD-conjugated NPs (CD-NPs) are their enhanced 

drug solubility and ability to transport drugs to particular sites, like cancer cells, while lowering 

toxicity to healthy cells. Furthermore, CDs can get beyond NPs' drawbacks, namely their poor 

drug loading and encapsulation efficiency [5, 6]. 

 

Method 

The creation of either nanospheres or nanocapsules depends on the preparation method. Drug 

loading can be done immediately during preparation (standard loading), with preloading (using 

drug: CD complexes that have already been generated), or with both (high loading). The graphical 

abstract shows the CD-NP preparation schematics. The following lists some techniques for 

creating these CD-based nanosystems. 

 

Results and Discussion 

Creating supramolecular nanoparticles based on CDs offers a fresh approach to biological 

molecule detection that can be used for biological events, health issues, and cell tracking. Through 

host-guest interaction, electrostatic interaction, and host-guest interaction in combination with 

other interactions, the supramolecular polymer created the nanoparticles. One of the most 

extensively researched moieties for the creation of nanoparticles is CD (see Scheme 1). Novel drug 

delivery systems were prepared by synthesizing polyrotaxane using quantum dots and gold 

nanoparticles. By hydrogen bonding two polymers (acrylamide) and PVA, Das and colleagues 

created a polymer complex [7]. 
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Additionally, they created a macromolecular assembly by attaching β-CD by host–guest 

complexation. Increased bacterial activity was demonstrated by the supramolecular nanoparticles. 

Huskens and a colleague created a multivalent interaction between β-CD and p-tert-butylphenyl 

in supramolecular nanoparticles. Both repulsive electrostatic interactions between host and guest 

molecules and attractive supramolecular host–guest interactions regulated the size and stability of 

the particles. These particles may find application in bioimaging and medication delivery [8]. The 

use of CD-based nanoparticles in biomedical applications has been compiled by this group. In 

order to create a nanoparticle between poly-cyclodextrin and poly-PTX, Kim and his colleagues 

produced a supramolecular nanoassembly. This nanoparticle demonstrated biodegradability and 

markedly enhanced antitumor activity in a mouse model. Furthermore, a wide range of 

supramolecular nanoparticles have been created by various mechanisms, and researchers are 

becoming increasingly interested in CD-based nanoparticles for drug administration [9, 10]. 

 

 

Scheme 1: Applications of cyclodextrin based nanoparticles. 
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Deep eutectic solvents (DESs) are among novel and more eco-friendly alternatives to ionic liquids 

(ILs) prepared by combining the components and the hydrogen bonds developed between them. 

The strong hydrogen bond interactions between the constituents of DESs make a considerable 

decline in the melting points in comparison to pure constituents. These green solvents have unique 

properties, making them a reliable and safe alternative to ILs and conventional organic solvents. 

In this study, we investigate the role of Fe3O4 nanoparticles (NPs) in Lactic acid:Melamine:NH4Cl 

(as a novel deep eutectic solvent) in the green synthesis of pyrido[2,3-d] pyrimidine derivatives. 

The prepared DES was characterized using FT-IR, 1H NMR, 13C NMR, TGA/DTA, DSC and 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/eutectic-solvent
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physical properties, including viscosity, acidity, refractive index, surface tension, and density. 

The DES used during the experiments plays both catalytic roles and serves as a green environment 

for this reaction. In addition, magnetic DES can operate under very mild reaction conditions and 

be recycled easily with no significant catalytic activity loss. The fast and complete synthesis and 

high yield of the desired product are the remarkable benefits of this catalytic system. 

 

 

Scheme 
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Preparation and characterization of polyvinyl alcohol /Chitosan hydrogels 

reinforced with modified ZnO nanoparticles 

Mohsen Hajibeygi, Negin Chegini 

 

Introduction 

Polyvinyl alcohol (PVOH) is a synthetic hydrophilic linear polymer that generally exists as a 

copolymer of vinyl alcohol and vinyl acetate. This material has been developed in the 1920s and 

https://www.sciencedirect.com/topics/chemistry/deep-eutectic-solvent
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/eutectics
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is remarkable because of their recyclability and consideration of the natural continuation of their 

physical and chemical properties. PVA is a colorless, water-soluble synthetic resin employed 

principally in the treating of textiles and paper.  

Inorganic nanostructures can be used to increase the thermal and mechanical resistance of 

polyvinyl alcohol. Another way to improve the properties of poly vinyl alcohol is hyrogel. 

Hydrogels are three-dimensional polymers produced by chemical and/or physical reactions which 

produce “tie points” formed by covalent or ionic bonds, strong entanglements, crystallites or 

hydrogen bonds. They are prepared from linear or branched water-soluble polymers to form the 

corresponding hydrogels. One way to create hydrogels is through chemical crosslinking. 

In this project, modified zinc oxide is used as a reinforcement and terephthalaldehyde as a chemical 

crosslinker. 

Keyword: poly vinyl alcohol, Hydrogel, chemical crosslinking, Zno 

Method 

the surface of zinc oxide nanoparticles will be modified by vinyl silane structure, and radical 

polymerization reaction will be carried out on the surface of zinc oxide in the presence of 

acrylamide . for 5 and 8% solution :Aqueous solution of polyvinyl alcohol (60mL, 10% w/w) was 

mixed with chitosan (CH) solution (0.0375 or 0.06 gr chitosan dissolved in 10 mL acidified water 

by 2% acetic acid) in three-necked flask and stirred for 5 min, followed by addition of 

Terephthalaldehyde (TE) as a crosslinking agent (0.03 or 0.048 gr, compared to chitosan amount 

added). KOH solution (0.01 g/10 mL H2O) was drop wisely added and homogenized. The 

nanocomposites of cross-linked CH/PVA polymers were prepared by adding different zinc oxide 

nanoparticles ratios of 2.5  or 4 % to the homogenized CH/PVA. The prepared polymers and 

nanocomposites were poured in glass plates and kept for two days at room temperature. The 

obtained films were washed with water to eliminate unreacted Terephthalaldehyde and kept in de-

ionized water at 25⸰c. 

Results and Discussion 

Mechanism of hydrogel films are illustrated in below scheme. 
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Thermal properti 

The results are  TGA and are given in the table below. 

Sample T5
 (°C) T10

 (°C) T50 (°C) C.Y 3(%) Tmax1 (°C) 

Pure PVA 255 274 320 2.782 302 

PHZ4
5 240 271 328 7.9375 315 

PHZ8 260 283 328 11/39 321 

 

Comparison of the thermal behavior of PVA, PHZ5, and PHZ8 films showed that PHZ5, PHZ8 

films have higher T50% and TMax1 than PVA, and even PHZ8 has higher T5% and T10% than 

PHZ5. The reason for this, in addition to the presence of chemical crosslinking, can be attributed 

to the high thermal stability of ZnO-Si-CO 5 and its uniform dispersion in the chitosan/ poly vinyl 

alchohol matrix and hydrogen bonds between ZnO-Si-CO and the polymer matrix. 

The results of DSC show that The Tg of the PZH5 film (87°C) is higher than that of pure PVA 

(78°C). The penetration of CH into PVA and its chemical crosslinking with TE and strong 

interactions such as hydrogen bonding between CH and PVA and hydrogen bonds existing in the 

presence of ZnO-Si-CO lead to a delay in the movement of molecular chain segments, which 

causes an increase in Tg. 

Refrences: 

                                                           
3 Char yield 
4 PHZ ( P : poly vinyl alcohol, H: hybride of chitosan (chitosan + Terephthalaldehyde), Z (ZnO-Si-CO) 
5 ZnO – Triethox vinyl silane-Copolymer 
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In recent years, the issues of environmental pollution and energy scarcity have emerged as critical 

challenges in today's world due to the swift expansion of industrialization and urbanization, posing 

risks to survival. Antibiotics are a type of enduring contaminant, and oxytetracycline (OTC), a 

common tetracycline antibiotic and growth enhancer, has been extensively used in both medical 

treatment and animal husbandry. However, OTC cannot be fully metabolized in the human body 

and other living bodies, resulting in its massive release to the environment through hospital 

wastewater discharge, aquaculture, and human and animal feces. Moreover, traditional treatment 

methods such as adsorption, Fenton oxidation and biodegradation are not effective in OTC 

removal. Therefore, the environmental contamination caused by OTC poses a significant risk to 

both human health and ecosystems, making it essential to create innovative materials and 

technologies for the efficient removal of OTC pollution from the environment. More recently, 

light-driven photocatalytic technology has attracted much attention due to its stability, low energy 

consumption and ecofriendly nature, which has been considered as an promising technology [1]. 

mailto:n.koukabi@semnan.ac.ir
mailto:kolvari@semnan.ac.ir
mailto:kdasht68@gmail.com
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In the cycle of production and harvesting, sunflower stalks are frequently regarded as waste 

materials with high volume due to the apparent lack of methods for converting them into value-

added products. Additionally, research initiatives aimed at improving the utilization of sunflower 

stalks are notably scarce. The sunflower stalk consists of two mechanically separable components: 

the outer fiber, which accounts for 90% of the dry weight, and the inner pith, SP, which makes up 

10% of the dry weight.Although the eight fraction of SP is relatively low, it covers most of the 

volume of the stalk due to its low density (0.035 g/cm3).Therefore, this work aims to demonstrate 

production of AC from SP and demonstrate that SP porous structure increases the activation 

efficiency by offering potential activation sites that can result in high surface area ACs through 

alkaline hydroxide activation [2]. Pith material that is spongy (Fig. 1a) was extracted from the stalk 

through mechanical means and dried at 80°C. Before the carbonization process, the sunflower 

piths were crushed and sieved to collect SP particles sized 1mm or smaller.Initially, 1 gram of SPC 

was combined with the agent in a beaker containing 20 ml of distilled water. In all experiments, 

the SPC/Base weight ratio was set to 1:3. The mixtures were stirred for 1 hour to achieve 

uniformity and subsequently heated in an oil bath until dry. The dry powder blend was 

subsequently ground in the mortar swiftly to reduce moisture exposure and placed in a combustion 

boat. Activation occurred at 700 °C for 1 hour (with a heating rate of 10 °C/min) in an argon gas 

atmosphere, where the gas flow rate was set to 0.5 L/min. Once the activation heating cycle was 

finished, the sample was cooled in argon and subsequently washed with 0.1 M HCl, followed by 

rinsing with hot water until the filtrate reached neutrality to ensure that the residues of the activated 

agent and mineral substances were removed. The activated carbon made from sunflower pith 

(SPAC) was ultimately dried at 80oC under vacuum for 24 hours and stored in a desiccator for 

subsequent analyses [3]. For advanced chemical analysis, elemental mapping and EDS analysis 

were conducted to assess the atomic distribution, surface elemental content, and chemical 

composition of the Sunflower stalk (Fig. 1b).  

Fig1: Sunflower stalk and pith ,Powder form of SP (a), EDS spectra (b) 
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Introduction 

Chronic wounds are challenging to heal due to limited natural healing mechanisms and bacterial 

infections, requiring moisture retention and infection prevention[1]. Hydrogels, such as those 

made from chitosan and gelatin, offer intrinsic and enhanced antibacterial properties when 

combined with agents like nanomaterials[2]. Bioactive materials like mesoporous bioactive glass 

nanoparticles (MBGN), doped with cerium (Ce), release therapeutic ions that promote antibacterial 

activity[3]. However, direct contact with MBGN may lead to adhesion to the wound bed, 

potentially causing lacerations and other adverse effects. To mitigate these issues, hydrogels 

loaded with MBGN can provide a safer alternative, avoiding the adverse reactions associated with 

MBGN alone[4], [5]. This study developed composite hydrogels of gelatin and chitosan, loaded 

with CeMBGN, to investigate their antibacterial properties against MRSA. 

 Method 
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Ce-doped mesoporous bioactive glass nanoparticles (CeMBGNs) were synthesized using a 

microemulsion-assisted sol-gel method.[3] Composite hydrogels of chitosan and gelatin, loaded 

with CeMBGNs, were prepared using EDC as a crosslinker[6]. 

Figure 1: A) Synthesis of CeMBGN and B)Preparation of Hydrogels  

Results and Discussion 

The CeMBGN, with a theoretical composition of 50SiO₂–45CaO–5Ce₂O₃, exhibited a spherical 

shape and a size of approximately 165 ± 35 nm. FTIR spectra revealed characteristic Si–O peaks. 

In the hydrogels, the disappearance of the broadband at 3355 cm⁻¹ suggested the formation of  

 

hydrogen bonds between chitosan and gelatin. The hydrogels demonstrated rapid water absorption, 

with the CeMBGN-loaded hydrogel (HCE) achieving the highest swelling ratio. Staphylococcus 

aureus, a highly virulent and opportunistic pathogen commonly found on the skin, becomes 

particularly challenging to treat when methicillin-resistant (MRSA), leading to severe and 

persistent infections[7]. Antibacterial testing showed that HCE achieved a 98% reduction in 

MRSA.  

Figure 2: A)FTIR, XRD, and FESEM of CeMBGN B)Colonies count after treatment 

C)Swelling ratio (%) D)Hydrogels FTIR 
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Aryl cyclohexyl amines are a semi-rigid molecules containing a cyclohexane ring with attached 

aromatic and amine groups.Many of them affect the central nervous system and display 

analgesic,stimulant,depressant and hallucinogenic effects because of specific binding sites in the 

brian[1,2]. They are also a non-competitive N-methyl-D-asparate (NMDA) receptor antagonist,has 

been demonstrated to produce psychomimetic effects on humans and to be a widely abused drug 

[3]. 1-(1-Phenyl cyclohexyl)piperidine, the first compound of this type is a synthetic drug with 

outstanding physiological properties.It is initially synthesized in the early 1950 s as a potential 

surgical anesthetic [4].1-(1-phenyl cyclohexyl)piperidine and it,s derivatives (with changes in 

substitution on the molecule) have been synthesized and their pharmacological activities have been 

tested [5]. 

In this research, we synthesized 2-(N-morpholino methyl)-1-piperidino-cyano cyclohexane from 

2-(N- morpholino methyl) cyclohexanone and potassium cyanide. The new derivative of 1-aryl 

cyclohexyl amines was prepared from this nitrile by replacement of the cyano group by aryl using 

Grignard reagent (scheme1).  

The structure of nitrile compound and final product of reaction was confirmed by Mass, IR,13C-

NMR and 1H-NMR.The analgesic properties of final compound were checked on male Syrian mice 

by formalin test. 
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scheme1: Synthesis of 2-(N-morpholino methyl)-1-piperidino-cyano cyclohexane  
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The Passerini reaction is one of the multicompounent reactions (MCR) that is involving the 

reaction of aldehyde or the carboxylic acid and isocyanide ketones. In recent years, the success of 

Passerini reactions has been enhanced by new reactions or modifications of previous ones. 

Therefore, in this research, new sulfur depsipeptide compounds were prepared from N-methyl 

isatin derivatives by modified Passerini reaction. At the first, propyl thiouracil with α-bromo 

phenylacetic acid was reacted in presence of the 3-butyl-1-methyl imidazolium bromide as ionic 

liquid, then the resulting compound was reacted with cyclohexyl isocyanide and N-methyl isatin 

derivatives under solvent-free conditions. The novel sulfur depsipeptide derivatives of N-methyl 

isatin were obtained with yield of 86-92%(scheme1). 
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Scheme1: Synthesis of the novel sulfur depsipeptide derivatives of N-methyl isatin  
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The Sonogashira cross-coupling reaction is considered one of the most effective and efficient 

methodologies in organic synthesis, particularly for forming C–C bonds between terminal alkynes 

and aryl or vinyl halides [1]. Magnetite (Fe3O4) has emerged as a highly effective microwave 

absorber, attributable to its exceptional mechanical and chemical stability, tunable morphology, 

elevated Curie temperature, cost-effectiveness, and robust magnetic properties. However, its 

application is constrained by challenges such as agglomeration, eddy current losses, high density, 

and impedance mismatch, which adversely affect its performance as a standalone material. 

Furthermore, achieving efficient microwave absorption with low absorber loading remains a 

significant challenge [2]. To mitigate agglomeration, which arises from the high surface energy of 

magnetite and its susceptibility to oxidation—both of which can diminish magnetic performance—

surface functionalization has been identified as an effective strategy. This process entails the 

application of organic or inorganic coatings that not only enhance stability but also facilitate 

further functionalization for practical applications [3]. The utilization of mesoporous solids, 
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including metal-organic frameworks, in organic synthesis has attracted considerable interest. This 

can be attributed to their facile surface modification and functionalization, the capacity to 

accommodate catalytically active species at elevated concentrations with adequate dispersion, and 

their proficiency in facilitating reactions involving bulky molecules without the constraints of 

diffusion limitations. Furthermore, these materials enable the recapture of soluble active species, 

thereby contributing to the maintenance of catalyst stability. Consequently, their catalytic 

application offers clean, efficient, and sustainable methodologies for the synthesis of complex 

organic molecules [4]. The construction of Fe3O4-MOF composites demonstrates a strong 

synergistic interaction between Fe3O4 nanoparticles and the metal-organic framework, which 

significantly enhances the catalytic performance of the composite materials. Moreover, the 

incorporation of magnetic Fe3O4 nanoparticles offers a practical advantage by facilitating the 

efficient and convenient recovery of nanocatalysts, thereby improving their reusability and 

operational efficiency in catalytic applications [5]. Microwave-assisted organic synthesis (MAOS) 

is a widely accepted and innovative method in modern synthetic chemistry, having experienced 

significant growth over the past decade. Compared to cross-coupling techniques that use 

conventional heating, MAOS significantly reduces reaction times, produces cleaner reaction 

mixtures, and ultimately improves overall yields [6]. 

In the present study, aminated-Fe3O4 nanoparticles synthesized by a previous report [7] were 

incorporated with metal-organic framework precursors in an in-situ process to synthesize a 

magnetic metal-organic framework at ambient temperature, employing water as an 

environmentally friendly solvent. Subsequently, the magnetic metal-organic framework was 

employed in the Sonogashira cross-coupling reaction under microwave irradiation and solvent-

free conditions (Scheme 1). The structural and physicochemical properties of the synthesized 

metal-organic framework were comprehensively assessed through a range of analytical techniques, 

including FT-IR, XRD, TGA, nitrogen adsorption and desorption, VSM, EDS, FE-SEM, and 

TEM. The advantages of the nanocatalyst produced encompass its capacity to sustain catalytic 

performance over three reaction cycles, high catalytic efficiency, decreased reaction times, facile 

separation, and mild operational parameters. 

 

Scheme1: Sonogashira cross-coupling reaction catalyzed by magnetic metal-organic framework 

References: 

1. Huang, Y., et al., Pd@HKUST-1@Cu(II)/CMC composite bead as an efficient synergistic 

bimetallic catalyst for Sonogashira cross-coupling reactions. Carbohydrate Polymers, 

2024. 324: p. 121531. 



636 

 

 

2. Wang, X., et al., State of the art and prospects of Fe3O4/carbon microwave absorbing 

composites from the dimension and structure perspective. Advances in Colloid and 

Interface Science, 2023: p. 102960. 

3. Liu, S., et al., Preparation, surface functionalization and application of Fe3O4 magnetic 

nanoparticles. Advances in colloid and Interface Science, 2020. 281: p. 102165. 

4. Mastalir, Á. and Á. Molnár, Coupling reactions induced by ionic palladium species 

deposited onto porous support materials. Coordination Chemistry Reviews, 2022. 470: p. 

214696. 

5. Chen, M., et al., Enhanced degradation of tetrabromobisphenol A by magnetic 

Fe3O4@ZIF-67 composites as a heterogeneous Fenton-like catalyst. Chemical 

Engineering Journal, 2021. 413: p. 127539. 

6. Gao, Y., Y. Liu, and D. Zou, Microwave-assisted synthesis and environmental 

remediation: a review. Environmental Chemistry Letters, 2023. 21(4): p. 2399-2416. 

7. Marandi, A. and N. Koukabi, Fe3O4@TEA core-shell nanoparticles decorated palladium: 

A highly active and magnetically separable nanocatalyst for the Heck coupling reaction. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2021. 621: p. 

126597. 

 

 

 

 

 

 

Microwave-Assisted Synthesis of Ag-Cu2O/GLC as Efficient Nanocatalyst for 

the Solvent-Free Sonogashira Cross-Coupling Reaction 

Mohammad Masoud Irania, Mohammad Ali Irania, Hadise Khoshkhoo Kakhkia, Eskandar 

Kolvari*a, Nadiya Koukabia, Kheibar Dashtianb 

a Department of Chemistry, Semnan University, 35131-19111 Semnan, Iran 

b Department of Chemistry, Iran University of Science and Technology, Tehran 16846- 13114, 

Iran 

* E-mail: kolvari@semnan.ac.ir  

 

Keywords: Sonogashira-coupling reaction, Graphene-like carbon, Ag-Cu2O composite structure, 

Microwave Irradiation 

mailto:kolvari@semnan.ac.ir


637 

 

 

Transition metal (TM)-catalyzed cross-coupling reactions represent some of the most versatile and 

reliable methodologies for synthesizing a diverse array of industrially significant fine chemicals. 

The application of transition metal nanocatalysts, particularly within the context of the 

Sonogashira cross-coupling reaction, has garnered significant attention owing to several 

advantageous properties, including (i) a high surface area, (ii) an increased number of surface 

atoms that facilitate the generation of additional catalytic active sites, and (iii) notable chemical 

stability [1]. Silver, in its metallic form, is particularly esteemed among the group of noble metals 

due to its advantageous properties, including atom-efficient utilization, low cost, ease of 

production, minimal toxicity, and widespread availability [2]. Additionally, silver nanoparticles 

(Ag NPs) possess distinct characteristics such as efficient reactivity, selectivity, long-term 

stability, and ease of recyclability in catalytic processes. Nonetheless, Ag NPs encounter 

challenges related to oxidation, instability, and agglomeration tendencies stemming from their high 

surface energy, which can compromise their catalytic efficacy and restrict their broader 

applications in organic synthesis [3]. Despite these challenges, the utilization of Ag NPs in a 

heterogeneous form has demonstrated an enhancement in the efficiency and selectivity of cross-

coupling reactions [1]. Copper oxide (Cu₂O) is a commonly employed support for Ag NPs, 

attributable to its abundance, low cost, nontoxicity, and chemical stability [4]. The presence of 

silver at the Ag−Cu₂O interface significantly hinders the complete reduction of Cu₂O, thereby 

preserving Cu⁺ sites and facilitating efficient C−C coupling reactions. However, Cu₂O is prone to 

instability, tending to reduce surface area over prolonged usage. The incorporation of Cu₂O with 

carbon-based materials can improve both nanoparticle dispersion and electron transfer, rendering 

carbon materials, particularly graphene, optimal support for precious metal nanoparticles [5]. 

Graphene, owing to its unique structure, outperforms traditional carbon supports like coal and 

graphite in catalysis. Consequently, there is increasing interest in developing cost-effective, 

scalable, and environmentally friendly carbon materials derived from biomass, which show 

promise in applications such as catalysis, energy storage, and fuel production [6]. Lastly, 

microwave-assisted synthesis methods are gaining traction for their energy efficiency, aligning 

with the principles of green chemistry to reduce environmental impact and enhance reaction 

control [7]. 

In this study, Ag-Cu₂O/graphene-like carbon (GLC) was successfully synthesized using sabja 

seeds activated with sodium hydroxide through a two-step microwave-assisted process involving 

reactions with silver and copper metal salts. The resulting catalyst was applied in the Sonogashira 

cross-coupling reaction (Scheme 1), demonstrating outstanding performance under optimized 

conditions. Comprehensive characterization of the nanocatalyst was carried out using various 

analytical techniques, including FT-IR, XRD, TGA, XPS, HR-TEM, FE-SEM, AAS, and EDS. 

The synthesized Ag-Cu₂O/GLC offers several key benefits, such as environmental sustainability, 

cost-effectiveness, and high catalytic efficiency. 
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Scheme 1: Sonogashira cross-coupling reaction catalyzed by Ag-Cu₂O/GLC 
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Abstract 

The antibiotics are widely used to treat humans and animals then they enter the water through 

human and animal wastes water. One of the suitable ways of water purification is surface 

adsorption process using hydrogel nanocomposites consisting of natural polymer. The aim of this 

project is to investigate the adsorption mechanism of Moxifloxacin and Levofloxacin antibiotics 

using lignin alkyl quaternized chitin/pectin nanofiber network hydrogel Nanocomposite 

(CHPCQ). The experiment conditions were considered completely the same for both antibiotic 

adsorption modes. The effect of various parameters such as pH, initial concentration of antibiotics 

and different percentages of the hydrogel on removal processing was investigated. To study the 

adsorption isothermal data, the two-parameter models of Langmuir, Freundlich, Tempkin, and 

Dubinin-Rudushkevich (DR) and the three-parameter models of Redlich-Peterson (RP) and Sipes 

were investigated. The highest correlation coefficient was selected as the best adsorption isotherm 

model of each antibiotic. According to the obtained results from the adsorption data of MFX 

antibiotic, the data were more consistent with the Sips (0.999( and Langmuir )0.999( models.The 

better matching of the data with the Sips and Langmuir models indicates the single-layer surface 

adsorption of MFX antibiotic and homogeneity of the adsorbent structure. Also, the highest 

correlation coefficient of LFX antibiotic adsorption was obtained for Langmuir (0.999) and 

Redlich-Peterson (0.940( models but were better described by the Langmuir model which this 

indicates the homogeneity of the adsorbent surface. The RL parameter was obtained between zero 

and one, which shows the desirability of the adsorption process for this model. 

 

Keywords: Antibiotic, Isotherm; Adsorption; Hydrogel, Chitin, Pectin, lignin alkyl quaternized. 

 

1. Introduction 

In general, the product or substance that is produced or taken from a microorganism and destroys 

the other microorganisms is called an antibiotic. The antibiotics are antimicrobial drugs that fights 

against the bacterial infections in humans and animals and are a biocide. Antibiotics are one of the 

most common drugs with incorrect use, that their structure includes sulfonamides and quinolones. 

The residues of active pharmaceutical compounds like human antibiotics are enter the urban 

wastewater, include domestic, hospital, and cause environmental risks such as genetic disorders in 

aquatics reproduction and they may also cause harm to human.  Therefore, it is necessary to remove 

them from the wastewater. [1-5] In recent years, the surface adsorption method has been carried 

out using natural hydrogel nanoadsorbent.[5-7]Hydrogel or abgel is a network of hydrophilic 

polymer chains with a three-dimensional structure of hydraulic polymer chains which connected 

by crosslinks. For this reason, the integrity of its structure is not decomposed in the water.[8, 9] In 

fact, the nanoscale natural adsorbents with high specific surface area and high adsorption capacity 

produce less wastes that can be collected more easily. The production of bio-based nanopolymers 

has attracted the attention of most researchers due to their non-toxicity in the environment, their 

availability, the low cost of raw materials and their biodegradability as a tool to adsorb antibiotics 

from wastewater.[10-14] In order to fully investigate the surface adsorption reaction of antibiotics 
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in wastewater, familiarity with the concept of the adsorption equilibrium isotherm is necessary. 

The adsorption isotherms with equilibrium data and adsorption properties describe how pollutants 

react with adsorbent materials and play a fundamental role in the optimization of adsorbent 

consumption. [15, 16] Chitin is a long and unbranched polysaccharide and after cellulose it is the 

most abundant natural polymer that produced by marine crustaceans such as crabs, shrimps and 

even some mollusca such as water snake. This compound with the formula (C8H13O5N)n is a white 

substance similar to pieces of paper, where n is its degree of polymerization, and it is insoluble in 

water, alkaline substances and organic solvents. The structure of chitin is comparable to cellulose 

and has string-like bundles called microfibrils, that diameter is 3 to 30 nm. Therefore, these 

microfibrils are classified as nanofiberil. Chitin nanofiber is one of the thinnest and most delicate 

fibers which have interesting properties, such as renewability, high mechanical resistance, high 

specific surface area, cheap and abundant raw materials. [17-19] Pectins are plant cell wall 

structural polysaccharides composed mainly of galacturonic acid units with variations in 

composition, structure and molecular weight. This polysaccharide is often associated with other 

cell wall components such as cellulose, hemicellulose and lignin.[20] In general, pectins are 

located in the primary cell wall and middle lamella of many plants, being in the latter, the one with 

highest concentration, with a gradual decrease from the primary cell wall towards the plasma 

membrane. [21-23] Lignin is a complex polymer made of phenylpropane molecular units, which 

is in an amorphous form and mixed with holocellulose in plants in a layer around the cellulose. 

After cellulose, the lignin is the most common compound in the structure of woody and non-woody 

plants. The dry wood contains about 25% lignin in the cell wall and it is placed in the outer part of 

the cell. The lignin acts as a cell wall binder and binds the cell fibers containing the matrix together 

to strengthen the wood structure[24, 25]Quaternized alkyl lignin means quaternized alkyl lignin 

salts, since lignin is not soluble in water, it is quaternized and reacted with alkyl to turn it into a 

water-soluble substance. The different researchers worked on the equilibrium isotherm using and 

its derivatives (lignin + cellulose)[12, 26-30], chitin and its derivatives (chitosan)[30-34] 

adsorbents in nano and micro scale. In this project we used quaternized alkyl nanofiber network 

hydrogel as an adsorbent to remove Moxifloxacin and Levofloxacin antibiotics from aqueous 

solutions. Therefore, the purpose of this study is to investigate and compare adsorption isotherms, 

in order to fully understand the process of antibiotic surface adsorption using the investigated 

adsorbent. Two-parameter (Langmuir, Freundlich, Dubinin-Radushkevich and Tempkin) and 

three-parameter (Sipes and Redlich-Peterson) isotherms were used to investigate the adsorption 

isotherm. For each subject, the data of the models were compared with the laboratory data and the 

best model that had a better match with the laboratory data of antibiotic adsorption was determined. 

 

 

2. Materials and method  

 

2-1. Materials 

 The adsorbents of chitin/pectin/quaternized alkyl lignin nanofiber network hydrogel were 

prepared from polymer Nano-Novin CO. (Tehran, Iran). Antibiotics of LFX and MFX were 

obtained from Merck. Co (Darmstadt, Germany). The double-distilled water was used for 

experiments and dilution.   0.1 M solutions of NaOH and HCL were used to adjust the pH. 

 

2-2. Preparation of antibiotic standard solution 

1000ppm stock solution of LFX (C18H20FN3O4) and MFX (C21H24FN3O4) antibiotics were 

prepared. To prepare this solution, 1000 mg of antibiotic should be dissolved in 1 liter of double 
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distilled water. Other test solutions were prepared from stock solution using double ionized 

distilled water.  

 

2-3. General method of adsorption process 

For equilibrium adsorption studies, a known amount of adsorbent was equilibrated with desired 

antibiotic solution at room temperature for definite time periods. At the end of the predetermined 

time intervals, the adsorbent was removed by simple filtration. The filtrate was analyzed for the 

residual (unadsorbed) antibiotic, spectrophotometrically.  

The removal percentage and adsorption capacity of the adsorbent were calculated respectively 

through equation (1) and (2).  

 

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = (
C0 − Ce

C0
) × 100                       (1) 

𝑄𝑒 = (
C0 − Ce

W
) × 𝑉                                            (2) 

 

Where C0 and Ce are the initial and equilibrium concentration of antibiotic in solution, respectively, 

W is the weight of adsorbent (g), and V is the solution volume. It should be noted that all the 

experiments were repeated three times and the average data and results were used.[16] 

 

2-4. Adsorption isotherms 

 

The accurate application of the adsorption process needs studies based on various adsorption 

isotherm models. Equilibrium relationships between CHPCQ and antibiotic are studied by 

adsorption isotherms. The applicability of the isotherm equations is compared through interpreting 

the correlation coefficient R2. The isotherm studies were carried out by changing the initial 

antibiotic concentration from (3 to 15PPM) at pH = 7. After 150 min, the reaction mixture was 

analyzed for the residual antibiotics concentration. Next the two-parameter models of Langmuir, 

Freundlich, Tempkin, and Dubnin-Rudushkevich (DR) and the three-parameter models of 

Redlich-Peterson (RP) and Sipes were investigated. The Langmuir model (equation. 3) shows the 

single layer adsorption of adsorbate on a homogeneous adsorbent surface with a finite number of 

identical sites and with negligible interaction between adsorbed molecules. 

qe =
qm × Ceb

1 + Ceb
                                         (3) 

The important properties of the Langmuir isotherm is expressed in terms of equilibrium parameter 

RL (equation. 4), which is a dimensionless constant referred to as an equilibrium parameter.  

 

𝑅𝑙 =
1

1 + bCο
                                             (4) 

Where Co is the initial concentration and b is the constant related to the energy of adsorption 

(Langmuir constant). The values of RL indicate the type of isotherm to be irreversible (RL = 0), 

favorable (0 < RL < 1), linear (RL = 1) or unfavorable (RL > 1). Freundlich model (equation. 5) 

confirms a heterogeneous adsorption surface with sites that have different unequal energy. This 

model is more widely applied but does not provide data on the single layer adsorption capacity in 

compared to the Langmuir model.  

𝑞𝑒 = 𝑘𝑓𝐶𝑒 1/𝑛                                                (5) 
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The Tempkin isotherm (equation.6) express that the fall in the heat of adsorption is linear rather 

than logarithmic as showed in the Freundlich equation. The heat of adsorption of the molecules 

would decrease linearly with coverage due to adsorbate/adsorbate interaction.  

𝑞𝑒 = 𝐵𝑇𝐿𝑛𝐴𝑇 + 𝐵𝑇𝐿𝑛𝐶𝑒                               (6) 
The latest two-parameter model used in the analysis of isotherms was expressed by Dubinin and 

Radushkevich. The DR model (equation.7) was applied to estimate the porosity apparent free 

energy and characteristic of adsorption. The DR isotherm does not assume a homogeneous surface 

or constant adsorption potential. [16] 

𝐿𝑛𝑞𝑒 = 𝐿𝑛𝑞𝑚 − 𝐵𝜀2                                      (7) 

Between the three-parameter isotherm models, the Redlich-Peterson model is often used for the 

liquid phase adsorption of heavy metals and organic compounds.[35, 36] The Sips isotherm 

(equation. 8) is also the integration of Freundlich and Langmuir isotherms, which is used to predict 

heterogeneous adsorption processes.[37, 38] 

𝑞𝑒 =
𝑞𝑚𝐶𝑒

𝛽𝑠

1 + 𝑎𝛽𝑠𝐶𝑒
𝛽𝑠

                                               (8) 

 

3. Findings and discussion 

 

3-1. Effect of pH on antibiotic adsorption  

The pH of the system is important factor on the capacity of adsorbate molecule likely due to its 

effect on the surface properties of the adsorbent, ionization, and dissociation of the adsorbate 

molecule.  The antibiotic removal was studied as a function of pH at a fixed concentration and 

adsorbent dosage. The percentage of antibiotic adsorption increases while pH increases from 3.0 

to 11.0. The maximum adsorption for two antibiotics occurred at pH =7(Fig 1.c). It can be due to 

the availability of negatively charged groups on the surface of the adsorbent in the adsorption 

process. 

 

3.2. Effect of adsorbent dosage 

 To study the change in adsorption based on the amount of the CHPCQ adsorbent, in the conditions 

of antibiotics concentration (10 ppm) and pH = 7, the various amounts [(0.5 to 5.0) g] of CHPCQ 

were selected. With increasing the amount of adsorbent to 3.0 g, the adsorption capacity increases, 

but it decreases with increasing adsorbent amount (Fig 1.d). An increase in the adsorption with a 

high dosage of the adsorbent is due to an increased adsorbent surface area of pores and the 

availability of more adsorption sites. 

 

3.3. Effect of Time of contact.  

The relation between the adsorption of MFX and LFX with contact time was studied to identify 

the rate of antibiotics removal. The adsorption increases with increasing contact time. Then, the 

rate of adsorption becomes slow. The equilibrium was found to be nearly 150 min for 10 ppm of 

antibiotics. (Fig 1. a, b) 

  

3-2- Adsorption isotherm 

According to Fig. (2), the correlation coefficient (R2) of the two-parameter models of Langmuir 

(0.999), Freundlich (0.910), Dubinin-Rudushkevich (0.606), tempkin (0.890) and the three-

parameter models of Redlich-Peterson (0.940) and Sips (0.810) for LFX were obtained. Also, 
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the correlation coefficient (R2) of the two-parameter models of Langmuir (0.999), Freundlich 

(0.992), Dubinin-Rudushkevich (0.846) and tempkin (0.994) and the three-parameter models of 

Redlich-Peterson (0.996) and Sips (0.992) models for MFX were obtained. (Table 2). 

According to the correlation coefficients obtained for LFX, between the two-parameter models, 

the Langmuir isotherm model and between the three-parameter models, the Redlich-Peterson 

model has the highest R2. This result shows that the adsorbate molecules are adsorbed on the 

surface of the adsorbent and the internal pores of the adsorbent are closed. Finally, the higher 

correlation coefficient for the Langmuir model shows that the adsorption of LFX on the adsorbent 

surface is homogeneous and monolayer. Also, all reactive sites on the surface of adsorbent have 

the same adsorption energy. [16]According to the correlation coefficients obtained for MFX, 

between the two-parameter models, the Langmuir isotherm model and between the three-

parameter models, the Sips model has the highest R2. Therefore, it can be concluded that the data 

are consistent with both Langmuir and Sips models, which confirm the homogeneity of the 

adsorbent structure and the monolayer surface adsorption process. [3, 16]. In this research, the 

separation factors of the Langmuir isotherm for LFX (RL=0.32) and MFX (RL=0.34) adsorption 

on the CHPCQ were between zero and one, which confirming thereby the favorable adsorption 

process. Also, the amount of E obtained from the Dubinin-Rudushkevich model for LFX was 8.57 

kJ/mol and for MFX was 7.35 kJ/mol, which shows the adsorption process is physical.[39] The 

positive values of Bt for the adsorption of both LFX (+108.79) and MFX (+0.44) antibiotics 

indicate that the adsorption process by the desired adsorbent is exothermic. 
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Fig.1. The plots of the effect of different parameters on the adsorption process: Time (MFX)(a), 

Time(LFX)(b), pH (c) and adsorbent dosage (d). 
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Fig.2. Langmuir (a), Freundlich (b), Dubinin- Rudushkevich (c), Tempkin (d), Sips (e) and 

Redlich-Peterson isotherm models plot for the adsorption of LFX. 
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Conclusions 

 

The following conclusion may be drawn from the present investigation: 

 

CHPCQ, with the special characteristics such as availability, inexpensiveness, large area, and the 

desired pores, is used for the removal of antibiotics such as MFX and LFX from its aqueous 

solution. The experimental data were in line with the Redlich-Peterson and Langmuir adsorption 

isotherms for LFX and Sips and Langmuir for MFX. The adsorption process is dependent on pH 

and adsorbent dosage and time. The separation factors of the Langmuir isotherm for LFX and 

MFX adsorption on the CHPCQ were between zero and one, which confirming thereby the 

favorable adsorption process. Also, the low amount of E obtained from the Dubinin-Rudushkevich 

model shows the adsorption process is physical. The positive values of Bt for the adsorption of 

both antibiotics indicate that the adsorption process by the desired adsorbent is exothermic. 
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Benzimidazoles are considered as very important and attractive heterocycles in organic chemistry. 

The benzimidazole scaffold is present in the structure of many drugs and biologically active 

compounds having divers and valuable properties such as anticancer, antiparasite, antiviral, anti-

inflammatory, antiulcer, antibacterial, anticonvulsant, antihypertensive, antifungal, antioxidant, 

antihistamine, and so on [1, 2]. Also, these nitrogen-containing heterocycles have industrial 

applications in addition to their pharmaceutical uses. For example, these compounds can act as 

corrosion inhibitors for some steels, pure metals and alloys [3]. In the present work, an efficient 

way is described for the synthesis of benzimidazole derivatives from the reaction of benzylic 

alcohols with o-phenylenediamine using tert-butylhydroperoxide tBuOOH as a mild oxidant, 

potassium cyanide and a catalytic amounts of iron oxide magnetic nanoparticles Fe3O4 MNPs in a 

tandem manner (Scheme 1). In continution, it was found that this oxidative conversion can be 

operable even in the presence of different other functional groups such as phenol, epoxide, pyridine 

ring, carboxylic acid and ester, sulfide, and nonbenzylic alcohol as well as THP and TMS ethers 

with excellent chemoselectivity. In addition, the Fe3O4 MNPs catalyst can be easily magnetically 

separated using an external magnet and then reused after washing with ethanol and drying for four 

times without a significant loss of its activity. Stability, ease preparation, non-toxicity, 

biocompatibility, cheapness, use in low amounts, ease separability, and also reusability of the 

nanomagnetic catalyst, catalytic and tandem nature, simple operation, good to excellent yields, use 

of a mild oxidant, excellent chemoselectivity and also easy work-up can be considered as main 

advantages of the present environment-friendly way.   
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Scheme 1: Fe3O4 MNPs catalyzed synthesis of benzimidazoles from alcohols using 
tBuOOH/KCN. 
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Introduction: 

Zeolitic imidazolate frameworks (ZIFs) are considered as new category of porous and crystalline 

materials having large pore volume, high surface area and advantage of easy functionalization are 

special class of metal organic frameworks (MOFs) [1]. Among them, ZIF-67 is prepared from 

tetrahedral cobalt cations and 2-methylimidazolate bridging ligand forming a cubic crystal 

symmetry in which the angle of Co-Im-Co is ~145˚ and unit cell parameters are a=b=c= 16.9589 

˚A. ZIF-67 has been used for an array of applications including separation, drug delivery, 

bioimaging, supercapacitors, and catalysis. However, modification of ZIF-67 with other 

components and ligands let them apply as support for immobilization of other transition metals 

and benefit from advantages of bimetallic catalysts [2].  

Nowadays, typical method for preparation of propargylic amines include one-pot catalytic reaction 

of aldehydes, alkynes and amines [3], which is more efficient and easier than traditional methods 

including reaction of imine with Grignard or lithium acetylides [4]. Since, design of green and 

stable catalysts having high catalytic activity, selectivity and recyclability under low amount of 

expensive transition metals remains as a challenge in organic synthesis, in this study, we report an 
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immobilization of Au nanoparticles on the ZIF-67 modified with GQD (ZIF-67/GQD@Au) for 

catalytic reduction of nitro compounds and A3-coupling transformations under mild conditions in 

water.  

Results and Discussion 

To a 100 mL flask, Co(NO3)2.6H2O, PVP and methanol were added. To the resulting mixture, 

solution of 2-methylimidazole was added and the mixture stirred at room temperature during 30 

min. Subsequently, GQD is added to above solution and the suspension stirred at room temperature 

during 24 h. In the next step, ZIF-67/GQD was dispersed in ethanol and NaAuCl4.2H2O solution 

was added to it and the resulting mixture was stirred at room temperature for 24 h under argon. 

 

 (Scheme): Schematic diagram for the preparation of ZIF-67/GQD@Au. 

Conclusion: 

In conclusion, the present study offered a new heterogeneous Au catalyst, in which ZIF-67 

modified with graphene quantum dots as a green material to stabilize Au nanoparticles. ZIF-67 

due to porous structure, excellent stability, high surface area and simple preparation utilize as a 

catalyst support, and also its synergetic affect with Au demonstrate great potential of ZIF-

67/GQD@Au for catalytic application. In addition, presence of graphene quantum dots led to 

stability, high dispersity in water and reduction of Au(III) to Au nanoparticles. The prepared ZIF-

67/GQD@Au is fully characterized and employed as an effective catalyst for nitroarene reduction 

and A3-coupling reactions in water. This catalyst demonstrated excellent catalytic activity for 

reduction of the various nitroarenes with electron-donating group and electron-withdrawing 

substituents in the presence of NaBH4 in H2O/EtOH (1:1) at room temperature. Furthermore, this 

catalyst displayed high activity in the A3-coupling reactions of amins, alkynes and aldehydes to 

prepare propargylamines in water. Comparing the catalytic performance of ZIF-67/GQD@Au 

with ZIF-67, ZIF-67/GQD and ZIF-67@Au revealed excellent efficiency of ZIF-67/GQD@Au. 

ZIF-67/GQD@Au indicated considerable catalytic recyclability and stability in both reduction and 

A3-coupling reactions.  
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Abstract: 

"Mannas", that called "angabins" in Persian, are unique products of a dynamic insect-plant 

interaction and have various biological and ethno-medicinal importance. In this study, we 

investigated the isolation and characterization of trehala manna polysaccharides of Cousinia 

stocksii that serves as a host plant for the insect Larinus trehalanus sp. Hot water extraction was 

utilized to obtain the polysaccharides, and their molecular weight was determined through gel 

permeation chromatography (GPC). Furthermore, the monosaccharide composition was analyzed 

using gas chromatography (GC). The average molecular weight was about 800000 Da and 

galactose, fucose, deoxy-glucose, xylose, and arabinose monosaccharides were identified in the 

GC spectrum. 

Keyword: Cousinia stocksii, Larinus trehalanus, trehala manna, polysaccharide 

Introduction: 

Carbohydrates are fundamental biomolecules widely distributed in nature, serving critical roles in 

both structural and metabolic functions across diverse organisms. Structurally, carbohydrates 

range from simple sugars to complex polysaccharides, and their functionality extends beyond 

providing energy. Due to their low toxicity and lack of significant side effects, polysaccharides 

play essential roles across food, pharmaceuticals, and materials industries and exhibit a diverse 

range of biological activities, such as immunomodulatory, anticancer, antioxidant, antimicrobial, 

and wound-healing properties. Among these, the anticancer potential of polysaccharides has been 

a focal point for extensive research. 
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Cousinia stocksii, a species from the Asteraceae family, has been traditionally used in medicine 

for hematuria and diarrhea. This plant serves as a host for the insect Larinus trehalanus sp. The 

female insects put their eggs individually on the host's stems, and cover them with their extinctions 

to protect the dryness and natural enemies. Once the eggs hatch, the larvae consume the plant's 

sap, leading to the formation of a gall known as trehala manna. Mannas are unique natural exudates 

produced through intricate plant-insect interactions. They are valued for diverse medicinal, 

culinary, and ecological significance, attributed to their complex sugar profiles and bioactive 

compounds. Beyond traditional uses, mannas have great potential in pharmacology and 

biodiversity preservation. 

Materials and Methods: 

Cousinia stocksii and trehala manna were collected from Kerman, Iran. The manna was mashed 

into smaller size and its polysaccharide extracted using hot distilled water and then freeze-dried. 

In order to obtain average molecular weight of polysaccharide and its constituent 

monosaccharides, gel permeation chromatography and gas chromatography were used, 

respectively. For the identification of monosaccharides using gas chromatography (GC), 

derivatization was performed via the silylation method. 

Results and Discussion: 

The results of GPC test showed an average molecular weight of 800000 Daltons and the result of 

the gas chromatography test after the derivatization of polysaccharide by the silylation method 

showed the presence of several monosaccharides including galactose, fucose, deoxy-glucose, 

xylose and arabinose. 

                

Conclusion: 

In summary, the isolated polysaccharide was characterized with an average molecular weight of 

800,000 Daltons, as determined by gel permeation chromatography. The monosaccharide 

composition analysis via gas chromatography after silylation derivatization revealed the presence 

of galactose, fucose, deoxy-glucose, xylose, and arabinose, emphasizing its structural complexity. 

These findings provide valuable insights into the biochemical properties of the polysaccharide. 

Figure 30 GC spectrum of trehala manna polysaccharide                                 Figure 31 GPC spectrum of trehala manna polysaccharide 
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Alkyl polyglycosides (APG) are new surfactants that are excellent in terms of non-toxicity, safety 

and non-biodegradability and can be formulated with other surfactants. these surfactants have 

attracted more attention due to their non-sensitivity or very low sensitivity compared to some 

products with respect to consumer health and environmental compatibility because they do not 

contain sulfates and are prepared from renewable raw materials of glucose and fattybalcohol. [1-

3]. 

alkyl polyglycosides are prepared from 1-decanol, 2-decanol, and octanol with glucose, which are 

soluble in water and exhibit good surface-active properties. these products exhibit suitable surface-

active bonds due to the presence of a hydrophilic sugar moiety and a hydrophobic fatty alcohol 

residue. [4-5] 
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(APG) can be prepared directly (fisher) and indirectly through two steps of butanolysis and 

transesterification followed by neutralization and distillation, which was synthesized in a two-step 

process using glucose and fatty alcohols with different chain lengths. .[6- 13] 

This process was carried out inside the reactor and also inside the laboratory flask at a certain 

temperature with different catalysts including zeolite and ptsa, etc. at a certain temperature.  

alkyl polyglycosides were synthesized by various methods, and in one of the methods, it was 

synthesized by glucose and 2-decanol using zeolite catalyst and ptsa with a molar ratio of 1:6 and 

a mass ratio of 0.008 ptsa under optimal conditions with a reaction temperature of 120 ° c and a 

reduced pressure of 5 kpa with a relatively high yield, and h nmr, ftir, uv, and lcmass experiments 

were performed on it. Currently, researchers are still optimizing these surfactants, but to date, apgs 

are known as golden (green) surfactants. 

Scheme:  
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As industrial activities continue to rise, the influx of pollutants into water systems increases, 

resulting in a significant reduction of essential healthy water resources. This trend poses serious 

risks to environmental and human health, as well as to the broader ecosystem (Le, Le, Cheong, & 

Pung, 2022). Photocatalysts, particularly those based on nanomaterials, offer effective solutions 

for environmental pollution by utilizing light energy to degrade organic pollutants in water 

(Donga, Mishra, Abd-El-Aziz, & Mishra, 2021). In this study, we synthesized the nanocomposite 

g-C3N4-Bi2O3 through a hydrothermal method, followed by comprehensive characterization 

using techniques such as XRD, FE-SEM, FT-IR, and TEM. Our findings demonstrate that g-

C3N4-Bi2O3 exhibits remarkable photocatalytic activity, achieving over 75% degradation of 

methylene blue dye in just 90 minutes. This highlights its potential for innovative applications in 

water purification and addressing water pollution challenges. 
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The coumarins (2H-1-benzopyran-2-ones) are important oxygen containing fused heterocycles 

used in drugs and dyes.  Because of the great structural diversity of biologically active coumarins, 

it is not surprising that the coumarin ring system has become an important structural component 

in many pharmaceutical compounds. The synthesis of 3- substituted coumarins derivatives are 

currently of much interest, and various methods have been reported. [1-3]  

Magnetic nano particles are efficient, readily available, high surface-area, resulting in high catalyst 

loading capacity and outstanding stability heterogeneous supports for catalysts. They show 

identical and sometimes even higher activity than their corresponding homogeneous analogues. 

More important, magnetic separation of the magnetic nano particles is more effective than 

filtration or centrifugation, simple, economical and promising for industrial applications. Among 

the various magnetic nano particles as the core, magnetic support, Fe3O4 nano particles are 

arguably the most extensively studied. [4-7]   
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The catalytic activity of Piperidine-4-carboxylic acid (PPCA) functionalized Fe3O4 nanoparticles 

(Fe3O4-PPCA) was investigated as a recoverable catalyst for the one-pot synthesis of novel 

substituted pyrano [2,3-h] coumarins linked to pyrazoline derivatives in high to excellent yield at 

room temperature under solvent free conditions (Scheme 1).  
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Scheme 1. Synthesis of pyrazolyl coumarins derivatives using Fe3O4-PPCA 

 

We have developed a convenient methodology for the synthesis of coumarin linked to pyrazolines 

and pyrano [2,3-h] coumarins linked to 3-(1,5-diphenyl-4,5-dihydro-1H-pyrazol-3-yl)-chromen-

2-one derivatives in high yields via a multi-component reaction protocol using Fe3O4-PPCA 

catalyst. This method has the advantages of low cost, short reaction time, high atom economy, 

convenience and efficiency. It also the characteristic aspects of this catalyst are rapid, simple and 

efficient separation by using an appropriate external magnet, which minimizes the loss of catalyst 

during separation and reusable for several times with little loss of activity. 
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Cycloaddition reactions, particularly [3+2] cycloadditions, are fundamental in the synthesis of 

heterocyclic compounds due to their versatility and efficiency[1]. These reactions are widely 

employed in the development of bioactive molecules and natural product synthesis, offering 

regioselective pathways to construct complex structures with high yields[2]. The interaction 

between dipoles and dipolarophiles facilitates these reactions, enabling the formation of five- or 

six-membered rings, often observed in pharmaceuticals, agrochemicals, and organic materials [3]. 

The [3+2] cycloaddition between azirines and benzimidates has garnered attention for its potential 

to produce diverse heterocyclic scaffolds under mild conditions [4]. However, understanding the 

mechanisms governing these reactions, particularly the influence of substituents on 

regioselectivity and product stability, remains a subject of theoretical and experimental 

investigation. This study employs Density Functional Theory (DFT) methods to explore these 

mechanistic pathways, offering insights into the reaction dynamics and factors affecting product 

formation. The article investigates the mechanisms of cycloaddition reactions, specifically [3+2] 

cycloadditions between 2H-azirines and benzimidates. Using computational methods within the 

Density Functional Theory (DFT) framework, with Gaussian software at the B3LYP/6-311G(d,p) 

level, the study examines transition states, intermediates, and product stabilities. The effects of 

substituents on product stability and reaction pathways were also analyzed. The findings indicate 

that the reactions are regioselective and occur via a stepwise mechanism. 
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Scheme. The cycloaddition reaction of 2H-Azirines and Benzimidates in the presence of Lewis 

acid 
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The formation of carbon-carbon bonds remains a cornerstone of chemical synthesis, especially in 

the development of bioactive natural products and pharmaceuticals. Traditional methods for direct 

C-C bond formation often necessitate prefunctionalization, metal catalysts, or harsh reaction 

conditions. An alternative strategy involves the extrusion of small molecules, such as sulfur or 

nitrogen, concurrent with C-C bond formation. This approach provides a pathway to construct 
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complex molecular scaffolds under relatively mild conditions, garnering significant attention from 

organic chemists [1].Nitrogen-containing heterocycles hold pivotal roles in the design of novel 

lead compounds for medical and pharmaceutical applications due to their broad-spectrum 

bioactivity. Among these, pyrazoles—particularly N-arylpyrazoles—are widely recognized as 

crucial pharmacophores in pharmaceuticals (e.g., Celebrex and Apixaban) and agrochemicals 

(e.g., Fipronil). Consequently, the development of novel synthetic methodologies to access these 

privileged heterocycles remains an active area of research [2-3].In this context, Chang et al. 

introduced a cycloaddition reaction between N-phenylhydrazonoyl chloride (a precursor of C-N-

N dipoles) and pyridinium 1,4-zwitterionic thiolate, successfully synthesizing a diverse array of 

N-phenylpyrazole derivatives [4]. 

In the present study, we investigated the mechanistic details of these reactions through density 

functional theory (DFT) analysis. The results reveal that the reaction proceeds via an unusual 

[[3+3]-1[ pathway, involving a formal [3+3] cascade cyclization followed by spontaneous ring 

contraction and sulfur extrusion from 4H-1,3,4-thiadiazine intermediates. 

 Additionally, the influence of substituents, both electron-withdrawing and electron-donating, was 

evaluated. The findings demonstrate that substituents on the aryl ring significantly affect reactivity. 

Thermodynamic and energetic analyses indicate that these cycloaddition reactions progress 

through a four-step process with complete regioselectivity. The reactivity indices and the polar 

nature of the cycloaddition reactions were further elucidated through the global electron density 

transfer (GEDT) values computed at the transition states. This comprehensive computational 

analysis sheds light on the mechanistic nuances of N-phenylpyrazole formation and offers valuable 

insights for designing novel synthetic approaches. 

 

Scheme 1 Synthetic applications of pyridinium 1,4-zwitterionic thiolates and this work 
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Introduction: 

Cancer treatment faces numerous challenges, especially in the precise and targeted delivery of 

drugs. Many efforts have been made to design smart drug delivery systems in recent years. This 

study explores a novel strategy that employs zinc oxide (ZnO) nanoparticles (NPs) coated with 

cyclodextrin nanosponges (CDNS) to enhance the delivery of berberine (BBR). BBR is a natural 

compound that has gained much attention from researchers in recent years due to its anti-cancer 

properties. It is very effective in controlling cancer cells by interrupting cell proliferation cycles 

and preventing angiogenesis, as well as inducing apoptosis. This performance is greatly improved, 

especially when used with advanced drug delivery systems. ZnO NPs enhance efficacy by 

inducing oxidative stress, which is a crucial factor in the cytotoxic effects of these NPs on cancer 

cells [1]. Meanwhile, CDNS facilitates controlled release and improves the stability of BBR, 

further enhancing its therapeutic potential [2, 3].  This modern approach promises to advance 

cancer treatment by increasing the precision of drug delivery and minimizing side effects. 

Method: 

Zinc acetate dihydrate (Zn(CH₃CO₂)₂·2H₂O, 4 mmol) was dissolved in diethylene glycol (DEG, 

40 mL) to prepare ZnO NPs with spherical morphology. The solution was transferred into a Teflon-

lined stainless steel autoclave and heated from room temperature to 160 °C over 20 min. The 

temperature was maintained for 5 h. After completion, the reaction products were centrifuged at 

5000 rpm for 30 min, washed with ethanol, and dried at 120 °C for 24 h. The synthesized ZnO 

NPs (0.5 g) were dispersed in dimethyl sulfoxide (DMSO, 10 mL). β-Cyclodextrin (β-CD, 1 mmol) 

was added to the dispersion, followed by triethylamine (Et₃N, 1 mL). The mixture was stirred for 

3 h at room temperature. After that, epiclon (EPI, 8 mmol) was introduced, and the reaction was 

stirred for another 3 h. The coated ZnO NPs (ZnO@CDNS) were collected by centrifugation, 

washed with ethanol, and dried under vacuum for 24 h. BBR was loaded onto the coated ZnO NPs 

by preparing a solution of BBR in methanol (1 mL containing 2 mg BBR) and adding it dropwise 

to the ZnO@CDNS dispersion (0.6 g) in phosphate-buffered saline (PBS, 2 mL, pH 7.4). The 

mixture was shaken overnight at room temperature in the dark. The final BBR-loaded products 

(ZnO@CDNS/BBR) were separated by centrifugation at 8000 rpm for 10 min and washed twice 

with deionized water to remove any unloaded BBR. 

Results and Discussion: 

Several analytical methods were performed to confirm the structure and properties of the 

synthesized ZnOS@CDNS/BBR. Functional group interactions were established using FTIR, and 

proper coating of ZnO NPs with CDNS and BBR loading was ensured. Thermal stability was 

determined by TGA, while the detectable crystallinity of ZnO NPs was confirmed by XRD. 

Furthermore, SEM confirmed the detectable spherical morphology that the ZnO NPs were 

composed of. In addition, zeta potential analysis was also performed to evaluate the surface charge 

and colloidal stability. However, DLS was used to evaluate its hydrodynamic size distribution. 
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The presence and stability of loaded BBR were confirmed using UV-Vis spectroscopy as well as 

drug release kinetics in PBS at various pH, indicating controlled release behaviors for BBR. 

ZnO@CDNS/BBR was evaluated for its anti-cancer activity in vitro using MTT on 4T1 mouse 

breast cancer cells. The cells were subsequently incubated with different concentrations of 

ZnO@CDNS/BBR for 24, 48, and 72 h, followed by 4 h of incubation with MTT reagent. The 

formazan crystals produced were dissolved in DMSO and the absorbance was measured using a 

microplate reader at 570 nm. The findings indeed showed that ZnO@CDNS/BBR could 

significantly reduce the viability of 4T1 cancer cells in a dose- and time-dependent manner. In 

fact, at the highest concentration, ZnO@CDNS/BBR showed a significant reduction in cell 

viability, which indicates its potent anti-cancer activity. 
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Abstract 

Medicinal plants provide better compatibility with the human body due to their natural 

compounds. Bergenin, derived from Bergenia ciliata, has shown promise in managing diabetes, 

but its poor bioavailability limits effectiveness. To improve solubility and controlled release, 

niosomal carriers were used. This study evaluates bergenin-loaded niosomes, focusing on their 

antibacterial activity and mechanical properties, with scanning electron microscopy (SEM) 

employed for structural analysis. 

Keywords: Bergenin, Niosomal carrier, Antibacterial Activity 

1. Introduction 

Bergenin, a bioactive compound from Bergenia ciliata, is a C-glycoside derived from 4-O-

methyl gallic acid. Despite its therapeutic potential, its poor solubility and bioavailability restrict 

its use [1-3]. Niosomes, lipid vesicles made from cholesterol and non-ionic surfactants, offer an 

effective solution due to their enhanced stability, lower cost, and improved purity compared to 

liposomes. This study investigates the use of niosomal carriers to enhance the bioavailability and 

antibacterial properties of bergenin. 

2. Experimental 

2.1 Isolation and Extraction of Bergenin 

Rhizomes of Bergenia ciliata were collected from Iran, dried, powdered, and subjected to 

ethanol extraction. One kilogram of powder was macerated in 4 liters of ethanol for three days at 

room temperature to produce a crude ethanol extract of bergenin. 

2.2 Preparation of Niosomal Carriers 

Non-ionic surfactant Span 60 and cholesterol were mixed at different ratios, dissolved in 

chloroform to form the organic phase. Bergenin (10 mg) was then combined with the surfactant-

cholesterol mixture in a 1:1 ratio, dissolved in 2 mL of ethyl alcohol, and used to create the 

niosomal suspension. 

3. Results and Discussion 

The optimized niosomal formulation was analyzed using scanning electron microscopy (SEM) to 

assess its surface morphology, size, and shape. The SEM images confirmed that the niosomes 
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had a smooth, well-formed structure with uniform size, meeting the desired formulation criteria. 

These findings suggest that the niosomal carriers are suitable for enhancing bergenin’s solubility 

and bioavailability. 
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One major challenge with nanocatalysts is their instability, often leading to aggregation and 

reduced catalytic efficiency. To address this, incorporating suitable supports can enhance their 

stability and improve access to active sites. Recent interest has grown in using natural materials, 

such as natural polymers and living cells, as catalysts and substrates for synthesizing various 

compounds, particularly heterocyclic compounds. Bacteria have a unique ability to grow and 
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absorb metal ions even at high concentrations, thanks to functional groups like -NH2 and -COOH 

in their cell membranes. The combination of bacterial cells with inorganic components leads to 

functional hybrids that can change material usage. For example, bacterial cells coated with metal 

nanoparticles can exhibit new functions. However, a challenge in loading nanoparticles onto 

bacterial cells is the lack of specific interactions, mainly due to the negative charge on both 

surfaces. The negative charge on Gram-positive and Gram-negative bacteria comes from teichoic 

acid and lipopolysaccharides, respectively. Loading methods aim to enhance contact between 

nanoparticles and bacterial surfaces and are categorized into two types. The first involves utilizing 

electrostatic interactions to precipitate cationic nanoparticles, resulting in the creation of cationic 

nanoparticle-labeled bacteria. The second method entails coating the bacterial surfaces with metal 

cations, followed by in situ synthesis of the nanoparticles. In this study, we examine the attachment 

of magnetic nanoparticles to the surface of E. coli bacteria using the first method: electrostatic 

attraction. This approach serves as an effective means of facilitating contact between bacterial 

surfaces and nanoparticles, which can subsequently be employed in the synthesis of pyrazole-fused 

isocoumarins [1,2]. 

In this study, using the first method, we attach magnetic nanoparticles synthesized according to 

previous protocols to the bacterial surface using electrostatic attraction. [3]. The washed bacteria 

were then reconstituted to their original volume using distilled water, after which the acidic 

nanoparticles were added dropwise to the solution over the course of one minute. The mixture of 

bacteria and nanoparticles washed using an external magnet, and dried in an oven. Comprehensive 

characterization of the Bac-Fe3O4 bio-nanocomposite was carried out using various analytical 

techniques. in the scheme 1, an overview of the Bac-Fe3O4 bio-nanocomposite can be seen in TEM 

analysis. (Scheme 1). The Bac-Fe3O4 bio-nanocomposite was isolated and used in the synthesis of 

pyrazole-fused isocoumarins (Scheme 2). 
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Scheme 1: TEM micrograph of Bac-Fe3O4 bio-nanocomposite 

 

Scheme 12: Synthesis of pyrazole-fused isocoumarins by Bac-Fe3O4 bio-nanocomposite 
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Abstract 

Introduction and Objective: Polygonum aviculare is an annual plant with small pointed leaves 

and pink flowers that grow in roadsides and shady areas. It has astringent properties and is used to 

treat diarrhea, remove kidney stones, and treat various ailments due to its high level of antioxidants. 

The study aimed to investigate the antioxidant properties of Polygonum aviculare L. plant extract. 

Material and Methods: Initially, Polygonum aviculare L. hydroalcoholic extract was obtained by 

maceration and functional groups were determined by FT-IR. The extract's antioxidant activity 

was assessed using the free radical reduction method (DPPH), and its total phenolic and flavonoid 

content was measured.  

Result: According to the findings, The FT-IR spectrum of this plant extract showed a broad and 

intense peak at 3416.09 cm-1 representing the stretching vibration of the hydroxyl group (OH) in 

water, phenolic compounds, and flavonoids. The peak observed at 2926.40 cm-1 corresponds to 

the presence of alkyl and CH groups, whereas the peak at 1616.91 cm-1 is associated with the C=O 

bond of the amide group and the C=C bond of aromatic rings. Additionally, the peaks at 1060.81 

cm-1 are related to the presence of ether connections and the Polygonum aviculare L. extract 

contained a total phenolic content of 268.16 mg /g and a flavonoid content of 630 mg/g. The radical 

trapping activity was obtained IC50 = 202 / 68mg / L.  

Conclusion: Our findings show that the hydroalcoholic extract of Polygonum aviculare L. has 

significant antioxidant activity and phenolic and flavonoid compounds and can be effective in the 

treatment of diseases such as cancer. 
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Figure 1. Polygonum aviculare L. extraction and evaluation of antioxidant properties of 

polygonum aviculare L. extract process. The obtained extract is green sludge in color and the 

efficient extraction efficiency was obtained 4.32%. 
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Abstract 

The increasing population and excessive plastic use in food packaging have led to significant 

environmental pollution. This project addresses these issues by designing and manufacturing 

biodegradable bioplastics based on chitosan, which decomposes naturally over time, offering a 

sustainable alternative to traditional plastics. Citrus reticulate peel extract was prepared using the 

maceration method, and graphene oxide nanoparticles were synthesized from a 2 mM solution of 

graphene oxide and the extract through a green method. The color change from yellow to black 

indicated successful nanoparticle formation. Field Emission Scanning Electron Microscopy 

(FESEM) and X-ray Diffraction (XRD) analyses were conducted to evaluate the morphological 

and crystalline properties of the nanoparticles. According to the results obtained from XRD and 

FESEM, the dimensions of the particles are between 20-50 nanometers. FESEM analysis also 

showed the nanoparticles' surface morphology, presenting both spherical and rod-like structures. 

Graphene oxide nanoparticles derived from the citrus extract and chitosan were utilized to enhance 

the thermal resistance of the bioplastics and reduce food spoilage. TGA investigated the thermal 

stability of bioplastic prepared by chitosan and synthesized graphene oxide nanoparticles and 

showed a weight loss of 14.78%. In this study, it was observed that the use of tangerine peel as a 

green source for the synthesis of graphene oxide nanoparticles was successful. The results also 

showed that a part of tangerine peel contains phenolic compounds that can act as a reducing agent 

for the synthesis of graphene oxide nanoparticles. Also, bioplastics containing these nanoparticles 

showed that they have good flame retardant and degradability properties that can be used in various 

environmental applications. 
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Figure 1. Steps for green synthesis of graphene oxide nanoparticles and the production of 

biodegradable bioplastics using them 
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Abstract 

Today, the oil industry is one of the most effective and largest industries and a major source of 

energy supply in the world and our country. The components of crude oil can include compounds 

such as thiols, sulfides, and thiophenes. The excessive sulfur content leads to corrosion and 

pollution.  This study aims to synthesize Ag-TiO2 desulfurization nanocatalysts using Helianthus 

annuus extract and evaluate their catalytic properties in removing sulfur from pollutants. Using the 

Maceration, Helianthus annuus extract was obtained, and silver nanoparticles were synthesized 

using a 2 mM AgNO3 solution, while titanium dioxide nanoparticles were synthesized using a 2 

mM Ti(OH)2 solution through a green method. The color change of the first solution from yellow 

to brown indicates the formation of silver nanoparticles, and the color change of the second 

solution from yellow to pale yellowish-white suggests the formation of titanium dioxide 

nanoparticles. Field emission scanning electron microscopy (FESEM) and X-ray diffraction 

(XRD) were used to investigate the morphological and crystallographic properties of the 

nanoparticle's functional groups determined by Fourier-transform infrared spectroscopy (FT-IR) 

and the oxidation method was employed for desulfurization. The samples were analyzed using 

atomic absorption. Results showed that the nanoparticles had a well-defined crystalline structure 

with an average size of approximately 30-50 nanometers. FESEM images of Ag-TiO2 nanocatalyst 

showed the nanoparticles were cubic and spherical. Increasing the weight of the nanocatalyst 

resulted in a larger number of active sites available for the reactants (97% for 22.5 ppm 

concentration of nanocatalyst), thereby improving the reaction conversion. 
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Scheme 1: Graphical abstract of the green synthesis process of Ag-TiO2 nanocatalyst by 

Helianthus annuus.extract 
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The use of magnetic nanocatalysts is a rapidly growing field for the development of sustainable 

and green processes. One of the main advantages of magnetic nanocatalysts is that they can be 

easily separated from the reaction medium using an external magnetic field and reused. This 

feature reduces costs and increases the efficiency of catalytic processes. Heterogeneous 

nanocatalysts are usually more stable than homogeneous catalysts and can perform well under 

harsh chemical reaction conditions [1-2]. Cross-coupling reactions, including Suzuki and Acetyl 

reactions, are considered important reactions in modern synthetic organic chemistry. They are used 

in various fields such as industry, pharmaceuticals, chemicals, pesticides, and polymers. In this 

study, the synthesis and characterization of palladium nanocatalysts immobilized on magnetic 

chromium ferrite nanoparticles were investigated [3]. Immobilization of palladium nanocatalysts 

on magnetic chromium ferrite nanoparticles leads to increased efficiency and stability in coupling 

reactions. Heterogeneous palladium nanocatalysts immobilized on chromium ferrite magnetic 

nanoparticles were characterized by various techniques such as FT-IR, EDX, ICP-OES, etc 

(Scheme 1). 

 

 

Scheme 1. Suzuki reaction 
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Magnetic nanoparticles serve as a support in catalytic systems, providing easy separation and 

reuse, thereby enhancing efficiency and reducing costs in chemical processes [1]. 2,2'-bipyridine 

plays a crucial role in catalysis by enhancing reaction rates and selectivity through its ability to 

form metal complexes [2,3]. Triazoles are important heterocyclic compounds that play a key role 

in drug development due to their antimicrobial properties [4,5]. In this study, the synthesis of 

triazole derivatives varied biological applications suchas by using a new copper complex catalyst 

we reported based on 2,2'-bipyridine immobilized on a magnetic support. 
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Introduction 

Pyridines are a significant class of organic compounds with diverse applications in 

pharmaceuticals, agrochemicals, and material science. The synthesis of these heterocyclic 

compounds has garnered extensive research interest due to their structural versatility and 

biological activity. Pyridine, a six-membered ring containing one nitrogen atom, serves as a 

fundamental scaffold in organic chemistry [1, 2]. 

Several synthetic strategies have been developed for the construction of pyridine derivatives, each 

offering unique advantages. Traditional methods include the Chichibabin synthesis, which 

involves the condensation of carbonyl compounds with ammonia or amines in the presence of a 

dehydrating agent. Modern approaches often employ transition metal-catalyzed reactions, such as 

palladium-catalyzed cross-couplings, to introduce various functional groups and appendages onto 

the pyridine ring[3, 4]. 

we would like to report herein a simple and mild method with higher atom economy for the 

preparation of highly functionalized of some poly-substituted pyridines (Scheme 1). 
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Scheme 1. Efficient Synthesis of highly substituted pyridines 3. 

Method 

The reactions were carried out by adding arylidenmalononitrile 1, malononitrile 2 and potasium 

sulfide in alcoholic solvent. Then, the mixture was stirred at reflux condition. The reaction was 

complete within three hours to afford the highly substituted pyridines 3 in good yields. The product 

was filtered and dried. The structures of the products were confirmed by 1H NMR, 13C NMR, and 

IR spectroscopy. 

 

Results and Discussion 

A proposed mechanism is shown in Scheme 2. The first step may involve Michael addition of 

malononitrile anion 4 to arylidene malononitrile 2 to form intermediate 5. This intermediate 

undergoing cyclization reaction will form cyclic intermediate 6, which undergoes imine 

isomerization along with oxidation [5] and produces highly substituted pyridine 3 (Scheme 2).  

 

Scheme 2: Proposed mechanism for the formation of 2-amino-6-alkoxy-4-arylpyridine-3,5-

dicarbonitriles 3  

In conclusion, the method has several advantages, including  high yields of products, easy 

experimental workup, the use of simple and available starting materials, high atom economy, and 

eco-friendly and mild reaction conditions 
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Introduction  

It is known that all kinds of pollution can damage the environment, and one of these things is oil 

spills, which often happen because many industries pour wastewater into water, which causes these 

things to mix with the water and damage the environment in the world. This is the case in paint, 

textiles, and leather industries. Hydrogels have properties such as water absorption, and the ability 

to swell and change, which make them suitable for many pharmaceutical and medical applications 

[1]. This project aims to use water-absorbing hydrogels for water-oil separation. 

 

Method 
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Mix biocomposites with ash in water in a flask. Heat until it reaches suitable viscosity. Dissolve 

the crosslinker in water and add it to the mixture. Then, add monomers and more water, combining 

well. Disperse on cotton fabric and let it dry for oil-water separation. 

 

Results and discussion  

Infrared spectroscopy (IR) was employed to analyze the functional groups in the bio-hydrogels. 

Incorporating ash into the hydrogel introduces a new peak at 688 cm⁻¹, attributed to Si–O or M–O 

(metal-oxygen) vibrations from silicates or metal oxides in the ash, confirming its successful 

integration. Other spectral changes, including enhanced O–H stretching at 3424 cm⁻¹, shifted C–

H stretching at 2927 cm⁻¹, and intensified peaks at 1384 cm⁻¹ (carboxylates) and 1273 cm⁻¹ (C–

O–C stretching), suggest improved hydrogen bonding, structural reinforcement, and cross-linking 

within the hydrogel matrix.  
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Introduction 

Water is an essential and scarce resource for life. Antibiotics can disrupt the microbial balance in 

wastewater and affect the degradation of organic materials. Methods for removing drugs from 

water include physical, biological, and photocatalytic processes that convert pollutants into 

harmless substances [1]. 

 

Method 
In this study, the Ag@Fe2O3 photocatalyst was synthesized using chemical methods. Fe2O3 

nanoparticles were enhanced by adding silver nitrate and using lavender essential oil to achieve 

optimal properties for environmental applications and renewable energy. 

Results and Discussion 

For the evaluation of the modified sample, FTIR analysis was discussed. The peak within specific 

wavenumber ranges indicates distinct chemical bond: 3200–3900 cm-1 signifies the O–H bond, 

2925 and 2854 cm-1 represents the asymmetric and symmetric C–H bond, 1636 cm-1 is attributed 

to the C=O bond, 533 cm-1 region corresponds to the Metal-Oxygen bond (related to Iron Oxide). 

 

FTIR spectrum of Fe2O3 (a), Lavender (b) and Ag@Fe2O3@Lavender (c) 
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Metal-organic frameworks (MOFs) as a group of porous materials are architectural structures 

consisting of the coupling of a metal group and an organic group. These structures are composed 

of metal elements that are ionic inside or outside their core and organic ligands that coordinate 

with metals [1]. MOFs are used in various fields such as storage and transport of gases, separation 

of materials, removal of pollutants from the environment, synthetic catalysis and pharmaceuticals 

[2]. Also, carbon spheres (CSs) are a category of organic compounds that synthesized in a green 

way and eventually don’t lead to the production of pollution by interring the environment [3]. 

Additionally, CSs are very porous and in combination with the catalyst can cause a significant 

increase in the efficiency of the catalytic activity. so, we have succeeded in creating a greener and 

a more efficient catalyst by combining the carbon spheres with MOF. Pyridine-carbonitrile 

compounds are a class of organic compounds that are used in many medicinal substances with 

necessary properties in the context of the growth of body cells. In this report, the catalytic activity 

of CS@Zr-MOFs in the preparation of pyridine-carbonitriles was investigated as an important 

group of organic compounds with biological properties (Scheme 1). 

 

Scheme 1. Synthesis of pyridine-carbonitriles by CS@Zr-MOFs. 
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In the last decade, significant progress has been made in the field of porous materials. Metal-

organic frameworks (MOFs) are an amazing example of porous materials. The crystalline structure 

along with adjustable pores has made this category of porous compounds to be used in many fields, 

such as drug delivery, catalyst, photocatalyst, sensor and gas absorption [1]. The use of MOFs as 

a catalyst has attracted widespread scientific interest among scientists. Therefore, many organic 

compounds have been synthesized with the help of MOFs catalyst. Heterocycles are an important 

class of organic compounds that are widely used in the pharmaceutical, agricultural, and dye 

industries. Pyrazolo[3,4-b]pyridines have many medicinal and biological properties, such as anti-

cancer, anti-bacterial, anti-fungal, etc. [2]. Therefore, for the synthesis of new pyrazolo[3,4-

b]pyridines with biological cores, the Zr-MOF@Cu(OAc)2 catalyst, which has a metal-organic 

framework support, has been used. These materials are synthesized under solvent-free conditions 

at 100 °C. The high reaction rate, short reaction time, high product yield, and catalyst separation 

capability are important features of the above research, which show the value of introducing this 

catalyst (Scheme 1). 
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Scheme 1: Preparation of pyrazolo[3,4-b]pyridine derivatives using Zr-MOF@Cu(OAc)2 as a 

catalyst. 
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In recent years, our research group has been developing a project centered on the synthesis of novel 

indolenines and bisindolenines, and reactions of them with the Vilsmeier reagent to produce 

aminomethylene malondialdehydes.1-4 These malondialdehydes, as 1,3-dicarbonyl compounds, 

can be used to produce new heterocyclic systems.1,3,4 

 In this reaserch, we have extended our studies of aminomethylene malondialdehydes 1a-e and 

demonstrated the synthesis of pyrido[2,3-d]pyrimidine-2,4-diones 3  by condensations with 

various 6-aminouracils 2a-c (Scheme). After some preliminary experiments, it was found that a 

mixture of aminomethylene malondialdehyde 1a and 6-aminouracil 2a afforded 6-(3,3-dimethyl-

3H-indol-2-yl) pyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione 3a in 79% yield in refluxing acetic acid 

for 12 h. Encouraged by this success, we extended this reaction to various aminomethylene 
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malondialdehydes 1b–e and 6-aminouracils 2b–c under similar conditions (acetic acid at reflux), 

furnishing the respective compounds 3b–k in good yields.  
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Abstract 
 

A highly impressive one-pot multicomponent synthesis of bis-spiro piperidine derivatives has been 

reported by performing the reaction of formaldehyde, aromatic aniline and dimedone [1].This 

reaction was performed in the presence of a catalyst in ethanol solvent at room temperature[2]. 
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Using nanocellulose/BF3/Fe3O4 as a Lewis acid and heterogeneous catalyst for the first time[3]. 

Nano-cellulose/BF3/Fe3O4 has been synthesized and characterized with FE-SEM, TEM, FT-IR, 

TGA, BET, XRD and VSM analysis. The advantages of this catalyst are low reaction time, 

convergence, simplicity of operation, and recyclability. The beneficial features of this method are 

soft reaction position, no column chromatographic purification and high yield of products. All 

derivatives were distinguished by FT-IR and 1H NMR spectroscopy. 
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Abstract 

In the face of growing environmental challenges, green chemistry has emerged as a scientific 

approach to minimize the environmental impact of chemical processes by adopting sustainable 

materials and techniques. Lyotropic liquid crystals (LLCs) are promising candidates in this context 

due to their unique properties that combine the characteristics of liquids and crystalline materials, 

making them ideal for eco-friendly applications. This study focuses on the theoretical design and 

analysis of organic compounds with LLC properties, emphasizing their potential role in enhancing 

sustainable chemical processes. 

The research explores the relationship between the chemical structure of LLCs and their unique 

physical properties, including self-assembly, phase transitions, optical behavior, and thermal 

stability. Key applications discussed include their use in improving chemical catalysis, reducing 

chemical waste, and advancing clean energy technologies, such as solar cells and pollutant removal 

systems. The study also proposes innovative design models and highlights the potential of LLCs 

in bridging theoretical principles with practical applications. 

This research contributes to the fields of environmental science and applied chemistry by providing 

a comprehensive framework for utilizing LLCs to develop efficient and sustainable chemical 

processes. The findings underscore the importance of LLCs in supporting green chemistry goals, 

promoting environmental sustainability, and addressing industrial and ecological challenges. 

Introduction  

In light of the growing environmental challenges, green chemistry has emerged as a scientific 

approach aimed at reducing the environmental impact of chemical activities through the adoption 

of more sustainable materials and techniques. Lyotropic liquid crystals represent one of the 

promising fields in this context, as they possess unique properties that combine the characteristics 

of both liquids and crystalline materials, making them ideal for environmentally friendly 

applications. 

Organic compounds with lyotropic liquid crystal properties are a key focus in scientific research 

due to their numerous advantages, including controllable physical properties, compatibility with 

environmental standards, and their potential use in innovative technologies such as chemical 

separation systems, enhanced catalyst efficiency, and nanomaterial fabrication. Moreover, these 

compounds could play a critical role in designing more efficient and cost-effective processes, 

supporting the transition to a sustainable future. 

This research aims to design and analyze organic compounds with lyotropic liquid crystal 

properties using a theoretical approach based on collecting and analyzing data from previous 

studies. The focus will be on exploring the relationship between the chemical structure of these 

compounds and their unique physical properties, while highlighting their potential applications in 
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green chemistry. We also seek to propose innovative design models that contribute to enhancing 

the scientific understanding of these materials and their role in supporting environmental 

sustainability. 

This research serves as a new contribution to the field of environmental sciences and applied 

chemistry, aiming to bridge theoretical principles with practical applications to develop new 

materials that meet the demands and challenges of our time. 

 

Definition and Physical Properties of Lyotropic Liquid Crystals 

1. Definition: Lyotropic liquid crystals are organic or composite compounds that belong to the 

liquid crystal family, but are characterized by their ability to transition between clear liquid phases 

and liquid crystal phases depending on the concentration of the solvent and temperature. Unlike 

conventional liquid crystals that form over a specific temperature range, lyotropic liquid crystals 

depend on the concentration of the components in the solution for their formation. 

These crystals are primarily composed of amphiphilic molecules (compounds with both 

hydrophilic and hydrophobic parts), allowing them to form liquid crystalline phases when 

dissolved in solvents. These materials exhibit unconventional properties due to their ability to self-

organize in solvents, forming geometrically organized structures such as lamellar, cylindrical, or 

cubic phases in some cases. 

2. Physical Properties: Lyotropic liquid crystals possess several unique physical properties that 

distinguish them from other materials: 

A. Self-Assembly: 

● Lyotropic liquid crystals have the ability to self-assemble, where their molecules organize 

themselves into specific geometric structures such as lamellar, cylindrical, or cubic phases. 

This self-organization enhances their ability to perform various vital functions in industrial 

applications such as filtration and chemical catalysis. 

B. Interaction with Solvents: 

● These crystals have the ability to form liquid crystalline phases and clear liquid phases in 

different solvents, and these phases vary depending on the solute concentration and 

temperature. Lyotropic liquid crystals exhibit unique properties like polarization and light 

refraction, which depend on the arrangement of molecules in the liquid crystal phase. 

C. Phase Transition: 

● This type of liquid crystal is characterized by dynamic transitions between phases when 

there is a change in concentration or temperature. For example, the material can transition 

from a liquid phase to a liquid crystal phase or vice versa, making them materials with 

variable properties based on the surrounding environment. 
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D. Optical Properties: 

● Lyotropic liquid crystals possess the ability to interact with light in various ways, such as 

polarization and light diffraction. This makes them useful in optical applications such as 

liquid crystal displays and variable lenses. 

E. Viscosity: 

● The viscosity of lyotropic liquid crystals varies depending on temperature and 

concentration. In general, these materials have a lower viscosity compared to solid 

materials, which makes them suitable for applications that require flexible and easy 

movement of molecules. 

F. Flexibility: 

● Lyotropic liquid crystalline compounds exhibit high flexibility in their form and structure, 

allowing them to adapt to environmental conditions such as high or low temperatures, 

which enhances their applications in materials that require significant flexibility, such as 

biodegradable materials. 

G. Thermal Stability: 

● This type of liquid crystal has good thermal stability, allowing it to function across a wide 

range of temperatures without losing its liquid crystalline properties. However, at certain 

temperatures, it may transition into a liquid phase. 

 

 

 

 

 

The Relationship Between Green Chemistry and Lyotropic Liquid Crystals 

1. How Can These Compounds Support Environmentally Friendly Chemical Processes? 

Green chemistry is a scientific field that focuses on developing more sustainable and less 

harmful methods for chemical processes, through the adoption of safer materials and techniques. 

The importance of lyotropic liquid crystals in supporting these processes arises from their unique 

properties, which make them ideal for environmentally friendly applications. 

A. Chemical Catalysis and Lyotropic Liquid Crystals: 

● Lyotropic liquid crystals possess the ability to self-organize into specific geometric 

structures when dissolved in solvents, making them suitable as catalysts in chemical 
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reactions. These compounds can improve reaction efficiency by providing a controlled and 

balanced environment for chemical interactions. 

For example, lyotropic liquid crystals can act as green catalysts or green solvents to enhance 

chemical reactions without relying on harmful solvents or toxic materials. Compared to traditional 

solvents, these compounds can improve performance in reactions due to their chemical stability 

and ability to facilitate precise chemical interactions. 

B. Reducing Chemical Waste: 

● Environmental sustainability is one of the core goals of green chemistry, and lyotropic 

liquid crystals contribute to this by helping reduce chemical waste generated during 

chemical processes. When used as solvents or reaction systems, these compounds help 

reduce the need for organic solvents or toxic chemicals that are often harmful to the 

environment. 

In processes such as chemical separation or extraction of active materials, lyotropic liquid crystals 

can be employed to reduce the volume of waste generated. This helps improve material 

consumption efficiency and reduces the environmental impact of the process. 

2. Exploring Potential Applications in Waste Reduction and Clean Energy Production 

A. Reducing Waste Using Lyotropic Liquid Crystals: 

● Lyotropic liquid crystals can help reduce chemical waste in processes such as chemical 

separation, molecular recovery, and material recycling. These compounds have the ability 

to transition between liquid and liquid crystal phases, which allows for selective separation 

of chemicals during industrial processes. 

For instance, in environmental reactions like purification or chemical filtration, lyotropic liquid 

crystals can be used to filter pollutants from liquids or gases more effectively, which reduces toxic 

waste and prevents its release into the environment. 

● Other applications include their use in biological reactions, such as biocatalysis, where 

these compounds can improve environmental processing in industries like food production 

or environmental management. They help reduce the impact of chemical waste by 

minimizing the volume of materials disposed of. 

B. Using Lyotropic Liquid Crystals in Clean Energy Production: 

● Some lyotropic liquid crystals possess properties that make them suitable for use in clean 

energy production. For example, they can be employed in solar cells as part of the active 

systems that convert solar energy into electrical power. Lyotropic liquid crystals can 

enhance the efficiency of light absorption and conversion into energy. 
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● Ongoing research in this area has shown that lyotropic liquid crystals can be utilized in 

electronic devices that generate energy through electrical reactions, helping to improve 

energy efficiency and reduce dependence on traditional energy sources, such as fossil fuels. 

● In the field of renewable energy, lyotropic liquid crystals may also contribute to the 

development of more efficient energy storage devices, such as flexible solar surfaces or 

modern batteries, boosting the ability to store renewable energy for later use. 

 

Design of Organic Compounds: 

1. Analyzing the Chemical Components Affecting Liquid Crystal Properties 

Designing organic compounds with liquid crystal properties requires studying the chemical 

components that significantly influence how these compounds form and how their molecules 

organize to create liquid crystalline phases. Here’s a detailed analysis of these components: 

A. Amphiphilic Molecules: 

● Amphiphilic molecules are one of the main components in the design of lyotropic liquid 

crystalline compounds. These molecules consist of a hydrophilic (water-loving) part and a 

hydrophobic (water-repelling) part. This dual characteristic allows them to self-organize in 

solvents, with the hydrophobic part aggregating together while the hydrophilic part 

interacts with the solvent. 

● Importance: These molecules are crucial in forming liquid crystalline phases in solvents 

with certain ratios of hydrophilic and hydrophobic components. Careful design of 

amphiphilic molecules can help improve thermal stability, pressure responsiveness, and 

the ability to interact with other components in chemical reactions. 

B. Molecular Engineering and Topological Distribution: 

● The molecular structure of amphiphilic molecules (such as linear, cylindrical, or lamellar 

shapes) significantly impacts how the molecules organize in the liquid crystalline phase. 

Some molecules prefer forming cylindrical phases (such as the nematic phase), while 

others favor lamellar or cubic phases. 

● Importance: By adjusting the molecular length and geometrical arrangement, researchers 

can design compounds with liquid crystalline properties that respond precisely to specific 

conditions like temperature, pressure, or solvent concentration. 

C. Substitution Groups: 

● The chemical groups introduced into molecules, such as alkyl groups, aromatic groups, or 

polar groups, affect the chemical stability and ability to form liquid crystalline phases. 
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● Importance: Selecting the right functional groups can enhance solvent interactions, 

increase stability, improve electrical conductivity, or achieve desirable dynamic behaviors 

such as interaction with radiation or chemical catalysis. 

D. Environmental Effects: 

● The effect of concentration, temperature, and pressure plays a crucial role in determining 

the phase that compounds will adopt. In some cases, these variables can be adjusted to 

achieve optimal molecular interactions. 

 

2. Presentation of Proposed Models Based on Previous Literature 

Based on existing research, several design models for organic compounds with liquid crystalline 

properties emerge as promising options in this field. Below are some of these proposed models: 

A. Amphiphilic Molecule Model with Lamellar Phases: 

● Properties: In this model, molecules are designed to form lamellar phases, where the 

molecules arrange in layers, allowing compounds to provide electrical response and high 

solvent interaction. 

● Applications: These systems can be used in environmental applications like biological 

absorption or chemical filtration, where stability in layered structure and flexible 

interactions with solvents are needed. 

B. Amphiphilic Molecule Model with Cylindrical Phases (Nematic Phase): 

● Properties: In this model, molecules adopt a cylindrical shape, where the molecules align 

in parallel directions, improving electrical conductivity and light response. 

● Applications: This model has applications in liquid crystal displays, where these 

compounds could be used to design high-efficiency devices or environmental sensors to 

measure changes in environmental conditions or chemical pressures. 

C. Amphiphilic Molecule Model with Cubic Phases: 

● Properties: Molecules self-assemble into cubic phases, which feature a highly stable 

arrangement of molecules that provide greater chemical stability when dealing with 

solvents or chemical reactions. 

● Applications: This model may be useful in separation systems or filtration in industrial 

chemical reactions where chemical stability and reactivity are crucial. 

D. Amphiphilic Molecule Model with Mixed Phases: 
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● Properties: Some compounds are designed to form mixed phases between cylindrical and 

lamellar, allowing the materials to respond flexibly to different conditions such as 

temperature or solvent concentration. 

● Applications: This model can be used in separation technologies and industrial 

manufacturing where high-performance materials are required to function in changing 

environments, such as in green chemistry applications. 

Comparative Study: 

1. Comparison of Designed Compounds with Those Currently Used in Green Chemistry: 

In this section of the research, we will conduct a comparison between the designed organic 

compounds and those currently used in green chemistry. The goal is to analyze the key differences 

between the new compounds and traditional ones currently in use in environmental and industrial 

applications, and highlight the advantages of the designed compounds in improving sustainable 

chemical processes. 

A. Designed Lyotropic Liquid Crystal Compounds: 

● The newly designed lyotropic liquid crystal compounds are based on self-interacting 

properties and precise physical response to environmental conditions. These compounds 

are characterized by their ability to adapt to solvents and chemical reaction conditions, 

which may enhance reaction efficiency and reduce the waste generated. 

● In green chemistry, these compounds may offer environmental advantages such as: 

o Reducing the use of toxic solvents. 

o Improving selectivity in chemical reactions. 

o Utilizing renewable resources in design. 

B. Compounds Currently Used in Green Chemistry: 

● The traditional compounds currently used in green chemistry range from green solvents to 

environmental catalysts. Examples include:  

o Environmental solvents such as dimethyl sulfoxide (DMSO) and ethanol. 

o Biological catalysts or organic materials like enzymes that catalyze chemical 

reactions in sustainable environments. 

● While these traditional compounds offer many benefits, they also have some limitations, 

such as:  

o Weak response to changing environmental conditions. 

o Higher energy consumption in certain processes. 
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o Large waste production in some chemical reactions. 

C. Comparison Between Designed and Traditional Compounds: 

● Environmental Responsiveness: The designed compounds may show greater flexibility in 

handling multiple solvents and changing conditions (temperature, pressure), while 

traditional compounds tend to be more stable but less responsive. 

● Reaction Efficiency: The newly designed compounds may enhance reaction efficiency, 

leading to reduced material and time usage, while traditional compounds may require more 

energy or additional solvents for some reactions. 

● Environmental Sustainability: The new compounds may offer improved environmental 

sustainability by reducing waste or relying on renewable materials, compared to some 

traditional compounds that may contribute to environmental pollution due to toxic solvents 

or secondary chemicals. 

2. Economic and Environmental Feasibility Analysis of These Compounds: 

In this section of the research, an economic and environmental analysis will be performed to assess 

whether the designed lyotropic liquid crystal compounds could serve as sustainable economic and 

environmental alternatives compared to the compounds traditionally used in green chemistry. 

A. Economic Feasibility: 

● Initial Cost: The design of lyotropic liquid crystal compounds may require higher initial 

research investments to develop the chemical structure and production processes, which 

could lead to higher upfront costs compared to some traditional compounds. 

● Operating Costs: On the other hand, if the designed compounds provide higher reaction 

efficiency or reduce the need for solvents and other materials, they may help in reducing 

operating costs in the long run. 

● Long-Term Economic Sustainability: If the new compounds prove effective in reducing 

waste and increasing productivity, they could achieve economic gains over the long term, 

making them commercially viable. 

B. Environmental Feasibility: 

● Waste Reduction: Lyotropic liquid crystals could contribute to reducing chemical waste 

generated during chemical processes, particularly in processes that use toxic or non-

degradable solvents. 

● Pollution Reduction: By using green compounds, the environmental pollution caused by 

toxic chemicals can be reduced. Additionally, the reduced use of organic solvents decreases 

environmental risks. 
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● Overall Environmental Improvement: The design of organic compounds with lyotropic 

liquid crystal properties could help in reducing energy consumption in certain processes, 

contributing to an overall improvement in environmental efficiency. 

C. Environmental and Economic Effectiveness Analysis: 

● When comparing the designed compounds with traditional ones, we will look at the 

environmental impacts of manufacturing and using these compounds, along with the 

overall costs, including initial, operational, and waste disposal costs. 

● The goal is to determine whether the designed lyotropic liquid crystals provide more 

sustainable solutions from both environmental and economic perspectives compared to the 

traditional compounds used in green chemistry. 

Expected Results 

1. Comprehensive Database of Organic Liquid Crystalline Compounds and Their Potential 

Applications in Green Chemistry: 

o The database is expected to include detailed information on organic liquid 

crystalline compounds that are significant in green chemistry. This information will 

cover molecular structures, liquid crystalline phases (such as nematic, smectic, and 

cubic phases), and their physical properties like viscosity and thermal stability. 

o For instance, previous studies on lecithin compounds have shown their liquid 

crystalline properties to be useful in chemical separation systems and 

environmentally friendly emulsifiers. Such compounds can be documented in the 

database, with details on their interactions with solvents and efficiency in reducing 

industrial waste. 

o Additionally, the database will include information on compounds studied for 

specific applications, such as amphiphilic molecules used in designing bio-

membranes or biological filters. 

2. Design of Virtual Compounds with Enhanced Properties for Environmental Applications: 

o Using prior research and computational modeling tools like Material Studio, virtual 

compounds will be designed to improve molecular properties. These compounds 

will be tailored for applications such as enhancing catalyst efficiency or reducing 

energy consumption. 

o For example, compounds based on amphiphilic polymers can be designed to form 

liquid crystalline phases like lamellar phases, making them suitable for chemical 

separation processes that reduce pollution from liquid waste. 
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o A prior study on Brij-type surfactants demonstrated the ability of these compounds 

to improve the performance of separation systems using liquid crystalline 

membranes. This concept can inspire the design of new compounds combining 

thermal stability and environmental flexibility. 

3. Proposing New Applications for These Compounds to Improve Sustainable Chemical 

Processes: 

o Based on data analysis and virtual designs, new applications will be proposed to 

enhance sustainable chemical processes. For instance:  

▪ Using compounds with liquid crystalline properties in clean energy 

production, such as in the design of flexible solar cells that rely on liquid 

crystals to improve light absorption. 

▪ Employing liquid crystalline compounds like those in hexagonal phases for 

environmental purification systems to remove pollutants from water. 

o Another example is the use of liquid crystalline compounds like ethoxylated 

polymer-based compounds in dynamic chemical separation processes, which have 

proven effective in reducing the need for harmful organic solvents. 

Analysis and Importance of Expected Results: 

● Developing a focused database will serve as a valuable tool for researchers and industrial 

practitioners working in green chemistry, helping them select the most suitable compounds 

for specific applications. 

● The design of virtual compounds not only aims to reduce waste or improve chemical 

reactions but also provides practical solutions that can be tested and implemented on a large 

scale. 

● The proposed new applications will open new horizons for the use of liquid crystalline 

compounds in improving environmental processes, contributing to advancing 

sustainability goals and providing integrated economic and environmental solutions. 

The Importance of the Research 

1. On the Scientific Level: 

A. Bridging the Gap Between the Design of Organic Compounds and Their Applications in Green 

Chemistry: 

● This research aims to bridge the gap between molecular design of organic compounds and 

their practical applications in green chemistry, a field focused on developing 

environmentally friendly processes that minimize negative environmental impacts. 
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● For example, previous studies on lecithin compounds and amphiphilic sulfonic acids have 

shown significant potential in chemical separation and environmental purification 

applications. Studying and analyzing these compounds can provide useful models for 

designing new ones. 

B. Enhancing Theoretical Research on Liquid Crystalline Materials: 

● Liquid crystalline materials are a multidisciplinary research area that combines physics, 

chemistry, and environmental studies. This research enhances the theoretical 

understanding of these materials by studying their interactions with solvents and their 

impact on environmental efficiency. 

● An example includes studies on the properties of Brij-type surfactants, which form liquid 

crystalline phases when dissolved in aqueous solvents, making them valuable in separation 

and purification technologies. 

 

2. On the Environmental Level: 

A. Providing Innovative Solutions to Environmental Issues Using Eco-Friendly Organic 

Compounds: 

● The research contributes to developing eco-friendly compounds as alternatives to 

traditional organic solvents that cause environmental pollution. Organic liquid crystalline 

compounds have the ability to self-organize, forming geometric patterns that help reduce 

waste and enhance reaction efficiency. 

● For instance, amphiphilic polymers, such as ethoxylated polymers, have been shown to 

improve purification processes and treat polluted water. These compounds can reduce 

energy consumption and the use of toxic solvents. 

B. Reducing Pollution from Industrial Processes: 

● Studies on liquid crystalline hydrogels have demonstrated their effectiveness in absorbing 

pollutants from water, such as heavy metals and organic contaminants. These compounds 

can be used to design environmental filters that reduce industrial pollution. 

 

3. On the Industrial Level: 

A. Developing More Efficient and Sustainable Industrial Processes: 

● This research seeks to introduce liquid crystalline compounds that enhance the efficiency 

of industrial processes such as chemical separation, energy production, and fluid 

purification. 
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● Example: Research on amphiphilic sulfonates has shown their effectiveness as separation 

agents in the food and pharmaceutical industries, paving the way for their application in 

major industries. 

B. Reducing Costs and Improving Sustainability: 

● The use of organic liquid crystalline compounds can reduce production costs by improving 

reaction efficiencies and lowering energy consumption. 

● For instance, liquid crystals are used in flexible solar cells to enhance light absorption and 

improve energy conversion efficiency, making them an attractive option for renewable 

energy industries. 

C. Advancing Manufacturing Techniques: 

● Liquid crystalline compounds can be used to develop new materials with improved 

properties, such as adaptive smart materials or nano-membranes for separation and 

purification. 

● Studies on liquid crystalline polymers have demonstrated their effectiveness in 

manufacturing high-performance membranes used in pharmaceutical and chemical 

industries. 

Conclusions 

The results of this research demonstrate that organic lyotropic liquid crystals (LLCs) offer 

significant potential in green chemistry due to their unique properties that combine the 

characteristics of both liquids and crystalline materials. These compounds can be utilized in 

sustainable chemical processes such as chemical separation and improving catalytic efficiency, 

which helps reduce the environmental impact associated with toxic solvents and chemicals. 

Additionally, the research shows that these compounds could play a critical role in clean energy 

production, such as their use in solar cells and energy storage devices, contributing to 

environmental sustainability. 

Furthermore, potential applications of LLCs in chemical waste reduction have been analyzed by 

demonstrating their ability to reduce the reliance on harmful solvents and traditional chemicals, 

which is a crucial step towards a more sustainable industry. Using computational modeling to 

analyze the chemical structure of these compounds, innovative design models have been proposed 

that can be applied to achieve more effective and efficient environmental applications. 

Based on these results, it can be concluded that lyotropic liquid crystals represent a promising tool 

for supporting the shift towards a sustainable future in various industries, including renewable 

energy, green catalysis, and chemical waste management . 

Recommendations 
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Based on the results of the research, several future steps are recommended to enhance the use of 

lyotropic liquid crystal compounds (LLCs) in green chemistry: 

1. Explore more amphiphilic compounds: Further studies should focus on designing new 

amphiphilic compounds with enhanced properties such as thermal stability and the ability 

to interact with various solvents. This will improve the environmental efficiency of 

chemical processes. 

2. Investigate industrial applications: More experiments should be conducted in chemical 

industries to test the effectiveness of LLCs in chemical separation, material purification, 

and clean energy production. These compounds should be applied in multiple industrial 

contexts such as water treatment and pollutant removal. 

3. Integrate computational modeling techniques: It is recommended to develop virtual design 

models using advanced computational techniques like Material Studio to analyze the 

impact of molecular structure on the physical properties of LLCs, thus accelerating the 

discovery of new applications. 

4. Collaboration between researchers and industries: Strengthening collaboration between 

researchers in environmental chemistry and chemical industries is essential to achieve 

practical innovations. These partnerships will help evaluate the real-world applications of 

LLCs and develop sustainable and efficient solutions. 

5. Focus on clean energy research: Investment should be directed towards research on the 

application of LLCs in solar energy production and energy storage, as these compounds 

may contribute to enhancing efficiency and reducing dependence on traditional energy 

sources. 

Through these recommendations, the role of lyotropic liquid crystals in providing innovative and 

sustainable solutions in the fields of green chemistry and renewable energy can be further 

enhanced, contributing to the achievement of environmental and industrial sustainability goals. 
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Introduction: 

Chiral salen ligand is one of the most effective and popular classes of chiral ligands used in 

asymmetric synthesis. The study of this ligand is a vital and valuable area of research in organic 

chemistry, which is used for various metal-catalyzed asymmetric processes such as allylic 

oxidation [1]. Asymmetric allylic oxidation of cycloolefins and synthesis of chiral allylic esters is 

one of the most important reactions in asymmetric synthesis, which, unlike hydroxylation and 

epoxidation, forms a second functional group while the double bond remains unchanged [2-4]. 

 

Method: 

Synthesis of chiral salen ligand: In a round-bottom-flask, a mixture of potassium carbonate, 

synthesized chiral diamine salt, distilled water and ethanol were added and stirred at room 

temperature. After the reaction solution became cloudy, it was transferred to a reflux system and 

pre-synthesized 3,5-di-tert-butyl-2-hydroxybenzaldehyde and ethanol were added to it. After 

confirming the synthesis of the ligand by checking it with thin-layer chromatography (TLC), the 

reaction was extracted with dichloromethane and saturated sodium hydrogen carbonate solution 

(Scheme 1).  

 

Synthesis of chiral allylic esters: To a flame-dried Schlenk tube under a nitrogen atmosphere, 

chiral salen ligand, copper salt and dried acetonitrile were added and stirred at room temperature. 

Subsequently, perester and alkene were added to the mixture and stirred again. The progress of the 

reaction was monitored by thin-layer chromatography and after ensuring the correct synthesis of 

mailto:s.samadi@uok.ac.ir
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the product, the solvent was evaporated and extraction was performed using ethyl acetate and 

ammonia solution (Scheme 2).  

Results and Discussion: 

An efficient chiral salen ligand and also various perester derivatives were synthesized and their 

structures were confirmed by 1H NMR and 13C NMR spectroscopic techniques. Finally, they were 

used in the Kharasch-Sosnovsky reaction for the synthesis of chiral allylic esters. Optimized 

condition for this reaction was achieved by changing some parameters such as temperature, 

solvents, amount of heterogeneous chiral ligand and amount of copper salt. Chiral allylic esters 

were obtained in good yields and moderate enantioselectivities. 

 

 

Scheme 1: Synthesis of chiral salen ligand 

 

 

Scheme 2: Enantioselective allylic oxidation using chiral salen ligand 
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Abstract 

Biopolymer-based materials are promising candidates for use in food coating applications. 

Antioxidant and antimicrobial chitosan (CS) films were prepared by incorporating various 

concentrations (0, 3, 6, 9, 12, and 15% w/w based on chitosan) of pomegranate peel extract (PPE). 

This was achieved through a straightforward and cost-effective process, The rheological, 

antioxidant, and structural characteristics were examined. The crosslinking of hydroxyl, amino, 

and carboxyl groups in polyphenols and chitosan was confirmed via FTIR analysis. Due to its high 

phenolic content, PPE enhanced the antioxidant capacity of chitosan mixtures but decreased the 

moisture content (MC). Antioxidant experiments demonstrated that chitosan-PPE films could 

scavenge free radicals in a dose- and time-dependent form. These results indicate that the PPE-

chitosan composite film could produce a cost-effective active film with antioxidant and 

antibacterial properties, demonstrating its potential for use in food packaging. 

Keyword: Chitosan, pomegranate peel extract, food packaging 

1.introduction 

Chitosan, a natural carbohydrate biopolymer offers numerous advantages, including excellent 

antibacterial activity, biocompatibility, biodegradability, film-forming capability, and non-

toxicity. as an eco-friendly ingredient, chitosan has been extensively researched in food 

preservation. the use of chitosan film is limited due to its low water solubility and antioxidant 

capacity. To eliminate these limitations, numerous studies have concentrated on incorporating 

various active ingredients, such as plant extracts, into chitosan film. The pomegranate peel is an 

excellent source of nutrients and phenolic compounds such as phenolic acids, flavonoids, and 

tannins.(Zeng, Ren et al. 2021) Chitosan, a natural carbohydrate biopolymer offers numerous 

advantages, including excellent antibacterial activity, biocompatibility, biodegradability, film-

forming capability, and non-toxicity. as an eco-friendly ingredient, chitosan has been extensively 

researched in food preservation. the use of chitosan film is limited due to its low water solubility 

and antioxidant capacity. To eliminate these limitations, numerous studies have concentrated on 

incorporating various active ingredients, such as plant extracts, into chitosan film. The 

pomegranate peel is an excellent source of nutrients and phenolic compounds such as phenolic 

acids, flavonoids, and tannins. (Kumar, Ojha et al. 2021) 

2.Material and method  
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Fresh pomegranate peel was obtained from a local market in Saveh, Iran. Chitosan, DPPH, Gallic 

acid, aluminum chloride, quercetin, sodium carbonate, glycerol, and absolute ethanol were 

purchased from Sigma Chemical Co. 

2.1. Preparation of pomegranate peel powder PPE 

The peel of the pomegranate fruit was removed manually. subsequently The pomegranate peel was 

dried in an oven for 48 hours at 45 °C to provide a dried powder. The extract from the pomegranate 

peel powder was prepared using Ethanol as the extraction solvent in an ultrasonic-assisted 

extraction process for 30 minutes at 45 °C. The solvent from the obtained extract of pomegranate 

peel was evaporated using a vacuum rotary evaporator. Furthermore, the aqueous extract was 

freeze-dried to produce pomegranate peel powder, which was stored at 4 °C for incorporation into 

edible coating film preparation.(Yong, Wang et al. 2019) 

3.Results and discussion 

3.1. Moisture content (MC) 

the moisture content (MC) of CS-PPP0% exhibited a significantly higher moisture content of 

30.65%. This increase is attributed to the abundance of hydrophilic groups present in chitosan 

molecules. The MC of the CS-PPP12% and CS-PPP15% films significantly decreased to 24.56% 

and 24.34%, respectively. Due to the hydrogen bonds formed between the hydrophilic groups in 

chitosan and the phenolic hydroxyl groups of the polyphenols in PPE 

3.2. Antimicrobial capacity 

Gram-positive (S. aureus) and Gram-negative (E. coli) bacteria were used as test strains to evaluate 

the antimicrobial capacity of the films. The CS-PPP 0% formulation exhibited lower antibacterial 

activity due to the protonated amino groups of chitosan Increasing the PPE content in the films 

significantly enhanced the antimicrobial ability(Wang, Qian et al. 2018) 

3.4. Analysis of Fourier transform infrared spectroscopy (FTIR) 

The fiure1 presents the FTIR spectra of the chitosan-PPP films. The peaks observed at 3453 cm⁻¹ 

(OH and NH₂ stretching), 2879 cm⁻¹ (C–H vibrations), 1657 cm⁻¹ (C=O in amide I), 1593 cm⁻¹, 

and 1382 cm⁻¹ (OH bending), as well as 1031 cm⁻¹ (C–O–C stretching), correspond to the 

characteristic bands of chitosan film. The FTIR spectrum shows no significant changes compared 

to the parent compounds. This suggests that physical entrapment has occurred, while the spectral 

shifts may be attributed to potential chemical interactions between PPE and chitosan (CS). 

3.5. TPC and TFC 

The total phenolic content (TPC) of chitosan gradually increased with higher concentrations of 

PPE in the chitosan. CS-PPP0% exhibited the lowest TPC, possibly due to the presence of amino 

groups (-NH2) in chitosan, which may react with the Folin-Ciocalteu reagent. In contrast, CS-

PPP15% demonstrated the highest TPC at 1.107 mg GAE/g chitosan. To determine the total 

flavonoid content, we applied the quercetin method. The total flavonoid content of CS-PPP15% 

demonstrated the highest TFC at 1.107  mg quercetin/g chitosan(Zeng, Ren et al. 2021) 
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3.6. Antioxidant property 

The ability to scavenge DPPH free radicals significantly increased with the amount of PPE. The 

DPPH radical scavenging ability ranged from 13.73% for CS-PPP0% to 86.12% for CS-PPP15%.  

7. Conclusion 

In this study, chitosan-based active films incorporated with PPE were successfully developed. 

Observations made using FTIR spectroscopy indicated the formation of hydrogen bonds between 

chitosan and PPE. The increases in total phenolic content (TPC) and total flavonoid content (TFC) 

were positively correlated with the amount of PPE added. Enrichment with PPE enhanced the 

antioxidant and antimicrobial properties of the chitosan film. Overall, the chitosan-based film 

incorporated with PPE shows great potential as an active film for food preservation. 
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Among the various types of solid propellants, composite solid propellants are particularly 

significant due to their widespread applications[1]. Composite solid propellants, as their name 

suggests, consist of several components, among which the binder plays a crucial role in enhancing 

the propellant’s performance by providing a suitable matrix for embedding and stabilizing other 

fuel components. The term "binder" originates from its function as a holding agent, forming a 

protective matrix around the solid components, thereby increasing the strength and resilience of 

the propellant[2,3]. High-energy binders are essential in the formulation of high-energetic 

materials, such as explosives and propellants. In addition to ensuring adhesion and structural 

integrity, these binders contribute significantly to the overall performance of the material due to 

their considerable chemical energy. This study focuses on the synthesis of a high-energe binder 

based on nitroaromatic compounds and alkenes[4,5]. Specifically, the research involves the 

synthesis of 2,4-dinitrophenyl methacrylate monomer and its corresponding homopolymer. 

Initially, the monomer was synthesized by reacting 2,4-dinitrophenol with methacrylic acid in the 

presence of dicyclohexylcarbodiimide (DCC) as a coupling agent in a yield of 82% [6]. Following 

the successful preparation of the monomer, radical polymerization was conducted using 

azobisisobutyronitrile (AIBN) as the initiator. This process was carried out under controlled 

temperature and time conditions, yielding a polymer with a molecular weight of 1061 g/mol and a 

yield of 43%. The final products, including the monomer and polymer, were characterized and 

confirmed using various analytical techniques such as Fourier-transform infrared spectroscopy 
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(FTIR), nuclear magnetic resonance (NMR), and gel permeation chromatography (GPC). The 

GPC analysis revealed that the synthesized polymer has a low molecular weight, attributed to the 

presence of nitro groups, which are electron-withdrawing and influence the polymerization 

process. This high-energy binder, with its high nitro group content and aromatic structure, 

demonstrates optimized combustion properties, making it a promising candidate for use in 

advanced formulations of explosives and propellants. The present study provides an efficient and 

reproducible approach for synthesizing high-energy monomers and polymers, contributing to the 

development of novel materials in this field.  

 

 

Scheme1 

 

References: 

1. Lysien, K., Stolarczyk, A., & Jarosz, T. Solid propellant formulations: A review of recent 

progress and utilized components. Materials (2021), 14(21), 6657.  

2. Rotariu, T., Pulpea, B. G., Dîrloman, F. M., Diacon, A., Rusen, E., Toader, G., ... & Botiș, 

R. H. The influence of potassium salts phase stabilizers and binder matrix on the properties 

of novel composite rocket propellants based on ammonium nitrate. Materials (2022), 

15(24), 8960. 

3. Lysien, K., Waśkiewicz, S., Stolarczyk, A., Mielańczyk, A., Zakusylo, R., & Jarosz, T. 

Traditional vs. Energetic and perchlorate vs.“green”: a comparative study of the choice of 

binders and oxidising agents. Molecules (2023)., 28(15), 5787. 



709 

 

 

4. Chen, K., Wen, X., Li, G., Pang, S., & Luo, Y. Improvement of mechanical properties of 

in situ-prepared HTPE binder in propellants. Rsc Advances (2020), 10(50), 30150-30161. 

5. J. Umphries, Rockets and guided missiles, Ernest Benn Ltd, London, 1956 

6. Weisman, G. R., Sundberg, D. C., Cimini, R. A., Brown, M. G., Beno, B. R., & Eighmy, 

T. T. Controlled release antifouling coatings. I. approaches for controlled release of 2, 4‐

dinitrophenolate and benzoate into seawater. Biofouling (1992), 6(2), 123-146. 

 

 

 

 

 

 

Novel Anti-inflammation Marine-Sourced Compounds; Results of an In-silico 

Study through Virtual Screening 

Fateme Tavakoli-Far 1,* 

Faculty of pharmacy, Islamic Azad University, Ayatollah Amoli Branch, Amol, Iran 

Keyword: COX-2; TNF-a; Inflammation; Marin-compounds; virtual screening 

 

Introduction: There is no denying that inflammation triggers essential immune reactions, which 

can lead to serious health complications. During the inflammatory response, tumor necrosis factor-

α (TNF-α) and Cyclooxigenase-2 (COX-2) are produced as essential inflammatory markers. 

Current treatments like NSAIDs and anti-TNF-α medications have severe side effects. Potential 

anti-inflammatory agents are found in marine algae extracts. This study explored COX-2 and TNF-

α inhibitory potential of marine algae products using virtual screening. 

Materials and Methods: Marine algae products were extracted using the Dictionary of Marine 

Natural Products(MNP). Chemical structures were obtained from PubChem and ChemDraw, and 

optimized through molecular operating environment (MOE) software. Structures were converted 

to 3-dimensional structures, optimized by MOE, and filtered with the 5-lipinsky rule (RO5). X-

ray crystal structures of TNF-α and COX-2 were obtained from the Protein Data Bank (PDB ID: 

2AZ5 and 6COX,respectively) and prepared by MOE. All preparations were evaluated using 

Autodock-vina. 

Results: In virtual screening, 1107 compounds met the RO5 criteria based on a library of 3085 

ligands from marine algae products. The top 3 highest affinities to TNF-α were communesin-A, 

costatolide, and caulersin. For COX-2, Caulersin, Chondriamide-B, and Chondriamide-A were the 

top three compounds.Communesin-A from green algae had a pi-pi stacking and pi-alkyl interaction 
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with TNF-α with TYR119 and epoxide (-7.7Kcal/mol). Costatolide, a component of red algae, had 

-7.5 Kcal/mol affinity energy due to the pi-pi stacking interaction from pyran rings to TNF-α. 

Cualersin, from green algae, had strong COX-2 inhibitory activity (-10.6Kcal/mol). It has several 

interactions with COX-2, including pie-alkyl, pi-sigma, pi-cation, and hydrogen bonding 

interactions. It also interacts with TNF-α through pi-pi stacking, pi-cation, and hydrogen bonds (- 

7.4kcal/mol). Chondriamide-B is obtained from red algae interacting with COX-2 target protein 

having the highest affinity due to the Pi-alkyl interaction and hydrogen bond (binding energy:-

9.3Kcal/mol). Chondriamide-A is secreted from red algae and interacts with COX-2 through py-

alkyl interactions from indole regions and hydrogen bonding (-9.2Kcal/mol). 

Discussion and Conclusion: In this study, the potential of marine algae derivatives as ligands to 

target TNF-α and COX-2 is investigated. Among the studied compounds, communesin-A, 

costatolide, and caulersin display a high affinity for TNF-α, suggesting their potential as effective 

inhibitors. Additionally, caulersin, chondriamide-B, and chondriamide-A showed the highest 

affinity for COX-2, indicating their potential as selective inhibitors of this enzyme. These findings 

highlight the significance of marine algae derivatives as promising candidates for developing 

targeted therapeutics against TNF-α and COX-2. Further research and optimization of these 

compounds could pave the way for novel and effective treatments for inflammatory disorders and 

related diseases. 
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Abstract 

Polymers play a vital role in personal care and cosmetic formulations, imparting a range of 

functional properties such as texture, stability, film formation, emulsification, and active ingredient 

delivery. This paper provides an overview of the key polymer types used in cosmetics, including 

natural, synthetic, polysaccharide-based, and silicone polymers. The discussion emphasizes the 

innovations in polymer chemistry that are driving the evolution of cosmetic products, enhancing 

product efficacy, stability, and sensory properties. The diverse applications of these polymers in 

skin care, hair care, and cosmetic formulations are explored in detail. 
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Graphic abstract:  

 

Introduction, 

The cosmetics and personal care industry is a multifaceted and rapidly evolving sector, with 

consumers increasingly seeking products that are not only effective but also innovative. Polymers 

are a cornerstone in this development, as they contribute to a broad array of functions that influence 

the texture, performance, and stability of cosmetic formulations. From skin creams to sunscreens, 

hair care products to perfumes, the versatility of polymers in cosmetics is unmatched. These 
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materials provide several advantages such as thickening, emulsification, moisture retention, and 

delivery of active ingredients [1]. 

This paper reviews the various types of polymers used in personal care and cosmetic formulations, 

emphasizing their applications and benefits. Additionally, the impact of recent advancements in 

polymer science on cosmetic products is discussed, focusing on their ability to meet consumer 

demands for better performance and safety. 

2. Classification of Polymers in Cosmetics 

Polymers in cosmetics are generally categorized into four main types, each offering distinct 

properties and functionalities: 

2.1 Synthetic Polymers 

Synthetic polymers, such as polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), and 

acrylates, are extensively used in cosmetics for their ability to modify viscosity, act as film formers, 

and stabilize emulsions. These polymers are engineered through chemical processes to achieve 

specific functional properties that enhance product performance [3]. Applications of this category 

are Film Formers:  

- Provide a smooth, protective layer on the skin or hair, enhancing moisture retention and 

improving sensory feel. 

- Thickening Agents: Used in formulations to control the flow properties and texture, making 

products more pleasant to apply. 

2.2 Polysaccharide-Based Polymers 

Polysaccharides, such as xanthan gum and hyaluronic acid, are derived from natural sources and 

offer excellent water retention properties. These polymers are often used for their moisturizing and 

stabilizing effects in cosmetic formulations. Applications of this category are:  

- Hydrating Agents: Particularly important in moisturizers and skin creams for their ability to hold 

water and provide lasting hydration. 

- Stabilizers: Enhance the stability of emulsions by preventing phase separation [4]. 

2.3 Protein-Based Polymers 

Proteins extracted from natural sources (e.g., silk, milk, and eggs) are used in cosmetics for their 

ability to condition and protect the skin and hair. Hydrolyzed proteins are commonly used in hair 

care products to improve strength and elasticity [5]. Applications of this category are: 

- Hair Conditioners: Protein polymers improve hair manageability and strength by forming a 

protective layer on the hair shaft [6]. 

- Moisturizers: These proteins form a barrier on the skin, reducing water loss and increasing 

moisture content. 
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2.4 Silicone Polymers 

Silicones are synthetic polymers characterized by their flexibility, water resistance, and smooth, 

non-greasy feel. These polymers are particularly useful in skin and hair care products for their 

ability to provide a silky, smooth texture without leaving a heavy residue [7]. Applications of this 

category are: 

- Emollients: Provide a smooth, silky feel to skin and hair, enhancing sensory properties. 

- Water-Repellency: Silicones create a barrier that prevents water loss from the skin and helps in 

formulations for sun protection and moisturization [6]. 

3. Functional Roles of Polymers in Cosmetic Formulations 

Polymers serve a variety of functions in cosmetic formulations, each of which contributes to the 

overall performance and consumer experience. The most important roles of polymers in cosmetics 

include: 

3.1 Rheological Modifiers 

Polymers are frequently used as rheology modifiers in cosmetic formulations, altering the viscosity 

and flow properties of the products. The ability to adjust the thickness of a formulation is essential 

for ensuring that the product is easy to apply, stable, and effective [8]. For this category can 

mention the examples:   

- Acrylic Polymers: Widely used in gels and creams for their ability to adjust viscosity and create 

smooth textures. 

- Polysaccharides: Such as xanthan gum, which enhances the spreadability of creams and lotions 

[9]. 

3.2 Emulsifiers and Stabilizers 

Emulsifiers are key to forming stable mixtures of oil and water, which are common in cosmetic 

creams, lotions, and sunscreens. Polymers act as emulsifiers by reducing surface tension and 

promoting the uniform dispersion of oil droplets in an aqueous phase. For this category can 

mention the examples:   

- Silicone Polymers: Used to stabilize emulsions and enhance product consistency [10]. 

- Acrylate Copolymers: Employed to improve the stability of water-in-oil and oil-in-water 

emulsions. 

3.3 Film-Forming Agents 

Polymers can form films on the surface of the skin or hair, providing protective layers that 

contribute to moisturizing, UV protection, and even a shiny appearance. This property is especially 

important in products like sunscreens, hair sprays, and foundations [11]. For this category can 

mention the examples:   
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- Polyurethanes and Acrylates: Often used in formulations to create a flexible, water-resistant film 

on the skin or hair. 

- Silicones: Known for forming thin, breathable films that protect against environmental stressors 

while maintaining a pleasant sensory experience [12]. 

3.4 Active Ingredient Delivery 

The development of new polymer systems has facilitated the delivery of active ingredients more 

efficiently, ensuring they are effectively absorbed into the skin. Polymers can encapsulate active 

ingredients, protecting them from degradation and allowing for controlled release. For this 

category can mention the examples:    

- Microspheres and Nanoparticles: Used for encapsulating active ingredients such as vitamins, 

antioxidants, and peptides to improve their stability and absorption. 

- Hydrogels: Offer controlled release of moisturizing agents, providing long-lasting hydration [13]. 

4. Applications of Polymers in Specific Cosmetic Products 

4.1 Skin Care 

In skin care, polymers primarily function to hydrate, protect, and enhance the texture of products. 

From moisturizing creams to sunscreens, polymers offer benefits such as improved spreadability, 

reduced water loss, and enhanced sensory attributes [14]. 

Key Ingredients: 

- Hyaluronic Acid:Known for its ability to hold large amounts of water, it is used in moisturizers 

for its hydrating effects. 

- Silicones: Provide a smooth application and a silky finish in sunscreens and moisturizers [15]. 

4.2 Hair Care 

Polymers in hair care products serve to condition, protect, and style hair. Cationic polymers are 

particularly effective in hair conditioning formulations due to their ability to bind to negatively 

charged hair fibers, improving manageability and shine [16]. 

Key Ingredients: 

- Cationic Polymers: Such as polyquaternium, which are widely used in shampoos, conditioners, 

and hair masks for conditioning and detangling [17]. 

- Silicones: Enhance smoothness and shine, protecting hair from environmental damage [18]. 

4.3 Color Cosmetics 

In color cosmetics, polymers are used to improve the performance and aesthetics of products. They 

help in film formation, enhance color payoff, and increase the wear time of products like lipsticks, 

foundations, and mascaras [19,20]. 
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5. Conclusion 

Polymers have revolutionized the cosmetics and personal care industry, providing essential 

benefits in terms of product stability, performance, and sensory appeal. From thickening agents to 

active ingredient delivery systems, their diverse applications have made them indispensable in 

modern formulations. Ongoing research and innovations in polymer chemistry will continue to 

shape the future of cosmetics, creating products that are more efficient, safer, and better suited to 

meet consumer demands. The increasing use of nanotechnology, biodegradable polymers, and 

multifunctional ingredients promises exciting developments in the years ahead.  
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Abstract: 

Styrene/acrylate copolymers are widely used in cosmetic formulations due to their ability to 

enhance product stability, texture, and performance. This study examines the impact of 

temperature on the stability of these copolymers in formulations, particularly focusing on their 

behavior under varying thermal conditions. Results indicate that exposure to elevated temperatures 

(45°C and 55°C) leads to noticeable precipitation after one month, highlighting the temperature 

sensitivity of these materials. In contrast, formulations stored at 25°C and 35°C maintained 
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stability, with key parameters such as pH (3.74) and moisture loss (5.92%) remaining within 

acceptable limits. These findings emphasize the importance of temperature management in 

cosmetic formulation processes to ensure product stability and efficacy. Moreover, the study 

underscores the necessity for formulators to account for thermal sensitivities and comply with 

regulatory standards, ensuring consumer safety and product quality.  

Keyword: Styrene/acrylate copolymers, Temperatures, Cosmetic, Product quality 

Introduction 

Styrene/acrylate copolymers are essential ingredients in modern cosmetic formulations, playing a 

pivotal role in enhancing both the performance and sensory attributes of a wide range of personal 

care products. These copolymers are synthesized from the polymerization of styrene and various 

acrylates, resulting in versatile materials that exhibit a unique combination of properties. Their 

multifunctionality includes the ability to serve as film formers, emulsifiers, and stabilizers, which 

significantly contributes to the effectiveness of cosmetics such as creams, lotions, foundations, and 

sunscreens [1,2]. 

One of the primary applications of styrene/acrylate copolymers in cosmetics is their excellent film-

forming capability. When applied to the skin, these copolymers create a uniform layer that 

enhances the wear and durability of make-up products, providing a smooth and comfortable finish. 

This characteristic not only improves the aesthetic quality of cosmetics but also extends their wear-

time, a feature highly valued by consumers seeking long-lasting solutions [3]. 

In addition to their functional benefits, styrene/acrylate copolymers enhance the texture and spread 

ability of formulations. They act as thickeners, allowing formulators to achieve desired viscosities 

without compromising the stability of emulsions. This property is particularly advantageous in 

skin care products, where a luxurious feel can influence consumer preference and satisfaction [4]. 

Furthermore, these copolymers are known for their ability to improve the water and smudge 

resistance of cosmetic products. This is crucial in applications such as sunscreens, where long-

lasting protection is essential for effective UV defense. By enhancing the barrier properties of 

formulations, styrene/acrylate copolymers contribute to user confidence and overall satisfaction 

with the product [5]. 

However, as the cosmetic industry evolves, consumer safety has emerged as a significant concern. 

The potential for skin sensitization and allergic reactions associated with acrylates has prompted 

regulatory scrutiny and ongoing research into their safe use in cosmetics. Organizations, such as 
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the Scientific Committee on Consumer Safety (SCCS), continuously evaluate the safety profiles 

of these materials, advocating for consumer protection while acknowledging their functional 

benefits in cosmetic applications [6,7]. Styrene/acrylate copolymers are indispensable components 

in the formulation of contemporary cosmetic products. Their multifaceted roles—ranging from 

enhancing product stability and longevity to improving sensory attributes—make them vital to the 

ongoing innovation in the beauty industry. As formulators seek to balance efficacy with safety, 

understanding the applications and implications of these copolymers will be crucial in developing 

products that meet both consumer demands and regulatory standards [8]. 

In this article, it has been emphasized that the temperature and storage conditions of 

styrene/acrylate copolymers play a crucial role in their stability and performance in cosmetic 

products. Proper regulation of these conditions not only helps maintain the quality of the products 

but also prevents potential health and safety issues. For cosmetic formulations that utilize these 

copolymers, attention to these factors is particularly important to avoid negative impacts arising 

from inappropriate storage conditions, ensuring that consumers have a better experience when 

using these products. 

Experimental 

To evaluate the effects of temperature on the stability of styrene/acrylate copolymers, a series of 

formulations were subjected to elevated temperatures. The experiment included: 

Sample Preparation: Multiple batches of the styrene/acrylate copolymers were prepared and 

stored at various temperatures (e.g., 25°C, 35°C, 45°C, and 55°C) for a specified duration. 

Observation: Each batch was observed for signs of precipitation and changes in viscosity over 

time. 

Parameters Measured: 

Viscosity: Measured using a viscometer to assess the flow characteristics of the formulations. 

Appearance: Visual inspection to document any changes such as cloudiness or settling of particles. 

Results 

The results exhibited a clear correlation between increased temperature and the occurrence of 

precipitation in the formulations. Key findings include: 

- At 25°C, all formulations remained stable, with no visible signs of precipitation. 

- As temperatures increased, the stability of the formulations deteriorated: 

- At temperatures above 35°C, gradual precipitation was observed. 
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- After one month of exposure at elevated temperatures (specifically 45°C and 55°C), 

significant precipitation was noted. 

Importantly, despite the appearance of precipitation, other chemical and physical parameters 

remained stable throughout this period (scheme 1). 

     

Scheme1: A: the material at 25°C, B: the material at 35°C 

 

In addition, the following parameters were measured and analyzed. 

Table1: measuring parameters 

test 

No. 

Parameter Method of Measurement Test Result Standard Result 

1 Appearance Visual Powder Powder 

2 Color Spectrophotometry Creamy Color - 

3 Viscosity Brookfield Viscometer - - 

4 pH pH Meter 3.74 3.0-6.5 

5 Loss on 

Drying 

Gravimetric 5.92% Max 8.00% 

 

Appearance and Color: The product maintained a powdered appearance, consistent with stability 

requirements for cosmetic formulations. 

Viscosity Measurement: Further details on viscosity will clarify the texture properties. (Add 

specific viscosity measurements if available.) 

pH Level: The pH of 3.74 is within the acceptable range (3.0-6.5), indicating skin compatibility. 

Loss on Drying: The recorded loss on drying of 5.92% is below the maximum threshold of 8.00%, 

suggesting good moisture retention. 

A B 
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Conclusion 

The findings of this study underscore the critical interplay between temperature and the stability 

of styrene/acrylate copolymers used in cosmetic formulations. Elevated temperatures have been 

shown to significantly impact the physical stability of these products, leading to the formation of 

precipitate. This underscores the importance of temperature control during both storage and 

formulation processes. 

Notably, after one month of exposure to elevated temperatures, observable precipitation occurred 

in formulations kept at 45°C and 55°C. This phenomenon highlights the vulnerability of cosmetic 

formulations to thermal conditions, despite other key parameters remaining stable. For instance, 

the pH level was found to be 3.74, comfortably within the acceptable range of 3.0-6.5, indicating 

that the formulations maintain skin compatibility. Additionally, the loss on drying measured at 

5.92% is below the maximum threshold of 8.00%, demonstrating effective moisture retention. 

These results point to a specific challenge faced by formulators: while certain physical and 

chemical properties may remain stable, the occurrence of precipitation represents a significant 

alteration in the product’s visual and functional integrity. This emphasizes the need for formulators 

to prioritize temperature management as a critical factor in maintaining the quality and efficacy of 

cosmetic products. 

Furthermore, the positive retention of desired characteristics, such as appearance and moisture 

content, suggests that with proper handling and storage conditions, the stability of these 

copolymers can be preserved effectively. This analysis not only reinforces the importance of 

understanding material behavior under various conditions but also highlights the necessity for 

manufacturers to adhere to stringent quality control protocols. 

 

In conclusion, this research serves as a vital reminder of the complexities involved in cosmetic 

formulation stability and the imperative for ongoing assessment of products in real-world 

conditions. By recognizing and addressing these thermal sensitivities, formulators can enhance 

product quality, ensure consumer safety, and comply with regulatory standards, ultimately leading 

to improved customer satisfaction and confidence in cosmetic products. 
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[Cu(II)-2PA-GPTMS-HBPSi] complex (HBPSi), characterized by their highly branched structure 

composed of silicon and oxygen atoms, have gained attention for their unique properties and 

diverse applications [1–3]. Their dendritic or tree-like architecture architecture, featuring multiple 

branches extending from a central core, offers numerous terminal functional groups for chemical 

modification [4–7]. With excellent thermal stability, chemical resistance, and mechanical 

properties, they find utility in various fields, and this feature making them suitable for use in 

catalysis applications. Synthesis methods involve controlled polymerization of siloxane 

monomers, such as hydrosilylation or ring-opening polymerization, allowing for customization of 

molecular weight, branching density, and functional groups. Herein, we present the synthesis of a 

pioneering heterogeneous support-free copper catalyst. This catalyst was prepared via a one-pot 

process involving simultaneous polymerization and ring-opening reactions occurring at different 

ends of 3-glycidoxypropyltrimethoxysilane chain, in conjunction without using heterogeneous 

supports. This reaction generated a functionalized hyperbranched polysiloxane, which served as a 

ligand for the subsequent complexation with copper ions, resulting in the formulation of the 

[Cu(II)-2PA-GPTMS-HBPSi] complex.  The evaluated complex demonstrates excellent catalytic 

activity for synthesis dihydroquinazolin-4(1H)-one, serving as a model reaction, and yielding the 

desired heterocycles in excellent yields and within short reaction times. Reusability, hot filtration, 

and leaching tests underscore its excellent reversibility, cyclability, structural stability, as well as 

a specific capacity of up to 5 cycles. Consequently, this innovative method emerges as a convenient 

and efficient alternative for the synthesis of heterogeneous catalysts and materials. 
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Scheme: Synthesis of 2,3-dihydroquinazolin-4(1H)-one in the attendance of [Cu(II)-2PA-

GPTMS-HBPSi] complex 
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Introduction 

Porous organic polymers (POPs) as versatile, and irreplaceable class of organic polymers with 

high porosity and excellent functionality and designability have attracted the attention of many 

researchers. Advanced properties such as high specific surface area, high thermal and chemical 

stability, sustainability, low density, and post-synthetic modification ability have led to a 

promising approach towards these chemicals. Divers’ applications such as catalytic applications, 

gas storage and separation, energy storage, sensor, drug delivery etc. were reported for these 

materials. POPs can be active catalytic precursors for many organic transformations. Catalytic 

utilities of POPs are well known in many areas of organo catalysis, photocatalysis, asymmetric 

catalysis and electrocatalysis. Pyrimidine families as one of the most important and beneficial 

families of N-heterocycles gained the considerable attention of researchers [1-3]. Most 

importantly, the plethora of utility of chromeno pyrimidines in natural products, functional 

materials and pharmaceuticals were reported. Herein, we investigated the catalytic application of 

urea-based POP modified with a deep eutectic solvent (POP-DES1) for the synthesis of chromeno 

pyrimidines [4]. 
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Experimental Section 

In this section, chromeno pyrimidines were synthesized by using aromatic aldehydes, 2-

aminobenzimidazole and 4-hydroxycoumarin as starting materials and POP-DES1 as catalyst under 

solvent-free conditions at 120°C (Scheme1). 

 

 

Scheme1: Synthesis of benzo[4,5]imidazo[1,2-a]chromeno[4,3-d]pyrimidin-6-one, using POP-

DES1 catalyst 

Results and Discussion 

 The crystalline structure of catalyst was investigated by XRD analysis. According to XRD pattern 

of POP-DES1, there are sharp peaks at about 19, 22 and 29°, indicating its ordered and crystalline 

structure. According to FT-IR spectrum of POP-DES1, the broad peak at about 3200 cm-1 are related 

urea tags. In addition, the sharp peaks at 1368 cm-1 revealed the imine bonds (Figure 1).  

  

 

Figure 1: XRD pattern of POP-DES1 (a), FT-IR spectrum of POP-DES1 (b) 
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Abstract : A new N3O2 aza-crown macrocyclic ligand (L) bearing two fluorophore naphthalene 

moieties was synthesized and characterized by IR, 1H and 13C NMR, DEPt-135, HSQCGP, 

microanalysis as well as mass spectrometry. Comparative studies on the effect of various metal 

cations such as Cr(III), Cu(II), Cu(I), Zn(II), Cd(II), Pb(II), Na(I), Ni(II), Co(II), Ba(II), Fe(II), 

Fe(III), Al(III), La(III), Au(III), Mg(II), Cs(I), Ca(II), Hg(II), K(I), Mn(II) and Ag(I) on 

fluorescence of L were investigated in aqueous ethanol. The macrocycle was found to be a 

sensitive and selective fluorescence chemosensors for Mg2+. The binding constant value was 

established as 1.36 × 105 M ;+ along with 1:1 stoichiometry for Mg2+- L. The detection limit was 

2.51 × 10-8 M with a rapid response time. Chemical inputs of Mg2+ and Fe3+ ions satisfy the 

conditions of INHIBIT molecular logic gate. 
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Abstract : Schiff base ligands can be considered key to designing fluorescent chemosensors due to 

their chromogenic properties. Here, we study this view and demonstrate that there is a remarkable 

fluorescence enhancement upon Al3+ addition to a new macroacyclic Schiff base ligand (H2L) 

compared with 15 different metal ions, while the limit of detection (LOD) value is in good agreement 

with the values need for biological applications (2.1 × 10−9M). Besides, we show that it can be a 

satisfactory linear relationship between the gradually added concentrations of Al3+ and the 

fluorescence intensity of H2L. On the other hand, some transition shifts toward lower wavelengths 

were observed using the spectroscopic titration of H2L with Al3+ ions. From the theoretical point of 

view, NBO analysis revealed that the band gaps varied from 1.715 eV for H2L to 2.167 eV for 

[AlL]+, confirming the blue shift upon complexation. The high difference in band gaps approved the 

occurrence of a significant electrochemical signal. Furthermore, the nature of bonds in H2L and 

[AlL]+ was investigated by the QTAIM method specifying the shared property of bonds in H2L and 

the closed-shell metal-ligand interactions in [AlL]+. Ellipticity (ε) measurements indicated that the 

π-character of imine bonding decreased via complexation. 
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Introduction 

Sparked by the increasing energy crisis, much research has been focused on the development and 

utilization of renewable energy to supersede the limited fossil fuel. The potential of solar energy as 
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a clean, economical, and accessible source of energy motivates new methods for converting solar 

energy into chemical energy. The development of photocatalytic methods for organic 

transformations is an important aspect of renewable energy technologies. Photocatalysis is currently 

considered as one of the most advanced, environmentally friendly, and promising technologies due 

to its excellent advantages such as efficiency, clean, energy-saving, and low cost [1]. The wide band-

gap semiconductors (TiO2, ZrO2,  ZnO etc.) have very wide application prospects in photocatalysis 

for varied reactions  because they are high efficiency, low cost, and environment friendly, which 

have attracted great attentions [2,3]. In this photocatalytic system, TiO2 is also a semiconductor that 

can absorb visible light and act as co-catalyst with Pd nanoparticle to facilitate C–C bond formation 

at room temperature. 

Method 

Synthesis of Pd-nanoparticle decorated L-arginine based Fe3O4@SiO2@TiO2 

For the synthesis of Fe3O4@SiO2@TiO2@L-Arg, Fe3O4@SiO2@TiO2 (0.5g) was dispersed in 50 

mL deionized water followed by sonication for 30 minutes, L-Arginine (1 g) was added to the 

suspended solid and the mixture was stirred at 90 ̊C for 24h. Fe3O4@SiO2@TiO2@L-Arg was 

separated using an external magnet and washed with distilled water several times, then dried in an 

oven overnight. To stabilize palladium on the surface of the product, Fe3O4@SiO2@TiO2@L-Arg 

(0.5 g) was dispersed in absolute ethanol (30 mL) for 15 minutes and then Pd(OAc)2  (0.2 g) was 

added to the suspended solid. The mixture was stirred at reflux condition for 24 h. Finally, the 

product as a dark solid separated using an external magnet and dried at 60 ̊C to obtain 

Fe3O4@SiO2@TiO2@L-Arg@Pd as nano photocatalyst. 

Results and Discussion 

The magnetic nano-photocatalyst was synthesized by post-grafting approach, which the preparation 

process of Fe3O4@SiO2@TiO2@L-Arg@Pd is shown in scheme 1.  

  

Scheme 1. Schematic illustration of the preparation process of Fe3O4@SiO2@TiO2@L-Arg@Pd. 
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The photocatalytic efficiency of the synthesized magnetic nano-photocatalyst was tested for the 

Suzuki coupling. The coupling of iodobenzene with phenylboronic acid was chosen as a model 

reaction to screen the catalytic activity of Fe3O4@SiO2@TiO2@L-Arg@Pd under visible light 

irradiation. Table 1 illustrates the results of the optimization studies. 

Table 1. Different experimental conditions tested for the Suzuki reaction using 

Fe3O4@SiO2@TiO2@L-Arg@Pd. 

I
Fe3O4@SiO2@TiO2@Schiff base@Pd (0) , Solvent

Base, Light Source
 +B

OH

OH

R

 
 

Entry Solvent Light source Base 
Catalyst 

(g) 
Time (min) Yield (%) 

1 PEG 
Blue LED 

10W 
K2CO3 0.02 20 55 

2 PEG 
White LED 

10W 
K2CO3 0.02 20 30 

3 PEG 
Green LED 

10W 
K2CO3 0.02 20 25 

4 PEG 
Blue LED 

20W 
K2CO3 0.02 20 98 

5 PEG 
Dark 

condition 
K2CO3 0.01 120 10 

aReaction condition: iodobenzene (1 mmol), phenyl boronicacid (1 mmol), base (3 mmol). 
bIsolated yield. cFe3O4, 

dFe3O4@SiO2,  
eFe3O4@SiO2@TiO2.
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Introduction 

With the industrial growth, different pollutants are released in the environment which posing great 

threats to living beings; thus their removal is a pertinent issue. The heavy metals including mercury, 

cadmium, cobalt and chromium are most significant water pollutants [1]. Among these pollutants, 

chromium is one of the most dangerous heavy metals found in diverse industrial wastewaters [2,3]. 

Chromium in aqueous environment exists in two oxidation states of trivalent (Cr(III)) and hexavalent 

(Cr(VI)). Compare to Cr(III), Cr(VI) is found to be toxic and carcinogenic [4]. Different technologies 

have been offered for the removal of Cr(VI) from aqueous media [5]. Adsorption is the best 

technique among mentioned methods to remove dyes from aqueous solution due to its low cost, 

environmental friendly, easy operation, simple design and lack of contaminant byproducts [6]. The 

selection of the adsorbent plays a key role in adsorption method. Various adsorbents have been 

developed for the Cr(VI) removal from the aqueous solutions [7,8]. 

 

Method 

Synthesis of Cu-BDC-MOF 

0.498 g (3.00 mmol) of terephthalic acid was dissolved in 40 mL of DMF, and stirred for 15 min till 

a clear solution was formed. In another vessel, 2.42 g (10.00 mmol) of Cu(NO3)2·2H2O was 

dissolved in 20 mL of DMF with stirring for 10 min at room temperature. Both solutions were mixed 

together, and then the mixture was transferred to a 150‐mL Teflon‐lined autoclave, sealed and heated 

in an oven at 100 °C for 12 h. After cooling, the resulting white crystalline solid was collected, 

washed by ethanol, and dried. 

Preparation of Cu-BDC-MOF-NH2 

A mixture of 0.10 g of Cu-BDC-MOF, 30 mL of ethanol and 0.3 g of L-alanine was refluxed for 12 

h under argon gas. After cooling, the reaction mixture was filtered to yield a blue precipitate which 

was washed with ethanol, and dried. 

Preparation of Cu-BDC-MOF/PAI nanocomposites 

Different weight percentages of modified Cu-BDC-MOF (5, 10 and 15 wt.%) were added to 0.2 g 

of PAI and the mixture was dispersed in 30 mL of absolute ethanol by stirring at room temperature 

for 30 min. Then, it was refluxed under argon atmosphere for 12 h. After cooling, the reaction 

mixture was filtered to yield a precipitate which was washed with ethanol, and dried. 

Results and Discussion 

Features of the resulting nanocomposites were investigated with FT-IR, XRD, SEM and TGA. 

According to the XRD results, highly crystalline Cu-BDC MOF is successfully inserted over 

polymer surface at which all the characteristic peaks of the MOFs appear in the XRD pattern of 

nanocomposite. No peak corresponding to impurities is detected which shows successful synthesis 
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and compositing of the Cu-BDC-MOF and polymer. It is also evident that the prepared composites 

are binary hybrid nanocomposites rather than a physical mixture of the MOF with polymer. SEM 

images of nanocomposite show successful decoration of Cu-BDC-MOF over polymer surface. 

Furthermore, it was found that compared to bare Cu-BDC-MOF, which is in several microns, the 

presence of polymer results in well-dispersed and nano-sized Cu-BDC-MOF, resulting in MOF with 

higher surface area as well as formation of numerous pores between the MOF and the substrates, 

which are favorable for the adsorption of small molecules like organic pollutants. According to the 

findings of EDS analysis, the presence of the elements of Cu, C, and O in sample verify successful 

synthesis of the hybrid nanocomposite. 

The removal of Cr(VI) was performed using Cu-BDC-MOF 15 wt.%. The amount of adsorbed heavy 

metal ions was calculated using the following equation: 

Q = (C0 - C)V/m 

Q is the amount of metal ions adsorbed onto unit amount of sorbent (mg g-1); C0 and C are the 

concentrations (mg mL-1) of metal ions in the primary solution and in the aqueous phase after 

adsorption, respectively; V is the volume of the aqueous phase (mL); and m is the weight of the 

sorbent (g). The influence of imperative parameters including contact time, pH and concentrations 

were assessed in this study. 

Conclusions 

This study examined Cr(VI) elimination from aqueous media via prepared Cu-MOF/PAI hybrid 15 

wt.% as an absorbent. The optimum conditions were found to be initial dye concentration of 5 ppm, 

0.016 g adsorbent, and pH = 9.5. The nonlinear pseudo-first-order model and linear Langmuir 

isotherm fitted the experimental results well. 
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Green chemistry plays a crucial role in organic transformations, prioritizing sustainability and 

reducing the environmental impact of chemical processes. It encompasses various principles such as 

maximizing yield, minimizing waste, using benign solvents and reagents, and promoting energy 

efficiency. Catalysis plays a crucial role in green chemistry by enhancing reaction efficiency and 

reducing the environmental consequences of chemical reactions. Recently, magnetic nanoparticles 

have attracted widespread research interest in organic synthesis owing to their high surface area, 

high stability, separability and reusability, low cost, convenient and cost-effective synthesis, and 

superparamagnetic properties [1]. In this research, a novel urea-immobilized silica-coated Fe3O4 

MNP (Fe3O4@SiO2@(CH2)3-Urea) a magnetically recoverable and metal-free nanocatalyst was 

designed and synthesized.  Multiple techniques were employed to characterize this magnetic 

nanocatalyst such as FT-IR, XRD, FE-SEM, TEM, EDX, and VSM. This system was explored in a 

three-component reaction to newly synthesize naphthoazepines derivatives of 2-amino naphthol, 

electron-deficient acetylenic compounds, and alkyl bromide in water at room temperature. This 

method has various advantages, including clean reaction profiles, easy handling, a low-cost catalyst, 

no column purification, high yield, facile product isolation, and environmental compatibility 

(Scheme 1). 

 

 

Scheme 1: The Fe3O4@SiO2@(CH2)3-Urea catalyst for the synthesis of naphthoazepines 

derivatives 
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The synthesis of novel heterocyclic compounds is of paramount importance among research studies, 

owing to their abundance, and extensive pharmaceutical and industrial application domains. 

Nitrogen-containing heterocycles as one of the most substantial categories of heterocyclic 

compounds are of eclectic pharmacological and biological performances. Pyrrole and its derivatives 

are widely circulated organic molecules having prime signifcance in natural products, synthetic 

chemistry, drugs, and the food industry. Some instances of Pyrrole are known to perform as 

antitumor. anti-infammatory, antibacterial, antioxidant, and antifungal agents. Besides, these 

compounds have been systematically employed in material science. Thus far, a good number of 

synthetic routes have been proposed and developed for the preparation of pyrroles and their 

derivatives. The classical methods utilized for the synthesis of pyrroles include Hantzsch, Knorr, 

Paal–Knorr, and Clauson-Kaas condensation  reactions. How ever, despite their utility, such methods 

frequently sufer from some drawbacks such as multistep synthetic operations, severe reaction 

conditions, scarcity of the initiate materials, functional group compatibility, and region-specifcity. 

To overcome these challenges, various efcient strategies such as transition metal catalysis and 

multicomponent reactions (MCRs) have been developed. 

Nanohybrid metal–organic frameworks (MOF) have recently been considered next-generation 

catalysts regarding their unique features like large surface-to-volume ratio, tailorable geometry, 

uniform pore sizes, and homogeneous distribution of active sites. In this report, we address the 

triazine-tetrazol modified 3D Cu-centred MOF Cu(NH2-BCD) following a post-synthetic 

modification approach. The excellent chelating ability of triazine-aminopyridine was applied to 

immobilize Ni ions over the host matrix MOF. The as-synthesized material was physicochemically 

characterized using various analytical techniques like FT-IR, electron microscopy, EDS, elemental 

mapping, XRD, and ICP-OES. Subsequently, the material has been catalytically employed in 

synthesizing new Pyrrole derivatives. 
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Scheme: Synthesis of pyrrole derivatives by MOF 
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Introduction: Quinoxalines, a significant class of nitrogen-containing heterocyclic compounds, have 

long captivated synthetic chemists due to their diverse applications in pharmacology (1-3). These 

valuable heterocycles have demonstrated a wide range of pharmacological activities. The 

quinoxaline core is a constituent of various antibiotic compounds, including levomycin, 

echinomycin, and actindeutin, which effectively inhibit the growth of Gram-positive bacteria. 

Additionally, triostin (I), which incorporates a quinoxaline ring, has exhibited potent antibacterial 
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activity against Gram-positive bacteria by binding to the DNA of susceptible strains through the 

bifunctional intercalation of the quinoxaline moiety (4-6). 

Method: This research focuses on the synthesis of O-oxime ethers containing amino cyclic residues. 

The process involved oximation of aromatic ketones followed by O-alkylation with epichlorohydrin 

to produce O-oxime ether adducts. Subsequent cyclization of these adducts with o-

phenylenediamine resulted in the synthesis of novel quinoxaline compounds. 

The synthesized compounds were evaluated for their in vitro antibacterial activity against standard 

strains of Escherichia coli and Staphylococcus aureus, and their efficacy was compared to reference 

drugs like tetracycline and penicillin. Additionally, molecular docking studies were conducted to 

understand the binding interactions of these compounds with bacterial targets. 

Results and Discussion: All the synthesized compounds were evaluated for their anti-bacterial 

activities. Two compound (5a, 5b) with 6.25 mg/cm3 showed promising antibacterial activity against 

S. aureus .The docking results revealed that derivatives with smaller substituents, such as methyl 

and ethyl groups, exhibited the highest affinity and binding to the active sites of the tested bacterial 

proteins (E. coli Mur B (PDB ID: 2Q85) and S. aureus Gyrase B (PDB ID: 3G75))). This strong 

binding affinity likely contributes to the enhanced biological activity observed for these compounds 

(Scheme1). 
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Aromatic azo compounds are characterized by their -N=N- double bonds and an extensive π electron 

conjugation system, which contribute to their diverse applications in functional materials[1]. The 

properties of these compounds are significantly influenced by the substituents attached to the 

aromatic rings. Azo-linked phthalocyanines, a novel class of compounds, have gained attention due 

to their unique structural and optical properties[2,3]. 

The Knoevenagel Condensation Reaction, first described by Emil Knoevenagel in the 1890s, is a 

classic organic synthesis method. It involves a nucleophilic addition between an aldehyde or ketone 

and a compound with active hydrogen, facilitated by a basic catalyst, leading to the formation of C–

C bonds. In this context, we present a simple and efficient synthesis of azo-linked catalysts that 

incorporate accessible phthalocyanine and azo functional groups within their framework and 

characterize it. These catalysts are effectively utilized in Knoevenagel condensation reactions, as 

illustrated in Scheme 1. 

 

Scheme: Knoevenagel condensation reaction between different aldehydes and malonitrile 

catalyzed by azo-link phthalocyanine 
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For over a century of active research, multicomponent reactions (MCRs) have been traditionally 

discovered “by-serendipity” or “by-analogy” [1-4]. As organic chemists, we have repeatedly 

observed that a very small change in the structure of one of the components or reaction conditions 

in a MCR can fundamentally alter the reaction process, leading to a new product that is completely 

different from our initial prediction. Even though we think we have sufficient control over all 

circumstances, we are still confused by the resulting chaos. Now the fundamental question is whether 

this situation is complete chaos or is there an order that we are unaware of. 
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1. Introduction 

Ionic liquids (ILs) are different from traditional solvents because of their interesting and 

abnormal physical properties. They apply in many areas of chemistry especially in biochemistry, 

catalysis, synthesis, and material science [i-vii]. Also, by modifying the molecular structure of 

anions and cations in ILs green or designer solvents for academic researches and industrial 

applications can be obtained. These compounds generally consist of different inorganic anions and 

bulky organic cations [vi, viii], for example, cations based on tertiary ammonium or phosphonium 

ions or on heterocycles like pyridinium, pyrrolidinium, triazolium, or imidazolium [ix]. A new type 

of ionic liquids named as tunable aryl alkyl ionic liquieds, TAAILs, are prepared by a combination 

of aryl and alkyl groups at the N1 and N3 positions of the imidazole ring [x, xi]. In these 

compounds various substituents on the phenyl ring can be utilized to modify the attributes of the 

TAAILs for different applications [xii-xiv]. 

2. Computational details 

In the recent years, density functional theory (DFT) has been widely used to study the 

features of structural, electronic, energy and also description of the essence of H bonding 

interactions in ILs [xv-xvii]. In this study, the geometries of all of the studied structures were quite 

optimized by the hybrid functional M06-2X [xviii-xx] and 6-311++g(d,p) basis set [xxi,xxii] which 

have been commonly utilized in the study of cation-anion H bonding interactions in ILs. All the 

calculations reported in this study were performed with the Gaussian 09 program [xxiii]. To describe 

the stationary points, the calculate of zero-point vibrational energy (ZPVE) and thermochemical 

quantities, the analysis of vibrational frequency was applied at the same theoretical level of theory. 

For correcting of the basis set superposition error (BSSE) in the calculation of the interaction 

energies was used the counterpoise method (CP) [xxiv]. In addition, dispersion energies contribution 

mailto:fshirini@gmail.com
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for the van der Waals interaction influences in the interaction energy of ILs was gained using the 

M06–2X–GD3 method and the 6-311++G(d,p) basis set. Electrostatic potential (ESP) maps 

[xxv,xxvi] for the free anions and cations were computed to predict the reaction center of every 

molecules with other ones. The NBO and AIM [xxvii] analysis were performed using version 3.1 of 

the NBO program[xxviii] and the AIM2000 package [xxix] at M06-2X/6-311++G(d,p) level of 

theory. The non-covalent interactions (NCI) calculations containing the plots of RDG versus the λ2 

× ρ(r) and RDG isosurfaces [xxx] were computed using Multiwfn [xxxi] and VMD [xxxii] programs. 

In addition, the UV-VIS absorption of the ILs have been investigated using TD-DFT at the M06-

2X-GD3/6-311++(d,p) level of theory in the gas phase. Finally, the solvent influence on the 

stability of ionic liquids was determined by using the polarizable continuum model PCM [xxxiii, 
xxxiv] at M06–2X-GD3/6-311++G(d,p) level of theory using optimized structures obtained in the 

gas phase of the ILs in five solvents including water, dimethylsulfoxide (DMSO), acetonitrile, 

methanol and cyclohexane. The Quantum chemical method of COSMO-RS to determine the 

electrochemical window (ECW) of ILs were performed at BVP86/TZVP level of theory in the 

acetonitrile solvent [xxxv, xxxvi]. 

 

4. Conclusions 

In this study, the interaction energies, the features of structural, electronic and some of the 

physicochemical characteristics of two new series of ILs with the general formula of [X-

AnMIM][A2] and [X-AnMIM][A3] ILs which in them anions are A2= [(OHCH2CH2)2CHO]− and 

A3= [(OHCH2CH2)3CO]−, respectively, containing various substituents including  NH2, OH, OMe, 

H, Cl, CHO, CN and NO2 on anthracene ring in the cationic part have been investigated. 

According to the optimized geometries and structural parameters of the ILs obtained at M06-2X-

GD3/6-311++(d,p) level of theory, it can be inferred that the molecular structure, cation−anion 

interaction and intra and intermolecular hydrogen bonds of the ILs have significant effects on the 

studied ILs physicochemical properties. The change of the substituents on the anthracene ring of 

the cationic part and the change of anion from A2 with two intramolecular hydrogen bonds to A3 

with three intramolecular hydrogen bonds has a significant effect on the energy values of the 

cation-anion interaction and features of optic and chemical of the ILs. 
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Abstract 

Polyhydroxyalkanoates (PHAs) are biodegradable polymers with properties similar to petroleum-

based plastics make them appropriate alternative to use in medical and industrial application like 

sustainable active food packaging. These polymers are produced in limited nutritional condition by 

many type of microorganisms. In this work microbial production of polyhydroxyalkanoate (PHAs) 

is surveyed and then compared in three strains of bacteria including Cuprividus necator, 

Pseudomonas putida and Bacillus megaterium. Result showed PHAs were produced and 

accumulated intracellulary in all strains, but are different in amount. Also mechanical and physical 

properties of the produced polymer are completely varied among bacterial strains.   

Keywords: Biodegradability, Green polymers, Microbial production 

Introduction,  

One of the most promising green biopolymers to replace synthetic plastics are 

polyhydroxyalkanoates (PHAs). These biopolyesters are naturally synthesized by bacteria and stored 

as cytoplasmic granules of 0.2–0.5 μm diameter, providing carbon and energy for the bacteria under 

certain conditions (Porras et al., 2018) under limited condition of some nutritional components in 

media, the microorganisms assimilate the carbon source and store it as polymers called PHAs. 

Bacteria, fungi, and microalgae are known to produce PHAs by utilizing different substrates. 

Bioproduction of PHAs is a highly promising strategy for manufacturing biodegradable polymers 

using renewable resources as compared to its chemical method of production. PHAs find their 

application in various fields such as medical (slow drug-releasing carriers, tissue engineering, 

sutures, implants), agricultural (controlled release of pesticides, insecticides, and plant growth 

regulators), and food industries (active food packaging material), biofuels and as well in the 

manufacturing of disposables (bottles, bags, diapers, packaging, and lids) (Xu et al. 2021; Montazer 

et al., 2018). 

The objects of this work are to survey the production of PHAs in three bacteria and comparison the 

amount and chemical structure to determine related medical and industrial applications. 

 

Method 

Bacteria strains 

Three bacterial strains including Cuprividus necator (10878 IBRC-M No.), Pseudomonas putida 

(10847 IBRC-M No.) and Bacillus megaterium (10420 IBRC-M No.) were prepared from Iranian 

bank of biological and genetic center (IBRC). Escherichia coli was prepared from veterinary faculty 

in Semnan University as negative control for PHA production.  

Culture media  

Minimal salt media (MSM) with limited composition described by Blunt et al. was prepared. 

Glucose was added into medium (1%) as sole carbon source and the medium was autoclaved. The 

final pH adjusted to 7.0. No-added carbon source media were prepared as negative control.  

Bacterial growth and PHA production determination 

Bacterial strains were activated on nutrient agar and then sub-cultured on Brain Heart Infusion 

Broth to reach up the suitable population number for inoculation in main media. Fifty microliter of 

one-day incubated tubed was inoculated in every individual minimal salt media containing glucose 
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in 30 minutes’ intervals to measure the optical density at 600 nm (OD600) with visible 

spectrophotometer (Biochrom WPA; Biovawe II; England) according to Uchida et al. (2000). all 

tubes were shaken gently to suspend the settled biomass. Growth curves of four bacteria were 

established too find the optimum time of maximum PHA production. PHA production was 

determined and compared by Sudan Black staining procedure according to Porras et al. (2018) and 

Nile Re staining under florescent microscope.  

Statistical analysis 

All data were subjected to statistical analyses using the R Core Team (2024) stats package. Mean 

variables were compared using Duncan’s test, and correlations between variables were calculated 

by the Pearson Square method at probability level of 5% (R Core Team 2024). All experiments 

were done in three replicates. 

Results and Discussion 

Establishment of growth curves 

All growth curve on glucose media was established in order to determine the microbial growth 

phases and optimize the maximum PHA production. Growth curves from bacterial turbidity at 

600nm was achieved for four strains. 

Determination and comparison of PHA production in cells 

PHA production was confirmed by Nile red staining under florescent microscope in all strains can 

be seen in Figure 1 and compared by Sudan black absorbance by PHA in cells (Table 1). 

  

 

 

 

 Figure 1- Glowing spots represent the PHB granules in C.necator. number of graunals are between 

3 to 10. 

 

Table 1- PHAs production and type of monomers in different bacterial strains.  

 

 

 

 

References 

Strains Polymer type Amount (g/L) Physical state of PHA 

Cuprividus necator Hydroxybutyrate (3HB) 164±3.83a Soft 

Pseudomonas putida Hydroxyalkanoate 206±11.21a Rigid 

Bacillus megaterium Hydroxybutyrate (3HB) 18±1.95b Soft 
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MCRs have been designed as a powerful synthetic tools for producing novel and complex elaborate 

biologically active compounds[1].The success of (MCRs) compared to divergent (linear) syntheses 

is due to their simple and efficient methodology[2], high productivity[3], lower cost[4], time saving 

manner[5], atom efficient nature[6], and lower energy requirement[7]. Multicomponent reactions 

have remarkable significance in combinatorial chemistry in the synthesis of drug-like molecules and 

pharmaceutical industry in the drug-discovery process and medicinal chemistry [8]. 

Among the nanoparticles (NPs) catalysis; magnetic nanoparticles (MNPs) play an important role in 

catalyzing a range of organic reactions [9]. In recent times interest in magnetic nanoparticles (MNPs) 

especially those which have core-shell components structures (magnetic core and functional shell) 
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has increased considerably [10] in view of their high surface-to-volume ratio [11], high application 

in catalysis, environmental friendly nature and cost-effectiveness [12]. 

In continuation of our ongoing research concerning the development of new methods to the 

generation of heterocyclic compounds, in this research we would like to report a new and efficient 

methodology for synthesis of  benzo[α]phenazine derivatives from a one-pot four component 

reaction of 2-hydroxynaphthalene-1,4-dion, O-phenylenediamine, aryl aldehyde and amide 

derivatives in ethanol. 

In conclusion, an efficient and simple synthetic strategy for the one pot, four component synthesis 

of novel N-((6-hydroxybenzo[α]phenazin-5-yl)(phenyl)methyl)acetamide  derivatives using ethanol 

as a cheap, safe and environmentally benign solvent and Fe3O4@SiO2-n-propyl-NH2 as a nano 

catalyst was identified for the first time. Particularly, distinguished advantages of this method are 

high yields, very straightforward isolation of product, short reaction times, low cost and simple 

procedure. 

 

 

 

Scheme 1. Synthesis of N-((6-hydroxybenzo[α]phenazin-5-yl)(phenyl)methyl)acetamide 
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Introduction 

According to the International Agency for Research on Cancer (IARC), cancer is the second leading 

cause of death worldwide, killing an estimated 10 million people in 2020 [1]. Different treatments, 

including radiotherapy and chemotherapy, can be used to treat this disease, quite often in 

combination with surgery. However, these treatments usually lead to severe side effects due to their 

lack of selectivity for cancer cells [2]. Therefore, further effort in the synthesis of new effective and 

less toxic anticancer drugs appears necessary. Coordination compounds were discovered as 

promising alternative agents to treat several types of cancer. Schiff bases (R1R2C=NR3) are also 

interesting organic compounds containing an azomethine group (-CH=N-) or an imine group (-C=N-

), that form very stable complexes, especially with transition metal ions. Therefore, metal complexes 

of Schiff bases have been widely designed and investigated for biomedical applications, such as 

antitumor, anti-inflammatory, antibacterial and antifungal activities [3]. Over the past decades, 

copper (II) complexes have shown a wide range of pharmacological activities, including anticancer 

activity. These compounds have shown different mechanisms in combating cancer cells [4]. An 

excellent example is Casiopeinas®, a family of planar copper coordination complexes with potent 

antineoplastic effects and low toxicity in normal cells, which has recently been the subject of phase 

I clinical trials in Mexico [5].  

Method  
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According to the scientific articles, the best method for the synthesis of Schiff ligands is the reaction 

between the desired aldehyde and amine in methanol solvent and at ambient temperature (Figure 1) 

[6]. The most suitable method for the synthesis of the corresponding complexes is the reaction 

between copper acetate salt and the Schiff ligand in methanol solvent at ambient temperature with a 

ratio of 2:1.  

 

Figure 1. The general synthetic procedure of Schiff base ligands 

Results and Discussion 

In the first step of a research project to find a suitable anticancer drug, 62 Schiff base ligands and 

their Cu(II) complexes have been synthesized and characterized. SC-XRD data indicate that for o-

anisidine derivatives the most likely structure is an octahedral or tetrahedral structures resulting from 

two Schiff ligands, where each Schiff ligand acts as a tridentate or bidentate ligands. 

Crystallographic results showed that the structural change depends on the substitution on the 

salicylaldehyde group. Also, the most likely structure for the complexes resulting from m-anisidine 

derivatives is a tetrahedral structure. Here, also each Schiff ligand acts as a bidentate ligand. In this 

case, the change in structure from octahedral to tetrahedral is due to the remoteness of the methoxy 

group present in m-anisidine derivatives, which cannot act as a metal donor group (Figure 2). 
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Figure 2. Synthesized ligands and Cu(II) complexes in this work 
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Introduction  

Recent decades have witnessed substantial advancements in the design of modern drug 

delivery systems characterized by unique biological, physical, and chemical properties[1]. Research 

indicates that nanocomposites enhanced with natural polymers show promising potential as drug 

delivery systems, particularly for the controlled and targeted release of anticancer agents within 

tumor environments. This study proposes a novel drug delivery system utilizing Carboxymethyl 

starch (CMS)-coated Layered Double Hydroxide (LDH) as a pH-sensitive biopolymer, facilitating 

controlled oral co-drug delivery and enhancing therapeutic efficacy in colon cancer treatment[2, 3]. 

Method  

In the initial phase, LDH(Mg-Al) was synthesized using a straightforward co-precipitation 

method in an argon atmosphere at 90–95 °C. Subsequently, both 5-fluorouracil (5-Fu) and 

doxorubicin (DOX) were simultaneously loaded onto LDH(Mg-Al), utilizing STMP as a 

biocompatible chemical linker within the CMS biopolymer to create microspheres. The resulting 

CMS@LDH(Mg-Al)@DOX,5-Fu microspheres were then evaluated for their pH-controlled drug 

release profile and effectiveness against colon cancer cells. 

Results and discuss 

DOX and 5-Fu were loaded at approximately 38% and 75%, respectively, in the synthesized 

LDH(Mg-Al). The MTT assay conducted against Caco-2 cells demonstrated the biocompatibility of 

CMS/LDH(Mg-Al) and highlighted its sustained drug release capabilities due to the presence of 

CMS in the structure of CMS@LDH(Mg-Al)@DOX,5-Fu microspheres. This indicates that the 

formulation is promising for effective drug delivery in cancer treatment. 
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Scheme: Schematic illustration of the LDH(Mg-Al) synthesis, co-drug loading, coating of the 

LDH(Mg-Al)@DOX,5-Fu with CMS, and the proposed mechanism for the drug releases from 

CMS@LDH(Mg-Al)@DOX,5-Fu microspheres. 
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Introduction 

In the ongoing fight against cancer, the medical and scientific communities are continuously 

striving to enhance treatment strategies by improving efficacy and minimizing adverse effects [1, 

2[. This study explores a novel approach leveraging advancements in materials science, 

nanotechnology, and biopolymers to address these challenges through the creation of a sophisticated 

pH-sensitive drug delivery system. Specifically, this study presents a biocompatible pH-sensitive 

system utilizing a nanocomposite of layered double hydroxide@hydroxyapatite doxorubicin coated 

magnetic Fe3O4-polyethylene glycol (LDH@HAp-DOX@Fe3O4-PEG) designed for the targeted 

delivery of doxorubicin (DOX) [3, 4]. 

Method  

Initially, Mg-Al-Layered Double Hydroxide (LDH) nanocomposites were created through 

coprecipitation, followed by the encapsulation of HAp-DOX via sonication in an ultrasonic bath. 

Additionally, Fe3O4 nanoparticles underwent PEG modification after their preparation through co-

precipitation using the same ultrasound-assisted technique. The resulting electrostatic interactions 

between the nanoparticles and the encapsulated LDH@HAp-DOX within the Fe3O4-PEG matrix led 

to the formation of a stable nanocomposite. 

Results and discuss 

The drug encapsulation efficiency (DEE) and drug-loading content (DLC) for HAp-DOX 

were determined to be approximately 78.1% and 7.8%, respectively. Furthermore, the system 

exhibited a significantly higher drug release rate of about 68.9% in a low-pH environment (pH 5) 

compared to only ≤40% at pH 7.4, thereby confirming the pH-sensitive release behavior of the 

LDH@HAp-DOX@Fe3O4-PEG nanocomposite. This indicates that the nanocomposite is capable 

of targeted and efficient drug delivery under acidic conditions, which is often present in tumor 

microenvironments. 
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Scheme: Synthetic steps of new pH-responsive LDH@HAp-DOX@Fe3O4-PEG nanocomposites 

for delivery of DOX drug 
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Abstract: This study aimed to investigate the interaction between cyclophosphamide, a widely used 

chemotherapy drug, and 18-crown-6 nanoparticles for potential drug delivery applications, and 

investigated various thermodynamic parameters such as adsorption energy, enthalpy, Gibbs free 

energy, and solvent effects. These analyses determine to what extent crown ethers can act as a 

suitable carrier for cyclophosphamide. It was found that the adsorption process of cyclophosphamide 

onto 18-crown-6 is exothermic, which ultimately indicates the efficiency and effectiveness of this 

complex. 

Keywords: cyclophosphamide, crown ether, 18-crown-6, drug delivery, DFT 

 

Background: Cyclophosphamide is a widely used chemotherapeutic agent known for its efficacy in 

the treatment of various cancers including lymphoma and leukemia. However, its clinical use is often 

limited due to significant side effects and poor solubility, which can lead to adverse therapeutic 

outcomes. A type of crown ether, 18-crown-6, offers a promising solution by providing a 

biocompatible and non-toxic carrier for cyclophosphamide. Its high surface area and tunable 

porosity enable efficient drug loading and ensure that a sufficient amount of the drug reaches the 

target cells. The encapsulation process protects cyclophosphamide from degradation and increases 

its stability and bioavailability. Furthermore, crown ethers can be functionalized to improve 

targeting, allowing for selective delivery to cancer cells while minimizing exposure to healthy 

tissues. Controlled release mechanisms can be incorporated into the ether formulation, allowing for 

sustained drug release over time. Overall, the combination of cyclophosphamide and 18-crown-6 

represents a significant advance in drug delivery systems aimed at improving treatment outcomes 

and patient quality of life in cancer treatment. 

 

 

 

 

 

Fig1. Picture of the optimized structures related to the adsorption of cyclophosphamide to 18-

Crown-6. 
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Methode : In this study, in order to improve the performance of cyclophosphamide in drug delivery 

based on quantum calculations and density functional theory method with b3lyp-6_311G(d,p) 

method, we investigated the interaction of cyclophosphamide drug and 18-crown-6 (encapsulated) 

ether tag. In this research, Gaussin 09 software and other computational software such as Spartan 

were used. The structure of the drug and optimized ether tag was displayed (Figure 1). Also, 

thermodynamic parameters such as adsorption energy, entropy, Gibbs free energy and solvent effect 

were calculated. And the results are shown in (Table 1). 

Eads(Solvent) GΔ HΔ Eads Parameter 

-59.17 -51.93 -46.58 -68.07 Complex 

Table1. The values of adsorption energy, solvent medium adsorption energy, entropy and Gibbs 

free energy. 

 

Fig2. Picture of the DOS plots,RDG , ELF to the adsorption of cyclophosphamide to 18-Crown-6. 

 

 Result: Considering the negative values of Gibbs free energy and enthalpy, it is shown that the 

interaction between cyclophosphamide and 18-crown-6 is spontaneous, exothermic and 

thermodynamically favorable. Furthermore, since the adsorption energy showed a negative value, 

this indicates a strong and favorable interaction between cyclophosphamide and 18-crown-6, which 

can lead to effective drug loading and controlled release. Furthermore, the solvent environment can 

significantly affect the interaction between the drug and the nanoparticle, with water potentially 

weakening the interaction between the drug and the nanoparticle. 

 

Conclusion: Based on the computational analysis of the interaction between cyclophosphamide and 

18-crown-6-ethertaji, it can be concluded that this compound has significant potential for enhancing 

drug delivery. The strong binding affinity between the drug and the nanoparticle, as indicated by the 

negative adsorption energy, indicates that the drug can be effectively loaded onto the nanoparticles. 

Furthermore, the favorable thermodynamic parameters point to a stable and spontaneous interaction. 

Also, the results of the effect of the solvent environment show that the placement of the drug-nano 

complex in an aqueous environment (blood) reduces the adsorption energy and also weakens the 

interaction between the drug and the nanoparticle, which indicates that when the complex enters the 

blood, it can more easily dissociate from its nanocarrier and bind to the target cell upon reaching the 

target tissue. However, it is important to note that computational studies provide valuable insights, 

but they need to be complemented by experimental validation. Further research, including 

experimental studies, is necessary to fully evaluate the efficacy and safety of this drug delivery 

system and reduce side effects. Ultimately, the integration of computational modeling and 

experimental validation could accelerate the development of innovative drug delivery systems. 
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Carbohydrazide-based Schiff Base Linked Covalent Organic Framework as a 

Novel Peroxidase Mimic 
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Nanomaterials with enzymatic properties (Nanozymes) have attracted much attention in recent years 

for various reasons such as good catalytic efficiency, high stability, low cost and good 

biocompatibility [1]. Here, we synthesized and characterized a novel covalent organic framework 

(COF) via the condensation reaction of triamine (benzene-1,3,5-

triyltris(methaneylylidene))tri(methanedihydrazide, BTMTM) and terephthalaldehyde (Figure 1). In 

the presence of hydrogen peroxide (H2O2), the COF was able to catalyze the oxidation of 3,3',5,5'-

tetramethylbenzidine (TMB) to a blue-colored oxidized product (ox-TMB), indicating its high 

peroxidase-like activity. Based on this phenomenon, the reported COF was used as a colorimetric 

probe for the sensitive and selective detection of H2O2 and glucose. The limit of detection (LOD) of 

H2O2 was calculated to be 7.5 μM in a linear range from 0.1 to 5 mM, while the LOD of glucose 

was evaluated to be 11.1 μM in the range of 0.1 to 0.25 mM. Therefore, the prepared COF can be 

used as a highly sensitive and selective peroxidase mimic for the detection of hydrogen peroxide-

related molecules, indicating their great potential in biomedical applications. 

Keyword: Covalent Organic Frameworks, Schiff Base, Peroxidase Mimic 
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Figure 1. Schematic illustration of the formation of prepared COF and the colorimetric detection 

of glucose by it and glucose oxidase (GOx). 

 

References:  

[1] S. Shahraki, E. Vaziri, A.A. Saboury, K. Fan, Biomedical potential of nanozymes: Harnessing 

redox enzyme mimicry for theranostic applications, Coordination Chemistry Reviews 517 (2024) 

215937. 

 

 

 

 

 

 

Schiff base-based oxime derivate as a highly selective fluorescent and 

colorimetric probe for Hg(II) ion 

Somaye Shahraki 

Department of Chemistry, University of Zabol, Zabol, Iran 

 



758 

 

 

Schiff bases are versatile, useful, cheap, readily available and easy-to-synthesize compounds that 

have attracted attention due to their wide range of applications [1, 2]. The Schiff base-based emission 

complex 4-((2-(hydroxyimino)-1-phenylpropylidene)amino)-3-((2-(hydroxyimino)-1-

phenylpropylidene)amino)phenyl)(phenyl)methanone, HPAM, was synthesized from a facile 

condensation reaction and characterized by various spectroscopic techniques. The obtained ligand 

had strong fluorescence emission properties and could be used selectively and with high sensitivity 

for the detection of Hg(II) ions in aqueous solutions. The mechanism of fluorescence quenching was 

investigated and it was shown that the emission intensity of this fluorescence probe is quenched by 

a dynamic mechanism. The binding stoichiometry for the HPAM: Hg2+ complex was determined 

using the Benesi-Hildebrand plot and was discovered to be 1:1 Ratio. Also, the detection limit of 

HPAM ligand for Hg(II) ions was obtained to be as low as 1 × 10−6 M level, which was low enough 

for the detection of Hg(II) ions, which is widely distributed in biological and environmental systems. 

Keyword: Fluorescent probe, Selectivity, Sensitivity, Schiff Base, Hg(II) ions 

 

 

Figure 1. Design of fluorescent probe HPAM. 
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Abstract 

This paper focuses on the synthesis of novel benzoxazinone derivatives containing polyaryl 

substituted imidazole moiety. The reaction of polysubstituted imidazolyl-based o-amino phenols 

with dimethyl acetylenedicarboxylate in ethanol gave corresponding benzoxazinones. The newly 

synthesized compounds were confirmed by spectroscopic techniques and analytical data. The optical 

and electrochemical behaviors of the newly synthesized compounds were also investigated.  

Keywords: polysubstituted imidazole, o-aminophenol, benzoxazinone 

1. Introduction 

Benzoxazinone derivatives, are presented in a variety of pharmaceutical compounds and bioactive 

molecules like dopamine agonist activity, antimycobacterial, and intracellular calcium antagonist 

[1]. In addition to the medicinal applications, benzoxazinones have been used as dyes and key 

intermediates in the synthesis of organic semiconductors [2]. These compounds are also used in the 

agricultural sector as herbicides [3]. The synthesis and development of fluorescent organic 

compounds have always been considered by many scientists due to their technological applications 

[4-8]. On the other hand, organic supercapacitors as high-efficient and cost-effective electrochemical 

energy storage devices, have drawn most attention due to their unique features including eco-

friendly, abundant, and simple principle [9]. 1,2,4,5-tetraarylimidazoles, which can be prepared via 

four-component condensation of 1,2-diketones, aryl aldehydes, primary amines, and ammonium 

acetate, are an important part of many bioactive molecules, conjugated and fluorescent materials, 

and metal-coordinating ligands [10,11]. Herein we report the design and synthesis of new 

polysubstituted imidazole linked benzoxazinone derivatives with related o-aminophenols and 

dimethyl acetylenedicarboxylate. The newly synthesized compounds were evaluated in view of 

optical and electrochemical properties. 
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2. Experimental Section 

2.1. General procedure for the preparation of benzoxazinone compounds (4a,b) 

A mixture of polysubstituted imidazole linked o-Aminophenols (3a,b) (1.0 mmol), and dimethyl 

acetylenedicarboxylate (1.0 mmol) in EtOH (5 mL) was stirred at room temperature. After 1 h, the 

solid product was separated, washed with EtOH, dried, and the desired products were obtained 

without further purification. 

3. Results and Discussion 

The starting materials, polysubstituted imidazole-based phenols 1a,b were prepared by four-

component reaction of benzil, ammonium acetate, p-aminophenol, and benzaldehyde derivatives in 

the presence of p-toluene sulfonic acid as catalyst [12]. Nitration of this compounds with nitric acid 

in acetic acid gave o-nitrophenols 2a,b [13]. Iron in acetic acid and ethanol was then used to reduce 

the obtained compounds to give the corresponding o-aminophenols 3a,b [13]. In the following, o-

aminophenol compounds were treated with dimethyl acetylenedicarboxylate at room temprature in 

EtOH and benzoxazinone products 4a,b  were obtained in good yields (Scheme 1). 

 
Scheme 1: Synthesis of benzoxazinone compounds 4a,b 

UV-Vis spectra of the synthesized molecules in ethanol (10-5 M) were studied. These compounds 

show an intense absorption band with a λmax  about 280 nm, corresponding to strong π-π* transitions. 
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The fluorescence properties of the synthesized molecules were also showed the intense emission of 

blue light at about 390 nm (Figure 1). The emission quantum yields were also calculated using 

naphthalene as a standard (Φ = 0.23) and Maximum quantum yield is related to derivative 4b (0.31). 

 

Figure 1. Fluorescence spectra of compouds 1a, 2a, 3a, and 4a. 

The electrochemical performance of 4a/AC supercapacitor in a two-electrode cell assembly with 

KOH (6 M) as electrolyte was evaluated at room temperature (Figure 2). 

  

Figure 2. CV, GCD, and EIS curves using KOH (6 M) as electrolyte. 
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 The specific capacitance obtained from CV curves of  4a at scan rates of 10 mV s− 1 was calculated 

120.4  F g− 1. In addition, according to Figure 2(a), the capacitances decrease with increasing 

scan rates. 

Figure 4(b) shows the GCD curves for AC-based supercapacitor. In the GCD curves, the IR  drop at 

the beginning of the discharge voltage indicates the internal resistance of the capacitors. As expected, 

the charge/discharge time decreased with increasing current density. As seen in Figure 2 (c) for 

sample 4a/AC, the semicircle that 

appears at high frequencies is related 

to the charge transfer resistance (Rct) at the 

current collector/electrolyte 

interface, and the curve observed at low 

frequencies was associated with ions penetration resistance path. 

 

Conclusion 

In conclusion, a mild and efficient approach for synthesizing polysubstituted imidazole-baseds 

benzoxazinones has been successfully developed. The optical properties of all newly synthesized 

compounds were also investigated. As expected, among the synthesized compounds, the highest 

quantum yield (0.31) is related to benzoxazinone compound 4b. Electrochemical behaviors of the 

newly synthesized compounds were also investigated and the capacitances decrease  (120.4-82.3 

F/g) with increasing scan rates (10-100 mV/s). 
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Abstract 

In this research, a series of ethyl ortho-hydroxy cinnamate based on polyarylimidazole were 

prepared through Wittig reaction. The SN2 reaction on the hydroxy group with ethyl bromoacetate 

in the presence of K2CO3 to give the ether intermediate, was subsequently followed by an 

intramolecular Michael addition to produce dihydrobenzofuran derivatives. Oxidative 

dehydrogenation of the dihydrobenzofuran derivative was carried out with N-chlorosuccinimide in 

CCl4, to give target benzofuran products. The newly synthesized compounds were confirmed by 

spectroscopic techniques, and their absorption and emission properties were recorded at a 

concentration of 10-5 M in ethanol and their emission quantum yields were calculated.  

1. Introduction 

Benzofuran is found in so many bioactive natural and synthetic chemicals. The significant uses of 

benzofuran derivatives in polymers, agriculture, and pharmaceuticals have attracted a lot of interest 
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[1-3]. The numerous drugs with properties such as antidepressants, antibacterial, antitumors, anti-

inflammatory, and anticonvulsants, have benzofuran moiety in their structures [4-6]. The synthesis 

of highly fluorescent organic compounds with extended π conjugation has attracted the attention of 

researchers due to their many advantages and potential applications [7,8]. Oxygen-containing 

heterocyclic rings also exhibit very interesting optical properties [7]. The data from the literature 

and reaserch studies show that benzofuran derivatives are chromophores with good quantum yields, 

intense photoluminescence, beneficial electrochemical behaviors, thermal stability and blue-light 

emitting [9-12]. On the other hand, polysubstituted imidazoles have attracted the attention of many 

chemists due to their medicinal and luminescence properties [13]. These types of compounds are 

used in the preparation of organic light-emitting diodes (OLEDs), fluorescence probes, biological 

imaging, and also in the synthesis of drugs that act as anti-cancer, anti-allergic, anti-pain, and anti-

fungal drugs [8]. Herein we report the design and synthesis of new benzofuran derivatives based on 

polysubstituted imidazole which have optical properties. 

2. Experimental Section 

2.1. General procedure for the synthesis of ethyl trans 2-hydroxy cinnamate derivatives based 

on polysubstituted imidazole compounds (2a-g) 

A mixture of polysubstituted imidazole based on salicyaldehyde (2.5 mmol), phosphonium bromide 

salt (3.75 mmol) and pottasium carbonate (3.75 mmol) in DMF (3 mL) was stirred at room 

temperature for 2 hours. the solid product was separated after adding the water, washed with water, 

dried, and the desired products were obtained without further purification. 

2.2. General procedure for the synthesis of ethyl (E)-3-(2-(2-ethoxy-2-

oxoethoxy)phenyl)acrylate derivatives based on polysubstituted imidazole compounds (3a-g) 
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A mixture of Ethyl bromoacetate (2.5 mmol) and pottasium carbonate (3.5 mmol) was stirred at    60 

oC for 3 hours. The solid product was separated after adding the water, washed with water, dried, 

and the desired products were obtained without further purification. 

2.3. General procedure for the synthesis of dihydrobenzofuran derivatives (4a-g) 

A mixture of 2a (1.5 mmol), pottasium carbonate (5.25 mmol) ) in DMF (3 ml) was stirred at            

100 oC for 4 hours. Then Then, water was added to the reaction mixture and neutralized with several 

drops of hydrochloric acid solution. purification of the crude by column chromatography using n-

hexane/EtOAc mixture, afforded the desired product 3a in pure form. 

2.4. General procedure for the synthesis of benzofuran derivatives (5a-g) 

A mixture of 3a (0.25 mmol) and NCS (0.5 mmol) in CCl4 (2 ml) was stirred at room temperature 

for 5 hours After the completion of reaction as indicated by TLC, solvent was evaporated under 

reduced pressure The crude product purified by column chromatography using n-hexane/EtOAc 

(7:3) mixture afforded the desired product 4a in pure form. 

3. Results and Discussion 

Deraivatives of Ethyl 2- hydroxycinnamtes 2a-g were prepared with the Wittig reaction between 

correspounding salicylaldehydes 1a-g and phosphonium bromide salt. Then the SN2 reaction on the 

hydroxy group with ethylbromoacetate gave ethers 3a-g, An intramolecular Michael addition and 

cyclization at 100 oC resulted in the formation of dihydrobenzofuran derivatives 4a-g. Oxidative 

dehydrogenation of the dihydrobenzofuran derivatives were carried out with N-chlorosuccinimide 

in CCl4, to produce the target benzofuran 5a-g (Scheme 1).  
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Scheme 1: synthesis steps of compounds 4a 

UV-Vis spectra of the synthesized molecules in ethanol (10-5 M) were studied. These compounds 

show an intense absorption band with a λmax about 280 nm, corresponding to strong π-π* transitions. 

The fluorescence properties of the synthesized molecules were also showed the intense emission of 

blue light at about 382 nm (Figure 1). The emission quantum yields were also calculated using 

naphthalene as a standard (Φ = 0.23) and Maximum quantum yield is related to derivative 5a (0.54). 

 

Figure 1. Fluorescence spectra of compouds 2a, 3a, 4a, and 5a. 
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In conclusion, a mild and efficient approach for synthesizing benzofuran based on polysubstituted 

imidazole has been successfully developed. The optical properties of all newly synthesized 

compounds were also investigated. As expected, among the synthesized compounds, the highest 

quantum yield (0.54) is related to benzofuran compound 5a. 
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1. Introduction 

Over the past years, uracil and its derivatives such as pyrido[2,3-d]pyrimidines have attracted 

attention due to their numerous biological activities such as antibacterial, anti-allergic and 

antimicrobial. On the other hand, nowadays, cancer causes more deaths than other diseases. For this 

reason, in this article, we present a compound of these derivatives in order to investigate their anti-

cancer behavior through computational methods. 
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2. Method 

2.1. Synthesis of tetrahydropyrido[2,3-d]pyrimidine derivative (4b, Ar = 3-NO2C6H4) 

The investigated compound was synthesized and characterized according to a previous paper [1]. 

 

2.2. Computational methods 

Using the computational method of density functional theory (DFT), structural information, stability, 

and biological properties, as well as active sites on a compound for interaction with biological 

macromolecules can be investigated. The synthesized compound was analyzed using DFT 

calculations with the B3LYP functional method using the Gaussian 09W software package. DFT 

settings were selected using GaussView 6.0 software and the resulting file was used as input for 

structural optimization. The basis set used for all atoms is the 6-311g (d,p) basis set. On the other 

hand, a molecular docking simulation study was performed by AutoDock and AutoDock Tools 

software to investigate the anticancer property of the compound. Finally, the prediction of the 

pharmacological properties of the synthesized compound was performed by ADME-T analysis using 

OSIRIS DataWarrior 5.2.1 software. 

 

3. Results and Discussion  

The full geometry optimization of compound 4b was achieved using the DFT/B3LYP/6-311g (d,p) 

method. The optimized geometry of this compound shows that the electronic energy in the ground 

state is -1161.16 Hartree, and its configuration is shown in Figure 1(a). On the other hand, the 

molecular electrostatic potential (MEP) map of this compound is shown in Figure 1(b). The MEP 

map is a very important method to show the reactive sites on the compound for electrophilic and 

nucleophilic attack. The MEP map of compound 4b shows that the negative electrostatic potential 

(indicated by the red surface) is concentrated around the O1, O2, O3, O4, and N5 atoms, indicating 

that these regions are suitable targets for electrophilic reactions [2-5]. In addition, the positive 

electrostatic potential (blue surface) is concentrated on the hydrogens attached to N1, N2, and N4, 

indicating that these regions are ideal sites for nucleophilic reactions or biological interactions with 

macromolecules. The HOMO and LUMO molecular orbital analysis of compound 4b is shown in 

Figure 1(c). The obtained energy gap for this compound is 3.91 eV. A smaller energy gap between 

the HOMO and LUMO levels indicates higher chemical reactivity and biological activity, along with 

a decrease in the stability of a compound [6-8]. This energy gap indicates that compound 4b has 

high chemical reactivity and biological activity. For this reason, we performed molecular docking 

simulations of this compound with the target cell of breast cancer protein (PDB ID: 3HB5). 
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Figure 1. Optimized geometry (a), MEP map (b), and HOMO and LUMO surface (c) of the 

synthesized compound. 

 

The best binding position with the highest negative binding free energy (strongest binding affinity) 

was selected for docking analysis. According to docking simulations, compound 4b binds to the 

active site of breast cancer protein as shown in Figure 2. The binding affinity of this compound 

during interaction with breast cancer protein is -8.16 kcal/mol. Meanwhile, the binding affinity of 

cisplatin, a standard cancer drug, against this cancer cell was found to be -5.98. These results indicate 

that the synthesized compound has a higher binding affinity for breast cancer protein, which 

indicates a higher anticancer activity of this compound compared to cisplatin in terms of theoretical 

study. The best binding position of compound 4b in interaction with 3HB5 protein was analyzed to 

reveal the interactions involved, and the findings are shown in Figure 2. Finally, the analysis related 

to the prediction of the pharmacological properties of this compound was performed by ADME-T 

analysis. Predictions show that there are no tumorigenic and mutagenic effects for this compound. 

Therefore, according to the computational results obtained, compound 4b can be introduced as an 

effective agent on cancer cells and, it can be further analyzed for the in vitro analysis. 
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Figure 2. Docking simulation of compound 4b on breast cancer protein. 

 

4. Conclusion  

In this paper, a tetrahydropyrido[2,3-d]pyrimidine derivative was synthesized. Various 

computational methods including DFT, molecular docking simulation and prediction of drug 

properties, were used to investigate the biological properties of this compound. The electrostatic 

potential map of this compound showed active sites for nucleophilic and electrophilic reactions. The 

energy gap between the HOMO and LUMO orbitals indicated that compound 4b has high chemical 

reactivity and biological activity. On the other hand, the prediction of drug effects showed that there 

are no tumorigenic and gene mutagenic effects for this compound. According to the obtained results, 

it can be concluded that compound 4b is a bioactive compound and effectively binds to the active 
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site of breast cancer protein. Therefore, molecular docking simulation confirms the anticancer 

activity of this compound through its strong binding affinity to breast cancer protein. Given the 

promising computational results regarding the biological properties of this compound, laboratory 

methods can also be used to further investigate this compound. 
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Introduction 

Metal-organic frameworks (MOFs) are coordination polymers formed from metal ions and organic 

ligands, distinguished by their highly crystalline structures [1]. They can undergo “post-synthetic 

modification,” allowing for the adjustment of their properties by altering their linker or node 

components [2]. Recent developments have focused on MOFs’ luminescent properties for detecting 

metals, explosives, and small molecules, facilitated by their unique pore arrangements and functional 

groups. Zr-based UiO-66-NH2 stands out among MOFs due to its structural diversity, water stability, 

and biocompatibility, making it ideal for selective sensing of cations and anions. Its fluorescence, 

primarily from the linker, can be enhanced by modifying the amino group with different organic 

moieties. The use of 4-chloro-3-formylcoumarin as a modifier is based on its strong fluorescence 

and structural versatility, although few sensors utilizing this compound have been developed [3- 5]. 

Aluminum (III) ions (Al3+) are hazardous and linked to neurological damage and Alzheimer’s 

disease, prompting interest in MOF-based sensors for detection. Additionally, fluoride ions (F-) are 

crucial in biology and health, with their imbalances causing serious conditions, necessitating 

sensitive detection methods due to low tolerance levels [6, 7]. We present a novel fluorescent 

chemosensor by incorporating 4-chloro-3-formylcoumarin into UiO-66-NH2, aimed at enhancing 

sensing capabilities. 

Method 

All chemicals and solvents were acquired from Merck Company. Also, Fluorescence diagrams were 

composed with a Cary Eclipse Fluorescent Spectrophotometer.  

Synthesis of UiO-66-NH2 
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 UiO-66-NH2 was synthesized by dissolving ZrCl4 and 2-NH2-BDC in DMF, mixing the solutions, 

and heating the mixture in a Teflon-lined autoclave for 24 hours. After cooling, the product was 

centrifuged and washed with ethanol and acetone. 

Modification of UiO-66-NH2 

To modify UiO-66-NH2 was dispersed in ethanol, and 4-chloro-3-formylcoumarin was added to the 

upper solution. The mixture was refluxed, then centrifuged, washed, and dried to obtain UiO-66-N-

CC. 

Fluorescence Study 

The fluorescence response for the product was investigated by preparing stock solutions of various 

metal ions and anions from nitrate and sodium/potassium salts in double-distilled water. 

Results and Discussion 

Fluorescence response of UiO-66-N-CC  

To evaluate the performance of UiO-66-N-CC, its fluorescence spectra were analyzed with the 

addition of various ion solutions. A UiO-66-N-CC solution (0.02 g in 100 mL of ethanol) was excited 

at 300 nm, and fluorescence changes were recorded after adding 200 µL of different cations, 

including Ag+, K+, Pb2+, Hg2+, Cd2+, Ni2+, Ca2+, Cu2+, Mg2+, Mn2+, Co2+, Zn2+, Cr3+, and Al3+. 

Notably, the fluorescence emission increased with the addition of Al3+. The selectivity behavior of 

the chemosensor UiO-66-N-CC was evaluated for its ability to detect Al³⁺ ions in the presence of 

various common interfering metal ions. The resulting emission was measured to assess the sensor's 

selectivity. 

Conclusion 

In summary, a novel mesoporous sensing material, UiO-66-N-CC, was successfully designed and 

synthesized, demonstrating significant potential as a highly selective sensor for specific metal ions. 

The unique structural properties of UiO-66-N-CC contribute to its effectiveness, enabling it to 

selectively recognize Al³⁺ ions even in the presence of various competing ions. The calculated LOD 

for Al³⁺ was good, highlighting the material's sensitivity and capability for practical applications in 

detecting trace levels of this ion in complex mixtures. These findings highlight the potential for UiO-

66-N-CC to be employed in environmental monitoring, biomedical applications, and other fields 

where accurate detection of aluminum ions is crucial. 
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most important heterocyclic linkers such as benzoxazole, chromenoquinoline, dioxane, imidazole, 

imide, oxadiazole, pyrazine, quinoline, thiazole, triazine, benzofuran, phthalocyanine, 

imidazopyridine, carbamate and thienopyridine. Heterocyclic chemistry, as a main subset of organic 

chemistry, serves a crucial role in the pillars of life. As an illustration, the nucleobases in the double-

helix of DNA show the very important role of heterocyclic chemistry in our life. Also, heterocyclic 

molecules are frequently found in the main skeleton of other vital biomolecules such as RNA, 

proteins, enzymes, vitamins, chlorophyll and hemoglobin, which their proper functioning is 

necessary for our survival. Furthermore, heterocycle-based materials have an extended domain of 

applications in biological compounds, medicinal, functional materials, agriculture, sensors, energy 

storage, coordination chemistry, supramolecular chemistry, and catalyst. Therefore, it is not 

surprising that chemists have well understood their importance and have recently synthesized new 

COFs for different applications based on heterocycles which form during the linking of molecular 

building blocks [1-6]. 

In comparison with solo-bond formed COFs, heterocyclic-linked COFs have benefited from 

advanced linkages which give them new top-level standards such as superb complexity combined 

with adjustability, improved framework robustness, excellent structural periodicity and regularity, 

hydrogen bonding potentiality, functional diversity, exceptional porosity and crystallinity, post-

synthetic modification capability, prominent thermal and chemical stability, and proper specific 

surface area. Due to these outstanding merits, a diverse range of performances in catalysis and 

photocatalysis processes, sensing materials, separation processes, gas and energy storage and 

conversion, optoelectronic devices, CO2 photoreduction, environmental and contaminant 

remediation and drug delivery have been reported for them [7-8]. 

Despite the challenges ahead, such as the biodegradability and degradation mechanism in different 

chemical and environmental conditions, synthetic limitations of new methods, large-scale 

production for industrial and commercial purposes, and their usage for real applications, it is 

believed that the future is bright and these robust structures can find an excellent position in 

interdisciplinary sciences such as construction of bio-inspired and nature-mimicking molecular 

architectures and open a new window towards high-tech devices and technologies. 
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Scheme: The timeline of heterocyclic-linked COFs with representive linkages as well as their 

advantages and applications 

References:  

[1] O. M. Yaghi, J. Am. Chem. Soc. 138 (2016) 15507-15509. 

[2] A. P. Cote, A. I. Benin, N. W. Ockwig, M. O'Keeffe, A. J. Matzger, O. M. Yaghi, Science 310 

(2005) 1166-1170. 

[3] Z. Wang, S. Zhang, Y. Chen, Z. Zhang, S. Ma, Chem. Soc. Rev. 49 (2020) 708-735. 

[4] 16. W. Huang, W. Zhang, S. Yang, L. Wang, G. Yu, Small 20 (2023) 2308019. 

[5] S. Ibáñez, M. Poyatos, E. Peris, Acc. Chem. Res. 53 (2020) 1401-1413. 

[6] R. Nagarajan, C. Varadaraju, K. H. Lee, Dyes Pigm. 191 (2021) 109331-109420. 

[7] Q. Guan, L. L. Zhou, Y. B. Dong, J. Am. Chem. Soc. 145 )2023( 1475-1496. 

[8] X. Li, S. Cai, B. Sun, C. Yang, J. Zhang, Y. Liu, Matter 3 (2020) 1507-1540. 

 

 

 

 



779 

 

 

Synthesis of Novel Derivatives of Pyrimido[1,6-a]selenopheno[3,2-d]pyrimidine 

Amin Mirfarah, Ali Shiri* 

Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran 

* E-mail: alishiri@um.ac.ir 

Keyword: Selenophene, Pyrimidoselenophenopyrimidine, Heterocyclization 

 

Introduction: 

Selenophene and its derivatives are important heterocyclic compounds in medicinal chemistry due 

to their valuable pharmacological and biological activities such as antitumor [1], antibacterial [2], 

anticonvulsant [3], and antidepressant [4]. Selenophenopyrimidines are also another class of 

heterocyclic compounds with biological properties, particularly anticancer activity [5]. 

Method: 

Initially, 3-amino-2,4-dicyano-5-(pyrrolidin-1-yl)selenophene (1) was treated with 5-bromo-2,4-

dichloro-6-methylpyrimidine (2) in tert-butanol as solvent. Potassium tert-butoxide was added, and 

the mixture was heated under reflux conditions to prepare the corresponding compound (3). Then, 

compound (3) was reacted with different secondary amines in ethanol to form compounds 4(a-f). 

Eventually, the former compounds 4(a-f) were treated with sodiumamide in DMF to obtain the 

corresponding cyclic products 5(a-f) in good yields. 

Results and discussion: 

Our approach is based on using compound (1) as the starting material that was obtained via our 

previously published method [5]. In order to synthesize a novel heterocyclic system, compound (1) 

was reacted with 5-bromo-2,4-dichloro-6-methylpyrimidine (2) as a dielectrophile in the presence 

of t-BuOK/t-BuOH to give product (3). (Scheme 1) The IR spectrum as well as the 1H NMR and 13C 

NMR spectra revealed the formation of an uncyclized product. The occurrence of heterocyclizations 

was performed after the substitution of chlorine atoms with appropriate secondary amines through 

nucleophilic aromatic substitutions and then treatment with sodium amide as a strong base to prepare 

the potential pharmacologically active compounds 5(a-f).  
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Introduction 

In the late 1950s, studies on macroporous beads advanced for use as polymeric adsorbents, 

chromatographic media, and ion exchange resins. Porogens create porous structures, including 

solvating solvents, non-solvating solvents, and linear polymers. Linear polymers as porogens 

produce large pores (up to micrometer range) with high pore volume but low specific surface area 

(<10 m²/g). This study used suspension polymerization to produce porous particles (50–2000 

micrometers) with sizes influenced by monomer type, stabilizer concentration, and agitation 

intensity. 

Building on prior methods like group transfer polymerization and ATRP, this study utilized RAFT 

polymerization to synthesize linear polymers with precise molecular weight, composition, and 

structure. RAFT employs a chain transfer agent to achieve controlled polymerization, enabling 

tailored properties for specific applications. 

 

Experimental 

Synthesis of RAFT agent: The synthesis of 2-cyanoprop 2-yl dithiobenzoate (CPDB) involved 

three main steps. First, sodium dithiobenzoate was prepared by reacting sodium methoxide, sulfur, 

and benzyl chloride in methanol under nitrogen at 67 °C, followed by extraction and purification 

using diethyl ether, HCl, and NaOH washes. Second, di(thiobenzoyl) disulfide was synthesized by 

adding potassium hexacyanoferrate (III) solution to sodium dithiobenzoate, forming a pink 

precipitate that was washed and vacuum-dried. Finally, CPDB was obtained by reacting 

di(thiobenzoyl) disulfide with AIBN in ethyl acetate at 75 °C for 18 hours under nitrogen. The crude 

product was purified via column chromatography, yielding a red oily residue. 

Preparation of Polymeric Porogen: Linear polystyrene was synthesized by free radical 

polymerization and controlled radical polymerization (RAFT). A mixture of styrene, toluene, and 

benzoyl peroxide was refluxed for 7 hours. For the RAFT method, a combination of styrene, toluene, 
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AIBN initiator, and 2-cyano-2-propyl benzodithioate was refluxed for 7 hours under a nitrogen 

atmosphere. After the reactions were completed in both methods, methanol was added as a non-

solvent to precipitate the polymer. 

Preparation of Porous Beads: Distilled water, polyvinyl alcohol, and calcium chloride were mixed 

and placed on a magnetic stirrer. Subsequently, the organic phase containing styrene and 

divinylbenzene as monomers, polystyrene as a porogen, toluene, and AIBN were added. The 

reaction mixture was stirred for 9 hours at 80°C. 

 

Results and discussion 

We employed gel permeation chromatography (GPC) to determine the molecular weight of the 

synthesized polymer. This technique enables precise analysis of the polymer's molecular weight 

distribution, offering valuable insights into its structural characteristics and suitability for specific 

applications. GPC indicated that the average molecular weight of the synthesized polystyrene was 

2885 g/mol (Figure 1). 

After suspension polymerization, the synthesized beads were analyzed with a scanning electron 

microscope, exposing significant pores within the structure (Figure 2). 

                 

Fig 1) The distribution curve of the                                                Fig 2) SEM micrographs of the 

porous polymer beads. 

polystyrene prepared via RAFT polymerization. 
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Abstract 

The synthesis of environmentally benign catalysts capable of being recovered and reused is a critical 

objective in advancing green chemistry practices within organic synthesis.1 This reaction is an 

efficient method for constructing complex organic molecules, including natural product.2 The Suzuki 

reaction is a versatile palladium-catalyzed cross-coupling reaction widely employed in organic 

synthesis for the efficient and selective formation of C-C bonds  . This reaction is based on 

phenylboronic acid and aryl halide, utilizing catalytic amounts of palladium complexes under mild 

reaction conditions. In this study, amino palladium catalyst supported on biochar with high specific 

surface area and chemical stability was synthesized first  . The synthesis of biphenyl derivatives was 

carried out using an efficient and recyclable catalyst, which was easily separable and significantly 

improved the reaction yield. (Scheme1) 

 

 

 

   Scheme1: Carbon–carbon coupling reaction of aryl halides with PhB(OH)2  in the presence of 

Amino-palladium/biochar 
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Abstract 

The increasing concentration of CO2 in the atmosphere represents a significant environmental 

challenge, contributing to global warming and climate change. Nevertheless, the CO2 fixation into 

cyclic compounds, such as cyclic carbonates, offers a promising strategy to both reduce atmospheric 

CO2 levels and produce valuable chemicals for industrial applications. Herein, a new nanocomposite 

was synthesized via the immobilization of mono-substituted vanadium polyoxometalate 

([VW12O40]
3-]) in the scaffold of Ni0.75Fe0.25(CO3)0.125(OH)2.0.38H2O layered double hydroxide 

(LDH) to enhance the catalytic efficiency and selectivity of CO2 conversion under mild reaction 

conditions. Various techniques were employed to investigate the characteristics of the intercalated 

polyoxometalate clusters in the layers of NiFe LDH in detail, including FT-IR, UV-vis, XRD, FE-

SEM, and EDX. The VW12O40/LDH nanocatalyst demonstrates a significant capability in facilitating 

the cycloaddition reaction of CO2 with epoxides in a solvent-free condition in the presence/absence 

of tetra-n-butylammonium bromide (TBAB) as a co-catalyst. Upon determining the optimal reaction 

parameters (model substrate = 228 μL), VW12O40/LDH nanocatalyst (10 mg), TBAB (3 mg), CO2 

(1 bar), temperature (70 °C), time (3 h)), five-membered cyclic carbonates derivatives were 

synthesized with an impressive yield ranging from 93% to 99%. 
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Abstract: 

Carbon dioxide (CO2) plays a crucial role in the two life cycle processes in Nature, namely 

photosynthesis-cellular respiration. These two processes exchange oxygen and carbon dioxide 

between living organisms and the environment. Photosynthesis and cellular respiration represent one 

of the most authentic and sustainable systems in Nature. However, human activities have increased 

the concentration of carbon dioxide in the atmosphere by about 40% since the Industrial Revolution. 

This disruption of the natural process has caused significant and irreparable damage to sustainable 

development worldwide. In 2023, official reports indicated that Iran produced and emitted over 20 

billion tons of carbon dioxide. It is estimated that from the 71 billion cubic meters of gas consumed 

in power plants, approximately 118 billion kilograms, or 118 million tons, of carbon dioxide are 

released into the atmosphere annually. The economic value of this amount of carbon dioxide is 

almost equivalent to the total export of Iranian petrochemical products, which is $11.8 billion. 

Carbon dioxide is a crucial chemical compound with numerous applications across various 

industries, including food, chemicals, petrochemicals, pharmaceuticals, construction, refrigeration, 

and particularly in enhancing oil recovery (CO2-EOR). Iran, with about 10 and 18 percent of the 

world's total oil and gas reserves, should make the chemical and petrochemical industries the main 

axis of the country's economic development. In this presentation, the status of carbon dioxide in Iran 

will be introduced, along with its management, applications, and optimal conversion into high-value-

added products. 

Keywords: Carbon dioxide, Photosynthesis, Cellular respiration, Iranian petrochemical products. 
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Introduction  

In recent years, there has been a growing interest in photocatalytic technologies that utilize 

semiconductors and photosensitizers responsive to visible light, primarily due to their potential 
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applications in energy and environmental fields. Among the various photocatalysts that have 

emerged, non-metal photocatalysts, particularly anthraquinones (AQs), have gained considerable 

attention. AQs act as redox-active electron transfer mediators and photochemically active organic 

photosensitizers, effectively mitigating common challenges associated with traditional 

semiconductors, such as limited light utilization and poor carrier separation efficiency. The 

advantages of AQs include their abundant raw material availability, controllable synthesis processes, 

impressive electron transfer properties, and photosensitivity, making them suitable for applications 

in energy, medicine, and environmental management. For photocatalytic technology to be effective, 

ideal photocatalytic materials should be low-cost, non-toxic, sourced from abundant materials, 

highly efficient, stable, easily separable and recoverable, and capable of efficiently absorbing visible 

light. While noble metals like platinum and ruthenium exhibit excellent catalytic activity, their 

practical use is hindered due to their high costs and limited availability of raw materials. In contrast, 

AQs are recognized for their exceptional electron transfer capabilities, serving as redox mediators 

that enhance the anaerobic bioreduction of heavy metals and organic contaminants. Stilbenes or 

stilbenoids have various applications in pharmaceuticals, food preservatives, and food additives.The 

most recognized stilbenoid is resveratrol, but other noteworthy compounds include astringin and 

isorhapontin, which are derived from forest biomass and present opportunities for new product 

development. Stilbenes exist predominantly as trans isomers due to their greater thermodynamic 

stability, although trans-stilbenes can convert to the cis form under specific conditions, such as light 

irradiation. This study explores the effectiveness of an anthraquinone-based homogeneous 

photocatalyst for facilitating the photoisomerization of trans-stilbene to cis-stilbene under visible 

light without the use of an oxidant.1–3 

Method 

In a test tube and under the Ar atmosphere, Dry DMF as solvent was added to a mixture of 

photocatalyst (0.03g,0.04 mmol) and trans stilbene  (0.1 mmol, 0.0180g). Then, the test tube 

containing the reaction mixture was placed inside the hand-made photoreactor , and irradiated by 

Blue LED lights from the bottom. After 24 h the mixture was extracted with EtOAc and H2O (3:1). 

The combined organic layers were washed with brine and dried over Na2SO4.  

Results and Discussion 

Initially, we successfully synthesized the photocatalyst (PC) utilizing anthraquinone derivatives. 

Following the successful organic synthesis of the photocatalyst, we proceeded to employ it in a 

photoisomerization process. Both trans and cis stilbene are thermodynamically stable molecules, 

with the trans isomer exhibiting a slightly lower energy state by approximately 4.6 kcal/mol. 

Notably, the internal rotation (isomerization) barrier for stilbene is 48.3 kcal/mol. This substantial 

energy barrier hinders any isomerization around the double bond in the ground state; however, the 

photoisomerization from trans to cis has been widely studied. In the excited state, the lowest energy 

configuration of stilbene adopts a twisted conformation, characterized by a minimal barrier for 

internal rotation between the trans and twisted forms. By leveraging a homogeneous organic 

photocatalyst, we successfully surmounted this energy barrier, facilitating the conversion of trans 

stilbene to cis stilbene when exposed to blue light in the presence of the polar, aprotic solvent Dry 

DMF.( Scheme 1) 
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Scheme 1: Photoisomerization of trance stilbene 
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One of the primary objectives in organic and medicinal chemistry is to design and synthesis 

significant bioactive molecules. Isoxazoles, a category of heterocyclic compounds, are prevalent in 

various medications and are also found in nature. These compounds demonstrate a broad spectrum 

of biological activities, such as antimicrobial, anticancer, antiviral, and anti-inflammatory effects [1-

3]. 

Also, ultrasound irradiation has emerged as an efficient energy source for organic synthesis, 

facilitating multicomponent reactions while improving reaction rates and yields [4,5]. 

 

Results and Discussion 

Here, considering our interest in the synthesis of organic compounds with the help of ultrasound we 

report the synthesis of isoxazolo[5,4-b]pyridines from by one-pot reaction of different combinations 

with 5-amino isoxazoles. We conducted three different studies in this field, all of which utilized 

enamine 5-amino isoxazoles and ultrasound irradiation. 

In the first study, we commenced our exploration with the synthesis of intermediate 2-(2-oxo-2-

arylethylidene)malononitrile A as a multifunctional synthon via the Knoevenagel condensation of 

phenylglyoxal and malononitrile in AcOH in the ultrasound irradiation and the reaction was 

completed after 20 min. The intermediate A was formed as a red liquid in solvent. In the next step, 

without further purification within a one-pot sequential process, elemental 5-amino-3-

phenylisoxazole was added to the reaction mixture Interestingly, the intermediate A was consumed 

in 25 min under ultrasound irradiation and the reaction yielded a good amount 73% of the desired 

product. Also, in subsequent research, we synthesized intermediates 1,3-dimethyl-5-(2-oxo-2 

arylethylidene)pyrimidine-2,4,6(1H,3H,5H)-trione and 2-(1,3-dioxo-1H-indene-2(3H)-

ylidene)malononitrile from the reaction of arylglyoxal and barbituric acid, as well as ninhydrin and 

malononitrile. And we succeeded in synthesizing hybrid heterocyclic compounds pyrido[2,3-

d]pyrimidines-fused isoxazoles and isoxazolo-fused indenopyridine using ultrasound irradiation. 



790 

 

 

 

Scheme: synthesis of heterocyclic and heterocyclic hybrid isoxazolo[5,4-b]pyridines via 

multicomponent reactions 
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Abstract 

Covalent organic frameworks (COFs), constructed by organic building blocks, to make two and 

three dimensional geometry  and are assembled with light elements (such as B, N, C, O) that are 

connected via strong covalent bonds [1]. On the other hand, N-heterocyclic compounds as important 

classes of natural and synthetics organic materials, have numerous biological activities [2]. Among 

N-heterocyclic compounds, 1,5-dihydro-2H-pyrrol-2-ones assuredly have considerable potential 

application in pharmaceutical industries and bioactive natural products owing to their notable 

biological properties such as anti-cancer, anti-tumor, anti-biotic and anti-diabetic [3]. In this study, 

we synthesized 1,5-dihydro-2H-pyrrol-2-one derivatives via multicomponent cyclo-condensation 

reaction of aldehydes, aryl amines and ethyl pyruvate as starting materials by using COF-SO3H as 

heterogeneous active catalyst under mild reaction condition with excellent yields (Scheme 1). The 

synthesized pyrrol-2-one derivatives were characterized by using FT-IR and NMR analyses. 

 

Scheme 1: Application of COF-SO3H as a catalyst for preparation of 1,5-dihydro-2H-pyrrol-2-one 

derivatives  
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Abstract 

Licorice root has been used as a medicinal plant in Europe since prehistoric times, and the therapeutic 

use of the dried roots of different licorice varieties dates back to ancient Greece. According to in 

vitro and in vivo and clinical researches, several valuable medicinal properties such as anticancer, 

antiviral, strengthening the body's immune system, detoxification, sedative, treatment of digestive 

diseases, liver diseases treatment, treatment of heart diseases, atherosclerosis problems, and several 

other curative results have been confirmed. The purpose of the literature review is to investigate the 

effectiveness and safety of licorice derivatives in acne and rosacea, which may be useful for clinical 

trials on the dermatological effects of licorice and the development of complementary medicine in 

the future. 

Keywords: Licorice, Acne, Rosacea, Anti-androgenic activities 

 

Introduction 

Licorice is one of the oldest medicinal plants that both its name and the plant have ancient 

origins. The records of its cultivation go back to the third century, that is, during the time of the 

Greeks and Romans era. Although at that time it was possible to extract from the plant's roots, its 

medicinal and commercial importance was understood. Licorice species are native to the 

Mediterranean and certain regions of Asia and are nowadays cultivated all over Asia and Europe. 

Glycyrrhiza species belongs to the Leguminosae family, which includes about 30 different species, 

including G. glabra, G. uralensis, G. inflata, G. eurycarpa, G. aspera and G. korshinskyi. Today, the 

development of technology practically led to the chemical analysis of its compounds, including the 

successful identification of the active ingredients like glycyrrhizin, chalcone, and glabridin, which 

made its medicinal importance known in more detail. Licorice contains more than 20 triterpenoids 

and approximately 300 flavonoids and is commonly used to treat some diseases.  

Among its important active ingredients, it is a medicinal substance that is often used in 

clinical diseases. Chalcones are one of the main classes of flavonoids, which have various biological 

effects and are widely present in nature. Today, 42 chalcones have been identified in licorice, and 

play a key role in the licorice pharmacological effects. These compounds have many biological 

activities, including anticancer, anti-inflammatory, antiallergic, antibacterial, antioxidant, antiviral, 

antidiabetic, anti-depressant, hepatoprotective, etc. In the present century, licorice extract has found 

many uses, it is used as a flavoring, sweetener and as an effective medicinal ingredient. Glycyrrhizin 

is one of the sweetest compounds known, 60 times sweeter than sugarcane sugar. In addition, since 

ancient times, the dried roots and rhizomes of many licorice species have been used as medicinal 

plants. 

Some useful medicinal properties include anti-cancer, anti-viral, strengthening the immune 

system, detoxifying, sedating, treating digestive diseases, liver diseases, treating heart disease, 

atherosclerosis, and many other medicinal effects based on in vitro, in vivo, and animals and human 

studies have been confirmed. 

The first licorice was mentioned in the “The Code of Humnubari” around 2000 BC and the Assyrians 

made herbal pills from it. Ancient Egyptians used licorice to make sweet drinks.To quench thirst, 
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soldiers used licorice extract on the battlefield. Records of the development of licorice's medicinal 

use date back to 500 BC. At that time this plant was called the grandfather of herbs. Hippocrates 

(460-370 BC), the father of medicine, discovered that licorice was an effective treatment for 

controlling ulcers and quenching thirst. Theophrastus (372-287 BC), a Greek botanist, in his book 

Historia Plantarum, called licorice sweet root and described its uses for coughs, asthma, and 

respiratory diseases. Pedanius Dioscorides (40-90 AD), a Roman physician and author of the 

Medicinal herbs Pharmacopoeia de Materia Medica, classified plants based on their nutritional and 

medicinal purposes.  

Pliny the Great (23-79 AD(, author of Naturalis Historia, described the medicinal uses of licorice for 

clearing the voice, suppressing coughs, alleviating asthma and digestive problems. Avicenna (c. 980-

c. 1037), was a great polymath, who wrote very famous medical textbooks of his time, The Canon 

of Medicine and The Book of Healing. In the Canon of Medicine book, Ibn Sina considered licorice 

to be a medicine for wounds and ulcers. 

Carl Linnaeus (c. 1707–c. 1778) first recognized three species of licorice, G. glabra, G. echinata, 

and G. hirsuta. Bolognese jurist Pietro de Crescenzi (c. 1230–c. 1320), an important historical figure 

and author of Ruralia commode or Liber ruralium commodorum, first documented the cultivation of 

licorice.  

 

Figure 1. Historical Development of Licorice. 

 

Theophrastus is the first source of information about the use of licorice for the treatment of skin 

lesions, This source states that the use of licorice can help with skin problems,and he also found the 

prescription of licorice in honey to be useful for treating wounds.  
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In the current century, according to Ibn al-Bithaar, Dioscorides, its use is useful for the treatment of 

granulomas at the base of fingernails and toenails and foot ulcers. In his book of law, Ibn Sina 

considered licorice to be a medicine for wounds and ulcers. 

The purpose of this review is to discuss the medical efficacy and safety of licorice in dermatology, 

which may help in the future clinical research and complementary medicine development of this 

plant in the field of dermatology. To date, 554 medicines containing licorice have been approved by 

the Chinese Food and Drug Administration. 

Materials and methods  

Data used in this study obtained from Springer, Hindawi, PubMed, ScienceDirect, Google 

Scholar, and other scientific sources. The data for this current study were collected, interpreted, and 

presented using keywords. This study paid more attention to the benefits of licorice in dermatology 

and did not include irrelevant papers. This review article discusses the medical efficacy and safety 

of Glycyrrhiza species in dermatology, and also mentions related research papers and their results. 

Pharmacognosy 

Licorice is a widely distributed herbaceous perennial shrub that reaches up to 2.5 meters in height. 

The leaves are compound and have four to seven pairs of leaflets and one terminal leaflet. The 

flowers are irregular and in yellow, purple or purple colors and in a complex form at the end of the 

flowering stems that are placed in the hermaphrodite inflorescence. 

The fruit is two to three centimeters long and date-colored. The sides of the fruit are narrow and 

more or less pointed. Inside the fruit there are three to five rectangular brown beans. The genus 

Glycyrrhiza are able to fix nitrogen through symbiosis with rhizobium on the root surface, and are 

suitable for sandy and clay soils, but prefer moist soils. The healing activity of G. glabra have been 

well documented since ancient Egypt. The most consumed part of licorice is the roots and its leaves 

are agricultural waste. However, in the recent years, the studies of phytochemical compounds of G. 

glabra leaves show that similar to the roots, although in lower amounts, certain compounds are 

present in the leaves. 

Phytochemistry 

To date, more than 400 phytochemicals have been identified in the Glycyrrhiza genus.These 

molecules can be classified as saponins, flavonoids, chromenes, coumarins, dihydroxyacetone, 

coumestans, benzofurans, and dihydrophenanthrene among these, flavonoids and triterpenoid 

saponins are abundant in licorice roots and rhizomes. Licorice root has 50% dry weight and 5% to 

15% metabolites and water-soluble sugars (glucose, sucrose and mannitol), 25 to 30% starch, 10% 

to 16% glycyrrhizin, 1% to 2% amines. asparagine, betaine and choline) and sterols (stigmasterol 

and beta-sitosterol). Glycyrrhizin (glycyrrhizic acid, glycyrrhizic acid) licorice root extract accounts 

for 10-25% and is considered  the main active ingredient. Glycyrrhizin is a saponin ingredient 

consisting of a triterpenoid aglycone, glycyrrhetic acid (glycyrrhetinic acid, Enoxolone) conjugated 

to the disaccharide glucuronic acid. Both glycyrrhizin and glycyrrhetic acid can exist in 18α and 18β 

stereoisomers. 

Flavonoids, which are liquiritin, isoliquiritin, liquiritigenin, and rhamnoliquiritin, and five new 

flavonoids, including glucoliquiritin, Liquiritin apioside, prenyllicoflavone A, shinflavanone, 

shinpterocarpin, and 1‐methoxyphaseolin isolated from the dried roots.  
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Although the roots are the most commonly used part, phytochemical studies have also been 

conducted on the leaves, which are considered agricultural chemical waste. The studies showed that 

certain compounds in the roots are also detected in the leaves of G. glabra to a lesser extent. In 

general, alkaloids and tannins were not detected. The flavonoid and saponin compounds of G. glabra, 

G. inflata and G. uralensis species have cosmetic effects that some studies focused on them and their 

biological activities (Figure 1). 

Flavonoids 

Around 300 flavonoid ingredients have been isolated from licorice species.Flavonoids,made up of 

two benzene rings (ring A and ring B) via a  C ring creating a tricarbon chain, are divided into 

flavonols, flavones, flavanones, flavanols, dihydroflavones, chalcones, isoflavones, depending on 

the position of ring C, its degree of oxidation and the connection site of ring B. Different types of 

flavonoids are isolated from G. glabra, G. uralensis and G. inflata. Flavonoids have been studied as 

cosmetically active ingredients such as flavonone, flavonol, flavone, isoflavone, isoflavones, 

isoflavones and chalcones. The flavonoids that have been investigated are those that exhibit cosmetic 

activities such as flavonones, flavonols, flavones, isoflavones, isoflavones, Isoflavones, and 

chalcones.Liquiritin is one of the most important flavonoids that is a phytochemical indicator of 

medicinal licorice species. Liquiritigenin is another flavonoid extract from Glycyrrhiza uralensis 

that has various medicinal properties, including antioxidant, anti-inflammatory, antibacterial and 

anti-aging effects. Pinocembrin and liquiritin apioside also related to the class of flavanones. Other 

flavonols include kaempferol, protensein and the flavone chrysoriol. 

phytochemicaly, glabrin is a common isoflavone compound in G. glabra and accounts for 11% of 

the total flavonoid content. With glabidine, hispaglabrin A, glyaspirin C, glyaspirin D and 3-

hydroxy-40-O-methylglabrin. From a phytochemical perspective, glabrin is a common isoflavone 

compound G. Glabra and with glabidine, hispaglabrin A , glyaspirin C, glyaspirin D and 3-hydroxy-

40-O-methylglabrin accounts for 11 of the total flavonoid content.  

Licorice isoflavones such as glabrin, dehydroglyaspirin C, dehydroglyaspirin D, isoflavones such as 

glycyrrhizoflavone, hemiquaisoflavone B, alloliquiisoflavone B, isoangstone A, and formonontin, 

as well as isoflavanones such as dihydroidzein and glycyrrhizinone have been investigated for 

cosmetic properties (Figure 2). 

 

 

 



796 

 

Figure2. Cosmetic applications of licorice isoflavones. 

Chalcone has been reported frequently in licorice root. In this study the activities of isolico-ritigenin, 

isolicoritin, licochalcone A , licochalcone B, eicochalcone C, licochalcone D derivatives from 

Glycyrrhiza spp were discussed as effective ingredients for Cosmeceuticals formulation. Also, 

dibenzoylmethane, a structural analogue of curcumin (diferroylmethane), has been investigated for 

its cosmetic use. Among the flavonoids mentioned earlier, the main active ingredients of Glycyrrhiza 

licoricetin and isolicouritin are glycosides. Pharmacological properties of chalcones and their 

derivatives are mentioned in Figure 3. 

 

 

Figure 3. Pharmacological properties of chalcones and their derivatives 

 

Saponins 

More than 70 saponins have been recognized in licorice roots and their structures have been 

demonstrated in a recent study. Glycyrrhizinic acid or its salt, glycyrrhizin, has been reported as the 

major secondary metabolite that exists in Glycyrrhiza species. The main and abundant active 

cosmeceutical ingredients in the root of the plant are glycyrrhizin and glycyrrhetic acid.Glycyrrhetic 

acid exists as two isomers: the 18α form and the 18β form. As a sweetener, glycyrrhizin has been 

reported to be 30 to 50 times sweeter than sucrose.Glycyrrhizal saponins, which are composed of 

aglycone and half sugar, can be classified into several categories, in which glucuronic acid, glucose, 

rhamnose are the main characteristic parts of the sugar part. Licorice saponin G2 (also known as 24-

hydroxyglycyrrhizin) is shown below (Figure 4). 
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Figure 4. Licorice triterpenoids used in the cosmetic industry as active ingredients. 

 

Polysaccharides 

Among the biologically active components of glycyrrhiza plants, glycyrrhiza polysaccharides are 

more important.A recent report on their isolation, structural characterization, and biological 

activities. They are heteropolysaccharides mainly composed of arabinose, glucose, galactose, 

rhamnose, mannose, xylose, and galactronic acid in different ratios and types of glycosidic bonds. 

A preliminary research of the moisturizing capacity of polysaccharides showed that their water-

holding capacity was greater than that of glycerol solutions, suggesting their potential for use as a 

moisturizing products in cosmetics. 

 

Acne Vulgaris 

Acne vulgaris, an acute multifactorial inflammatory disease, affects the pilosebaceous unit in the 

skin. This disease is usually seen in an area with high-density pilosebaceous units (face, neck, upper 

chest, shoulders, and back) and the presence of seborrhea, non-inflammatory lesions (open 

comedones or blackheads, and closed comedones or whiteheads), Inflammatory lesions (papules and 

pustules), and different degrees of scarring. The pathogenesis of acne includes the interaction 

between four main factors, including hypersborrhoea (excess production of sebum) by some 

androgens and changes in the fatty acid composition of sebum, hyperkeratinization in the follicle 

that leads to the formation of keratin plug (micro-comedone), colonization of the pilosebaceous unit. 

Acne is caused by Cutibacterium acnes (Propionibacterium acnes). Colony of Cutibacterium acnes 

(air-tolerant anaerobic bacteria) and the release of inflammatory mediators in response to the 

presence of Cutibacterium acnes, it was shown that Staphylococcus epidermidis (a facultative 

anaerobic bacterium) also plays a beneficial role by limiting the colonization of Cutibacterium acnes 

and inflammation. Licorice extract has anti-androgenic, anti-microbial, anti-inflammatory, 

antioxidant, brightening, and blood circulation-enhancing properties that can be effective with 

multiple anti-acne and anti-inflammatory post-blemish medicinal mechanisms.The components of 

licorice extract responsible for these medicinal activities have been studied in various studies in 

terms of molecular mechanisms and safety profile, as well as in vitro, in vivo, animal, and clinical 

studies. Licorice extract has a wide range of activity and can be considered an effective and safe 
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option in anti-acne and anti-blemish treatment after inflammation.  Glycyrrhizic acid is the key active 

ingredient of licorice extract, which is hydrolyzed to glycyrrhetinic acid in vivo.  

Today, bacterial resistance is increasing due to improper use of antibacterial drugs.Therefore, it is 

very important to find new, safe and effective antibacterial drugs. Some herbal extract in licorice 

have antibacterial activity. Certain bacteria such as Coutibacterium acnes, Staphylococcus aureus, 

Staphylococcus epidermidis, and Streptococcus pyogenes play an important role in the pathogenesis 

of acne vulgaris by stimulating inflammatory processes. Licochalcone A, Licochalcone E and 

licorice root extract have antimicrobial properties against bacterial strain for acne. In vitro tests have 

indicated remarkable antibaterial function of licorice extract against Cutibacterium acnes, 

Staphylococcus aureus, Staphylococcus epidermidis, and Streptococcus pyogenes. The active 

methanolic extract of G. glabra indicated promising antibacterial effects against Staphylococcus 

aureus, Staphylococcus epidermidis, and Cutibacterium acnes, as demonstrated by in vitro 

screening. Another laboratory study showed antibacterial activity of G. glabra for two strains of 

Cutibacterium acnes with a minimum inhibitory concentration of 200 µg/ml for strain ATCC 6919 

and a minimum inhibitory concentration of 100 µg/ml for strain ATCC 11827S.  In addition, the 

minimum bacterial inhibitory concentration of licorice extract is 0.25 and 2.5 mg/ml against 

methicillin-sensitive Staphylococcus aureus and methicillin-resistant Staphylococcus aureus, 

respectively. 

 

 

Figure 5- The mechanism of licorice flavonoids in healing acne vulgaris. 

 

Regarding its antibacterial effect, laboratory studies have shown the inhibitory activity of aqueous 

and ethanol extracts of licorice on Staphylococcus aureus and Streptococcus pyogenes cultures, the 

first one indicated the strongest inhibition with a diameter of inhibition zone of 10-15 mm. Gupta et 

al. showed antibacterial activity against Gram-positive and Gram-negative bacteria. The results of 

the evaluation of the effectiveness of cosmetic products including glycolic acid, salicylic acid, 

gluconolactone and licochalcone A as an adjunctive treatment for adapalene in mild to moderate 
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acne in a 28-day double-blind study on 25 people from each patient asked for two products including 

(1) a cosmetic product and health in combination with 0.1% adapalene and (2) 0.1% adapalene. The 

number of acne lesions, severity of acne, overall doctor and patient assessment of acne severity, 

visual analog brightness scale, skin biophysics, safety assessment and VISIA camera system were 

evaluated. The mean results did not show a difference in the reduction of inflammatory lesions on 

the seventh day, but there is no obstacle to using a cosmetic drug along with standard cure. However, 

this cosmetic product also reduces the complications of acne. 

According to prior studies, isoliquiritigenin had a demonstrable inhibitory activity on methicillin-

resistant Staphylococcus aureus. Licochalcone A, as one of the essential antibacterial ingedients 

which shows bactericidal activity against Staphylococcus aureus. Many studies show that G. glabra 

may be a potent remedy against acne. G. glabra indicated significant antibacterial activity against 

Cutibacterium acnes by inducing minimal resistance versus to the significant development of 

resistance in bacteria treated by erythromycin. 

Multifactorial effects such as mechanisms are antimicrobial activity, moisturizing effect of licorice, 

anti-androgenic function, inhibiting PI3K-Akt signaling pathways, mitochondrial activity and 

regulating skin microbes has been suggested as a mechanisms related to the anti-acne effect. 

In mice, Lakshmi et al., (2019) investigated the pharmacological effects of Licorice and concluded 

that in disease models, the volume and thickness of sebaceous glands were significantly increased 

compared to control animals and decreased when Licorice extract was used. Several articles report 

herbal formulations with anti-acne glycyrrhizin synergistic with anti-acne herbal formulations. The 

most recent of them was proposed by Keshri and Khare in 2020, although other synergistic formulas 

were proposed earlier.  

Activation of NLRP3 (nucleotide-binding domain, leucine-rich Containing family, inflammasome 

containing pyrin-3) inflammasome by Cutibacterium acnes is a critical for inducing inflammation 

and exacerbating of acne lesions. The anti-acne activity of licochalcone A resulted in effective 

suppression of the NLRP3.  

Under in vitro conditions, Cutibacterium acne has no bacterial resistance to licorice extract.  It 

appears that Glycyrrhiza, in the treatment of acne has the potential to become a promising treatment.  

It seems that when topical cosmetic medications are correctly prescribed, they can improve acne 

treatment outcomes. 

In a clinical study on 91 adult patients with mild acne, Federica Dal Oglio et al. (2019) evaluated 

the effectiveness and tolerability of a novel daily formula regimen in the remedy of mild facial acne. 

In this study, patients were use a solution containing licochalcone A, salicylic acid and L-carnitine 

in the morning and a cream containing 10% complex of licochalcone A and hydroxy at night for 8 

weeks. Clinical effectiveness with the Global Acne Grading System (GAGS) score and the number 

of comedone lesions, papules, and with the evaluation of the VISIA-CR tool (Canfield's Visia CR 

skin analysis imaging system: takes high-quality, standardized images of the face for clinical 

research) was evaluated in weeks 4 and 8.  

In the fourth week, a statistically significant decrease was observed compared to the base of the 

global acne grading system. In addition, the average total number of comedones and papules 

decreased by 41% and 45%, respectively, compared to the baseline level and a significant decrease 

in the average sebum by 47%. At the 8th week, a statistically significant reduction compared to the 

Global Acne Grading System baseline, total number of comedones and papules (64% and 71%, 
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respectively), along with a 52% reduction in excess sebum was also recorded. The results of this 

research show that the daily regimen based on licochalcone A solution, salicylic acid and L-carnitine 

or cream containing licochalcone A complex and 10% hydroxy is an effective aesthetic approach 

for mild acne treatment. A combination of 0.1% adapalene gel and moisturizer containing 

licochalcone A, L-carnitine and 1,2-decanediol also showed a synergistic effect in reducing 

inflammatory lesions without interfering with the effect of each of the active ingredients. Several 

chalcone derivatives showed anti-acne activity mainly as antibacterial and anti-inflammatory agents. 

Licochalcone A has been studied as a potent anti-inflammatory agent and has been combined with 

other active ingredients in several anti-acne formulations. A skin care formulation containing 

licochalcone A, L-carnitine, and 1,2-decanediol was evaluated in a 9-week, double-blind, 

randomized, placebo-controlled study to evaluate the independent efficacy of the formulation in 

volunteers with mild to moderately severe facial acne (10- 25 inflammatory lesions) were evaluated 

in 60 patients for 8 weeks, the results of this study showed that this formula can reduce pustular 

lesions, common lesions, total lesions and sebum level. 

 

Antiandrogenic activities of licorice 

   An increase in androgen production in the sebaceous glands of the skin leads to an increase in 

sebum secretion and acne. Six major enzyme systems are involved in cutaneous androgen 

metabolism, namely steroid sulfatase, 3β-hydroxysteroid dehydrogenase, β-HSD17, steroid 5α-

reductase, α-HSD 3, and aromatase. Licorice is known as an anti-androgen herb through various 

pharmacological mechanisms. Glycyrrhizin, licochalcone A and licorice root extract have anti-

androgen activities. By blocking β-HSD3, β-HSD 17 in humans, licorice reduces testosterone 

production. Administration of high doses of pure licorice extract to male volunteers can significantly 

decrease serum testosterone levels, however, testosterone levels never fall below the normal range. 

In addition, licorice showed anti-androgenic properties in male rats due to increased testosterone 

metabolism, downregulation of androgen receptors, or activation of estrogen receptors. 

Licochalcone A inhibited 5 alpha-reductase and antagonized androgen receptors in vitro. 

Glycyrrhizin and glycyrrhetinic acid significantly reduced testosterone production by inhibiting β-

HSD 17 in vitro and stimulating aromatase activity in vitro. Furthermore, in a Chinese clinical trial, 

glycyrrhizin reduced serum testosterone levels in women and was safe and effective in the treatment 

of postadolescent acne. 
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Figure 6. The main components of licorice extract 

 

 

Acne rosacea 

Rosacea is a multifactorial chronic inflammatory skin disorder characterized by persistent or 

periodic redness and several types of phymatosis changes in the central facial skin (cheeks, chin, 

nose, and central forehead). Based on the appearance of some of the main phenotypes, rosacea is 

divided into erythematotelangiectatic rosacea, papulopustular rosacea, glandular/hyperplastic 

rosacea, ocular rosacea, and other specific forms such as rosacea conglobata, rosacea fulminans, 

gram-aceacean neoester. Rosacea (Lupoid), Morbihan's disease and rosacea in children. The 

pathogenesis of rosacea is still not fully understood, but there are several factors that include (1) 

genetics, Haber syndrome with rosacea as one of the clinical features can be hereditary. (2) 

Environment Certain environmental factors can trigger rosacea, including extreme air temperature, 

sudden temperature changes, food (caffeine, alcohol, hot and spicy food), sunlight (ultraviolet and 

infrared rays), etc. . (3) overproduction of antimicrobial peptides (AMPs) by the innate immune 

system such as LL-37. (4) inflammation caused by oxidative stress produced by adaptive immune 

cells. (5) overexpression of toll-like receptors (TLRs). (6) inflammations caused by demodex 

folliculorum. and (7) neuroinflammation and vascular hyperactivity. 

Hesperidin methylchalcone, licochalcone A and tetracarboxymethylnaringenin chalcone show 

significant activity in improving skin with rosacea. Clinical studies showed that topical formulations 

containing hesperidin methylchalcone can improve the condition of infected skin by reducing the 

proportion of dilated vessels, total vessel surface area and IL8 production. These formulas showed 

a complementary effect between each of the active ingredients in relieving inflammation and 

reducing redness. Another study reported that hesperidin methylchalcone has anti-inflammatory and 

analgesic activities, which are dual targets in the treatment of rosacea by inhibiting the potential 

receptor for vanilloid receptor type 1 (TRPV1), oxidative stress, TNF-α, production of interleukin 

(IL) 1β, IL -6 and IL-10), and NF-kB activity. Licochalcone A is a natural product of glycyrrhizin 

that shows strong activity in the treatment, especially in mild and moderate symptoms. In vivo 

studies have shown that skin care formulations containing licochalcone A provide various activities 

such as UVA/UVB protection, moisturizing, and redness concealing abilities that improve the 
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appearance of skin with rosacea. These formulas showed high compatibility with sensitive skin and 

can be combined with other treatments such as metronidazole treatment. The moisturizing formula 

containing licochalcone A also increases skin hydration and reduces water loss through the skin. The 

most recent chalcone derivative used as an anti-rosacea is the stabilized form of naringenin chalcone, 

tetracarboxymethyl naringenin chalcone (TNC). TNC was obtained from naringenin chalcone by 

total esterification reaction of methyl chloroacetate. An in vitro study showed that 

tetracarboxymethylnaringenin chalcone significantly reduced LL-37, calcitriol, and several LL-37-

induced inflammatory mediators in keratinocytes. Clinical testing also showed that the formulation 

containing tetracarboxymethylnaringenin chalcone as an active ingredient reduced the redness of 

rosacea-affected skin compared to untreated skin areas. 
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1. Introduction 

In response to the progressively extreme challenge of energy shortage, environmental pollution, and 

global warming, electrochemical energy storage devices like fuel cells, supercapacitors (SCs), and 

rechargeable batteries have developed as efficient solutions [1-4]. Over the past few decades, SCs 

have picked up significant prominence among Various electrochemical energy storage devices due 

to their high power density, high energy density, rapid charge/discharge capacitance, environmental 

friendliness, and suitable recyclability (more than 100000 cycles). Despite these advantages, the 

relatively low energy/power ratio of SCs has restricted their wide industrial application [3, 5-8]. 

According to the mechanism of energy storage/release of SCs, they are classified into three 

categories i) electrochemical double-layer capacitors (EDLCs), ii) pseudo-capacitors, and iii) hybrid 

SCs defined as their combinations. In the (EDLCs) category, the energy is stored and released by 

adsorption/desorption of anions and cations at the electrode/electrolyte surface. Therefore, the 

capacitance is highly proportional to the surface area of the electrode. while in the pseudo-capacitors 

mechanism, the capacitance is created by the Fast reversible Faradaic reactions [9-12]. Accordingly, 

tuning the porosity structure for controlling the specific surface area along with creating composite 

and incorporating heteroatoms onto the surface of electrode materials are critical strategies to 

enhance the energy density of SCs. These approaches enhance energy storage by increasing the 

contributions of electric double-layer capacitance (EDLC) and pseudo-capacitance [13]. Among 

various electrode materials, transition metal-based components have gained significant attention due 

to their high theoretical capacitance and excellent electrochemical activity [14-17]. Copper (Cu)-

based components, particularly Cu (II) complexes, have emerged as promising candidates for SC 

applications owing to their multiple oxidation states, which facilitate rapid charge transfer and redox 

reactions. 

2. GGO/Cu synthesis  

Guanidine (0.5 g), dicyclohexylcarbodiimide (0.25 g), and 4-dimethylaminopyridine (0.25 g) were 

added 10 ml acetonitrile solvent and stirred for one hour at room temperature to obtain a clear 

solution. After that, 0.5 g GO, which synthesized by the modified Hummer method, was dispersed 

in the 5 mL acetonitrile and the obtained suspension was poured into the former solution and 

naturally stirred overnight.  Finally, the powder was rinsed with acetonitrile several times and dried 

for 24 h at 70°C. 0.25 g of obtained guanidine-functionalized GO (GGO) was dispersed in the 

mixture of absolute ethanol and distilled water (volume ratio of 1:1). After that, copper acetate (0.25 

g) was dissolved in the mixture by magnetic stirrer for 24 h at room temperature. After washing the 

obtained precipitate with water, it was dried at 70°C for 24 h (GGO/Cu) 
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3. Result and discussion 

The CV analysis was conducted within the potential range of 0 to 0.45 V at various scan rates of 

0.006 - 0.01 V s-1 which is presented in Fig. 4a. In Fig.4b, the non-linear nature of the GCD curves 

can be attributed to the existence of a GGO (electric double-layer capacitance) and copper (pseudo-

capacitor) in the GGO/Cu composite. The GGO/Cu electrode showed a high specific capacitance of 

1224 F g-1 in the potential window of 0 to 0.45 V at the current density of 2 A g-1. 

 

Fig. 1. (a) CV curve of GGO/Cu at various scan rates and (b) GCD curve of GGO/Cu at different 

current densities. 

1. Yu, Z., et al., Graphene-supported Cu2O-CoO heterojunctions for high performance 

supercapacitors. Journal of Energy Storage, 2024. 77: p. 110009. 

2. Feyie, E.K., et al., Electrodeposited Copper Tin Sulfide/Reduced Graphene Oxide 

Nanospikes for a High-Performance Supercapacitor Electrode. ACS omega, 2024. 9(8): p. 9452-

9462. 

3. Wang, Z., et al., One-step hydrothermal synthesis of Cu doped SnS2 quantum dots anchored 

on reduced graphene oxide (rGO) as high-performance electrodes for supercapacitors. Journal of 

Alloys and Compounds, 2024. 973: p. 172906. 
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This study presents the synthesis of a metal-organic framework (MOF) using trimesic acid 

(TCA) and red mud, an industrial waste by-product, for the adsorption of organic pollutants. The 

synthesis was carried out via a hydrothermal method, utilizing red mud as a sustainable metal 

precursor1 and TCA as the organic linker. The structural and morphological properties of the 

synthesized MOF were characterized using Fourier-transform infrared spectroscopy (FTIR), 

scanning electron microscopy (SEM), X-ray diffraction (XRD), Brunauer–Emmett–Teller (BET) 

surface area analysis, Transmission Electron Microscopy (TEM), and Thermogravimetric analysis 

(TGA). The adsorption capacity of the MOF was evaluated for the removal of Methyl Orange (MO), 

from aqueous solutions (Scheme 1). Response Surface Methodology (RSM) was employed to 

optimize key experimental parameters, including MO concentration, contact time, MOF dosage, and 

pH.2 A central composite design (CCD) was used to assess the interactive effects of these parameters 

and predict the optimal adsorption conditions. This study highlights the potential of using industrial 

waste and sustainable synthesis routes to develop effective adsorbents for environmental 

remediation. 

  

Scheme 1: Adsorption of MO by TCA/Red mud MOF. 

References:  
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(2020) 116477. 
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 وارنیش فلوراید

 فاطمه عزیزی

 چکیده

پوسیدگی دندان شایعترین بیماری . مهمترین و مؤثرترین راه  برای پیشگیری از پوسیدگی دندان استفاده از تركیبات فلوراید است

سلامت دهانی و عمومی  دلیل وجود پوسیدگی دندانی فعال و كنترل نشده ازبسیاری از كودكان به. مزمن دوران كودكی است

های بهداشت دهان و دندان باعث ها، ظرفیت بافری بزاق و عادتهای فردی از قبیل شکل دندانتفاوت. كافی برخوردار نیستند

  .شودایجاد پوسیدگی با درجات متفاوت می

TCA/Red Mud 

MO 
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 های پیشگیریفلوراید، پوسیدگی، بهداشت دهان و دندان، روش: واژه های کلیدی

 

 مقدمه

در نتیجه  ها وتوان سلامت انسانهای جدید و صحیح آموزش میکه با روشهای سلامت است دهان و دندان یکی از جنبه بهداشت

یاری از توان بسدر این راستا با شناخت بهتر از ساختار دندان و چگونگی عملکرد دندان می. سلامت جامعه را فراهم نمود

 .وگیری کردهای دهان و دندان مانند پوسیدگی جلبیماری

 شیمی فلوراید

صورت که بهشود بلمشاهده نمی  2F صورت مولکولی معمولاً به. فلوئور الکترونگاتیوترین عنصر در طبیعت و بسیار فعال است

صر به فرد است فلوراید منح از نظرفیزیولوژیک،. باشدمی 6AlF -NaF و Cryolite ، فلورایدآپاتیت یا 2CaFهای فلور نمک

. شودد جذب میشود و ید که توسط تیروئیتنهایی توسط اسکلت بدن جذب میاین عنصر به . كندایر هالوژنها رفتار نمیو مانند س

 شودفلوئور در طبیعت بسیار گسترده است؛ در آب شیرین، آب دریا، سبزیجات، خون، شیر و تركیبات آلی مشاهده می

 ر توسطبرای اولین بامیلادی 1916این ماده در سال . ابت شده استها ثفلوراید برای مهار یا حتی متوقف كردن پوسیدگی

Black شودمورد بررسی قرار گرفت و امروزه به صورت وسیعی از آن استفاده می. 

 

 پوسیدگی دندان

-یها مپوسیدگی دندان، یک بیماری میکروبیولوژیک عفونی است كه منجر به  فرسودگی و تخریب موضعی کلسیم از  بافت

در محیط  دندان(برای ایجاد پوسیدگی نیاز به میزبان . دندان اثر دارد عوامل مختلفی بر شروع و پیشرفت پوسیدگی]. 1[شود

های رگانیزمو اسید حاصل از فعالیت میکروا) هاهای قابل تخمیر، مواد قندی و نوشیدنیكربوهیدرات(، محیط كشت غذایی)دهان

 ].2،3[کاریوژنیک  است 

ازدست رفتن مواد معدنی وابسته . شودی پوسیدگی ایجاد میگی با از بین رفتن مواد معدنی در مینای دندان، حفرهدر فرایند پوسید

هنگامیكه سیر پیشرفت بیماری آرام . باشندو مواد قندی است كه عامل اصلی بروز این بیماری می) 6بیوفیلم (به حضور پلاک 

پوسیدگی ] . 4[افتد ساختار دندان اتفاق میو اگر این ضایعات كنترل نشوند تخریب ی اولیه تشکیل شده باشد در ابتدا یک ضایعه

های منفی و عدم علاقه به حفظ و سلامت خوب دهان، دندان در كودكان باعث درد و ناراحتی، عفونت استخوان فک، ایجاد رفتار

 ].5[شود نقص در عملکرد جویدن و زیبایی می

ژنیک های كاریوگیرد، باكتریقرار می) ای شیرینطور معمول قند یا دسرهبه(ستر مناسب هنگامیكه دندان در معرض یک ب

. یابدمی كنند؛ اگر این پروسه در یک زمان طولانی و كافی رخ دهد، ضایعه پوسیدگی گسترشموجود در پلاک، اسید تولید می

پیشگیری باعث  دمع. توان از آنها پیشگیری كردد که میباشهای ثانویه میهای عمده شامل تعدادی از عاملهركدام از این عامل

ه پوسیدگی افزایش كند، مقاومت دندان را نسبت بترکیب فلوراید وقتی داخل مینای دندان نفوذ می.  شوندها میآسیب بیشتر دندان

 ].6[برد ها را بالا میاز سوی دیگر كاهش در جریان بزاق به طور وسیعی ریسک پوسیدگی. دهدمی

های اختصاصی متنها تعداد كمی ازمیکروارگانیس. شوندجریان بزاق و بلع از دهان حذف میهای معلق آزاد به سرعت با ارگانیسم

پتوكک استرپتوكک موتانس و استر]. 7[باشند قادر به اتصال به سطوح دندانی هستند ها میطور عمده استرپتوكوکكه به

ها نزدن دنداباشند؛ که با مسواکها میسیدگی در سطوح  صاف و اكلوزال  دندانهای اصلی مسبب پوسوبرینوس  باكتری

 ].3[توان پلاک دندانی را کنترل کرد و از بیماری پیشگیری نمودمی

 هابرای ترمیم دندان) فلورايد تراپی(فلوراید درمانی 

وراید فل. دهند، پوسیدگی دندان را كاهش میپزشکی با استفاده از آب حاوی یک قسمت بر میلیون فلورایدپزشکان در دندان

شوند و انحلال پذیری های حاوی فلوراید موجب تشکیل آپاتیت فلوراید در مینا و عاج دندان میدرمانی با استفاده از خمیر دندان

بندی ستخواندر آب دهان و پلاسمای خون برای رشد طبیعی دندان و ا F -هاییون]. 8[دهند آن را درمحیط اسیدی كاهش می

                                                           
6   Biofilm 
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های دندانی و استخوانی، ساخت لایه خارجی دندان، بازسازی آرواره و غیره اتیت، برای ترمیم آسیبفلوراید آپ]. 9[مفید است

. تواند خطر پوسیدگی دندان را كاهش دهدگرم در روز میمیلی 4الی  1 /5پیشنهاد شده است كه مصرف حدود . شوداستفاده می

تحقیقات فراوانی بر روی فلوراید آپاتیت انجام شده است؛ به این . دهدرا تشکیل می) مینا (ی محافظ دندان هفلوراید آپاتیت، لای

حضور مقادیركمی یون فلوراید، رسوب ]. 10.[باشددلیل كه فلوراید به پیشگیری از پوسیدگی دندان و پوكی استخوان مشهور می

تر لوراید آپاتیت در برابر اسید مقاومهد؛  مینای معدنی شده در اثر تشکیل فدكلسیم و فسفات را به میزان زیادی افزایش می

در میان عناصر مختلف جانشین شده در ]. 11[کند تر میآپاتیت است و دندان را نسبت به حملات پوسیدگی ایمنازهیدروكسی

 .آپاتیت، فلوراید به شدت مورد توجه قرارگرفته استساختار هیدروكسی

 نتیجه گیری

همچنین  محصولات متنوع . های متعدد در کهن و امروزه  به منظور پیشگیری و درمان  پوسیدگی دندان شناخته شده استشیوه

کار میهای پیشگیری  همچنان رایج و در مدارس بهفلورایدتراپی به عنوان یکی از روش.  با قابلیت ضد میکروبی وجود دارند

 .رود

گردد و یک درمان موضعی در ماهه استفاده می 6تا  3 كان با ریسک بالای پوسیدگی، در فواصلفلورایدتراپی برای دندان كود

 .شودکارگرفته میهای پزشکی خاص دارند، بهكودكان پیش دبستانی و كودكانی كه نیاز به مراقبت

یدگی بالاتر مانند نواحی دكلسیفیه طور انتخابی در نواحی با احتمال پوستواند به تمام سطوح دندانی یا بهوارنیش فلوراید می

های قدامی ماگزیلا در كودكان کاررود؛ در دندانهای ارتودنسی بههای عمیق و اطراف براكت، شیار، فرورفتگی)مبود كلسیمك(

خص گیرد؛ لازم نیست قبل از مرای انجام میهای یکبار مصرف نوک پنبهوسیله برسوارنیش فلوراید به. شودنیز استفاده می

ها تا بعد از استفاده، دندان. شودكردن بیمار صبر كنیم تا وارنیش خشک شود چون وارنیش در تماس با مایعات دهانی سخت می

 .ها باقی بماندعصر آن روز یا روز بعد نباید مسواک زده شود تا در حداكثر تماس با دندان
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Abstract 

Measuring the amount of dopamine is very important for the diagnosis and prevention of many 

neurological and mental diseases like depression, Parkinson's, Huntington's, attention deficit 

hyperactivity disorder, Tourette's syndrome, etc. One of the best ways to measure dopamine is 

through electrochemical sensors. In this study, graphene oxide was electrochemically deposited and 

reduced on a graphite sheet. The electrode surface morphology was studied via scanning electron 

microscopy (SEM). The performance of the modified electrode in the detection of dopamine was 

investigated. The results show that the addition of reduced graphene oxide (rGO) on the electrode 

surface increases the dopamine oxidation current, decreases the overpotential, and reduces the 

charge transfer resistance. The efficiency of dopamine detection using this modified electrode was 

evaluated via cyclic voltammetry (CV), differential pulse voltammetry (DPV), and electrochemical 

impedance spectroscopy (EIS). The influence of the electrolyte pH, potential scan rate, electrode 

reproducibility, and selectivity was investigated. Also, for the stability test, the chronoamperometry 

(CA) technique was used and the results showed that the electrode has a good stability. The detection 

limit of this electrode was 68 nM and the linear range was 10-7 to 10-4 M. For real sample analysis, 

determination was achieved successfully in a dopamine ampoule. The preparation of this modified 

electrode is easy, fast and very cheap. 
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Propellanes are tricyclics compounds which one of their carbon-carbon single bonds are in common 

with their three-ring structure and can be find in naturally and non-naturally occurring products. [1-

2] Propellanes and their derivatives have attractive properties due to their unique structure so that 

they have wide range of applications in biological, medicinal and organic chemistry. [3] 

In continuous of our previous researches on the chemistry of acenaphthoquinone and 2-

nitroethenamines [4], we wish to report here the results of our studies on the reaction of malonated 

acenaphthoquinone with 2-nitroethenamines. We found when 2-nitroetheneamines (3) were added 

to a mixture of acenaphthoquinone (1) and malononitrile (2) in ethanol under reflux conditions, 

propellane derivatives (4) synthesized in good to excellent yields (Scheme). The products (4) were 

characterized using their spectroscopic data. As a result of our efforts, we developed a new one-pot 

method for synthesis of some new propellanes having furane and pyrrole moieties. 

  

Scheme: One-pot synthesis of some new propellane derivatives 
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Abstract 

A green and highly efficient procedure for the one-pot synthesis of 1,8-dioxooctahydroxanthenes 

has been developed via cyclocondensation of arylaldehydes with excess dimedone using Zr(HSO4)4 

as a recoverable and reusable heterogeneous catalyst under solvent-free conditions. The present 

method offers several advantages such as green, highly efficient, recoverable, reusable, simple work-

up and simple purification of products.  

 

Introduction 

In recent years, synthetic chemists have shown tremendous interested in developing highly efficient 

transformation for the synthesis of xanthene derivatives due to their potential applications in the 

biological activities pharmaceutical and industrial applications. They are cited as active oxygen 

heterocycles possessing antibacterial. For example, they possess a large array of biological and 

therapeutic properties like anti-inflammatory [1], antiviral [2], antibacterial [3], as well as in 

photodynamic therapy [4] and as antagonists of the paralyzing action of zoxazolamine [5]. 

Xanthenes are also available from natural sources [6]. Besides some of them are served as Leuco-

dyes [7], intracellular pH indicators and as fluorescent materials [8]. Many procedures are disclosed 

to synthesize xanthenes and benzoxanthenes like cyclodehydrations [9], trapping of benzynes by 

phenols [10], cyclocondensation between 2-hydroxy aromatic aldehydes and  

2-tetralone [11]. Many syntheses of xanthene derivatives have been published; one of them is the 

condensation of aldehydes with cyclohexane-1,3-dione or 5,5-dimethylcyclohexane-1,3-dione to 

give 1,8-dioxooctahydroxanthene derivatives. This reaction has been conducted in the presence of 

strong protonic acids [12], Etidronic acid/MW [13], Lewis acids such as InCl3.4H2O [14], 

FeCl3.6H2O [15] and heterogeneous catalysts like Dowex-50W [16], NaHSO4.SiO2 [17], Ambertyst-

15 [18], HBF4/SiO2 [19] and Sulfonic acid-functionalized LUS-1 [20]. Other catalysts such as Alum-
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promoted [21], Potash alum [22], boric acid [23], ZrOCl2.8H2O [24], nano-Fe3O4 [25], B(HSO4)3 

[26], TiO2 [27], nano-TiO2 [28], BiVO4-NPs [29] and InCl3 [30].  

However, some of these methodologies have not been entirely satisfactory, with disadvantages such 

as low yields, prolonged reaction times, harsh reaction conditions and the requirement of expensive 

catalysis and use of toxic organic solvent. Therefore, to avoid these limitations, and to develop an 

alternate route for the synthesis of xanthene derivatives in improved yield, short reaction time, green 

approach and safe reaction conditions, using Zr(HSO4)4 as catalyst, has been attention. Zr(HSO4)4 

is a low-coast solid Brønsted acid. There are no examples of the use of Zr(HSO4)4 for the synthesis 

of 1,8-dioxooctahydroxanthene derivatives. In this research we employed Zr(HSO4)4 as efficient, 

recoverable and reusable catalyst for synthesis of 1,8-dioxooctahydroxanthene derivatives via 

traditional route from cyclocondensation of dimedone and aromatic aldehydes in solvent-free 

conditions (Scheme 1). 

O

O

2 + ArCHO
Zr(HSO4)4

110 oC , Solvent-free

O

O

O
Ar

1  2        3
 

Scheme 1: synthesis of 1,8-dioxooctahydroxanthenes 

 

EXPRIMENTAL 

All the reagents experimental and aromatic aldehydes were purchased from Merck and used without 

further purification. Melting points were determined in open glass capillaries on an Electrothermal 

9100s apparatus and are uncorrected. 

The IR spectra were recorded with FT-IR Shimadzu IR-470 instrument using potassium bromide 

pellets. The 1H-NMR spectra were determined on a Bruker Advance DRX-400 MHz instrument 

using TMS as the internal standard and CDCl3 as solvent. Chemical shifts are expressed as (ppm) 

and the coupling constant as J(H2). The progress of reaction was monitored by TLC using 0.2 mm 

Merck silicagel GF254 pre-coated plates and visualized by UV-light (254 nm).  

 

General procedure for the preparation of 1,8-dioxooctahydroxanthene (3a-j): To a mixture of 

dimedone 1 (2 mmol) and aldehyde 2 (1 mmol) was added Zr(HSO4)4 which prepared as reported [ 

] (20 mol%) and the mixture was allowed to stir at 110 C for the total recorded time which indicated 

in Table 1. The progress of reactions was monitored by TLC (eluent: EtOAc/ Diethylether, 1:4). 

After completion of the reaction, the reaction mixture was cooled to room temperature. Then to 

mixture was added water and the product was extracted with ethyl acetate (3  5 mL). The organic 

layer was dried (MgSO4) and evaporated in vacuum. The crude product recrystallized by EtOH 96% 

and purified. All the desired products were characterized by comparison of their physical data with 

those reported compounds. For the total confirmed of synthetic compounds, the spectral data given 

below. Selected spectral data for some products.  
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3,3,6,6-tetramethyl-9-phenyl-1,8-dioxooctahydroxanthene (3a): White powder, Yield (86%), mp 

201-202 C. FT-IR (ῡ, Cm-1) (KBr disc): 3040 (CHarom, Str.); 2990 (CHaliph, Str.); 1605 (C=O Str.); 

1540 (C=C Str.); 1360 (C-O Str.). 1H NMR (400 MHz, CDCl3) (ppm): 1.12 (6H, s, 2CH3); 1.26 

(6H, s, 2CH3); 2.30-2.50 (8H, m, 4CH2); 5.58 (1H, s, CH); 7.11-7.13 (2H, d, CHO, 3J = 6.8 Hz); 

7.17-7.21 (1H, t, Hp, 
3J = 7.8 Hz); 7.27-7.31 (2H, dd, Hm, 3J = 7.8 Hz , 3J = 6.8 Hz). 

 

3,3,6,6-tetramethyl-9-(4-methylphenyl)-1,8-dioxooctahydroxanthene (3b): White powder, Yield 

(81%), mp 173-175 C. FT-IR (ῡ, Cm-1) (KBr disc): 3080 (CHarom, Str.); 2950 (CHaliph, Str.); 1670 

(C=O Str.); 1540 (C=C Str.); 1380 (C-O Str.). 1H NMR (400 MHz, CDCl3) (ppm): 1.01 (6H, s, 

CH3); 1.11 (6H, s, CH3); 2.15 (4H, dd, CH2); 2.26 (3H, s, CH3); 2.47 (4H, s, CH2); 4.8 (1H, s); 7.02 

(2H, d, CHarom, 3J = 8.2 Hz); 7.19 (2H, d, CHarom, 3J = 8.2 Hz). 

 

3,3,6,6-tetramethyl-9-(4-methoxyphenyl)-1,8-dioxooctahydroxanthene (3c): Gray powder, Yield 

(82%), mp 238-239 C. FT-IR (ῡ, Cm-1) (KBr disc): 3080 (CHarom, Str.); 3000 (CHaliph, Str.); 1685 

(C=O Str.); 1530 (C=C Str.); 1380 (C-O Str.). 1H NMR (400 MHz, CDCl3) (ppm): 1.01 (6H, s, 

CH3); 1.11 (6H, s, CH3); 2.22 (4H, dd, CH2); 2.47 (4H, s, CH2); 2.47 (1H, s, CH); 3.74 (3H, s, 

OCH3); 6.7 (2H, d, CHarom, 3J = 8.4 Hz); 7.21 (2H, d, CHarom, 3J = 8.4 Hz). 

 

3,3,6,6-tetramethyl-9-(3-methoxyphenyl)-1,8-dioxooctahydroxanthene (3d): White powder, Yield 

(92%), mp 159-160 C. FT-IR (ῡ, Cm-1) (KBr disc): 3100 (CHarom, Str.); 3000 (CHaliph, Str.); 1580 

(C=O Str.); 1520 (C=C Str.); 1370 (C-O Str.). 1H NMR (400 MHz, CDCl3) (ppm): 1.12 (6H, s, 

CH3); 1.25 (6H, s, CH3); 2.30-2.48 (8H, m, CH2); 3.75 (3H, s, OCH3); 5.53 (1H, s, CH); 6.68-7.22 

(4H, m, CHarom).  

 

Results and Discussion 

In this research, the condensation of dimedones and various aldehydes in the presence of 

heterogeneous solid Brønsted acid catalyst of Zr(HSO4)4 for the synthesis of  

1,8-dioxooctahydroxanthene derivatives has been studied (Scheme 1).  

 

Table-1 

Synthesis of 1,8-dioxooctahydroxanthene derivatives in the presence of Zr(HSO4)4 

Entry   R   Product  Time (min)  Yielda (%) 

1   C6H5   3a  40   86 

2   p-CH3C6H4  3b  50   81 

3   p- CH3OC6H4  3c  55   82 

4   m- CH3OC6H4  3d  35   92 

5   p-Cl C6H4  3e  40   88 
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6   p-NO2 C6H4  3f  35   94 

7   p-OHC6H4  3g  60   80 

8   2-Cl-4-Cl-C6H4 3h  30   95 

9   p-(Me)2N C6H4 3i  60   72 

10  m-Cl C6H4  3j  40   88 

a. Reaction condition: dimedone (2 mmol), aldehyde (1 mmol) and Zirconium persulfate (20 mol%) 

as catalyst 

In order to optimize the reaction parameters, we investigated the catalytic activity of Zr(HSO4)4 in 

the synthesis of 1,8-dioxooctahydroxanthene derivatives under different reaction conditions. We 

examined the above reaction in several catalytic amounts and solvents using the condensation 

reaction of benzaldehyde and dimedone as a model reaction. 

The results indicate that different solvents affected the efficiency of the reaction. As shown in table 

2, among the tested solvents such as water, THF, CHCl3, CH3CN, CH3CH2OH and a solvent-free 

system, the best result was obtained after 40 min under solvent-free conditions in good yield (86%). 

When the same reaction was performed in the absence of the catalyst, the corresponding product 

was obtained in trace (<10%). Whereas, Zr(HSO4)4 in excess of 20 mol% did not improve the yield 

to a greater extent (Table 2, Entry 8). 

The catalytic activity of the recycled Zr(HSO4)4 was also examined. Zr(HSO4)4 could be reused six 

times for the reaction without notable loss of activity (Table 2, Entry 7)(Figure 1). 

 

Table-2 

Screening of the catalyst and solvent for the reaction of benzaldehydes and dimedone catalyzed by 

Zr(HSO4)4 
a 

 Entry  Catalyst (mol%)  Solvent/condition Time (min)  Yieldb 

(%) 

1  20   water/reflux  120   trace 

2  20   THF/reflux  120   trace 

3  20   CHCl3/reflux  120   20 

4  20   CH3CN/reflux  120   15 

5  20   CH3CH2OH/reflux 100   55 

6  10   solvent-free  100   68 

7c 20   solvent-free  40  86, 85, 84,84,84,83 

8  30   solvent-free  40   75  

a. Reaction condition: dimedone (2 mmol), aldehyde (1 mmol) and Zirconium persulfate as catalyst 

b. Isolated yield  
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c. Catalyst was reused six times 

 

 

Fig 1. The reusability of Zr(HSO4)4 for the preparation of 3,3,6,6-tetramethyl-9-phenyl-1,8-

dioxoocta hydroxanthene (3a) 

The proposed mechanism is showed in Scheme 2. Initially SO3H groups, as acid sites, are active in 

protonating the carbonyl group of aldehydes. This intermediate is attacked by dimedone to from 

knoevenagol products. In the next step, each of these intermediates is converted to the desired 

product via Micheal type additions and cyclization with the removal of a molecule of water. 
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Scheme 2: Proposed mechanism for the synthesis of 1,8-dioxooctahydroxanthene in the presence of 

Zr(HSO4)4 as catalyst 

 

All the products were characterized by 1H NMR and IR spectra and compared with authentic 

samples.  

 

Conclusion 

In summary, we have developed a green efficient, recoverable and reusable protocol for the one pot 

synthesis of various 1,8-dioxooctahydroxanthenes employing Zr(HSO4)4 as catalyst. Some 

advantages of this protocol include a simple reaction set-up, high products yields and elimination of 

toxic solvents. 
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Subject: Organic Chemistry 

 مهرداد برون

Abstract 

Organic chemistry is part of the science of chemistry that studies hydrocarbons. For this reason, it is 

also called the chemistry of carbon compounds. 

The suffix "organic" is reminiscent of the days when chemicals were divided into mineral and 

organic, depending on what source they came from. Minerals were those extracted from mines, and 

organic matter was those obtained from plant or animal sources, that is, materials produced by living 

organisms. In fact, until about 1850, many chemists believed that the origin of organic matter must 

be living organisms, and therefore these substances could never be synthesized from minerals. 

Even after it became clear that these materials did not necessarily have to be obtained from living 

sources and could be synthesized in the laboratory, it was still appropriate to preserve the organic 

name for describing them and similar materials. This division between minerals and organic matter 

has been maintained to this day. In this article, we will examine this issue 

key words 

Isomerics, organic compounds, inorganic compounds, chemistry, organic chemistry, chemicals 

 مقدمه:

پردازد. به همین دلیل به آن شیمی ترکیبات کربن نیز گفته ها میشیمی آلی بخشی از دانش شیمی است که به بررسی هیدروکربن

 شود.می

آمدند، به دو دسته معدنی و آلی یادگار روزهایی است که مواد شیمیایی را بسته به این که از چه منبعی به دست می« آلی»پسوند 

شدند و مواد آلی آنهایی که از منابع گیاهی یا حیوانی یعنی از ردند. مواد معدنی آنهایی بودند که از معادن استخراج میکتقسیم می

بسیاری از شیمیدانان معتقد  18۵0آمدند. در واقع تا پیرامون سال شدند، به دست میموادی که توسط موجودات زنده تولید می

 توان از مواد معدنی سنتز نمود.موجودات زنده باشند و در نتیجه این مواد را هرگز نمیبودند که خاستگاه مواد آلی باید 
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توان آنها را در آزمایشگاه سنتز کرد، باز حتی پس از آن که مشخص شد این مواد لزوماً نبایستی از منابع زنده به دست آیند و می

بندی بین مواد معدنی و آلی تا به امروز آنها حفظ شود. این تقسیم هم مناسبت داشت تا نام آلی برای توصیف آنها و موادی همانند

 7حفظ شده است.

 شیمي آلي

 : 8مواد شیمیایی

گردد که ق میمواد شیمیایی به موادی اطلا. شودباشد، اطلاق می ماده ، به هر چیزی که حجمی را اشغال کند و جرمی داشته

 .آیندشیمیایی به حساب می ادیا اینکه منشأ طبیعی داشته و مواد اولیه تهیه سایر موشوند و شیمیایی تهیه می معمولا از طریق سنتز

 : 9طبقه بندی مواد شیمیایی

هر یک از این دو گروه ، در دو مبحث . شوندمواد شیمیایی بطور عمده به دو گروه بزرگ مواد معدنی و مواد آلی تقسیم بندی می

در این مطالعه ، خواص فیزیکی و شیمیایی مواد آلی و معدنی ، منابع ، طریقه سنتز . شوندو شیمی معدنی بررسی می شیمی آلی

 .گیرندمورد بررسی قرار می... و 

 : 10نیمواد شیمیایی معد .1

یا هالوژنها به علاوه عناصر دیگر هستند،  هیدروژناگر شیمی آلی به عنوان شیمی ترکیبات کربن ، عمدتا آنهایی که شامل 

توان بطور کلی به عنوان شیمی عناصر دیگر در نظر گرفت که شامل همه عناصر باقیمانده شیمی معدنی را میتعریف شود، 

 .گرددای در بیشتر ترکیبات معدنی دارد، میو همینطور کربن ، که نقش عمده در جدول تناوبی

را  کربن - فلزکند، به علت اینکه ترکیبات شامل پیوندهای مستقیم فلزی ، زمینه وسیعی که با سرعت زیاد رشد می -شیمی آلی 

های ن حدس زد، قلمرو شیمی معدنی با فراهم کردن زمینهتواهمانطوری که می. سازدکند دو شاخه را بهم مرتبط میبررسی می

 .تحقیقی اساسا نامحدود ، بسیار گسترده است

 : 11مواد شیمیایی آلی .2

" 12وهلر"،  1828تا اینکه در سال . شدگردید که بوسیله بدن موجودات زنده ساخته میای اطلاق میدر قدیم ، ماده آلی به ماده

عدنی به نام ایزوسیانات تهیه نمود و از را در آزمایشگاه از یک ترکیب م 13بار جسمی به نام اورهدانشمند آلمانی ، برای اولین 

 .توان مواد آلی را نیز در آزمایشگاه ساختآن پس معلوم شد که می

آلی ، به  مواد. کنندامروزه بیش از یک میلیون نوع ماده آلی شناخته شده است که بسیاری از آنها را در آزمایشگاهها تهیه می

 . ی تفاوتهای کلی در چند مورد دارندشود و با مواد معدنمواد غیر معدنی گفته می

 : 14مقایسه مواد آلی و مواد معدنی

 :مواد شیمیایی آلی و معدنی با همدیگر تفاوتهای کلی دارند که عبارتند از

 

 اتمهای کربن ضمنا در ترکیبات آلی ،. در تمام مواد آلی حتما کربن وجود دارد، در صورتی که مواد معدنی بدون کربن بسیارند 

که این خاصیت در عناصر دیگر خیلی کمتر دیده انند با یکدیگر ترکیب شوند و زنجیرهای طویل تشکیل دهند، در حالیتومی

 .شودمی

                                                           

-7 http://fa.wikipedia.org 
-8 http://www.tebyan.ir 
9 -http://www.arsachem.persianblog.com 

-10 http://www2.dw-world.de 
11 -http://www.tebyan.ir 
12 -Wohler 
13 -CO2(NH)2 

-14 http://chem-2r1.blogfa.com 

http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%98%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%81%D9%84%D8%B2
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%D9%81%D9%84%D8%B2
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
http://daneshnameh.roshd.ir/mavara/mavara-index.php?page=%DA%A9%D8%B1%D8%A8%D9%86
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 مقاومت مواد آلی در برابر حرارت از مواد معدنی کمتر است. 

 باشندعدنی تند میهای مکه اغلب واکنشد آلی کند و دو جانبه یا تعادلی هستند، در صورتیهای میان موااغلب واکنش. 

  یا چند جسم مختلف با فرمولهای ساختمانی مختلف ، دارای یک فرمول مولکولی باشند که در  2در ترکیبات آلی ، ممکن است

همفرمول یا ایزومر  16نام اتر اکسید متیلبا جسمی به   15مثلا الکل معمولی. شوداین صورت به آنهاایزومر یا همفرمول گفته می

 .هستند، در صورتی که پدیده ایزومری در ترکیبات معدنی وجود ندارد 17دو دارای فرمول بسته یا مولکولیزیرا هر . است

 :18اهمیت شیمي آلي

ها و داروها، کاغذ و جوهر، رنگهای نقاشی و العاده زیادی در تکنولوژی دارد و در واقع، شیمی رنگدانهشیمی آلی اهمیت فوق

 پوشیم.خوریم و لباسی است که مییکی است؛ همچنین، شیمی غذایی است که میپلاستیکها، بنزین و تایرهای لاست

ً از مواشیمی آلی شالوده زیست اند؛ آلی ساخته شده دشناسی و پزشکی است. ساختمان موجودات زنده، به غیر از آب، عمدتا

در مقیاس مولکولی همان شیمی  شناسیلهای آلی هستند. زیستشناسی مولکولی همان مولکومولکولهای مورد بحث در زیست

 آلی است.

ها ذهن ما را متوجه ترکیبات کربن کنیم. هر روزه، روزنامهشاید دور از انتظار نباشد که بگوئیم ما در عصر کربن زندگی می

انی، کشها و فرومونها، عوامل سرطان زا و شیمی درمنظیر کلسترول و چربیهای اشباع نشده، هورمونها و استروئیدها، حشره

 نمایند. به خاطر نفت، جنگها به راه افتاده است.و ژنها می 19دي اِن ايِ

 :20منابع بزرگ مواد آلي

« آلی»شوند، نفت و ذغال سنگ است. )هر دو اینها از مفهوم قدیمی دو منبع بزرگ مواد آلی که از آنها مواد آلی ساده تأمین می

ن ترکیبات هستند(. این ترکیبات ساده به عنوان مصالح ساختمانی در ساختبوده و فراورده تجزیه )کافت( گیاهان و جانوران 

 شوند.تر مصرف میتر و پیچیدهبزرگ

. این نفت و زغال سنگ سوختهای فسیلی هستند که در طی هزاران سال بر روی هم انباشته شده وغیر قابل جایگزینی هستند

گردند. دائم در حال افزایش است، با سرعت خطرناکی مصرف میمواد، بویژه نفت، جهت رفع نیازهای انرژی که به طور 

شود. شود و قسمت اعظم آن برای تولید انرژی سوزانده مینفت برای ساختن مواد شیمیائی مصرف می ٪10امروزه کمتر از 

ای وجود ستهانرژی ه خوشبختانه منابع دیگری برای ایجاد نیرو از قبیل منبع خورشیدی، گرمای زمین، باد، امواج، جزر و مد و

 دارد.

ای از آنجا ناشی توان منبع دیگری به جای مواد آلی پیدا نمود؟ البته در نهایت باید به جایی که سوختهای سنگوارهاما چگونه می

شوند یعنی توده زیستی برگشت، اما این بار به طور مستقیم و بدون دخالت هزاران سال. توده زیستی قابل تجدید است و می

ماند. در ضمن نانچه به طور مناسب مصرف شود، تا زمانی که ما بر روی این سیاره بتوانیم وجود داشته باشیم آن هم باقی میچ

 تر از آن است که سوزانده شود.گویند که نفت با ارزشمی

 : 21تقسیم بندی مواد شیمیایی آلی

 :ق زیر استعناصر تشکیل دهنده ترکیبات شیمیایی آلی به ترتیب فراوانی مطاب

واد آلی معناصر اصلی سازنده  N  ,O  ,H  ,Cفراوانترین چهار عنصر .  C  ,H  ,O  ,N  ,S  ,P  ,As, هالوژنها , فلزات 

اند و با توجه به همین مطلب ، مواد آلی را به چهار زیرا اغلب اجسام آلی از این چهار عنصر تشکیل یافته. آیندبه حساب می

 :یمکندسته کلی تقسیم می

                                                           
15-OH5H2C  
16 -OCH2CH2 

O6C2H -17 
-18 http://chemtrain.persianblog.com 
19 -DNA 
-20 http://chemnew.persianblog.com 
21 -http://www.c60.persianblog.com 
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 :هیدروکربنهای ساده .1

. دهندنمایش می yHxCآنها با فرمول کلی . انددهش اند و به همین دلیل ، هیدروکربندرست شده H , Cترکیباتی هستند که فقط از 

 . شوندچه اعدادی باشند، هیدروکربنهای گوناگون یافت می y , xبسته به اینکه 

 : دارهیدروکربنهای اکسیژن  .2

 . شوندنشان داده می zOyHxCدرست شده اند و با فرمول کلی  O , H , Cکه از ترکیباتی هستند 

 : دارهیدروکربنهای نیتروژن .3

 . شوندنشان داده می tNyHxCاند و با فرمول کلی درست شده N , H , Cترکیباتی هستند که از 

 : هیدروکربنهای اکسیژن و نیتروژن دار .4

 .شوندنمایش داده می NtzOyHxCکسیژن و نیتروژن و با فرمول کلی ، ا H ،C ترکیباتی هستند که علاوه بر 

 :22شیمی کربن

 آیند، در یک خصوصیت مشترکند: همه آنها دارای عنصر کربن هستند.موادی که از منابع آلی به دست می

کن بسیاری از آنها نیز آیند، ولیامروزه اگر چه هنوز بسیاری از ترکیبات کربن به آسانی از منابع گیاهی و جانوری بدست می

ً از سایر مواد آلی تهیه شوند. از ترکیبات گاهی از مواد معدنی مانند کربناتها و سیانیدها سنتز میسنتز می شوند ولی غالبا

 گردند.می

 :23علتّ تمایز تركیبات کربن با سایر تركیبات

مایز ه صد و چند عنصر دیگر جدول تناوبی متچه خصوصیتی در ترکیبات کربن وجود دارد که آنها را از ترکیبات مربوط ب

رسد که چنین باشد: تعداد بسیار زیادی از ترکیبات کربن وجود دارند که سازد؟ لااقل قسمتی از این جواب به نظر میمی

 توانند بسیار بزرگ و پیچیده باشد.مولکولهای آنها می

های مختلف انوادهختعداد ترکیبات بدون کربن است. این مواد آلی در تعداد ترکیباتی که دارای کربن هستند چندین برابر بیشتر از 

 دارند.نگیرند، و معمولاً در بین مواد معدنی، همتایی قرار می

اند، و ترتیب قرار گرفتن اتمها حتی در مولکولهای نسبتاً کوچک بسیار پیچیده است. مولکولهای آلی شامل هزاران اتم شناخته شده

 ست.ی در شیمی آلی، آگاهی از طرز قرار گرفتن اتمها در مولکولها و یا تعیین ساختمان ترکیبات ایکی از مسایل اصل

ی های زیادی برای شکستن این مولکولهای پیچیده و یا نوآرایی آنها برای ایجاد مولکولهای جدید وجود دارد؛ روشهای مختلفراه

ارد. بخش کلان یگزین نمودن اتمهای جدید به جای اتمهای قدیم وجود دبرای اضافه نمودن اتمهای جدید به این مولکولها و یا جا

شوند و یمشیمی آلی به پژوهش در مورد این واکنشها اختصاص دارد، یعنی تشخیص این که این واکنشها کدامند، چگونه انجام 

 ستفاده نمود.توان از آنها برای سنتز یک ترکیب دلخواه اچگونه می

توانند ی کربن مید به میزانی که برای اتم هیچ عنصر دیگری مقدور نیست، به یکدیگر بپیوندند. اتمهاتوانناتمهای کربن می

توانند دارای شاخه و ها میهای متفاوت ایجاد نمایند؛ زنجیرها و حلقههایی با اندازهزنجیرهایی شامل هزاران اتم و یا حلقه

ها، اتمهای دیگری که عمدتاً هیدروژن و همچنین فلوئور، کلر، ا و حلقهپیوندهای عرضی باشند. به اتمهای کربن این زنجیره

 برم، ید، اکسیژن، نیتروژن، گوگرد، فسفر و سایر اتمهای گوناگون میپیوندد.

خود را  هر آرایش مختلف از اتمها مربوط به ترکیب متفاوتی است، و هر ترکیب یک رشته ویژگیهای شیمیایی و فیزیکی ویژه

ر سال به این هن رو غیر منتظره نیست که امروزه بیشتر از ده میلیون ترکیب شناخته شده کربن وجود داشته باشد و دارد. از ای

ای را در شیمی به خود اختصاص آور نیست که بررسی این ترکیبات، رشته ویژهتعداد نیم میلیون ترکیب تازه افزوده گردد. تعجب

 دهد.

                                                           

-22 http://www.ketabekhoob.com 
-23 http://www.creative-chemistry.org.uk 
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 :24تأثیرات بد تركیبات کربن

ز تجمع ترکیبات کربن در جو است؛ یکی نازک شدن لایه ازن که عمدتاً ا کند و هر دو ناشیو فاجعه بشریت را تهدید میوقوع د

و سرآمد  به واسطه وجود کلروفلوئورو کربن ها است و دیگری پدیده گلخانه که به خاطر حضور متان، کلروفلوئور و کربن ها

 اکسید است.همه کربن دی

، الماس را که یکی از فرمهای آلوتروپی کربن است به عنوان 1990در سال  25سبت بوده است که مجله سینسشاید به همین منا

است که هیجان بسیاری را در دنیای   ۶026یاب فولرن باکمینستر کربن مولکول سال انتخاب کرده است. و مولکول آلوتروپ تازه

 دیده نشده است. شیمی ایجاد کرده است، هیجانی که از زمان ککوله تاکنون
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Novel Cu(II)-Schiff base complex as an effective nanocatalyst for three-

component synthesis of 5-aryl-pyrano[4,3-d]thiazolo[3,2-a]pyrimidines 

Seyed Hadi Hosseyni Omama, Mehdi Khalaj*a and Seyed Mahmoud Musavia  

aDepartment of Chemistry, Islamic Azad University, Buinzahra Branch, Buinzahra, Iran 

*E-mail: khalaj_mehdi@yahoo.com 

 

A novel CuLCl2 complex (L = N-(3,4-dimethylphenyl)-pyridine-2-ylmethyleneamine) has been 

synthesized by two methods. The first method involved the preparation of a single crystal to 

determine the structure of the complex and CuLCl2 nanoparticles were prepared by the second 

method. Single crystal X-ray diffraction, NMR, FT-IR, UV–Vis and elemental analysis have been 

used to characterize the single crystal of the complex (1) and XRD, scanning electron microscopy 

(SEM), transmission electron microscopy (TEM) and the corresponding particle size distribution 

histogram has been used to confirm the structure of CuLCl2 nanoparticles (2). The catalytic 

performance of the  complex 2 prepared has then been assessed in the synthesis of pyrano[4,3-

d]thiazolo[3,2-a]pyrimidine derivatives through the three-component condensation of 4-hydroxy-6-

methyl-2H-pyran-2-one, 5-methyl-2-aminothiazole and various aromatic aldehydes under solvent-

free conditions in high yields. In addition, all the synthesized compounds were evaluated for their 

antibacterial activity against Staphylococcus aureus (gram-positive) and Escherichia coli (gram-

negative) bacteria.1-4 

(Scheme 1). 

 

 

Scheme 1. Synthetic pathway of pyrano[4,3-d]thiazolo[3,2-a]pyrimidines (4a-o) by using 2 nano-

particles. 
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Density Functional Theory Insights into Pretomanid 
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Introduction: Tuberculosis (TB), caused by Mycobacterium tuberculosis, is the leading infectious 

cause of death worldwide. Its management is increasingly challenging due to multidrug-resistant 

(MDR TB; resistant to isoniazid and rifampicin) and extensively drug-resistant (XDR TB; MDR TB 

with additional resistance to fluoroquinolones and at least one second-line injectable drug) strains 

[1]. Effective regimens rely on central drugs with strong bactericidal and sterilizing properties [2]. 

Pretomanid, an oral nitroimidazooxazine developed by TB Alliance under Novartis, is part of the 

BPaL regimen (bedaquiline, pretomanid, and linezolid) for rifampicin-resistant TB with 

fluoroquinolone resistance. It inhibits mycolic acid biosynthesis, disrupting M. tuberculosis cell 

walls and targeting non-replicating bacilli under anaerobic or hypoxic conditions [3]. Pretomanid is 

a bactericidal antibiotic that works by inhibiting mycobacterial cell wall synthesis and generating 

reactive nitrogen species, which contribute to bacterial killing. It is particularly effective against both 

actively replicating and dormant Mycobacterium tuberculosis under hypoxic conditions. The FDA’s 

2012 approval of bedaquiline, the first anti-TB drug with a novel mechanism in 40 years, revitalized 

TB drug development. Pretomanid, another breakthrough, has shown no serious adverse events 

(SAEs) in healthy subjects [4,5]. 

Methods: The molecular structure of Pretomanid was constructed using GaussView 5.0 and 

optimized via Gaussian 09 at the B3LYP/6-311+G level of theory. Geometry optimization was 

performed using gradient-based techniques within the density functional theory (DFT) framework, 

ensuring computational efficiency and accuracy. The optimized structure was confirmed as a 

minimum on the potential energy surface, with no imaginary frequencies observed. 

Results: The molecular structure of Pretomanid was successfully optimized at the B3LYP/6-311+G 

level of theory using Gaussian 09. The optimized structure is illustrated in Figure 1, showcasing its 

geometrical arrangement. 

mailto:hossein_shirani@iust.ac.ir
mailto:hossein_shirani@iust.ac.ir
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 Fig. 1. Pretomanid's optimized structure at the B3LYP/6-311+G theory level. 

 

 Table 1. Bond lengths, bond angles, and dihedral angles for Pretomanid, representing a selection of 

the calculated geometric parameters. 

 

Thermodynamic properties were also calculated, with the electronic energy of the molecule found 

to be -1025.4 kcal/mol. The highest occupied molecular orbital (HOMO) energy was -0.26464 eV, 

while the lowest unoccupied molecular orbital (LUMO) energy was -0.10909 eV, resulting in a 

HOMO-LUMO gap (HLG) of 0.15555 eV. Mulliken atomic charges, spin density, and molecular 

orbital energies were analyzed. The dipole moment components were determined as X = 8.8161, Y 

= -0.8417, and Z = -1.0524, yielding a total dipole moment of 8.9185 Debye. 

  

 

  

 

 

 

 

Fig. 2. The molecular orbital shapes of the HOMO and LUMO of the Pretomanid molecule at the 

B3LYP/6‒311+G level.   

Discussion: This theoretical study provides valuable insights into the chemical and pharmacological 

properties of Pretomanid. By leveraging an interdisciplinary approach, it paves the way for 
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enhancing drug performance and developing similar compounds to achieve improved therapeutic 

outcomes. 

Keywords: DFT, Pretomanid, Tuberculosis, TB,  B3LYP/6-311+G; HOMO-LUMO gap  
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Lipstick and Lip Balm 
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Hyaluronic acid (HA) is a natural polymer that belongs to a group of heteropoly saccharides found 

in various human and animal tissues and through microbial sources [1]. Its structural characteristics 

and physical, chemical, and biological properties allow its use to be wide and cover several areas, 

mainly pharmaceutical, medical, dental, and aesthetics [2]. 
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Scheme: HA structure 

The physical, physicochemical, and biological properties of HA are directly linked to its molecular 

weight. Different covalent or non-covalent crosslinks in the three-dimensional structure of hydrogels 

enables them to absorb bulky volumes of water [3]. The properties of biological importance include 

high viscoelasticity, biocompatibility, hygroscopicity, and moisture retention abilities. Skin 

hydration ability, lubrication, and diminishing aging symptoms are among the physiological 

functions of our interest [4]. 

Regarding skincare products, HA has a clinically approved efficacy in fighting aging symptoms and 

counteracting the negative impact of skin chronic exposure to exosomes, external environmental 

challenges, such as sunrays, tobacco smoking, and pollution. 

Nowadays, HA and derivatives are the most popular cosmetic agents with promising aesthetic results 

[5]. So, in recent years, HA has been used in products such as skin care products, sunscreen products, 

dermal fillers, hair care products, and nail care products. However, its use in lipstick has received 

less attention. 

 

In this project, we used this acid, as well as its nanoparticles, in the lipstick and lip balm formulation. 

Synthesis of nano hyaluronic acid (nano-HA) can be approached through several methods, typically 

aimed at reducing the size of hyaluronic acid (HA) molecules while maintaining their biological 

activity. We chose the nanoprecipitation method. For this purpose, HA dissolved in a solvent (e.g., 

water) and then added a non-solvent (e.g., ethanol) to induce precipitation. The conditions (e.g., 

temperature, concentration) optimized to control the size of the resulting nanoparticles. 

The quality of the resulting product was measured in comparison to a normal lipstick (control 

lipstick). The results emphasized the increase in lipstick quality and the improvement of lip texture. 
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Abstract 

Monomers combination of vinyl acetate, butyl acrylate and acrylic acid to improve the mechanical 
properties due to the excessive crosslinking in the presence of vinyl acetate monomer and the 
adhesion failure was observed [1].By increasing of the peel and shear properties of the pressure 
sensitive adhesives by adding methyl acrylate monomer in the presence of 2-ethylhexyl acrylate 
monomer which these monomers are more expensive and less cost-effective among acrylic 
monomers [2]. Thus, in this paper a combination of vinyl acetate (to moderate the mechanical and 
adhesion traits), acrylate monomers (to reduce the glass transition temperature) and silica 
nanoparticles was used to produce the novel pressure sensitive adhesive usable in adhesive industry 
(scheme1). The properties of the polymer was characterized by attenuated total reflectance (ATR), 
scanning electron microscopy (SEM), glass transition temperature (Tg), peel determination and 
shear strength. 
 

 

Scheme1. Preparation of the polymer 
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Abstract  

Quantum dots (QDs) are classified into three classes: carbon, graphene, and semiconductor dots. 

There are many reports on the use of these materials as catalysts and supercapacitors. [1]. QDs have 

high potential for use as light-sensitive materials due to their high compatibility and high production 

of reactive oxygen species.  

Bistort (Persicaria bistorta) is one of the most widely used medicinal plants in traditional medicine. 

N-epigall ocatechin is known as the main component of the plant as a remedy for ulcer inflammation, 

sore throat, and simple internal and external bleeding [2]. Bistort also contains other compounds 

such as albuminoids, starch, calcium oxalate, gallic acid, and vitamin C. [3] In this study, the 

extracted  polyphenol bistort was used as the starting material for the synthesis of polyphenol 

quantum dots with a hydroalcoholic solvent by hydrothermal method. 

Materials and Methods  

A 0.05 gram of bistort hydroalcoholic extract powder was dissolved in 10 ml of 70% ethanol solvent. 

The mixture was poured into an autoclave and heated at 160 °C for 6 hours (CQDB). Also, the 

synthesis of iron-based quantum dots was carried out. For this purpose, 5 mL of iron nitrate solution 

(2M) was added to the plant extract and the synthesis was carried out under the same conditions 

(CQDBFe). After the synthesis process was completed, the fluorescence properties of the 

synthesized carbon quantum dots were examined using an UV lamp. 

  

Results  
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Figure 1 a-b  shows the fluorescence of the synthesized carbon quantum dots. According to the 

obtained results, CQDB shows a red fluorescence light. But CQDBFe  shows a green fluorescence 

light.  Furthermore, CQDB shows two bands at wavelengths of 231and 283 nm, which are related 

to the ח →ח* and n →ח*  transitions of C=C and C=O bonds, respectively. In Figure b, for CQDBFe, 

two consecutive bands are observed at wavelengths of 479 and 243 nm, respected to the ח →*ח  and 

n →*ח  transitions of C-N and C=O bonds. 

                                                                                                             

    Figure1 UV-VIS spectroscopy of Bistort polyphenol      Figure2 (CQDB)  (CQDBFe) 

 

Conclusion  

The results obtained show that the synthesis of carbon quantum dots in the presence of metal ions 

such as iron can be effective in their luminescence and therefore in their optical properties, that can 

introduced this material as sensor for various applications. 
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Metal-organic frameworks (MOFs) are porous crystalline materials which are composed of metal 

nodes combined with organic linkers,   Variety in the choice of ligands, metal clusters and post-

modification have made MOFs more feasible and designable. The post-modification approach has 

been explored in the development of diverse catalysts utilizing MOFs [1]. Amino acids, or protected 

amino acids, are significant chiral ligands in both synthetic and industrial contexts due to their 

affordability, natural occurrence, scalability, ease of modification, and stability in air. Among the 

amino acids, l-histidine is one of the strongest metal coordinating ligands and plays an important 

role in the binding of metal ions by proteins [2]. The main objective of the presented research is to 

design the architecture and synthesis of a Ce-based MOF that is modified with an amino acid group 

and finally copper metal is placed on it. The designed porous catalyst has been used in the synthesis 

of new imidazole compounds. Easy separation of the catalyst from the reaction medium, high yield 

of synthesized products, short reaction time, solvent-free and green reaction conditions are the most 

important features of the research. The synthesized compounds are likely to have medicinal 

properties due to their biological sections [3]. 

 

Scheme: Synthesis of new diphenyl imidazole derivatives with Ce-MOF@Cu as a porous catalyst. 
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Metal phthalocyanines (MPcs) are a remarkable class of compounds with significant potential across 

various sectors due to their unique properties, including thermal stability, chemical inertness, vibrant 

colors, catalytic activity, and efficient electron transfer. Ongoing research promises further 

innovations in materials science, electronics, and biomedicine. The Knoevenagel condensation of 

benzylidenemalonitrile (BMN) derivatives with aryl aldehydes generates a diverse array of valuable 

organic intermediates that can be adapted for numerous synthetic transformations, particularly in the 

synthesis of biologically significant molecules such as carbohydrates, heterocycles, and enzyme 

inhibitors. In this context, we investigated the catalytic application of Cobalt tetraamino 

phthalocyanine in facilitating the Knoevenagel condensation of aldehyde derivatives with 

malononitrile, as illustrated in Scheme 1. 

 

 

Scheme: Knoevenagel condensation reaction between different aldehydes and malonitrile catalyzed 

by tetra amino Cobalt phthalocyanine 
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The discovery of azo compounds dates back to the mid-1800s. Azo dyes are a unique class of widely 

used photochromic molecules that reversibly photoisomerize between cis and trans geometric 

forms. The trans-to-cis photoisomerization occurs by ultraviolet irradiation whereas the 

opposite cis-to-trans occurs under blue light irradiation. They have numerous applications such as 

catalysis, photo-pharmacological, chemo-sensors, optical storage devices, optical switches, 

nonlinear optics, antifungal, pesticidal, antiviral, and anti-inflammatory. Furthermore, these 

attractive organic color compounds are also used in the food and textile industries. Azo-Schiff bases 

are photochromic molecules composed of azo systems coupled to Schiff bases. Like other azo dyes, 

these biphotochromic compounds have wide applications [1-4]. The azo compound 3 was 

synthesized by starting with benzocaine as the starting material in the presence of nitrous acid and 

then coupling it with salicylaldehyde. The pre-synthesized azo-aldehyde was reacted with various 

amines in ethanol at room temperature or reflux conditions. After several hours, the desired azo-

Schiff base products (4a-f) were obtained in good yields. No column chromatographic purification 

was required to purify the synthesized compounds. They were isolated pure by simple filtration and 

washing the crude products subsequently with ethanol. If needed, recrystallization in ethanol is 

performed for further purification. The azo-Schiff base molecules 4a-f were characterized using 

different spectroscopic techniques (UV-Vis, Fourier transform infrared, 1H, and 13C nuclear 

magnetic resonance (NMR), and the molecular structure is also confirmed by single-crystal X-ray 

diffraction measurement. 
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Scheme 1: Synthesize of azo-Schiff base molecules (4a-f) 
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The cation-π interaction is a stabilizing force of a positive charge on the molecule containing this 

charge. Continuing previous work [1, 2], in the present study, for the first time, the effect of this 

interaction on the stability of conjugate acids of pyridine aromatic amines will be investigated. It is 

expected that this interaction will stabilize the conjugate acid and, as a result, increase the basicity 

of the designed structures. Therefore, the values of proton affinity (PA) and gas basicity (GB) will 

be calculated and compared using the reaction Scheme 1. Reactions in the gas phase as well as water 

and other solvents will also be considered. Due to the interaction of the proton with the π system of 

the aromatic ring, it is expected that the aromaticity of this ring will decrease in the conjugate acid 

compared to the original structure. Therefore, the aromaticity of this ring in the two structures will 

be measured with different parameters including HOMA, NICS, PDI, FLU, BI, etc. Since the cation-
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π interaction is a non-covalent interaction, the atom-in-molecule (AIM) theory will be used for this 

study. The best computational method will be obtained initially using experimental data or using 

several computational methods.  

 

 

Scheme 1. Conjugate acid stability of a base using cation-π interaction 
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Abstract: This study investigates TRYVIO, a newly FDA-approved oral medication for 

uncontrolled hypertension and the first novel anti-hypertensive drug in nearly 40 years. Utilizing 

computational density functional theory, we analyze TRYVIO's chemical structure with Gaussian 
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Quantum mechanical calculations optimized by the B3LYP/6-311+G method. Our results provide 

insights into bond lengths, angles, dipole moments, and the HOMO-LUMO energy gap, contributing 

to a deeper understanding of TRYVIO's electronic properties and guiding future anti-hypertensive 

drug development. 

Keywords: Tryvio, HOMO-LUMO Gap, B3LYP/6-311+G, DFT,Enthalpies, 

Introduction                                                                                                                                                                                                                                                                                                                              

TRYVIO, a new prescription medicine, has made its way into the healthcare industry as a promising 

treatment for uncontrolled hypertension. This innovative drug received FDA approval on March 19, 

2024, becoming the first oral antihypertensive medication            with a unique mechanism of action 

in nearly                                                                                    40 years. In this article, we will explore 

the computational study of density functional              theory on TRYVIO, its chemical structure, 

and the various thermodynamic values obtained from quantum mechanical calculations, which is 

known as aprocitentan. 

Method  

To study TRYVIO's properties, we used computational software and followed these steps: drawing 

the chemical structure with the Gauss View program, performing Gaussian quantum mechanical 

calculations at the theoretical level, and optimizing the structure using the B3LYP/6-311+G method. 

Despite being time-consuming, these steps enabled us to obtain valuable data for further analysis.          

                                                                                                                                                                                                                                            

Analysis and Discussion:  

Using the computational data, we extracted various items crucial to understanding TRYVIO's 

properties: bond lengths of different atoms, angles of various bonds between atoms, dihedral angles, 

dipole moment and polar electric vector (6.8685), heat capacity, zero-point energy, enthalpy, and 

electronic energy, vibrational frequency, and HOMO-LUMO energy gap (-0.14554 eV). The 

HOMO-LUMO energy gap is essential for comprehending TRYVIO's electronic, optical, and redox 

properties. 

 

 

 

 

 

 

Fig1. The calculated optimized structure of Tryvio at the B3LYP/6-311+G level.    

 

  Table1. Calculated Bond Length Values for Tryvio Molecule using B3LYP/6-311+G 

Computational Method .    
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Table2.Calculated Bond Angle Values 

forTryvio Molecule using B3LYP/6-311+G    

Computational 

  Table3.Calculated Dihedral Angle 

Values for Tryvio Molecule using 

B3LYP/6-311+G 

Table4.Calculated Dipole Moments 

Values for Tryvio   Molecule using  

B3LYP/6-311+G Computational.    

  Table 5. Calculated zero-point Energies/ 

Enthalpies/ /CV  /Hf Values for Tryvio  

Moleculeusing B3LYP/6-311+G Computational.    

 

  Table6.Calculated HOMO-LUMO Energy 

Gap Values for TryvioMolecule using 

B3LYP/6-311+G Computational 

 

 

 

 

 

 

Fig2.Vibrational Frequency in IR Spectrum for Tryvio Molecule at B3LYP/6-311+G level. without 

encountering negative frequencies 

 

Conclusion 

This computational study of TRYVIO offers valuable insights into the drug's structure and 

properties. Understanding these aspects is vital for the development and optimization of innovative 

antihypertensive treatments. Further research could focus on the application of these findings and 

potential improvements for treating uncontrolled hypertension effectively. 
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The preparation and design of catalysts based on magnetic biopolymers as green and 

biocompatible nano-catalysts have made many advantage. Fe3O4@nano-coconut shell/TiCl4 as a 

biopolymer-based Lewis acid nano-catalyst from nano-coconut shell  was prepared by adding TiCl4 

to Fe3O4@nano-coconut shell [1]. Synthesis of 1,8-dioxo-decahydroacridines by the one-pot pseudo 

three-component reaction of 4-bromobenzaldehyde , 5,5 dimethyl-1,3- cyclohexanedione and 

aniline in the presence of Fe3O4@nano-coconut shell/TiCl4 at 80 °C under solvent-free conditions 

[2] (Scheme).  
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Scheme: Synthesis of 1,8-dioxo-decahydroacridines 
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Pyranopyrimidinediones are important heterocyclic compounds with a wide range of biological and 

pharmaceutical activities, such as antimicrobial, antiviral, and anticancer properties [1]. The 

synthesis of these compounds often requires efficient catalysts that can operate under mild, solvent-

free conditions, in line with green chemistry principles [2]. Magnetic nanocatalysts, due to their high 

surface area, recyclability, and ease of separation, have attracted considerable attention [3]. In this 

work, first a polyamine with morpholine tags were synthesized [3] and then magnetic nanocatalyst 

containing morpholine moiety was prepared according literature method [4]. The novel nanocatalyst 

was characterized by FT-IR, XRD, FE-SEM, EDAX and AFM. The AFM image of nanocatalyst 

was shown in Fig.1. The catalytic performance of the novel nanomagnetic catalyst was examined in 

multicomponent preparation of pyranopyrimidinedione derivatives under mild reaction conditions 

(40 °C, solvent-free). The products were characterized by FT-IR, 1H and 13C NMR and melting 

point. 
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Fig.1: AFM image of nanomagnetic catalyst 
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The electron ionization (EI) mass spectra a series of O-alkyl N-(1-(dialkylamino))alkylidene 

phosphoramidofluoridates, which are precursors of nerve agents, were studied for Chemical 

Weapons Convention (CWC) verification. General EI fragmentation pathways were constructed and 

discussed. Proposed fragment structures were confirmed through analyzing fragment ions of 

mailto:s.e.hoseini.a@gmail.com
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deuterated analogs1-2. The observed fragment ions are due to different fragmentation pathways such 

as hydrogen and McLafferty+1 rearrangement, alkene, amine and alkoxy elimination by α- or β-

cleavage process. Fragment ions distinctly allow unequivocal identification of the interested 

compounds including those of isomeric compounds. The presence and abundance of fragment ions 

were found to depend on the size and structure of the alkyl group attached to nitrogen, phosphorus 

and oxygen atoms3-4-5. 

 

 

Scheme 1. Synthesis of O-alkyl N-(1-(dialkylamino))alkylidene phosphoramidofluoridates 
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The present study was intended to develop suitable methods for unambiguous identification P-alkyl 

N-(1-(dialkylamino)) alkylidene phosphomimic fluorides. Since O-ethyl N -(1-

(diethylamino)ethylidene)phosphoramidofluoridate (A234) have been added to the series of 

chemical compounds related to the Chemical Weapons Convention (CWC), These compounds, are 

banned as chemical weapon in the Organization for the Prohibition of Chemical Weapons (OPCW).1-

2 Due to synthesis of these compounds as a protected under the “top secret” program of some 

governments, no clear detailed investigation of the synthesis procures and data analysis of these 

compounds has been published3. For the first time, microsynthesis and EI-MS spectra a series of A 

related to CWC were collected and investigated with the aim of enriching the Organization for the 

Prohibition of Chemical Weapons Central Analytical Database (OCAD), which may be used in 

OPCW verification activities, on/off site analysis, and to improve synthesis and MS interpretation 

knowledge. The proposed mechanisms for the formation of the fragments were confirmed through 

the analysis of mass spectra of the structural isomers 4-5. 

 

Scheme 1. Synthesis of P-alkyl N-(1-(dialkylamino))alkylidene phosphonamidic fluorides 
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immobilized on modified FSM-16 
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Abstract: In this work, a recyclable magnetic catalyst, Fe3O4@FSM-16-SO3/IL, based on FSM-16 

was synthesized, characterized, and successfully employed as an effective catalyst in the synthesis 

of polyhydroquinoline derivatives. This synthesis involved a one-pot reaction of various aromatic 

aldehydes, dimedone, ethyl acetoacetate, and ammonium acetate. 

 

Keyword: FSM-16, Ionic liquid, Magnetic nanoparticles, Polyhydroquinoline. 

 

Introduction: Among the different mesoporous materials with structure and very regular pores, 

MCM-41 and FSM-16 have attracted much attention. FSM-16 structures have been prepared by 

intercalation of quarterly ammonium surfactant as a template into layered sodium silicate, kanemite, 

followed by calcination to remove the template, resulting in the formation of a hexagonal 

arrangement of channels with active surface silanol groups, high surface area, and uniform pore 

size. The combination of the properties of magnetic nanoparticles and mesoporous materials in a 

single material is particularly attractive from the point of view of catalysis because of possibility of 

combining the various functional groups with the advantages of the magnetic properties of magnetic 

nanoparticles. Immobilization of ionic liquids on suitable solid supports such as porous supports or 

magnetic nanoparticles would be a short cut to achieve better catalytic efficiency and recycling 

performance than current ionic liquid catalysts. To date, many ionic liquids supported on magnetic 

mesoporous materials have been prepared and used in many chemical reactions. Polyhydroquinoline 

derivatives, as an important class of N-heterocyclic compounds have become an important structural 

component in many pharmaceutical agents such as HIV protease inhibition, antitumor, neurotropic,  

antibacterial, MDR reversal, antimutagenic, antidiabetic, hepatoprotective, and vasodilator.  

 

Method: The preparation of Fe3O4@FSM-16-SO3/IL, involving the immobilization of an 

acidic ionic liquid on Fe3O4@FSM-16 nanocomposite, was carried out in several steps. 

Firstly, Fe3O4 nanoparticles were prepared and then coated with CTAB and kanemite (δ-

Na2Si2O5). The resulting product was calcined to produce Fe3O4@FSM-16. Subsequently, 

Fe3O4@FSM-16-SO3H was prepared by the reaction of between Fe3O4@FSM-16 with 

chlorosulfunic acid. Then, the reaction of triethylamine with 1,4-butane sultone produced 

the ionic liquid (IL). Finally, the Fe3O4@FSM-16-SO3/IL nanocatalyst was prepared by the 

electrostatic stabilization the IL on Fe3O4@FSM-16-SO3H. Its catalytic application was 

investigated in the synthesis of polyhydroquinoline derivatives with the multicomponent 

reaction of aromatic aldehyde, dimedone, ethyl acetoacetate, and ammonium acetate 

(Scheme). 
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Scheme: Synthesis of polyhydroquinoline derivatives  using Fe3O4@FSM-16-SO3/IL. 

Results and Discussion: The synthesized nanocatalyst was characterized by XRD Low angle, 

TGA, FE-SEM, EDS, analyses. 
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Abstract: In this research, Fe3O4@FSM-16/IL-Pd was successfully designed and synthesized via a 

new procedure of palladium (II) complex immobilization onto magnetic FSM-16 using an ionic 

liquid, as a novel heterogeneous nanocatalyst. Fe3O4@FSM-16/IL-Pd was used as a heterogeneous 

and efficient catalyst for the preparation of pyrano[3,2-c]chromene-3-carbonitrile derivatives. 

 

Keyword: FSM-16, Fe3O4, Ionic liquid, Palladium, Pyrano[3,2-c]chromene. 

 

Introduction: Chromene derivatives are oxygen-containing heterocyclic compounds with diverse 

pharmaceutical and biological properties which are widely distributed in nature. Chromenes 

demonstrate a diverse range of biological activities, such as anti anaphylactic activity, antimicrobial, 

anticancer properties, diuretic, and spasmolytic. During the past few decades, stabilized metallic 

nanoparticles have been utilized as heterogeneous catalysts in the transformation of organic 

functional groups and novel organic synthesis. Among various metal and metal oxide nanoparticles, 

Fe3O4 magnetic oxide nanoparticles (MNPs) owing to their inherent properties including 

superparamagnetism, a significant surface area, low toxicity, easy separation, recyclability through 

an external magnetic field, and reuse in chemical processes have garnered significant attention. 

Therefore, Fe3O4 magnetic nanoparticles are coated with a range of materials, including mesoporous 

silica materials, polymers, carbon nanotubes, and boehmite nanoparticles, resulting in the formation 

of core-shell structures. Among mesoporous silica compounds, FSM-16 (Folded Sheet Mesoporous) 

has attracted much interest due to its high pore volume, large surface area, surface silanol groups, 

and uniform pore diameter. An attractive approach for the fabrication of an effective solid catalyst, 

and recyclable is the covalent stabilization of ionic liquids on a heterogeneous solid surface, such as 

a suitable magnetic mesoporous. 

 

Method: To prepare Fe3O4@FSM-16/IL-Pd nanocatalyst, firstly, Fe3O4@FSM-16 was prepared by 

the reported method. Next, ILDABCO (Bis-PrSi/DABCO/Cl) was synthesized using the reaction of 

1,4-diazabicyclo[2.2.2]octane (DABCO) with 3-chloropropyltrimethoxysilane (CPTMS). In the 

following, the ILDABCO was stabilized on the Fe3O4@FSM-16 surface through an organosiloxane 

bridge with free surface chloride ions. Finally, Fe3O4@FSM-16/IL was then reacted with PdCl2 to 

prepare Fe3O4@FSM-16/IL-Pd nanocatalyst. Fe3O4@FSM-16/IL-Pd was used as a heterogeneous 

and efficient catalyst for the preparation of pyrano[3,2-c]chromene-3-carbonitrile derivatives via the 

reaction of 4-hydroxycoumarin, aldehyde, and malononitrile under solvent-free conditions 

(Scheme). 
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Scheme: Synthesis of pyrano[3,2-c]chromene-3-carbonitriles using Fe3O4@FSM-16/IL-Pd. 

Results and Discussion: The synthesized nanocatalyst was characterized by VSM, TGA, FE-

SEM, EDX analyses. 
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Chromene is an important bicyclic aromatic heterocyclic compound that successfully combines the 

structures of a benzene ring and a pyran ring. As an important chromene derivative, 2-amino-4H-

chromene illustrates notable anti-cancer, anti-inflammatory, anti-microbial, and antioxidant 

properties [1]. The traditional synthesis of chromenes typically entails lengthy reaction time and 

stoichiometric reagents, toxic catalysts, high temperatures, and hazardous organic solvents, which 

can result in lower yields. The nature of the catalyst, in conjunction with other reaction parameters, 

significantly influences yield, selectivity, and overall applicability. There has been a collaborative 

effort to develop a catalyst that is not only cost-effective but also mild, versatile, and reusable [2]. 

Diverse catalytic systems, including polymers, zeolites, carbon-based catalysts, metal nanoparticles 

(NPs), and metal-organic frameworks (MOFs), are used for synthesizing 2-amino-4H-chromenes. 

MOFs, in particular, are gaining attention as heterogeneous catalysts due to their high surface area 

and dual Lewis and Brønsted acid characteristics, which enhance the synthesis of 2-amino-4H-

chromene [3].  

In this study, an innovative catalyst was prepared via sulfonation of NH2-MIL-101(Fe). In order to 

prepare the catalyst initially, 2-amino terephthalic acid (0.206 g) and FeCl3·6H2O (0.76 g) were 

dissolved in DMF solvent and the reaction mixture was subjected to solvothermal conditions for 24h 

at 110°C. Subsequently, NH2-MIL-101(Fe) was covalently sulfonated with 1,4-butane sultone (NH2-

MIL-101(Fe)-SO3H) [4]. The prepared catalyst (NH2-MIL-101(Fe)-SO3H) was utilized to 

synthesize 2-amino-4H-chromene by the following reaction. A mixture of dimedone (1 mmol), 

malononitrile (1.1 mmol), and benzaldehyde (1 mmol) was dissolved in ethanol (2 ml) in the 

presence of 0.04 g of the prepared catalyst and the reaction was carried out over 2 hours at room 

temperature. This reaction achieved a 90% yield of 2-amino-4H-chromene. The catalyst's reusability 
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was evaluated under optimal reaction conditions, demonstrating effectiveness for up to 5 cycles 

without any significant performance decrease.  

 

 

 

 

Scheme 1. Synthesis of 2‐amino‐4H‐chromene derivatives using NH2-MIL-101)Fe(-SO3H catalyst 
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In recent years, some compounds having an en-amine functional group, such as 6-aminouracil and 

1,3-dimethyl-6-aminouracil, have been used by several researchers as efficient intermediates to 

prepare relevant azo dyes and pigments [1-4[. The azo-hydrazone tautomerization capability 

exhibited by this category of heterocyclic azo dyes makes them suitable candidate compounds for 

investigating their solvatochromic and tautomeric properties in various organic solvents [5-8]. 

In this study, 4-Aminocoumarin was reacted as a new enamine-type coupling component with 

some diazonium salts derived from mono-substituted aromatic amines to afford the corresponding 

dyes. The structures of the obtained dyes were confirmed by infrared, nuclear magnetic resonance, 

and mass spectroscopic techniques. The outcomes of the study have revealed that the prepared dyes 

exist as hydrazone-imine tautomeric structures in both solid and solution states. The 

solvatochromism properties of dyes have been investigated in various solvents. The effects of acid 

and base on the visible absorption spectra of the dyes in ethanol were also studied, which showed 

that the spectral changes are clearly dependent upon the protonation-deprotonation of the dye 

molecules. Afterwards, the structures of the azo and hydrazone tautomeric forms of the dyes were 

optimized at B3LYP/6-311G level of theory. DFT calculations have performed to measure the 

stability (energy) of proposed azo and hydrazone tautomeric forms of the prepared dyes both in gas 

phase and in the solution state. 

 

Scheme1. Synthetic route to hydrazo-imine dyes 1-12. 
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Phenolic compounds are pervasive environmental pollutants that originate from industrial activities 

such as petrochemicals, pharmaceuticals, paper and pulp production, and textile manufacturing. 

These compounds are highly toxic, recalcitrant, and known to pose significant risks to both 

ecosystems and human health. Due to their stability and solubility in water, phenols are challenging 

to remove using conventional physical or chemical wastewater treatment methods. Therefore, the 

development of efficient, sustainable, and eco-friendly approaches for phenol remediation is of 

paramount importance [1]. Laccases, a class of multicopper oxidases, have emerged as promising 

biocatalysts for the removal of phenolic compounds from contaminated environments. These 

enzymes catalyze the oxidation of phenols to reactive radicals by reducing molecular oxygen to 

water, thereby initiating polymerization or degradation reactions that result in the removal of 

phenolic pollutants. Laccases exhibit a broad substrate specificity, making them suitable for the 

degradation of a wide range of phenolic compounds [2]. Moreover, their ability to function under 

mild conditions, coupled with their potential for immobilization and reuse, enhances their 

applicability in large-scale wastewater treatment processes [3]. This study explores the potential of 

laccase for the bioremediation of phenolic pollutants, focusing on optimizing its activity, enhancing 

its stability through immobilization techniques, and integrating it into advanced treatment systems 

to achieve sustainable phenol removal. This research involved the preparation of a magnetic cross-

linked laccase aggregate employing superparamagnetic metal-organic frameworks, which was then 

applied to effectively remove phenol from the environment. 

The results demonstrated that the magnetic cross-linked laccase aggregate maintained its activity 

over a wide pH range. Notably, ammonium sulfate positively impacted enzyme activity. It was 

determined that an optimal concentration range of 0.4–0.8% maximized enzyme activity while 

minimizing adverse effects from excessive cross-linking. The ideal conditions for efficient phenol 

removal were identified as a pH of 4.5 and a temperature of 45°C. 
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Scheme: laccase-MOF composite showed synergistic effect for remediation of phenolic pollutants. 

 

In conclusion, the development and application of magnetic cross-linked laccase aggregates 

synthesized using superparamagnetic metal-organic frameworks demonstrate a promising approach 

for the efficient removal of phenolic pollutants. Future studies could explore scaling up the process 

and evaluating its performance in complex real-world wastewater matrices. 
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Introduction 

CNT-COOH, or group-functionalized carbon nanotubes, are a type of modified carbon nanotube 

where carboxyl, hydroxyl or epoxy groups (-COOH) are attached to the surface of CNT. Due to the 

biological activities of spiroindenes, such as antiviral and anticancer properties, and also due to the 

advantages of multi-component reactions, it was considered to use a cheap, non-toxic, and efficient 

catalyst for the synthesis of these compounds. In this study, four-component reactions were used to 

synthesize spiro[indeno[1,2-b]quinoxaline derivatives in the presence of functionalized carbon 

nanotubes. 

Method 

First, carbon nanotube was functionalized by nitric acid to yield CNT-COOH. Then, the synthesis of 

spiro[indeno[1,2-b]quinoxaline derivatives was carried out in two steps. First, phenylenediamine (1 

mmol) and ninhydrin (1 mmol) were stirred in ethanol (15 mL) at room temperature for 10 min, and 

in the second step, malononitrile (1 mmol) and dimedone (1 mmol) were added to the reaction mixture 

at 80 °C along with 0.01 g of functionalized carbon nanotube as catalyst. The progress of the reaction 

was monitored using TLC. Finally, the catalyst was separated from the reaction product by 

centrifugation and washed several times with cold water. 

Result and discussion 

The IR spectrum of CNT-COOH (Figure 1) clearly confirms the presence of oxygen moieties on the 

carbon nanotube. The broad band at 3425 cm-1 is due to O-H stretching vibrations. The absorption 

band at 1730 cm-1 belongs to the C=O stretching vibration. The C-O stretching vibration is observed 

at 1156 cm-1. 

 

Figure 1. FT-IR spectrum of functionalized carbon nanotube (CNT-COOH) 

After charactrization of CNT-COOH by FT-IR spectrum, its catalytic activity was incvestigated in the 

reaction of ninhydrin, phenylenediamine, malononitrile and dimedone to yield spiroindeno[1,2-

b]quinoxallin (Scheme 1). 
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Scheme1. Synthesis of spiroindeno[1,2-b]quinoxallin derivatives in the presence of CNT-COOH 

catalyst 
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Introduction: Residual pesticides-induced contaminated food products have become a global 

concern to food safety issues, health protection and public security [1,2]. Organophosphorus 

pesticides (OPPs) are widely used to improve agricultural products due to their effectiveness for 

eradicating insects [3]. Generally, cardiovascular diseases, asthma, dizziness, immunotoxicity, 

gastrointestinal disorders, nausea, impaired neurobehavioral functioning, cancer and reproduction 

ability reduction in men and even death have been reported for OPPs poisoning[4]. Although, a high 

level of 1 mg/kg has been set by the Food and Agriculture Organization of the United Nations for 

malathion in fruits. Therefore, the development of sensitive methods for the detection of 

organophosphate pesticides is essential. 

 Method: In this study, a system was developed for the extraction and colorimetric detection of 

malathion as a model organophosphate pesticide in environmental samples. In this regard, 

molecularly imprinted polymer was synthesized by sol-gel method using 3 

aminopropyltriethoxysilane (APTES) as functional monomer and tetraethyl orthosilicate (TEOS) as 

crosslinker on glass powder substrate. Subsequently, the prepared adsorbent by microextraction in 

packed syringe (MEPS) method was used to extract malathion. Then, the extracted malathion was 

measured using a colorimetric detection method using silver nanoparticles. The mechanism of 

malathion detection is based on the aggregation of silver nanoparticles in the presence of malathion. 

Results and Discussion: The prepared MIPs was characterized using Fourier-transform infrared 

spectroscopy (FTIR), field emission scanning electron microscopy (FESEM) and 

Thermogravimetric analysis (TGA). Different influencing parameters on extraction efficiency such 

as effect of the number of sample sorption/desorption cycles, type and volume of desorption solvent, 

pH of the sample solution and MIP amounts were optimized. Under optimal conditions, the 

colorimetric response of A555/A400 was linear in the range of 0.01-5 mg/L. The detection limit of this 

method was 0.004 mg/L. The method was successfully applied for the detection of malathion in the 

environmental samples. 

 

 

 

Scheme: Schematic diagram of malathion MIP preparation. 
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Metal-organic frameworks (MOFs), a class of porous materials assembled from metal ions/clusters 

and organic ligands. MOFs have been utilized for many applications including gas storage, 

separations, chemical sensing, and drug delivery. In recent years, MOFs have demonstrated their 

potential application as heterogeneous catalysts, especially those using MOFs as a supporting matrix 

for metal nanoparticles (known as metal-MOFs) [1]. In this work we use Cu-MOF as nanocatalyst 

for synthesis and characterization of xanthene derivatives. 

 The catalyst Cu(BDC) was synthesized according to the literature procedure [2] and characterized 

by FT-IR, XRD, FE-SEM, TGA and TEM. 

 We have described a convenient and highly efficient synthesis of xanthene derivatives using Cu-

MOF as a green and effective catalyst under solvent free condition. Excellent yields of product, short 

reaction time, mild reaction conditions, a simple workup procedure, and reusability of the catalyst 

are the important and valuable features of this catalyst. The resulting xanthene derivatives are of 

importance for organic and medicinal research. The products were characterized by FT-IR, 1H and 
13C NMR and melting point. 
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Scheme.Cu-MOF application 
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Magnetic nanocatalysts labeled with morpholine are recognized as a novel tool in the field of 

chemical catalysis [1]. These nanocatalysts, by combining magnetic properties with the chemical 

characteristics of morpholine, provide easy separation and high efficiency in chemical reactions. The 

synthesized catalyst was examined using FT-IR, TGA, SEM, DLS, AFM, and TGA analysis. 

Tetrahydrobenzopyran derivatives are a group of heterocyclic compounds that are significant due to 

their extensive pharmaceutical and biological properties, such as anticancer, anti-inflammatory, 

anticoagulant, and anti-allergic activities [2].The magnetic nanocatalyst was synthesized by 

functionalizing Fe₃O₄ nanoparticles with a morpholine groups [1]. 

Tetrahydrobenzo pyran derivatives were synthesized with mentioned catalyst. The obtained data 

indicated that the products were synthesized with high efficiency and purity, short reaction time, 

mild conditions and easy separation of the catalyst by an external magnet are the superior advantages 

of this catalyst. The products were characterized by FT-IR, 1H and 13C NMR spectroscopy and 

melting point. 
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Scheme 1. Catalytic synthesis of tetrhydrobenzopyrane derivatives 
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Introduction: 

Heteropoly anions are called heteropoly acids. These compounds are strong Brønsted acids and have 

two types of protons, indirect and direct. These protons are linked to the polyanion through strong 

bonds. Wells-Dawson's heteropoly acid (Scheme 1) has the general formula [X2M18O62]
-6, in which 

the central X+n atom is surrounded by a shelf of additional M atoms such as tungsten (VI), 

molybdenum or a mixture of these elements, each of which has MO6 octahedral units. After the 

preparation and identification of H6P2W15Mo3O62, it was used as a catalyst in the synthesis of 

spiro[indoline-3,4´-pyrano[2,3-c] pyrazole] derivatives. 
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                                                Scheme 1: The Wells- Dawson Structure            

     Method 

synthesis of H6P2W15Mo3O62  

First, 5.7 gr of Na2MoO4 and 2 gr of Na2WO4 were dissolved separately in 16 and 5.2 ml of distilled 

water, then 0.575 gr of Na2HPO4 were dissolved in 2.5 ml of water. The three solutions were added 

together and heated to 100°C, then 4 ml of H2SO4 was slowly added to the solution. The resulting 

solution was kept for 8 hours at a temperature of 100 °C with stirring and the product was extracted 

with diethyl ether after cooling. 

General method for the synthesis of spiro[indoline-3,4´-pyrano[2,3-c]pyrazole] in the presence of 

H6P2W15Mo3O62 heteropoly acid 

A mixture of hydrazine hydrate (1.5 mmol) and ethyl acetoacetate (1 mmol) along with 10 ml of 

water and catalyst (0.003 g) was poured into a 25 ml flask and stirred with a magnet for 10 minutes 

at room temperature. Then, isatin (1 mmol) and malononitrile (1 mmol) were added to the mixture 

and the progress of the reaction was followed by TLC. Then the product was separated by filtration 

and washed with distilled water. 

Result and Discussion 

H6P2W15Mo3O62 was synthesized and successfully applied in the four- component condensation of 

isatin, malononitrile/ethylcyanoacetate, hydrazinehydrate and ethylaceto acetate. The corresponding 

spiro[indoline-3,4´-pyrano[2,3-c]pyrazole derivatives (Scheme 2) were generated in good to 

excellent yields. Short reaction times, high yields of products, easy work-up procedures, mild 

reaction condition in combination with non-toxicity, cheapness, efficiency and reusability of the 

catalyst are valuable advantages of the current work.  

                                    

Scheme 2. Synthesis of spiro[indoleine-3,4´-pyrano[2,3-c]pyrazole]derivatives in the presence of 

H6P2W15Mo3O62 
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Polyurethanes (PUs) have been used extensively in coating industries because of their excellent 

abrasion resistance, low temperature flexibility, and high chemical, mechanical and physical 

properties [2]. The PU coatings are typically used for plastics, wood, aircraft topcoats, and 

automotive topcoats [1].  

In this research, polyurethane coatings based on an acrylic resin and toluene diisocyanate (TDI) was 

prepared (Scheme 1) and the effect of preparation condition on the properties of the product was 

investigated. Dibutyl tin dilurate (DBTDL) was used as the catalyst and toluene was used as the 

solvent. The synthesis process was performed at different temperatures from 40 °C to 60 °C. It was 

found that by increasing the temperature, the synthesis process took place faster, but it also increases 

the possibility of the gelation and bubble formation. The formation of pin-holes has a negative effect 

on the properties of the prepared polyurethanes and decreases the tensile strength of the product.  
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Scheme 1: Synthesis of polyurethane based on acrylic polyol and TDI. 
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Acrylic resins have attracted much attention in automotive, construction, furniture and coating 

industries due to their unique features such as appropriate thermal properties, corrosion resistance, 

light stability, excellent mechanical properties and water resistance [1].  

In this research, a low molecular weight acrylic resin containing hydroxyl groups was synthesized 

by free radical polymerization of ethyl acrylate and butyl acrylate monomers in toluene in the 

presence of hydrogen peroxide as an initiator (Scheme 1). However, since hydrogen peroxide is 

water soluble, it cannot be dissolved in the reaction medium. Thus, the polymerization also needs a 

phase transfer catalyst such as benzyltriethylammonium chloride (TEBAC) [2,3]. The 

polymerization reaction was carried out at different temperatures and different amounts of initiator 

in order to optimize the reaction condition and obtain the acrylic resin with desired structure and 
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properties.  The results revealed that the highest yield and the most appropriate molecular weight 

and functional groups were obtained at 100 °C using 1:5 ratio amount of the initiator to the solvent. 

 
Scheme 1: The general scheme of acrylic resin synthesis. 
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Introduction: 

The Betti reaction is one of the best-known multicomponent reactions, leading to the production 

of Betti bases. This kind of chiral ligand, due to its special structure, can chelate with metals, 

providing useful catalysts for a wide range of asymmetric syntheses [1-6]. Given the biological and 
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chemical importance of chiral Betti bases, accurate methods for their separation are of great 

significance. Diastereomeric crystallization is a simple, scalable, and efficient method that typically 

uses natural (L)-tartaric acid as a chiral resolving reagent to prepare chiral Betti bases [1-6]. The 

oxidation of allylic C-H bonds in olefins with an oxidant in the presence of copper salts and chiral 

ligands, known as the enantioselective Kharasch-Sosnovsky reaction, is a powerful tool for the 

synthesis of chiral allylic esters [6, 7]. 

Method: 

General procedure for synthesis of chiral Betti bases:  

 

At first, 4-chlorobenzaldehyde was placed in a round bottom flask containing EtOH, β-naphthol, 

and NH4OAc and stirred at room temperature. The resulting white precipitate (tautomeric mixture) 

was filtered and washed with cold ethanol. Then the obtained tautomeric mixture was hydrolyzed 

with dilute hydrochloric acid to give 1-)a-Amino-4-chloro benzyl)-2-naphthol. HCl salt. In continue 

a solution of Na2CO3 (2 M) was dropwise added to a suspension of 1-(a-Amino-4-chloro benzyl)-2-

naphthol. HCl salt in water cooled in an ice bath. The aqueous phase was extracted by Et2O and the 

racemic Betti base was produced. In the final step, a solution of (2R, 3R)-tartaric acid in ethanol: 

methanol mixture was added slowly to a solution of the racemic Betti base in ethanol and stirred. 

The obtained S-RR and R-RR diastereomeric salts were treated with aqueous solution of Na2CO3 (2 

M) and stirred at room temperature (Scheme 1). The mixture was extracted with diethyl ether and 

chiral Betti bases were obtained in high yields [1-6]. 
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Scheme 1. Synthesis of chiral Betti bases  

General procedure for asymmetric Kharasch-Sosnovsky reaction: 

Under a nitrogen atmosphere, a 10 mL flame-dried Schlenk tube was charged with dried 

acetonitrile, Cu(CH3CN)4PF6, and chiral Betti base and stirred at room temperature. Then alkene, 

benzoic acid derivatives and tert-Butyl hydroperoxide were added portionwise to the solution, 

respectively. When the reaction was completed, NH4OH was added, and the aqueous layer was 

extracted with ethyl acetate (Scheme 2). Finally, purification of the residue by silica gel column 

chromatography resulted in the corresponding chiral allylic ester [6, 7]. 

 
 

Scheme 2. Asymmetric allylic oxidation of olefins in the presence of chiral Betti bases  

 

Results and Discussion: 

A mixture of an acyclic Schiff base and two C-3 epimeric 1,3-naphthoxazine that are in equilibrium 

with each other was prepared by a three-component reaction of β-naphthol, 4-chlorobenzaldehyde, 
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and ammonium acetate in ethanol at room temperature. Analyzing this mixture by 1HNMR 

spectroscopy, revealed that the population of the trans isomer is higher than both the imine and cis 

forms, and also the ratio of the imine is more than the cis isomer. Then by acidic hydrolysis, all the 

isomers were converted into a stable racemic Betti base salt. The resulting salt was then neutralized 

with an alkali solution to give the racemic-free Betti base. Then, its enantiomers were separated by 

the diastereomeric crystallization method using (L)- tartaric acid. Finally, the copper complexes of 

the synthesized chiral Betti bases were used in the enantioselective Kharasch-Sosnovsky reaction, 

resulting in good yields of chiral allylic esters with moderate enantioselectivity. 
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Selenium-containing heterocycles have emerged as versatile frameworks with promising 

applications in medicinal chemistry due to their unique physicochemical properties and biological 

activities. This abstract consolidates our recent advanced methodologies for synthesizing selenium-

enriched fused heterocycles, focusing on selenophene and selenazoles. 

The first approach highlights the synthesis of selenopheno[2,3-e][1,2,4]triazolo[1,5-c]pyrimidines 

via Dimroth rearrangement, starting from hydrazinyl-selenopheno precursors. This multistep 
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protocol employs electrophilic carbons (orthoesters and carbon disulfide) followed by S-alkylation 

to produce highly functionalized tricyclic compounds. [1] The other approach investigates the 

antioxidant properties of selenium-fused chalcogenophenes, specifically selenopheno[3,2-

d]pyrimidines. Employing a base-promoted cascade cyclization of 3-amino-2,4-dicyano-5-

(pyrrolidin-1-yl)selenophene with phenyl isothiocyanate, followed by S-alkylation, a series of 

functionalized derivatives were synthesized.[2] A complementary study extends this methodology 

to synthesize [1,3]selenazolo[5,4-e][1,2,4]triazolo[1,5-c]pyrimidines through acidic and basic 

Dimroth rearrangements. Starting from a selenazolo-pyrimidine scaffold, the strategy involves 

hydrolysis, cyclization, and selective alkylation.[3]  

These studies collectively highlight the immense potential of selenium-containing heterocycles in 

anticancer and antioxidant applications, demonstrating the influence of structural modifications on 

bioactivity. The findings contribute to the growing interest in selenium-enriched frameworks for 

developing innovative therapeutic agents targeting oxidative stress, cancer, and other diseases. 
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The exponential growth of the global population, agriculture, and industry has significantly 

increased environmental pollution, impacting air, soil, and water quality. Industrial wastewater 

contains toxic organic and inorganic pollutants, including synthetic dyes, hydrocarbons, aromatic 

nitro compounds, and phenols, originating from industries such as textiles, pharmaceuticals, and 

pesticides. Among these, 4-nitrophenol (4-NP) is a hazardous, non-biodegradable compound 

classified by the EPA as a priority pollutant due to its toxicity, water solubility, and resistance to 

oxidation (Hammett constant: 0.778) [1]. However, it can be reduced to its amino derivative, 4-

aminophenol (4-AP), which is commercially valuable in the production of analgesics and 

antipyretics (e.g., acetaminophen, finasteride), as well as in photographic developers, plastics, 

corrosion inhibitors, fuel anti-corrosion lubricants, and various fine chemicals [2,3].  In this study, 

CuO nanoparticles were synthesized using the green sol-gel method, utilizing oak fruit peel extract 

as a natural stabilizing and reducing agent. The synthesized CuO nanoparticles were characterized 

by FTIR, XRD, TEM, FESEM, EDX, and BET techniques. Their catalytic activity was evaluated 

for the reduction of 4-nitrophenol to 4-aminophenol in the presence of NaBH₄. The reaction progress 

was monitored using UV-Vis spectroscopy. This study highlights the eco-friendly synthesis of 

nanoparticles, efficient catalysis, rapid reaction, and sustainable conditions. 

 

 

 

 

 

Scheme: Catalytic reduction of 4-nitrophenol to 4-aminophenol using CuO nanoparticles. 
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Over the past few years, advances in nanoscience and nanotechnology have prompted high interest 

in semiconductor metal oxide nanoparticles for their photocatalytic capabilities in filtering out 

harmful contaminants from water and environment. The direct release of untreated industrial 

effluents into water bodies remains a critical environmental issue. Such wastes typically include 

non-biodegradable dyes, organic pollutants, and heavy metals, which are common because of their 

high use in cosmetics, paper, leather, textiles, printing, dyeing, and pharmaceuticals [1]. Thus, 

separating these chronic pollutants from wastewater to make it reuseable is a significant undertaking. 

Organic pollutants can be degraded into non-toxic molecules through photocatalysis under visible 

or ultraviolet light irradiation in the presence of an appropriate photocatalyst. This method is 

sustainable, cost-effective, energy-efficient, and generates minimal harmful by-products [2]. Among 

various semiconductor metal oxide nanoparticles, SnO₂ NPs are extensively employed as effective 

photocatalysts, owing to their abundance of active sites, high light absorption efficiency, and large 

surface area [3]. 

In this study, SnO2 nanoparticles were synthesized via a green sol-gel method using pomegranate 

seed extract as a natural precursor. The synthesized nanoparticles were thoroughly characterized 

using various analytical techniques, including UV-Vis-DRS, BET, XRD, FESEM, TEM, and EDX. 

The photocatalytic activity of the nanoparticles for the degradation of congo red dye under visible 

light irradiation was investigated by varying the initial dye concentration, photocatalyst dosage, and 

irradiation time. The results demonstrated the significant ability of SnO2 nanoparticles to effectively 

degrade congo red dye. This green synthesis method offers several advantages, including cost-

effectiveness, simplicity, shorter processing time, environmental friendliness, and the potential for 

scalable production, making it a promising approach for dye degradation. 
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Efficient and recyclable water treatment technologies are crucial for the practical removal of 

(Cr(VI)) from wastewater [1]. While metal-organic frameworks are widely used in water treatment 

due to their stability and multiple active sites, their powdered form presents challenges in 

reclamation, secondary pollution, and aggregation [2, 3]. This study addresses these issues by 

successfully loading Ce-based MOF onto a polyvinylidene fluoride (PVDF) film using the phase 

inversion method, resulting in a highly efficient photocatalyst for Cr(VI) reduction. The Ce-

BDC/PVDF composite film offers two distinct advantages over powdered forms: enhanced process 

efficiency and stability, and minimized catalyst loss and recovery energy requirements [4]. The 

prepared photocatalyst demonstrated the ability to reduce 95.99% of chromium in solution within 

120 min at pH 2 under visible light irradiation. Comprehensive characterization using XRD and FT-

IR confirmed the formation of a composite structure, which effectively prevented charge carrier 

recombination and enhanced photocatalytic performance. 

(a) PXRD patterns of Ce-BDC, PVDF and Ce-BDC/PVDF; (b) ATR spectra of Ce-BDC, PVDF and 

Ce-BDC/PVDF. 

 

Refrences: 

1. Zhang, Q., et al., A porous Zr-cluster-based cationic metal–organic framework for highly 

efficient Cr2O7
2− removal from water. Chemical Communications, 2015. 51(79): p. 14732-14734. 

2. Dong, J., S.-L. Hou, and B. Zhao, Bimetallic lanthanide-organic framework membranes as 

a self-calibrating luminescent sensor for rapidly detecting antibiotics in water. ACS applied 

materials & interfaces, 2020. 12(34): p. 38124-38131. 

3. Kalaj, M., et al., MOF-polymer hybrid materials: from simple composites to tailored 

architectures. Chemical reviews, 2020. 120(16): p. 8267-8302. 

4. Saha, D., T.J. Hoinkis, and S.E. Van Bramer, Electrospun, flexible and reusable nanofiber 

mat of graphitic carbon nitride: Photocatalytic reduction of hexavalent chromium. Journal of colloid 

and interface science, 2020. 575: p. 433-442. 

 

 

500100015002000250030003500400010 20 30 40 50

In
te

n
si

ty
 (

a
.u

.)

2q (degree)

Simiulated

Ce-BDC

PVDF

Ce-BDC/PVDF

T
ra

n
sm

it
a

n
se

 (
%

)

Wavenumber (cm-1)

Ce-BDC/PVDF

PVDF

Ce-BDC

(a) (b)



869 

 

 

 

 

 

 

Preparation and characterization of pH-sensitive nanocomposites based on 

metal-organic frameworks and carboxymethyl cellulose for the removal of 

pharmaceutical pollutants from wastewater 
 

Mahdiyeh Ahmadia, Mohammad Hossein Alizadeha, Hassan Namazia,b  

 
aPolymer Research Laboratory, Department of Organic and Biochemistry, Faculty of Chemistry, 

University of Tabriz, Tabriz, Iran. 
bResearch Center for Pharmaceutical Nanotechnology, Biomedicine Institute, Tabriz University of 

Medical Science, Tabriz, Iran. 

 

Keywords: Water treatment; Magnetite; Hydrogel; Carboxymethyl cellulose; Nanocamposite. 

 

Introduction  

Water is one of the most fundamental and essential natural resources on Earth, crucial for the 

survival of all living organisms and human development. However, water pollution from various 

contaminants poses a serious threat to ecosystems, particularly impacting human life. Therefore, it 

is vital to develop and synthesize materials capable of removing these pollutants from water. One of 

the most cost-effective and accessible methods for water purification is the use of adsorbents. This 

research aims to synthesize a nanocomposite that includes a metal-organic framework, magnetic iron 

nanoparticles, and carboxymethyl cellulose, creating an affordable and biodegradable adsorbent for 

the removal of the cationic drug amiodarone [1]. 

 

Method  

Initially, a magnetic metal-organic framework was prepared using AgNO3 and Cu(NO3)2, 

along with the ligand 1,3,5-benzene tricarboxylic acid. Magnetic iron nanoparticles were synthesized 

through an in situ hydrothermal method. Carboxymethylcellulose polysaccharide and a Fe3+ 

crosslinker were used to create pH-sensitive nanocomposites designed for the drug removal of the 

cationic amiodarone [2]. 

 

Results and discuss 

The removal percentages under fully optimal conditions for the adsorbents (5%)M/MOF(Cu-

Ag)@CMC, (10%)M/MOF(Cu-Ag)@CMC, and (15%)M/MOF(Cu-Ag)@CMC were 64%, 66%, 

and 68%, respectively. Based on these results, the nanocomposite (5%)M/MOF(Cu-Ag)@CMC 

exhibits a shorter optimal contact time but has a lower removal percentage. In contrast, 
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(15%)M/MOF(Cu-Ag)@CMC has a longer optimal contact time and a higher removal percentage. 

Additionally, the pH range for the drug when using (5%)M/MOF(Cu-Ag)@CMC is broader than 

that of the other nanocomposites. Therefore, the choice of adsorbent should be based on the specific 

conditions present.[3] 

 

 

Scheme: Nanocamposite structure ((X%)M/MOF(Cu-Ag)@CMC). 
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Introduction 

The rise of carbon-based 2D materials, like graphene, has driven interest in biphenylene nanosheets 

(BPH) due to their unique structural and electronic properties. Recently synthesized on gold 

substrates, BPH is composed of a periodic arrangement of four-, six-, and eight-membered carbon 

rings and exhibits metallic conductivity [1-5]. 

Gamma-butyrolactone (GBL), a precursor to gamma-hydroxybutyrate (GHB), is widely used in 

industry but poses risks as a drug of abuse. Detecting GBL with high sensitivity and selectivity 

remains a critical challenge [6]. This study evaluates the potential of pristine and Al-doped BPH 

nanosheets for GBL sensing using DFT methods. 

Methods 
 

The calculations were performed using the B3LYP functional and the 6-31+G)d( basis set, with 

dispersion corrections (DFT-D3). Adsorption energies (Eads) and electronic properties such as 

HOMO-LUMO gap (Eg) and charge transfer were calculated. Al doping was modeled by replacing 

a single carbon atom in BPH with aluminum. 

 

 Results and Discussion 
 

 Pristine BPH for GBL Sensing 
 

The pristine BPH exhibited weak interaction with GBL, as evidenced by a low Eads (−12.30 

kcal·mol⁻¹) and minimal changes in Eg (3.06 eV to 3.05 eV). These results indicate that BPH lacks 

the necessary sensitivity for GBL detection. 

 Enhanced Properties via Al Doping 
 

Al doping introduced structural distortions and improved the electronic reactivity of BPH. The Eg 

of AlBPH decreased from 3.06 eV to 2.77 eV. Upon GBL adsorption, the Eads increased to −24.8 

kcal·mol⁻¹, accompanied by a 23.7% reduction in Eg, enhancing the conductivity and sensitivity of 

the material. 

 

 Selectivity Toward GBL 
 

AlBPH showed selective sensing capabilities for GBL. While the Eads for GHB was slightly higher 

(−29.2 kcal·mol⁻¹), the electronic response, particularly the Eg reduction, was more pronounced for 

GBL. This highlights AlBPH’s potential as a selective nanosensor for GBL detection. 

Results and discussion 

This study demonstrated the feasibility of Al-doped biphenylene nanosheets as highly sensitive and 

selective sensors for gamma-butyrolactone detection. The substantial enhancement in adsorption 
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energy and electronic response upon doping establishes a strong foundation for experimental 

validation and practical application in advanced sensing technologies [7-9]. 
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Introduction 

Chlormethine (ClM) is an effective anticancer drug but causes adverse effects like bone marrow 

suppression and nausea [1-2]. Nanocarriers such as metal oxide nanocages offer solutions to enhance 

drug efficacy and minimize toxicity due to their high surface area, biocompatibility, and tunable 

properties. Among these, MgO nanocages, decorated with transition metals like Ni, Pd, and Pt, 

present promising opportunities in drug delivery by altering electronic properties and enabling 

controlled drug release [3]. DFT calculations provide valuable insights into drug-nanocarrier 

interactions, enabling optimization of nanostructures for better pharmacokinetics. 

 

Computational details 

All calculations employed the M06-2X functional with LANL2DZ and 6-311G(d,p) basis sets using 

Gaussian 09 software[4-5]. Vibrational frequency calculations confirmed structural stability, while 

molecular electrostatic potential (MEP) and natural bond orbital (NBO) analyses elucidated 

electronic behaviors. Adsorption energy, Gibbs free energy, and enthalpy were calculated to evaluate 

the nanocage-drug interactions [6]. 

 

 

 

Results and discussion 

1. Structure and Electronic Properties 
MgO nanocages exhibit a robust structure with a HOMO-LUMO energy gap (Eg) of 4.87 eV, 

indicating moderate chemical reactivity. Transition metal decoration (Ni, Pd, Pt) alters the nanocage 

properties, significantly influencing their electronic conductivity and reactivity: 

• Ni-MgO: Decreases Eg to 4.76 eV, enhancing conductivity. 

• Pd-MgO: Increases Eg by 10% (5.36 eV), suitable for ClM detection. 

• Pt-MgO: Exhibits the largest Eg (5.70 eV), offering stability. 

 

2. Adsorption Behavior 
MEP analysis identified the reactive sites of ClM and TM-MgO nanocages. Adsorption of ClM 

involves non-covalent interactions: 

• Ni-MgO: Moderate adsorption energy (-19.8 kcal/mol) ensures controlled release. 

• Pd-MgO: Strongest adsorption (-29.8 kcal/mol), ideal for detection applications. 

• Pt-MgO: Balanced interaction (-22.5 kcal/mol) with stable drug attachment. 

 

3. Charge Transfer and Stability 
NBO analysis reveals minor charge transfers (0.17–0.18 |e|) between ClM and nanocages, favoring 

reversible drug binding. Stabilization energies indicate weak donor-acceptor interactions, ensuring 

efficient drug release without compromising the nanocarrier’s structure. 

 

4. Drug Delivery Implications 
The findings suggest that TM-MgO nanocages can enhance ClM’s therapeutic performance by 

improving delivery efficiency and minimizing toxicity. Ni-MgO demonstrates significant potential 

for improving pharmacokinetics, while Pd-MgO can serve as a reliable Φ-type sensor for monitoring 

ClM levels. 

 

Conclusions 

Transition metal-decorated MgO nanocages hold significant promise as multifunctional platforms 

for drug delivery and biosensing. Future studies could explore their practical applications, focusing 

on in vitro and in vivo experiments to validate these computational insights. The combination of 
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biocompatibility, enhanced electronic properties, and efficient drug adsorption highlights their 

potential in advanced cancer therapeutics. 
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Introduction: Chirality has been one of the most important topics in the field of applied sciences, 

including medicine, pharmacy, environment, etc. Chiral compounds have different enantiomers, 

which usually have different biological activities and pharmacological properties. One way to access 

one of the enantiomers of chiral compounds is asymmetric synthesis and the use of chiral catalysts. 

Many catalysts have been designed and synthesized for this purpose, among which oxazoline-based 

ligands have very high catalytic capabilities and, as a class of efficient and powerful ligands, are 

increasingly and very seriously involved in asymmetric transformations. synthesis of chiral allylic 

esters is among the most important of these transformations [1-4]. These compounds are important 

intermediate and structural units in bioactive and medical molecules [5]. There are well-known 

methods to access these chiral compounds, but an interesting and rare reaction could be a 

combination of two well-known reactions involving the dehydrogenation of alkanes and the allylic 

oxidation of alkenes simultaneously [6, 7]. There is also no report on the use of chiral catalysts in 

this type of reaction to induce chirality. 

Method: 
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Synthesis of chiral bisoxazoline ligands was carried out in several steps, as described below: 

In the first step, chiral amino acids were reduced to the corresponding amino alcohols in a round-

bottom flask under nitrogen atmosphere using sodium borohydride and iodine in tetrahydrofuran 

under reflux conditions. 

In the second step, chiral bishydroxyamides were synthesized; for this purpose, 5-nitroisophthalic 

acid was converted to the diacyl derivative using thionyl chloride and a catalytic amount of N,N-

Dimethylformamide (DMF) in dichloromethane, and then this mixture was slowly added to a 

solution of chiral amino alcohols and triethylamine in dichloromethane at 0 °C. 

In the last step, the synthesized chiral bishydroxyamides were converted to chiral bisoxazoline 

ligands using 4-dimethylaminopyridine, triethylamine, and p-toluenesulfonyl chloride in 

dichloromethane. 

Synthesis of chiral allylic esters via simultaneous dehydrogenation and allylic oxidation of 

alkanes: The synthesized bisoxazoline ligands were used to produce chiral allylic esters via 

simultaneous dehydrogenation and allylic oxidation of alkanes; for this purpose, to a flame-dried 

Schlenk tube under a nitrogen atmosphere, the chiral ligand and copper salt were added in dried 

benzene and stirred for 1 h. Then, benzoic acid derivatives, alkane and di-tert-butyl peroxide (DTBP) 

were added to the mixture and stirred again. The reaction progress was monitored by thin-layer 

chromatography (TLC) and the chiral product was finally extracted with ethyl acetate and water 

(Scheme 1). 

 

 

Scheme 1. Synthesis of chiral bisoxazoline ligands and their application in the simultaneous 

dehydrogenation and enantioselective allylic oxidation of alkanes  

 

Results and Discussion: An efficient class of chiral bisoxazoline ligands were synthesized and 

purified through several steps and their structures were confirmed by 1H NMR and 13C NMR 

spectroscopic techniques (Figure 1). Finally, they were used as chiral catalysts for the synthesis of 

chiral allylic esters via simultaneous dehydrogenation and enantioselective allylic oxidation of 

unactivated cycloalkanes due to their greater availability and lower cost compared to the 

corresponding cycloalkanes in the presence of copper salts. Chiral allylic esters were obtained in 

high yields and moderate to good enantioselectivity. 
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Figure 1. 1H and 13C NMR of chiral bisoxazoline ligand  
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Catalysts play a key role in stability, as they allow chemical transformations to occur under milder 

conditions, thus conserving energy and minimizing the formation of by-products [1]. Metal 

Schiffbase complexes have excellent catalytic applications. The activity of these complexes can be 

varied by changing the type of ligands, metal ions and coordination sites of the ligands [2]. The 

importance of these catalysts is increasing due to their high performance, mild reaction conditions, 

good selectivity, reusability and easy working conditions. Researchers have investigated the meta-

catalytic applications of transition metal complexes in organic reactions and the synthesis of various 

chemical compounds [3]. Polyhydroquinoline (PHQ) derivatives are important chemical compounds 
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as they have been proposed as one of the most important drug classes for the treatment of 

cardiovascular diseases. They are also skin protectants and have the ability to modulate calcium 

channels [4].  

In this study, a new heterogeneous Cu complex of supported on nanomagnetic CoFe2O4 / HPA was 

synthesized and identified by FT-IR, SEM, XRD, VSM, ICP, EDX techniques. Then, the 

applicability of the synthesized nanoparticles was tested as a recyclable catalyst for the synthesis of 

quinoline derivatives, an important class of potentially bioactive compounds. The products are 

obtained in good to high yields (75–95%) from one-pot reaction procedure involving benzaldehyde 

compounds, dicarbonyl , Ammonium acetate and keto ester under solvent-free conditions.  

 

 

 

 

Scheme 1 
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Hydroxyapatite is a major component of animal bones, and its synthetic form has many applications 

in chemical sensors, cancer cell inhibitors, lighting materials, tissue carriers, bioceramics, 

chromatography adsorbents, drug delivery agents, catalysts, catalyst supports and the 

dehydrogenation of alcohols, methane [1]. These properties are related to the different surface 

characteristics of Hydroxyapatite. It is known that the Hydroxyapatite surface has P-OH groups that 

act as adsorption sites. The adsorption properties of Hydroxyapatite are of particular importance for 

both environmental processes and industrial purposes [2,3]. Covalent surface modification of 

minerals using organic compounds is a useful method to obtain materials with special properties [4].  

In this work, cobalt ferrite magnetic nanoparticles were synthesized and coated with HAP, then Cu 

salen complex was immobilized on CoFe2O4@HAP (Scheme 1). This catalyst was characterized 

using FT-IR, SEM, EDX, ICP and XRD techniques and used as a catalyst for the synthesis of 

spirooxindoles in exellent yield (Scheme 2). 

 

 

 

 

Scheme 1 

 

 

Scheme 2 
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In this study, the Metal-Organic Framework (MOF) TMU-21 was synthesized using a solvothermal 

method. This framework was subsequently used as a precursor to create the CZn/TMU-21 

nanocomposite in an argon atmosphere furnace with water vapor. Various techniques, including X-

ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared 

spectroscopy (FT-IR), UV-Vis spectroscopy, and elemental mapping, were employed to characterize 

the structural and morphological properties of the nanocomposite. Methylene blue (MB) was used 

as a model organic pollutant to evaluate the photocatalytic activity of the CZn/TMU-21 

nanocomposite under visible light irradiation. The results demonstrated that the nanocomposite 

achieved approximately 82% degradation of MB at a concentration of 10 ppm within 120 minutes, 

indicating significant photocatalytic activity. This performance enhancement is attributed to factors 

such as an increased specific surface area, a reduced band gap, improved charge separation and 

transfer, and the generation of hydroxyl and superoxide radicals.[1, 2]. 

Keywords: Metal-Organic Framework, Nanocomposite, Photocatalyst, Solvothermal. 
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Fig.1: SEM Image of the CZn-TMU-21 Nanocomposite 

 

References:  

[1]. Yamini, Y. and M. Safari, Magnetic Zink-based metal organic framework as advance and 

recyclable adsorbent for the extraction of trace pyrethroids. Microchemical Journal, 2019. 146: p. 

134-141. 

[2]. Tarasi, S. and A. Morsali, Fabrication of transparent ultraviolet blocking films using 

nanocomposites derived from metal-organic frameworks. Journal of Alloys and Compounds, 2021. 

868: p. 158996. 

 

 

 

 

 

Investigations on the anticancer properties of Sorafenib loaded nano drug 

delivery systems containing Lavandula angustifolia essential oil against triple 

negative breast cancer cells 

 

Mona Habibi-Kool-Gheshlaghia,b, Hossein Behboudic, Hasan Rafati*b  

aDepartment of Phytochemistry, bDepartment of Pharmaceutical Engineering, cDepartment of 

Biology, Medicinal Plants and Drugs Research Institute, Shahid Beheshti University, Tehran, Iran 

Keyword: Drug Delivery System, Nanoemulsion, Lavender, Breast Cancer 

 

Introduction: There is an urgent need for research  and development in cancer therapy for new 

molecular entities (NMEs) and more efficient drug delivery systems (DDSs)1. In the current study, 

a novel nanoformulation has been devised to modify various properties of sorafenib tosylate (SFT). 
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SFT is a multikinase inhibitor and an FDA-approved chemotherapic agent to treat breast cancer 

tumors. However, SFT is classified as a BCS class II drug with low bioavailability. It also often 

comes with multiple side effects and drug resistance in the prescribed doses2. Nanoemulsion (NE) 

is a  biocompatible and thermodynamically stable DDS that has shown  promising potential to 

improve the drug-loading efficiency, enhance bioavailability, and reduce toxicity with less side 

effects3. The main objective of this study was to prepare nanoformulations containing SFT and 

evaluate its’ biological activities against MDA-MB-231 breast cancer cells. 

Method: In this study, we prepared SFT-loaded bioactive Lavandula angustifolia essential oil 

using a high-energy rotor-stator homogenizer and investigated its physicochemical and biological 

properties. The shape, droplet diameter and size distribution of the proposed nanoformulations were 

characterized by DLS and TEM, while the surface charge was measured by a zetasize analyzer. GC-

MS analysis was performed to determine the chemical composition of the essential oil. Moreover, 

the cytotoxicity of the raw materials and the nanoformulations were evaluated by the MTT assay on 

MDA-MB-231 triple-negative breast cancer cells and HUVEC uncancerous cell line for 24 hours. 

Results and Discussion: prepared nanoformulations (droplet size <200 nm) were monitored over 

300 days at 2-8°C, and their physicochemical properties as well as the biological activity were 

evaluated. Cytotoxicity evaluations presented in Figure 32, demonstrated that the nanoscale 

formulation combined with the biologically active lavender essential oil has significantly improved 

the cytotoxicity against MDA-MB-231 cells. Further investigations are recommended.  

 

Figure 32 Effect of nanoscale formulation on both cancerous and normal cell lines 
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1.Introduction 

Water and its scarcity have become one of the most important issues in life today[1]. Advanced 

membranes for water purification are rapidly being developed and updated [2]. Polyamide 

membranes are sensitive to oxidizing agents due to the presence of amide bonds (-CONH-) in their 

structure. Chlorine is one of these strong oxidizing agents that can break amide bonds and change 

the polymer structure. The critical downfall of polyamide membranes is their inherent sensitivity to 

oxidizing agents (such as chlorine) [3,4]. Ester bonds in polyesters are more resistant to oxidizing 

agents such as chlorine due to their carbonyl-oxygen structure and the absence of active hydrogen 

atoms nearby. For this reason, polyester membranes have been used to modify the surface of 

polyamide membranes. 

2. Method 

Polyethersulfone membrane was used as the support layer, which was made of 14% (PES), DMF, 

PVP, and Triton X-100. To form a thin layer, two aqueous and organic phases were used. First, the 

aqueous phase, which contains TEA, PIP, and CSA surfactant, was made up to volume in water, and 

the organic phase, which contains TMC, was made up to volume with hexane. First, the aqueous 
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phase was poured onto the support membrane, and after 5 minutes, the solution was removed, then 

the organic phase was added, and after 3 minutes, the organic phase was removed. To form the 

polyester layer, two aqueous and organic phases were used. First, the aqueous phase containing 

DHBA and NaOH was made up to volume in water, and the organic phase containing TMC was 

made up to volume with hexane. First, the aqueous phase was poured onto the support membrane 

and the solution was removed after 10 minutes. Then, the organic phase was added and the organic 

phase was removed after 10 minutes. (This step was repeated 2 times.) In the final step, the IPC 

solution in hexane was poured onto the membrane surface for 5 minutes. 

 3. Results and Discussion  

In order to investigate the resistance of the synthesized membranes to chlorine, the performance of 

the membranes was investigated. As can be seen in Figure 1-a, the structure of the polyamide 

membrane was degraded after 6 hours of immersion in chlorine, resulting in increased flux, 

decreased NaCl salt rejection, and decreased Na2SO4 salt rejection. Figure 1-b shows the 

performance of a modified polyamide membrane or a polyester layer immersed in chlorine for 

different times. As can be seen, the polyester membrane was not degraded up to 42 hours and there 

was no significant change in flux and rejection, but from 48 hours onwards the membrane was 

degraded and flux increased and NaCl salt rejection and Na2SO4 salt rejection decreased. 

As a result, the polyester membrane is more resistant to chlorine. 

  

Figure 1- Performance diagram of a) polyamide membrane and b) polyester membrane immersed in 

chlorine. 

Based on this research work, thin-film polyamide membranes were prepared by surface 

polymerization. The thin-film polyamide membranes were modified with a polyester layer and the 

resistance of the membranes to chlorine was examined. As observed, the resistance of the polyester 

membrane to chlorine increased compared to the unmodified polyamide membrane. 
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In recent years, magnetic nanocatalysts have attracted increasing attention. These nanocatalysts have 

diverse applications, including as adsorbents for dyes and pollutants in wastewater, as drug carriers, 

and as catalysts in various organic reactions [1]. In this work. we report the synthesis and 

identification of AlFe2O4@SiO2@n-pr@Xan-Cu(I) as a magnetic nanocatalyst. The structure of the 

mentioned nanocatalysts was confirmed using XRD ،SEM ،TGA ،FT-IR ،EDS ،X-Ray Mapping 

techniques. Activation of AlFe2O4@SiO2@n-pr@Xan-Cu(I) in synthesizing biphenyl and 

phenylamine derivatives has been discussed here. This nanocatalyst was retrieved and reused four 

consecutive times without significantly reducing catalytic activity in the mentioned reactions. High 

yields, short reaction time, lack of toxicity, environmental compatibility, and easy purification 

methods are among the advantages of this research (Scheme 1-2). 

 

Scheme 1: Suzuki reaction 
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Scheme2: Reduction of nitrobenzene to aniline derivatives 
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Water splitting technology enables efficient hydrogen production through hydrogen evolution 

reaction (HER) and oxygen evolution reaction (OER). The hydrogen evolution reaction (HER) and 

oxygen evolution reaction (OER) in overall water splitting (OWS) depend critically on stable 

catalysts incorporating high-activity transition metal ions and alloys. Here, we synthesize Metal-P 

nanoparticle-embedded carbon nanotubes (Metal@CNT) via carbonization and phosphorization of 

an iron-organic framework composite with anchored Co-based coordination polymer (ZIF-67) 

(Figure 1). The photocatalyst demonstrates high HER activity (0.8 mmol/g H2 evolution) under 

visible light in MeOH/H2O over 24 h. This strategy establishes a new pathway for developing precise 

and highly stable catalysts, featuring controlled morphology and enhanced durability for efficient 

water splitting applications. 

 

 
Figure 1. SEM image of the Metal@CNT. 
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Introduction: 

The use of chemicals, especially synthetic chemicals, in the production of pharmaceuticals can have 

various adverse effects on humans. In recent years, the use of medicinal plants in medical sciences 

has gained increasing attention. This research focuses on the investigation of active compounds, 

identification of key components, and the study of their medicinal properties.(1) 

 

Superficial wounds are among the most common types of injuries in medical science, characterized 

by damage or abrasion to the skin while the underlying tissue remains intact. These wounds may be 

accompanied by bruising or redness. Historically, various methods and medications have been used 

for wound healing, prevention of bacterial and fungal infections, and reducing the likelihood of 

scarring. Such methods include honey dressings, antibiotic ointments, Betadine, and other 

approaches.(2) 

 

In this study, the active compounds of medicinal plants (Stachys schtschegleevii spp.) and (Malva 

spp.) will be extracted and identified using various methods, including the Clevenger and Soxhlet 

techniques. The active compounds of these plants will be analyzed using GC-MS, and subsequently, 

they will be used to formulate a topical ointment.(3) 

 

Method: 
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In this study, the extraction process was carried out using a Soxhlet apparatus. For each extraction, 

10 to 15 grams of dried and ground plant material were used as the dry matter, along with 250 ml of 

96% ethanol as the solvent. 

The plant powder was placed in a medium-mesh fabric known as metqal and inserted into the Soxhlet 

chamber. On average, each extraction cycle took about 45 minutes, and to obtain a purer extract, 

three extraction cycles were performed. 

The resulting extract was then analyzed for active compounds using the GC-MS device. For the 

antibacterial section, the zone of inhibition method, a relatively simple and commonly used 

technique, was employed. To ensure a comprehensive and precise analysis, two bacteria—one 

Gram-positive and one Gram-negative—were examined. 

 

Results and Discussion: Results and Discussion will be ready in few weeks. 
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Introduction: Liver cancer is the sixth most common cancer globally and ranks third in mortality 

rates. Hence finding new and non-invasive treatment methods for this malignancy is of utmost 

importance. Of the two major types of liver cancer, Hepatocellular Carcinoma (HCC) is the leading 

case in both incidence and mortality worldwide [1,2]. Current treatment methods, like resection, 

chemotherapy or radiotherapy, are usually limited by factors such as serious side effects, drug 

resistance and low effectiveness. Sorafenib Tosylate (SFB), a main chemotherapy agent used in 

treating HCC, also faces significant challenges, including side effects and low bioavailability. These 

limitations can be overcome using various drug delivery systems [3]. 

     In recent years, nano-formulations have been used to address the above-mentioned restrictions 

and improve the effectiveness and biochemical properties of anti-cancer drugs. Among novel 

delivery systems, the nanoemulsion delivery method stands out due to its unique advantages, 

including 1) greater stability, 2) higher drug loading capacity, 3) improving the bioavailability of 

lipophilic drugs, 4) improving the cytotoxic effect of drugs by using essential oils as active nanoscale 

carriers [4,5]. Here, nanoemulsions were made using Lemongrass Essential Oil (LGEO) as the oil 

phase and Sorafenib Tosylate as the active compound. Cytotoxic, antioxidant and anti-inflammatory 

activities have also been reported for Cymbopogon Citratus Essential Oil (LGEO) major components 

like Citral, Limonene, Linalool and Geraniol. These formulations not only benefit from the 

advantages of nanoemulsions discussed earlier but are also enhanced by the aforementioned effects 

of LGEO. This study aimed to evaluate the effectiveness and cytotoxic effect of the proposed 

nanoemulsion on the HepG2 cell line. 

Method: Nanoformulations were prepared through a high-energy method using a rotor-stator high-

shear homogenizer, and the physicochemical properties of these formulations were optimized using 

Design Expert 13 experimental design software. The optimized nanoformulation (SFB-OP1) was 

characterized by a Dynamic Light Scattering (DLS) instrument for Polydispersity Index (PDI) and 

particle size (nm) monitoring, MTT cell viability assay to evaluate cytotoxic effects (IC50) on HepG2 

cell line, and Zetasizer for Zeta Potential (mV) measurement. GC-MS was also employed to identify 

the major active compounds present in Lemongrass Essential Oil. 

Results and Discussion: SFB-loaded nanoemulsions were prepared and characterized using the 

techniques mentioned earlier. DLS results indicated a mean particle size of 124.09 ± 2.13 nm and a 

mean PDI of 0.25 ± 0.04 for the SFB-OP1 nanoformulation which was stable for the following 3 

months. The collected data showed promising results, as the particle size was well below 200 nm 

usually considered for making ideal nanoformulations. The low polydispersity index (below 0.3) is 

also favourable as it indicates a narrow size distribution and that the optimized nanoemulsion is 

highly uniform and stable, which further supports its potential as a biocompatible and efficient drug 

delivery method. The results of Zeta Potential measurements for the SFB-OP1 nanoformulation 

indicated a slight negative surface charge (-2.09 ± 0.20 mV). This result aligns with the chemical 

structure of the drug loaded into the nanoformulation, as it may be because of the tosylate form of 

the anticancer agent Sorafenib. MTT assay results showed that HepG2 model cells treated with the 
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SFB-OP1 formulation present a notable decrease in cell viability. This formulation demonstrated a 

strong growth inhibition (IC50 = 0.58 ± 0.07 µg/mL), which is approximately doubled compared to 

the cytotoxicity of SFB drug when measured alone (IC50 = 1.14 ± 0.02 µg/mL). LGEO cytotoxicity 

was also measured for reference (IC50 = 35.76 ± 1.09 µg/mL). These observations may suggest the 

presence of a synergistic effect between SFB and LGEO, which increases the effectiveness of the 

nanoformulation compared to the conventional dosage form of SFB drug. Further in vivo studies on 

an animal model of cancer are recommended.  
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Introduction: Dexlansoprazole (also known as 1H-BENZIMIDAZOLE and LANSOPRAZOLE R-

FORM) is a new-generation proton pump inhibitor (PPI) used for the management of symptoms 

associated with gastroesophageal reflux disease (GERD) and erosive esophagitis. Dexlansoprazole 

is the R-enantiomer of Lansoprazole, which is composed of a racemic mixture of the R- and S-

enantiomers. Compared to the older generation of PPIs (which includes Pantoprazole, Omeprazole, 

and Lansoprazole), dexlansoprazole has a unique pharmacokinetic profile due to its delayed-release 

and dual-delivery release system: This aims to address some limitations of the older-generation PPIs, 

such as short plasma half-life and the need for meal-associated dosing. Dexlansoprazole inhibits the 

final step in gastric acid production by blocking the (H+, K+)-ATPase enzyme. 

Methods: The study utilized quantum mechanics (QM) calculations conducted through the density 

functional theory (DFT) method with the GAUSSIAN 09 software. The structure of 

Dexlansoprazole the drug was first optimized through gradient procedures at both restricted Hartree-

Fock (HF) and hybrid density functional B3LYP levels of theory using the 6-311G basis set. 

Examination of the results revealed that the optimized structure achieved in this research was 

situated at the minimum point on the potential energy surface, displaying no negative modes. 

Results: This study conducted calculations for structural parameters like bond lengths, angles, and 

dihedrals, as well as thermodynamic parameters at the B3LYP/6-311G level of theory and provided. 

 

Scheme:  
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Introduction: Inavolisib is a prescription medication used to treat certain types of breast 

cancer.Specifically it is indicated for adults with endocrine-resistant / PIK3CA-mutated /hormone 

receptor (HR)-positive / human epidermal growth factor receptor 2 (HER2)-negative / locally 

advancedor metastatic breast cancer.It is used in combination with Palbocicilib and Fulvestrant. 

Methods: The study utilized quantum mechanics (QM) calculations conducted through the density 

functional theory (DFT) method with the GAUSSIAN 09 software(1). The structure of the Inavolisib 

drug was first optimized through gradient procedures at both restricted Hartree-Fock (HF) and hybrid 

density functional RB3LYP levels of theory using the 6-311G basis set. Examination of the results 

revealed that the optimized structure achieved in this research was situated at the minimum point on 

the potential energy surface, displaying no negative modes. 

 

 

 

 

 

 

 

 

 

 

 

              Figure 1 :Optimized structure of Inavolisib at the RB3LYP/6-311G level of theory. 
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Results: This study conducted calculations for structural parameters like bond lengths, angles, and 

dihedrals, as well as thermodynamic parameters at the RB3LYP/6-311G level of theory and provided 

the results. The electronic energy of the molecule was determined to be -923488.2 kcal/mole. 

Additionally, the mulliken atomic charge, spin density, and molecular orbital energies were 

calculated. The highest occupied molecular orbital (HOMO) was found to be -0.19846 eV and the 

lowest unoccupied molecular orbital (LUMO) was -0.03080 eV. The dipole moment in Debye was 

measured as X=-8.2609 , Y=-2.2774 , Z=-0.5325 , with a total of 8.5856. 

Discussion: Optimization of the drug was performed using the RB3LYP/6-311G method. The 

study focused on Inavolisib's electronic characteristics, specifically the energy difference between 

the HOMO and the LUMO. The HOMO-LUMO gap energy was determined to be 0.16766 eV. This 

provides insights into Inavolisib's electronic behavior, which could have applications in various 

fields.(2,3) 

Keywords: Inavolisib ; DFT; RB3LYP/6-311G, HOMO-LUMO gap 
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1.Introduction 

Metal-organic frameworks are a remarkable class of porous substances with 

outstanding attributes like excellent surface area, high thermal, chemical stability, and ultrahigh 

porosity. Thus, they are greatly used in sensors, separation   medicinal, storage, and catalysis [1,2]  

A significant interest has been attracted by multi-component reactions (MCRs) in organic syntheses 

since they can create the target products in a single operation with no isolation of the intermediates. 

Thus, the energy and reaction times are reduced [3,4] Organic reactions under circumstances without 

solvent have highly encouraged chemist's attention mainly from the green chemistry aspect. Green 

chemistry methods are considerable for reducing byproducts, produced waste, and energy cost. The 

potential MCRs in the absence of the solvent conditions using a nanostructure as catalyst could 

improve their efficacy economically and ecologically [5,6]  

Quinazolin-4-ones are significant bicyclic heterocycles with significant pharmacological and 

biological properties like antifungal, analgesic, antidiabetic, antitumor, antibacterial, anticonvulsant 

and antihypertensive [7]. 

on the synthesis of novel heterogeneous catalysts, in this research we report how to prepare and use 

HKUST-1 MOF as a bifunctional acid-base catalyst for the producing of 2,3-dihydroquinazolin-

4)1H(-ones by ternary condensation between isatoic anhydride, aldehydes, and primary amines 

under solvent-free conditions (Scheme 1). 

 

 

Scheme 1. Preparation of 2,3-dihydroquinazolin-4(1H)-ones using HKUST-1 MOF. 

 

2. Method 

 2.1. Synthesis of HKUST-1 MOF 

Porous HKUST-1 MOF was prepared using a novel hydro-thermal method. In a typical experiment, 

cupric nitrate hemipentahydrate (4.0 g) was dissolved into 250 mL deionized water. It was followed 

by the addition of Benzene-1,3,5 tricarboxylic acid (2.0 g) in a 250 mL of solvent consisting of equal 

parts of ethanol and deionized water and mixed thoroughly until it was completely dissolved. The 

resultant solution mixture was transferred into a 250 mL teflon-lined stainless steel autoclave. It was 

kept at 140oC for 21 h in oven to yield small crystals. Then the auto- clave was cooled down to room 
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temperature naturally and the blue crystals were isolated by filtration. The suspension was washed 

with the mixture of deionized water several times and dried. 

2.2. General preparation of 2,3-dihydroquinazolin-4(1H)-ones using HKUST-1 MOF 

A mixture of isatoic anhydride, aldehydes, anilines with a molar ratio (1:1:1: mmol) in HKUST-1 

MOF (0.007 g) were mixed in the absence of any solvent at 110oC for 10-25 min. TLC was used to 

monitor the reactions progress. After completion, the HKUST-1 MOF catalyst was detached by the 

centrifugation. The retrieved heterogeneous catalyst was washed and dried for further runs. To 

obtain the corresponding heterocyclic product, the filtrated was placed in a rotary and the obtained 

residue was then rinsed with water and purified with ethanol by recrystallization to obtain pure 

products. 

 

3. Results and Discussion 

The procedure displayed in Figure 1 is used to synthesize the target catalyst including HKUST-1 

MOF. To characterize and confirm the structure, spectroscopic technique including FT-IR. The other 

two functional groups related to the HKUST-1 have appeared at 729 cm−1 (C–H).  In general, the 

peaks detected between the wavenumber 700 to 1600 cm-1 confrmed the presence of benzene 

tricarboxylic acid (BTC) as the organic ligand in the structure. 

 

Figure 1. The FT-IR spectra of HKUST-1 MOF 
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The synthesis of heterocyclic molecules like xanthenes is a vital challenge in both industry and 

research. Xanthenes derivatives play an important role in organic synthesis and they are highly 

regarded as dyes in laser technology as well as in the detection of biological molecules [1]. These 

compounds exhibit beneficial properties, including anti-inflammatory, antimicrobial, antiviral, and 

antitumor effects, which make them valuable in drug development [2,3]. Given the wide range of 

xanthenes applications, numerous synthetic methods have been explored. However, many of these 

methods rely on harsh reaction condition that are not environmentally friendly, generate 

considerable waste, and involve lengthy reaction times [4]. Therefore, it is important to find other 

methods to reduce mentioned limitations for the preparation of xanthene derivatives. Biological 

metal-organic framework (Bio-MOFs) are a type of metal-organic framework that incorporates 

biologically derived ligands, such as amino acids and proteins. These frameworks are characterized 

by their large surface area, high porosity, tunable chemical properties, and biocompatibility, making 

them particularly suitable for biomedical applications and catalysis. The distinct features of Bio-

MOFs contribute to their effectiveness in various catalytic processes, including the synthesis of 

xanthenes. Utilizing Bio-MOFs in xanthenes synthesis, offers several advantages, including the 

ability to achieve high yields under mild conditions, reduced reaction times, and a decrease in 

unwanted by-product formation [4]. This study presents an efficient, and rapid method for 

synthesizing xanthenes derivatives by magnetic Bio-MOF-11 catalyst. 
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For the preparation of catalyst, Fe3O4 nanoparticles were initially synthesized using FeCl3·6H2O and 

FeCl2·4H2O salts in the presence of ammonia in the water. Subsequently, a metal-organic framework 

was synthesized by hydrothermally treating 0.90 mmol of cobalt acetate and 2.7 mmol of adenine 

with ethanol as the solvent at 100°C for 24 hours in the presence of 0.5g of Fe3O4 nanoparticles. 

Xanthenes were generated by combining 1 mmol of aldehyde with 2 mmol of dimedone in ethanol 

solvent at 75°C for 2h, utilizing 40 mg of catalyst. The products, which included electron-donating 

groups such as methyl and methoxy, as well as electron-withdrawing groups like nitro and chlorine, 

were obtained with efficiencies ranging from 85% to 98%. Notably, the catalyst maintained its 

effectiveness over five consecutive runs without a significant decline in reaction efficiency. 

 

 

Scheme 1. Synthesis of Xanthene by Magnetic Bio-MOF-11 catalyst Catalyst. 
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The synthesis of 3,4-dihydropyrimidin-2(1H)-ones (Biginelli compounds) has garnered substantial 

interest due to their wide-ranging pharmacological applications, such as antiviral, antibacterial, 

antitumor, and antihypertensive activities. These compounds are also valuable as calcium channel 

blockers, α-1a-antagonists, and neuropeptide Y antagonists, making them crucial in the development 

of therapeutic agents [1,2]. The Biginelli reaction, a three-component condensation of ethyl 

acetoacetate, an aryl aldehyde, and urea, has proven to be an essential strategy for the synthesis of 

these bioactive molecules [3].  

In this study, we present an efficient, environmentally friendly, and solvent-free one-pot synthesis 

of 3,4-dihydropyrimidin-2(1H)-ones using MgFe2O4@CeO2 core-shell magnetic nanoparticles as a 

highly effective catalyst. These nanoparticles were synthesized via a green method, employing 

tragacanth gum as a stabilizer, and characterized using various techniques such as XRD, FESEM, 

TEM, EDX, and VSM analysis. The proposed synthesis offers several benefits, including high 

yields, short reaction times, mild conditions, simple work-up procedures, and excellent recyclability 

of the catalyst. This green approach emphasizes the potential of core-shell nanoparticles in the 

sustainable synthesis of valuable compounds, showcasing a significant advancement in green 

chemistry and nanotechnology for pharmaceutical applications. 

 

 

 

 

 

 

Scheme: Synthesis of 3,4-dihydropyrimidin-2(1H)-ones using MgFe2O4@CeO2 
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Abstract 

The effects of Iranian dates fruit varieties on the amount of phenolic compounds and antioxidant 

activity of the extracts were investigated. Five varieties of Iranian dates including Rabi, Zahedi, 

Dashtestan, Mazafati and Kharak were evaluated. The highest total extract and total phenolic 

compounds were related to Zahedi date; 78% and 603.82 GAE/100 gr of dry extract of date fruit, 

respectively. The highest antioxidant activity was related to the extract of Dashtestan date; 40.19. 
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1- Introduction 

The antioxidant effects are mainly due to phenolic compounds such as flavonoids, phenolic acids 

and diterpenes. Reactive free radicals such as superoxide anion (O2
*-), hydroxide radical (*OH) and 

peroxyl radical (ROO*) are specific reactants and are biological products of molecular oxygen 

reduction [1, 2]. The date fruit have a great ability to inhibit free radicals due to the presence of 

antioxidant compounds. Various types of phenolic compounds and flavonoids including flavones, 

flavanones and flavonol glycosides have been identified in dates. Flavonoids present in dates include 

Apigenin, Luteolin, Quercetin [3, 4]. More than one million tons of dates are produced in Iran 

annually, of which 600 thousand tons are date waste [5]. 

 

2-  Materials and Methods 

The dates used in this research were purchased from the central distribution of Tehran. Extraction 

was carried out with distilled water solvent. The analysis of phenolic compounds was performed 

based on the Folin-Ciocalteu reagent method. The reduction products of metal oxide have a blue 

color that exhibits a broad light absorption with a maximum at 765 nm. The intensity of light 

absorption at this wavelength is proportional to the concentration of phenols. To measure the 

antioxidant activity of the date fruit extracts, the required amount of date fruit extract at different 

concentrations was added to 1.5 ml of DPPH (2,2-diphenyl-1-picrylhydrazyl) solution of appropriate 

concentration. The absorbance of the samples at 517 nm was measured by spectrophotometer. 

 

(1) = 
𝐴𝑏−𝐴𝑠

𝐴𝑏
∗ 100  DPPH radical inhibition 

 

 

3- Results and Discussion 

Figure (1) shows the effect of date varieties on the total extract. The other process conditions 

included temperature: 70 °C, solvent to solid ratio: 20 ml/g, solvent volume: 100 cc, time: 120 min. 

The highest total extract is for Zahedi date, which is 78 wt%. 
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Figure (2) shows the effect of date varieties on the amount of total phenolic compounds in the extract. 

For three varieties of dates including Rabi, Zahedi and Dashtestan, the amount of total phenolic 

compounds are higher in comparison with the other two varieties. The highest amount of extracted 

phenolic compounds is for Zahedi; 603.82 GAE/100 gr of dry extract of date fruit. 

  

Figure (1) – The effect of date varieties on the 

total extract 

Figure (2) – The effect of date varieties on the total 

phenolic compounds 

 

Figure (3) shows the effect of date varieties on the antioxidant activity of the extracts. The other 

process conditions are constant. The highest antioxidant activity is related to the extract of 

Dashtestan date and is equal to 40.19. 

 

Figure (3) – The effect of date varieties on the antioxidant activity 

Conclusions 

The effects of five varieties of Iranian dates including Rabi, Zahedi, Dashtestan, Mazafati and 

Kharak on the amount of phenolic compounds and antioxidant activity of the extracts were 

evaluated. The highest amount of extracted phenolic compounds and antioxidant activity was related 

to Zahedi date; 603.82 GAE/100 gr of dry extract of date fruit and Dashtestan date; 40.19, 

respectively.  
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Imidazole pyridines represent a significant class of fused heterocyclic compounds renowned for their 

diverse biological activities. Owing to these properties, extensive research has focused on the 

synthesis of these heterocyclic compounds. The structural characteristics of the imidazole ring 

enhance its ability to participate in various drug-ligand interactions, facilitated by hydrogen bonds, 

van der waals forces, and hydrophobic interactions. Multicomponent reaction methods have been 

employed for the synthesis of imidazole [1,2-a] pyridines, with the Groebke-Blackburn–Bienaymé 

three-component reaction being a prominent technique introduced in 1998 [1-3]. Previous methods 

for synthesizing imidazole and pyridine derivatives through multicomponent reactions often 

depended on lewis acid catalysts such as ZnCl2, Sc (OTf)3, MgCl2, and ZrCl4. However, these 

approaches were limited by long reaction times and unsatisfactory yields. In contrast, 

polyoxometalates (POM) have proven to be effective catalysts in the synthesis of imidazoles and 

imidazole-pyridines. POM as a three-dimensional polyatomic anion that consists of transition metal 

oxyanions interconnected by shared oxygen atoms, demonstrated excellent catalytic activity due to 

their high acidity and strong oxidizing properties [4-5]. In this research, Keggin type H3PW11MoO40 

POM was prepared and used for the synthesis of imidazole pyridine compounds. In order to prepared 

the catalyst, Na2MoO4 · 2H2O, Na2WO4 • 2H2O, and Na3PO4 • 12H2O salts were mixied in acidic 

media (pH 2.5) and heated at 90 °C for 2 h. Subsequently, purified with ether extraction. Imidazole 

[1,2-a] pyridine was synthesized via prepared catalyst. In this regard, 2 mmol of benzaldehyde, 1 

mmol of toluene-4-sulfonyl methyl isocyanide (TsCHNC), and 1 mmol of 2-aminopyridine was 

combined with 20mg of catalyst in diethyl ether under reflux conditions. The mentioned reaction 

was purified through recrystallization and efficiency of 80% was obtained.  
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Scheme 1. Synthesis of N-Arylidene-2-Aryl-Imidazo[1,2-a] Pyridin-3-amines by H3PW11MoO40 

Catalyst. 
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In organic chemistry, a ketene is an organic compound with carbon-carbon-oxygen cumulative 

double bonds, which they are known as a branch of cumulenes with replacement of one carbon with 

oxygen. Acylketenes are usually highly reactive molecules, which often prepare from 2-diazo-1,3-

diketones, 1,3-dioxin-4-ones, β-ketoacid and malonic acid derivatives, which cannot be isolated or 

observed under ordinary reaction conditions [1] Acylketenes (α-oxoketenes) are extremely versatile 

synthetic reagents that have been employed in many syntheses. Therefore, there are considerable 

interests in the chemistry of ketenes due to fact that these compounds are the building blocks of a 

wide variety of heterocyclic compounds [2]. Their synthetically useful reactions are nucleophilic 

additions, [2+2] and [2+4] cycloaddition reactions to give four, five or six-membered ring systems. 

So, the ketene carboxylic acid derivatives such as (chlorocarbonyl)aryl ketenes are extraordinary 

stable and known as 1,3-bielectrophiles, which react with a wide variety of nucleophiles under mild 

experimental conditions, and have been used mainly for the synthesis of five- and six- membered 

heterocycles functionalized with oxo and hydroxyl groups in 1,3-positions [3].  
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introduction: 

Triazine is a six-membered heterocyclic ring containing three nitrogen atoms in which nitrogen 

replaces the carbon-hydrogen unit in the benzene ring. Based on the position of the nitrogen in the 

ring system, there are three isomer forms, 1,2,3-triazine, 1,2,4-triazine and 1,3,5-triazine [1]. 

Methods: 

Phytic acid doped graphitic carbon nitride was synthesized [2]. For the synthesis of triazin 

compounds, the solution containing 2-aminobenzamide (0.10 mmol) in distilled water (10 ml) which 

is stirred with a magnetic stirrer at 0 °C, and then catalyst (15 mg) and n-butyl nitrite. (1.2 mmol) 

was added to the reaction mixture and stirred for 1.5 hours. The precipitated product was filtered 

and washed with distilled water. The crude product was purified by recrystallization from ethanol. 

Results and Discussion: 

mailto:nedaseyedi@ujiroft.ac.ir
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All synthesized compounds were characterized by nuclear magnetic resonance spectroscopy. Based 

on the results, the prepared catalyst offers a sustainable, environmentally friendly and cost-effective 

method for the synthesis of triazine compounds (Scheme 1). High yield of products (95%), high 

speed and simplicity of the method are other advantages of the presented method.  

 

Scheme 1. Synthesized Triazine Compounds 
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introduction: Antibiotics are one of the most important pollutants in environments. Organic dyes 

are widely used in the industry.  

Methods: 25 mL of 0.25 M zinc acetate solution made in ice cold water were taken in 50 mL Teflon 

lined vessels. Then, 1 g of clinoptilolite was added to reaction mixture and heated under continuous 

magnetic stirring for 3 h at 100°C. After that, the product was filtered, washed with deionized water 

and dried at 70 C for overnight. The prepared catalysis was investigated for degradation of methylene 

blue [1].  
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Results and Discussion: The photocatalytic degradation of Clinopetilolite/ZnO was investigated 

for degradation of methylene blue (MB) under ultraviolet-visible spectroscopy (UV). The 

photocatalytic maximum adsorption capacity of Clinopetilolite/ZnO composite was calculated as 

qm= 41.32 mg g−1 Scheme 1.  

Scheme 1. UV–Vis absorbance spectra of MB Catalyzed 
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Abstract 

Alcohols serve as crucial intermediates in the synthesis of fragrances, pharmaceuticals, detergents, 

emulsifiers, and lubricants. The conversion of carboxylic acids to alcohols is a significant reaction 

in organic synthesis, traditionally achieved using various borohydride systems [1]. However, many 

of the existing methods present drawbacks, including the use of toxic or costly catalysts, the 

requirement for additional reagents, harsh reaction conditions, the necessity for inert atmospheres 

(such as nitrogen or argon), prolonged reaction times, low yields, and the generation of mixed 

products. Furthermore, reliance on volatile organic solvents poses environmental concerns [2]. This 

study presents a novel approach for the homogeneous catalytic hydrogenation of carboxylic acids to 

alcohols using nickel. Recent advancements in green chemistry advocate for the use of molten salts 

as both catalysts and reaction media, owing to their high thermal stability, low vapor pressure, and 
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broad liquid range, which enhance reaction kinetics and selectivity [3]. A new green synthesis 

method utilizing a nickel-containing molten salt catalyst (TMPDNi) has demonstrated significant 

potential, achieving a 90% yield in approximately 30 minutes at 100 °C with water as the solvent 

(Scheme1). This method is both eco-friendly and efficient, underscoring the necessity for sustainable 

strategies in the production of valuable pharmaceutical compounds. 

Scheme: Reduction of carboxylic acids to alcohols by nickel-containing molten salt. 

 

Key words: Reduction, Molten salt, Nickel, Alcohol, Phenylendiammonium, Carboxylic acids 
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Abstract: Fe3O4@Sal-Cu has been synthesized and characterized by XRD, SEM, EDX, VSM and 

FT-IR and employed as a novel, mild and efficient catalyst for the convenient preparation of 

benzimidazoles in good to excellent yields from the treatment of o-phenylenediamine with various 

aldehydes, respectively. 

Introduction 

Fe3O4@propyl-semicarbazide-salicyl aldehyde-Cu (Fe3O4@sal-Cu) nanocatalyst was synthesized 

and characterized by several methods including XRD, SEM, EDX, VSM and FT-IR analyses. The 

Fe3O4@sal-Cu has been used as an efficient recyclable magnetic catalyst for the preparation of 

benzimidazoles. The catalyst[1-6] was conveniently separated from the reaction mixture by an 
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external magnet, and could be reused without any considerable change in catalytic activity. On base 

of the best our knowledge, Fe3O4@sal-Cu nano fine particles have not previously been used for the 

synthesis of 2-substituted benzimidazoles. Therefore, we wish to introduce Fe3O4@sal-Cu nano fine 

particles as a new catalyst for the preparation of 2-substituted benzimidazoles (Scheme 1). 

 

NH2

NH2

R1

+

CHO

R2

80 C Ultrasonic, 

Solvent Free

Fe3O4@Sal@Cu

N
H

N R2
R1

1 2 (3a-r)
 

Scheme 1:  Synthesis of 2-substituted benzimidazoles using Fe3O4@Sal@Cu 

Results and discussion 

To establish the generality of this method, the synthesis of various benzimidazoles was studied using 

different benzaldehydes and amines under optimized reaction conditions. Thus, a variety of aromatic 

aldehydes including electronwithdrawing and electron-donating groups were nvestigated using the 

new protocol. The results in Table 2 showed the reactions can be completed in relatively short period 

of times with good to excellent yields under solvent free conditions. 

 

Experimental 

General procedure for the synthesis of 2-substituted benzimidazoles: A mixture of benzaldehyde 

derivative (1 mmol), o‐phenylenediamine derivative (1 mmol), Fe3O4@Sal@Cu (8 mg) was stirred 

at 80 ºC under ultrasonic irradiation for an appropriate time. The completion of the reaction was 

monitored by thin layer chromatography (TLC). After completion of the reaction, boiling ethanol 

(10 ml) was addede and the catalyst was separated by external magnet. Then water was added and 

solid product was resulted and was filtrated and washed thoroughly with a water–ethanol mixture. 

All the product were were identified by characterization of their melting points by comparison with 

those authentic literature samples and also in some cases their FT‐IR and 1H NMR. 

 

Conclusion 

This method has several advantages like short reaction time, easy and quick work-up, to separate 

catalyst with external magnet and no leaching of the catalyst. Also, by using Fe3O4@Sal-Cu as 

catalyst, the mentioned reactions do not need toxic solvents and do not give environmentally harmful 

byproducts. 
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Abstract 

An efficient synthesis of bis(indolyl)methanes from aldehydes and ketones with indoles through 

N,N,N’,N’-Tetramethyl-N,N’-bis(sulfo)biphenyl-4,4’-diaminium mesylate ‘[TMBSPD][OMs]2–

catalyzed Friedel-Crafts alkylation is developed.  

. 

Introduction 

Ionic liquids have attracted significant attention as dual reagents (catalyst and solvent) for a variety 

of the organic reactions due to their unique properties such as non-flammability, high solvent 

capacity, negligible volatility, high ion concentration and high chemical stability [1]. The wide range 

of anion and cation combinations represents the adjustable interactions and diverse applications of 

ionic liquids [2]. The basic and acidic ionic liquids could be designed to replace toxic liquid bases 

and liquid acids in chemical procedures [3]. In this communication, and continuing of our previous 

research on the organic transformations [4-6], here in we wish to report preparation of 

bis(indolyl)methanes from 
indole and aromatic aldehydes using [TMBSPD][OMs]2 as a green catalyst in ethanol at room 

temperature (Scheme 1). 

 

 

Scheme 1: Manufacturing of bis(indolyl)methanes using [TMBSPD][OMs]2 

Results and discussion 

To optimize the reaction conditions for synthesizing of 3,3'-((4-chlorophenyl)methylene)bis(1H-

indole), the influence of the reaction temperature, the solvent, and the amounts of ionic liquid 

catalyst were studied in the reaction of 4-chlorobenzaldehyde, and indole (molar ratio: 1 : 2) as a 

model reaction. Finally, when the model reaction was accomplished in the presence of 4 mol% of 

[TMBSPD][OMs]2 under the optimized conditions, the yield of bis(indolyl)methane derivatives 

were 86-90 %, respectively. 
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Experimental 

General procedure for synthesis of bis(indolyl)methanes catalyzed by [TMBSPD][OMs]2. 

In one flask, indole (2 mmol), aldehyde, or ketone (1 mmol) ethanol (5 mL) and 

[TMBSPD][OMs]2 (4 mol%, 0.16 mmol) was mixed and stirred magnetically at room 

temperature. After completion of the reaction, as flowed by TLC (hexane/ethyl acetate 4:1), 

the water (10 mL) and ethyl acetate (2×15 mL) were poured into the reaction mixture and the product 

was extracted by separator funnel. The organic layer was separated and dried by Na2SO4. After 

filtration and evaporation of the solvent, the impure product was obtained and crystalized by ethyl 

acetate/ petroleum ether.  

 

Conclusion 

In summary, we have successfully developed a highly efficient, environment friendly and metal-free 

synthesis of BIMs. This green synthesis offers the corresponding products with good yields and 

excellent functional group tolerance.  
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Abstract 

Thioesters are important structures that are widely used as active esters in the synthesis of amides, 

esters, aldehydes, and ketones [1]. These compounds are also more stable than acyl halides; hence, 

their purification and storage are easier. Although methods for the synthesis of thioesters from 

carboxylic acids or their derivatives are well known, they still require the use of anhydrous reagents 

https://doi.org/10.1021/cr1003248
mailto:nowrouzi@pgu.ac.ir
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in stoichiometric amounts. Transition metal-catalyzed carbonylation reactions are an alternative 

method for the synthesis of unsaturated thioesters [2]. Metal carbonyls can serve as sources of carbon 

monoxide due to their ability to release CO upon decomposition or under certain conditions. These 

compounds, which consist of a metal center attached to one or more CO ligands, can release CO in 

several ways, such as thermal decomposition, photolysis, chemical reactions, and catalysis. These 

methods make metal carbonyls useful in various industrial and laboratory applications where CO is 

required. These compounds are more desirable than other carbonyl sources because breaking a C-C 

bond in organic carbonyls requires more energy than removing the carbonyl ligand. A wide range 

of carbonylation methods have been developed using Cr(CO)6, MO(CO)6, W(CO)6 as carbonyl 

sources [3]. The protocol's key advantages include good yields, a simplified synthesis 

technique,synthesis of thioesters using thiols produced in the environment, lack of a need for any 

time-consuming work-up or column chromatography,and mild reaction conditions. 

General Procedure 

In this research project, various alkyl halides are first reacted with thiourea to produce thiol. After 

the production of the thiouronium salt in the environment, aryl halide, chromium hexacarbonyl, 

nickel catalyst, and base are added to the reaction mixture. In this reaction, chromium hexacarbonyl 

is used as a source of carbonyl group. The carbonyl group is added between the C-X bond with the 

help of nickel catalyst, and in the next step, the thioester is produced through a nucleophilic 

substitution process and then by reductive elimination (Scheme 1). 

 

  

Scheme 1: One-pot synthesis of thioesters from aryl halides  
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Light-emitting electrochemical cells (LECs) are thin film lighting devices that consist of one or 

two ionic-based active layers sandwiched between two air-stable metal electrodes.These devices 

exhibit some interesting features that may make them more favourable compared with traditional 

organic light-emitting diodes (OLEDs), which allow the non-rigorous encapsulation of devices [1]. 

Among all-luminescent materials, ionic transition metal complexes (iTMCs) have received more 

attention due to their promising advantages such as their stable redox properties, and highly efficient 

phosphorescence nature of emission [1]. However, LEC devices suffer from low stability and long 

response time, limiting their practical applications. Chemical modification of iTMCs has been used 

to overcome these limitations. In our works, the phenanthroline with a fused imidazole unit with 

high chemical modification potential was employed as ligand and molecularly-engineered switches 

(Figure 1) [1-3].  

 

 
Figure 1: Near-infrared binuclear ruthenium (II) PI-based complex and LEC device [3]. 

 

In this context, a combinational approach such as electron donor/acceptor substitutions, various 

ancillary ligands, binuclearization strategy, and tethered ionic group is used for optimization of 

efficiency, stability, and response time of both ruthenium (II) and cyclometalated iridium (III) 

complexes-based LEC devices [1-4[. Our research confirms the advantages of employing these 

polypyridyl materials to modify iTMC emitters for LECs. 
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Amine basicity constitutes a fundamental aspect of organic chemistry, significantly influencing 

molecular interactions, reaction mechanisms, and various applications in fields such as 

pharmaceuticals, materials science, and environmental chemistry [1]. Basicity is fundamentally 

associated with the Gibbs free energy of protonation. The process of protonation is influenced by 

several factors, including inductive effects, resonance effects, solvent interactions, intramolecular 

hydrogen bonding, and the inherent instability of amines. Cation–π interactions refer to the attractive 

forces that occur between a positively charged cation and the electron-dense π-electron system of an 

aromatic ring [2]. The strength of these interactions typically varies between 1 and 10 kcal/mol, 

positioning them alongside hydrogen bonds in terms of strength. In specific contexts, cation–π 

interactions may even exceed the strength of these more commonly recognized non-covalent 

interactions. In the present study new strategy is used to design of the strong neutral organic bases 

based on 9H-fluoren-9-imine scaffold. Proton–π interactions have been examined using density 

functional theory (DFT) calculations, employing various indices of aromaticity, including HOMA, 

NICS, PDI, BI, and FLU. Additionally, the atoms in molecules (AIM) theory have been utilized to 

investigate this noncovalent interaction. 

ArAr
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ArAr
NH2

 

 

References: 

[1]. H. Saeidian, Z. Mirjafary, New J. Chem. 2020, 44, 12967-12977 

mailto:zmirjafary@srbiau.ac.ir
mailto:Parsaw.1274@gmail.com


912 

 

 

[2] A. S. Mahadevi, G. N. Sastry, Chem. Rev. 2013, 113, 3, 2100–2138 

 

 

 

 

 

Synthesis of Imidazole [1,2-a]Pyridine through Aza-Henry Reaction by MIL-

101(Fe) Catalyst 

Bahareh Jadidi, Mostafa Ghafori-Gorab, Nazanin Nejatbakhsh, Amir Kashtiaray, Ali Maleki* 

Catalysts and Organic Synthesis Research Laboratory, Department of Chemistry, Iran University 

of Science and Technology, Tehran, Iran 

Keyword: Imidazole [1,2-a]pyridine, Aza-Henry, Metal–organic framework, Catalyst 

 

Heterocycles are among the most diverse and intriguing classes of compounds in organic chemistry. 

Nitrogen-based heterocycles hold substantial significance in industrial studies. Imidazo[1,2-

a]pyridines represent an important class of nitrogen-based heterocyclic compounds that effectively 

combine a pyridine with an imidazole ring [1]. These compounds illustrate various noteworthy 

biological activities, including anti-inflammatory, anti-protozoal, anti-bacterial, anti-cancer, 

anxiolytic, and anti-ulcer properties, among others [2]. Numerous synthetic methods have been 

established for the preparation of imidazole [1,2-a]pyridine. Among them, the Aza-Henry reaction 

standing out as one of the most efficient techniques. Many organic and metal-based catalysts have 

been employed in the Aza-Henry reaction as catalyst. In recent years, the development of metal-

organic frameworks (MOFs) as heterogeneous catalysts with high Surface area, tunable pore sizes, 

chemical, and thermal stability brings an opportunity for advancements in the aza-Henry reaction.  

In this study, MIL-101(Fe) was fabricated and used as an efficient catalyst for the synthesis of 

Imidazole [1,2-a]pyridines. In this regard, catalyst was prepared by combining 0.76 g of FeCl3·6H2O 

with 0.206 g of terephthalic acid in DMF solvent at 110 °C for 24 hours in an autoclave. After 

catalyst preparation and characterization, MIL-101(Fe) was used as a catalyst for the Aza-Henry 

reaction. The process involved the combination of 1 mmol of 2-aminopyridine, 1.1 mmol of 

benzaldehyde, 40 mg of the MIL-101(Fe) catalyst, at 110 °C for 18h in a mixture of nitromethane 

and DMF (2:1). Imidazo[1,2-a]pyridine was synthesized with an efficiency of 80%. Finally, the 

catalyst demonstrated effective reusability for up to five cycles without significant degradation in 

performance. 
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Scheme 1. Synthesis of Imidazole [1,2-a]pyridine through Aza-Henry reaction by MIL-101(Fe) 

catalyst. 
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In this work, FTO-ZnO-CNF nanocomposites were synthesized and characterized as innovative 

anode materials for lithium-ion batteries. Zinc Oxide nanorods were fabricated through a 

hydrothermal process, with FTO add to PAN solution and integrated using electrospinning, followed 

by carbonization at 700°C for 2 hours. By Minitab software design experiments to optimize 

proportion of Zno-FTO salt in PAN solution. Electrochemical evaluations demonstrated an initial 

specific capacity of 1100 mAh/g at 0.1 mA/g and retention of 73% after 55 cycles. The rate 

performance revealed reversible capacity recovery from 600 mAh/g at 0.5 mA/g to 1000 mAh/g at 

0.1 mA/g, showcasing excellent stability and reversibility. These properties were validated in 

CR2032 coin-cell configurations. The promising results highlight the FTO-ZnO nanocomposite as 

a scalable, high-performance anode material suitable for next-generation lithium-ion batteries. 

Keyword: Lithium-ion Battery, Organic Electrolyte, Anode, Fluorine-Doped Tin Oxide, MiniTab 

 

Introduction 

Lithium-ion batteries (LIBs) are the cornerstone of modern energy storage technology, powering 

applications from portable electronics to electric vehicles. Their widespread adoption is attributed 

to their high energy density, long cycle life, and reliability. However, the conventional graphite 

anode—with a theoretical capacity of 372 mAh/g—limits the energy density achievable in current 

LIB systems, necessitating the development of alternative anode materials with enhanced capacity 

and performance metrics [1], [2]. This research investigates the potential of a novel composite 

comprising fluorine-doped tin oxide (FTO), zinc oxide (ZnO), and carbon nanofibers (CNFs), 

designed to address these limitations. 

Organic electrolytes are an essential component of LIBs, offering high ionic conductivity and wide 

electrochemical stability windows. However, their inherent flammability and the formation of 

unstable solid-electrolyte interphases (SEI) pose significant safety challenges [3], [4]. Recent 

advances in electrolyte formulations—such as the incorporation of ionic liquids and gel polymer 

electrolytes—have shown promise in mitigating these risks while maintaining performance. The 

integration of a robust anode material like the FTO-ZnO-CNF composite with organic electrolytes 

could significantly enhance LIB safety, capacity, and rate performance [5]. 

FTO is a transparent conductive oxide widely utilized in electronic applications for its excellent 

electrical conductivity and chemical stability. In LIBs, FTO facilitates efficient electron transport, 

improving cycling stability and enhancing the overall performance of the anode [6], [7]. ZnO, a 

wide-bandgap semiconductor, offers a theoretical capacity of approximately 987 mAh/g, making it 

a promising candidate for increasing LIB energy density. However, its practical application is 

hindered by poor electrical conductivity and significant volume changes during lithiation and 

delithiation, leading to capacity fading [8], [9]. The inclusion of CNFs in the composite structure 

addresses these issues by providing a conductive framework with high mechanical strength and 

excellent surface area, which supports ion transport and buffers volume changes [10], [11]. 

The binder-free architecture of the FTO-ZnO-CNF composite eliminates the need for polymeric 

binders, which often impede ionic conductivity and add unnecessary weight. This design allows 

direct interaction between the active materials and the organic electrolyte, enhancing charge transfer 

kinetics and improving overall battery efficiency. The absence of binders also reduces the internal 

resistance of the electrode, enabling better rate capabilities and higher energy densities [12], [13]. 
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The fabrication of this composite employs electrospinning, a versatile and scalable technique that 

ensures precise control over the morphology and distribution of the active materials. Electrospun 

nanofibers provide a porous structure, facilitating lithium-ion diffusion and increasing the number 

of active sites for electrochemical reactions. This structural advantage significantly enhances the 

composite's electrochemical performance and mechanical stability during repeated charge-discharge 

cycles [14], [15]. 

Safety is a critical consideration for LIBs utilizing organic electrolytes. The FTO-ZnO-CNF 

composite contributes to improved thermal stability and reduces the risk of dendrite formation, a 

common issue leading to short circuits and battery failure. Additionally, the structural integrity 

provided by CNFs ensures uniform lithium-ion flux, minimizing hotspots and uneven lithium plating 

[16], [17]. These properties make the composite an ideal candidate for high-performance and safe 

LIB systems. 

The environmental impact of LIB materials is another important factor. The use of abundant and 

non-toxic materials like ZnO, combined with the potential recyclability of CNFs, aligns with the 

global push toward sustainable energy solutions. This composite addresses the need for eco-friendly 

materials while offering superior performance metrics [18], [19]. 

Future advancements in this field are likely to focus on optimizing the synthesis and integration of 

the FTO-ZnO-CNF composite with innovative organic electrolyte formulations. Potential strategies 

include doping with additional elements to enhance lithium-ion diffusion rates and applying surface 

coatings to protect against electrolyte degradation. These approaches aim to further improve the 

composite's capacity, cycling stability, and compatibility with organic electrolytes [20], [21]. 

In conclusion, the development of the FTO-ZnO-CNF composite represents a significant step 

forward in LIB technology, particularly for systems employing organic electrolytes. By combining 

the unique properties of FTO, ZnO, and CNFs, this composite addresses critical challenges such as 

low conductivity, capacity fading, and safety concerns. Its integration with advanced organic 

electrolyte formulations positions this material as a promising candidate for next-generation energy 

storage solutions. 

Method 

1. Synthesis of FTO Nanoparticles 

The synthesis of fluorine-doped tin oxide (FTO) nanoparticles was performed using a sol-gel and 

thermal method. Initially, 2 g of tin(II) chloride pentahydrate (SnCl₂·5H₂O) was dissolved in 1 mL 

of hydrochloric acid (HCl) at 70°C. Subsequently, 3 mL of ethanol was added. Separately, 0.5 g of 

ammonium fluoride (NH₄F) was dissolved in 3 mL of deionized water (DI). These two solutions 

were mixed under magnetic stirring at 70°C to ensure the complete reaction and evaporation of the 

solvents. Finally, the mixture was subjected to calcination at 450°C for 3 hours. The synthesized 

FTO nanoparticles were analyzed using X-ray diffraction (XRD), as depicted in Figure 1a, 

confirming the phase and crystallinity of the product. 

2. Growth of ZnO Nanorods 

Zinc oxide (ZnO) nanorods were synthesized through a hydrothermal method to ensure controlled 

morphology and cost-effectiveness. A precursor solution was prepared by dissolving 0.05 M zinc 

nitrate hexahydrate in 50 mL of DI water, and a second solution of 0.05 M hexamethylene tetramine 

(HMT) in 50 mL of DI water. These solutions were combined dropwise over 25 minutes under 
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constant stirring to form a uniform and transparent solution. The resultant precursor was placed in 

an oven at 100°C for 3 hours to facilitate nanorod growth. After cooling to room temperature, the 

ZnO structures were collected via filtration, washed, and dried at 80°C for 2 hours. The XRD pattern, 

shown in Figure 1b, verified the successful synthesis. 
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Figure 33 XRD patterns of (a) ZnO Nanorod (b) FTO Nanoparticles 

 

3. Synthesis of FTO-ZnO-CNF Nanocomposite 

The FTO-ZnO-carbon nanofiber (CNF) nanocomposite was prepared by electrospinning. Initially, 

an 8 wt.% solution of polyacrylonitrile (PAN) in dimethylformamide (DMF) was prepared and 

stirred at 60°C for 24 hours. Subsequently, FTO and ZnO were dispersed in the PAN solution, 

achieving a final metal salt concentration of 4 wt.% with a FTO:Zn weight ratio of 25:75. This 

mixture was stirred for another 24 hours at room temperature to ensure homogeneity. 

Table 2 Key parameters of Electrospinning 

Measure Parameter 

15 kV Voltage 
17 cm Distance 

0.8 ml/h Feed Rate 

Inner 0.84 mm 
Outer 1.27 mm 

Needle Diameter 

10 h Time 
180 C Temperature of Pre-heating 

2 h Time of Pre-heating at Air 

700 C 
Carbonization Time in Argon 

Atmosphere 
6 h Time of Carbonization 
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a  b  

Figure 34 (a) As-prepared DMF-FTO-ZnO Nanofiber (b) Free-standing FTO-ZnO-CNF 

The electrospinning setup consisted of a syringe and needle, a grounded aluminum collector, and a 

high-voltage power supply. The precursor solution was electrospun at room temperature with a 17 

cm distance between the needle and the collector Figure 2a. Key parameters are summarized in Table 

1. After spinning, the fibers were scraped off the substrate, stabilized at 280°C in air, and then 

carbonized in a tubular furnace under an argon atmosphere at 700°C for 2 hours Figure 2b. The XRD 

analysis of the resulting nanocomposite is illustrated in Figure 3d, and SEM and TEM images of the 

composite at different stages are shown in Figure 3a,b,c. 
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Figure 35 (a) SEM images of As-prepared FTO-ZnO-DMF Nanofiber (b) Free-standing FTO-ZnO-

CNF (c)TEM image of Free-standing FTO-ZnO-CNF 

 

4. Design of Experiments (DOE) and Statistical Analysis 

Overview of Optimization Strategy 

d 



918 

 

The optimization of the FTO-ZnO-CNF nanocomposite as an anode material for lithium-ion 

batteries was performed using a robust full factorial design methodology implemented in MiniTab 

software. This statistical approach is widely recognized for its ability to systematically evaluate all 

possible combinations of selected experimental factors, thereby enabling a comprehensive 

understanding of their individual effects and interactions. By employing this method, the 

experimental design ensures reliable conclusions about the optimal synthesis parameters and the 

resulting material performance. 

Rationale for Selecting Factors 

Two primary factors were identified for investigation based on their significant influence on the 

electrochemical performance of the anode material: 

1. Salt Concentration in PAN Solution (% by weight): 

This parameter affects the electrospinning process, influencing fiber formation, morphology, and 

uniformity. Variations in salt concentration alter the viscosity and conductivity of the solution, which 

in turn affect the deposition rate and structural integrity of the nanocomposite fibers. 

2. Weight Ratio of FTO to ZnO (%): 

The ratio of these two materials determines the chemical and electrochemical properties of the 

composite. ZnO contributes to the structural stability and electronic properties, while FTO enhances 

electrical conductivity and contributes to the composite's ability to withstand repeated charge-

discharge cycles. The weight ratio is critical to achieving a balance between these properties. 

Definition of Levels 

Each factor was examined at two levels, representing minimum and maximum practical limits 

derived from preliminary studies and literature reviews: 

 Salt Concentration in PAN: 5% (low) and 15% (high). 

 FTO to ZnO Ratio: 25% (low) and 75% (high). 

The choice of these levels was guided by the need to explore the widest range of conditions without 

compromising process feasibility or material stability. 

Design and Implementation of Full Factorial Design 

A full factorial design was chosen due to its suitability for scenarios with a limited number of 

factors and levels, providing detailed insights into both main effects and interaction effects. The 

experimental matrix consisted of four unique combinations, as shown in Table 2: 

 

Table 3 Code of Designed Experiments 

Experiment Code FTO-ZnO Ratio (%) Salt Concentration (%) 

FTO-ZnO525 25 5 

FTO-ZnO575 75 5 

FTO-ZnO1575 75 15 

FTO-ZnO1525 25 15 

This design provided a balanced approach to evaluating all possible combinations of the selected 

levels while minimizing the number of required experiments. The factorial approach also facilitates 
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direct observation of interaction effects, which are critical in understanding the synergy between salt 

concentration and FTO-ZnO ratio. 

Data Analysis and Statistical Methodology 

The collected data were analyzed using MiniTab to determine the statistical significance of the 

factors and their interactions. Several advanced techniques were employed: 

1. Analysis of Variance (ANOVA): 

ANOVA was used to quantify the contributions of each factor and their interactions to the variance 

observed in the anode capacity. This analysis included the calculation of p-values and F-statistics to 

determine statistical significance at a 95% confidence level. The use of ANOVA ensured that the 

identified relationships between the factors and response variable (specific capacity) were both 

robust and reliable. 

2. Response Surface Analysis: 

Though not explicitly part of a full factorial design, response surface plots were generated to 

visualize the interactions between factors. These plots provided insights into optimal operating 

conditions and clarified the nature of nonlinear interactions. 

3. Residual Analysis: 

Residuals were examined to verify the assumptions of normality, homoscedasticity, and 

independence. This step was crucial to ensure the validity of the statistical model and the reliability 

of conclusions drawn from it. 

4. Optimization Criteria: 

The primary optimization goal was to maximize the specific capacity of the anode material. The 

factor levels that produced the highest capacity, while maintaining acceptable cycle stability, were 

identified as optimal. Interaction plots were instrumental in identifying synergistic effects that could 

not be captured by main effect analysis alone. 

 

Results and Discussion 

1. Structural Analysis: X-ray Diffraction (XRD) 

The structural properties of the synthesized FTO-ZnO-CNF nanocomposites were investigated using 

X-ray diffraction (XRD) analysis (Figure 4a). The results revealed distinct crystalline patterns 

corresponding to the compositions of the materials. As the mass percentage of FTO increased, the 

intensities of the diffraction peaks became more pronounced, reflecting enhanced crystallinity and 

better structural organization. 

In contrast, higher concentrations of ZnO led to reduced peak intensities, indicating a potential 

decline in crystallinity due to the interaction between ZnO and CNFs, which may induce lattice 

distortions. Furthermore, broader diffraction peaks were observed at lower salt concentrations and 

higher CNF content, indicative of reduced crystallite size. These findings underline the critical role 

of FTO and ZnO proportions in tailoring the crystallinity and structural characteristics of the 

composite electrodes, which directly influence their electrochemical behavior. 
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Figure 36 (a) XRD Patterns of samples (b)Cyclic Voltammetry Curves of Samples (c)Charge-Discharge 

Curves of Samples (d) Rate Capability and Repeatability Curves of Samples (e)Cycle Stability Curves of 

Samples 

 

2. Electrochemical Behavior: Cyclic Voltammetry (CV) 

The electrochemical properties of the nanocomposite electrodes were evaluated using cyclic 

voltammetry (CV), as illustrated in Figure 4b. During the first cathodic sweep (lithium insertion), 

irreversible peaks were observed at 0.52 V, 0.78 V, and 0.84 V. These peaks are primarily attributed 

to the formation of the solid electrolyte interphase (SEI) on the electrode surface, a phenomenon that 
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is common in lithium-ion batteries (LIBs) and essential for stabilizing the electrode-electrolyte 

interface. 

A reversible peak at approximately 0.34 V was observed in subsequent cycles, indicating the 

formation and decomposition of lithium-tin (Li-Sn) alloys. For electrodes with higher ZnO content, 

additional cathodic peaks appeared at 0.84 V and 0.3 V in the first scan, which can be ascribed to 

the reduction of ZnO and the associated SEI layer growth. Moreover, a broad peak at approximately 

1.3 V is likely due to the reaction between Zn and Li2O, forming ZnO. The overlapping CV profiles 

in subsequent cycles suggest high reversibility of the lithiation/delithiation processes. These results 

confirm the ability of the FTO-ZnO nanocomposite electrodes to sustain reversible electrochemical 

reactions, a critical feature for long-term LIB performance. 

3. Charge/Discharge Performance 

The charge/discharge characteristics of the electrodes were studied through galvanostatic 

measurements over a voltage range of 0.01–3 V (Figure 4c). Among the synthesized samples, the 

FTO-ZnO-575 electrode demonstrated the highest initial Coulombic efficiency (>70%), 

significantly outperforming the other electrodes. This superior efficiency is attributed to the intimate 

contact between Sn particles and CNFs, which facilitates enhanced lithium-ion diffusion and 

reversible SnOx formation. 

The presence of Li2O in the composite matrix further supports the reversible reactions, as Li2O 

undergoes repeated utilization during cycling. This interaction improves both the specific capacity 

and the electrochemical efficiency of the electrode. The consistent capacity retention in subsequent 

cycles highlights the robust performance of the FTO-ZnO-575 electrode under practical operating 

conditions. 

4. Rate Capability Analysis 

Rate capability is a critical parameter for evaluating the practicality of LIB electrodes, particularly 

under varying current densities. Figure 4d illustrates the rate performance of the four designed 

electrodes. The reversible specific capacities were determined to be 604.41, 897.74, 1175.75, and 

943.45 mAh·g⁻¹ for FTO-ZnO-525, FTO-ZnO-575, FTO-ZnO-1525, and FTO-ZnO-1575, 

respectively. 

The superior rate capability of the FTO-ZnO-1525 and FTO-ZnO-1575 electrodes can be ascribed 

to the optimized interplay between salt concentration and the FTO/ZnO ratio. Higher salt 

concentrations facilitate better ionic conductivity, while the structural integrity of the nanocomposite 

ensures efficient lithium-ion transport pathways. These attributes collectively contribute to the 

enhanced electrochemical performance of these electrodes, particularly at high current densities. 

5. Cycle Stability 

The cycling stability of the electrodes was evaluated at a current density of 0.5 A·g⁻¹ over multiple 

cycles (Figure 4e). The FTO-ZnO-1575 electrode exhibited the highest specific capacity retention, 

maintaining stable performance throughout the cycling test. Notably, FTO-ZnO-1525 showed a 

more pronounced capacity decline, likely due to volume expansion of Sn particles during cycling. 

This phenomenon, commonly associated with the lithiation of Sn-based materials, leads to 

mechanical stress and potential degradation of the electrode. 

Despite these challenges, the FTO-ZnO-575 electrode demonstrated remarkable stability under high 

current densities, underscoring its potential for high-performance LIB applications. The combination 
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of FTO and ZnO in the composite matrix significantly mitigates the effects of volume changes, 

thereby preserving the electrode’s structural and electrochemical integrity. 

6. Statistical and Optimization Analysis 

To identify the key parameters influencing the specific capacity of the FTO-ZnO nanocomposite 

anodes, statistical analysis was conducted using a full factorial experimental design. The analysis 

was aimed at quantifying the effects of salt concentration and the FTO/ZnO ratio on the specific 

capacity, as well as optimizing these parameters for maximum performance. 

The statistical analysis of the experimental data, summarized in Table 1, highlights the significant 

impact of salt concentration (P = 0.034) and the FTO/ZnO ratio (P = 0.039) on specific capacity. 

The regression equation derived from the data is as follows: 

Specific Capacity=259.4+35.83⋅Salt Percent+6.251⋅FTO-ZnO 

The high R-squared value of 99.84% indicates excellent model accuracy and predictive reliability 

(Table 3). Optimization analysis using a full factorial design revealed that the maximum specific 

capacity of 1275.25 mAh·g⁻¹ could be achieved with a salt concentration of 15% and an FTO/ZnO 

ratio of 75%. These parameters correspond to the composition of the FTO-ZnO-1575 sample, further 

validating the experimental findings and highlighting the sample's optimal performance. 

Analysis of Variance (ANOVA) 

The results of the ANOVA, presented in Table 1, demonstrate the significant impact of both 

independent variables on the specific capacity. The salt concentration (P = 0.034) and the FTO/ZnO 

ratio (P = 0.039) both exhibited P-values below the significance threshold of 0.05, indicating their 

statistically significant contribution to the model. Additionally, the F-value for the overall model 

was 305.50, signifying a highly robust predictive capability. 

The ANOVA table also highlights the relative contribution of each parameter. The adjusted sums of 

squares (Adj SS) reveal that the salt concentration contributed approximately 57% of the total 

variability (Adj SS = 128,361), while the FTO/ZnO ratio accounted for the remaining 43% (Adj SS 

= 97,697). These results indicate that while both parameters are critical, salt concentration has a 

slightly more pronounced influence on specific capacity. 

Table 4 ANOVA Table 

Source DF Adj SS Adj MS F-Value P-Value 

Model 2 226058 113029 305.50 0.040 

  Linear 2 226058 113029 305.50 0.040 

    Salt-Percent 1 128361 128361 346.94 0.034 

    FTO-ZnO 1 97697 97697 264.06 0.039 

Error 1 370 370     

Total 3 226428       

 

Regression Model and Predictive Accuracy 



923 

 

As it has said earlier the linear regression model derived from the experimental data is as follows: 

Specific Capacity=259.4+35.83⋅Salt Percent+6.251⋅FTO-ZnO 

The regression coefficients for salt concentration (35.83) and the FTO/ZnO ratio (6.251) highlight 

the positive contribution of both parameters to the specific capacity. Notably, the larger coefficient 

for salt concentration underscores its dominant role in enhancing the electrochemical performance 

of the nanocomposite anodes. 

Table 5 Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

19.235 99.84% 99.51% 97.39% 

 

The quality of the regression model was assessed through key statistical metrics summarized in 

Table 3. The coefficient of determination (R-Squared) was 99.84%, indicating that the model 

explains nearly all the variability in the experimental data. The adjusted R-Squared-adj (99.51%) 

and predicted R-Squared-pred (97.39%) further confirm the model's robustness, Table4, even when 

accounting for the number of predictors and potential overfitting. The standard error of the regression 

(S = 19.235) is relatively low, providing additional confidence in the model's precision. 

Optimization Analysis 

To determine the optimal parameter settings for maximum specific capacity, the data were analyzed 

using a full factorial optimization approach. The optimization results, visualized through contour 

and response surface plots (Figures 5 a,b), reveal a clear trend: the highest specific capacity of 

1275.25 mAh·g⁻¹ is achieved when the salt concentration is set to 15% and the FTO/ZnO ratio is 

75%. 

These findings align with the experimental results for the FTO-ZnO-1575 sample, which 

demonstrated superior electrochemical performance compared to other configurations. The 

optimization table confirms the desirability score of 0.985663, indicating near-ideal conditions for 

maximizing the specific capacity. 

  

Figure 37 (a)Countour plots (b)Surface plots 

 

Conclusion and Further Considerations 
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This study successfully synthesized and characterized FTO-ZnO nanocomposites as potential anode 

materials for lithium-ion batteries. The hydrothermal growth of ZnO nanorods combined with 

electrospinning of FTO yielded a uniform nanocomposite with desirable structural and 

electrochemical properties. The material exhibited an impressive initial capacity of 1100 mAh/g and 

a capacity retention of 73% after 55 cycles, confirming its long-term cycling stability. Rate capability 

tests indicated a reversible capacity recovery to 1000 mAh/g, demonstrating excellent adaptability 

to varying charge-discharge conditions. These findings suggest that the FTO-ZnO nanocomposite 

combines structural stability with superior electrochemical performance. Future research should 

focus on scaling production processes and integrating the composite into full-cell systems to explore 

its commercial viability as a sustainable, high-performance energy storage solution. While the 

current model is highly robust, it assumes linear relationships between the variables and specific 

capacity. Nonlinear interactions or secondary effects (e.g., particle size, distribution uniformity, and 

electrolyte interactions) may also play a role and should be explored in future studies. Incorporating 

advanced statistical techniques, such as response surface methodology (RSM) or machine learning 

models, could provide deeper insights and potentially uncover higher-order interactions. 
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Introduction: 

Selenophenopyrimidines are heterocyclic compounds that have attracted considerable attention due 

to their unique chemical and pharmacological properties. The central core of selenophenopyrimidine 

has a stable and diverse structure, enabling the synthesis of various derivatives with different 

properties. These compounds show promise for pharmaceutical applications such as antitumor [1], 

antioxidant [2] and antimicrobial [3] activities. 

Method: 

This research describes an efficient multi step synthesis for novel 7-cyano-6-(pyrrolidin-1-

yl)selenopheno[3,2-d]pyrimidine derivatives (4a-e). Initially, compound (1) was prepared according 

to our previous reports[4]. Subsequent hydrolysis of compound (1) was converted to an amide, using 

concentrated sulfuric acid the carboxamide (2), followed by cyclization with carbon disulfide to 

furnish the core structure 7-cyano-4-oxo-6-(pyrrolidin-1-yl)-2-thioxo-1,2,3,4-

tetrahydroselenopheno[3,2-d]pyrimidine (3). Finally, alkylation of this core scaffold led to a diverse 

array of dialkylated selenopheno[3,2-d]pyrimidine derivatives (4a-e) with potential applications, 

particularly in the pharmaceutical field. 

Results and discussion: 

This research synthesized novel derivatives of the selenophenopyrimidine. One of the most 

significant advantages of this synthetic approach is the simplicity of the procedures, high yields, and 

high purity of the products at each stage. One of the simplest synthetic steps involved the production 

of the final derivatives, which was achieved using the green solvent ethanol without the need for 

complex separation steps. Finally, a wide range of dialkyl derivatives was synthesized by reacting 

this compound with various alkyl halides. Ethanol instead of other toxic solvents is the advantage of 

this synthetic method, which is of great environmental importance and easy to use. 

 

“The schematic process of the reaction” 
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Objective: The main goal of this study is to synthesize the SiO₃@Cu/ML nanocatalyst and 

investigate its application in the Hantzsch reaction. Silica, as a support material, possesses unique 

properties such as high thermal stability, large surface area, and the ability to undergo chemical 

modifications, making it a suitable candidate for designing heterogeneous catalysts [1]. On the other 

hand, copper nanoparticles, due to their cost-effectiveness, easy availability, and high catalytic 

activity in a wide range of chemical reactions, especially organic reactions, have attracted 

considerable attention [2]. By combining these two materials and utilizing suitable ligands, a 

powerful catalyst with enhanced capabilities for complex reactions can be designed. One of the key 

reactions in organic synthesis is the Hantzsch reaction, which is used to produce β-amino carbonyl 

compounds [3]. These compounds are valuable building blocks in the synthesis of pharmaceuticals, 

bioactive materials, and chemical industries [4]. Despite the high efficiency of this reaction, 

challenges such as prolonged reaction times, harsh reaction conditions, and difficulties in catalyst 

separation persist [2]. Therefore, the development of an efficient, stable, and recyclable nanocatalyst 
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like SiO₃@Cu/ML could significantly address these issues. In this study, we focus on the design and 

synthesis of the SiO₃@Cu/ML nanocatalyst and evaluate its performance in the Hantzsch reaction. 

The primary aim of this research is to present an efficient, eco-friendly method that enhances the 

yield and reduces the costs of organic reactions. 

Methodology: To synthesize the SiO₃@Cu/ML nanocatalyst, 3-CMPT was reacted with copper 

under reflux conditions at 78°C in diethyl ether. After washing and drying, ML was added, and the 

Cu/ML complex was synthesized by refluxing for three hours. Subsequently, the Cu/ML catalyst 

was supported on silica under reflux conditions. The catalyst was then employed in the Hantzsch 

reaction, conducted under reflux at 78°C in ethanol as the solvent. 

Results: To determine the structure, morphology, and stability of the catalyst, several analyses were 

carried out, including FT-IR (for functional group identification), EDS (for elemental analysis), 

XRD and SEM (to study surface morphology), and TGA (for thermal stability evaluation). The 

catalyst's performance in the Hantzsch reaction was assessed by analyzing the reaction products 

using 1H-NMR, 13C-NMR, and FT-IR spectroscopy. 

Conclusion: The results indicated that the synthesized nanocatalyst could efficiently catalyze the 

Hantzsch reaction under reflux conditions, with ethanol as solvent, completing the reaction within a 

short time (approximately 25 minutes). The reaction yields were consistently over 97%, 

demonstrating the high efficiency of this catalyst under optimized conditions. These features, 

coupled with its ease of recovery and reusability, make the SiO₃@Cu/ML nanocatalyst an effective 

and promising candidate for facilitating and improving Hantzsch reactions. The findings underscore 

that the designed nanocatalyst, by reducing reaction time and cost, can serve as a stable, efficient, 

and recyclable catalyst in chemical processes. 
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Objective: The primary aim of this study is the synthesis of the Al2O3@Ni-Cti nanocatalyst and its 

application in Biginelli multicomponent reactions. Nanocatalysts are important in organic reactions 

due to their high surface area, uniform distribution of active sites, and tunable physical and chemical 

properties [1]. Among these, alumina nanoparticles, as a highly stable material with a large surface 

area, play a crucial role in developing heterogeneous catalysts. The Biginelli multicomponent 

reaction, one of the most renowned multicomponent reactions, is used for the synthesis of 

dihydropyrimidine derivatives (DHPMs). These compounds are of great importance due to their 

wide-ranging pharmaceutical properties, including anticancer, anti-inflammatory, and antiviral 

activities [2]. Despite the advantages of the Biginelli reaction, issues such as long reaction times, the 

need for harsh conditions, and low yields in the absence of efficient catalysts remain [3]. Therefore, 

designing and synthesizing a highly efficient nanocatalyst that can perform this reaction under mild 

conditions and in a short time with a high yield is of great significance. In this study, the Al2O3@Ni-

Cti nanocatalyst was synthesized and characterized using various techniques, and its performance in 

accelerating the Biginelli reaction was evaluated.  

Methodology: To synthesize the Al2O3@Ni-Cti nanocatalyst, the CMPT-3 compound was first 

reacted with nickel under reflux conditions at 78°C in diethyl ether. After the reaction was 

completed, the product was washed and dried. In the next step, the compound was modified by 

adding CTi to enhance its stability and activity. Finally, the Ni-CTi nanocatalyst was immobilized 

on the Al2O3support. This nanocatalyst was then applied in the Biginelli reaction, showing its ability 

to reduce reaction time and increase yield. 
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Results: To examine the structure, morphology, and stability of the synthesized nanocatalyst, several 

advanced techniques were employed. FTIR spectroscopy was used to identify surface functional 

groups, EDS for elemental composition analysis, XRD for crystal structure analysis, and SEM for 

surface morphology evaluation. The thermal stability of the nanocatalyst was assessed by TGA. The 

catalyst's performance in the Biginelli reaction was carefully studied through 1HNMR, 13CNMR, 

and FT-IR spectroscopy to determine its efficiency and quality in producing the desired products.  

Conclusion: The results revealed that the synthesized nanocatalyst could complete the Biginelli 

reaction within a short time (approximately 20 minutes) and with ethanol as the solvent. The reaction 

yields in all experiments exceeded 93%, demonstrating the high efficiency of the catalyst. 

Furthermore, the catalyst showed excellent recyclability, with no significant loss in activity after 

multiple uses. These characteristics, combined with the fast reaction time and high yield, make the 

Al2O3@Ni-Cti nanocatalyst an economically viable, stable, and effective option for Biginelli 

reactions. This study highlights the potential of this catalyst to be widely used in chemical processes, 

reducing both reaction time and cost. 
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The primary aim of this research is to synthesize the nano-catalyst MGo@HZBn/Zn and evaluate its 

application in one-pot, multi-component Hantzsch reactions. Graphene-based nano-catalysts are 

widely utilized in Hantzsch reactions for synthesizing dihydropyridine derivatives due to their high 

surface area, thermal stability, and active functional groups [1]. Stabilizing metal nanoparticles such 

as Cu, Pd, and Ni on graphene or its derivatives (e.g., graphene oxide) enhances reaction yields, 

accelerates reaction times, and reduces harsh reaction conditions [2]. Additionally, hybrid catalysts 

like graphene/Fe₃O₄ are particularly attractive due to their easy recyclability and green chemistry 

performance [3]. Functionalizing graphene with acidic groups or metal nanoparticles leads to 

efficient, stable, and environmentally friendly processes, making graphene an ideal candidate for 

optimizing the Hantzsch reaction [4]. 

Methodology: Graphene was synthesized from graphite using the Hummers' method [5], where 

H₂O₂ was employed to neutralize and eliminate hazardous by-products during the reaction. 

Subsequently, a mixture of FeCl₂ and FeCl₃ was utilized under basic magnetic conditions to prepare 

the intermediate. The linker 3-CTMS, zinc metal, and functional groups were then attached to the 

graphene framework. The resulting catalyst was employed in multi-component reactions under 

reflux conditions in ethanol after optimizing the reaction parameters. 

Findings: The synthesized catalyst was characterized using various analytical techniques, including 

Fourier Transform Infrared Spectroscopy (FT-IR), Energy Dispersive X-ray Spectroscopy (EDS), 

X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Thermogravimetric Analysis 

(TGA). In addition, for the Hantzsch reaction, further analyses such as Proton Nuclear Magnetic 

Resonance (¹H-NMR), Carbon Nuclear Magnetic Resonance (¹³C-NMR), and FT-IR were 

performed to identify the products and evaluate the catalyst's efficiency. 

Conclusion: The results revealed that the synthesized catalyst exhibited excellent performance in 

the Hantzsch reaction. Under reflux conditions with ethanol as the solvent, the reaction was 

completed within an average of 20 minutes. Furthermore, the reaction yield consistently exceeded 

95% in all cases. These findings indicate that the synthesized catalyst is highly effective for 

performing Hantzsch reactions under optimized conditions. Its outstanding performance, including 

short reaction times, high yields, and excellent reactivity, highlights its potential for efficient 

synthesis of Hantzsch derivatives in controlled and favorable conditions. 

mailto:Kh.Mansoori1312@gmail.com
mailto:manas@yu.ac.ir
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Introduction: Hematologic malignancies are cancers of the blood, and they include malignancies 

originating from blood-forming cells and immune system cells, including leukemia, lymphoma, and 

multiple myeloma. Leukemia is classified in two ways. First, based on cancer progression (chronic 

and acute), second, based on the types of leukemia cells present (lymphoid and myeloid cells). 

In this study, chronic myeloid leukemia (CML) was chosen as a model cancer disease and the 

physicochemical and biological properties of the proposed drug delivery system were studied. The 

aim of this study was to investigate the combinational effect of lipophilic loading of Nilotinib HCl 

H2O along with nanoscale formulations on model CML cell line compared to the individual 

treatments. 

Methods: Cymbopogon citratus essential oil was chosen as a lipophilic carrier and characterized by   

GC-MS method. Nanoformulations were prepared using a high-energy method including a rotor-

stator high shear homogenizer. The cytotoxicity of LG-EO and its formulations was assessed using 

MTT assay, which indicated cytotoxic effects (IC50) upon incubation for 24 hours. Dynamic Ligh 

Scattering (DLS) was used to obtain particle size and PDI, and Zetasizer for zeta potential 

assessment of the surface charge. 

Results and Discussion: Nanoformulations were prepared using the above-mentioned methods. 

DLS results indicated a mean particle size of 180.53 ± 6.80 nm and a mean Polydispersity Index of 

0.15 ± 0.06 for the optimized Nilotinib loaded LG-EO nanoformulation. The stability of the 

optimized nanoformulation was also determined using DLS instrument. It was observed that the 

nanoformulation was stable for the following three months. The Zeta potential results indicated a 

surface charge of -2.58 ± 1.65 mV. The MTT results demonstrated that both LG-EO and its nano 

formulations significantly inhibited K562 cell viability in a dose-dependent manner. The optimized 

formulation containing both LG-EO and Nilotinib exhibited enhanced cytotoxicity (IC50 = 0.322 ± 

0.004 µg/mL) compared to the blank nanoformulation (IC50 = 113.804 ± 3.514 µg/mL). In contrast 

with the aforementioned formulations, the MTT results for raw materials indicated a noticeable 

difference, as the cell viability for the bulk LG-EO was observed to be 123.631 ± 4.486 µg/mL and 

0.615 ± 0.001 µg/mL for the bulk Nilotinib. Further investigations are under way to evaluate the 

mechanism of anticancer activities of the pure and nanoformulations. 
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Abstract and Introduction 

Increasing the industrial pollutants, like organic and inorganic dyes, etc., in water has gained the 

most significant concern due to the human health threats; their decontamination by porous materials 

via various methods, viz. adsorption, and degradation, is investigated [1, 2]. The asphalt of various 

optical textures, such as Gilsonite (GL), was activated by KOH at 900 ˚C to produce highly porous 

and nano-sized activated carbons (AC). The GL treatment eliminates volatile organic substances and 

produces an AC with high porosity. Additionally, the functional groups, crystallinity, and structural, 

morphological, and methylene blue (MB) adsorption-degradation properties of this nanomaterial 

were considered by FTIR, XRD, FESEM, and UV-Vis analyses. As a result, the AC substance 

demonstrated a very porous structure according to the FESEM images, corroborating the chemical 

activation by KOH in FTIR. The XRD pattern of GL represents sharp peaks at 2θ ≈ 26.7˚, 31.9˚, and 

49.3˚, while that of the AC demonstrates weak and broad peaks, indicating the mostly amorphous 

nature of the AC substance. The GL and AC (0.01 g) were applied in MB adsorption and degradation 

at 5.0 ppm, 10.0 mL of dye solution. The GL and AC adsorption-degradation efficiency is 31.35 and 

46.20%, and 86.15 and 87.90%, respectively. According to the results, the degradation efficacy of 

the substances is much higher than their adsorption efficacy just by applying a white LED light (10.0 

W) irradiation. 

Keywords: Activated carbon, Alkali, Asphalt, Chemical activation, Gilsonite.  

Method 

The preparation method was employed, as reported in previous articles [3, 4]. First, the untreated 

GL was powdered via ball-milling and heated in a tube furnace at 400 ˚C for 3 h under nitrogen to 

dispel the oils and attain a stable structure. Then, it was cooled to an ambient temperature to reach 

the pre-treated GL. The pre-treated GL (0.25 g) was mixed in a mortar with KOH powder (1.0 g) 
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with the KOH:GL proportion of 4:1 via grinding. The reaction was exerted in a quartz boat in a 

reaction furnace tube under N2 conditions. After inserting the cold reaction tube in the furnace, it 

takes 5 min until the sample reaches 900 ˚C for 20 min under N2 flow. At this stage, generating CO 

and CO2 causes porosity in the structure. After the furnace temperature was cooled to 25 ˚C, the 

reaction products were separated from the quartz boat and rinsed with acetone and distilled H2O to 

eliminate soluble salts and achieve a neutral pH. The AC was dried in the oven at 100 ˚C.  

Results and Discussion 

The AC substance exhibited a highly porous structure compared to the GL due to the FESEM 

images, confirming the chemical activation by KOH in FTIR. The XRD pattern of GL shows sharp 

peaks at 2θ ≈ 26.7˚, 31.9˚, and 49.3˚, while that of the AC displays weak and broad peaks at 2θ ≈ 

23˚ and 40˚ related to the (0 0 2) and (0 1 0) planes, respectively. The sharp peak absence indicates 

the mostly amorphous nature of the AC substance [5]. The MB adsorption-degradation efficiency of 

the GL and AC (0.01 g) at 5.0 ppm, 10.0 mL dye solution was studied using UV-Vis curves, 

demonstrating a much higher MB degradation efficacy (86.15% (GL) and 87.90% (AC)) than 

adsorption (31.35% (GL) and 46.20% (AC)) under irradiating a 10.0 W LED light. 

 

The schematic of the porous AC production from Gilsonite by KOH Chemical Activation 
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Introduction:  

Copper and its alloys are essential metals widely used in industries such as chemical, agricultural, 

construction, and marine due to their versatility and properties. However, their frequent exposure to 

corrosive environments like saltwater, acid solutions, and chloride-containing systems makes them 

susceptible to corrosion. Corrosion, an oxidation process driven by thermodynamic energy shifts, 

poses significant challenges, necessitating effective prevention methods. Among various strategies, 

the use of green inhibitors derived from plant extracts has gained prominence for their non-toxic 

nature, cost-effectiveness, and high corrosion-inhibition efficiency, attributed to the presence of 

heteroatoms. This study explores the potential of bitter olive fruit extract (BOFE) as an 

environmentally friendly corrosion inhibitor for copper in a 3.5% NaCl solution [1-3].  

Method:  

The bitter olive fruit used in this study was collected, thoroughly washed with deionized water, and 

dried at 45°C for six hours. It was then ground into a fine powder with a particle size of 35 µm. The 

                                                           
29 Corresponding authors: 
Ali Ghaffarinejad: Email: Ghaffarinejad@iust.ac.ir; Tel: +98-21-77240652; Fax: +98-21-73021554 
 
 



937 

 

extract was prepared using deionized water and ultrasonication, where 4 g of powder was mixed 

with 100 mL of water, incubated at 70°C for 25 minutes, and filtered. Additionally, the Soxhlet 

method was employed, extracting 10 g of powder with 100 mL of ethanol at 90°C over 24 hours. 

Various concentrations of the extract, ranging from 2.5% to 20% (v/v), were tested for their 

corrosion inhibition efficiency in a 3.5% NaCl solution. Copper sheets polished to fine grades were 

used as test samples to evaluate the extract's effectiveness. Employing Electrochemical Impedance 

Spectroscopy (EIS) and Potentiodynamic polarization, the research assesses the extract's corrosion 

inhibition efficiency. Scanning Electron Microscopy (SEM) analyzes the surface changes. BOFE’s 

effectiveness highlights its promise as a green, sustainable solution for corrosion mitigation. 

Results and Discussion:  

Potentiodynamic polarization and Electrochemical Impedance Spectroscopy (EIS) analyses were 

conducted to assess the corrosion inhibition efficiency of BOFE on copper in a 3.5% NaCl solution. 

Polarization curves revealed that increasing BOFE concentration reduced both corrosion current 

density and corrosion rate, indicating kinetic control of the corrosion process. Inhibition efficiencies 

(IE%) for 15% and 20% BOFE were 82.77% and 84.67%, respectively, with 15% being the optimal 

concentration for minimizing inhibitor usage. This concentration was subsequently employed in 

temperature-dependent studies (Fig. 1-b). 

EIS data further confirmed the effectiveness of BOFE as a corrosion inhibitor. With 

increasing BOFE concentrations, polarization resistance (Rp) increased significantly, while double-

layer capacitance (Cdl) decreased, reflecting the adsorption of BOFE molecules on the copper 

surface, forming a protective barrier. At the optimal concentration of 15%, Rp reached 0.426 kΩ.cm2, 

and IE% was 84.1%. Higher concentrations, such as 20%, showed a slight improvement in Rp (0.569 

kΩ.cm2) and IE% (88.1%), but 15% remained the preferred concentration to balance efficiency and 

resource consumption. These findings underscore the potential of BOFE as a sustainable, high-

performance green inhibitor for copper corrosion (Fig. 1-a). 

 

Figure 1. EIS and Potentiodynamic polarization curves for different concentrations of the BOFE in 

3.5% NaCl solution.  

The SEM images further validate the findings from the previous analyses, as shown in Figure 2. The 

application of the inhibitor significantly minimizes surface damage caused by corrosion, 

demonstrating its effectiveness in protecting the copper surface. 
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Figure 2. SEM images of the copper surface of (a) sanded state before immersion, (b) exposed to 

the 3.5 wt.% NaCl solution without (b), and with (c) BOFE for 24 hours. 
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Introduction: Eucalyptus camaldulensis, a perennial herb belonging to the Myrtaceae family, is 

indigenous to Australia and has been extensively cultivated across various regions of Iran. The 

leaves of E. camaldulensis are aromatic and possess an essential oil that has been documented to 

exhibit numerous therapeutic benefits. These benefits encompass analgesic, anti-inflammatory, 

antioxidant, anti-cancer, antiviral, and anti-diabetic properties (1). 

Method: In this research, Eucalyptus camaldulensis leaves were collected from four cities: Ahvaz, 

Abadan, Dezful, and Bostan, located in Khuzestan province. Following the drying process, 

essential oils were extracted utilizing a Clevenger-type apparatus. The components of the essential 

oils were qualitatively and quantitatively identified through GC-MS analysis. 

Results: The main constituents of the essential oil of E. camaldulensis identified as follows: Ahvaz: 

1,8-cineole (36.6 %), (-)-Globulol (8.9 %) and (+)-Spatulenol (8.1 %). Abadan: 1,8-cineole (29.6 

%), (-)-α-pinene (6.9 %), (-)-Globulol (15.8 %)  and (+)-Aromadendrene (7.9 %). Dezful: 1,8-

cineole (30.4 %), (-)-α-pinene (12.3 %), (-)-Globulol (5.6 %). Bostan: 1,8-cineole (32.4 %), (-)-α-

pinene (12.4 %), (-)-Globulol (6.7 %)  and (+)-Aromadendrene (7.3 %). 

Discussion:  A comparison of E. camaldulensis essential oils collected from different cities in 

Khuzestan reveals that while 1,8-cineole is the predominant compound as a monoterpenoid in 

these essential oils, they also possess notable quantities of sesquiterpene compounds, including 

Globulol and Aromadendrene. 
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Abstract 

This research presents an innovative hybrid catalytic system combining a copper-based perovskite 

strategically grown within a zirconium metal-organic framework (MOF) through controlled in-

situ synthesis. This hybrid system exhibits exceptional performance in copper(I)-catalyzed azide-

alkyne cycloaddition (CuAAC) click reaction, producing regioselective 1,2,3-triazoles and 

photocatalytically degrading methyl orange pollutant. This enhanced activity stems from the 

synergistic interaction between the perovskite and MOF components, which improves copper ion 

accessibility and stabilization within the framework structure. 

Keyword: Metal-organic framework, hybrid material, click reaction, catalysis, photocatalysis 

1. Introduction 

ABX₃ perovskites have emerged as promising semiconductors for photovoltaic and 

optoelectronic applications. Metal-organic frameworks (MOFs) offer complementary benefits 

through their crystalline structure and tunable porosity. The strategic combination of perovskites 

with MOF structures creates innovative hybrid materials that transcend the limitations of their 

individual components [1-3]. This research presents an innovative hybrid catalytic system 

combining a copper-based perovskite strategically grown within a MOF (UiO-66(Zr)-NH₂, Zr-

MOF) through controlled in-situ synthesis. 

2. Materials and Methods 

CsCu2I3@MOF was prepared via antisolvent infiltration by dissolving CuI (1.2 mmol) and 

CsI (0.6 mmol) in acetonitrile (5 mL). After stirring at 60 °C for 5h, the filtered solution was 

transferred to activated MOF (40 mg) and heated at 50°C for 12h. For triazole synthesis, benzyl 

azide (1 mmol), phenylacetylene (1 mmol), and catalyst (15 mg) were combined in CH₂Cl₂ (3 mL) 

at room temperature. 

3. Result and discussion 
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Field emission scanning electron microscopy (FESEM) imaging revealed well-defined octahedral 

crystals characteristic of the parent UiO-66-NH₂ framework (Fig. 1).  

 

Figure 1. SEM images of CsCu2I3@MOF. 

The catalytic performance of CsCu₂I₃@MOF was evaluated using CuAAC reaction between 

benzyl azide and phenylacetylene. Under ambient conditions in dichloromethane, the catalyst (15 

mg) achieved 96% triazole yield in 20 min. Performance improved under reflux, reaching 97% 

yield with shorter reaction time. The material also demonstrated exceptional photocatalytic activity 

in removing methyl orange (MO) dye under visible-light irradiation, surpassing previously 

reported systems with an adsorption capacity of 972 mg g⁻¹. 

Conclusion 

We have successfully developed a multifunctional CsCu2I3@MOF hybrid material through 

post-synthetic modification of UiO-66(Zr)-NH2. The material demonstrates exceptional catalytic 

activity in both click reactions and visible-light-driven pollutant degradation under green oxygen 

atmosphere. This work establishes a foundation for developing novel porous perovskite/MOF 

materials, advancing the field of heterogeneous catalysis and enabling new functional applications. 
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The most critical threat to air and water resources is antibiotic resistance [1]. The purpose of this 

research was to design a polyaniline-based photocatalyst for the removal of antibiotics from water. 

XRD, FTIR, FESEM, and EDX techniques were used to characterize the resultant samples. 

Ternary photocatalysts prepared with various ratios of polyaniline with in-situ hydrothermal 

treatment removed antibiotics with good efficiency. According to the results, antibiotic removal 

rates improved with increasing catalyst dosage, while decreasing with raised antibiotic 

concentration [2]. Furthermore, the kinetics during the degradation was also investigated. 

Degradation of antibiotic followed a first-order kinetic model and superoxide ions were the main 

species involved [3]. By utilizing the proposed photocatalyst, antibiotic can be efficiently and 

rapidly degraded. Therefore, synthetic antibiotics -contaminated wastewater can be treated with 

this economical and environmentally friendly photocatalyst. 

 

 

Scheme 1 : Diagram of the synthesis photocatalyst 
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The lone pair of electrons on the phosphorus atom within the five-membered phosphole ring 

exhibits a limited propensity to contribute to the ring's aromaticity. Phosphorus, being larger than 

nitrogen, experiences reduced orbital overlap with carbon atoms, resulting in a diminished 

formation of double bonds necessary for aromatic stabilization. Phosphorus readily undergoes 

pyramidal inversion, which disrupts the planarity of the structure, thereby precluding the 

establishment of aromatic character. The present study explores the influence of both electron-

donating and electron-withdrawing groups on phosphorus, utilizing Schleyer’s concept of 

aromaticity. This framework elucidates the interaction between the electrons of the P-X bond and 

the diene system within the 2-pyridone heterocycle. The hyperconjugation effect, characterized by 

the interaction between σ bonds and π* orbitals, is also considered. The HOMED index values, 

which are influenced by the introduction of bulky electron-donating groups such as trimethylsilyl 

on the phosphorus atom of the 2-pyridone and 2-thiopyridone heterocycles, are calculated as 0.595 

and 0.823, respectively. Furthermore, DFT calculations indicated that the incorporation of 
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electron-acceptor groups, such as BH2, significantly enhances the planarity of the compounds, 

thereby increasing their aromaticity [1, 2]. 

 

Fig. 1. Electrostatic potential map of phosphorous analogs of 2-pyridone scaffold.  
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Xanthene derivatives, particularly benzoxanthenes, represent a distinctive class of heterocyclic 

compounds characterized by an active oxygen atom. Benzoxanthene derivatives exhibit a wide 

range of pharmaceutical properties, including antiviral, antibacterial, and anti-inflammatory 

activities [1]. These compounds have also been explored for their potential as antagonists against 

zoxazolamine-induced paralysis and in photodynamic therapy. Additionally, xanthenes 
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demonstrate notable spectroscopic properties, making them valuable as leuco-dyes in laser 

technologies and as fluorescent materials for biomolecule visualization. Consequently, the 

synthesis of xanthene and benzoxanthene derivatives has garnered significant attention from 

organic chemists due to their diverse biological and technological applications [2,3].  

In this study, Mn2O3 nanoparticles were synthesized through a green method without using any 

organic chemicals. These nanoparticles were utilized as an efficient catalyst for the synthesis of 

1,8-dioxo-octahydroxanthene derivatives via a solvent-free, multi-component reaction under 

microwave irradiation. Dimedone (2 mmol) and benzaldehyde (1 mmol) were used as starting 

materials (Scheme 1). The method offers several advantages, including environmental 

friendliness, high yields, and a simple work-up procedure. Furthermore, the Mn2O3 catalyst 

demonstrated excellent reusability, retaining high catalytic efficiency after several cycles. 

 

 

 

 

Scheme: Synthesis of Xanthene Derivatives using Mn2O3. 
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Heterocyclic compounds, particularly pyrimidines, are crucial in pharmaceutical chemistry due to 

their broad range of biological and therapeutic properties. Pyrimidine derivatives, such as 

tetrahydropyrimidine derivatives, are integral components of nucleic acids and serve as key 

intermediates in the synthesis of various bioactive compounds [1]. These compounds are widely 

recognized for their bactericidal, fungicidal, analgesic, anti-inflammatory, and anti-tumor 

activities, contributing to their potential in drug discovery and development. Efficient synthetic 

routes for these derivatives are highly sought after due to their importance in medicinal chemistry 

and their applications in various disease treatments [2,3].  

In this study, we present a green, solvent-free approach for the synthesis of tetrahydropyrimidine 

derivatives through a one-pot, three-component reaction. The reaction, which involves urea, ethyl 

acetoacetate, and various aldehydes, was catalyzed by magnetic MgFe₂O₄ nanoparticles under 

microwave irradiation. This method offers several advantages, including high yields, short reaction 

times, simple work-up procedures, and the use of a sustainable, recyclable catalyst. Furthermore, 

the magnetic MgFe₂O₄ catalyst demonstrated excellent reusability, maintaining high catalytic 

efficiency over multiple cycles. 

 

 

 

 

Scheme: Synthesis of tetrahydropyrimidine derivatives using MgFe2O4. 

References 

[1]. Balraj, G., Rammohan, K., Anilkumar, A., Sharath Babu, M., Ayodhya, D.: Results in 

Chemistry, 2023, 5, 100691. 

[2]. Moradnia, F., Taghavi Fardood, S., Ramazani, A.: Appl. Organomet. Chem., 2024, 38, e7315. 

[3]. Lu, J., Bai, Y., Wang, Z., Yang, B., Ma, H.: Tetrahedron Lett., 2000, 41, 9075. 

 

 

 

 

 

DFT study of structural, vibrational and electronic properties of Poly(2-

methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene) 

Hossein shirani*a,b  ,Yekta mohammadi 



947 

 

Corresponding Author E-mail: Hossein.shirani@iust.ac.ir     

Department of Chemisrty, Iran University of science and Technology,P.O.BOX 16846-

13114,Tehran,Iran 

Department of Electrical engineering, North Tehran branch, Islamic Azad university, Tehran, Iran 

Abstract: This sudy examines the properties of  Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) (MEH-PPV), a key conjugated polymer in organic solar cells. we analyze its 

molecular structure focusing on bond length and angles that affect its electronic properties. Our 

findings  provide insights into MEH-PPV’s charge transport capabilities and efficiency in 

photovoltanic applications. This research aids in optimizing organic materials for better energy 

conversation in solar technologies. 

Keywords: MEH-PPV_energies_angles_bonds 

 

Introduction 

In recent years organic materials have garnered significant attention as promising candidates for 

solar energy production. Among these materials, conjugated polymers stand out due to their unique 

electrical and optical properties making them suitable for use in organic solar cells. One of the 

most notable of these polymers is Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene) , 

commonly known as MEH-PPV. 

MEH-PPV, as a conjugated polymer with a specific structure, exhibits remarkable electrical and 

optical characteristics that renderit advantageous for solar cell applications. Its ability to facilitate 

charge transport and absorb light in the visible spectrum has led to extensive research and 

development in renewable energy technology.  

Furthermore, the molecule structure of MEH-PPV significantly influence its electronic properties. 

Variations in bond length and angle can result in alterations to the HOMO and LUMO energy 

levels, which in turn affect energy conversion efficiency and the stability of solar cells. 

 

Method 

All calculations were executed utilizing the Gaussian 09 software. Initially, all clusters were 

sketched out with the GaussView 05 program. The refinement of the Poly(2-methoxy-5-(2-

ethylhexyloxy)-1,4-phenylenevinylene) and the cluster was accomplished using Density 

Functional Theory (DFT). The configurations and various characteristics of the molecule 

andcluster were determined using the B3LYP theory and the G311 basis set.  

Results & Discussion 

mailto:Hossein.shirani@iust.ac.ir
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Fig.1.     The  optimized structure of  Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene) 

calculated at the B3LYP/6-31+G level. 

Table 1. Calculated Bond  length value for  Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) Molecule using  B3LYP/6-31+G Computational mathod. 
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1.43000 1.39471 1.43000 1.54000 1.39514 

Table 2. Calculated Bond Angles values for Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) Molecule using  B3LYP/6-31+G Computational. 
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 Table 3. Calculated Dihedral Angle values for Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) Molecule using  B3LYP/6-31+G Computational. 
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Table 4. Calculated Dipole Moments values for Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) Molecule using  B3LYP/6-31+G Computational. 

𝜇𝑥 𝜇𝑦 𝜇𝑧 𝜇𝑡𝑜𝑡 

0.4449 0.2000 -0.4681 -0.4681 

 Table 5. Calculated zero-point energies /enthalpies/s/cv values for Poly(2-methoxy-5-(2-

ethylhexyloxy)-1,4-phenylenevinylene) Molecule using  B3LYP/6-31+G Computational. 
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.. Fig. 2. The 

simulated IR spectra of the Poly(2-methoxy-5-(2-

ethylhexyloxy)-1,4-phenylenevinylene) generated using the  B3LYP/6-31+G level of theory. 

Conclusion 

By drawing the structure of this molecule and calculating the bond lengths and angles and etc , we 

were able to better understand the geometric and electronic properties of this material. The main 

objective of this research was to investigate the structural impacts on the electrical and optical 

properties of MEH-PPV, which could enhance the performance of electronic and optical devices 

based on this polymer. 

The results obtained showed that variations in molecule properties can significantly affect the 

electrical and optical behavior of the molecule. These findings may lead to the design and 

development of new materials with more desirable properties for various applications. Ultimately, 

it is hoped that this research will be a significant step toward advansing novel electronic and optical 

technologies. 
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In this study, we evaluated the potential of hypromellose phthalate (HPMCP) as a coating material 

for the microencapsulation of Lactobacillus plantarum through the spray-drying process. The aim 

was to enhance the survival rate of the probiotics in storage and simulated gastrointestinal fluids. 

Microcapsules were formulated using HPMCP alone and in combination with hypromellose 

(HPMC). We examined various physicochemical properties such as moisture content, solubility, 

particle size distribution, morphology, and flowability of the microparticles. Additionally, we 

assessed the viability of the encapsulated cells during storage and under simulated gastrointestinal 

conditions. Fourier-transform infrared spectroscopy (FT-IR) and differential scanning calorimetry 

(DSC) were utilized to study the interactions and thermal properties of the coating polymers. The 

results indicated that HPMCP significantly improved the survival rate of Lactobacillus plantarum 

during the spray drying process and provided superior acid resistance compared to unencapsulated 

cells. FT-IR analysis revealed strong hydrogen bonding among polymer chains, and DSC 

thermograms showed an increment in glass transition temperature, validating the formation of 

robust polymeric cross-linking networks. The encapsulated probiotics maintained >9 log CFU/g 

viable cell counts after 12 weeks of storage and >6 log CFU/g cells after 6 h of incubation in 

simulated gastrointestinal fluids, which is within the recommended range for probiotic efficacy. 

These findings demonstrate that HPMCP is a promising coating material for protecting probiotics, 

potentially enhancing their application in food and pharmaceutical industries. 

References: 

1. Bu, Wenyan, et al. "Encapsulation method of probiotic embedded delivery system and its 

application in food." Food Hydrocolloids (2024): 110625. 

2. Akanny, Elie, et al. "Development of enteric polymer-based microspheres by spray-drying 

for colonic delivery of Lactobacillus rhamnosus GG." International Journal of Pharmaceutics 584 

(2020): 119414. 

 

 

 



951 

 

 

 

 

 

 

One-pot synthesis of spiro oxindoles using ZIF-8(Zn/Co)@g-C3N4 as catalyst 

Authors: Hossein Mehria, Abdolhamid Bamoniri*a , BiBi Fathemeh Mirjalilib  

Corresponding author Email: bamoniri@kashanu.ac.ir 

a) Department of Organic Chemistry, Faculty of Chemistry, University of Kashan, Kashan, Iran 

b)Department of Chemistry, College of Sciences, Yazd University, Yazd, Iran 

Keywords: Spiro oxindoles, Antimicrobial, Nanocatalyst, ZIF-8 , Multicomponet. 

 

Abstract 
 

A series of novel spirooxindoles have been synthesized through 1,3-dipolar cycloaddition of an 

azomethine ylide generated from isatin[1] and sarcosine or L-proline with dipolarophile 1,4- 

naphthoquinone followed by spontaneous dehydrogenation[2]. Synthesized compounds were 

evaluated for their antimicrobial activities against eight bacteria and three fungi[3].   ZIF-

8(Zn/Co)@g-C3N4 as a Lewis acid catalyst has been synthesized and characterized with FE-SEM, 

TEM, FT-IR, TGA, BET and XRD analysis. The advantages of this catalyst are low reaction time, 

convergence, simplicity of operation and recyclability. The beneficial features of this method are 

soft reaction position, no column chromatographic purification and high yield of products. All 

derivatives were distinguished by FT-IR and 1H NMR spectroscopy. 
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Introduction: 

Corrosion of metals is a natural process that damages metals through reactions with their 

environment, adversely affecting their properties1. Copper and its alloys are valuable and widely 

used across various industries, including agriculture, electronics, construction, and marine 

engineering, due to their excellent thermal and electrical conductivity2. While copper typically 

exhibits good corrosion resistance in neutral environments by forming a passive protective layer, 

its susceptibility increases in the presence of oxygen or corrosive agents like chloride and sulfate 

ions, leading to pitting corrosion3. To extend the lifespan of metals, controlling corrosion rates 

through methods such as painting, coating, cathodic protection, and using inhibitors is crucial. 

Green organic inhibitors, which include natural ingredients such as leaf extracts, are an affordable 

and readily available option4. This study investigates the potential of ailanthus altissima seed 

extract (AASE) as an eco-friendly corrosion inhibitor for copper in 3.5 wt.% NaCl solution. 

Method: 

Plant seeds were collected, washed, dried at 40°C, and ground into powder. AASE was extracted 

using ultrasonic-assisted water extraction and Soxhlet extraction. The extracts were tested for 

corrosion inhibition effectiveness at concentrations of 2.5 to 20 v/v% on copper alloy sheets (UNS 

C16400). Corrosion behavior was analyzed using Potentiodynamic Polarization (PDP) and 

Electrochemical Impedance Spectroscopy (EIS) in a three-electrode setup at ambient temperature, 

with morphological changes examined via Scanning Electron Microscopy (SEM). 
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Result and Discussion: 

PDP and EIS analyses were performed to evaluate the effectiveness of AASE as a corrosion 

inhibitor for copper in a 3.5 wt.% NaCl medium. Polarization curves demonstrated that increasing 

AASE concentration lowered both corrosion current density and corrosion rate, implying kinetic 

control of the corrosion process. The inhibition efficiencies (IE%) for 10 and 20 v/v% AASE were 

83% and 92.41%, respectively. Thereby, 10% v/v AASE is the best concentration for reducing 

inhibitor consumption. (fig 1-a) EIS analysis confirmed the effectiveness of AASE as a corrosion 

inhibitor. As shown in Fig 1-b, with increasing AASE concentration, the polarization resistance 

(Rp) increased significantly, which means charge transfer resistance at the surface of the Cu 

electrode (Rct) increased due to the formation of a protective barrier. In the EIS results, IE% for 

concentrations of 10 and 20 v/v% AASE was 83% and 93.4%, respectively. in conclusion, 10 v/v% 

AASE remained the preferred concentration to balance efficiency and resource consumption. 

 

Figure 1:  polarization curves (A) and EIS Nyquist plot (B) for Cu in 3.5 wt.% NaCl solution 

containing various AASE concentrations at 298 K. 

The SEM images provide additional support for the earlier analyses, as illustrated in figure 2. The 

use of the optimum concentration of AASE greatly reduces surface corrosion damage, highlighting 

its efficacy in protecting the Cu surface. 

 

 

 

 

 

Figure 2: SEM images of blank Cu sheet sample (A), after 24h exposure to corrosive media 

without (B), and with (C) 10 v/v% AASE  
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Introduction: Stroke affects 13.7 million people worldwide each year and is the second leading 

cause of death. Ischaemic stroke, which accounts for about 71% of all strokes globally, happens 

when there is damage to the brain due to a lack of blood flow and oxygen. Since multiple signaling 

pathways in the brain trigger neuroinflammation and oxidative stress following an ischemic stroke, 

using anti-inflammatory and anti-oxidant natural compounds presents a promising therapeutic 

strategy for this condition [1]. Curcumin, holds significant therapeutic potential due to its powerful 

anti-inflammatory and antioxidant properties. However, its poor water solubility and limited 

ability to cross the blood-brain barrier (BBB) greatly limit its biomedical applications. To solve 

this problem, various nanocarriers have been developed for delivering curcumin to brain, including 

nanoemulsions [2]. Similarly, Satureja khuzistanica Jamzad essential oil has demonstrated notable 
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anti-inflammatory and antioxidant properties, further highlighting its potential as a therapeutic 

agent [3].In this study, we developed a nanoemulsion of Satureja khuzistanica Jamzad essential 

oil loaded with curcumin to investigate the potential synergistic effects of these two compounds. 

 Method: Nanoemulsion were prepared using a high-energy method with a rotor-stator high-shear 

homogenizer. The nanoemolsion was characterized using a Dynamic Light Scattering (DLS) 

instrument to determine the Polydispersity Index (PDI) and particle size (nm). This study includes 

five groups of adult male Wistar rats: 1. Sham Group, 2. Control Group, 3. Normal Curcumin 

Group: Rats were administered curcumin dissolved in normal saline with 1% DMSO following 

MCAO, 4. Nano Essential Oil Group: Rats were treated with nanoemulsion containing Satureja 

khuzistanica Jamzad essential oil without curcumin, 5. Nano Essential Oil + Curcumin Group: 

Rats were treated with a nanoemulsion containing Satureja khuzistanica essential oil loaded with 

curcumin. To induce focal cerebral ischemia, the Middle Cerebral Artery Occlusion (MCAO) 

procedure was used. The integrity of the blood-brain barrier (BBB) was assessed using the Evans 

Blue extravasation method. To evaluate the extent of infarction, 2,3,5-Triphenyltetrazolium 

chloride (TTC) staining was performed [2],[3]. The infarct volume was quantified using image 

analysis software to determine the percentage of damaged tissue relative to the total brain volume. 

Brain water content for wet and dried brain was measured to assess cerebral edema. 

 Results and Discussion: The nanoemulsion (SKJ+Curcumin) was successfully prepared and 

characterized. The particle size was determined to be approximately 196.65±0.0127 nm, with a 

Polydispersity Index (PDI) of 124±3.29, indicating a uniformly distributed nanoformulation. 

These properties suggest that the nanoemulsion is suitable for enhancing the stability and 

bioavailability of curcumin and Satureja khuzistanica essential oil. TTC staining revealed a 

significant reduction in infarct volume among the other treatment groups. The infarct volume was 

highest in the control group and significantly reduced in the Nano Essential Oil + Curcumin group. 

These results highlight the neuroprotective effects of the curcumin-loaded nanoemulsion. The 

Evans blue assay demonstrated reduced blood-brain barrier (BBB) disruption in the treatment 

groups. The dye leakage was highest in the control, while the Nano Essential Oil + Curcumin 

group showed the lowest leakage. 

 

Brain water content, an indicator of cerebral edema, was significantly lower in the treatment group. 

The findings of this study demonstrate the therapeutic potential of the curcumin-loaded 

nanoemulsion in ischemic stroke. The Nano Essential Oil + Curcumin group consistently 

outperformed other groups across all metrics, including infarct volume, BBB integrity, and edema 



956 

 

 

reduction. These results suggest that the combination of Satureja khuzistanica essential oil and 

curcumin has synergistic effects, likely due to their combined anti-inflammatory, antioxidant, and 

neuroprotective properties. 
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Abstract 

In this work, a novel electrospinning method was used to synthesize polymer-metal (iron in this 

case) hybrid nano fibers, calcination process is then applied to these fibers to remove the polymer 

part to acquire metal nanofibers. The resulting fibers where then characterized by structural and 

functional analysis. The structural analysis of the fibers confirmed fiber diameter in 180 to 400 

nanometer range and the functional analysis showed active surface area of 14 m2/gr. 

Keyword: Electrospinning, Metal Nanofibers, Iron nanofibers,  nanofiber synthesis 

Introduction 

Metal nanofibers are a class of advanced nanomaterials characterized by their high length to 

diameter ratio. Their unique properties such as high surface area to volume ratio, remarkable 

mechanical properties, functional reactivity and advanced thermal and electrical conductivity 

make metal nanofibers ideal materials for advanced applications such as energy storage devices, 

filtration systems and catalysts. These nanomaterials can be acquired by different methods such as 

chemical reduction, lithography and electrospinning. Their ease of integrity into complex systems 
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along with precise control over their composition and morphology have gathered interest in recent 

years. 

Materials and methods 

Poly Vinyl Acetate (PVA) was supplied from Amirkabir Petro chemical company, Iran.  Iron (III) 

Acetate was supplied from Amertat chemical company, Iran. Samples were prepared by solving 9 

wt% PVA as the base solution, 0.5 ,1.0 and 1.5 ratio of iron salt were added and stirred for 24 hrs 

at 25 ͦc. resulting in amber opaque solutions. metal-polymer solutions were then electro-spun. The 

optimum nozzle height were acquired at 25cm from collector, the optimum voltage was acquired 

at 20kv, collector speed was set at 40 rpm. Each sample were spun for 30 mins. After witch 

Samples were calcified for 3 hours at 600  ͦc to remove any polymer part. Acquired Metal 

nanofibers were then characterized via structural and functional analysis. 

Results and discussion 

Figure 1 presents the FESEM images [provided by MIRA3 (TESCAN, Korea) Field emission 

scanning electron microscopy Iran] of the acquired hybrid nanofibers. displaying a smooth surface 

and partial orientation morphology with mean diameter of 320 nanometers (calculated by imagj 

imaging software). Expansion of diameter was observed with the increase of metal salt 

concentration. 

 

                             

Figure 1:FESEM images of hybrid polymer-metal nanofibers with 25000 (A) and 50000 (B) 

magnification. 

Figure 2 presents metal nanofibers after the calcination process.the resulting metal oxide 

nanofibers display a rough yet fibrous morpholgy. With mean diameter of 150 nanometers 

(calculated by imagj imaging software) the acquired metal nanofibers posses remarkable aspect 

ratios leading to significant functional and mechanical properties. 
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Figure 2:FESEM images of metal-oxide nanofibers with 50000 (A) and 100000 (B) magnification. 

Brunauer-Emmett-Teller Surface Area & Porosity characterization and analysis presents the 

functional characterization of the metal-oxide nanofibers, with the mean specific active surface 

area of 14m2/gr and pore sizes in the 15 nanometer range and average pore volume of 0.07 m3/gr 

for pores less than 40 nanometers present these metal nanofibers with excellent reactivity surface 

and conducting properties. 
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Spherical nanostructured mixed Mo-Zr-Mn oxide: Synthesis, characterization, 

and application as heterogeneous catalyst for selective oxidation of sulfides to 

sulfoxides 

Hoda Haghi a, Alireza Sedrpoushan *a  

a Department of Chemical Technologies, Iranian Research Organization for Science and 

Technology (IROST), P.O. Box 33535111, Tehran, Iran. (* sedrpoushan@irost.ir) 

Abstract: A ternary metal oxide was synthesized using of Mo, Zr, Mn which are inexpensive and 

non-toxic metals. The composite was characterized using XRD, SEM, EDS and EM. The use of 

composite as a heterogeneous catalyst in the oxidation of sulfides with yield of 87 percent was 

examined. 

Keyword: Metal oxide; Catalyst; Oxidation; Sulfide; Sulfoxide 

Introduction: A significant challenge in organic chemistry is the selective oxidation of sulfides 

to sulfoxides. [1]. Transition metals are commonly utilized as catalyst, and their activity is based 

on the configuration of their outer electrons [2]. Hence, we presented an affordable mixed nano-

metal oxides catalyst composed of Mo-Zr-Mn, which exhibits an enhanced surface area, physical-

chemical interactions, and without additional support as a highly active. Also, we investigated the 

selective heterogeneous catalyst for our reactions utilizing H2O2 as a sustainable co-oxidant. 

Method:  

Catalysis preparation: The precursors of the metals in the proper quantities, MoCl5 (1 mmol, 

0.273g), ZrCl4 (1 mmol, 0.233g), MnCl2.2H2O (1 mmol, 0.125g), NH4F (6 mmol, 0.253g) and 

urea (15 mmol) were dissolved at room temperature in distilled water (70 mL). Then, the solution 

was transferred into the autoclave and heated to 100 oC for 24 hours. After cooling the autoclave 

to room temperature, the resulting precipitate was washed with water and ethanol and dried for 12 

hours. The resulting material was then calcinated at 350 oC to give the ternary nano catalyst. 

Catalyst testing for sulfides: Catalytic oxidation of sulfides to corresponding sulfoxides, was 

investigated at 80 oC using a catalyst (15 mg), 30% H2O2 (4 mmol) as oxidant, and sulfide (0.5 

mmol) in acetonitrile (5 mL) for 8 hours.  The reactions were achieved to get the optimal point in 

different solvents, temperatures, and the molar ratios of substrate/oxidant. We were performed the 

oxidation reactions of sulfide in reflux conditions using thin-layer chromatography (TLC) 

(EtOAc/n-hexane) monitoring. Finally, the catalysis was filtered, washed with hot acetone, and 

dried in a vacuum desiccator to reuse and test the recycling capability. 

Results and Discussion: We have the foundations for using XRD analysis to determine the 

structures of these compounds (Fig. 1). We were used the FESEM image to examine the shape and 

dimensions of the ternary Mo-Zr-Mn oxide catalyst at 1 µm, 200 and 500 nm (Fig. 2). Spherical 

structures with about 200 µm diameter have formed. The inner particles of the spherical structure 

have about 20 nm thickness. 
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Fig.1: X-ray diffraction pattern                                         Fig.2: SEM images of Mo-Zr-Mn at 1 

µm, 200 and 500 nm 

Also, the presence of all three elements molybdenum, zirconium and manganese has been proven 

with EDS analysis (Fig. 3). Additionally, the presence of all three elements has been shown with 

color images (Fig. 4).  

       

Fig.3: EDS of Mo-Zr-Mn                             Fig.4: Elemental mapping images of Mo-Zr-Mn 

Different types of sulfides were oxidized to sulfoxides under the optimized conditions (Table 1). 

Table1: Oxidation of different sulfides to sulfoxides using Mo-Zr-Mn 

Sulfide Sulfoxide Time (h) Yield )%( 
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Abstract: 

This study provides a detailed method for synthesizing Fe3O4/Uio-66(NH2), which exhibits unique 

magnetic and catalytic properties. A solvothermal approach is employed to achieve high 

crystallinity and uniform particle distribution. The synthesized nanocomposites were characterized 

using various techniques, including X-ray diffraction (XRD), scanning electron microscopy 

(SEM), Fourier-transform infrared spectroscopy (FTIR), and also Vibrating Sample 

Magnetometer technique (VSM), confirming the successful incorporation of Fe3O4 nanoparticles 

within the UiO-66-NH2 framework. The application potential of Fe3O4/Uio-66(NH2)was explored 

in environmental remediation and catalysis. The magnetic properties of Fe3O4 facilitated easy 

separation and recovery of the nanocomposites from aqueous solutions, making them ideal for 

repeated use in pollutant removal processes. Additionally, the catalytic performance of Fe3O4/Uio-

66(NH2)was evaluated in the degradation of organic pollutants, demonstrating high efficiency and 

stability under various conditions. This study highlights the versatility and effectiveness of 

Fe3O4/Uio-66(NH2) nanocomposites, paving the way for their future applications in environmental 

and industrial fields. The findings underscore the importance of developing multifunctional 

materials that combine magnetic and catalytic properties for advanced technological applications. 
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1-Introduction : 

Metal-organic frameworks (MOFs) like UiO-66(NH2) are effective in pollution control, owing to 

their high porosity, tunable structures, and large surface areas. UiO-66(NH2) shows promise in 

environmental remediation and as a sustainable catalyst for various organic reactions, with 

advantages such as high catalytic performance and ease of magnetic separation. Despite these 

benefits, stability and scalability remain challenges. This study focuses on synthesizing a magnetic 

MOF (Fe3O4@UiO-66-NH2) to improve stability and enable easy separation via an external 

magnetic field[1,2]. 

2. Experimental section 

Fe3O4 NPs were prepared via a solvothermal method involving FeCl3.6H2O, ethylene glycol, 

sodium acetate, and EDTA-2Na. The Fe3O4/UiO-66-NH2 composite synthesis included dissolving 

Fe3O4, ZrCl4, and NH2-H2BDC in DMF, followed by sonication, mixing, dropwise HAc addition, 

reflux heating, and subsequent washing and drying. 

3. Results and discussion 

The Fe3O4/UiO-66-NH2 composites demonstrate a saturation magnetization of 30 emu/g, 

indicating successful group immobilization on Fe3O4 MNPs. The composites exhibit significant 

magnetic properties, with Fe3O4/BAC/UiO-66 showing 44.06 emu/g, facilitating post-adsorption 

separation[3]. FTIR and XRD analyses confirm the presence of functional groups and well-

maintained MOF crystals. SEM images reveal the composites' morphology and size, highlighting 

their environmental application potential and recyclability[4,5]. 
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Green Synthesis of 3,4-Dihydropyrimidinones using Core-Shell Magnetic 

Nanoparticles as a Recoverable Catalyst  

Nahal Sadri a, Somayeh Soleimani-Amiri30a, Behrooz Mirza a 
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Abstract: This study introduces a method for synthesizing Fe₃O₄@C@PrS-SO₃H nanoparticles, 

which serve as efficient, low-toxicity, cost-effective catalysts for organic synthesis. XRD 

confirmed their cubic magnetite structure, and SEM revealed an average particle size of ~30 nm. 

These catalysts were used in Biginelli multicomponent reactions to produce 3,4-dihydropyrimidin-

2(1H)-ones (DHPMs) with a 91% yield under optimized conditions (20 wt% catalyst, ethanol 

reflux, 15 min reaction) using ethyl acetoacetate, benzaldehyde, and urea. 

Keywords: Green synthesis, Biginelli condensation, 3,4-Dihydropyrimidinone, Magnetic nano-

catalyst. 

Introduction 
3,4-Dihydropyrimidin-2(1H)-ones (DHPMs), important heterocyclic compounds in medicinal and 

synthetic chemistry, are synthesized via one-pot Biginelli condensation of aldehyde, urea, and β-

keto ester, typically using acid catalysts. Traditional catalysts often involve harsh conditions, high 

costs, and prolonged reactions. Nano-catalysts, with high surface area and thermal stability, 

improve activity and enable easy removal [1]. Magnetic nanoparticles (MNPs) are particularly 

effective, offering high yields, selectivity, and magnetic separation [2, 3]. In this study, 
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Fe₃O₄@C@PrS-SO₃H nanoparticles were synthesized and used for green DHPM synthesis via 

Biginelli condensation, achieving high efficiency and short reaction times under ethanol reflux 

(Scheme 1). 

 

Scheme 1: Synthesis of 3,4-Dihydropyrimidinones using Fe₃O₄@C@PrS-SO₃H NPs.  

Method 

Materials from Sigma, Aldrich, Merck, Acros, and Alfa Aesar were used without further 

purification unless stated. XRD patterns were recorded on a Panalytical X’Pert Pro with Cu Kα 

radiation, and SEM analysis on a SIGMA VP-500-Zeiss. Melting points were measured with an 

Electrothermal IA 9200. FT-IR spectra (4000–400 cm⁻¹( were obtained using a Perkin Elmer 

spectrometer with KBr tablets, and NMR spectra on a Bruker Avance DRX-300 with DMSO-d₆. 

Synthesis of Fe3O4@C@PrS-SO3H NPs 
Fe₃O₄@C@PrSH NPs were dispersed in dichloromethane, and Fe₃O₄@C@PrS-SO₃H NPs were 

synthesized by adding chlorosulfonic acid (0.8 mL) under nitrogen. The product was magnetically 

separated, washed with dichloromethane, and dried at 60°C. 

General Synthesis Procedure of pyrimidin-2(1H) using Fe₃O₄@C@PrS-SO₃H NPs 

Aromatic aldehyde (1 mmol), urea (1.5 mmol), ethyl acetoacetate (1 mmol), and Fe₃O₄@C@PrS-

SO₃H NPs (20 wt%) were refluxed in ethanol. After cooling, the catalyst was magnetically 

separated, washed, dried, and reused. Products were characterized by melting points, FT-IR, and 

¹H/¹³C NMR. 

Results and Discussion 

Synthesis of 3,4-dihydropyrimidinones using Fe₃O₄@C@PrS-SO₃H NPs  
The Biginelli condensation of aromatic aldehyde, urea, ethyl acetoacetate, and Fe₃O₄@C@PrS-

SO₃H NPs in ethanol produced bioactive 3,4-DHPMs with excellent yields. Catalyst loading, 

temperature, and solvents were optimized. Various benzaldehydes with 20 wt% Fe₃O₄@C@PrS-

SO₃H NPs in ethanol yielded 3,4-DHPMs (60–98%) within 15 minutes (Table 1). 

Table 1. One-pot synthesis of 3,4-DHPMs using Fe₃O₄@C@PrS-SO₃H NPs. 

M.P. (ᴼC) Time(min) Yield ( %) Ar Entry 

200-202 15 91 5H6C 1 

206-208 15 81 4H6C3CH-4 2 

194-196 15 60 4H6C3OCH-4 3 

218-219 15 98 4H6C2NO-3 4 

205 15 82 4H6C2NO-4 5 

212-214 15 77 2-ClC6H4 6 
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183-185 15 98 4H6ClC-3 7 

210-212 15 77 4H6ClC-4 8 

Preparation and characterization of Fe₃O₄@C@PrS-SO₃H NPs  

Fe₃O₄@C@PrS-SO₃H NPs were synthesized and characterized by FT-IR, XRD, and SEM. FT-IR 

identified functional groups including S–O bending (630 cm⁻¹), O=S=O stretching (1034, 1121, 

1122 cm⁻¹), OH stretching (3384 cm⁻¹), C=C stretching (1639 cm⁻¹), C–O stretching (1082 cm⁻¹), 

and Fe–O stretching (570 cm⁻¹). SEM showed uniform spherical nanoparticles averaging 30 nm 

(Fig. 1a). XRD confirmed the Fe₃O₄ magnetite core's crystalline structure, matching reference code 

98-011-1282 (Fig. 1b). 

Conclusion 

A green method was developed to synthesize 3,4-DHPMs via a one-pot reaction of aromatic 

aldehyde, ethyl acetoacetate, and urea using Fe₃O₄@C@PrS-SO₃H NPs in ethanol. This approach 

offers high yields, fast reactions, easy work-up, and a reusable magnetic catalyst. The NPs, 

synthesized cost-effectively and characterized by FT-IR, XRD, and SEM, were reused for five 

cycles with minimal activity loss. 

 

 

 

 

 

 

 

 

Figure 1. a) SEM image and b) XRD analysis of Fe₃O₄@C@PrS-SO₃H NPs. 
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Introduction: Salvia reuterana Boiss., is an endemic, perennial herbaceous plant of Iran, where it 

is known as Maryam-Goli-e-Isfahani. The plant is mainly found in the central and western Iran [1, 

2]. In this research aqueous extract of this plant was used to produce zinc oxide nanoparticles 

(ZnO-NPs). ZnO-NPs as the most applicable nanoparticles that its therapeutic and pharmaceutical 

properties have recieved especial attention. 

Method: To produce ZnO-NPs, leaf of Salvia reuterana were powdered and then macerated to 

obtain aqueous extract, After that, aqueous extract was used to reduce Zn(NO3)2 6H2O to produce 

ZnO-NPs. To confirm nanoparticles synthesis SEM, TEM, UV-Vis, FT-IR and XRD analyses 

were used. The synthesized ZnO-NPs were studied for antimicrobial activities by well diffusion, 

MIC and MBC methods. The antioxidant activity of the synthesized nanoparticles was also 

investigated.  

Results: Analysis confirmed successful synthesis of ZnO-NPs by aqueous extract of Salvia 

reuterana. Sizes of ZnO-NPs were estimated between 30-100 nm. Antibacterial and antifungal 

experiments showed potent activities against E.coli with 32 and 32μg/ml for MIC and MBC 

respectively. The antioxidant properties of the synthesized nanoparticles were also significant 

when compared to ascorbic acid. IC50 of ZnO-NPs, extract and standard sample for DPPH test 

were: 93000, 600000 and 5.9 µg/ml respectively.  
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Discussion: The researchers conclude that the investigation of Salvia reuterana aqueous extract 

use in the green synthesis of ZnO nanoparticles which was conducted in the present study exhibits 

the economically viable and sustainable sources of production. The results of the tested 

nanoparticles also suggest immune enhancing potential since they showed good potency against 

E. coli while also having good antioxidant activity. The observed IC50 values for DPPH antioxidant 

activity are great, thus giving an impression that these nanoparticles can be used as future 

substitutes to the synthetic antioxidants. A further research direction includes studying how to 

apply these in medical purposes as well as scaling up their production. 
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Introduction: Salvia palaestina Benth. (English name: Palestinian sage; common Persian name: 

Maryam-goli-e-felestini), which is distinguished by panicle inflorescence with four to six flowers 

in each verticillate and pink or violet prominent bracts, is distributed in the western and southern 

provinces of Iran. S. palaestina is virtually used in daily basis with the breakfast tea to add its 

distinct pleasant flavor and good scent. In this study, S. palaestina was used to produce silver 

nanoparticles (Ag-NPs) and its antimicrobial and antioxidant effects also were investigated [1, 2]. 

Ag-NPs as the most applicable nanoparticles that its therapeutic and pharmaceutical properties 

have recieved especial attention.  
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Method: To produce Ag-NPs, leaf of S. palestinea were powdered and then macerated for 

obtaining aqueous extract. After that, aqueous extract was used to reduce Ag nitrate to Ag-NPs. 

To confirm nanoparticles SEM, TEM, UV-Vis, FT-IR and XRD were used. The synthesized Ag-

NPs were studied for antimicrobial activities by well diffusion, MIC and MBC methods. The 

antioxidant activity of the synthesized nanoparticles was also investigated.  

Results: Analysis of Ag-NPs confirmed successful synthesis by aqueous extract of Salvia 

palestinea. The size of Ag-NPs were estimated 30-80 nm in diameter. Antibacterial and antifungal 

experiments showed potent activities of Ag-NPs against Staphylococ aureus, E.coli and Candida 

albicans (16, 32 and 32 µg/ml for MIC respectively) and (32, 125 and 640 µg/ml for MBC 

respectively). The antioxidant properties of the synthesized nanoparticles were also moderately 

good compared to ascorbic acid. IC50 of Ag-NPs, aqueous extract and standard sample for DPPH 

test were: 3757, 5567 and 7 µg/ml respectively. According to the results and considering that 

various advantages of medicinal plants, it is expected that biosynthesized by S. palestinea would 

applied as antimicrobial agent. 

Discussion: Elucidating the results points out that S. palaestina is capable of acting as an 

ecofriendly and efficient reducing agent during the synthesis of Ag-NP. The nanoparticles showed 

considerable antibacterial activity and were moderate antioxidants. These results emphasize the 

great promise of S. palaestina derived biosynthesized Ag-NPs as a potential biocontrol agent with 

antioxidant activity. 
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Biodiesel is one of the most important fuels known for its biodegradability and capacity to reduce 

greenhouse gas emissions. This fuel is produced through the transesterification reaction of 

vegetable oils or animal fats with alcohol, typically involving acid, base, or enzyme catalysts [1]. 

This research uses magnetic catalysts to explore biodiesel synthesis as a green and sustainable fuel. 

Biodiesel, derived from vegetable oils and animal fats, can be an alternative to fossil fuels. 

Magnetic catalysts enhance efficiency and lower production costs due to their ease of separation 

and recovery. In this study, we examined the effects of various parameters on catalyst performance 

and biodiesel yield [2]. In this context, a new and environmentally friendly magnetic nanocatalyst 

(SrFe2O4) was synthesized and characterized using various techniques. This research contributes 

to the advancement of green technologies in the fuel industry and offers sustainable solutions for 

biodiesel production (Scheme 1). 

Scheme: Esterification of Oleic Acid 
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Abstract 

In this experimental research, fabrication of the pyrolyzed microcrystalline cellulose and cellulose-

derived peanut shell/zinc nanoparticles (PMCC/Zn and PCDPS/Zn NPs) in the form of cryogel 

was reported. The prepared PMCC/Zn and PCDPS/Zn NPs were characterized using X-ray powder 

diffraction (XRD) and field emission scanning electron microscopy (FE-SEM). The microwave 

absorption performance of the PMCC/Zn and PCDPS/Zn NPs was evaluated by loading different 

amounts of the prepared materials in the polyvinyl chloride (PVC) as a absorbing matrix. The 

maximum reflection loss (RLmax) of the PMCC/Zn and PCDPS/Zn NPs are -81.93 and -56.34 dB 

at 25.65 and 25.43 GHz and thickness of 1 mm respectively. These fabricated absorbing materials 

have efficient absorption bandwidth (EAB) of 5.53 and 5.66 for PMCC/Zn and PCDPS/Zn NPs in 

the same thickness, respectively. 

1. Introduction 

Today, due to the increase in population and the industrialization of human life, the use of 

advanced electronic devices has also expanded [1,2]. Electronic devices include all types of 5-

generation internet, satellites, military equipment, etc. These electronic devices, along with their 

many advantages, have a major disadvantage: they emit harmful electromagnetic waves into the 

environment. Electromagnetic waves are known to be the fourth most common pollutant in the 

world [3–5]. One of the most important ways to remove these types of pollutants is to use various 

types of electromagnetic wave absorbers. Various materials are used for this purpose, such as 

carbon compounds, natural polymers, metal nanoparticles, and so on [6–9]. One of the effective 
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compounds for making electromagnetic wave absorbers is the conjugated carbon-based materials. 

Conductive carbon materials can be derived from natural compounds such as natural polymers. 

Cellulose is known as a type of natural polymer (polysaccharide) having rich source of carbon 

compounds obtaining naturally in nature, specially, peanut shells supply a rich source of cellulose 

[10–13]. 

In the present study, the PMCC/Zn and PCDPS/Zn NPs were fabricated. The synthesized 

PMCC/Zn and PCDPS/Zn NPs are in the form of cryogel. The prepared PMCC/Zn and PCDPS/Zn 

NPs NPs applied as an efficient and high-performance microwave absorbing/shielding material. 

For this aim, different amounts of the PMCC/Zn and PCDPS/Zn NPs were loaded in the PVC 

matrix. 

2. Method 

2.1 Materials and devices 

All chemical materials were bought from Merck and Aldrich Co. and used without extra 

purification. Peanut shells were obtained from agricultural wastes in local areas in the North of 

Iran. The FE-SEM and XRD analyses were performed using Tescan Mira3 and D8 Advance X-

ray diffractometer from Bruker devices, respectively. The microwave features of samples were 

identified by a vector network analyzer of Agilent technology (E8364A). 

2.2 Preparation of PMCC/Zn and PCDPS/Zn NPs 

For fabrication of PMCC/Zn, the MC was dissolved in NaOH and urea at -6 ºC. Then, the obtained 

mixture was freeze-dried at -50 ºC at a pressure of 0.1 atm for 24 h. In the next step, 1.7 g of MC 

cryogel was dispersed in 15 mL of DW, next, 0.0985 g of Zn(OAc)2.2H2O was added at -8 ºC 

(sample B). In another beaker, 1.7 g and 1.1 g of NaOH and urea were dissolved in 10 mL DW, 

respectively. The solution was added to sample B and sonicated for 2 min (sample C). Finally, 

sample C was frozen for 24 hours following freeze-drying. The prepared MC/Zn cryogel was 

washed with DW and EtOH until its pH reached to 7, and then the achieved sample was pyrolyzed 

at a temperature of 900 ºC. For PCDPS/Zn NPs, all of the mentioned steps were repeated just the 

cellulose was extracted from peanut shells (PSs) (Figure 1). 

 

Figure 1. Schematic pathway for synthesis of the PCDPS/Zn NPs. 

2.3 Preparation of the microwave absorbent 
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The PVC was applied as a practical microwave-absorbing medium to fabricate microwave-

absorbing films. Initially, PVC was dissolved in tetrahydrofuran (THF), then the fillers were 

separately loaded in the solution with 10 wt.% (sample/sample + polymer) using an overhead 

stirrer. Eventually, the microwave-absorbing films were prepared at 60º C in a k-band mold. 

3. Results and Discussion 

3.1 Characterization of the PMCC/Zn and PCDPS/Zn NPs 

For characterization of the prepared PMCC/Zn and PCDPS/Zn NPs, the XRD and FE-SEM 

analyses were used. According to the XRD patterns, the synthesized materials have related peaks 

about Zn NPs at 2θ= 36.29, 38.99, 43.23, 54.33, 70.05⁰ (JCPDS#: 00-004-0831( [14–16[ as well 

as graphite. The peaks at 2θ= 26.3 are associated with the (002) Bragg diffraction of graphitic-like 

structure. Another peak located at 2θ= 43.2 is contributed to the (101) crystal plane of the ordered 

carbon structure (JCPDS#: 00-041-1487( [17–20[. According to FE-SEM analysis of the 

PMCC/Zn, PMCC has a plate structure that Zn NPs with semi-rod-like structure were loaded on 

the surface of it. In addition, the PCDPS/Zn NPs have a structure like PMCC/Zn with the difference 

that Zn NPs in the PMCC/Zn are more rod-like than PMCC/Zn NPs. In contrast, the cellulose in 

the PMCC/Zn is more smother than PCDPS/Zn NPs. 

 

Figure 2. a) XRD patterns and FE-SEM images of the b) PMCC/Zn and c) PCDPS/Zn NPs. 

3.2 Microwave absorbing performance 

Microwave absorption and efficient bandwidth of the fabricated PMCC/Zn and PCDPS/Zn NPs 

are displayed in Figure 3. Microwave absorption of the PMCC/Zn and PCDPS/Zn NPs samples 

was evaluated by transmission line theory [21,22]. According to the results, the maximum 

reflection loss (RLmax) of the PMCC/Zn NPs was -81.93 dB at 25.43 GHz in thickness of 1 mm 

meanwhile the RLmax was -56.34 dB at 25.65 GHz in the same thickness for PCDPS/Zn NPs. The 

a) b) 

c) 
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shielding performance is governed by absorption (SEA)/reflection (SER)/total (SEA+SER=SET) 

(Figure 3c). The essential mechanisms bringing microwave absorption of the samples are the 

interfacial/defect/dipole polarization and conductive loss due to the conjugated backbone. The 

multiple reflections and canceled waves are the other reasons behind the achieved RLs. The variety 

in electronegative elements and their dispersion in the polymeric backbone and the morphology of 

the pyrolyzed structures regulated the microwave absorbing capability of the samples. 

 

 

Figure 3. The 3D RLmax plots of the a) PMCC/Zn, b) PCDPS/Zn NPs, and c) shielding 

performance of the PMCC/Zn and PCDPS/Zn NPs. 

4. Conclusion 

In this experimental research, the PMCC/Zn and PCDPS/Zn NPs which have cryogel structure 

were fabricated. For this aim the peanut shell applied as source of the cellulose for one of the 

prepared composite. The synthesized cryogels were characterized using XRD and FE-SEM 

analyses. The PMCC/Zn and PCDPS/Zn NPs were applied as efficient microwave absorbents in k 

band using PVC as an absorbing matrix. The achieved results clarify that the morphology of the 

conjugated carbonaceous structure as well as they elemental composition play the pivotal role in 

tuning microwave absorbing performance. 
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Abstract 

A novel magnetic Schiff base-ionic liquid-Co(II) catalyst anchored on Fe₃O₄/SiO₂/3-CPTES 

nanoparticles was synthesized and evaluated for the selective oxidation of benzyl alcohol 

derivatives to nitriles. The catalyst integrates taxifolin, an ionic liquid, and cobalt (II) chloride to 

create a multifunctional and recyclable system. The structural and functional properties of the 

catalyst were confirmed using IR, XRD, VSM, TEM, FE-SEM, and EDX analyses. Reaction 

optimization revealed that the use of hydrogen peroxide as an oxidant under solvent-free 

conditions at 60°C provided the best results, with a nitrile yield of up to 85%. The catalytic system 

demonstrated excellent efficiency, particularly with electron-donating substituents such as OH, 

OMe, and Me, which enhanced reaction rates and yields. In contrast, electron-withdrawing groups 

like NO₂ and halogens reduced efficiency. Furthermore, the catalyst exhibited high reusability, 

maintaining performance even after six cycles, as confirmed by FT-IR analysis. This work presents 

a sustainable and efficient catalytic approach for nitrile synthesis, offering significant advantages 

in terms of green chemistry and operational simplicity. The catalyst's magnetic properties enable 

easy separation and recovery, making it a promising candidate for industrial applications. 
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Introduction 

The selective oxidation of alcohols to aldehydes and ketones plays a crucial role in organic 

synthesis with applications in pharmaceuticals and industrial intermediates. Recent advancements 

in photocatalysis have utilized visible light as a sustainable energy source, but challenges like poor 

light absorption and limited catalyst recovery remain [1]. Magnetic Fe₃O₄ nanoparticles provide a 

promising solution due to their ease of separation and high surface area. Coating Fe₃O₄ with silica 

(SiO₂) enhances stability and creates a functional surface for modification. Functionalization with 

3-CPTES facilitates the anchoring of catalytic species such as metal complexes or ionic liquids, 

enabling multifunctional catalyst design [2]. Incorporating ionic liquids (ILs) improves 

performance by preventing catalyst aggregation, stabilizing electron-hole pairs, and enhancing 

charge transfer [3]. Catalytic activity is further boosted by a Schiff base ligand derived from 

taxifolin, which strongly coordinates with cobalt ions, promoting charge transfer and redox 

activity. DFT calculations reveal that the ligand's reduced energy gap enhances visible light 

absorption and electron excitation [4]. Combining the Schiff base-Co(II) complex with 

Fe₃O₄/SiO₂/3-CPTES nanoparticles and ionic liquids creates a synergistic system. The Fe₃O₄ core 

ensures magnetic recovery, the silica shell adds chemical stability, the ionic liquid improves 

dispersion and charge transfer, and the Schiff base ligand enhances light absorption and catalytic 

efficiency [5]. This photocatalyst provides a stable, efficient, and reusable solution for visible-

light-driven alcohol oxidation, advancing green and energy-efficient chemistry [6]. 

Experimental 

Materials and instrumentation 

The chemicals and solvents used were purchased from Merck. Fe₃O₄ magnetic nanoparticles, 

silica-coated iron oxide nanoparticles (Fe₃O₄@SiO₂ and functionalized iron oxide/silica 

nanoparticles with 3-chloropropyltriethoxysilane (Fe₃O₄/SiO₂/3-CPTES) were synthesized 

according to the literatures, respectively [7, 8, 9]. An Electrothermal 9100 device was used to 

measure the melting temperature. FT-IR spectra were recorded using a Therma Nicolet 370 

instrument. NMR spectra were measured with a Bruker DPX-500 and DPX-250 instrument and 
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TMS as an internal standard. Thermogravimetric analysis (TGA) was performed under a nitrogen 

atmosphere using a TGA Q50 thermogravimetric analyzer. Transmission electron microscopy 

(TEM) images were acquired with a TOPCON-002B electron microscope. The morphology of the 

catalyst was examined using a MIRA3 TESCAN scanning electron microscope (SEM). 

   

Synthesis of Imidazole Ionic Liquid 

To a solution of N-methylimidazole, 164 mg (2 mmol), in 10 mL of ethanol, 3-bromopropylamine 

hydrobromide, 437 mg (2 mmol), was added, and the mixture was refluxed for 24 hours. After 

completion of the reaction and removal of the solvent, a milky mixture was observed. To this 

mixture, 1 mL of water was added, and the pH was adjusted to 8 using 1 N potassium hydroxide 

solution. The product was extracted using chloroform (5 × 20 mL). After removing the solvent, 

the residue was washed three times with a 1:1 mixture of ethanol and tetrahydrofuran to remove 

unreacted organic materials. Finally, the resulting precipitate was filtered (Scheme 1). 

1H-NMR of ionic liquid: 2.10 (m, 2H), 3.24 (t, 2H), 4.45(t, 2H), 4.58 (s, 3H), 5.78 (bs,2H), 7.32 

(d,1H), 7.55(d, 1H), 9.85(s, 1H). 

 

 

 

 Scheme 1. Synthesis of imidazole ionic liquid 

 

Synthesis of Schiff Base- ionic liquid @ Taxifolin (ligand)  

The ionic liquid, 0.330 g (1.50 mmol), obtained in the previous step was dissolved in a mixture of 

ethanol (20 mL) and chloroform (20 mL), followed by the addition of one drop of formic acid. 

Subsequently, taxifolin, 0.450 g (1.50 mmol), was added to the reaction mixture, which was 

refluxed for 20 hours. The resulting yellow precipitate was collected after solvent removal, 

crystallized in ethanol, and obtained as the final product (yield: 69%) (Scheme 2). 

1H-NMR of taxifolin-ionic liquid schiff base ligand: 2.10 (m, 2H), 3.24 (t, 2H), 4.45 (t, 2H), 4.58 

(s, 3H), 5.78 (bs, 2H), 9.0-12.0 (bs, 2H), 6.80-7.60 (m, 4H), 7.32 (d, 1H), 7.55 (d, 1H), 8.25 (s, 

1H), 9.85 (s, 1H). 
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Scheme 2. Synthesis of taxifolin-ionic liquid schiff base ligand 

Synthesis of Schiff Base- ionic liquid @ Taxifolin -Co (II) 

A solution of the previously synthesized Schiff base ligand, 0.984 g (2 mmol), in 15 mL of THF 

was prepared under an inert argon atmosphere. To this solution, cobalt (II) chloride, 0.129 g (1 

mmol), was added, and the reaction mixture was stirred at room temperature for 72 hours. The 

resulting blue precipitate was filtered and washed sequentially with ethanol and diethyl ether to 

afford the desired product with a yield of 85% (Scheme 3). 

 

Scheme 3. Synthesis of schiff base- ionic liquid @ taxifolin -Co (II) 

Synthesis of Schiff base of taxifolin/ionic liquid-Co(II)@ Fe₃O₄ SiO₂/3-CPTES 

The previously synthesized Fe₃O₄/SiO₂/3-CPTES nanoparticles (1 g) were dispersed in dry toluene 

(40 mL) and sonicated for 30 minutes. Then, 34 mg of Schiff base of taxifolin/ionic liquid-Co(II) 

complex (0.5 mmol) was added to the mixture. 50 mg of Triethylamine (0.5 mmol) was added 

dropwise under continuous stirring, and the reaction mixture was refluxed at 105°C for 24 hours. 
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After completion of the reaction, the resulting product was separated using an external magnet, 

washed sequentially with distilled water and ethanol to remove unreacted materials, and dried in a 

vacuum oven at 80°C for 12 hours. (Scheme 6). 

 

Scheme 4. Schiff base of taxifolin/ionic liquid- Co(II) @ Fe₃O₄/SiO₂/3-CPTES 

Results and discussion 

The IR spectra confirm the structural features of the synthesized materials (scheme 5). Absorption 

bands at 1570–1080 cm⁻¹ (imidazole ring vibrations) and 3200–2900 cm⁻¹ (C-H stretching) 

confirm the imidazole ring. The disappearance of NH₃⁺ vibrations and the emergence of a 1625 

cm⁻¹ imine stretching band confirm ligand formation, with a 20 cm⁻¹ shift in the catalyst indicating 

cobalt coordination. For Fe₃O₄ nanoparticles, Fe-O and hydroxyl vibrations are observed at 590 

cm⁻¹ and 3500 cm⁻¹, with C-O and Si-O bonds appearing at 1000–1250 cm⁻¹. XRD analysis shows 

crystalline iron oxide peaks and a broad 20°–30° amorphous region from catalyst deposition 

(scheme 6). VSM measurements reveal reduced magnetization upon cobalt complex 

incorporation: Ms values are 64.8, 40.3, and 34.0 emu/g for Fe₃O₄, Fe₃O₄/3-CPTES, and the 

catalyst, respectively (s. Despite reduced Ms, the catalyst maintains sufficient magnetic strength 

for efficient separation with an external magnet (scheme 7). 
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Scheme 5: The IR spectra of (a) the Ionic Liquid, (b) the Schiff base-ionic liquid@Taxifolin 

ligand, (c) the Schiff base-ionic liquid-CoCl(II)@Taxifolin@Fe₃O₄/3-CPTES catalyst, and (d) 

Fe₃O₄. 

 

Scheme 5: The XRD spectrum of (a) the catalyst and (b) magnetic nanoparticles Fe₃O₄. 
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Scheme 6: The VSM spectrum of (blue) magnetic nanoparticles Fe₃O₄, (red) Fe₃O₄/3-CPTES, and 

(light blue) the Schiff base-ionic liquid-CoCl(II)@Taxifolin@Fe₃O₄/3-CPTES catalyst. 

 

ICP analysis determined cobalt concentrations of 0.11 mol% for the homogeneous catalyst and 

0.33 mol% for the heterogeneous catalyst. CHN analysis indicated the homogeneous catalyst 

contains 49.4% carbon, 4.33% hydrogen, and 7.86% nitrogen by weight, with a nitrogen-to-cobalt 

molar ratio of 4:1, confirming two ligand molecules in its structure. TGA of the heterogeneous 

catalyst showed weight loss stages of 3% at 100°C (water removal), 6% at 400°C (ligand 

decomposition), and 50% at 600°C (support degradation). Fe₃O₄ nanoparticles have a particle size 

of 12 nm, while the heterogeneous catalyst is approximately 25 nm, as confirmed by the Scherrer 

equation and TEM analysis (scheme 7).  

 

Scheme 7: The TEM image of (a) magnetic nanoparticles Fe₃O₄ and (b) the heterogeneous 

catalyst. 
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FE-SEM revealed uniform surface morphology of the heterogeneous catalyst (scheme 8a). EDX 

confirmed cobalt, nitrogen, oxygen, carbon, and iron in the catalyst (scheme 8b). 

 

Scheme 8: The FE-SEM image (a) and EDX analysis (b) of the heterogeneous catalyst. 

 

Results and Discussion 

The heterogeneous catalyst was tested for benzonitrile synthesis. Without the catalyst, no reaction 

occurred at 50°C with H₂O₂. The cobalt complex showed the best results, as seen in Table 1. 

To optimize the reaction temperature, the complex was tested at 40–80°C. Raising the temperature 

to 60°C improved nitrile yield with minimal effect on selectivity. However, higher temperatures 

reduced both the product yield and reaction selectivity (Table 2). 

 

Table (1): Comparison of the Efficiency of Catalyst Components in the Nitrile Synthesis Reaction 

a 

 

Catalyst Nitrile Product Yield 

(%) 

Benzoic Acid Yield 

(%) 

Overall Yield (%) 

Schiff base – ionic 

liquid@Taxifolin 

2 2 2 

Schiff base-ionic liquid-

CoCl₂(II)@Taxifolin 

6 9 15 
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Schiff base-ionic liquid-

CoCl(II)@Taxifolin@Fe₃O₄/3-

CPTES 

85 10 95 

a Reaction conditions: 4-Methoxybenzyl alcohol (0.125 mmol), Ammonia 25% (3 mmol), catalyst  

(1 mmol, heterogeneous catalyst: 1.03 g containing 0.03 mmol cobalt), Hydrogen peroxide (0.3 

mmol), Solvent-free, 60°C, 1 hour. 

 

Table (2): Effect of Temperature on the Nitrile Synthesis Reaction a 

Temperature (°C) Nitrile Yield (%) Benzoic Acid Yield (%) Overall Yield (%) 

Ambient 47 10 57 

40 54 15 69 

50 67 20 87 

60 80 15 95 

70 75 20 95 

80 70 25 95 

a Reaction Conditions: 4-Methoxybenzyl alcohol (0.125 mmol), ammonia 25% (3 mmol), 

heterogeneous catalyst (1.03 g containing 0.03 mmol cobalt), oxidant: hydrogen peroxide (0.3 

mmol, solvent-free, time: 1 hour. 

 

To determine the optimal amount of catalyst, various quantities were tested for the nitrile synthesis 

reaction. The results indicate that using less than 0.03 g of the cobalt complex reduces the overall 

reaction efficiency, while amounts greater than 0.03 g slightly decrease the yield of the main 

product and increase the side product formation (Table 3). 

Table (3): Effect of Catalyst Amount on Nitrile Synthesis Reaction a 

Row Catalyst Amount 

(g) 

Nitrile Product 

Yield (%) 

Benzoic Acid 

Yield (%) 

Overall Yield (%) 

1 0.25 70 10 80 

2 0.3 85 15 95 

3 0.35 85 20 95 

a Reaction conditions: 4-Methoxybenzyl alcohol (0.125 mmol), Ammonia 25% (3 mmol), 

Hydrogen peroxide (0.3 mmol), Temperature 60°C, Solvent-free, 1 hour. 
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The reaction was further examined in the presence of various solvents, including water, ethanol, 

methanol, ethyl acetate, n-hexane, toluene, acetonitrile, and chloroform. The best efficiency was 

observed under solvent-free conditions, yielding 80% benzonitrile and 15% benzoic acid. 

The effect of various oxidants on the reaction was investigated (Table 4). Using Oxone as a strong 

oxidant resulted in a 15% yield, likely due to its low solubility under the reaction conditions. Mild 

oxidants like oxygen led to low reaction yields. However, the use of hydrogen peroxide and TBHP 

as oxidants yielded the best results. Among these, hydrogen peroxide was chosen as the optimal 

oxidant for further research due to its lower cost and environmental benefits. Furthermore, 

hydrogen peroxide oxidant quantities ranging from 0.2 to 0.4 mmol were evaluated, with 0.3 mmol 

identified as the optimal amount (yielding 85% benzonitrile and 10% benzoic acid). A decrease in 

the oxidant amount had a negligible impact on the overall reaction efficiency, whereas an increase 

led to a reduction in overall efficiency and an increase in side product formation. 

Table (4): Effect of Oxidants on Nitrile Synthesis Reaction a 

Row Oxidant Nitrile Product 

Yield (%) 

Benzoic Acid 

Yield (%) 

Overall Yield (%) 

1 TBHP 70 10 80 

2 H₂O₂ 80 15 95 

3 Oxone 15 10 25 

4 O₂ 5 5 10 

5 Free-oxidant 5 5 10 

a Reaction conditions: 4-Methoxybenzyl alcohol (0.125 mmol), Ammonia 25% (3 mmol), 

Heterogeneous catalyst (1.03 g containing 0.03 mmol cobalt), Solvent-free, Temperature 60°C, 1 

hour. b Tert-butyl hydroperoxide (TBHP), c Hydrogen peroxide (H₂O₂), d Oxygen (1 bar). 

 

After optimizing the reaction conditions, the efficiency of this catalyst in synthesizing nitrile 

derivatives was examined (Table 5). The results indicate that electron-donating substituents such 

as OH, OMe, and Me increased the yield or reduced the reaction time. In contrast, electron-

withdrawing substituents such as NO₂, Cl, and Br decreased the yield or extended the reaction 

time. Moreover, for a fixed substituent, ortho derivatives (due to steric hindrance) and meta 

derivatives (due to electronic effects) showed lower yields or longer reaction times. Overall, it 
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appears that the oxidation step is the rate-determining step, and the presence of donating groups 

accelerates this step.  

The reusability of the Schiff base-ionic liquid-CoCl(II)@Taxifolin@Fe₃O₄/3-CPTES catalyst in 

nitrile synthesis was evaluated. After the reaction, the catalyst was separated from the mixture 

using an external magnet, followed by washing four times with 1 mL ethyl acetate. It was then 

dried in a vacuum oven and reused for subsequent reactions. The results showed that even after 

six cycles of reuse, the catalyst's activity did not experience a significant decline. Additionally, 

FT-IR analysis of the catalyst after four cycles revealed no significant changes compared to its 

initial spectrum, confirming its structural stability. 

 

Table (5): Efficiency of the Catalyst in Nitrile Derivatives Synthesis a 

Row Substituent Reaction Time 

(h) 

Nitrile Yield (%) Overall Yield (%) 

1 4-Me 2 85 90 

2 4-Cl 4 75 80 

3 2-OH 5 70 75 

4 4-OH 2 90 95 

5 benzaldehyde 6 60 65 

6 4-OMe 2 88 93 

7 2-OMe 5 70 75 

a Reaction conditions: 4-Methoxybenzyl alcohol (0.125 mmol), Ammonia 25% (3 mmol), 

Heterogeneous catalyst (1.03 g containing 0.03 mmol cobalt), Hydrogen peroxide (0.3 mmol), 

Temperature 60°C, Solvent-free, 1 hour. 
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Abstract 

In this study, the efficiency of a novel catalyst system was evaluated for the oxidation of various 

sulfides, with a focus on the role of natural compounds, taxifolin and berberine, in enhancing 

catalytic performance. The solubility of these compounds in aqueous media facilitated their 

effective interaction with reactants, eliminating the need for toxic organic solvents and aligning 

with green chemistry principles. The reaction conditions were optimized by studying the effects 

of solvent type, oxidant amount, reaction time, and temperature. The results demonstrated that 

water was the most effective solvent, providing the highest yields and selectivity due to the 

superior solubility of the catalyst in polar protic media. Furthermore, the catalyst exhibited 
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remarkable efficiency and selectivity across a wide range of sulfide substrates, converting them to 

sulfoxids under mild conditions. This work highlights the potential of integrating bio-based 

catalysts with environmentally friendly systems, offering a sustainable and efficient approach to 

organic synthesis. 

 

Keywords: Taxifolin, Berberine, Sulfide oxidation, Aqueous solvent, Cu (II) catalyst 

 

Introduction 

The field of organic synthesis has been significantly transformed with the development of efficient 

catalytic systems and environmentally benign reaction conditions. The search for sustainable and 

efficient methods has led researchers to explore natural compounds with catalytic potential. 

Among these, taxifolin and berberine have garnered significant attention due to their unique 

structural properties, availability, and versatile applications. Taxifolin, a natural flavonoid, is 

renowned for its remarkable antioxidant properties, which also translate into its potential as an 

additive in catalytic processes to enhance reaction efficiency and selectivity [1, 2]. Similarly, 

berberine, an isoquinoline alkaloid, is widely studied for its biological activities and catalytic 

influence, making it a promising candidate for green chemistry applications [3]. 

One of the critical aspects of sustainable synthesis is the solubility of catalysts and reactants in 

environmentally friendly solvents. In this regard, the solubility of taxifolin and berberine in 

aqueous media provides a distinct advantage. Water, as an abundant, non-toxic, and green solvent, 

aligns perfectly with the principles of green chemistry and has been demonstrated to improve the 

reactivity and efficiency of many reactions [4, 5]. The ability of taxifolin and berberine to dissolve 

in water not only facilitates their effective interaction with reactants but also eliminates the need 

for hazardous organic solvents, thereby reducing the environmental footprint of chemical 

processes [6]. 

In addition to their solubility, taxifolin and berberine have been shown to enhance the catalytic 

performance in several organic transformations, such as oxidation and coupling reactions. Their 

inherent structural features, including multiple hydroxyl and aromatic groups, contribute to their 

ability to stabilize reaction intermediates and lower activation barriers [7]. Moreover, their 

compatibility with aqueous systems allows for mild reaction conditions, which are crucial for the 

synthesis of sensitive compounds and industrial-scale applications [8]. 
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The exploration of these bio-based compounds as contributors to catalytic efficiency in water-

based systems paves the way for greener and more sustainable organic synthesis. This study 

highlights the role of taxifolin and berberine in improving catalyst performance, focusing on their 

exceptional solubility and compatibility with aqueous media. By leveraging these properties, new 

opportunities for eco-friendly and efficient catalytic systems can be realized, addressing both 

environmental and industrial demands. 

 

Experimental 

Materials and instrumentation 

The chemicals and solvents used were purchased from Merck. An Electrothermal 9100 device was 

used to measure the melting temperature. FT-IR spectra were recorded using a Therma Nicolet 

370 instrument. 1HNMR spectra were measured with a Bruker DPX-500 and DPX-250 instrument 

and TMS as an internal standard.  

   

Synthesis of Berberine@propylamine 

To a solution of 3.06 mmol (1.23 g) berberine derivative in 8 mL ethanol, 30 mmol of NaH was 

added while maintaining the reaction temperature at approximately 10°C. Subsequently, 3.06 

mmol (0.66 g) of 3-bromo propylamine hydrogen bromide was introduced, and the mixture was 

warmed to room temperature. The reaction mixture was then refluxed for 16 hours. The progress 

of the reaction was monitored by TLC. After removing the solvent, the product was extracted from 

the aqueous phase using chloroform. The chloroform was evaporated, and the resulting white 

precipitate was crystallized with ethyl acetate and collected as the final product with a yield of 

51% (Scheme 1). 

1H-NMR of berberine@propylamine: 1.95 (m, 2H), 3.25 (t, 2H), 3.58 (t, 2H), 4.12 (s, 3H), 5.65 

(bs, 2H), 7.42 (d, 1H), 7.68 (d, 1H), 8.75 (s, 1H). 
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 Scheme 1. Synthesis of berberine@propylamine 

 

Synthesis of ligand 

1.50 mmol (0.68 g) of the berberine@propylamine from the previous step was dissolved in a 

mixture of ethanol (20 mL), and a drop of formic acid was added. Subsequently, 1.50 mmol (0.45 

g) of taxifolin was added to the reaction mixture, which was refluxed for 20 hours. The resulting 

yellow precipitate was crystallized in ethanol after solvent removal and collected as the final 

product with a yield of 71%. (Scheme 2). 

1H-NMR of ligand: 1.95 (m, 2H), 3.25 (t, 2H), 3.58 (t, 2H), 4.12 (s, 3H), 5.65 (bs, 2H), 6.20–6.80 

(m, 4H, aromatic OH-bearing), 7.42 (d, 1H), 7.68 (d, 1H), 8.75 (s, 1H), 9.00–9.10 (s, 1H, aromatic 

OH-bearing). 
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Scheme 2. Synthesis of ligand 

 

Synthesis of Cu (II) Complex 

1 mmol )0.48 g( of the ligand from the previous step was dissolved in 15 mL of THF under an 

inert argon atmosphere. Then, 1 mmol (0.18 g) of copper (II) acetate was added to the reaction 

vessel, and the mixture was stirred at room temperature for 72 hours. The resulting red precipitate 

was filtered and washed sequentially with ethanol and diethyl ether to afford the desired product 

with a yield of 72% (Scheme 3). 

 

Scheme 3. Synthesis of Cu (II) Complex 

Results and discussion 

In the 1H-NMR spectrum of the ligand (scheme 4), a multiplet at 1.80 ppm corresponds to 

hydrogens a, while hydrogens f and b appear as triplets at 2.8 ppm and 3.2 ppm, respectively. 

Hydrogens c and d are observed as a triplet and a singlet at 4.0 ppm, hydrogen h as a multiplet at 

4.4 ppm, and hydrogens g and i at 4.9 ppm, with hydrogens e appearing at 6.1 ppm. The IR spectra 

of berberine-propylamine (a), the ligand (b), and the catalyst (c) (scheme 5) show characteristic 

absorption bands at 2100 cm⁻¹ and 3400 cm⁻¹, corresponding to C=N⁺ and NH2 stretching 

vibrations, confirming berberine's connection to propylamine. The disappearance of NH2 

stretching at 3400 cm⁻¹ and the appearance of a new band at 1600–1580 cm⁻¹ confirm the presence 

of an imine group in the ligand and catalyst. The imine stretching in the catalyst is shifted by 
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approximately 20 cm⁻¹ to lower frequencies, indicating complexation with copper. Elemental 

analysis (Table 1) further confirms the proposed structures, with a nitrogen-to-copper molar ratio 

of 4:1, indicating two ligand molecules in the catalyst structure. 

 

Scheme 4: The 1H-NMR Spectrum of the Ligand 
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Scheme 5: The IR spectra of (a) berberine@propylamine, (b) ligand and (c) Cu (II) complex. 

 

 

 

Table 1: CHN and ICP Analysis of Ligand and Catalyst 

Element Percentage in Ligand Percentage in Catalyst 

C 66.72 63.78 

H 5.00 4.60 

N 4.70 4.53 

Cub - 4.01 

b Measured by ICP 

 

 

 

Scheme (6) shows the X-ray diffraction (XRD) patterns of the ligand (a) and the copper complex 

(b). The sharp and distinct peaks in both patterns confirm the polycrystalline nature of the samples. 

The XRD pattern of the ligand exhibits three prominent peaks at 2θ angles of 7°, 14°, and 21°, 

indexed as (001), (002), and (003), indicating its structural order. In contrast, the XRD pattern of 

the copper complex shows new peaks at 2θ angles of 15°, 17°, and 25°, indexed as (002), (200), 

and (140), demonstrating significant changes in peak positions and intensities compared to the 

ligand. These changes confirm the formation of the copper complex and structural rearrangements 

due to coordination between the ligand and Cu (II) ion, highlighting the successful synthesis of the 

complex 

 

Scheme 6: The XRD analysis of the ligand (blue) and the copper complex (red). 
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In this section, the effect of the catalyst on the oxidation of sulfides was investigated. Methyl 

phenyl sulfide was used as a model substrate for this study (Table 2). The results indicated that in 

the absence of a catalyst, relatively good selectivity was observed; however, the yields were not 

significant. The use of 0.02 mmol of the copper catalyst resulted in a 72% yield with relatively 

good selectivity for sulfoxide synthesis. After testing various amounts of the catalyst, 0.01 mmol 

was determined to be the optimal amount. Using lower or higher amounts led to reduced yield 

and/or selectivity. 

 

Table (2): Study of Catalyst Amount on Sulfide Oxidation a 

Entry Catalyst Conversion (%) Sulfoxide (%) Sulfone (%) 

1 None 12 75 25 

2 0.02 mmol 72 80 20 

3 0.05 mmol 79 49 51 

4 0.01 mmol 85 90 10 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1 mmol oxidant, 3 mL water, room 

temperature, reaction time: 30 minutes. 

 

 

To optimize the reaction time, the oxidation of methyl phenyl sulfide was investigated in the 

presence of 0.01 mmol catalyst (optimal amount) at four different times: 15, 30, 45, and 60 minutes 

(Table 3). Except for the 15-minute time, which resulted in lower efficiency, no significant 

differences were observed in the other cases. However, considering the high value of time in 

industrial applications, the 30-minute duration was selected as the optimal reaction time. 

 

Table (3): Effect of Time on Sulfide Oxidation a 

Entry Time (min) Conversion (%) Sulfoxide (%) Sulfone (%) 

1 15 80 90 10 
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2 30 85 90 10 

3 45 85 88 12 

4 60 86 89 11 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1 mmol oxidant, 3 mL water, 100 mg 

catalyst, room temperature. 

 

The effect of temperature on the oxidation reaction of methyl phenyl sulfide was studied, and the 

results are presented in Table 4. The findings indicate that 60°C is the optimal temperature for the 

oxidation process. Increasing or decreasing the temperature resulted in reduced efficiency and/or 

decreased selectivity. 

 

Table (4): Effect of Temperature on Sulfide Oxidation a 

Entry Temperature (°C) Conversion (%) Sulfoxide (%) Sulfone (%) 

1 Room Temp 85 90 10 

2 40 95 92 8 

3 50 97 92 8 

4 60 97 92 8 

5 80 97 72 18 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1 mmol oxidant, 0.10 mmol catalyst, 3 

mL water, reaction time: 30 minutes. 

 

 

 

 

To investigate the effect of oxidant amount, different amounts of oxone were used, and the best 

efficiency was achieved in the presence of 1 mmol of oxone (Table 5). Increasing or decreasing 

the amount of oxone resulted in reduced selectivity or reaction efficiency, respectively. 
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Table (5): Effect of Oxone Amount on Sulfide Oxidation a 

Entry Oxone (mmol) Conversion (%) Sulfoxide (%) Sulfone (%) 

1 0.5 84 90 10 

2 1.0 91 92 8 

3 1.5 99 69 31 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1.0 mmol catalyst, 3 mL water, reaction 

temperature: 60°C, reaction time: 30 minutes. 

 

To select the best oxidant, various oxidants, including UHP, H2O2, KIO4, and Oxone, were 

evaluated. As shown in Table (6), Oxone demonstrated the highest efficiency (Entry 1). 

 

Table (6): Evaluation of Different Oxidants a 

Entry Oxidant Conversion (%) Sulfoxide (%) Sulfone (%) 

1 Oxone 97 92 8 

2 UHP 76 90 10 

3 H2O2 29 92 8 

4 KIO4 85 89 11 

5 none - - - 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1.0 mmol catalyst, 3 mL water, reaction 

temperature: 60°C, reaction time: 30 minutes. 

 

Subsequently, the reaction was performed in various solvents to select the best solvent for the 

reaction. The results clearly indicate that the highest yield is achieved in the presence of water 

(Table 7). Other protic solvents, such as methanol and ethanol, also provided moderate yields. 

Furthermore, polar aprotic solvents (DMF, acetonitrile) resulted in better yields compared to non-

polar solvents (toluene, hexane, etc.), which yielded lower efficiencies. It appears that the main 

factor behind this phenomenon is the better solubility of oxone in protic and polar aprotic solvents. 
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Table (7): Effect of Solvent Type on Sulfide Oxidation a 

Entry Solvent Conversion (%) Sulfoxide (%) Sulfone (%) 

1 H2O 97 90 10 

2 Toluene 20 90 10 

3 CH3CN 60 80 20 

4 CH3OH 83 90 10 

5 DMF 85 90 10 

6 n-Hexane 5 93 7 

7 Dichloromethane 10 97 3 

8 1,4-Dioxane 15 89 11 

9 Solvent-free 20 87 13 

10 CH3CH2OH 81 90 10 

a Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1.0 mmol oxone, 0.10 mmol catalyst, 3 

mL solvent, reaction temperature: 60°C, reaction time: 30 minutes. 

 

Finally, the efficiency of the catalyst for the oxidation of various sulfides was evaluated, and the 

results showed that all sulfides were converted to sulfone with high yield and selectivity (Table 8). 

 

Table (8): Oxidation of Various Sulfides a 

Entry Sulfide Conversion (%) Sulfoxide (%) Sulfone (%) 

1 S

 

97 90 10 

2 S

 

95 98 2 

3 

 

99 99 1 

4 

 

99 96 4 
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(a) Reaction conditions: 0.30 mmol methyl phenyl sulfide, 1.0 mmol oxone, 3 mL water, reaction 

temperature: 60°C, reaction time: 30 minutes. 
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Introduction: Graphene has attracted a great deal of attention in recent years because of its unique 

structure and remarkable mechanical, electrical, optical and thermal properties [1–3]. Friction and 

wear can lead to energy wastage, material losses and shorter life of moving components in 

mechanical processes. It is reported that the direct losses from tribological contacts are closed to 

23% of total fuel energy lost [4]. In order to save energy as well as to protect the mechanical 

components, lubrication has been demonstrated as an effective method to reduce friction and wear 

in multiple industrial applications [5]. Liquid lubricant is one kind of versatile lubricant which has 

a wide range of uses. Nanomaterials are among the additives that have attracted increasing 

attention because they can be physically and chemically adsorbed on the surface and effectively 

improve the tribological properties of lubricating oil and significantly reduce friction and wear. 

Carbon nanomaterials, especially graphene has gained large interest in recent years as lubricating 

additives due to their low shear resistance between the layer structure, suitable size to enter the 

contact areas and good thermal conductivity to dissipate the heat generated during friction process 

[6-7]. So far, a number of studies have been conducted on the tribological behavior and lubrication 

mechanism of graphene as lubricating additives. Especially, it is highly necessary to ensure stable 

dispersion of graphene as lubricating additive in various base lubricants. One of the most effective 

ways to improve the dispersion stability of graphene is chemical modification. In this work, the 

chemical modification of graphene oxide with amines was investigated. 

Method: Preparation and characterization of material GO was prepared via a modified Hummer’s 

method while the graphite powder was used as raw material. The modified graphene (MG) was 

then prepared on the basis of GO. The dried GO (0.1 g) was dispersed in organic solvent by 

ultrasonication and mechanical stirring for 30 minutes. Then octadecylamine  and acetic anhydride 

were added to the GO solution. The mixture was refluxed under the continuous stirring for 24 

hours at 120 °C. Finally, the modified graphene was dried in vacuum drying chamber.This reaction 

was carried out in the presence of benzylamine, hexylamine, dodecylamine, and octadecylamine. 

Results and Discussion: FTIR spectroscopy was also used in order to confirm the existence of 

alkyl chains. Figure is the FTIR result for GO. The peaks appeared at 1,735, 1,624, 1,381, and 

1,073 cm–1 represent the C=O, C=C, C–O, and C–O–C, respectively, which are typical peaks of 

GO sample. As for MG sample, the typical peaks of C-H could be observed at 2,914 and 2,846 

cm–1, the peaks appeared at 1,457 and 1,368 cm–1 represent CH3, and the typical peak of (CH2)n 

is at 710 cm–1, these results confirm the existence of long alkyl chains on graphene. 

Conclusions  : Carbon nanomaterials as additives in lubricants play an important role in creating 

new properties or compensating for the disadvantages of lubricants. The modified carbon 

nanotubes in this work were confirmed by FT-IR technique and their dispersion in base oil was 

investigated. Amination was performed with cyclic amines and linear amines, which resulted in 

an increase in the degree of GO depolarization by moving towards longer chain amines, resulting 

in increased dispersion in oil and further reduction in friction. 



999 

 

Scheme: 

 

 

 

 

 

 

 

 

References:  

[1] Wu H, Zhao J, Cheng X, Xia W, He A, Yun JH, et al. Friction and wear  characteristics of 

TiO2 nano-additive water-based lubricant on ferritic stainless steel. Tribol Int 2018;117:24–38.  

[2] Wu H, Zhao J, Xia W, Cheng X, He A, Yun JH, et al. Analysis of TiO2 nano-additive water-

based lubricants in hot rolling of microalloyed steel. J Manuf Process 2017; 27:26–36. 

[3] Sivakumar B, Ranjan N, Ramaprabhu S, Kamaraj M. Tribological properties of graphite oxide 

derivative as nano-additive: synthesized from the waster carbon source. Tribol Int 

2020;142:105990.  

[4] Gan C, Liang T, Chen D, Li W, Fan X, Tang G, et al. Phosphonium-organophosphate modified 

graphene gel towards lubrication applications. Tribol Int 2020;145: 106180.  

[5] Li G, Yi S, Li N, Pan W, Wen C, Ding S. Quantitative analysis of cooling and lubricating 

effects of graphene oxide nanofluids in machining titanium alloy Ti6Al4V. J Mater Process 

Technol 2019;271:584–98.  

[6] Huang S, He A, Yun JH, Xu XF, Jiang ZY, Jiao SH, et al. Synergistic tribological performance 

of a water based lubricant using graphene oxide and alumina hybrid nanoparticles as additives. 

Tribol Int 2019;135:170–80.  



1000 

 

 

[7] Ahmad RTM, Hong SH, Shen TZ, Song JK. Water-assisted stable dispersal of graphene oxide 

in non-dispersible solvents and skin formation on the GO dispersion. Carbon 2016;98:188–94.  

 

 

 

 

 

Synthesis of modified graphene oxide as lubricating additive with high 

dispersion stability in oil 

 Safieh heidarzadeh 1a, Mohammad.G Dekamin 2b  

aDepartment of Chemistry, Iran University of Science and Technology, Tehran 1684613114 , Iran; 

s.heidarzadeh2019@gmail.com 

bDepartment of Chemistry, Iran University of Science and Technology, Tehran 1684613114 , Iran; 

mdekamin@iust.ac.ir 

Keyword: surface functionalization, silan, graphene oxide, lubricant additives, friction and wear, 

Dispersion stability 

Introduction: 

Statistics show that 23% of the world's energy is consumed to overcome friction between surfaces 

and rebuild worn parts (1).To reduce this problem, appropriate lubricants must be applied to the 

contact surfaces, which can form a layer with low shear resistance and eliminate direct contact 

between the surfaces (2).Lubricating oils are composed of base oils and additives in various 

types.In order to meet various needs such as ultra-low friction and high temperature and pressure 

resistance, new requirements have been imposed on lubricating oils, and lubricating additives have 

been greatly improved, thereby enhancing the tribological performance of lubricating oils 

(3).Among the common organic additives used to reduce friction and wear are dialkyl 

dithiophosphate and molybdenum dithiocarbamate, which have harmful and toxic emissions, so 

efforts have been made to replace them with other additives.Nanotechnology as an interface 

technology is considered one of the most promising strategies for this purpose (4).To date, a large 

amount of nanomaterials have been added to lubricating oils as additives. Among the advanced 

nanomaterials, carbon nanomaterials are the cheapest and most abundant in our country and not 

only affect the performance and thermal efficiency of the engine, but also have a major impact on 

the durability and wear of engine parts. Carbon nanomaterials include carbon nanotubes, 

fullerenes, graphene, graphene oxide, and carbon dots, which have been studied (5). 

Method: 
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GO was synthesized according to modified hummer's technique.GO was modified with APTES 

(H2N(CH2)3Si(OCH2CH3)3) as follows: 20 mg of GO was dispersed in 20 ml of ethanol for 15 

min using an ultrasonic bath. Then APTES (1 wt%) was added and refluxed at 75 C for 12 hr. The 

obtained product was washed with ethanol to remove additional APTES and dried at 60 C for 10 

hr. 

Results and Discussion: 

In this work, graphene oxide and modified graphene oxide were investigated using FT-IR 

technique and the silane was well dispersed on the GO surface. Another feature of the recent study 

is the dispersion of this nanomaterial in base oil, which has a shelf life of up to two months and 

can therefore reduce friction and wear, and thus increase engine life. 

Scheme: 
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 چکیده

اقتصادی و صـادرات غیر نفتي کشور عزیزمان، ایران و ضرورت توجه به نقش منابع طبیعي آن  ساله توسعه 20چشم انداز 

به عنوان اکوسیستم منحصر به فرد جهان، ایجاد بستر مناسب برای توسعه صادرات و افزایش درآمـدهاي غیر نفتي كشور را 

ز منابع بالقوه خدا دادی، نسبت به سایر منابع، تولید اقتصادی و فرآوری هدفمند اسانس های طبیعی ا. مي کندبرجسـته تر

بنابراین از نظر ثبات، . های پیچیده غیر بومی، مواد اولیه خارجی و به طور کلی واردات داردوابستگی کمتری به فناوری

. ن داردالمللی تاثیر منفی کمتری بر آاست و نوسانات سیاسی و بین تریآوری و خطرپذیری اقتصادی در شرایط مناسبتاب

ورود مستقیم اما متفاوت دانشگاهیان، خصوصا دانشمندان و پژوهشگران حوزه شیمی و مهندسی شیمی با گرایش های مرتبط 

مناسب در ارایه دانش  های خاص برای سنتز محصولات جدید، می تواند الگوییبا این صنعت معظم و همچنین بکارگیری ایده

کنند و بین المللی باشد و این همان چیزی است که کشاورزان و صنعتگران جستجو می هایفنی فراوری علمی برای بازار

علاوه بر این، برای پویا نگهداشـتن بازارهـاي بـین المللـي، می بایست نیاز و تقاضای مشخص مصرف كننده، دقیقا . یابندنمی

در این راستا، . ت را طراحی دانش بنیان نماییمبا میل و سلیقه آن هـا، مراحـل تولیـد تـا صادرات محصولا شناسایی و مطابق

های طبیعی در مقیاس آزمایشگاهی در دسترس بوده اما توجه به های رقابتی در حوزه اسانسوجود دانش فنی تولید فرآورده

و دانشگاه  ه نیست، بلکه بر حسب نیاز و در نتیجه ارتباط تنگاتنگ صنعتای از پیش آماداین نکته مهم است که دانش فنی بسته

نشان می دهد که کشورهای  بانک جهانی و مراکز مهم اقتصادی سازمان ملل متحدآمار ها و گزارشات یونیدو، . شودتولید می

mailto:mohseni_mo99@chem.iust.ac.ir
mailto:ghafuri@iust.ac.ir
mailto:f_manteghi@iust.ac.ir
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دلار ارزش افزوده ایجاد میکنند  185توسعه یافته و با درامد سرانه بالا به طور میانگین در ازاء هر تن محصول گیاهی حدود 

همچنین  .دلار می باشد که به معنی خام فروشی مطلق است 40کشورهای در حال توسعه تقریبا معادل در حالیکه این رقم در 

درصد تولیدات گیاهی کشورهای توسعه یافته در فراوری صنعتی قرار میگیرند که این رقم برای کشورهای در حال  98

وثره شامل دارو، طعم، بو و مزه بالغ بر حجم بازاراقتصادی گیاهان حاوی مواد م 2024در سال  .صد استدر 38توسعه 

میلیارد دلار را اسانس های طبیعی به خود اختصاص داده و این آمار را در  26میلیارد دلار بوده که از این مقدار حدود  296

 . ینی کرده استمیلیارد دلار  پیش ب 5/42و   430به ترتیب  2030سال 

 

 اسانس،  تقاضای بازار های بین المللی، تولید اسانس طبیعی در ایران  اقتصاد اسانس های طبیعی، صنعت: کلید واژه

 

 

jkguy 

 

 

Bovine serum albumin immobilized on the magnetic triazine-functionalized 

chitosan as an efficient nanocatalyst in the synthesis of 1,4-dihydropyridines 

and 3,4-dihydropyrimidinones 

M. Amere,a Fatemeh Rafiee ,*b 

a, b Department of Organic Chemistry, Factually of Chemistry, Alzahra University, Tehran, Iran. 

Keyword: Chitosan, Bovine serum albumin, Multi-component reaction, Magnetic catalyst 

There is considerable research on the expansion of biocatalysts in organic reactions is due to their 

high catalytic efficiency, selectivity, mild and environmentally friendly reaction conditions, simple 

operational procedures and low energy requirements [1-2]. Among the reported biocatalysts, 

commercially available and inexpensive bovine serum albumin (BSA) as most abundant protein 

of mammalian blood plasma has been used as an active and efficient catalyst or co-catalyst in 

various organic transformations [3]. In this research work, chitosan biopolymer was functionalized 

with 2,4,6-trichloro-1,3,5-triazine to produce new arms for further modification with BSA protein. 

The magnetization of biosupport was done through treatment of Fe3O4 nanoparticle with chitosan 

biopolymer that functionalized with chlorinated derivative of 1,3,5-triazine. BSA-immobilized on 

the magnetic chitosan support (Fe3O4@CSC-BSA (Scheme 1)) was applied as an efficient 

magnetic heterogeneous catalyst in the synthesis of dihydropyridine derivatives through Hantzsch 

reaction and dihydropyrimidinones by Biginelli reaction. 
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Scheme 1.  
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Ionic transition metal complexes are the most important materials used as emitters in the structure 

of optoelectronic devices such as OLEDs and LECs [1]. The electronic properties of diimine 

ligands in the structure of complex emitters play a crucial role in determining their efficiency and 

color emission. Five-membered nitrogen-rich heterocycle ligands-based iridium (III) complexes 
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have afforded the most efficient LECs reported to date [2]. Here in, we have designed and 

synthesized the new imidazole-based ancillary ligand and its cationic cyclometalated iridium 

complex. In brief, the new 1, 2, 4, 5-tetrasubstituted imidazole ligand  has been synthesized via 

the one-pot multi-component condensation of 2, 2’-pyridil with p-methylaniline, p-

chlorobenzaldehyde, and ammonium acetate in glacial acetic acid under reflux. In following, the 

cyclometalated complex IrL was obtained by reacting the two equivalents of the imidazole ligand 

with one equivalent of the di-iridium chloro-bridged dimer [Ir (ppy)2(μ-Cl)]2 (ppy: phenyl 

pyridine) in ethylene glycol under inert conditions as displayed in Scheme 1. 

 
Scheme 1. Synthesis of imidazole dipyridyl-based ligand and its cyclometalated iridium(III) 

complex 

 

In the DCM solution, the synthesized complex exhibits green color emission centered at 490, 515 

nm with a PLQY of 17%. Moreover, the neat film of the complex shows intense yellow-green 

emission with a maxima emission of 540 nm. Overall, these emission properties show this 

material's high potential for synthesizing efficient emitters. 
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Introduction 

Masitinib is a drug that inhibits tyrosine kinases, a type of protein Masitinib (Figure 1) works by 

binding to and inhibiting specific receptors, including the stem cell factor receptor, platelet-derived 

growth factor receptor, fibroblast growth factor receptor, and focal adhesion kinas. It can inhibit 

tumor cell proliferation in cancer cells that overexpress these receptors and is used to treat various 

conditions, including Mast cell tumors in dogs, Multiple Sclerosis (MS), Amyotrophic Lateral 

Sclerosis (ALS) and other conditions [1-3]. The Density Functional Theory (DFT) calculations 

have not previously been performed on Masitinib. DFT is a commonly used computational method 

in quantum chemistry and physics. It investigates the electronic structures of atoms, molecules, 

and solids. 

 

Figure 1: Optimized structure of Masitinib at the B3lyp/6-311++G(d,p) level of theory   
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Methods 

We applied quantum mechanics computational methods to study Mastitinib, using the B3LYP/6-

311++G)d,p( level of theory. Gaussian and GaussView programs were used for molecule 

optimization. Structural parameters such as bond angles and lengths were extracted, and 

vibrational frequencies were analyzed to obtain the IR spectrum.  

Results 

Since the interaction between drugs, ligands, and proteins is very important, the calculations and 

simulations of these interactions play a crucial role. Ultimately, this work can be used in 

experimental studies for drug delivery or targeted pharmaceutical applications. We focused on 

intra-molecular transitions with molecular orbitals, specifically HOMO and LUMO, and 

calculated the gap between them. The dipole moment and polarizability of the molecule in X, Y, 

and Z coordinates were computed, followed by the extraction of polarizability. The dipole moment 

is described as follows: µx;1.0666, µy;2.3175, µz;1.6279 Debye. Finally, we calculated and 

reported the polarizability in the XX, XY, and XYZ planes and the total polarizability. The 

Electronic energy has also been calculated (-1886.40873356 Hartree/particles(. This theoretical 

investigation helps us understand the chemical and pharmacological applications of Mastitinib 

significantly better. With this interdisciplinary approach, we can take significant steps towards 

improving performance and producing similar drugs, ultimately achieving better outcomes.  

 

Keywords: DFT, Masitinib, Molecular Orbitals, Polarizability 
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Abstract 

In this study, the photostabilization of polyvinyl chloride (PVC) and its application in the removal 

of pharmaceutical contaminants using nanocomposites has been studied. As one of the most widely 

used industrial polymers, PVC is vulnerable to light and heat and requires stabilization. This study 

synthesized new PVC-based nanocomposites, and their photocatalytic properties for removing 

pharmaceutical contaminants via the advanced oxidation process (AOP) were investigated. The 

results show that PVC surface modification with CdS nanoparticles can significantly increase 

photostability. These nanocomposites also exhibit a high potential for removing pharmaceutical 

pollutants from water. 

Introduction 

Polyvinyl chloride, or PVC, is the world's second most widely used polymer due to its numerous 

applications in various industries. One of the most challenging aspects of its use is its sensitivity 

to light and heat. UV light irradiation may break the PVC structure and produce HCl, resulting in 

color change, reduced mechanical capabilities, and polymer degradation [1]. On the other hand, 

pharmaceutical poisoning of groundwater has become a major environmental issue [2]. As a 

potential approach for removing pharmaceuticals from the environment, photocatalytic polymer 

degradation offers very low operating costs, along with no toxic byproducts that cause secondary 

contamination. 

Method 

The hydrothermal technique was used to synthesize PVC/metal oxide nanocomposites. The 

photocatalytic reactor is used to perform photocatalytic activity under UV. HPLC measured 

pharmaceutical contaminants concentrations. The morphology and structure of composite studies 

were analyzed using FESEM, EDX, XRD, and FTIR assessments. 

Results and Discussion 

The XRD results showed that nanocomposite was formed. FESEM image indicated nanoparticle 

homogeneous dispersion inside the polymer matrix. Photocatalytic tests demonstrated that the 

produced nanocomposites can eliminate more than 88% of pharmaceutical pollutants within 60 

minutes of UV light exposure. This work successfully produced innovative PVC-based 
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nanocomposites with enhanced photocatalytic efficiency. These polymers demonstrated stronger 

photostability than pure PVC and were much more effective at removing pharmaceutical pollutants 

from aqueous environments. 

 

 

 

 

 

 

 

 

 

Scheme: PVC photochemical degradation and stabilization process. 
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Lonicera caprifolium L., a species of the Caprifoliaceae family, is recognized as edible and 

medicinal food  [1]. Modern pharmacological studies have shown that of L. caprifolium has broad 

pharmacological properties, including antiviral, antiseptic, and anti-inflammatory effects [2]. The 

aim of this project was to antioxidant, antibacterial activity, and phytochemical characterization of  

ethanolic extract of flowers of L. caprifolium. In this project we use of L. caprifolium flowers and 

ethanol extract by digestion method. To this end, that the preliminary phytochemical analysis of 

six different chemical compounds Flavonoids (Alkaline Reagent Test), Phenols (Ferric Chloride 

Test), Tannins (Ferric Chloride Test), Saponins (Foam Test), Quinones (Sulfuric Acid Test) and 

Coumarins (10% NaOH) were tested in ethanolic extract. The total phenolic contents (TPC) and 

total flavonoid contents (TFC) of the extract were then measured using Folin Ciocalteu Reagent 

(FCR) and AlCl3 methods, respectively. Total antioxidant activity was assayed by DPPH0 free 

radical scavenging assay method. Also, the antibacterial potential was evaluated using the MIC 

and MBC technique. The screening of phytochemical of ethanolic extract of flowers of of L. 

caprifolium showed Flavonoids, Phenols, Tannins and Coumarins. Total phenolic content of 

ethanolic extracts of of L. caprifolium flowers was 439 mg GAE/g dry plant material. Also, total 

flavonoid content of methanolic extracts was 284 mg QE/g dry plant material. The value IC50 of 

ethanolic extract determined 5.67 mg/mL. MIC and MBC of ethanolic extract of flowers of  L. 

caprifolium on Staphylococcus aureus and Escherichia coli were (6.25 - 12.5), (12.5 - 50) mg/ml, 

respectively. Therefore, L. caprifolium could be an excellent source for natural antioxidant and 

antibacterial agents for medical, pharmaceutical and nutraceutical applications. 
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Introduction: LITFULO (Ritlecitinib) is a kinase inhibitor specifically indicated for the treatment 

of severe alopecia areata in adults and adolescents aged 12 years and older. This medication is 

designed to modulate the immune response and is effective in managing this autoimmune disorder 

characterized by significant hair loss.Despite the therapeutic benefits of LITFULO, awareness of 

its safety profile is essential. The use of this drug is associated with an increased risk of serious 

infections, including bacterial, fungal, viral, and opportunistic infections, which may lead to 

hospitalization or death. Notably, there is particular concern regarding tuberculosis (TB) 

infections, necessitating close monitoring for signs and symptoms of infection during the treatment 

period. LITFULO capsules contain ritlecitinib tosylate as the active ingredient. Ritlecitinib tosylate 

is described as a white to light pink solid that is well soluble in water.[1[ 

Apart from the medical aspect, we decided to conduct Density Functional Theory (DFT) 

calculations to examine the subatomic interactions. [2] 

Methods: By using the Gaussian09W and Gauss View software with the ( B3lyp/6-311++g** )  

the level theory method, we performed DFT calculations on this drug and obtained notable data 

that provides us with valuable information.[3] 

 

Fig.1.The optimized structure of fostemsavir at the B3lyp/6-311++g** level. 

 

Table1.Calculated Bond Length Values for   Litfulo Molecule using B3lyp/6-311++g** 

Computational  Method. 
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Table 2. Calculated Bond Angles Values for Litfulo Molecule using  B3lyp/6-311++g** 

Computational  Method. 



1013 

 

N
2

9-
C

3
4-

O
3

8
 

 N
1

1-
C

4 
-N

1
4
 

 C
3-

N
1

2-
C

2
 

 C
2-

N
1

3-
C

6
 

C
1-

C
4-

N
1

4
 

121.3 114.5 112.3 109.3 125.8 

 

Table 3. Calculated Dihedral  Angle   Values for Litfulo Molecule using       B3lyp/6311++g** 

Computational  Method. 
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Table 4.Calculated HOMO-LUMO Energy Gapvalues (eV) for fostemsavir molecule using 

B3lyp/6-311++g** computational. 

HOMO HLG LUMO 

-0.21695 0.16412 -0.05283 

 

 

 

 

 

 

Table 5.Total electronic energy calculated in electron volts (eV) using DFT methods. The value 

represents the sum of orbital potential and kinetic energies of the electron with in the system. 

HF -933.5179002 
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Discussion:By performin these calculations and analyzing the obtained data, we discovered 

significant information about the behavior of this drug. This knowledge will aid in future research 

on this drug, highlighting the relationship between its chemical behavior and its side effects, which 

could ultimately lead to advancements in the industry. 

Keywords: HOMO, LUMO, HLG , DFT, Litfulo , B3lyp/6-311 ++g** 
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Near-infrared IR emitters have attracted great attention because of their wide potential 

applications, such as biosensors, phototherapy devices, optical signal detectors, night vision 

devices, and optoelectronic devices such as OLEDs and LECs [1]. Cyclometalated iridium 

complexes are the most important group of red emitters with high emission efficiency which are 

widely used in optoelectronic devices [2]. Anyway, the type of cyclometalated ligands has a 

significant effect on the emission efficiency of this group of emitters. In this work, we have 

designed and synthesized the new cyclometalated iridium complex based on quinoxaline and 

imidazole material as cycometalating and ancillary ligands, respectively as shown in Scheme 1. 
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Scheme 1. Synthesis of imidazole dipyridyl-based ligand and its cyclometalated iridium(III) 

complex 

 

In the DCM solution, the synthesized complex exhibits red color emission centered at 693 nm. 

Moreover, the neat film of the complex shows intense deep-red emission with a maxima emission 

of 726 nm. Cyclic voltammetry investigation indicates the good electrochemical stability of this 

emitter.  Overall, these emission properties and good redox behavior show the high potential of 

quinoxaline ligands for synthesizing efficient emitters.  
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Recent strategies in integrated pest management (IPM), uses chemicals to manipulate and control 

the behavior of insects. This group of compounds includes many insect repellants and attractants. 

Insect pheromones are special natural compounds that meet modern pest control requirements. 

Therefore, the practical application of insect pheromones, especially sex pheromones, has been 

extremely successful in controlling low pest populations and reducing long-term pest populations. 

Mass trapping and mating disruption strategies using sex pheromones have significantly reduced 

the use of conventional insecticides, thereby providing sustainable and environmentally friendly 

pest management in agricultural crops. The use of insecticides, which are an important part of 

agricultural and livestock production, may cause adverse consequences such as higher production 

costs, environmental pollution, and effects on non-target organisms. New strategies can reduce the 

use of insecticides. In this project, we first synthesized and analyzed the constituents of the sex 

pheromone of the Zeuzera pyrina. Then the appropriate formulation was prepared in the required 

number of plastic lures. In order to carry out field tests, lures were sent to different provinces in 

correspondence with the Plant Protection Organization. In order to check the pheromone traps and 

monitoring, periodic visits were made to the covered areas in the provinces. Also, according to the 

synthesis of the pheromone components of the Chilo suppressalis Walker, a rice worm, as part of 

the results of the lab phase of this project, all the above activities were also carried out regarding 

this pheromone. 

 

Keywords: sex pheromones, integrated pest management, synthesis, Zeuzera pyrina 

 
Introduction 

Pheromone traps are a glue-coated surface such as a Delta trap or cone attached to a chamber in 

which the pheromone Louvre is embedded. Pheromone traps are used for insect population 

monitoring, mass insect hunting, and mating disorders [1]. For example, the pheromone of Zeuzera 

pyrina, implemented in the Applied Chemistry Group as a agrochemistry project, contains the 

following components [2-4]. 
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Using pheromone traps is possible to saturate the environment with the sex pheromone of the 

female insect and disrupt mating, preventing the normal mating process and reducing the birth of 

this pest. These traps are able to hunt male insects. This procedure reduces the number of males 

and disrupts the birth of the pest. 

Method 

This phase involves laboratory activities of synthesis and analysis of one of four component that 

make up the sex pheromone of the Zeuzera pyrina. 
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- Synthesis of 10-Bromo Decan-1-ol 

To the solution of 5/2 g of 1,10 decandiol in 100 ml of toluene, the 5 ml of HBr 48% solution 

added and the mixture was refluxed for 24 h. The reaction progression process was followed up 

with TLC (normal hexane: ethyl acetate 9: 4). The resulting mixture washed with 1 molar solution 

of sodium hydroxide, 10% hydrochloric acid solution and NaCl solution several time. The organic 

phase was isolated and dried with sodium sulfate. Then the solvent was separated from the solution 

under a vacuum, the oily product obtained was applied in the next step. 

- Protection of the alcoholic group 

3/5 g of the oily product(10-Bromo Decan-1-ol) was added in 15 ml of dry THF in the presence 

of catalyst(pyridinium para-toluene sulfonate) in ice bath 1/65 ml of dihydropyran added dropwise. 

The mixture was stirred at room temperature for 24 h. The reaction progression process was 
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followed up with TLC (normal hexane: ethyl acetate 9: 2). Then, washed with a solution of sodium 

bicarbonate and NaCl solution. The organic phase was dried with sodium sulfate overnight. 

- Synthesis of 1-(tetrahydro-2'-pyranyloxy)-10-hexadecine 

Added to the 5/5 ml 1-hexine mixture at 60 ml diglim, 30 ml n-butyl lithium added dropwise. The 

mixture was stirred for 30 minutes at the same temperature. Then 14 g of 1-(tetrahydro-2'-

pyranyloxy) 10-Bromo Decan were quickly added to the mixture. Mixture was stirred for 5h at 

room temperature. Then 200 ml of water was added to the contents of the balloon, and the organic 

phase was separated and the aqueous phase was extracted with normal hexane. The solvent was 

separated from the solution under the vacuum. 

- Deprotection the Pyran group 

To a solution of 2g 1-(tetrahydro-2'-pyranyloxy)-10-hexadecine in 10 ml of methanol, several 

para-toluene sulfonic acid crystals were added. The mixture was stirred for 4 h at room 

temperature. The reaction progression process was followed up with TLC (normal hexane: ethyl 

acetate 9: 2). The reaction solvent was removed under the vacuum then Diethyl ether was added, 

the organic phase was drained with dry sodium sulfate. The solvent was separated from the solution 

under vacuum, the resulting raw product was purified with chromatographic column (hexane 

normal solvent: ethyl acetate 9:1) 

- Synthesis of 2-Bromo-5,5-dimethyl 3,1-dioxane 

A mixture of 19/78 g of bromoastaldehyde Diethyl acetal and 44/10 g of neopentyl glycol was 

reacted at a temperature of 90°C and under a relative vacuum for 10 h. 

- Synthesis of E2,Z13-octadecadienyl acetate 

0/77 g E2, Z13-octadecadion-ol and 8 ml of anhydride acetic was added and stirred in 70°C 

overnight. The reaction progression process was followed up with TLC (normal hexane: ethyl 

acetate 9: 4). After removing the solvent added Diethyl ether, the resulting solution was washed 

with Sodium bicarbonate solution, 10% hydrochloric acid solution. The organic phase was isolated 

and drained with dry Sodium sulfate. after removing the solvent, the residue was obtained as white 

solid (0.73 g), which were purified by a chromatographic column. 

Results and Discussion 

H1NMR (500 MHz) of E2,Z13-octadecadien-1-ol acetate: δ 5.77 (dt, 1H), 5.55 (dtt, 1H), 5.4-5.25 

(m, 2H), 4.5 (d, 2H), 2.06 (s, 3H), 2.1-1.9 (c, 6H), 1.42-1.2 (c, 18H), 0.89 (t, 3H) ppm; 13C NMR 

(125 MHz) δ 170.9, 136.7, 129.8 (2C), 123.6, 65.3, 32.2, 31.9, 29.7, 29.54, 29.52, 29.4, 29.3, 

29.16, 28.9, 27.2, 26.9, 22.3, 21.0, 13.99 ppm. 
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Body Text: Integrating Ce-MOFs into MOF-on-MOF heterostructures with Zr-MOFs unlocks 

significant enhancements in photocatalytic Cr(VI) reduction under visible light. Positioning Ce-

MOFs as the outer shell optimizes their activity, achieving near-complete Cr(VI) removal 

(∼100%) within 2 hours at an initial concentration of 5 ppm. Immobilized on steel mesh substrates 

via a spraying method, these composites exhibit exceptional durability and reusability, with 

minimal leaching confirmed by ICP-OES analysis. This work presents a scalable, effective 

approach to designing mesh-based photocatalysts for addressing water purification challenges. 
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Abstract 

The presence of organic sulfides in fuels has become a significant contributing factor to the 

formation of haze weather. The desulfurization of fuels has become a frontier scientific topic 

demanding urgent solutions. Research shows that acidic deep eutectic solvents (DESs) can provide 

a new route for the deep oxidation/extraction desulfurization of fuels because of their cheap and 

easily obtained raw materials, higher desulfurization efficiencies, environmentally friendly 

properties and simple synthetic procedures. Through smart design, a series of acidic DESs with 

different acidities were synthesized. The effects of various factors on the removal rate of 

dibenzothiophene (DBT) in n-octane simulated oil were investigated which showed a very high 

efficiency and was used up to six times cyclically. The characterization results of DESs through 

FT-IR and 1H NMR showed that DESs were formed by hydrogen bonding interaction. 

Keyword: Desulfurization, DES(Deep eutectic solvent) 
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The combustion of fuels containing sulfur compounds causes emission of toxic sulfur oxides 

(SOx), which are a one of the main air pollutants [1]. Due to this fact, many countries have issued 

stringent standards to control the sulfur content of fuel oil (mainly below 10 mg/L)  

Nowadays, hydrodesulfurization (HDS) is the most popular commercial technology used for 

removal of sulfur from fuels. HDS can effectively remove sulfur compounds, however, HDS 

process is not effective for removing cyclic organic sulfides such as thiophene (T), 

benzothiophene (BT), dibenzothiophene (DBT) and its derivatives. 

In addition, HDS requires large quantities of hydrogen, a high temperature and pressure of the 

process, and expensive Cobalt–Molybdenum catalysts. This makes HDS a very costly technology 

for removal of sulfur compounds from fuels. Therefore, many research groups work on the 

development of new technologies for deep desulfurization, such as adsorptive desulfurization, bio-

desulfurization, oxidative desulfurization or extraction. Extractive desulfurization is one of 

the most popular techniques. It follows from its low cost, high sulfur removal efficiency and 

simplicity of operation.[2-3] 

 

Experimental 

Three component eutectic solvents are synthesized from hydrogen bond binder (HBD) and 

hydrogen bond killer (HBA) and an acidic part.Simulated oils of dibenzothiophene (DBT), 4-

methyldibenzothiophene (4MDBT), 6-4-dimethyldibenzothiophene (4,6-DMDBT) were prepared 

in n-octane solvent at different concentrations, and then the adsorbent was synthesized inside It 

was placed and the values and time were checked. 

 

Results and discussion 

Variables such as temperature, concentration, time and amount of adsorbent were investigated and 

using gas chromatography (GC) and UV devices and also by putting in the absorption formula, the 

amount of absorption of the synthesized adsorbent was interviewed and the results show that it is 

economical. This method is better than other methods. 
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Conclusions 

In this research, the adsorbent synthesized from deep eutectic solvents was tested on simulated 

oils, which had a very good efficiency, and XRD, FTIR, UV and TGA confirm this. 
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Abstract 

This study presents the synthesis and characterization of a magnetic carboxymethyl 

cellulose/metformin-based hydrogel (Fe3O4-CMC-Met-Cu (II)) for removal of organic pollutants, 

specifically targeting methylene blue (MB), Rhodamine B (RhB), and 4-nitrophenol (4-NP), which 

are significant environmental contaminants due to their toxicity and persistence. The hydrogel was 

thoroughly analyzed using various techniques, including field emission scanning electron 

microscopy (FE-SEM) and X-ray diffraction (XRD) analyses. The removal of organic pollutants 

were followed using ultra violet (UV) spectroscopy. This research highlights the innovative use of 

carboxymethyl cellulose and metformin in developing magnetic hydrogels, offering a promising 

solution for effective pollutant removal and contributing to the advancement of sustainable 

environmental cleanup technologies. 

1. Introduction 

Water contamination by organic pollutants has become a critical environmental issue, 

necessitating the development of efficient purification methods [1]. The rising levels of organic 

pollutants, such as industrial dyes and pharmaceutical residues, in water bodies have led to an 

increased demand for effective and eco-friendly water purification materials [2]. One promising 

approach in pollutant removal is the combination of adsorption with reduction processes. The 

advantages of this dual functionality include enhanced removal efficiency and the facilitation of 

recovery and reuse of the adsorbent material. Integrating reduction processes with adsorption can 

significantly improve the overall effectiveness of pollutant removal, as the reduced forms of 

pollutants often exhibit lower solubility and mobility in water [3]. Various catalysts have been 

utilized for reduction processes in water treatment, including noble metals like palladium, 

platinum, and gold, known for their high catalytic efficiency in reducing contaminants [4-5]. 

Despite their effectiveness, these catalysts often suffer from high costs and potential environmental 

concerns related to metal leaching. In the quest for more sustainable and cost-effective solutions, 

hydrogels have emerged as promising materials in water purification [6]. Hydrogels, particularly 

those based on carboxymethyl cellulose (CMC), offer several advantages over traditional catalysts 

[7]. CMC, a derivative of cellulose, is widely recognized for its biocompatibility, biodegradability, 
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and excellent hydrophilicity. These properties make CMC an attractive candidate for hydrogel 

formation [8]. 

This study aims to develop and evaluate a novel Fe3O4-CMC-Met-Cu (II) hydrogel for its 

effectiveness in removal of organic pollutants from water. The incorporation of metformin is 

hypothesized to provide additional adsorption sites, enhancing the hydrogel's performance. The 

CMC-based hydrogels are synthesized with embedded magnetic nanoparticles and metformin, 

then characterized using techniques such as FE-SEM and XRD analyses. 

2. Method 

2.1 Chemicals and devices 

All chemical materials were bought from Merck and Aldrich Co. The XRD and FE-SEM analyzes 

were accomplished on a Philips X'Pert diffractometer and TESCAN MIRA4 respectively. 

2.2 Synthesis of Carboxymethyl Cellulose/Metformin Hydrogel 

To synthesize the carboxymethyl cellulose/metformin hydrogel, 0.3 g of CMC was mixed with 10 

mL of distilled water and stirred at room temperature for 30 min. In a separate container, 0.006 g 

of metformin was dissolved in 0.5 mL of distilled water [9]. The two solutions were then 

combined, and 1 mL HCl (1 M) was added to the mixture. The resulting mixture was stirred at 

60°C for 3 h to ensure the reaction was complete. The formed hydrogel was washed repeatedly 

with a mixture of water and ethanol in a 2.5:1 ratio until the pH reached 7. 

2.3 Synthesis of Fe3O4-CMC-Met-Cu (II) Hydrogel 

The neutralized hydrogel from the previous stage was combined with 0.5 g of iron (II) chloride, 

0.135 g of iron (III) chloride, 25 mL of distilled water, and 7.5 mL of ammonia solution in a flask. 

The mixture was stirred under an argon atmosphere at 60 °C. After 2 h, the reaction mixture was 

washed with water and ethanol in a 1:1 ratio and the magnetic hydrogel was dried at 60°C. 

Subsequently, 0.117 g of copper(II)chloride was dissolved in 0.5 mL of distilled water. Then, 

0.234 g the magnetic hydrogel obtained from the previous step, 25 mL of distilled water, and 25 

mL of ethanol were placed in a flask and dispersed using an ultrasonic device. The 

copper(II)chloride solution was then added to the dispersed mixture and refluxed at 78 °C for 24 
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h. The reaction mixture was washed with water and ethanol in a 1:1 ratio and dried in an oven at 

60 °C. The schematic of the synthesis process for the Fe3O4-CMC-Met-Cu (II) hydrogel and its 

structural schematic are shown in Figure 1. 

 

Figure 1. Schematic synthesis of the Fe3O4-CMC-Met-Cu (II) hydrogel 

2.4 Reduction of Methylene Blue 

A total of 0.005 g of the catalyst was added to 12.5 mL of methylene blue solution (100 ppm). 

Subsequently, 1 mL of freshly prepared sodium borohydride solution (0.05 M) was added to 

initiate the reduction reaction, and the mixture was stirred at room temperature. The blue color of 

the solution disappeared and turned colorless within 100 sec. After the reaction was completed, 

the catalyst was separated using an external magnet, and the changes in the adsorbance of the 

solution were measured using a UV-Vis spectrophotometer.  

2.5 Reduction of Rhodamine B 

A total of 0.01 g of the catalyst was added to 25 mL of rhodamine B solution (9.6 ppm). 

Subsequently, 1 mL of freshly prepared sodium borohydride solution (0.0052 M) was added to 

initiate the reduction reaction, and the mixture was stirred at room temperature. The purple color 

of the solution disappeared and turned colorless within 180 sec. After the reaction was completed, 
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the catalyst was separated using an external magnet, and the changes in the adsorbance of the 

solution were measured using a UV-Vis spectrophotometer. 

2.6 Reduction of 4-nitrophenol 

A total of 0.01 g of the catalyst was added to 25 mL of 4-nitrophenol solution (350 ppm). 

Subsequently, 1 mL of freshly prepared sodium borohydride solution (0.249 M) was added to 

initiate the reduction reaction, and the mixture was stirred at room temperature. After the reaction 

was completed, the catalyst was separated using an external magnet, and the changes in the 

adsorbance of the solution were measured using a UV-Vis spectrophotometer. 

3. Results and Discussion 

3.1 Characterization of hydrogel 

For characterization of the synthesized hydrogel we used XRD and FE-SEM analyses. The XRD 

pattern of the Fe3O4-CMC-Met-Cu (II) hydrogel indicates the presence of CMC and metformin 

(Figure 2). Specific peaks are seen at 2θ= 10.2, 11.2, 17.0, 19.0, 23.2, 25.2 and 27.3⁰ which are 

related to crystalline metformin in hydrogel [10]. Furthermore, peaks related to magnetic particles 

are observed at 2θ= 30, 35, 43, 55, 58, 63, and 75⁰, confirming the presence of magnetic particles 

within the hydrogel (JCPDS Card No. 19-0629) [11]. 

 

Figure 2. XRD pattern of the Fe3O4-CMC-Met-Cu (II) hydrogel 



 

1028 

 

The FE-SEM images of the Fe3O4-CMC-Met-Cu (II) hydrogel are shown in Figure 3. The high-

magnification image reveals a dense and porous network of small, nearly spherical particles with 

a rough and irregular surface, characteristic of typical hydrogels. 

 

Figure 3. The FE-SEM images of the Fe3O4-CMC-Met-Cu (II) hydrogel. 

3.2 Reduction of MB and RhB 

For the reduction of MB and RhB solutions, the results indicate a direct correlation between the 

amount of catalyst and the reduction of MB. As shown in Table 1, increasing the amount of catalyst 

from 0.001 g to 0.005 g decreases the reduction time of MB from 4 seconds to "immediately," 

achieving reduction in a significantly shorter duration. In addition, as shown in Table 2, increasing 

the amount of catalyst from 0.005 g to 0.01 g decreases the reduction time of RhB from 5 min to 

3 min. The UV-visible analyses of the MB and RhB displayed in Figure 4. 

Table 1. The optimization of the amount of catalyst for reduction of MB. 

Time (s) Catalyst (g) (M) 4NaBH Entry 

12 h (No Reaction) 0 0.5 1 

12 h (No Reaction) 0.001 0 2 
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4 0.001 0.5 3 

4 0.002 0.5 4 

3 0.003 0.5 5 

2 0.004 0.5 6 

Immediately 0.005 0.5 7 

 

Table 2. The optimization of the amount of catalyst in the presence of reducing agent in reduction 

of RhB 

Time (min) Catalyst (g) (M) 4NaBH Entry 

720 (No Reaction) 0 0.005 1 

720 (No Reaction) 0.005 0 2 

5 0.005 0.005 3 

4 0.007 0.005 4 

3 0.009 0.005 5 

3 0.01 0.005 6 

 

  

Figure 4. The V-Vis spectra of the (left) MB and (right) RhB. 



 

1030 

 

3.3 Reduction of 4-NP 

As shown in Table 3, increasing the amount of catalyst from 0.004 g to 0.01 g decreases the 

reduction time of nitrophenol from 8 minutes to 3 minutes, achieving reduction in a significantly 

shorter duration. These results indicate that increasing the catalyst amount reduces the reduction 

time, highlighting the importance of the catalyst in the process. The UV-visible spectrum was 

shown in Figure 5. 

Table 3. The optimization of the amount of catalyst in the presence of reducing agent in reduction 

of 4-NP. 

Time (min) Catalyst (g) (M) 4NaBH Entry 

720 (No Reaction) 0 0.2 1 

720 (No Reaction) 0.004 0 2 

8 0.004 0.2 3 

7 0.006 0.2 4 

4 0.008 0.2 5 

3 0.01 0.2 6 

 

 

Figure 5. UV-Vis spectrum of nitrophenol and reduced 4-NP. 

4. Conclusion 
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In this study, a magnetic hydrogel composed of carboxymethyl cellulose, metformin, and copper 

(II) was synthesized using a facile method. This hydrogel exhibits high performance for removal 

of the organic pollutants from aqueous solutions through the reduction of pollutants, as confirmed 

by UV-Vis spectroscopy. The hydrogel's characteristics were confirmed using various techniques, 

demonstrating its magnetic structure and the successful integration of magnetic nanoparticles and 

hydrogel. These attributes enhance the hydrogel's thermal and mechanical stability, improving its 

recyclability and reusability. The key findings indicate that the hydrogel is highly efficient in 

reducing NB, RhB and 4-NP. 
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Introduction :  

Elemental sulfur exists mainly as octa-sulfur. S8 has low solubility in water (~19nM) .It has 

biologically accessible oxidation states from -2 to +6. Elemental sulfur is widely used as a diseases, 

and entering inhibits the electron transport chain for respiration by modifying thiol groups of 

important proteins (Glutathione). 

Cyclodextrins are cyclic oligosaccharides consisting of a series of α-D-glucopyranose subunits 

joined by α-1,4-glycosidic bonds. Geometrically, CDs are distinguished by their hydrophilic 

circular truncated cone shape. This cavity(for β 262 Å3) is suitable for the inclusion of 

appropriately sized hydrophobic guest molecules 

Method : 

Different concentrations of 2HPβCD/S8 complexe  in aqueous solution were  synthesized at room 

temperature to investigate the effect of its toxicity on the strain of this bacterium. 

S. aureus were grown in lysogeny broth (LB) at 37 centigrade with shaking. Fresh cells of S. aureus 

was grown overnight at 37 centigrade with shaking. The cells were transferred into 0/4 mL fresh 

medium in a 48-well plate. Sulfur complex at 0.2 and 0.5 mM concentrations were mixed with the 

cultures. Growth curves were plotted by measured OD600nm after incubating the plate in a 

microplate reader for 24 hours. 

 

Results and Discussion : 

These sulfur particles with a very small size in the angstrom range (~149 Å3) were complexed with 

2 hydroxy propyl β cyclodextrin, which causes more dissolution in the aqueous environment, more 

effectiveness with increasing concentration and increased degradation rate in S.aureus. 
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Fig 1: Measurement of Growth Curves for S.aureus 

By increasing the concentration of sulfur complex, the rate of bacterial growth decreased compared 

to its normal growth. This result was obtained by decreasing the amount of OD according to the 

graph 
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 Introduction :ALS (Amyotropic Latral Sclerosis) is a neurodegenerative disease that, in its 

advanced stages, leads to the death of the patient by the loss of vital muscles. A drug called 

Riluzole has been on the market since the 1990s to treat the disease. 

Magnetic nanoparticles, as one of the pioneers in the pharmaceutical field, have attracted the 

attention of many medical researchers due to their limited harm, low toxicity, and various synthesis 

methods from simple and cost-effective materials. In the last few decades, the use of these 

nanoparticles and their surface modification with compounds for drug delivery to different parts 

of the body, including the brain and central nervous system, have been studied and investigated. 

New approaches can improve the delivery of therapeutic molecules that are large in size or 

hydrophobic drug molecules. One strategy to enable the delivery of biologic drugs to the brain is 

to use nanoparticles encapsulated with large, hydrophobic molecules. In addition, specific 

antibodies can bind to the transferrin receptor on the surface of nanoparticles, enabling their 

targeted transport across the BBB (Blood Brain Barrier). 

In this study, magnetic nanoparticles were prepared by co-precipitation method and their surface 

was modified with the amino acid tryptophan, which is a biocompatible protein. This surface 

modification was performed in 4 steps and at the end of each step, the results were evaluated by 

performing the tests such as; FTIR, TGA, SEM, EDX. After that, the drug was adsorbed and 

released by the synthesized nanosorbent and the study conditions were optimized. 

 

Method: -Synthesis of the adsorbent: The desired adsorbent was synthesized in 4 steps: 

Step 1: Synthesis of magnetic nanoparticles Fe3O4 by co-precipitation method. 

Step 2: Coating with tetraethyl orthosilicate 

Step 3: Creation of the epoxy structure 

Step 4; Polymerization of Magnetic Nanostructure. For this part, the amino acid L-Tryptophan was 

chosen for polymerization.  

At the end of each step, the necessary identification tests such as FTIR, TGA, SEM, EDX were 

performed to ensure that the desired product was obtained. For example, the SEM image for the 

final adsorbent (last step) can be seen in Figure 3. 

-Investigating the variables affecting the drug adsorption process: 

The optimal   pH, temperature and time for the adsorption for a 20 mg/L solution of riluzole on 

0.01 g of the synthesized adsorbent were obtained, and then the drug release in a simulated blood 

environment was investigated.  

 

Results and Discussion: 
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From the results, it can be concluded that the synthesized adsorbent can be effective in delivering 

riluzole to the target tissue of this drug, which is the brain and nervous system, but more extensive 

studies are needed to reach certainty in this field. Because riluzole and its mechanism of action 

have not yet been fully identified and determined. This issue leads the work towards further 

research and synthesis. 

 

  

 

Fig. 3.  SEM image of nanoparticles after coating with L-Tryptophan 
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Abstracts 

Polycyclic aromatic compounds(PAHs) are considered as priority organic compounds pollutants 

worldwide due to their high toxicity.These are the pollutants of soil and water which are very 

dangerous and lethal for the aquatic ecosystem.The presence or high level of PAHs is harmful for 

marine organisms and human health because these types of compounds have different properties 

such as toxicity, mutogenic, carcinogenic and estrogenic.In this study, the amount of petroleum 

compounds Naphthalene, Anthracene, Pyrene and Phenanthrene in the water and surface 

sediments of the Caspian Sea in Astara and Bandar Anzali regions were measured according to 

the ISIRI-18351 standard.Water samples were separated by liquid-liquid extraction method using 

normal hexane solvent and sediment samples after drying using solvent mixture (normal hexane 

and dichloromethane) by Soxhlet method and using gas mass chromatography (GC/MS) device 

was measured.The results showed that the maximum amount of Naphthalene,Anthracene,Pyrene 

and Phenanthrene compounds in water were 157.7,83.4,31.5 and 98.6 µg/l respectively and in 

surface sediments were 15.35,6.23,11.27 and respectively 11.76 ng/g was measured.In this 

research, to determine the origin of PAHs petroleum compounds in sediments, composition ratios 

were used, based on which the sediments of the study area had both pyrogenic (fuel) and petrogenic 

(petroleum) origin.The ecological risk (HQ) calculated in water for the petroleum compounds 

anthracene and pyrene  was greater than 1, which indicates the ecological impact on the 

environment. 

Keyword:Oil pollution, surface sediments, ecological risk (HQ), Caspian Sea 
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Abstract 

The realities of today's world indicate that countries cannot continue their healthy and optimal 

lives without paying attention to the issues of sustainable development.Our country is not an 

exception to this rule, for this reason, many efforts have been made in the last few decades at the 

international level to move towards sustainable development and to deal with existing and future 

challenges, and these actions are still ongoing.It is possible to create a balance in the use of natural 

resources, economic growth and  environmental protection through the introduction of a green 

chemical process whose task is to design chemical processes and products that are harmless to 

human health and the environment.The concept of green chemistry is based on twelve principles 

that discuss the reduction or elimination of hazardous or harmful substances from the synthesis, 

production and use of chemical products, so the use of hazardous substances for human health and 

the environment is reduced or eliminated.Sustainable chemistry expands the scope of green 
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chemistry to include social, economic and environmental considerations,while green chemistry 

guarantees the achievement of these goals from a technical point of view.In this regard, legal and 

legal support and provision of financial resources for green chemistry training and implementation 

of green projects are essential prerequisites to make the path to sustainable development 

smoother.In our country, considering the large number of students and the high potential for 

working in environmental fields, it seems that by investing in green chemistry education in schools 

and universities and then on a wider level in society, it is possible to contribute to the development 

of green chemistry in the society and, accordingly, to sustainable development. 

Keywords:Green chemistry, environment, challenges, schools, sustainable development  
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Bisindolylmethanes are one of the most important heterocyclic compounds that have many 

applications, including in organic syntheses and biological properties [1]. The most common process 
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and some catalysts have been applied for this transformation containing {Fe3O4@SiO2@(CH2)3-

Urea-SO3H/HCl} [2], [MIMPS]3PW12O40 and [TEAPS]3PW12O40 [3].  

As part of our continuing program focused on the improvement of facile approaches in organic 

reactions [4], In the present study, we introduce a new catalyst named E. arvenseA@FeCl3 as green 

solid acid catalyst for the efficient synthesis of bis(indolyl)methanes. The reaction of indole (1) with 

aldehydes (2) in ethanol afforded the corresponding bis(indolyl)methanes (3) in excellent yields (Fig. 

1).  

This reaction has been carried out in the presence of 20 mg of catalyst at room temperature. The 

reusability of the catalyst was demonstrated by a three-run test. Additionally, the catalyst poses 

several advantages including mild reaction conditions, cleaner reactions and shorter reaction times. 

 

Fig. 1. Synthesis of bis(indolyl)methanes catalyzed by E. arvenseA@FeCl3 
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Equisetum arvense (Horse tail) is a medicinal plant that is a relic of prehistoric times and has 

existed on Earth for millions of years ago. The Equisetum's name is derived from the Latin word 

Equus meaning "horse" and seta means "hair" referring to tail. Horse tail is an herbaceous, permanent 

and harness plant with rhizome, and its rhizome carries two types of aerial stems, a stem that is red 

and appears in the early spring, and another stem that is green and infertile, and grows after the red 

stem. The medical consumption of the horse's tail is limited to its green stalk. Of course, there are 

many varieties of this plant in nature that are often not only unprotected but also harmful, but the 

species E. arvense, which, of course, is found in abundance in humid regions in Iran, has long been 

used for medical purposes [1].  

The horse's tail contains flavonoids, iron oxides, phytosterols, and all kinds of minerals, and 

many medicines are produced, especially in European countries. Regarding the mineral composition 

of this plant, its pharmaceutical application in the modern pharmaceutical industry is mainly for the 

treatment of arthritis and rheumatism. These compounds play an important role in bone strengthening, 

and therefore sometimes powder from this plant is also used as a treatment for osteoporosis [2,3].  

For this purpose, in this research, we try to use this plant as a natural catalyst for the oxidation 

of benzyl alcohols to the corresponding benzaldehyde derivatives due to the presence of various 

mineral substances in the horse tail plant. So, we introduce a new catalyst named E. arvenseA@FeCl3 

as green solid acid catalyst with H2O2 (30%) for the efficient synthesis of benzaldehydes. The reaction 
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of various benzyl alcohol derivatives (1) with E. arvenseA@FeCl3 catalyst and oxygenated water 

(30%) in CH3CN afforded the corresponding benzaldehyde derivatives (2) in good to excellent yields 

(Fig. 1).  

Also, This reaction has been carried out in the presence of 50 mg of catalyst at room 

temperature. The reusability of the catalyst was demonstrated by a three-run test. Additionally, the 

catalyst poses several advantages including mild reaction conditions, cleaner reactions and shorter 

reaction times. 

 

 

Fig. 1. Synthesis of benzaldehyde derivatives catalyzed by E. arvenseA@FeCl3 and H2O2 
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   Isocyanide-based multicomponent reactions (IMCRs), which have been widely used in 

medicinal chemistry and synthetic chemistry, have become one of the mainstays in MCR 

chemistry [1]. The P-3CR commonly involves the reaction between carboxylic acids, isocyanides, 

and oxo components (aldehydes or ketones), followed by the Mumm rearrangement to produce α‐

acyloxy carboxamide structures in the one-pot conditions [2]. The α-acyloxy carboxamide moiety 

is often found in compounds with anticancer [3], antibacterial [4], antioxidant [5], HIV-1 inhibitor 

[6], and herbicidal properties.   Therefore, the development of synthetically useful reactions taking 

place in water is of great interest. Due to the importance of macromolecules, we were interested 

in the synthesis of triscyclohexylamino- oxo-benzene-1,3,5-tricarboxylates via the Passerini 

approach under water conditions and Nano sodium bicarbonate (Scheme 1). 

 

Scheme 1. Multicomponent synthesis of tris-cyclohexylamino-oxo-benzene-1,3,5-tricarboxylates.  

   In summary, we developed an efficient one-pot, multicomponent protocol for the synthesis of 

tris-cyclohexylamino-oxobenzene- 1,3,5-tricarboxylates using Nano sodium bicarbonate. The 

reaction proceeded smoothly and cleanly under Aqueous conditions. Therefore, it is considered to 

be a green chemistry method. The products were crystallized in ethanol solvent. Relatively faster 

production of target molecules with acceptable yields, mild reaction conditions, atom economy, 

and isolation of products using no column chromatography are some advantages of this synthetic 
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method. This method does not use toxic solvents or expensive and time-consuming separation 

methods. This rapid method produced the products in short reaction times (15–20 min) and 

excellent yields (80–95 %) at room temperature. The structures of the products were deduced from 

their elemental analyses and spectroscopic data. Hence, it is considered environmentally friendly. 

Many compounds synthesized and reported demonstrated antibacterial properties against Gram-

positive and Gram-negative species, such as P. aeruginosa and B. subtilis. 
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   Multicomponent reactions (MCRs) are convergent reactions in which three or more reagents are 

combined to react in a one-pot procedure and are very efficient synthetic methods [1,2]. 
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Isocyanide-based multicomponent reactions (IMCRs) have been of particular interest because of 

the large number of starting materials available as well as powerful tools in the modern drug 

discovery process and allow rapid, automated, and high-throughput generation of organic 

compounds [3]. The great potential of isocyanides for the development of multicomponent 

reactions lies in the diversity of bond forming processes available, their functional group tolerance, 

and the high levels of chemo-, regio-, and stereoselectivity are often observed [4]. MCRs that 

involve isocyanides are by far the most versatile reactions in terms of scaffolds and number of 

accessible compounds.Recent advances in the application of IMCRsin drug discovery summarize 

the various chemo types used to probe biological targets [6]. 

   Therefore, we were interested in the synthesis of 2-cyclohexylamino-2-oxo-1-

arylaethyl/alkylthiophene-3- carboxylates via the Passerini approach under mild conditions and 

using nanocatalyst (Scheme 1). 

 

Scheme 1. Multicomponent synthesis of 2-cyclohexylamino-2-oxo-1-arylaethyl/alkylthiophene-

3- carboxylates.  

   After the optimum conditions were successfully achieved, the generality and scope of the one-

pot multicomponent reaction were explored. For this purpose, carboxylic acid and  

cyclohexylisocyanide were reacted with different aldehydes. Due to the special structure of these 

compounds mentioned above, some of the carbons and other sections of molecules appeared to 

doublet or multiplet. In molecule 4f, due to the presence of fluorine substituent, the multiplets were 

enhanced. It is worth noting that 1H NMR and FT-IR spectra, as well as elemental analysis, all 

confirmed the structure of 2-cyclohexylamino-2-oxo-1-arylaethyl/alkylthiophene-3- carboxylates.  

   In summary, we developed an efficient one-pot, multicomponent protocol for the synthesis of 2-

cyclohexylamino-2-oxo-1-arylaethyl/alkylthiophene-3- carboxylates under mild conditions and 

using nanocatalyst. The reaction proceeded smoothly and cleanly under mild conditions in water. 

Therefore, it is considered to be a green chemistry method. The products were crystallized in 

ethanol solvent. Relatively faster production of target molecules with acceptable yields, mild 

reaction conditions, atom economy, and isolation of products using no column chromatography 

are some advantages of this synthetic method. This method does not use toxic solvents or 

expensive and time-consuming separation methods. Hence, it is considered environmentally 
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friendly. Many compounds synthesized and reported demonstrated antibacterial properties against 

Gram-positive and Gram-negative species. 

 

References 

1. M. Hasan, M. Zaman, A.A. Peshkov, N. Amire, A. Les, A.A. Nechaev, Y. Wang, S. Kashtanov, 

E.V. Van der Eycken, O.P. Pereshivko, V.A. Peshkov, Eur. J. Org. Chem. 2020 (2020) 3378. 

2. E. Soleimani, M. Zainali, S. Samadi, Tetrahedron Lett. 52, 4186 (2011) 

3. L. Weber, Curr. Med. Chem. 9, 1241 (2002) 

4. M.M. Heravi, S. Moghimi, J. Iran Chem. Soc. 8, 306 (2011) 

5. J.E. Biggs-Houck, A. Younai, J.T. Shaw, Curr. Opin. Chem. Biol. 14, 371 (2010) 

6. I. Akritopoulou-Zanze, Curr. Opin. Chem. Biol. 12, 324 (2008) 

7. P.T. Anastas, J.C. Warner, Green Chemistry: Theory and Practice (Oxford Univ. Press, New 

York, 1998) 

 

 

 

 

 

P2O5/CuFe2O4 as Magnetically Separable Solid Brønsted Acid Nanocatalyst for 

Synthesis of 1-Amidoalkyl-2-naphthols 

Elnaz Ghafouria, Abdolhamid Bamoniria,*, Bi Bi Fatemeh Mirjalilib 

Corresponding author: bamoniri@kashanu.ac.ir 

a Department of Organic Chemistry, Faculty of Chemistry, University of Kashan, Kashan, Iran 

b Department of Chemistry, College of Science, Yazd University, Yazd, Iran 

 

Keywords: P2O5; Nanocatalyst; Multicomponent; Amidoalkyl naphthols; Solvent-less   

ABSTRACT 

Here, we have reported P2O5 decorated by CuFe2O4 as magnetically separable solid Brønsted acid 

nanocatalyst to prompt synthesis of 1-amidoalkyl-2-naphthols. Characterization of the 
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nanocatalyst was carried out by XRD, FESEM, EDX, FTIR and Raman analyses. FTIR and Raman 

spectroscopy clearly reveal the presence of P2O5 on the surface of CuFe2O4 nanoparticles. The 

nanocatalyst was used to facilitate three-component synthesis of 1-amidoalkyl-2-naphthol under 

solvent free condition. The efficiency of the prepared nanocatalyst is 97% which could be 

attributed to the numerous Brønsted acid sites on the surface of nanocatalyst. Recyclability of the 

nanocatalyst was investigated under 5 successive runs. Different derivatives of amidoalkyl-2-

naphthol were distinguished by FTIR and 1H NMR spectroscopy. 

INTRODUCTION 

Owing to their superior pharmaceutical applications, 1-amidoalkyl-2-naphthol and its derivatives 

have been synthesized for many decades. They have offered variety of properties including 

nucleoside antibiotics and HIV protease inhibitors. Because of their importance, investigations for 

high yield synthesis of 1-amidoalkyl-2-naphthol derivatives are being developed [1]. Common 

synthesis method for 1-amidoalkyl-2-naphthol derivatives is a three-component condensation 

reaction between 2-naphthol, acetonitrile and aldehyde [2]. Different homogenous and 

heterogeneous catalysts, such as p-toluenesukfonic acid, phosphoric acid, SiO2-HClO4, 

Fe(HSO4)3, ZnO  and AgI nanoparticles have been used to prompt the synthesis reaction of 1-

amidoalkyl-2-naphthol [3]. 

Herein, we have introduced the synthesis of 1-Amidoalkyl-2-naphthols using P2O5/CuFe2O4 as 

magnetically separable solid Brønsted acid nanocatalyst. A schematic representation and FTIR 

spectrum has been provided for the 1-Amidoalkyl-2-naphthol derivative, as follows: 
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Wavenumber (cm-1) Assignment 

701 CH 

753 CH 

822 CH 

1435 C=C 

1627 C=O 

3067 NH 

3041 OH 

 

FTIR and spectral data for N-[(2-Hydroxynaphthalene-1-yl)-( phenyl)-methyl]-benzamide. 
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 Oxidation of phenol is among the most significant chemical reactions with implications in various 

fields such as organic chemistry, environmental science and industrial applications. Since the 

oxidation of phenol can lead to the formation of potentially harmful byproducts, necessitating 

efficient and selective catalytic processes to manage these transformations. 

Nowadays, heterogeneous catalysts play the key role in the science of catalyst production, and the 

various designs of catalysts are of interest. Recent advancements in nanotechnology and green 

chemistry have led to the development of new heterogenous nanocatalysts that offer improved 

performance and reduced environmental impact. 

As catalyst supports, magnetic nanoparticles (MNPs) provide a range of advantages, including 

improved dispersion of active catalytic sites, enhanced stability against leaching, and the ability to 

facilitate the recycling of catalysts through simple magnetic separation techniques.  

In this research, manganese porphyrin was attached onto the surface of MNPs via organic linkage 

and the catalytic efficiency of the prepared catalyst was evaluated in the oxidation of phenols in 

the mild condition. 

Method 

Porphyrin, metalloporphyrin and Fe3O4@SiO2-NH2 were prepared according to previously 

reported methods. Mn-porphyrin was attached onto the surface of magnetic support via amidic 

bond in the presence of coupling reagents (TBTU/DIPEA) as reported previously. 

The efficiency of the prepared supported Mn-porphyrin was evaluated in the oxidation of 2,6-

dimethyl phenol with H2O2 and the effect of time and temperature on the catalytic activity of 

Fe3O4/SiO2/NH2/MnTCPP in the mentioned reaction was monitored by UV-Vis and HPLC.  

Results and Discussion 

The prepared nanocatalyst were characterized by standard methods such as FTIR, SEM, TEM, 

VSM, XRD and TGA. Results proved the attachment of MnTCPP(OAc) onot the surface of 

functionalized magnetic nanoparticles 

To study the catalytic activity of the prepared magnetic nano-catalyst, oxidation of 2,6-dimethyl 

phenol in the presence of Fe3O4/SiO2/NH2/MnTCPP with H2O2 in acetonitrile was studied as a 

model reaction. The effect of some parameters such as time, temperature and the nature of oxidant 

on the rate of oxidation of phenols was investigated.  

The progress of the oxidation of 2,6-dimethyl phenol in CH3CN was monitored at room 

temperature and at 40 °C in three consecutive times (1h, 2h and 4h) and the results show that the 

reaction progresses with time and the progress of the oxidation reaction is much higher at 40 °C 

than 25 °C.  

The obtained results clearly proved high efficiency of Fe3O4/SiO2/NH2/MnTCPP in the oxidation 

of phenols in the mild condition.  
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p-Sulfonated calix[4]arene (SCA) as a bowl-shaped supramolecule with intrinsic cavity1, was 

incorporated into the pores of  MIL-101(Cr) as a micro-mesoporous material through adsorptive 

loading technique2. The utilizing the pore-partitioning of the MIL-101 (Cr) by SCA which possess 

the SO3H and OH polar groups led to the SCA@MIL-101 (Cr) composite. The various 

measurements were used to investigate the success preparation of SCA@MIL-101 (Cr) such as 

FT-IR, PXRD, TGA, FE-SEM, EDS/MAPP, BET, and TEM analysis. The introduced organic-

inorganic composite showed high affinity to CO2 uptake than neat MIL-101 (Cr) without any 

involvement of amino functional groups which has been proved that have the highest affinity to 

CO2 
3. By adding a specified amount of SCA into the pores of MIL-101 (Cr), only trace amounts 

of SCA leached out, demonstrating the compatibility and close match between the size of SCA 

and the pores in MIL-101 (Cr).Though the prepared SCA@MIL-101 (Cr) composite showed lower 

BET surface area (SBET  < 1100 cm3 g-1) than MIL-101 (Cr) (SBET  > 2700 cm3 g-1), the composite 

was found to be more sensitive to CO2 than the neat MOF. The CO2 uptake values for SCA@MIL-

101 (Cr) and MOF were reported to be 100 m2 g-1 and 62 m2 g-1, respectively at 273K and 1 bar. 

Furthermore, the IAST selectivity results showed an increase for a 25:75 (v:v) molar CO2/N2 

mixture from 5.6 (for MOF) to 23 (for composite) at 273K and 1 bar4. The results indicated that 

the prepared SCA@MIL-101 (Cr) composite could serve as a promising sorbent for greenhouse 

gases, such as methane and carbon dioxide. 

 

Scheme: The schematic incorporation of SCA molecules into the pores of MIL-101 (Cr). 
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Quinazolinones and its derivatives are an important class of heterocyclic compounds that have 

attracted much attention in organic and medicinal chemistry due to their wide presence in various 

natural alkaloids and bioactive natural products [1]. Normally, these compounds will be 

synthesized through three-component reactions of aldehydes, isatoic anhydrides, amines, or 

ammonium salts by various catalysts [2]. Accordingly, a large number of catalysts have been 

reported for the synthesis of quinazolinone derivatives under different conditions. Although the 

methods have significant merits and advantages, most of them suffer from one or more limitations, 

such as the use of toxic organic solvents, difficulties in catalyst preparation, laborious work-up 

procedure, long reaction times, and low yields. In last years, deep eutectic solvents (DESs) have 

been investigated as reaction media and catalysts for organic syntheses [3]. In our current work, 

we report the use of choline chloride/ascorbic acid (CC/AA) as a natural DES for the 

multicomponent-synthesis of quinazolinones (Scheme). The scope of this method was evaluated 
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by employing various aromatic, and heterocyclic aldehydes. The desired products were achieved 

in high yield in a short reaction time. Also, the deep eutectic solvent CC/AA showed good 

recyclability and reusability 

 

Scheme: Synthesis of quinazolinone derivatives 
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Introduction 

Selective oxidation processes, vital for the production of fine chemicals on a large scale, frequently 

necessitate elevated temperatures and pressures, resulting in significant energy consumption and 

environmental damage. The transformation of benzyl alcohol into benzaldehyde is important due 



 

1054 

 

to its function as a crucial intermediate in numerous organic reactions. Conventional techniques 

utilize hazardous solvents and oxidizing agents, which present safety and environmental 

challenges[1,2]. To adhere to the principles of green chemistry, it is important to create catalysts 

that function effectively under milder conditions. Layered double hydroxides (LDHs) represent 

promising materials for boosting catalytic performance through synergistic interactions with metal 

nanoparticles[3,4]. We prepared several layered double hydroxides including Cu-Co-Fe-LDH, Zn-

Co-Fe-LDH, Zn-Ni-Co-Fe-LDH, Cu-Ni-Co-Fe-LDH via co-precipitation for use as catalysts. The 

benzyl alcohol-free oxidation to benzaldehyde of this environmentally friendly method showed 

that Cu-Ni-Co-Fe-LDH achieved conversion rates of below 8% and 12.34% with selectivities as 

high as 99.60% and 92.31% under atmospheric and 10 atmosphere pressures, respectively, using 

molecular oxygen. 

 

Method 

For the synthesis of layered double hydroxides Cu‒Co‒Fe‒LDH, Zn‒Co‒Fe‒LDH, Zn‒Ni‒Co‒

Fe‒LDH and Cu‒Ni‒Co‒Fe‒LDH  coprecipitation method is used, in which 20 mmol of each salt 

(1:1:1 and 1:1:1:1 molar ratio) corresponding to the layered double hydroxide was taken and 

dissolved in 100 mL of deionized water. The resulting mixture was stirred under an inert Ar gas 

on a mechanical stirrer and a 1 M NaOH solution was refluxed for 12 h at 50 °C. The residue was 

washed three times with a mixture of water and ethanol and finally dried at 45 °C. 

 

Results  

In order to characterize the synthesized heterogeneous catalysts, XRD, Raman, SEM/EDS, TEM, 

BET and TG/DTG techniques were used.The study presents the characteristics of layered double 

hydroxides (LDHs). The Cu‒Co‒Fe‒LDH sample shows typical peaks at various angles, 

indicating its structure. Similar peaks are noted for Zn‒Co‒Fe‒LDH and Zn‒Ni‒Co‒Fe‒LDH, 

confirming their crystalline structures. FT-IR spectra reveal OH groups and NO3−2 anions in the 

LDH structure. Raman spectra indicate specific vibration modes related to the cubic spinel 

structure, with notable peaks linked to O–Mo–O bending and nitrate ions. Trimetallic and 

tetrametallic double layer hydroxides (LDHs) act as efficient catalysts for the solvent-free 

oxidation of benzyl alcohol to benzaldehyde. TEM analysis reveals fewer clustered porous sheets 

in Cu‒Ni‒Co‒Fe‒LDH. Surface area and nitrogen isotherms were measured for adsorption 

potential. The nanosheets have a surface area of 122 m²/g, thanks to their multi-layered structure 

preventing aggregation. Experiments were conducted under different conditions such as 

temperatures between 90 and 130 °C and reaction times between 5 and 48 h. The use of LDH 

significantly increased the conversion rate, with Cu-Ni-Co-Fe-LDH reaching a conversion rate of 

up to 12.34% and achieving more than 92% selectivity at 120 °C compared to previous catalysts. 

These LDHs show higher selectivity and efficiency, which is attributed to their redox coupling. 

And abundant active sites, which improve the adsorption and activation of benzyl alcohol, are 

essential for the dynamics of the reaction. 
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Discussion 

The catalysts created showed exceptional results in the solvent-free aerobic conversion of benzyl 

alcohol into benzaldehyde. The synergy of multiple cationic active sites in the LDH and its exposed 

layered configuration significantly enhanced catalytic performance. Remarkably, Cu‒Ni‒Co‒Fe‒

LDH emerged as the most effective catalyst for this oxidation reaction. 
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Introduction 

Reducing VOC emissions, like toluene, is crucial for the chemical sector. Toluene's conversion to 

benzaldehyde, a key chemical in various industries, is vital for environmental and industrial 

challenges[1]. Traditional methods of producing benzaldehyde are environmentally harmful. The 

focus is now on sustainable, solvent-free catalytic synthesis of benzaldehyde from toluene. Despite 

challenges in achieving high conversion rates, new catalysts and materials, including high-entropy 

alloys, show promise. These advancements highlight the importance of developing selective 

catalytic systems for green chemistry, aiming to efficiently convert toluene into valuable 

products[2,3]. In 2022, Fereja et al. developed a (FeNiCoCrCu)3O4 HEO nanostructure with 

oxygen vacancies and a large surface area, excelling in urea oxidation and oxygen evolution. Chen 

et al. created NiMgCuZnCoOx and PtNiMgCuZnCoOx HEOs with thermal stability for CO 

oxidation. In 2020, Feng's team  introduced Co0.2Ni0.2Cu0.2Mg0.2Zn0.2O, a catalyst for benzyl 

alcohol conversion. Our research shows (Fe, Co, Ni, Cu)₃O₄ and (CoFeMnCuNiCr)3O4 on rGO 

outperform previous catalysts in solvent-free aerobic oxidation of toluene and benzyl alcohol[4,5]. 

This study presents a cost-effective and environmentally friendly method for the selective 

oxidation of toluene to benzaldehyde using HEO-rGO catalyst, achieving above 13% conversion 

and 90% selectivity at atmospheric pressure. 

 

Method 

The high entropy oxide (Mn, Fe, Co, Ni, Cu)3O4 was created by a conventional co-precipitation 

method. Sulfate salts were dissolved in deionized water, followed by the addition of PVP and 

ammonia solution. After being stirred, heated, and filtered, the mixture was calcined for five h at 

1000°C. A 3:1 rGO/HEO mixture was created by adding 40 ml of DIW, ultrasonically sonicated 

for two hours, heated in a Teflon autoclave, filtered, cleaned, and dried in a hot oven. The precursor 

was calcined at 600°C for one h to obtain HEO-rGO. 

Results  

The best temperature for the formation of a nearly single-phase HEO is 1000 °C, according to the 

XRD patterns of rGO, (MnFeCuCoNi)3O4 HEO calcined at that temperature, and the HEO-rGO 

nanocomposite. In (MnFeCuCoNi)3O4 HEO, only 5 % CuO is formed as a secondary phase after 

calcination. (CoFeMnCuNiCr)3O4 HEO (8.357 Å) and Fe3O4 have larger lattice parameters than 

spinel HEO (8.343 Å). The FTIR spectrum of the rGO sample shows oxygen-containing groups 

such as O-H, which can be related to the OH stretching bond of the carboxylic acid. The FTIR 

spectrum of (MnFeCuCoNi)3O4 HEO shows bands related to the metal oxide stretching in the 

range of 550–1050 cm-1. The peaks associated with O-H, C=O, and C-O become more intense in 

the spectrum of HEO-rGO. HEO−rGO and (MnFeCuCoNi)3O4 HEO nanoparticles demonstrated 

remarkable chemical stability up to 1000°C, according to TGA analysis. Below 140°C, moisture 

removal caused a 2.0 % mass loss in the HEO−rGO composite. 30 weight percent 

(MnFeCuCoNi)3O4 HEO was present in HEO−rGO samples. 
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Discussion 

Synthesized (MnFeCuCoNi)3O4 HEO nanoparticles on rGO showed exceptional performance in 

solvent-free aerobic oxidation of toluene, with 18.0% conversion and 90.0% selectivity, 

demonstrating a novel method for heterogeneous catalysts. 
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ABSTRACT: 

Wastewater contains organic compounds, including dyes, which have potential risks to the 

environment. Hence, these compound needs to be eliminated from the aqueous solution. In the 

present study, magnetic nanoparticles functionalized with 1,4-butane sultone (Fe3O4@1,4-butane 

sultone were used as an adsorbent to remove methylene blue dye (MB) from synthetic wastewater. 

To evaluate the parameters affecting adsorption, including the initial MB concentration, solution 

pH, contact time, and Fe3O4@1,4-butane sultone dose, batch experiments were carried out. 

Scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), and Fourier 

transform infrared (FTIR) were applied for characterizations of Fe3O4@1,4-butane sultone. The 

optimum conditions were obtained with an initial MB concentration of 20 mg L−1: solution pH~9, 

for Fe3O4@1,4-butane sultone dose: 0.03 g, which caused 97.77% of MB removal. The results 

indicate that Fe3O4@1,4-butane sultone had a higher ability to remove MB than unfunctionalized-

Fe3O4, probably due to its highly porous structure and rough surfaces that provide active sites and 

facilitate MB adsorption. These findings demonstrate the potential of the magnetic Fe3O4/1,4-

butane sultone nanocomposite as a powerful adsorbent for the removal of methylene blue dye from 

aqueous solutions, offering promising prospects for the treatment of industrial wastewater. 
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Introduction 

The use of polymeric materials as antibacterial agents has emerged as a promising approach due 

to their tunable structures and functionality1. Among these, dendrimers and pseudo-dendrimers 

stand out due to their branched architecture and high functionality, which can effectively interact 
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with bacterial cell membranes and lead to bacterial eradication 2. The aim of this study is to 

synthesize and investigate the antibacterial properties of polyglycerol-polyoxazoline-lysine 

pseudodendrimer. This study followed a four-step process to synthesize and modify 

hyperbranched polyglycerol (hPG). The procedure involved the polymerization and mesylation of 

hPG, followed by oxazoline polymerization and termination with lysine 3. 

The synthesis involves a multi-step process where polyglycerol is first synthesized and 

functionalized with polyoxazoline through a ring-opening polymerization. Subsequently, lysine 

residues are conjugated to the resulting polymer via peptide bond formation. The resulting pseudo-

dendrimer exhibits a highly branched architecture with a dense surface of functional groups, 

providing ample opportunities for interaction with bacterial membranes. In vitro, antibacterial 

assays demonstrate that the synthesized compound exhibits significant antibacterial activity 

against Gram-positive and Gram-negative bacteria, with minimal cytotoxicity towards mammalian 

cells. This novel pseudo-dendrimer represents a promising platform for developing new 

antibacterial agents, particularly in the context of rising antibiotic resistance. This research 

represents an important step towards the development of a new generation of antibacterial agents 

using polymeric structures, addressing the critical need for effective treatments against antibiotic-

resistant bacterial infections 4-6. 

Method 

In this study, different characterization methods including FTIR, NMR, and SEM were used to 

identify the polyglycerol-polyoxazoline-lysine pseudodendrimer. Additionally, the antibacterial 

activity of this compound was evaluated through microbial culture tests to determine the minimum 

inhibitory concentration (MIC).  

Results and Discussion 

In this study, the pseudo-dendrimer polyglycerol-polyoxazoline-lysine was synthesized through a 

four-step reaction (fig 1). 
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Figure 1. Synthesis of pseudo dendrimer polyglycerol-polyoxazoline-lysine (hPG-POX-Lys). 

FT-IR spectra of the product indicated successful synthesis of the above-mentioned polymer with 

the desired functional groups (fig 2a). NMR spectra showed signals for different protons of the 

expected structure as assigned on fig 2b. SEM images revealed the morphology of the pseudo-

dendrimer as spherical nanoparticles with dimensions of approximately 300-400 nm (fig 2c). MIC 

and MBC studies were conducted to determine the antibacterial capabilities of the pseudo-

dendrimer against both Gram-positive and Gram-negative bacteria. The results showed that the 

tested combination exhibited good efficacy in laboratory conditions at concentrations below 0.19 

mg/ml (equivalent to a concentration of 0.5 %) (fig 2d). Morphological studies using SEM 

indicated significant changes in the membrane of bacteria, including cell wall destruction and the 

formation of cracks and depressions. In contrast, the control groups, which included untreated E. 

coli and Staphylococcus aureus, appeared healthy, maintaining a normal shape and structure (fig 

2e, 2f). 

The results of this research demonstrate successful progress in the synthesis of the pseudo-

dendrimer and its strong antibacterial properties at low concentrations. These findings not only 

confirm the potential of functionalized pseudo-dendrimers as novel antibacterial agents but also 

contribute to the development of effective and targeted drug nanoparticles for treating bacterial 

infections. Given the rise in antibiotic resistance, the results of this research may provide a new 
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approach to combat bacterial infections and lay the groundwork for future studies in the design 

and synthesis of advanced pharmaceutical nanocarriers.  

 
Figure 2. a) FT-IR spectra of hPG, hPG-OMs, Lys and hPG-POX-Lys, b) 1HNMR spectra of hPG, 

hPG-OMs, and hPG-POX-Lys, c) SEM images of hPG-POX-Lys, d) MIC Determination of hPG-

POX-Lys, e,f) Changes in the morphology of antibacterial after treatment with polymers. 
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Body Text: This research focuses on tackling a persistent environmental issue caused by methylene 

blue, a widely used textile dye known for its toxicity and resistance to breakdown. To address this, 

a cutting-edge adsorbent was developed by combining NH2-UiO-66, a metal-organic framework, 

with a PVDF polymer. The composite was carefully studied using techniques like BET, FTIR, and 

XRD to understand its structure and properties. Its performance was tested under different 

conditions, such as pH, contact time, adsorbent amount, analyte concentration, and temperature, 

to find the sweet spot for maximum efficiency. The results were impressive, showing that this 
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composite effectively removes methylene blue from water. By blending the strengths of MOFs 

and polymers, this innovative material offers a stable, high-performing, and environmentally 

friendly solution for cleaning contaminated water. This work opens up exciting possibilities for 

advancing sustainable approaches in water treatment. 
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Abstract 

This research explores the development and application of mixed matrix membranes (MMMs) 

embedded with MIL-121, a metal-organic framework (MOF) characterized by large pores and free 

carboxylic acid groups, to enhance gas separation efficiency. Gas separation tests revealed 

substantial enhancements in CO₂ permeability, which increased from 50.33 Barrer in the pristine 

PEBAX membrane to 95.29 Barrer in the PEBAX/MIL-121 (10 wt%) composite, without 

compromising N₂ exclusion.  

Keywords: Gas separation, Membrane, MOF, CO2 separation 

1 Introduction 

Conventional separation methods such as distillation, adsorption, absorption, crystallization, and 

extraction are particularly energy-intensive compared to newer alternatives like membrane-based 

microfiltration, ultrafiltration, and nanofiltration [1]. Membranes have emerged as a promising 

solution to mitigate global warming by facilitating CO₂ separation, a major greenhouse gas [2]. 

Polymeric membranes, while advantageous due to their scalability and performance, face 

limitations in achieving an optimal balance between gas permeability and selectivity. A promising 

strategy to overcome this tradeoff involves fabricating hybrid or mixed matrix membranes 

(MMMs) by embedding inorganic or organic fillers within a polymer matrix. In this study, MIL-

121, a MOF with carboxylic acid groups exhibiting strong CO₂-philic properties, was synthesized 
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and incorporated into PEBAX matrices at 5 and 10 wt% loadings to enhance CO₂ separation 

performance. 

2 Methods 

2.1 Material synthesis 

MIL-121 was synthesized via a hydrothermal method. 1,2,4,5-benzenetetracarboxylic acid (0.8 g) 

and Al(NO₃)₃·9H₂O (2.33 g) were dissolved in 60 mL of deionized water at 60 °C. The mixture 

was transferred to an autoclave and heated at 80 °C for 24 hours [3]. A 5 wt% PEBAX solution 

was prepared by dissolving the polymer in an ethanol-water mixture (7:3) under reflux conditions 

at 80 °C for 5 hours. For MMMs, the MOF filler was suspended in the ethanol-water mixture via 

vigorous stirring and sonication to prevent agglomeration. PEBAX was then added in a stepwise 

manner to ensure uniform dispersion. Membranes were cast onto petri dishes and dried at 80 °C 

for 3 hours.  

3 Results and Discussion 

3.1 MOF and membranes characterizations 

FT-IR analysis (Fig. 1a) revealed characteristic peaks corresponding to non-coordinated (-COOH) 

at 3019, 2684, and 2545 cm-1, hydrogen-bonded -COOH at 3478 cm-1, C=O of -COO- coordinated 

to Al+3 at 1617 cm-1, and C=O of free -COOH at 1666 and 1759 cm-1. Powder X-ray Diffraction 

analysis of MIL-121 )Fig. 1b( exhibited characteristic peaks at 2θ = 8.5, 12.9, 14.5, 17, 19.4, 21.9, 

25.8, and 29.6° consistent with previously reported literature [3,4[. 

 

Fig. 1: FT-IR (a) and XRD (b) pattern of MIL-121 

Fig. 2 presents the FT-IR and XRD of pure PEBAX and PEBAX/MIL-121 10 wt% membranes. 

The FT-IR spectrum of pure PEBAX exhibited a characteristic peak at 1113 cm-1 attributed to the 

C-O-C stretching of the flexible polyethylene oxide segment. Peaks at 3330, 1745, and 1664 cm-1 

were observed, corresponding to the -N-H, O-C=O, and H-N-C=O functional groups of the rigid 

polyamide segments [5]. Compared to pure PEBAX, the spectra of the mixed matrix membrane 

displayed shifts and the emergence of new peaks. For instance, the peak at 1745 cm-1 shifted to 

1750 cm-1 in the MMMs. These spectral changes can be attributed to interactions between the polar 

functional groups in the PEBAX backbone and the incorporated MIL-121. Fig. 2)b) presents the 

XRD patterns of the membranes. The pure PEBAX membrane displayed a broad peak in the 2θ 

range of 15 to 30°, indicative of its crystalline structure. The XRD patterns of the MMMs exhibited 

additional peaks characteristic of the crystalline structure of the incorporated MIL-121, confirming 

the preservation of the MOF's crystallinity within the membrane matrix.  
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Fig. 2: FT-IR (a) and XRD (b) pattern of PEBAX and PEBAX/MIL-121 10 wt% membranes 

3.2 Gas separation behavior 

Pure gas permeation measurements were performed at a feed pressure of 2 bar and a constant 

temperature of 298 K and the results are displayed at Table 2. In PEBAX/MIL-121 large pores of 

MIL-121 provide paths for moving gas molecules especially for CO2 molecules due to the 

interaction with the free –COOH groups in MOF’s structure. As shown in Table 2, CO2 and N2 

permeabilities are increased with addition 5 and 10 wt% loading of MIL-121 into PEBAX matrix. 

This increase is more prominent for CO2 compared to the N2 and consequently the CO2/N2 

selectivity is improved. In addition of MOF structure effect in observed gas behavior of MMMs, 

the interfacial region status should also be considered. Since with addition of 5 wt% of MOF to 

the PEBAX, CO2/N2 selectivity of the result MMM is not declined and the upward trend is 

continued with 10 wt% loading, absence of unselective voids formation at the interfacial region 

can be concluded. Thus, MIL-121 with additional COOH groups is not only effective in higher 

transfer of CO2 but also can interact with PEBAX chains friendly. This compatibility between 

PEBAX chains and MIL-121 can be the reason of privileged observed mechanical properties of 

the MMMs. The commendable interaction between both polymer and MOF phases is responsible 

for uniform MOF particle dispersion which is an essential factor to achieve an ideal MMM. 

Table 6: Gas permeability (Barrer) and CO2/N2 selectivity of the prepared membranes 

 CO2 

permeability 

N2 

permeability 

CO2/N2 

selectivity 

PEBAX 50.33 2.62 19.20 

PEBAX/MIL-121 5 wt% 76.31 2.86 26.68 

PEBAX/MIL-121 10 wt% 95.29 2.93 32.52 

 

4 Conclusion  

This study highlights the effective integration of MIL-121, a metal-organic framework, into 

PEBAX-based membranes for enhancing gas separation. The incorporation of MIL-121 at 

different loadings (5 wt% and 10 wt%) demonstrated significant improvements in gas permeability 

and CO₂/N₂ selectivity due to the MOF's large pores and additional functional carboxylic groups. 
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Phytosynthesis of silver nanoparticles (SNPs) is particular importance because of their 

environmental compatibility, low cost, avoidance of toxic and hazardous chemicals, and ability to 

be produced at room temperature. The present study aimed to biosynthesis and characterization of 

SNPs using root aqueous extract of Sambucus ebulus L. To biosynthesis of SNPs, fresh extract 

was prepared and added to AgNO3 solution with concentration 2 mM. Effective parameters on 

synthesis of silver nanoparticles such as; pH, the volume of extract, silver ion concentration and 



 

1067 

 

 

reaction time were optimized by UV-Vis spectroscopy and characterization and studied to obtain 

individual shape and size of nanoparticles with FT-IR, XRD, and TEM. After adding the extract 

to the AgNO3 solution, the color changed to brown that represents to successful synthesis of SNPs. 

SNPs showed maximum absorbance at 412 nm and they were spherical shape and the average size 

of them had been between 16-20 nm. Because of existing the antioxidant properties and many 

secondary compounds in plant, they have a role in reducing and stabilizing the nanoparticles 

Keyword: Phytosynthesis, characterization, silver nanoparticles, Sambucus ebulus L. 

 

 

Figure: TEM image of SNPs biosynthesis by root aqueous extract of Sambucus ebulus L. 
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One-pot multi-component reaction (MCR) strategies offer efficiency and high yield compared to 

traditional synthesis methods, making them a key focus of green chemistry. Among the compounds 

synthesized through these methods, 3,4-dihydropyrano[3,2-c]chromenes and their derivatives 

have wide applications in chemistry, biology, and pharmacology, displaying a range of activities 

such as spasmolytic, diuretic, anticoagulant, and anticancer effects. These compounds also show 

promise as cognitive enhancers for neurodegenerative diseases. The chromene scaffold serves as 

a significant template in medicinal chemistry, where derivatives demonstrate various biological 

activities, including anti-HIV, antitumor, antimalarial, and anti-Alzheimer effects. Notably, 

dihydropyrano[2,3-c]chromenes comprise a subclass exhibiting diverse activities, such as 

antimicrobial, anti-hyperglycemic, antioxidant, and inhibitors of important enzymes like 

acetylcholinesterase and Src kinase [1,2]. Also, recent developments in green chemistry support 

the use of molten salts as both catalysts and reaction media due to their high thermal stability, low 

vapor pressure, and extensive liquid range. These properties improve reaction kinetics and 

selectivity [3]. 

In this study, we employed a novel strategy that utilizes a Lewis acidic molten salt derived from 

phenylene diammonium containing manganese (TMPDMn) for the synthesis of 3,4-

dihydropyrano[3,2-c]chromene derivatives (Scheme 1). The preparation of this catalyst is 

straightforward and offers several advantages, including easy separation, high product yield, and 

reduced reaction time. 

 

 

 

Scheme1. Synthesis of 3,4-dihydropyrano[3,2-c]chromenes catalyzed by TMPDMn 

 

Keywords: Pyranochromenes, 4-Hydroxycoumarin, Molten salts, manganese 

 

References: 

mailto:shirini@guilan.ac.ir


 

1069 

 

 

[1]. Adami, E.; Marazzi‐Uberti, E.; Turba, C. Arch. Ital. Sci. Farmacol. 1959, 9, 61‐69.  

[2]. Arvind, B. T.; Venkat, S. S.; Narayan, D. S.; Devanand, B. S. Bull. Environ. Pharmacol. Life 

Sci. 2012, 7, 30‐33.     

[3]. Manolov, I.; Maichle‐Moessmer, C.; Danchev, N. Eur. J. Med. Chem. 2006, 41, 882‐890. 

 

 

 

 

 

 

Catalytic application of Zr-L-histidine@GO/biochar nanocomposite for the 

synthesis of tetrahydrobenzopyrans 

Sepideh Jalali-Mola, Maryam Hajjami* 

Department of Organic Chemistry, Faculty of Chemistry and Petroleum Science, Bu-Ali Sina 

University, Hamedan, 6517838683, Iran, m.hajjami@basu.ac.ir or mhjjami@yahoo.com, 

s.jalalimola@gmail.com 

Keywords: Graphene oxide, Biochar, Heterogeneous Catalysis, L-histidine 

The use of catalysts across various fields is highly significant. Biochar nanoparticles represent one 

of the latest advancements in supports for immobilizing organic compounds. These materials are 

a type of porous substance produced through the pyrolysis of renewable resources and biomass in 

low-oxygen environments. In recent years, the diverse properties of nano-biochar, including its 

applications in catalysis, agriculture, and carbon capture, have gained considerable attention. 

Given that biochar is a carbon-rich solid, it is an effective option for managing agro-food industrial 

waste by converting it into biochar, which can serve as a biosorbent for treating soil and water. 

Modifying biochar with acids, alkalis, oxidizing agents, and metal ions enhances its properties 

[1,2]. Benzopyrans are a significant class of six-membered heterocycles containing oxygen atoms, 

which play a crucial role in creating structural components in natural products. They also 

demonstrate various biological activities, including anti-coagulation, anti-seizure, anti-shock, anti-

tumor, and anti-allergy effects [3]. In this study, we investigated the use of Zr-L-

histidine@GO/biochar as a catalyst for synthesis of benzopyran derivatives. This catalyst offers 

easy isolation and recyclability due to its heterogeneity, along with good to excellent efficiency.  
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Scheme 1. synthesis of tetrahydrobenzopyrans in the presence of Zr-L-

histidine@GO/biochar nanocomposite 
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Surfactants play a vital role in the formulation of hard capsules used in pharmaceuticals. Sodium 

lauryl sulfate (SLS) is commonly used as an anionic surfactant in hard gelatin capsules due to its 

notable properties. One of the most substantial objectives of the present research study was to 

elucidate the impact of different surfactants on the surface properties of hard gelatin capsule 

solutions, especially on their surface tension and reducing the hard gelatin capsule defects. 

Consequently, different types of anionic, cationic, and neutral surfactants were tested to assess 

their impact on gelatin solutions. The tests revealed that lauryl glucoside and sodium olefin 

sulfonate were more effective in reducing defects compared to other surfactants used in the study. 

Keyword: Hard gelatin capsule, anionic surfactant, non-ionic surfactant, sodium olefin sulfonate, 

lauryl glucoside. 

1. Introduction 

In the manufacturing of hard gelatin capsules, the presence of ingredients, especially surfactants, 

is crucial. Various additives are used in hard capsule formulations, including plasticizers, 

surfactants, antimicrobial agents, and preservatives. Studies have shown that surfactants with 

cationic or anionic functional groups perform better than their neutral counterparts [1,2]. In this 

study, Lauryl glucoside is considered a non-ionic surfactant with foaming, detergency, wetting 

characteristics, and emulsifying properties.  Additionally, it demonstrates the alkaline and 

electrolyte features and surface tension reduction features. On the other hand, α-Olefin sulfonates 

are a group of anionic surfactants used as detergents. One of the most significant features of sodium 

C12 to C18 alpha-olefin sulfonates is their biodegradability and cost-effectiveness. In addition to 

these desirable ecological properties, low aquatic toxicity, as well as human toxicity, there are 

other positive and significant characteristics of sodium olefin sulfonate surfactants [4,5]. This 

research investigates the effect of different surfactants on the formulation of hard gelatin capsules, 

focusing on the physical and chemical properties of solutions containing ionic and non-ionic 

surfactants. 

2. Method 

To investigate the appropriate surfactant for the hard gelatin capsule, we have carried out different 

investigations over various surfactants. In a typical preparation procedure, different kinds of 

surfactants, including SLS, lauryl glucoside, sodium olefin sulfonate, Tween 80, Decyl glucoside, 

and Ditcrol AL40PG, with a weight ratio of 0.15 to dry gelatin were added to the solutions. 

3. Results and discussion 

With regard to the industrial application of hard capsule formulations and intrinsic properties of 

various forms of gelatin, the Surface tension assessment was performed on a wide range of 

different gelatin sources. Also noteworthy is the fact that a wide range of surfactants including the 

SLS, lauryl glucoside, sodium olefine sulfonate, decyl glucoside, ditcrol AL40 PG and Tween80 

were employed to identify the effect of employed surfactants. Consequently, is seems that the 

sodium olefine sulfonate and lauryl glucoside can be employed for industrial manipulations with 

respect to hard capsule formulations.In Figure 1, images of hard gelatin capsules containing 

sodium olefin sulfonate and lauryl glucoside have been demonstrated. 

a) b) 
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Figure 1: Produced hard gelatin capsules utilizing a) sodium olefin sulfonate and b) lauryl 

glucoside in formulation 

One of the most important obtained results is that the lauryl glucoside and sodium olefine sulfonate 

possess superior efficacy in reducing the surface tension compared to SLS. With regard to the 

surface tension results, it is found out that the sodium olefine sulfonate displays the outstanding 

characteristic compared to the other surfactants. However, concerning the surface features of the 

prepared hard capsules sodium olefine sulfonate has outstanding properties. It is remarkable that 

the obtained experimental results have opened up opportunities toward the pharmaceutical 

application of SLS-free hard capsules utilizing sodium olefine sulfonate surfactant. Further, LOD 

and moisture content investigations have found out that the sodium olefine sulfonate surfactant 

possess lower moisture content that is appropriate for target applications. As a consequence, the 

current research demonstrates substantial implications for the development of novel drug delivery 

systems with lower side effects than current methods. Another significant aspect of this study is 

the suitability of these SLS-free hard capsules for target applications. Overall, the current research 

possesses the appropriate potential for industrial utilization. 
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Body Text: Herein, we disclose a novel mild transition-metal-free approach to synthesizing 

diversely functionalized isothiocyanates from corresponding isocyanide precursors, achieving 

high to excellent yields (up to 97%). The current method sheds light on the reactivity of pyridinium 

1,4-zwitterionic thiolates as an unprecedented sulfur source strikingly distinct from their 

previously known reactivity in ionic annulation reactions, showcasing an innovative approach to 

organic synthesis. The observed phenomenon has facilitated the development of this reagent as an 

effective sulfonation agent, eliminating the requirement for a catalyst and transition metal. In 

addition to experimental evidences, to further explore reaction mechanisms involved in the overall 

sulfuration process, density functional theory (DFT) calculations were carried out to obtain 

structures and energies of important intermediates relevant to this work. 

 

Scheme: The synthesis of diversely functionalized isothiocyanates from corresponding 

isocyanides.  
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Abstract  

This research explores the efficient and sustainable synthesis of imidazole derivatives using novel 

catalytic methodologies. Here, the development of heterogeneous catalysts based on 

environmentally friendly materials like chitosan-based catalysts, for the synthesis of imidazole 

derivatives was reviewed. These catalysts offer advantages in terms of activity, selectivity, and 

reusability, contributing to a more sustainable chemical process. 

 

Keyword: Chitosan, Imidazole derivatives, MCRs, Green Chemistry, Heterogeneous Catalysis 

 

1. Introduction 

Imidazole derivatives are one of the important nitrogen-containing five-membered heterocyclic 

compounds. This is due to their essential role as an important scaffold in diverse active 

pharmaceutical ingredients (APIs) and biologically active molecules such as histidine, histamine, 

biotin, losartan, miconazole and ketoconazole. Furthermore, they have been proved as efficient 

anti-cancer and anti-inflammation as well as anti-tuberculosis and antimicrobial compounds [1-5]. 

Hence, diverse applications of compounds containing imidazole as a moiety highlights the 

necessity of achieving efficient protocols for the synthesis of corresponding highly substituted 

derivatives. Following this issue, multi-component reaction (MCR) of benzyl or benzoin with 

aldehydes, primary amines and ammonium acetate is one of the most convenient protocols for 

synthesis of multi-substituted imidazole derivatives. [1]. 
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2. Methods 

 

2.1. General Procedure for the Synthesis of tetra-substituted imidazole derivatives in the presence 

of CS_Glu@Fe3O4 

10.0 mg of the CS_Glu@Fe3O4 catalyst was added to a round-bottom flask containing benzyl or 

benzoin (1.0 mmol), aldehyde (1.0 mmol), primary amine (1.0 mmol) and ammonium acetate (1.75 

mmol) in EtOH (2.5 ml) and the obtained mixture was heated under reflux conditions. The reaction 

progress was monitored by using thin layer chromatography and after completion of the reaction, 

the crude product was purified by crystallization in EtOH. 

 

              

            Scheme 1. Synthesis of 1,2,4,5-tetrasubstituted imidazole via one-pot four-component       

            condensation between benzyl (2), 4-dimethylaminobenzaldehyde (3), ammonium acetate 

            (5) and benzylamine (4) in the presence of CS_Glu@Fe3O4 (1) catalyst. 

 

3. Results and Discussion 

The reaction of benzyl (2), 4-dimethylaminobenzaldehyde (3), ammonium acetate (5) and 

benzylamine (4) was used as the model reaction (Scheme 1). The effect of different factors on the 

reaction rate was studied. According to the obtained results, it was concluded that using of the 

CS_Glu@Fe3O4 catalyst (1), which is a green catalyst can afford imidazole derivatives through 

the multicomponent reactions in a shorter reaction time compared to previous protocols. The 

corresponding product was obtained in high to excellent yields. 

 

4. Conclusion 

In summary, an efficient, environmentally benign, nonhazardous and expeditious protocol for the 

synthesis of highly-substituted imidazoles has been described in this work. The new catalyst was 

applied in the condensation of benzyl (or benzoin), aromatic carbocyclic and heterocyclic 

aldehydes, ammonium acetate and primary amines to afford the corresponding highly-substituted 

imidazoles, which are greatly important in numerous of biological and pharmacological 

compounds. 
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Introduction  

Biomass, sourced from plants, animals, and microorganisms, is a renewable energy resource that 

includes materials like wood, crop residues, energy crops, and organic waste. Its importance is 

underscored by its ability to promote sustainable energy production and mitigate climate change. 

Biomass offers several benefits, including its renewability, the potential to reduce carbon dioxide 

emissions through a carbon-neutral cycle, and the enhancement of energy security by leveraging 

local resources. To ensure the sustainable use of biomass, it is crucial to adopt responsible sourcing 

practices, advance technology, and improve conversion processes to reduce environmental impacts 

and ensure long-term sustainability [1]. 

Photocatalysts play a crucial role in the degradation of biomass, especially in biomass conversion 

and waste management. They facilitate the breakdown of organic compounds in biomass, such as 

lignocellulosic materials and organic waste, by using light to speed up the degradation process [2]. 

The application of photocatalysts in biomass degradation provides a sustainable and 

environmentally friendly method, operating under milder conditions compared to conventional 

methods. This leads to lower energy consumption and reduced production of harmful byproducts. 

Moreover, photocatalysts enhance the efficiency of biomass degradation by increasing the rate of 

breakdown, which is advantageous for applications like biofuel production and waste treatment. 

Additionally, photocatalysis aids in the valorization of biomass by enabling the production of 

valuable chemicals or biofuels. Various types of photocatalysts can be tailored to target specific 

biomass components or optimize the degradation process for different feedstocks, allowing for 

customized strategies based on specific requirements and desired outcomes [3]. 

Method 

A Pyrex glass tube was used to combine a nanocomposite of FeIII/g-C3N4 (0.01 g), furfural (0.5 

mmol), and a solvent mixture of MeCN/H2O in a 1:1 ratio (3 mL). The reaction mixture was 

exposed to air and stirred at room temperature for a suitable period. After the reaction was 

completed, DMF (5–10 mL) was introduced into the mixture. The nanophotocatalyst was then 

isolated by centrifugation and meticulously washed with ethanol (3 mL×3). 

Results and Discussion 

The photoconversion of furfural into maleic acid and succinic acid has been effectively achieved 

using an FeIII/g-C3N4 nanocomposite as a photocatalyst. Experimental findings highlight the 

efficiency of this nanocomposite in converting furfural under visible light. The superior 

photocatalytic activity of the FeIII/g-C3N4 nanocomposite is due to the collaborative interaction 

between Fe species and g-C3N4. The Fe species function as co-catalysts, aiding in the separation 

of photogenerated electron-hole pairs and enhancing the production of reactive oxygen species 

(ROS), which are essential for the reaction. Furthermore, the distinctive structure and properties 

of g-C3N4, including its high surface area, stability, and ability to absorb visible light, enhance the 

overall photocatalytic performance. The integration of Fe and g-C3N4 in the photo-Fenton process 

results in heightened photocatalytic activity. The FeIII/g-C3N4 nanocomposite serves as an effective 
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catalyst, generating highly reactive hydroxyl radicals (•OH) under visible light. This photo-Fenton 

process is more environmentally friendly than traditional methods, as it does not require harmful 

chemicals or excessive energy, making it a greener option for furfural degradation. Additionally, 

it produces non-toxic byproducts, reducing environmental impact ( Scheme 1). 

 

Scheme 1: Photoconversion of furfural 
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Introduction:  

Betti bases, a subclass of amino alcohols, exemplify highly versatile scaffolds in synthetic 

organic chemistry. These compounds are typically synthesized via a three-component reaction 

involving β-naphthol, an aromatic aldehyde, and an amine, which provides a robust and efficient 

route to these multifunctional molecules. When a chiral amine or aldehyde is incorporated as a 

reactant, the resulting Betti bases exhibit chirality. Alternatively, chiral Betti bases can be obtained 

by enantiomeric resolution of racemic mixtures using chiral resolving agents. The latter approach 

is particularly advantageous due to its economic efficiency, circumventing the need for costly 

enantiomerically pure starting materials while enabling access to single-enantiomer products. 

Beyond their structural simplicity, chiral Betti bases serve as pivotal intermediates in constructing 

chiral bioactive molecules and as precursors for diverse chiral ligands integral to catalytic systems 

for asymmetric transformations. Their utility in enantioselective reactions, such as adding alkyl, 

alkenyl, and phenyl groups to carbonyl compounds, underscores their importance in synthesizing 

enantiomerically enriched products essential for pharmaceutical synthesis and fine chemical 

production, where stereochemical precision is critical [1-3]. 

 

Method: 

Synthesis of racemic Betti bases: 

In a round-bottom flask, benzaldehyde derivatives, β-naphthol, and pyrrolidine were dissolved 

in ethanol and refluxed for 24 hours. Reaction progress was monitored via TLC. Upon cooling to 

room temperature, the mixture was filtered and washed with ethanol, yielding pure racemic Betti 

base as a white-to-yellow solid. 

Resolution of Betti bases using L-(+)-tartaric acid:  

Under a nitrogen atmosphere at room temperature, the synthesized racemic Betti bases were 

added to a round-bottom flask containing acetone and L-(+)-tartaric acid. This mixture was stirred 

for six hours, producing diastereomeric salts. The resulting precipitate was filtered, dissolved in a 

mixture of aqueous sodium carbonate and dichloromethane, and stirred until fully dissolved. The 

organic layer was extracted, washed with brine, dried over magnesium sulfate, and evaporated 

under vacuum to yield (S)-(+)-Betti base. 

For the isolation of the (R)-(-)-enantiomer, anhydrous oxalic acid was added to the filtrate under 

identical conditions and stirred for six hours. The precipitate underwent similar treatment with a 

sodium carbonate/dichloromethane mixture, yielding the (R)-(-)-Betti base [4, 5]. 

 

Results and Discussion:  

Racemic Betti bases were synthesized through a one-pot, three-component reaction involving 

β-naphthol, pyrrolidine, and benzaldehyde derivatives in ethanol, a green solvent, under reflux 

conditions. The resulting white-to-yellow solid was washed with ethanol to yield pure racemic 

Betti bases. The formation of a new stereogenic center was confirmed by the appearance of 
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characteristic signals at approximately 5 ppm and 70 ppm in the ¹H-NMR and ¹³C-NMR spectra, 

respectively. 

The chiral Betti bases were obtained by resolving the corresponding racemic mixture using L-

(+)-tartaric acid, an inexpensive and environmentally friendly chiral resolving agent. Reaction 

with L-(+)-tartaric acid generated diastereomeric salts of the (R)- and (S)-enantiomers, which 

exhibited differential solubility. After filtration, the (S)-(+)-Betti base was obtained from the 

residue, while the filtrate contained the (R)-(-)-Betti base. Both enantiomers were subsequently 

purified by treating the salts with sodium carbonate to remove L-(+)-tartaric acid, yielding 

enantiomerically pure chiral Betti bases (Scheme 1). 

 

         Scheme 1: Synthesis of racemic Betti bases and resolution of enantiomers 
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In this study, UiO-66-NH2, known for its inherent porous structure, hydrophilic properties, and 

high stability in aqueous environments, has been utilized to create a membrane with enhanced 

surface hydrophilicity, reduced cross-linking, and preferential pathways for water molecules 

through selected layers of UiO-66-NH2 nanoparticles. Building on these promising results, this 

research aims to thoroughly evaluate and characterize the synthesized catalyst UiO-66-NH2@1-

Chloro-2,3-epoxypropane@ β-cyclodextrin@Pd-NPs. This catalyst is developed by combining 

UiO-66-NH2 with epichlorohydrin (ECH) and β-cyclodextrin to cross-link and stabilize palladium 

nanoparticles on the substrate. The goal is to design a remarkably effective and novel green 

catalyst: UiO-66-NH2@1-Chloro-2,3-epoxypropane@ β-cyclodextrin @Pd-NPs. This innovative 

catalyst has proven effective when employed in heterogeneous catalysis, demonstrating its 

flexibility in facilitating both C-C coupling and Carbonylative reactions. To this end, MOFs are 

ideal hosts. Given their permanent porosity, they offer significant advantages for confining metal 

nanoparticles, allowing the metal to retain its large and uniform potential, which benefits advanced 

catalytic applications. Recent studies have reported extensively on metallic MOF-nanoparticles 

(MOF@NP), highlighting their catalytic activity, which is largely attributed to the high activity 

and recyclability of metal nanoparticles immobilized within MOFs. The chemical environment 

surrounding the guest metal nanoparticles can be readily modified through functional group 

linkages, enhancing the catalytic performance by optimizing metal substitution within MOFs [1-

3]. 
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Scheme 1: UiO-66-NH2@Epichlorohydrin@ β-Cyclodextrin @Pd-NPs. 
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Pollution removal including dyes, heavy metals, and aromatic residuals has attracted more 

attention in recent years due to the serious global health challenge in human society1. It has been 

proven that natural polymer (chitosan for example) can also be used as a green substrate in the 

field of pollutant removal2. In this research, a chitosan-based supramolecule (Chit@Sup) material 

was prepared with a lot of functional groups such as NH2, OH, COOH, N=N, and SO3H. The 

biodegradable chitosan was modified with two different supramolecules with instinct porosity. 

The prepared materials were characterized using different measurements such as FT-IR, PXRD, 

TGA, FE-SEM, and EDS/MAPP analysis. Due to the coexistence of chitosan and supramolecules 

in Chit@Sup, the removal efficiency of the prepared materials was higher than chitosan and 

supramolecule, individually for both dye and heavy metal removal. Furthermore, due to the 

presence of the sulfonated functional groups, the prepared composite showed a high catalytic 

activity as a Bronsted acid for the esterification of benzoic acid to the methyl and/or ethyl benzoate. 

The obtained results showed that the prepared materials could be served as a novel and capable 

sorbent for pollution removal as well as an acidic heterogenous catalyst. 

 

Scheme: The schematic representation of Chit@Sup structure. 

References: 



 

1084 

 

 

1. Muhaidin M, Naning FH, Saad JM, Wahi R, Zangina T. Heavy Metal Ion Adsorbent in Aqueous 

Solution: A Review on Chitosan and Chitosan Composites. J Adv Res MNE 2024; 18(1): 78-102. 

2. Ishak S, Rosly NZ, Abdullah AH, Alang Ahmad SA. Fabrication of calix[4]arene/polyurethane 

for the adsorptive removal of cationic dye from aqueous solutions. Environ Monit Assess 2023; 

195(11): 1303-1311.  

 

 

 

 

 

One-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones catalyzed by acidic 

calix[4]arenes 

Melika Hosseinzadeha, Rahman Hosseinzadeh*,a, Ali Ahmadia, Mahmood Tajbakhsha 

aDepartment of Organic Chemistry, Faculty of Chemistry, University of Mazandaran, Babolsar, 

Iran. 

Keyword: Multicomponent reactions, Biginelli reaction, 3,4-Dihydropyrimidin-2(1H)-ones, 

Calix[4]arenes,  

One of the classical multicomponent strategies for synthesizing heterocycles is the Biginelli three-

component condensation of aldehydes, β-keto esters, and urea or thiourea, which affords 3,4-

dihydropyrimidin-2(1H)-(thi)ones (DHPM) [1]. Due to the broad spectrum of biological functions 

of DHPMs, numerous methods have been developed for synthesizing them over the past several 

decades. Although a large number of new catalysts have been reported [2], some of these methods 

suffer from one or more limitations.  Among various macrocyclic compounds, calix[n]arenes have 

emerged as highly effective catalysts in numerous organic transformations. Calixarenes are 

macrocycles which formed from the condensation of p-substituted phenols with formaldehyde in 

basic medium. Since they can be modified at both the upper and lower rims, these characteristics 

make calixarenes suitable scaffolds for a wide array of applications [3]. We report here a effective 

method for synthesizing 3,4-dihydropyrimidin-2(1H)-ones using acidic-modified calix[4]arenes 

as an efficient, cost-effective, and reusable catalyst (Scheme). 
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Scheme: Synthesis of 3,4-dihydropyrimidin-2(1H)-one’s derivatives 
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Introduction:  

Heterocyclic compounds are a diverse group of organic compounds found in various natural 

sources, including hormones, alkaloids, antibiotics, and pharmaceutical drugs. Spiroxindole 

alkaloids are an important class of naturally occurring heterocyclic compounds, such as 

spirotriprostatin B, which are known for their diverse range of biological applications, especially 

their antimitotic activity.[5] In addition, various spiroxindole derivatives have been synthesized, 

which possess activities such as anticancer, antiviral, antibacterial [11,12], and antioxidant. 

Therefore, the important biological activities of spiroxindoles have led chemists to synthesize these 

compounds.[16] Since the structure of isatin and its derivatives is close to spiroxindole, they are 

considered as one of the primary reactants in multicomponent reactions leading to the production 

of spiroxindole. On the other hand, 2-thiohydantoin is a five-membered heterocyclic compound 

with different specific positions. Some derivatives of this compound have various biological 

properties such as antiviral, anticancer, [25] anti-HSV, anti-HIV, anti-gene mutagenic, anti-cancer. 

[30] antibacterial and antioxidant activities. Considering the numerous reported biological 

activities, we were encouraged to synthesize new spiroxindole derivatives including the hydantoin 

moiety and investigate their antibacterial and antioxidant activities. (Scheme 1) 
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Scheme1: Preparation of spirooxindole derivatives 4a–j via one-pot reaction. 

Method:   

General procedure for the synthesis of compounds (4a-j): For the synthesis of products 4a-j, a 

mixture of isatin derivatives, malononitrile and NEt3 in 10 mL of ethanol was refluxed at room 

temperature in the presence of 5-methyl-2-thiohydantoin for 4 h. 

General method for the assessment of antioxidant activity: The use of DPPH radical 

spectrophotometry is a rapid and inexpensive method for measuring the radical scavenging activity 

of compounds. This assay is based on the ability of antioxidants to reduce DPPH, a stable free 

radical, to its non-radical form. DPPH reduction is evaluated at a wavelength of 517 nm. This was 

determined by preparing a solution of each compound in dimethyl sulfoxide (DMSO). 

Antibacterial activity evaluation method: The antibacterial activity of the synthesized compounds 

4a-j was tested in vitro using the Kirby-Bauer disk diffusion technique for antibacterial properties 

against two strains of Gram-positive bacteria, Staphylococcus aureus ATCC 35923 and Bacillus 

subtilis PTCC 1023, as well as two strains of Gram-negative bacteria, Escherichia coli PTCC 1330 

and (Psev1330) PTCC. The exponential phase bacteria were established from existing cultures in 

Mueller-Hinton fresh broth and grown on an orbital shaker and 100 RPM overnight. The 

antibacterial effect of the synthesized compounds was compared with the known antibiotics 

gentamicin and chloramphenicol which were used as positive control and DMSO as negative 

control. 

Results and Discussion: 

A series of solvents (THF, DMF, toluene and EtOH) were used to determine the optimal conditions 

for the reaction. Also, the reactions were tested under reflux conditions and at room temperature. 

The highest yield (80%) was obtained when ethanol was used as the solvent in the reflux reaction. 

The reaction was also investigated in the presence of several bases such as K2CO3, ZrCl4, DBU 

and NEt3. The results showed that 20% NEt3 gave a higher yield of the desired product than other 

bases. To evaluate the extent and scope of this reaction, the desired compounds were obtained in 

65-90% yield. The structures of compounds 4a-j were determined using techniques such as IR, 1H-

NMR, 13C NMR and mass spectra. The in vitro antioxidant activity of spiroxindole derivatives 

(4a-j) was measured using the DPPH radical scavenging assay based on the Blois method. The 

DPPH assay measures the ability of an antioxidant to donate an electron to a stable free radical. 

This process in the presence of antioxidants changes the color of the DPPH solution from dark 

purple to light yellow, as determined by measuring the decrease in absorbance at a wavelength of 

517 nm. The degree of color change is proportional to the antioxidant activity of the compound. 
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All the synthesized compounds showed good to excellent DPPH scavenging power (59.65–

94.03%). Among these compounds, compounds 4f–j showed higher antioxidant activity (84.85–

94.30%) than compounds 4a–e (59.65–78.21%) and even higher than the standard compound (AA) 

with an activity of 82.3%. This could be due to the presence of chlorine heteroatoms only in 

compounds 4f–j. The antibacterial activity of the synthesized compounds was evaluated against 

two gram-positive bacteria as well as against gram-negative bacteria. Then, the results were 

compared with those of two standard antibacterial drugs, gentamicin and chloramphenicol. All 

compounds 4a–j showed higher antibacterial activity against Gram-positive bacteria compared to 

Gram-negative bacteria. 

 

References:  

[1] S. Karamthulla, S. Pal, M. N. Khan, L. H. Choudhury, RSC Adv. 2013, 3,15576–15581. 

[2] D. L. Kong, J. Jiang, L. Y. Wu, X. H. Wang, Z. F. Shi, M. S. Wu, X. Wang, Q. Lin, Chin. J. 

Struct.Chem. 2016, 35,1849–1854. 

[3] D. Kathirvelan, J. Haribabu, B. S. Reddy, C. Balachandran, V. Duraipandiyan, Bioorg. Med. 

Chem. Lett. 2015, 25, 389–399. 

[4] S. A. Babu, R. Padmavathi, N. A. Aslam, V. Rajkumar, Nat. Prod. Chem. 2015, 46, 227–339. 

[5] F. Wu, H. Jiang, B. Zheng, M. Kogiso, Y. Yao, C. Zhou, X. N. Li, Y. Song, J. Med. Chem. 

2015, 58, 6899–6908. 

[6] R. Raj, V. Mehra, J. Gut, P. J. Rosenthal, K. J. Wicht, T. J. Egan, M. Hopper, L. A. Wrischnik, 

K. M. Land, V. Kumar, Eur. J. Med. Chem. 2014, 84, 425– 432. 

 

 

 

 

 

 

 

 

 

 



 

1088 

 

In situ synthesis of biomagnetic Fe3O4/CMC composite embedded with Ag 

nanoparticles and effectiveness in eliminating organic dyes from industrial 

wastewater 

 

Authors: Mojtaba Azizia*, Mahdi Jafarib and Sadegh Rostamniac* 

Affiliations: Organic and Nano Group (ONG), Department of Chemistry, Iran University of 

Science and Technology (IUST), PO Box 16846-13114, Tehran, Iran. 

Keyword: biosynthesis; Fe3O4 Magnetic Nanoparticle; Carboxy Methyl Cellulose; Ag 

Nanoparticles; Dye Removal. 

Introduction 

Ionic dyes are commonly utilized across various industries, including textiles, printing, chemicals, 

pharmaceuticals, and food production. However, these dyes often contaminate water bodies 

through different channels, posing significant risks to both human health and aquatic life. 

Methylene blue (MB), a water-soluble cationic synthetic azo dye from the phenothiazine group, is 

particularly concerning due to its carcinogenic properties. Exposure to such dyes can lead to 

serious health issues, including skin disorders, allergies, and cancer. Moreover, even small 

quantities of these dyes can significantly tint large volumes of water. Hence, effectively removing 

MB from water is crucial for protecting the environment and public health 1. 

Silver nanoparticles (Ag NPs) are valued for their beneficial characteristics, such as low cost, 

various crystal shapes, adjustable plasmon resonance, and a high surface-to-volume ratio. They 

serve multiple purposes, including catalysis, dye degradation, photocatalysis, antibacterial action, 

anti-cancer effects, biological applications, electrochemical functions, and drug delivery. 

Similarly, magnetic Fe3O4 nanoparticles possess impressive magnetic and optical properties that 

vary with the application of a magnetic field. This versatility makes them ideal for uses in catalysis, 

heavy metal ion removal, dye removal, biodiesel production, electrocatalysis, and drug delivery. 

Additionally, they act as substrates for material growth and assist in separation processes. 

This study explores the integration of carboxymethyl cellulose (CMC), a biopolymer, with Fe3O4 

magnetic nanoparticles to serve as a substrate for regulating the growth of AgNPs, as illustrated in 

Scheme 12-8. 

Method 
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Preparation of Fe3O4/CMC  

The composite of magnetic nanoparticles, coated with the biopolymer carboxymethyl cellulose 

(CMC), was successfully synthesized using an in situ solvothermal method. Initially, ammonium 

acetate (0.385 g, 5 mmol) was incorporated into a solution composed of ethylene glycol (7 mL) 

and iron (III) chloride hexahydrate (135 mg, 0.5 mM) while being continuously stirred. 

Subsequently, CMC (Mw=90.0 kg/mol, purity= 99.5%) was added to the resulting brown mixture, 

which was stirred vigorously for 45 minutes. The homogeneous solution was then transferred to a 

stainless-steel autoclave lined with Teflon and subjected to heating at 200 ℃ for 12 hours. 

Following the cooling process, the resultant precipitate was isolated using an external magnetic 

field and thoroughly washed multiple times with deionized water and ethanol. Finally, the dark 

Fe3O4/CMC precipitate was dried at a temperature of 60 ℃.  

Preparation of Euphorbia plant extract  

The aerial parts of the flowering stage were thoroughly dried and subsequently ground to produce 

an extract from the Euphoria plant. The resulting powder was then immersed in ethanol, and the 

solution underwent filtration three times following a 36-hour period.  

Preparation of Fe3O4/CMC-AgNPs  

A total of 0.1 g of Fe3O4/CMC was suspended in 25 milliliters of deionized water. Subsequently, 

100 ml of a silver nitrate solution, with a concentration of 10 mg.L−1, was introduced to the 

mixture and agitated for a period of 30 min. Following this, The Euphorbia plant extract solution 

was added gradually, and the mixture was stirred for 8 h at room temperature. The resulting 

magnetic precipitate was then rinsed with deionized water and ethanol, and subsequently dried at 

a temperature of 60°C. 

Results and Discussion 
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To measure the saturation removal capacity of magnetic composite for cationic dye, methylene 

blue (MB) was chosen as a representative of cationic dyes in wastewater. Accordingly, 0.01-0.03 

g of Fe3O4/CMC-Ag NPs magnetic composite was added to a conical flask (100 mL) containing 

50 mL of dye solution (25-250 mg/L) and kept in a thermostatic shaker at 25 °C and 150 rpm. The 

supernatant was collected at different times for 135 min until the absorption equilibrium was 

reached, and the concentration of MB was determined using the characteristic light absorption 

peak at λ = 616 nm. The absorption capacity (Qt) of the dye species and their removal rate (Re) 

were calculated using the following equation using UV spectrophotometer 9,10: 
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Introduction 

Organic synthesis has long been an intriguing field in chemistry, particularly focusing on carbon-

carbon synthesis strategies that produce more robust and complex molecules. Akira Suzuki, a 

Nobel Prize winner, is known for discovering Suzuki cross-coupling reactions, which have become 

one of the most commonly used methods for forming carbon-carbon bonds. The popularity of these 

reactions can be attributed to the availability, stability, and sustainability of the precursors, as well 

as the mild reaction conditions and their applicability to a diverse range of substrates with various 

functional groups. 

Soluble palladium (Pd) complexes have been utilized to facilitate these reactions in both organic 

solvents and, more recently, aqueous environments. While homogeneous catalysts demonstrate 

excellent activity and selectivity, the challenging separation process has led researchers to explore 

heterogeneous catalysts. 

Metal-organic frameworks (MOFs) are porous crystalline materials notable for their high surface 

area, adjustable structures, and permanent porosity. Among these, IRMOF-3, derived from amino 
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functionalized terephthalic acid (H2ATA) and octahedral [Zn4O]6+ inorganic nodes, has gained 

significant attention due to its high porosity and stability1-7. 

 

Method 

Synthesis of IRMOF-3  

To prepare IRMOF-3, 12.5 mmol of Zn(NO3)2 (2.36 g) and 4.1 mmol H2ATA (0.74 g) were 

dissolved in 100 mL dry DMF. A Teflon-lined autoclave was used to seal the solution and keep it 

at 100 °C for 17 hours after being stirred for 60 min at room temperature. Following the formation 

of brown solids, DMF and CHCl3 were used to wash the synthesized IRMOF-3, and then 60 °C 

vacuum drying was used to dry the solids. 

Synthesis of IRMOF-3-SI  

First, 1 g IRMOF-3 was dispersed in a 15 mL CH2Cl2 solution. In another vessel, 107 µL of 

salicylaldehyde (1mmol) was dissolved in a 15 mL CH2Cl2 solution and added to the dispersed 

IRMOF-3 solution. Finally, the yellow solid was collected by centrifugation and dried at 60 °C in 

a vacuum. 

Synthesis of IRMOF-3-SI-Pd(II) and IRMOF-3-SI-Pd NPs  

First, 0.5 g of synthesized IRMOF-3-SI and 20 mg Pd(OAc)2 were added to a 6 mL acetonitrile 

solution. The mixture was vigorously stirred for six hours to stabilize Pd(II) ions in the MOF 

cavities. Then, the IRMOF-3-SI-Pd(II) was collected by centrifugation and dried at 60 °C in a 

vacuum. 

 

Results and Discussion 

General Suzuki cross-coupling procedure: Aryl halide (1 mmol), phenylboronic acid (1 mmol), 

and potassium carbonate (2 mmol) were dissolved in a 3 mL DMF/H2O solution. Then, 0.5 mol% 

Pd encapsulated IRMOF-3 was added to this solution as a catalyst, and the solution was refluxed 

at 80 °C. Solid products were separated from the solution using CH2Cl2 and distilled water. 

Column chromatography was used for the purification of the products. The concentrated products 

were added to the silica gel column and extracted by EtOAc in an n-hexane (3:10) solution. The 

reaction between 4-bromoacetophenone and phenylboronic acid was selected as a model reaction 

to evaluate the effectiveness of three catalysts: IRMOF-3-SI-Pd(II), IRMOF-3-SI-Pd NPs reduced 

by NaBH4, and alcohol. The results indicated that there were no significant differences in the 

catalytic activity among the three catalysts. The efficiencies of the products generated from all 

catalysts were comparable, with the only variation being the reaction time. The morphology of the 

synthesized metal-organic frameworks (MOFs) was analyzed using scanning electron microscopy 

(SEM). The images in Figures 3a and 3b illustrate the sheet-like morphology of bare IRMOF-3, 

as observed through optical photomicrographs and SEM analysis. This structure features 

noncovalent interactions, including hydrogen bonding, π-π interactions, and aromatic-metal 
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interactions, which facilitate the aggregation of the MOF layers. The SEM image of IRMOF-3-SI 

shows that the sheet-like morphology remains intact even after its post-synthetic modification with 

salicylaldehyde. reveals the surface of IRMOF-3-SI-PdNPs, indicating that following the 

reduction of the Pd nanoparticles, the initially smooth surface of IRMOF-3 becomes markedly 

rough8-9. 
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Abstract 

Chalcones are important compounds in organic chemistry, recognized for their high reactivity and 

diverse biological properties, including antimicrobial, anticancer, and anti-inflammatory activities. 

This study reports the synthesis of novel chalcone derivatives hybridized with a 1,2,3-triazole ring 

through a click chemistry approach. The synthesized compounds were characterized using ¹³C-

NMR, ¹H-NMR, and FT-IR spectroscopy, and evaluated for antibacterial properties via molecular 

docking studies. 

Keywords: Chalcone, 1,2,3-Triazole, Click Chemistry, Antibacterial Activity, Hybrid 

Compounds 

 

1. Introduction 

Chalcones belong to the flavonoid family and are characterized by their α,β-unsaturated ketone 

structure, which enhances their reactivity as electrophiles and Michael acceptors. Due to their 

promising biological activities, chalcones have gained considerable attention in drug design and 

medicinal chemistry. This project aims to synthesize and evaluate novel chalcone-based 

compounds incorporating a 1,2,3-triazole scaffold, leveraging the advantages of click chemistry 

to explore potential therapeutic applications. [1-3] 

2. Methodology 

The synthesis of the target compounds was achieved through a three-step reaction process: 

I)Claisen-Schmidt Condensation: The initial step involved the reaction of 4-aminoacetophenone 

with various aromatic aldehydes under alkaline conditions to form the chalcone structure. II) 

Diazotization and azide replacement: In the second step, the amino group in the chalcone was 



 

1095 

 

transformed into a diazonium salt, facilitating the replacement of the azide group using 

phenylacetylene as an alkyne source. III) Formation of 1,2,3-TriazoleThe final step involved a 

click reaction between the azide-containing chalcone and phenylacetylene, forming the 1,2,3-

triazole ring. 

 

3. Results and Discussion 

The synthesis yielded six novel organic compounds featuring both chalcone and 1,2,3-triazole 

scaffolds. Characterization was performed using ¹³C-NMR, ¹H-NMR, and FT-IR spectroscopy, 

confirming the structures of the synthesized compounds. The unique combination of chalcone and 

1,2,3-triazole moieties enhances the potential for various biological activities. Molecular docking 

studies on these derivatives revealed promising antibacterial properties, indicating their potential 

application in treating bacterial infections. 

4. Conclusion 

This work successfully synthesizes novel chalcone-based compounds incorporating a 1,2,3-

triazole scaffold, showcasing their potential for further biological evaluation and drug design 

applications. Future studies will explore these compounds' pharmacological properties and 

mechanisms of action. 
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Synthesis of Oxaprozin as a well-known non-steroidal anti-inflammatory drug has been a 

challenge for organic chemists. This study introduces a novel domino reaction of 2H-azirine with 

cyclic anhydrides under thermal conditions, enabling the efficient synthesis of oxaprozin analogs. 

The current process offers benefits such as transition-metal- and base-free reaction conditions, 

broad substrate scope, scalability, wide range substrate scope, high atom economy, and high bond-

forming efficiency. The reaction mechanism was confirmed based on DFT calculations. 
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Introduction: 

Pyrimidopyrimidines are one of the most important heterocyclic compounds with biological 

activities. Considering the aromatic structure of this compound, the non-bonding electron pair on 

the nitrogen atom, and its ability to form ligands and hydrogen bonds, this class of heterocyclic 

compounds exhibit high reactivity and has a wide range of applications. [1] Some biological 

properties of pyrimidopyrimidines can be mentioned as antioxidant, antiaggeration [2] , antiviral 

and anticancer  [3] properties. 

Method: 

The reaction of ethoxymethylenemalononitrile (1) with methyl thiourea (2) in ethanol in the 

presence of diisopropylethylamine results in the formation of the corresponding pyrimidine (3) 

through cyclization involving the deprotonation of the amino moiety of thiourea. Subsequently, an 

appropriate aromatic carboxylic acid is treated with pyrimidine (3) in refluxing phosphorous 

oxychloride leading to the formation of the relative amide. The resulting amide undergoes a Pinner 

cyclization followed by a Dimroth rearrangement to afford the corresponding derivatives (4a-j). 

Results and discussion: 

mailto:alishiri@um.ac.ir
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In this research, novel derivatives of the heterocyclic system pyrimido[4,5-d]pyrimidine were 

synthesized. One of the most important advantages of this work is the high yields and purity of the 

products, as well as the simplicity of preparation of both starting materials and the final product. 

Furthermore, considering the symmetrical structure of pyrimido[4,5-d]pyrimidine derivatives, the 

newly synthesized heterocyclic derivatives can be exploited in new pharmaceutical, biochemical 

activity, and catalytic fields. 
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Introduction:  

Recently, the use of multicomponent reactions (MCRs) has become a special and widely-

recognized methodology in synthetic organic chemistry. In this context, the incorporation of 

chromene moieties into the frameworks of pharmaceuticals via the MCR method has proven to be 

an impressively productive technique, giving rise to compounds with antimicrobial and anticancer 

properties.1 In particular, studies have shown that heterogeneous nanocatalysts, especially 

nanomagnetic catalysts, can be easily removed from reaction mixtures and re-used in new 

reactions. Among these catalysts we may note as examples Fe3O4/SiO2/TiO2,
2 and Fe3O4@SiO2-

SO3H.3 

We have found an innovative method for the synthesis of 2-amino-3-phenylsulfonyl-4-aryl-4H-

benzo[h]chromenes. This process takes place through the one-pot MCR among aromatic 

aldehydes, phenylsulfonylacetonitrile and α-naphthol in the presence of Fe3O4@dextrin/OSO3H 

as a readily available and highly efficient catalyst (Scheme 1). 
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Scheme 1. Synthesis of 2-amino-3-phenylsulfonyl-4-aryl-4H-benzo[h]chromene derivatives in the 

presence of Fe3O4@dextrin/OSO3H catalyst 

 

Method:  

2-Amino-3-phenylsulfonyl-4-aryl-4H-benzo[h[chromene derivatives were synthesized in the 

constant presence of Fe3O4@dextrin/OSO3H as nanocatalyst. For this purpose, 

Fe3O4@dextrin/OSO3H (3.0 mg) was incorporated into a mixed combination of 

phenylsulfonylacetonitrile (1.0 mmol), α-naphthol (1.0 mmol) and aromatic aldehyde (1.0 mmol). 

The materials were mixed and heated under reflux in ethanol (5mL) for the appropriate time, as 

monitored by TLC (n-hexane:ethyl acetate 3:1), generally 10-15 min. After completion of the 

reaction, the catalyst was then removed by magnet, and the product was recrystallized from the 

hot solution to afford the pure compound.  

 

Results and Discussion: 

The literature mentions several approaches to the synthesis of 2-amino-3-phenylsulfonyl-4-aryl-

4H-benzo[h[chromenes. As useful as they have been in advancing the field, some of these methods 

suffer from high catalyst consumption, lengthy reaction times, or complex separation procedures. 

The importance of this area in synthesis justifies exploration of effective new procedures that can 

address these issues. We therefore examined the reactions of Scheme 1 using structurally-varied 

aldehydes, phenylsulfonylacetonitrile and α-naphthol in the presence of Fe3O4@dextrin/OSO3H 

as a catalyst in refluxing ethanol. For identification of the structure of Fe3O4@dextrin/OSO3H FT-

IR spectra were recorded. Field emission scanning electron microscopy (FE-SEM) indicate that 

Fe3O4@dextrin/OSO3H nanoparticles have a quasi-spherical shape and their size is about 20-46 

nm. 
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Introduction:  

In particular, studies have shown that heterogeneous nanocatalysts, especially nanomagnetic 

catalysts, can be easily removed from reaction mixtures and re-used in new reactions. Among these 

catalysts we may note as examples Fe3O4@TiO2/Cu2O,1 Fe3O4@SiO2@ L-met@Ni (II),2 and 

[Fe3O4@SiO2-R-NHMe2][H2PO4],
3 as a new catalyst for multicomponent reactions and 

heterocycle synthesis. In continuation of our research concerning the synthesis of novel catalysts 

for biologically active heterocycles, we now report on the use of kaolin, which can be an excellent 

bio‐resource material, owing to the vast numbers and types of hydroxyl groups. Further to our 

work on the design of heterogeneous nanocatalysts for the production of heterocycles, we have 

found an innovative method for the synthesis of 3,9-diamino-5,10-dioxo-1-aryl-5,10-

dihydropyrazolo[1,2-b]phthalazine-2-carbonitrile. This process takes place through the one-pot 

MCR among aromatic aldehydes, malononitrile and phtahalazine in the presence of 

Fe3O4@kaolin/OSO3H as a readily available and highly efficient catalyst (Scheme 1). 

mailto:bsadeghia@gmail.com
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Scheme 1. Synthesis of 3,9-diamino-5,10-dioxo-1-aryl-5,10-dihydropyrazolo[1,2-b]phthalazine-

2-carbonitriles in the presence of Fe3O4@kaolin/OSO3H catalyst 

 

Method:  

General procedure for preparation of compounds  

As seen in Scheme 2, the Fe3O4@kaolin/OSO3H nanocatalyst were prepared in two-stages. Fe-

SEM image indicate that Fe3O4@kaolin/OSO3H nanoparticles have a quasi-spherical shape and 

their size is about 4-8 nm. Fe3O4@kaolin/OSO3H NPs (0.008 g) was added to a stirred mixture of 

the aromatic aldehyde (1 mmol), malononitrile (1 mmol) and 5-amino-2,3-dihydro-phthalazine-

1,4-dione (1 mmol) in EtOH (20 mL). The reaction mixture was then stirred for 10 min at reflux. 

The progress of the reaction was followed by TLC (n-hexane:ethylacetate). After completion of 

the reaction, the mixture was filtered to remove the catalyst. After evaporation of the solvent, the 

crude product was recrystallised from hot ethanol to obtain the pure compound. 

 

Scheme 2. Synthesis of Fe3O4@kaolin/OSO3H nanocatalyst 

Results and Discussion: 

In summary, a novel acidic magnetic nanocatalyst (Fe3O4@kaolin/OSO3H) has been developed to 

construct the 3,9-diamino-5,10-dioxo-1-aryl-5,10-dihydropyrazolo[1,2-b]phthalazine-2-

carbonitrile derivatives. It may catalyze many organic reactions that require acidic catalysts to 

carry out. The benefits of this protocol consist of high performance, low catalyst loading, short 

reaction times and good consistent with green chemistry principles. 
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Introduction:  

Multi-component reactions (MCRs) provide rapid and efficient approach to organic 

transformations including diverse synthesis of polyfunctionalized heterocycles with significant 

biological and pharmaceutical importance. In particular, studies have shown that heterogeneous 

nanocatalysts, especially nanomagnetic catalysts, can be easily removed from reaction mixtures 

and re-used in new reactions. Among these catalysts we may note as examples 

Fe3O4@TiO2/Cu2O,1 Fe3O4@SiO2@ L-met@Ni (II),2 and [Fe3O4@SiO2-R-NHMe2][H2PO4],
3 as 

a new catalyst for multicomponent reactions and heterocycle synthesis. In continuation of our 

research concerning the synthesis of novel catalysts for biologically active heterocycles, we now 

report on the use of feldespar, which can be an excellent bio‐resource material, owing to the vast 
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numbers and types of hydroxyl groups. Further to our work on the design of heterogeneous 

nanocatalysts for the production of heterocycles, we have found an innovative method for the 

synthesis of ethyl 3,9-diamino-1-argio-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-

2-carboxylates. This process takes place through the one-pot MCR among aromatic aldehydes, 

ethyl cyanoacetate and phtahalazine in the presence of Fe3O4@feldspar/OSO3H as a readily 

available and highly efficient catalyst (Scheme 1). 

 

 

Scheme 1. Synthesis of ethyl 3,9-diamino-1-argio-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-

b]phthalazine-2-carboxylates in the presence of Fe3O4@feldspar/OSO3H catalyst 

 

Method:  

General procedure for preparation of compounds  

Fe3O4@feldspar/OSO3H NPs (0.006 g) was added to a stirred mixture of the aromatic aldehyde (1 

mmol), ethyl cyanoacetate (1 mmol) and 5-amino-2,3-dihydro-phthalazine-1,4-dione (1 mmol) in 

EtOH (10 mL). The reaction mixture was then stirred for 15 min at reflux. The progress of the 

reaction was followed by TLC (n-hexane:ethylacetate). After completion of the reaction, the 

mixture was filtered to remove the catalyst. After evaporation of the solvent, the crude product 

was recrystallised from hot ethanol to obtain the pure compound. 

 

Results and Discussion: 

In summary, a novel acidic magnetic nanocatalyst (Fe3O4@feldspar/OSO3H) has been developed 

to construct the ethyl 3,9-diamino-1-argio-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-

b]phthalazine-2-carboxylate derivatives. It may catalyze many organic reactions that require acidic 

catalysts to carry out. The benefits of this protocol consist of high performance, low catalyst 

loading, short reaction times and good consistent with green chemistry principles. 
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Surface water pollution by heavy metals has become one of the major environmental and health 

challenges that threaten human health and other living organisms. This study investigated the 

ability of Helianthus annuus L. (sunflower) to absorb and accumulate heavy metals Cd, Cr, and 

Pb from aqueous solutions. Experiments were conducted in laboratory conditions with a solution 

containing an initial concentration of 100 mg/L of these metals, and the concentration of metals 

remaining in the solution and accumulated in plant tissue was measured daily for 14 days using an 

Atomic Absorption Spectrophotometer. The results showed that the absorption of metals by 

sunflower depended on the type of metal and time, with Cd being removed more efficiently by 

75%, while Pb and Cr had a slower removal process (30% and 35%). Cd also accumulated most 

in the roots and stems, indicating its high mobility in the solution and plant absorption capacity. 

Cd accumulated moderately and remained mostly in the roots, and lower amounts were observed 

in the stems. Also, Pb remained mainly in the roots and had little transfer to other parts. These 

findings indicate that the plant can be used as an effective and cost-effective option in 

phytoremediation programs for treating water sources contaminated with heavy metals. 

 

Keyword:  Phytoremediation, Helianthus annuus L., Heavy Metals, Water Sources 
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Scheme: Processes used in phytoremediation of heavy metals 

 

References: Ali H., Khan E., Sajad M.A. Phytoremediation of heavy metals—Concepts and 
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Heavy metals such as Pb pose major problems for human and environmental health due to their 

specific characteristics, including chemical stability and tendency to accumulate in the 

environment. Phytoremediation as a green technology uses plants to absorb, accumulate, and 

decompose pollutants in the environment. However, the absorption of heavy metals such as Pb by 

plants has challenges such as pH and lack of natural chelating agents in the environment, which 

reduce the availability of metals. This study was conducted to investigate the effect of pH and 

EDTA on Pb absorption by Helianthus annuus L. The plant was cultivated in a Pb solution with a 

concentration of 100 mg/L and in the pH range (4, 6, 8) and with/without the presence of EDTA. 

The results showed that acidic pH (pH: 4) and the presence of EDTA increased Pb absorption in 
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the roots and stems. Also, the reduction of Pb concentration in the solution in the presence of 

EDTA increased significantly. This study showed that pH and the presence of EDTA have a 

significant effect on Pb absorption by Helianthus annuus L. 

Keyword:  Phytoremediation, Helianthus annuus L., Heavy Metals, EDTA 

 

 

Scheme: The effect of chelator addition (EDTA) to Phytoremediation of heavy metals 
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The advantages of using biological methods include cheapness, non-toxicity and production of 

high-purity nanoparticles (NPs), short reaction time, and completeness [1]. The present study is 

the first report of the phytosynthesis of gold nanoparticles (GNPs) using an aqueous extract of the 

Sambucus ebulus L. After preparing the extract, 10 ml of it, was added to 40 ml of HAuCl4.3H2O 

with a concentration of 2 mM, and the solution immediately changed color to purple. The 

parameters affecting the synthesis of nanoparticles, such as pH of the reaction, volume of the 

extract, concentration of gold (III) salt, temperature, and reaction time, were studied and optimized 

using UV-Vis spectrophotometry [2]. TEM images and XRD pattern were used to characterize the 

NPs. Finally, the antibacterial activity of the NPs on four pathogenic bacterial species were 

investigated by the MIC method. GNPs showed maximum absorption at 542 nm. It was found that 

the synthesized NPs are spherical in shape and their average size is between 15-20 nm. The results 

of the antibacterial activity of NPs showed that the have relatively good antibacterial activity 

against some bacteria. Plants have a high potential in reducing metal ions and stabilizing them due 

to their secondary compounds and antioxidant properties. In the present study, GNPs produced 

from the root aqueous extract of Sambucus ebulus L. had relatively high antibacterial properties. 

 

Keyword: Phytosynthesis, Gold Nanoparticles, Sambucus ebulus L., Antimicrobial Activity 

 

Scheme: Phytosynthesis of GNPs using aqueous extract of plants 
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Crystal engineering has emerged as a vital discipline to address the growing need for rational 

approaches to understanding solid-state structures of both fundamental and practical importance. 

This field aims to elucidate intermolecular interactions and recognition phenomena, particularly 

in the context of crystal packing1. 

In this study, we examine the impact of molecular substitutions in a series of benzoate derivatives 

containing halogen substituents on crystal structure prediction. Specifically, three configurations 

of a molecule were analyzed using a crystal engineering framework to streamline the prediction 

process and enhance its efficiency. Database searches highlighted the pivotal role of halogen 

bonding (N–X⋯OC; X = Cl, Br, I) as a fundamental synthon2. Through the synthon approach, key 

influence of interactions, such as NH₂···O and CH₃···Br, were identified. These interactions 

correspond to critical graph sets, including C(6) and R₂²(12), which aid in determining suitable 

crystal structures. Among these, the NH₂···O interaction emerged as a key factor in ranking 

predicted CSP structures and exhibited strong agreement with experimental data from the 

Cambridge Structural Database.  The identified synthons act as representative structural units, 

bridging the information gap between isolated molecules and their resultant crystal structures3. 

This study underscores the potential of the synthon approach to advance the predictive accuracy 

and efficiency of CSP methodologies. 
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Figure 38 These two common states illustrate the synthon approach to crystal structure due to the NH2 ··· O interaction, 

organized from right to left as head-to-tail and head-to-head arrangements. Additionally, the compatibility of the structure 

containing the C(6) synthon with the Cambridge database has been assessed. 
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Abstract 

This study focuses on the development and characterization of PEBAX-based membranes 

modified with poly(diallyldimethylammonium chloride) (PDDA) to enhance CO₂ separation 

performance. Membranes were fabricated by blending PEBAX-1657 with 10 wt% and 20 wt% 

PDDA using the solution casting method. Gas permeability measurements indicated that 

incorporating 10 wt% PDDA increased CO₂ permeability compared to pristine PEBAX, with 

improved CO₂/N₂ selectivity due to enhanced free volume and facilitated transport through amine 

functionality. However, at 20 wt% PDDA, reduced permeability was observed, attributed to 

increased crystallinity and reduced gas diffusivity and solubility.  

Keyword: Gas separation, Membrane, PEBAX, CO2 separation 

1 Introduction 

The escalating consumption of fossil fuels has resulted in a rapid increase in atmospheric CO2 

concentrations. To mitigate this issue, various carbon capture, utilization, and storage technologies 

are being explored. Post-combustion CO2 capture is considered particularly attractive due to its 

potential for retrofitting into existing power plants. While conventional technologies such as amine 

scrubbing, regenerative solvents, and cryogenic distillation can achieve high CO2 capture rates 

(90%) with acceptable purity (80%), their significant energy penalties hinder large-scale 

implementation [1]. Membrane gas separation offers a promising alternative to conventional 

technologies, characterized by moderate energy requirements and simplified operation and 

maintenance. Polymeric materials currently dominate membrane-based gas separations, with gas 

transport primarily governed by the solution-diffusion mechanism [2]. Membrane performance is 

critically dependent on both selectivity and permeability, however, these two properties often 

exhibit an inverse relationship, posing a significant challenge for industrial applications [3]. To 
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overcome this limitation, there is a strong need for materials that exhibit both high separation 

performance and exceptional durability. Recent advancements in materials science have shown 

promise in this area, including polymers of intrinsic microporosity (PIMs), thermally rearranged 

polymers, organic/inorganic hybrid materials (mixed matrix membranes), and facilitated transport 

materials [4]. Block copolymers such as poly(ether-block-amide) (PEBAX), widely employed in 

gas separation applications, exhibit a distinct phase-separated morphology consisting of soft 

polyether (PE) and rigid polyamide (PA) segments. Among various PEBAX grades, PEBAX-

1657, with a 60/40 wt% ratio of PEO to PA, has demonstrated superior CO2 selectivity over light 

gases like N2 and CH4 [5,6]. The CO2 separation performance of PEBAX-1657 can be further 

enhanced by incorporating amine-functionalized compounds. These compounds, containing 

positively charged nitrogen atoms, can interact with the negatively charged central oxygen atom 

of CO2 molecules through Lewis acid-base interactions, thereby enhancing CO2 permeation. In 

this study, PEBAX-1657 was blended with poly(diallyldimethylammonium chloride) (PDDA), a 

cationic polyelectrolyte, to introduce amine functionality. PEBAX/PDDA blend membranes were 

fabricated using the solution casting/solvent evaporation method, and their CO2 and N2 

permeability coefficients were subsequently investigated. 

2 Methods 

2.1 Membrane preparation 

PEBAX/PDDA blend membranes were produced in two weight percent, 10 and 20% of PDDA. 

Proper amount of PEBAX was dissolved in mixture of 7 ml ethanol and 3 ml H2O by stirring at 

80 ̊C under reflux for 5h. Then the required value of PDDA was added to the PEBAX solution and 

the result mixture was allowed to be mixed for 2h at room temperature. The prepared 

PEBAX/PDDA solution was decanted into a petri dish with diameter of 8 cm. The result film was 

achieved by placing petri dish in oven at 80 ̊C for 3h.  

3 Results and Discussion 

3.1 FT-IR analysis 

Fig. 1 shows the FT-IR spectra of pure PEBAX, pure PDDA, PEBAX/PDDA 10 wt% and 

PEBAX/PDDA 20 wt%. The FT-IR spectrum of the pristine PEBAX membrane revealed 

characteristic peaks corresponding to its functional groups. The C-O-C stretching vibration of the 

flexible polyethylene oxide segment appeared at 1113 cm-1. Additionally, peaks associated with 

the rigid polyamide segment were observed, inclusive of the N-H bending vibration at 1540 cm-1 

and the N-H, O-C=O, and H-N-C=O stretching vibrations at 3330, 1745, and 1664 cm-1, 

respectively [7,8]. FTIR spectroscopy of PDDA revealed characteristic peaks at 3447, 2932, 2867, 

1640, 1471, and 1252 cm-1. The band observed at 3447 cm-1 can be attributed to either -NR3
+ 

stretching vibrations or the presence of hydroxyl groups. The peaks at 2932, 2867, and 1471 cm-1 

are characteristic of C-H stretching vibrations. Furthermore, the bands at 1640 and 1252 cm-1 

correspond to the deformation vibration of -NR3
+ and C-N stretching vibrations, respectively 

[9,10]. 
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Fig. 3: FT-IR of the materials 

3.2 Gas permeability behavior 

The pure gas permeation results of the prepared membranes are included in Fig. 2. Gas permeation 

measurements for CO2 and N2 were conducted at 30 °C and a feed pressure of 3 bar. Gas transport 

through polymeric membranes is governed by two primary mechanisms: solution and diffusion. 

The diffusion mechanism primarily differentiates penetrants based on their molecular size. Smaller 

molecules, with lower kinetic diameters, generally exhibit higher diffusivity through the polymer 

matrix. The solution mechanism, on the other hand, is significantly influenced by the gas's 

solubility within the polymer. Gas solubility is directly correlated with its condensability, which 

is often characterized by the gas's critical temperature. Gases with higher critical temperatures 

exhibit stronger intermolecular forces and tend to condense more readily within the polymer 

matrix, resulting in higher solubility. In this context, CO2, possessing a smaller kinetic diameter 

and a higher critical temperature than N2, exhibits both higher diffusivity and higher solubility 

within the polymer matrix. These combined factors contribute to the observed higher permeability 

of CO2 compared to N2 through the prepared membranes [11]. Thus the permeability of CO2 in all 

membranes was higher than the permeability of N2. PEBAX/PDDA 10 wt% showed higher gas 

permeability compared to neat PEBAX especially for CO2. In this weight ratio of PEBAX and 

PDDA, the PDDA could play the role of a plasticizer for PEBAX chains and increased the free 

volume between PEBAX chains. This free volume could effectively transfer gas molecules in 

favor of CO2 against N2 due to the interaction of nitrogen atoms of PDDA and the PE segments of 

PEBAX. By adding 20 wt% of PDDA into the Pebax matrix, the CO2 permeability was reduced 

compared to pure Pebax. The permeability of carbon dioxide was dropped from 116.22 barrer in 

neat Pebax to 79.03 barrer in PEBAX/PDDA 20 wt%). Since PEBAX is a semi-crystalline 

copolymer, addition 20 wt% of PDDA might influence the degree of PEBAX crystallinity. 

Considerable decrease of gas permeability of PEBAX/PDDA 20 wt% relative to that of neat 

PEBAX indicated crystallinity level of PEBAX/PDDA 20 wt% could be higher than that of neat 

PEBAX. Crystalline parts in membrane could play obstacle role against gas transport and therefore 

gas permeability was decreased. PDDA chains could interact with PEBAX chains in order to 

increase the arrangement of the PEBAX chains. The higher regularity led to higher packed 

structures of the membrane. The free volume between chains decreased and the gas diffusivity was 

declined. In addition of gas diffusivity decrease, gas solubility could also be diminished. For 

description of gas solubility decrease, it could be mentioned that PEBAX and PDDA were busy to 

interact with each other and there was less functional groups for interaction with gases 

consequently the gas solubility could decrease. The decrease in gas diffusivity and solubility was 
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prominent for CO2 in comparison with N2 and therefore CO2/N2 selectivity was enhanced relative 

to both neat PEBAX and PEBAX/ PDDA 10 wt%. 

 

Fig. 4: Gas permeability and selectivity of the prepared membranes 

 

4 Conclusion  

In this study, the successful modification of PEBAX-1657 membranes with 

poly(diallyldimethylammonium chloride) (PDDA) for enhanced CO₂ separation was 

demonstrated. The incorporation of 10 wt% PDDA significantly improved CO₂ permeability and 

selectivity due to increased free volume and facilitated transport enabled by amine functionalities. 

However, higher PDDA content (20 wt%) reduced permeability, likely due to increased membrane 

crystallinity, which limited gas diffusivity and solubility.  
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Abstract: 

 L-glutamine-functionalized chitosan (Cs-L-glutamine) was used as a new and efficient catalyst 

for the synthesis of dihydropyrimidinones derivatives. In this regard, some dihydropyrimidinones 

(DHPM) derivatives were synthesized under reflux conditions as a three-component condensation 

of an aldehyde, b-ketoester, and urea in ethanol solvent. This method has the prominent features 

such as green solvent, high yield with short reaction time, easy separation, and no need for 

purification using chromatography columns. This bio-based (Cs-L-glutamine) nanocatalyst 

contains appropriate basic active sites to act as a multifunctional catalyst. Furthermore, the (Cs-L-

glutamine) network, as a heterogeneous catalyst, illustrated magnificent reusability. 
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1.    Introduction 

 

Multicomponent reactions (MCRs) simultaneously engage three or more components, resulting in 

products that incorporate the elements of all starting materials in their frameworks. This integrative 

nature of MCRs is attractive when a rapid increase in molecular diversity is desired.[1]. These 

reactions often referred to as green as they are expeditious and consequently give an improvement 

in the development of new synthetic procedures[2]. MCRs have played a central role in the 

development of modern synthetic methodology due to its selectivity, synthetic convergency and 

atom-economy for pharmaceuti-cal and drug discovery research. MCRs are cornerstones of both 

combinatorial chemistry and diversity-oriented synthesis. Combinatorial chemistry is helpful to 

introduce structural variations in targeted compounds of interest whereas Diversity oriented 

synthesis is helpful to explore chemical structure space in search of new bioactive small molecules. 

Both approaches are benefit from the complexity-generating characteristics of MCRs. An-other 

important feature of these reactions implies that the diminution of waste production because of 

reducing synthetic or isolation steps along with saving time. Significant ad-vantages were offered 

by the multi component strategies over conventional linear-type syntheses. Therefore, MCRs have 

gained tremendous importance in the synthesis of drug moieties[3]. Biginelli reaction is the well-

known reaction among the multi- component reaction[4]. The classical version of Biginelli 

reaction involves the ac-id-catalyzed, three-component reaction between benzaldehyde; ethyl 

acetoacetate (EAA), and urea in ethanol at reflux condition inciting the formation of Biginelli 

adduct. The rising interest in the Biginelli reaction is basically a direct result of the therapeutic and 

pharmacological properties of Biginelli adducts, specifically, DHPMs. Besides, various DHPMs 

had been seen to flaunt a huge spectrum of biological activities including antimalarial, 

antileishmanial, antitubercular, antiviral, antidiabetic, antiproliferative, anticancer, calcium 

channel inhibition, antioxidant, antimicrobial, antitumor, anti-inflammatory, anti-hypertensive, 

antineoplastic activities, and etc.[2]. 

The aim of this study is to synthesis dihydropyrimidinones derivatives by a green-based chitosan 

catalyst under optimal laboratory conditions through a MCR strategy namely Biginelli synthesis. 

Chitosan is a natural, biodegradable, and non-toxic poly-saccharide derived from chitin, which is 

the primary component of the exoskeletons of crustaceans like shrimp and crabs[5].  

Chitosan can be modified to create porous structures, which increase the surface area available for 

catalytic reactions[6]. In many cases, chitosan-based catalysts can be recovered and reused, 

reducing waste and minimizing environmental impact[7, 8]. Chitosan's properties can be tailored 

through various modifications, such as cross-linking, grafting, and functionalization[9, 10]. 

Overall, chitosan's unique properties and versatility make it a promising material for developing 

sustainable and efficient catalysts for a wide range of applications. 
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2. Materials and Methods  

2.1. Materials 

All chemical reagent were purchased from Merck. Chitosan (MW =100,000–300,000 Da) was 

purchased from Acros Organics. To determine the completion of the reaction, analytical thin-layer 

chromatography (TLC) was performed on pre-coated silica-gel plates (Merk Silica Gel F254). 

Product stains were detected eighter under UV light or by placing in an iodine chamber. Also, 

melting points were determined in open capillaries using an Electrothermal 9100 apparatus. 

Chitosan (Medium molecular weight, provided by Sig-ma-Aldrich) was used. 

 

 2.1. Methods 

General procedure for the synthesis of dihydropyrimidinones 

In a 10 ml round-bottom flask, aldehyde (2) (1 mmol), ethyl acetoacetate (3) (1mmol), urea (4) 

(1.5 mmol), and catalyst (1) (15 mg) were added in a 5 mmol of ethanol. Then, the obtained mixture 

was refluxed for 7 h and after that the mixture was cold at the room temperature. The reaction 

progress was monitored by using thin layer chromatography and after completion of the reaction, 

the crude product was purified by crystallization in EtOH. Also, the separated catalyst 4 was used 

for the next reactions. 

 

 

     Scheme 1. Synthesis of dihydropyrimidinones via one-pot three component condensation of  

        aldehyde (2), ethyl acetoacetate (3), urea (4) in the presence of Cs-L-glutamine catalyst. 

 

2. Results and Discussion 

 

The general scheme for the multicomponent synthesis of dihydropyrimidinone derivatives has 

been shown in Scheme 1. The reaction of aldehyde (2), ethyl acetoacetate (3) and urea (4) were 
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used as the model reaction. The effect of different factors on the reaction rate was studied. 

According to the obtained results, it was concluded that using of the Cs-L-glutamine catalyst (4) 

can afford dihydropyrimidinone derivatives through the multicomponent Biginelli reactions in a 

shorter reaction time compared to previous protocols. By using spectroscopic analyses such as 

FTIR spectroscopy, the structure of products was identified and confirmed. 

 

Fig. 2. FT-IR spectrum of 5-Ethoxycarbonyl−6-methyl-4-(3-nitrophenyl)−3,4-

dihydropyrimidin-2(1H)-one. 

 

3. Conclusion 

 

Briefly, the inexpensive and eco-friendly Cs-L-glutamine catalyst, which is easily pre-pared, has 

advantages such as low catalyst loading, high efficiency, good recyclability, and reusability, at 

least for five runs, for the synthesis dihydropyrimidinone derivatives through the multicomponent 

reaction strategy. 
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During the heating process, the amino acid asparagine, which is naturally present in starchy foods, 

undergoes a chemical process called the Maillard reaction. This reaction is the main cause of 

browning and crisping of baked or fried foods. Unfortunately, carcinogens such as acrylamide and 
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some heterocyclic amines are also formed during the Maillard reaction. Apart from its numerous 

applications, acrylamide is a known toxin that causes a range of toxicities. These adverse effects 

include its damaging effects on the nervous system, fertility, and the possibility of mutagenic and 

carcinogenic effects through the production of epoxides (glycidamides). Asparaginase is an 

enzyme that catalyzes the hydrolysis of asparagine to aspartic acid (Figure 1). The presence of 

asparaginase has been reported in various organisms, including animals, plants, and 

microorganisms (bacteria, fungi, algae, yeasts, and actinomycetes) other than humans. In the food 

industry, the use of asparaginase reduces acrylamide production. The aim of this study is to 

investigate the kinetic properties of the asparaginase enzyme and inhibit acrylamide production in 

the Maillard reaction. In this study, the asparaginase enzyme was partially isolated from the liver 

using homogenization, centrifugation, precipitation with ammonium sulfate, and dialysis at 4°C. 

After extraction, the enzyme activity was estimated by the Nessler reagent (2). In this study, the 

specific activity of the asparaginase enzyme isolated from the liver was determined to be 2.77 

U/mg. The optimum pH of the enzyme was 6.5 and the optimum temperature was 35°C. The 

kinetic parameters Km and Vmax of the enzyme were 127.295 mM and 3.639 mM/min, 

respectively. Since the asparaginase enzyme can reduce acrylamide in the food industry, the study 

of the kinetics of this enzyme under different conditions such as ions, natural compounds, etc. 

should be of interest to researchers for more extensive studies. 

 

Scheme1: Catalyzed reaction by Asparaginase 

 

Keyword: Acrylamide, Kinetic parameters, Asparaginase 
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Abstract: Radical cyclization reactions are a powerful tool for assembling valuable target 

molecular architectures.1 Herein, 1-indanone derivatives are efficiently synthesized via a radical 

cyclization reaction of 1,6-enynes, using TBHP as both oxidant and reactant, in the presence of 

Cu(I) as the catalyst and 4-methyl benzoic acid as the cocatalyst. Interestingly, we found through 

mechanistic studies and DFT calculations that the synthesis of 1-indanones requires a combination 

of copper salt and 4-methylbenzoic acid as a prerequisite, and the removal of the 4-methylbenzoic 

acid cocatalyst leads to the exclusive formation of a different product, namely strained 1H-

cyclopropa[b]naphthalene-2,7-diones 4.  

 

Scheme 1: Synthesis of 1-indanones and 1H‑cyclopropa[b]naphthalene-2,7-diones 
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Abstract  

The degradation of 1,4-dioxane (dioxane) as a contaminate impurity in sodium lauryl ether sulfate  

(SLES) 70% produced by BEHDASH CHEMICAL COMPANY under trade name of 

BEHDAPON has been investigated. The oxidative degradation was performed by hydrogen 

peroxide in combination with UV irradiation. Result showed in the presence of UV light, hydrogen 

peroxide demonstrated a high efficiency in degradation. This method could provide a cost effective 

solution to the dioxane challenge in the detergents and personal care industry. 

Keywords: 1,4- Dioxane, sodium lauryl ether sulfate, detergent, oxidation processes 



 

1122 

 

Introduction  

1,4-Dioxane is a water soluble cyclic ether and an industrial chemical contaminate for human 

health and the environment. Dioxane is a common by-product inevitably occur in the synthesis 

of ethoxylated surfactants such as Sodium lauryl ether sulfate (SLES) which is used in finished 

consumer products (cosmetic, personal care, and cleaning products). For this reasons dioxane 

is found as an impurity in deodorants, shampoos, toothpastes, cleaning products, paints, etc. 

SLES is one of the most prominent anionic surfactants in the formulating of several commercial 

detergents and personal care products. SLES Production involves 3-step process: The first step 

consists of a reaction between lauryl alcohol and numerous ethylene oxide molecules. Ethylene 

oxide is reacted with the alcohol, which increases the molecule’s solubility in water. But 

sometimes, the newly formed ethoxylate is decomposed into dioxane and an alcohol molecule. 

Ethylene oxide can also dimerize to form dioxane. 

 

 

 

The second stage involves the sulfatization of lauryl alcohol using SO3, followed by 

neutralization reaction with caustic soda and generate the liquid SLES that concentration is 

70%. During this stage, SO2 in the structure induces an intermolecular substitution reaction, 

leading to the cleavage of the ethoxylated chain and the formation of dioxane. The amount of 

dioxane allowed in consumer products by the Ministry of Health in Iran is lower than 50 ppm. 

The produced SLES may contain a higher amount of dioxane than the specified limit. 

Degassing can reduce dioxane by ~50%. Among the technologies capable of removing 

dioxane, the most effective is carbon adsorption and air stripping. Since dioxane is very 

hydrophilic and water soluble and has a very low vapor pressure, carbon adsorption and air 

stripping are not feasible and cost effective. Therefore, chemical treatments should be 

considered as an alternative. Several studies examined the removal of dioxane in aqueous 

solutions by advanced oxidation processes with ozone, Fenton's reagent, H2O2/ozone and so 

on. All these studies showed, neither hydrogen peroxide nor ozone alone readily oxidize 

dioxane. Suh and et al. demonstrated the advanced oxidation processes using ozone and 

hydrogen peroxide to effectively remove dioxane, a problematic water pollutant. In the present 

research, for the first time, we have developed a new method with the use of H2O2 to degrade 

dioxane, under processes induced by uv light for the reducing of dioxane in SLES 70% 

(Behdapon), which is low cost, no organic consumption and good repeatability [1-3].  

Experimental  

https://en.wikipedia.org/wiki/Anion
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The experimental setup included a beaker equipped with a 15 W UV (λmax=253.7 nm) lamp 

positioned horizontally above the sample, ensuring a consistent distance (7 cm) for uniform 

light exposure, was used as the reactor at different time intervals. The 300 ppm concentration 

of dioxane, with an optimized quantity of H₂O₂ was sampled at 0-15 minutes to monitor the 

degradation efficiency. The degradation was analyzed using GC, thereby assessing the 

effectiveness of UV irradiation in the advanced oxidation process.  

  

Results and discussion  

The effect of the addition of H2O2 on the photocatalytic dioxane oxidation was investigated in 

fig. 1. Several tests have confirmed addition of H2O2 to the SLES would enhance the 

degredation reaction by generating hydroxyl radicals (HO•) where 0.03 wt% increased in the 

degradation rate of 3.69 times for dioxane and the addition of 0.07 wt% H2O2 increased the 

photocatalysis by 4.03 times. However, in the SLES product, adding hydrogen peroxide and 

the generation of free radicals are limited. Considering this, the controlled amount of free 

oxidant HO• is maintained at around 40 ppm. This optimal level is achieved with 0.03% 

hydrogen peroxide. 

 

Fig 1. The degadation of dioxane vs H2O2 in SLES 

According to fig. 2, the degradation of dioxane is notably improved when UV photolysis is 

combined with H2O2 in comparison with pure H2O2 and UV light. The necessary concentration 

of H2O2 is largely influenced by the molar ratio of H2O2 to dioxane. The removal efficiency of 

dioxane was 49.29% using H2O2 /UV at reaction time of 15 min and 0.03 wt% H2O2 

concentration while the removal amounts under pure UV irradiation were 3%, and pure 

hydrogen peroxide were 36.94%.  The impact of treatment time on the enhancement of 

degradability for a specific initial concentration of dioxane (300 ppm) is illustrated in Fig. 7. 

The data indicate that the degradability of the dioxane in SLES improves as the treatment time 

is extended. Notably, a significant enhancement is observed when the time is increased from 0 

to 15 min .After 15 minutes, the concentration of dioxane shows a negligible decrease. 

Therefore, 15 minutes is considered an industrial optimal time. 
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Fig 2. The degradation processes of dioxane in SLES by UV, UV/H2O2 and H2O2  

Conclusions  

The study concludes that the H2O2 advanced oxidation process is an effective method for the 

removal of dioxane-contaminated products.  The analysis demonstrated that optimization of 

H2O2 at a quantity of 0.03 wt% for the degradation of 300 ppm dioxane, when combined with 

UV, exhibited the highest degradation rate compared to other tested processes which is viable, 

cost-effective, and environmentally friendly approach for the treatment of SLES product 

containing dioxane.  
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Peptide conjugation is an important strategy to access bioactive molecules and could improve 

their biological activities. One of the important approach for the synthesis of conjugated 

peptides is related to attaching polyethyleneglycol at various positions that improve peptide 

stability, solubility and bioavailability. In the last years, the new conjugated peptides that 

contain peptides, linkers and other bioactive molecules such as carbohydrates and nucleotides 

have been extended. In this regard finding suitable and efficient approaches for the synthesis 

of these compounds are interesting subject in organic synthesis. Herein, we wish to report an 

efficient approach for the synthesis a bioactive peptide segment that has a long linker. The 

linker contains a ethyleneglycol and also an alkyl moieties. The synthesis of peptides was done 

through solid phase peptide synthesis (SPPS) approach and putting the linker on the side chain 

of lysine was done in the solution phase. The synthesized peptide was purified using 

preparative HPLC and was determined based on HR-MS(ESI) data. This segment is a part of 

semaglutide that used for the treatment of type-2 diabetes. The synthesis of conjugated peptides 

containing different linkers is in progress in our lab. 
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Introduction 

Multi-component reactions (MCRs) have offered many fascinating and challenging 

transformations in organic synthesis.1 The atom-economy, convergent character, operational 

simplicity, structural diversity, and complexity of the molecules are the major advantages 

associated with multi-component reactions. Besides this multi-component reactions are 

emerging as a powerful tool in the synthesis of biologically important compounds.2 Thus, the 

discovery of novel multi-component reactions is of much importance. Most of the previously 

known MCRs were invented by serendipity rather than logically designed multi-component 

reactions. Recently, much effort is devoted for rational design of new multi-component 

reactions. There are three major ways of designing new MCRs such as combinatorial 

chemistry, MCR sequences, and smallest atom connectivity.  We wish to report here a new 

multi-component reaction involving indoles, formaldehydes, and tertiary aromatic amines for 

the synthesis of dialkylaminoarylated indoles. Substituted 3-alkyl indole moieties are of much 

importance as they are widely distributed in nature and reveal a broad range of biological 

activity.3 Indoles with substituents at the 3-position are considered as venerable 

pharmacophores4 in drug discovery as well as found in various ranges of natural products such 

as 5-HT1B/1D receptor agonist activities used in the treatment of migraine, aromatase inhibitor 

for breast cancer II5 and HIV-1 integrase inhibitor6. The immense potential of indole nucleus 

as drug candidates prompted us to design a novel substituted 3-alkyl indole based on multi-

component reactions. 

In continuation of our work on MCRs, we report here a novel multi-component reaction of 

indoles, formaldehydes, and tertiary aromatic amines for the synthesis of dialkylaminoarylated 

indoles using nickel oxide/aluminum oxide nano catalyst as a catalyst (Scheme 1). 

 

(Scheme 1) 
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Method 

Preparation of nano nickel oxide/aluminum oxide: 

0.08 mol of hexahydrate nickel nitrate, 0.32 mol of urea are dissolved in 100 ml of deionized 

water. The mixture was stirred at room temperature with a magnetic stirrer until a homogeneous 

solution was obtained. Then 32.64 grams of γ-Al2O3 is added to the homogeneous solution and 

placed in an oil bath at a temperature of 115 degrees Celsius for 2.5 hours. After the reaction 

was complete, the reaction mixture was cooled to room temperature and then filtered. The 

sediment was washed with deionized water to remove possible adsorbed ions and chemicals. 

Then it was placed in a 90 0C oven for six hours to dry completely. Finally, it is calcined for 

one hour at a temperature of seven hundred degrees Celsius. The dimensions of nanoparticles 

were determined by TEM and SEM(Figure 1,2) 6. 

 

 

Figure 1.TEM of nano-NiO/Al2O3 
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5  

Figure 2. SEM of nano-NiO/Al2O3 

 

Preparation of dialkylaminoarylated indoles  

In a 25 ml flask, Indole (1.0 mmol), formaldehyde (1.0 mmol), N,N-dialkylaniline (1.0 mmol), 

nano-NiO/Al2O3  (0.05 g) and  MeOH (5 mL), were mixed. The mixture was stirred by a 

magnetic stirrer at room temperature. The progress of the reaction was monitored using TLC 

in a mixture of n-hexane and ethyl acetate in a ratio of 1:3. After the reaction was complete, 

the contents of the balloon were filtered by filter paper. The product is soluble in methanol and 

the catalyst is insoluble, so the catalyst was easily separated by filter paper. By adding water 

and boiling the mixture, the desired product was withdrawn as a solid powder. The structure of 

the known samples was confirmed by comparing their spectral and physical data with 

references.  

 Results and Discussion 

We have established a one-pot reaction of various indoles, formaldehyde, various N,N-

dialkylanilines in methanol in the presence of nickel oxide/aluminum oxide nano catalyst as 

recyclable catalyst in good yields for synthesizing of dialkylaminoarylated indoles (Table 1). 

By examining the reaction time and the yield of the obtained products, it can be said that the 

presence of electron-donating or electron-donating substitutions does not cause noticeable 

changes in the reaction time and the yield of the products. 
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  Table 1. nano-nickel oxide/aluminum oxide catalyzed the preparation of dialkylaminoarylated 

indoles 

 

Entry R1 R2 R3 R4 Product Time (min) Yield(%) 

1 CH3 H H H 4a 20 94 

2 C2H5 H H H 4b 20 93 

3 CH3 CH3 H H 4c 20 94 

4 CH3 H H H 4d 20 91 

5 CH3 H H CH3 4e 20 92 

6 C2H5 H Br H 4f 20 92 

7 CH3 CH3 Br H 4g 20 94 

 

We tested the synthesis of compound 4a in the presence of different solvents to compare the 

effects of the solvent on the reaction. As you can see in the table 2, the best efficiency and the 

shortest time were obtained in methanol (Table 2).  

 

                    Table 2.  Synthesis of 3a using different solvents  

Entry 

 

Solvent 

 

Yield(%)a 

1 THF 

 

68 

 

2 C2H5OH  91 



 

1130 

 

 

3 CH3CN 

 

90 

 

4 EtOAc 

 

88 

 

5 water 

 

90 

 

6 methanol 94 

 

7 

 

Solvent-free 

 

91 

                                aYields were analyzed by GC 

 

After the completion of the model reaction, 10 ml of ethyl acetate was added to the contents 

on the flat paper that has a catalyst. The mixture was stirred using a magnetic stirrer at room 

temperature for 5 minutes. The reaction mixture was filterated and because the catalyst was 

insoluble in ethyl acetate solvent, it remains on the filter. Then, in order to reuse the catalyst, 

the material on the filter was washed several times with acetone. After drying it to check the 

power of the catalyst, the reaction was repeated with it (Table 3). As seen in the Table 4, the 

reaction can be performed up to five times with good efficiency by the recycled catalyst. 

           Table 3. Comparison of catalyst recycling for synthesis of 4a 

Yield (%)a Time(min) Entry 

94 15 First run 

92 15 Second run 

90 15 Third run 

89 15 Fourth run 

88 15 Fifth run 

(a) Isolated yields 

 

Conclusion 

Dialkylaminoarylated indoles are heterocyclic compounds that have been of great interest due 

to their antibacterial and antiviral properties. Due to the extraordinary applications that these 
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compounds have, they have received attention and various synthetic methods have been 

developed to prepare them. In this regard, we tried to obtain dialkylaminoarylated indoles  in 

suitable conditions with small amounts of nano-oxidnical/aluminum oxide catalyst. 

  This method has many advantages such as: 

1-Since the catalyst used is a solid nano catalyst, it is considered a useful method in chemistry. 

2-Products are separated by simple filtering with filter paper and the percentage of products 

lost during the purification process is very small. 

3-The catalyst used does not dissolve in any solvent and its separation is very easy. 
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Introduction 

Pyrimido[4,5-b]quinolones are important compounds in medicinal chemistry due to some 

biological properties such as antifungal1, antimalarial2, anticancer3,4, antiviral5, antihistaminic6, 

anti-oxidant, anti-microbial7, and anti-inflammatory activities8,9. 

The one pot multi-component synthesis of pyrimido[4,5-b]quinolones by the reaction of 

aldehyde with dimedone and 6-amino-1,3-dimethyluracil is an important method for the 

preparation of these compounds10. 

Multi-component reactions are notable for the chemists due to prepare of the target product in 

one step without the produce of side products. High atomic economy, high yields, short reaction 

times, saving energy, reaction times, materials and solvents and compliance with green 

chemistry protocols are some important advantages of these reactions11,12. 

Various catalysts were used in the multi-component synthesis of pyrimido[4,5-b]quinolines 

such as[TSSECM]13, SBA-15/PrN(CH2PO3H2)2
14, Nano-[Fe3O4@SiO2/N-propyl-1-

(thiophen-2-yl)ethanimine][ZnCl2]15,[H2-DABCO][ClO4]2
16, nano-[Fe3O4@- SiO2@R-

HMe2][H2PO4]17, N,N-diethyl-N-sulfoethanaminium chloride18, Fe3O4@Cellulose sulfuric 

acid19, [bmim]Br20, nanocrystalline MgO21, glycolic acid-supported cobalt ferrite22, Agar-
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entrapped sulfonated DABCO23,[C4(DABCO)2]·2OH24, 

DABCO25,Nano‑[Cu‑4C3NSP](Cl)2
26. Most of the reported 

methods are performed by acidic or basic catalysts. In the presented work, the preparation of 

pyrimido[4,5-b]quinolines was reported in the presence of nano nickel oxide/aluminum oxide 

as a neutral compound which is commercially available. This method was carried out under 

mild reaction condition.  

In continuation of our work on MCRs, we report here a novel multi-component reaction of 

aldehydes, dimedone, 6-amino-1,3-dimethyluracil for the synthesis of Pyrimido[4,5-

b]quinolones using nickel oxide/aluminum oxide nano catalyst as a catalyst (Scheme 1). 

 

 

(Scheme 1) 

 

Method 

Preparation of nano nickel oxide/aluminum oxide: 

0.08 mol of hexahydrate nickel nitrate, 0.32 mol of urea are dissolved in 100 ml of deionized 

water. The mixture was stirred at room temperature with a magnetic stirrer until a homogeneous 

solution was obtained. Then 32.64 grams of γ-Al2O3 is added to the homogeneous solution and 

placed in an oil bath at a temperature of 115 degrees Celsius for 2.5 hours. After the reaction 

was complete, the reaction mixture was cooled to room temperature and then filtered. The 

sediment was washed with deionized water to remove possible adsorbed ions and chemicals. 

Then it was placed in a 90 0C oven for six hours to dry completely. Finally, it is calcined for 

one hour at a temperature of seven hundred degrees Celsius. The dimensions of nanoparticles 

were determined by TEM and SEM(Figure 1,2) 27. 
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Figure 1.TEM of nano-NiO/Al2O3 

6  

Figure 2. SEM of nano-NiO/Al2O3 

 

 

Preparation of pyrimido[4,5-b] quinolones 
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In a round-bottomed flask which connected to a reflux condenser, aromatic aldehydes (1 

mmol), dimedone (1 mmol, 0.140 g), 6-amino-1,3-dimethyluracil (1 mmol, 0.155 g) and nano-

NiO/Al2O3 (0.05g) as a catalyst were added and stirred in ethanol (5 mL) as a solvent under 

reflux condition for appropriate time (Table 1). After completion of the reaction as monitored 

by TLC, the solvent was removed and finally, the desired product was purified by the 

recrystallization in aqueous ethanol (70%). 

 

 

 Results and Discussion 

 

We have established a one-pot reaction of various adldehyde, dimedone, 6-amino-1,3-

dimethyluracil  in ethanol in the presence of nickel oxide/aluminum oxide nano catalyst as 

recyclable catalyst in good yields for synthesizing of pyrimido[4,5-b] quinolones (Table 1). By 

examining the reaction time and the yield of the obtained products, it can be said that the 

presence of electron-donating or electron-donating substitutions does not cause noticeable 

changes in the reaction time and the yield of the products. 

 

 

  Table 1. nano-nickel oxide/aluminum oxide catalyzed the preparation of pyrimido[4,5-b] 

quinolones 

Entry Aldehydes Product Time (min) Yield(%) 

1 benzaldehyde 4a 30 97 

2 4-chlorobenzaldehyde 4b 30 98 

3 2-chlorobenzaldehyde 4c 30 97 
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4 4-methylbenzaldehyde 4d 30 96 

5 4-methoxybenzaldehyde 4e 30 96 

6 3-nitrobenzaldehyde 4f 30 98 

7 4-nitrobenzaldehyde 4g 30 98 

 

We tested the synthesis of compound 4a in the presence of different solvents to compare the 

effects of the solvent on the reaction. As you can see in the table 2, the best efficiency and the 

shortest time were obtained in ethanol (Table 2).  

 

                    Table 2.  Synthesis of 3a using different solvents  

Entry 

 

Solvent 

 

Yield(%)a 

1 THF 

 

68 

 

2 C2H5OH  97 

 

3 CH3CN 

 

92 

 

4 EtOAc 

 

88 

 

5 water 

 

90 

 

6 methanol 94 

 

7 

 

Solvent-free 

 

91 

                                aYields were analyzed by GC 

 

After the completion of the model reaction, 10 ml of ethyl acetate was added to the contents 

on the flat paper that has a catalyst. The mixture was stirred using a magnetic stirrer at room 
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temperature for 5 minutes. The reaction mixture was filterated and because the catalyst was 

insoluble in ethyl acetate solvent, it remains on the filter. Then, in order to reuse the catalyst, 

the material on the filter was washed several times with acetone. After drying it to check the 

power of the catalyst, the reaction was repeated with it (Table 3). As seen in the Table 4, the 

reaction can be performed up to five times with good efficiency by the recycled catalyst. 

 

           Table 3. Comparison of catalyst recycling for synthesis of 4a 

Yield (%)a Time(min) Entry 

97 15 First run 

93 15 Second run 

90 15 Third run 

88 15 Fourth run 

87 15 Fifth run 

(b) Isolated yields 

 

conclusion 

In summary, nano-nickel oxide/aluminum oxide was used as a heterogeneous catalyst for the 

synthesis of pyrimido[4,5-b]quinolones derivatives in neutral condition. The products were 

prepared in high yields and short reaction times. The recyclability of catalyst, commercially 

availability of the catalyst, short reaction times and the avoidance of harsh acidic conditions 

are important advantages of this work. 
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Introduction 

Pyrimidines and their derivatives are of considerable interest as they possess a wide range of 

biological properties, such as antibacterial [1], antimicrobial [2], antiviral [3], antihypertensive 

[4], antimalarial [5], and antitumor [6]. In addition, they can be used as integral backbones of 
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several calcium blockers, antihypertensive agents, α-1aantagonists, and neuropeptide Y 

antagonists [7]. There are some examples for the syntheses of 2,4-diamino-6-arylpyrimidine-

5-carbonitrile in the literature via the condensation reaction of aromatic aldehydes, 

malononitrile, and guanidine hydrochloride or carbonate [8–12]. Although these procedures 

have their advantages, research for a simple, efficient, and environmentally friendly procedure 

that afforded the desired products in higher yields is still strongly desired. In view of the 

biological significance of pyrimidinones mentioned above and with the fact that , nano-nickel 

oxide/aluminum oxide make the development of a new catalytic procedure possible for organic 

transformations under milder reaction conditions, we investigate a , nickel oxide/aluminum 

oxide as catalyst for the synthesis of a series of 2,4-diamino-6-aryl-5-pyrimidinecarbonitriles. 

It was found that the nano-nickel oxide/aluminum oxide is an effective promoter for the 

synthesis of 2,4-diamino-6-arylpyrimidine-5-carbonitrile under solvent-free conditions 

(Scheme 1). 

 

Scheme 1. synthesis of 2,4-diamino-6-arylpyrimidine-5-carbonitrile derivatives  

Method 

Preparation of nano nickel oxide/aluminum oxide: 

0.08 mol of hexahydrate nickel nitrate, 0.32 mol of urea are dissolved in 100 ml of deionized 

water. The mixture was stirred at room temperature with a magnetic stirrer until a homogeneous 

solution was obtained. Then 32.64 grams of γ-Al2O3 is added to the homogeneous solution and 

placed in an oil bath at a temperature of 115 degrees Celsius for 2.5 hours. After the reaction 

was complete, the reaction mixture was cooled to room temperature and then filtered. The 

sediment was washed with deionized water to remove possible adsorbed ions and chemicals. 

Then it was placed in a 90 0C oven for six hours to dry completely. Finally, it is calcined for 

one hour at a temperature of seven hundred degrees Celsius. The dimensions of nanoparticles 

were determined by TEM and SEM(Figure 1,2) [13]. 
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Figure 1.TEM of nano-NiO/Al2O3 

7  

Figure 2. SEM of nano-NiO/Al2O3 

 

 

Preparation of 2,4-diamino-6-arylpyrimidine-5-carbonitrile 

A mixture of aromatic aldehydes  (1 mmol), malononitrile (1.2 mmol), guanidine nitrate (1.2 

mmol), and nano-NiO/Al2O3 (0.05g) was stirred at 80°C for about 2 h. The progress of the 
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reaction was monitored by thin-layer chromatography (acetone–petroleum ether,1 : 3). Upon 

completion of the reaction, hot ethanol (5 mL) was added to the reaction mixture, and the 

catalyst was filtered and dried in air at ambient temperature for reuse. The organic solution was 

poured into the ice-cold water (5 mL) and the solid was removed by filtration and then 

recrystallized from EtOH–H2O to give the pure product in high yield. 

 

 Results and Discussion 

We have established a one-pot reaction of various adldehyde, malononitrile, guanidine nitrate  

in the presence of nickel oxide/aluminum oxide nano catalyst as recyclable catalyst in good 

yields for synthesizing of 2,4-diamino-6-arylpyrimidine-5-carbonitrile (Table 1). By 

examining the reaction time and the yield of the obtained products, it can be said that the 

presence of electron-donating or electron-donating substitutions does not cause noticeable 

changes in the reaction time and the yield of the products. 

  Table 1. nano-nickel oxide/aluminum oxide catalyzed the preparation of 2,4-diamino-6-

arylpyrimidine-5-carbonitrile 

Entry Aldehydes Product Time (min) Yield(%) 

1 benzaldehyde 4a 20 96 

2 4-chlorobenzaldehyde 4b 20 97 

3 2-chlorobenzaldehyde 4c 20 96 

4 4-methylbenzaldehyde 4d 20 95 

5 4-methoxybenzaldehyde 4e 20 96 

6 3-nitrobenzaldehyde 4f 20 97 

7 4-nitrobenzaldehyde 4g 20 97 

 

We tested the synthesis of compound 4a in the presence of different solvents to compare the 

effects of the solvent on the reaction. As you can see in the table 2, the best efficiency and the 

shortest time were obtained in solvent-free condition (Table 2).  
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                    Table 2.  Synthesis of 3a using different solvents  

Entry 

 

Solvent 

 

Yield(%)a 

1 THF 

 

68 

 

2 C2H5OH  92 

 

3 CH3CN 

 

92 

 

4 EtOAc 

 

88 

 

5 water 

 

90 

 

6 methanol 93 

 

7 

 

Solvent-free 

 

96 

                                aYields were analyzed by GC 

 

After the completion of the model reaction, 10 ml of ethyl acetate was added to the contents 

on the flat paper that has a catalyst. The mixture was stirred using a magnetic stirrer at room 

temperature for 5 minutes. The reaction mixture was filterated and because the catalyst was 

insoluble in ethyl acetate solvent, it remains on the filter. Then, in order to reuse the catalyst, 

the material on the filter was washed several times with acetone. After drying it to check the 

power of the catalyst, the reaction was repeated with it (Table 3). As seen in the Table 4, the 

reaction can be performed up to five times with good efficiency by the recycled catalyst. 

 

           Table 3. Comparison of catalyst recycling for synthesis of 4a 

Yield (%)a Time(min) Entry 

96 15 First run 

93 15 Second run 
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90 15 Third run 

88 15 Fourth run 

87 15 Fifth run 

(c) Isolated yields 

 

Conclusion 

 

In conclusion, we found a novel solvent-free approach for the synthesis of 2,4-diamino-6-

arylpyrimidine-5-carbonitrile derivatives. Meanwhile the new method also expands the 

application of the nano-NiO/Al2O3 in organic synthesis. Compared with previous methods, this 

method has the advantages of high yields, mild reaction conditions, short reaction time, easy 

work-up, inexpensive reagents, and environmentally friendly procedure 
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Abstract: Developing new methodologies that provide easy access to heterocyclic backbones 

has always been of considerable interest. Quinazolinones are key constituents of many 

pharmaceutical agents and biologically active natural products. In this regard, finding an 

efficient synthetic pathway is an interesting subject in organic synthesis. Due to the importance 

of isocyanides, our group has been involved in the development of novel reactions based on 

these compounds. Herein, we wish to report the synthesis of quinazolinone derivatives via the 

reaction of isatoic anhydrides and isocyanides. The reactions were carried out under metal-free 

conditions in toluene at 80 ℃. In most cases, isocyanides participate in [4+1] cycloaddition 

reaction, but in this case, isocyanides participated in hetero-Diels-Alder cycloaddition reaction 

via ring-opening of isatoic anhydride. The structure of the products was confirmed using 

spectroscopic data and X-ray crystallographic analysis. 

 

Scheme 1: Synthesis of quinazolin-4(3H)-one scaffold  
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Abstract 

Herein, an antibacterial film containing of chitosan (CS), polyvinyl alcohol (PVA), and silver 

nanoparticle (Ag NPs) was synthesized by a simple laser ablation in air (LAA) method of in-

situ synthesis of Ag NPs. This is a cost-effective, easy, quick and in situ strategy to prepare 

CS/PVA film loaded with Ag NPs.  This approach of formation of CS/PVA/Ag films is proved 

to be an excellent 'green approach' for the synthesis of metal nanoparticle composite films. The 

presence of Ag NPs was confirmed from the microscopic images of the film. The developed 

CS/PVA/Ag film demonstrated excellent antibacterial action against Escherichia coli. These 

films can be used as antimicrobial packaging materials. 

Keyword: Chitosan, PVA, Antibacterial films, Ag NPs 

 

Introduction  

The increasing global population and the growing demand for plastic packaging in industrial 

applications, medical products, and other sectors have turned the use of non-degradable plastics 

into a significant environmental problem.  Conventional plastics, due to their long lifespan after 

disposal, contribute substantially to environmental pollution, causing considerable damage to 

marine and terrestrial ecosystems. This necessitates the development of biodegradable 

alternatives.  Furthermore, extending the shelf life of food products and preventing spoilage 

remains a major challenge. Widespread use of biodegradable plastics can substantially reduce 

pollution from non-degradable plastics and positively impact natural ecosystems [1,2]. 

Utilizing abundant and inexpensive raw materials such as CS biopolymer, which is extracted 

from natural sources, can reduce production costs and offer economic advantages. Therefore, 

research into the production of biodegradable films based on CS and PVA contributes to 

mitigating environmental problems. Ag NPs can further enhance the properties of CS and PVA 

based films. 

Method 

At first, 0.5 g of CS and 2 g of PVA were separately dissolved in 50 ml of distilled water. 

Acetic acid (3%) was used as a solvent to dissolve the CS, while the PVA solution was prepared 

at 50 °C. They were placed on a magnetic stirrer for 2 hours to achieve a uniform solution. 
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After 2 hours, the PVA solution is added to the CS solution and stirred again for 30 minutes. 

Then, 1 mL of glycerol was added and allowed to mix for 2 hours. Finally, the resultant solution 

was poured into a suitable glass petri dish and dried at room temperature to fabricate the 

CS/PVA film. To preparation of CS/PVA/Ag film, after the formation of the desired CS/PVA 

film, Ag NPs were simultaneously synthesized and deposited on the surface of the CS/PVA 

film using the LAA method with a fiber laser (1064 nm, 30 W). The LAA process was done 

continuously for 15 min. Finally, the film was dried at room temperature. 

Results and Discussion 

Antibacterial activity was investigated in laboratory condition by placing pieces of film 

measuring 8×8mm on muller_hinton agar medium inoculated with Escericha Coli. 

Antibacterial activity was seen in sample B against E.Coli compared to A sample. 

 

Fig. 1. Zone inhibition of CS/PVA discs (A) and CS/PVA/Ag discs (B) in petri plates with 

culture of E. coli. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely used medical 

drugs. These drugs cause cyclooxygenase and have three important features: reduction, pain 

relief, and fever reduction. This group is anti-inflammatory in high doses. NSAIDs are suitable 

because they are non-narcotic and do not cause side effects1.Naproxen is one of the strongest 

and best drugs this family. drug (S-naproxen) was first synthesized by Syntex company starting 

from 2-naphthol molecule2. Naproxen is one of the imported drugs of the country.  It is used 

to relieve pain and inflammatory diseases such as rheumatism and fever3. In our current work, 

2-acetyl-6-methoxynaphthalene was prepared as a precursor for the synthesis of naproxen in 

the Friedel-Crafts reaction. 

 

Scheme: Naproxen synthesis starting from 2-methoxynaphthalene molecule 
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Introduction 

Similar to carbonyl compounds, hydrazones can take part in metal reactions, free radical 

reactions, and cycloaddition reactions. Hydrazone derivatives that have the functional group -

CH=N-NH- are easy to manufacture and show promise as sensors. Among its many forms, 

mercury is a heavy metal that can be found in salts, ions, and organic-inorganic complexes. 

Because of its special characteristics, which include its extreme biological toxicity, excellent 

water solubility, and permanence, this element poses a risk to the nervous system and endocrine 

organs. Exposure to mercury ions (Hg2+) for an extended period, even at extremely low 

concentrations, can impair brain processes like vision and movement [1-3]. 

Material  

All materials and solvents were grade-quality and purchased commercially. Fluorescence 

diagrams were composed using a Cary Eclipse fluorescent spectrophotometer. 

The synthesis of 4-fluorobenzaldehyde-N-(2-oxo-1,2-dihydro-3H-indole-3-indole-3-

ylidene)hydrazone  

Arylidene isatin-hydrazone was synthesized through the reaction of isatin (1 mmol), hydrazine 

hydrate 80% (5 mL), and 4-fluorobenzaldehyde (1 mmol) using nanocatalyst (0.02 g) under 

reflux conditions. After the completion of the reaction (detected by TLC), the reaction mixture 

was filtered. The resulting solid was dissolved in EtOH and filtered to remove the insoluble 

nanocatalyst, to afford the pure product (Scheme 1). 

Result and Discussion 

Arylidene isatin-hydrazone was synthesized through the reaction of isatin-hydrazone and 4-

fluorobenzaldehyde in the presence of a nanocatalyst under reflux conditions. After 

purification, arylidene isatin-hydrazone was gained and it was characterized using various 

techniques (Scheme 1). 
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Scheme 1. The synthesis of arylidene isatin-hydrazone 

Fluorescence study for arylidene isatin-hydrazone 

The sensing ability of arylidene isatin-hydrazone (10-3 M, 2.5 mL) was investigated in the 

presence of various cations such as K+, Ca2+, Na+, Cu2+, Zn2+, Cr3+, Fe3+, Mn2+, Co2+, Al3+, 

Pb2+, Ag+, Cd2+, Ni2+, Hg2+, and Mg2+. Upon the addition of 200 μL metal ions, only when 

Hg2+ was added, the fluorescence intensity was changed, while the other metal ions presented 

a weak fluorescent emission intensity. 
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Introduction 

The one-ring combination between electron-deficient and electron-rich characteristics is an 

attractive feature common to the imidazole heteroaromatic ring. The 5-membered ring has two 

nitrogen atoms, one of which is an electron donor and the other is an electron acceptor [1]. 

Nowadays, imidazole-based chemosensors have attracted much attention due to their 

remarkable biological activity, as they can show greater affinity, selectivity, and hydrogen bond 

formation with ions, which causes their detection [2, 3]. The design and synthesis of 

chemosensors, which have characteristics such as high efficiency, sensitivity, select ability, 

and cost-effectiveness for the detection of heavy metal ions and other environmental pollutants, 

are in high demand [4]. In the past decades, Ag+ has been used as one of these metal ions with 

properties such as malleability, flexibility, and high electrical and thermal conductivity in 

various fields such as photographic film processing and electroplating. Ag metal is not 

dangerous for humans, but its salts are poisonous. Also, Ag⁺ can bind with imidazole and cause 

adverse effects on human health. fluorescent chemosensors compared to traditional methods 

have distinct advantages for the detection of converted metal ions [5, 6]. 

Material  

All materials and solvents were purchased commercially and in grade quality. Also, 

fluorescence diagrams were composed with a Cary Eclipse fluorescent spectrophotometer. 

Synthesis of 2-methyl-4(5)-nitroimidazole 

In a flask, distilled H2O (1 mL) and concentrated H2SO4 (0.2 mL, 3 mmol) were added and 

stirred. Then 2-methylimidazole (0.82 g, 1 mmol) and NaNO₃ (0.2 g, 1 mmol) were added to 

the reaction mixture. NH₃ was added to the obtained solution, and a white precipitate was 

obtained. Finally, the precipitate obtained was washed with distilled H2O and dried.  

Result and discussion 

 Nitration of 2-methylimidazole 

2-methylimidazole was nitrated using H2SO4 under controlled temperature conditions in the 

presence of NaNO3. After purification, 2-methyl-4(5)-nitroimidazole was gained as white 

crystals and it was characterized using different methods (Scheme 1). 

 

 

Scheme 1. Nitration of 2-methylimidazole 

 

Fluorescence study for 2-methyl-4(5)-nitroimidazole 

The sensing activity of 2-methyl-4(5)-nitroimidazole (10-3 M, 2.5 mL) in H2O was studied in 

the presence of various cations such as K+, Al3+, Cd2+, Na+, Cr3+, Ag+, Mn2+, Pb2+, Mg2+, Co2+, 
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Hg2+, Zn2+, Ni2+, Ca2+, and Cu2+. Upon the addition of 200 μL cations, when Ag+ was added, 

the fluorescence intensity was changed. 
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Introduction 

A multicomponent reaction is a group of chemical reactions in which more than two raw 

materials, at least three reactants, react with each other to produce one product. 
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Multicomponent reactions (MCRs) have appeared as suitable and useful tools in organic 

reactions because they allow the reactions to make several chemical bonds in one sequence 

without labor-consuming reaction condition optimization, for this reason reducing waste 

production, cost, and labor consumption. The unique feature of MCR includes the synthesis of 

highly effective molecules for various fields such as chemosensors[1-3]. Toxic ions in the 

environment have caused global environmental and biological health problems due to their 

toxicity and stability. The presence of heavy metal ions in water can have severe consequences 

for both the ecosystem and public health. Among these heavy metals, Hg²⁺ is the most 

hazardous pollutant that is known. In particular, the accumulation of Hg²⁺ in the human body, 

even at a very low concentration, can cause a different kind of disease, namely digestive, 

kidney, and neurological illness. So, the development of highly sensitive detection methods is 

essential, and optical sensors offer significant advantages, such as portability, easy usage, and 

flexibility, making them important tools in this way [4, 5]. 

Material  

All materials and solvents were grade quality and purchased commercially. The UV-vis 

absorption spectra were afforded from an Analytic Jena Specord S600 Spectrophotometer.   

Synthesis of spiro indeno[1,2b]pyrido-[2,3d]pyrimidine-5,3`-indoline (4) 

Spiro indeno[1,2b]pyrido-[2,3d] pyrimidine-5,3`-indoline was prepared through the reaction 

of indandione 1 (1 mmol), isatin derivatives 2 (1 mmol), and 6-amino uracil 3 (1 mmol) using 

nanocatalyst. Completion of the reaction was detected by using TLC, ethyl acetate: n-hexane 

(1:1). Then, the nano-catalyst was filtrated, and an orange precipitate appeared with 98% yield.  

Result and discussion 

Preparation of spiro indeno[1,2b]pyrido-[2,3d]pyrimidine-5,3`-indoline 

Spiro indeno[1,2b]pyrido-[2,3d]pyrimidine-5,3`-indoline was prepared through the reaction of 

indandione, isatin derivatives, and 6-amino uracil using a nanocatalyst. After purification, the 

aim product was characterized using various techniques (Scheme 1). 

 

Scheme 1. The Synthesis of spiro indeno[1,2b]pyrido-[2,3d] pyrimidine-5,3`-indoline 

Fluorescence study for compound 4  

The sensing ability of compound 4, 2.5 mL of this chemosensor 4 (10-3 M) in EtOH in the 

presence of various cations Cd2+, Cr3+, Al3+, Mn2+, Hg2+, Pb2+, Cu2+, Ni2+, Co2+, Fe2+, Fe3+, 

Zn2+, Mg2+, Ca2+, Ag2+, k+ and Na+ was studied via UV-Vis spectroscopy. In UV-Vis 

absorbance, when the Hg2+ solution was added, it created a considerable change. This change 
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in absorbance shows that this compound can be applied with selectivity and sensitivity to detect 

Hg2+ ions. 
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ABSTRACT: MXene has a multilayer structure, which can be peeled and layered into single 

or multilayer nanosheets, and it possesses multiple functional groups that can be easily 

modified. NH2-MIL-101(Al), a kind of metal−organic framework material, was synthesized 

by the solvent hydrothermal method using aluminum ion as the center metal and 2-

Aminoterephthalic acid as the organic ligand. In this paper, NH2-MIL-101(Al) was grown in 

situ on Ti3C2Tx MXene to synthesize the MXene@NH2-MIL-101(Al) composite, which 
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combined the advantages of both MXene and NH2-MIL-101(Al). newly synthesized adsorbent 

was characterized by utilizing powder X-Ray diffraction analysis, Fouriertransform infrared 

spectroscopy, and scanning electron microscopy. Exceptional adsorption properties of 

MXene@NH2-MIL-101(Al) composite were verified by adsorption of methylene blue (MB). 

Adsorption process was studied by applying different optimization parameters such as pH, 

contact time, adsorbent dose, and initial concentration of MB. Results showed that 

MXene@MOF composite have best adsorption performance with removal rate of 97% for MB. 

two kinetic models pseudo-first order, pseudo-second order were applied, and results showed 

that kinetic process was well described by pseudo-second-order kinetic model for MB. two 

different isotherm models are used such as Langmuir, Freundlich, the study shows that the 

Langmuir isotherm model describes well for the adsorption of MB. 

Scheme: center 
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Owing to the great demand for using sustainable, renewable, and widely available materials in 

catalytic systems for the conversion of waste/toxic material to high value-added and harmless 

products, biopolymers derived from natural sources have demonstrated great promise as an 

alternative to state-of-the-art materials that suffer from high costs and limitations. These have 

encouraged us to design and fabricate a new super magnetization of Mn–Fe3O4–SiO2/amine-

glutaraldehyde/chitosan bio-composite (MIOSC-N-et-NH2@CS-Mn) for advanced/aerobic 
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oxidation process. The morphological and chemical characterization of the as-prepared 

magnetic bio-composite was assessed using ICP-OES, DR UV-vis, BET, FT-IR, XRD, FE-

SEM, HR-TEM, EDS, and XPS techniques. The PMS + MIOSC-N-et-NH2@CS-Mn system 

was capable of degrading methylene orange (98.9% of removal efficiency) and selectively 

oxidizing ethylbenzene to acetophenone (conversion 93.70%, selectivity 95.10% and TOF 

214.1 (103 h−1) within 8.0 min and 5.0 h, respectively. Moreover, MO was efficiently 

mineralized (TOC removal of ∼56.61) by MIOSC-N-et-NH2@CS-Mn with 60.4%, 5.20, 0.03 

and 86.02% of the synergistic index, reaction stoichiometric efficiency, specific oxidant 

efficiency, and oxidant utilization ratio in wide pH ranges, respectively. An understanding of 

its vital parameters and relationship of catalytic activity with structural, environmental factors, 

leaching/heterogenicity test, long-term stability, inhibitory effect of anions in water matrix, 

economic study and response surface method (RSM) were evaluated in detail. Overall, the 

prepared catalyst could be employed as an environmentally friendly and low-cost candidate for 

the enhanced activation of PMS/O2 as an oxidant. Additionally, MIOSC-N-et-NH2@CS-Mn 

exhibited great stability, high recovery efficiency, and low metal leaching, which eliminated 

the harsh condition reaction and supplied practical application performance for water 

purification and selective aerobic oxidation of organic compounds (Scheme 1).  

MIOSC-N-et-NH2-@CS-Mn

AcOH, 5h, 80 °C
 

Scheme 1. Synthesis of derivatives of Acetophenone 
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Nanomaterials (NMs) refers to particles size less than 100 nm, which have unique properties 

and extensive applications as drug delivery devices, antimicrobial agents, catalysts and 

electrical conductors [1]. Among all NMs, interest in copper (I) oxide (Cu2O) NPs with specific 

size and shape stems from their optical and electronic properties and beneficial antimicrobial 

properties [2]. This present study is the first report of synthesis of Cu2O NPs with 

triphenylamine (TPA) assisted. For the synthesis of Cu2O NPs, Cu (ClO4)2.6H₂O and TPA 

were dissolved in acetonitrile (MeCN) [3]. After 12 hours, K2CO3 and double distilled water 

were added to the mixture. After filtration, washing, and drying, precipitation of Cu2O NPs 

remained. The synthesized Cu2O NPs was characterized by different techniques including UV–

Vis spectroscopy, XRD, FT-IR spectroscopy, TEM, SEM, EDX, and AFM. The XRD pattern 

and TEM analysis revealed spherical and cavity, stable, and uniform Cu2O NPs with the range 

particle size of about 3-33 nm. The results showed that TPA has the ability to synthesize Cu2O 

NPs with uniform morphology and small size with many applications. 

 

Scheme. Synthesis of Cu2O nanoparticles in the presence of triphenylamine. 
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Research indicates that the use of an inexpensive and efficient semiconductor can have an 

important effect on the development of a hybrid solar cell. Moreover, the function of solar cells 

has also had a noticeable increase by using nanocomposites recently [1]. The poly (N-

(sulfophenyl) aniline) (PSA) [2] and superparamagnetic nanocomposite of it (SNCPSA) were 

synthesized by a simple room temperature solid-state mechanochemical reaction. For this aim; 

FeCl3.6H2O was mixed with diphenylamine-4-sulfonic acid barium salt and grinding for 1 h. 

The mixture was divided into two equal parts. The first part was filtration by a centrifuge and 

washed (workup) with H2O and HCl. After drying, PSA was obtained [2]. The second part was 

washed (workup) with H2O and NaOH to prepare SNCPSA similar to our previous reports on 

the fabrication of “New Generation Magnetic Solar Cells” [3,4]. After drying, the 

superparamagnetic nanocomposite of poly (N-(sulfophenyl) aniline) (SNCPSA) was obtained. 

The products characterized and studied with cyclic voltammetry (CV), UV-Vis and FT-IR 

spectroscopy and they were confirmed the successfully synthesis of PSA and SNCPSA. The 

photovoltaic properties of the cells have been evaluated with a solar simulator and the I-V 

characteristics and power conversion efficiency (PCE) of the samples were examined and 

discussed. The PCE values for the 2 samples were found to be in the range of 0.15–0.54 %. 

Results showed that, this kind of conjugated polymer should be a promising material in the 

application of polymer solar cells. 

 

 

Scheme. Synthesis of PSA and SNCPSA 
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Nowadays, the use of renewable energies is very important to provide the required energies of 

human life and solar cells are one of the most widely used means of using solar energy as well 

as self-charging batteries for energy storage. So, in recent years many studies have been done 

in this field to increase efficiency of solar cells and capacities of these batteries. According to 

our recent papers, superparamagnetic nanocomposites of polyaniline are very effective in 

increasing solar cell efficiency () and can improve their performance. Thus, studying and 

construction of new superparamagnetic solar cells using novel homopolymers, copolymers or 

nanocomposites of Fe3O4 and aniline, and its derivatives, are important. 

The prepared solar cells in this discovery can be turned into new self-charging batteries 

with minor modifications that can open a new window for energy storage. 
These devices have further advantages, for example the use of a new flexible transparent 

electrode made of PANI, easy and green overall processing conditions, lower fabrication cost, 

very simple cell structure and high material stability, which is very significant in the fabrication 

of solar cells and related batteries. 

Furthermore, magnetic property of the cells can be used for shift of cells in various places 

automatically and fix them without using glue and in especial frame work. 

In this lecture, I wish to describe the development of our recent works on the application of the 

novel superparamagnetic core-shell nanocomposites of PANI derivatives and Fe3O4 

nanoparticles in “the new generation magnetic solar cells and self-charging batteries”. It can 
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be confirmed by different mechanisms such as spin-orbit coupling and singlet fission (SF) 

which can increase the triplet state of excitons and/or trimerons formation. The other factors 

influencing the source of this great success is explained. 
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Introduction  

Incompletely condensed polyhedral oligomeric silsesquioxanes (POSS) are nano sized 

particles (1-3 nanometer) with this formula: (RSiO1.5) n. Fully-condensed silsesquioxanes or 

incompletely-condensed silsesquioxanes can be made with different methodologies [1].  

 

Method 

The nano sized heptaphenyltricycloheptasiloxane trisodium silanolate [Na3O12Si7 (C6H5)7] 

molecules (HPSTS molecules) were synthesized by hydrolysis and condensation method [2]. 

In this method incompletely condensed POSS molecules were synthesized by using 

phenyltrimetoxysilane [C6H5Si (OCH3)3] and sodium hydroxide (NaOH) in THF solution. 

Then at second step, POSS-NH2 nanoparticles were synthesized. Briefly, 1 g of HPSTS was 

dissolved in a flask containing 150 ml of dry toluene solvent. Also, 467μl of APTES reagent 

was dissolved in 5 ml of dry toluene and added dropwise to the flask containing the HSPST 

solution. Then, the reaction system was refluxed for 8 hours in a magnetic stirrer at 90 ° C. 

Finally, all the solvent and volatiles were removed by rotary evaporation. The resulting product 

was washed with water and then with acetonitrile. Then, it was placed in an oven at 60 ° C for 

24 hours to dry (scheme 1). 

  

Scheme1. Synthesis of aminated POSS (POSS-NH2) nanoparticles  

 

Results and Discussion 

The FT-IR spectra of synthesized POSS-NH2 is shown in scheme 2. The strong peak at around 

1130 cm -1 is related to Si-O-Si stretching vibration. The stretching vibration of phenyl groups 

appears at 1430 and 1597 cm-1. Also, the peaks related to C-H stretching vibration of phenyl 

groups are shown at 3000-3100 cm -1. The C-H vibration of propyl groups is appeared at 2800-

2900 cm-1. Also the stretching vibration of NH2 at about 3360 is shown in this figure. 
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Scheme2. The FT-IR spectra of POSS-NH2 
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Abstract 

Biofilm growth in industrial systems, including wastewater treatment plants, marine industries, 

and power plants, is a significant challenge that reduces equipment efficiency, increases 

maintenance costs, and poses environmental risks. This study investigates the properties, 

applications, and challenges of using polymeric and acrylic paints to prevent biofilm growth. 

Due to their chemical, mechanical, and environmental properties, these coatings are recognized 

as one of the most effective solutions for protecting industrial surfaces and enhancing system 

performance. This review analyzes credible scientific sources and examines the role of 

antimicrobial agents such as silver, copper, and zinc oxide nanoparticles in improving the 

efficiency of these coatings. Results show that the use of these coatings in various industries, 
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especially under harsh environmental conditions, can prevent biofilm growth and extend the 

service life of equipment. However, challenges such as high production costs and the 

environmental impacts of chemical components require further research. Future perspectives 

in this field include the development of smart coatings, environmentally friendly formulations, 

and cost reduction strategies. 

Keyword: Acrylic paints, polymeric coatings, biofilm, antimicrobial agents, industrial 

coatings, corrosion prevention, environmental management, nanotechnology. 

 

1. Introduction 

Biofilms are complex aggregations of microorganisms that adhere to surfaces and create a 

protective extracellular polymeric matrix. These structures cause significant problems in 

industrial environments, particularly in wastewater and industrial effluent systems [1, 2]. Such 

issues include reduced equipment efficiency, increased maintenance and repair costs, and 

health risks due to microbial growth. The high resistance of biofilms to disinfectants and 

environmental conditions presents serious challenges for their removal [2, 3]. 

One of the innovative and effective solutions to combat biofilm formation is the use of 

protective polymer-based coatings. Among these, acrylic paints have gained particular 

attention due to their unique properties, such as high chemical and mechanical resistance, 

optimal drying speed, and adhesion to diverse surfaces [4]. In addition to providing a physical 

protective layer, these paints can effectively prevent biofilm growth and spread through 

chemical modifications and the incorporation of antimicrobial agents [5]. 

Coating industrial surfaces with acrylic paints containing active nanoparticles, such as silver, 

copper, or zinc oxide, represents a significant advancement in inhibiting microbial growth. 

Nanoparticles, due to their antibacterial and antifungal properties, limit microbial growth 

through the release of active ions [6, 7]. Furthermore, advances in smart material technologies 

have enabled the design of coatings that activate under specific biological conditions, providing 

targeted responses [7]. 

In industrial wastewater systems, in addition to reducing biofilm growth, protecting surfaces 

from corrosion is also necessary. Acrylic paints, with their protective and environmentally 

friendly properties, are considered one of the best options for this application. Studies have 

shown that combining antimicrobial agents with water-resistant structures can significantly 

enhance the durability and performance of these coatings in industrial environments [8, 9]. 

This article aims to comprehensively review the application of polymeric and acrylic paints for 

coating industrial wastewater surfaces, analyzing their role in preventing biofilm growth and 

improving industrial system performance. Additionally, the benefits, challenges, and future 

prospects of this method are discussed to provide a foundation for further research in this field. 

 

2. Methodology 

This study was conducted as a review aimed at compiling and analyzing existing information 

about the use of polymeric and acrylic paints to prevent biofilm growth on industrial 

wastewater surfaces. The research process involved the following steps: 
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2.1 Literature Search 

Relevant scientific sources were collected from reputable databases, including Google Scholar, 

ScienceDirect, PubMed, and Scopus. Searches were conducted using the following keywords: 

 

Biofilm 

Acrylic coatings 

Polymer paints 

Antimicrobial surfaces 

Industrial wastewater management 

2.2 Selection of Relevant Articles 

Inclusion criteria: Published articles that provide information related to the application of 

polymeric paints in preventing biofilm growth. 

Article types: Laboratory studies, previous review articles, and industrial reports. 

2.3 Review and Data Extraction 

Information was extracted from 42 selected articles on the following topics: 

Physical and chemical properties of polymeric and acrylic paints. 

Effectiveness of these coatings in preventing biofilm growth. 

Advantages and limitations of using these paints in industrial environments. 

2.4 Data Analysis and Synthesis 

The extracted information was descriptively analyzed and categorized based on the main topics 

of the article, including the properties of acrylic paints, application challenges, and 

advancements in technology. 

3. Scientific and Conceptual Background 

Biofilm growth is one of the most significant challenges in industrial systems, particularly in 

wastewater management. Biofilms are clusters of microorganisms that adhere to surfaces and 

produce an extracellular polymeric substance (EPS) matrix, creating a protective environment. 

This complex matrix allows biofilms to exhibit high resistance to disinfectants and 

environmental conditions [10]. The presence of biofilms can lead to reduced efficiency in water 

and wastewater transfer systems, bio-corrosion, and increased maintenance costs [8]. 

The use of protective coatings, particularly polymer-based ones, has emerged as an effective 

solution to prevent biofilm formation. Polymeric paints, including acrylic ones, have gained 

significant attention in recent years due to their unique properties such as chemical resistance, 

favorable mechanical characteristics, and fast drying times [11]. These paints not only prevent 
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the initial adhesion of microorganisms to the surface but also show enhanced effectiveness in 

preventing biofilm formation when active antimicrobial compounds are added [12]. 

 

In addition to mechanical issues, biofilms pose health risks. In industrial wastewater systems, 

biofilm growth can lead to water contamination and the spread of pathogens, posing a serious 

threat to public health [8]. Therefore, research and development in new technologies to prevent 

biofilm growth have become increasingly important. 

Acrylic paints are recognized as one of the most effective options for industrial surface coatings 

due to their high ability to create homogeneous and durable coatings. With their advanced 

formulations, these paints can withstand extreme temperature variations, humidity, and 

chemical exposure [13]. Furthermore, the addition of antimicrobial nanoparticles such as silver, 

copper, or zinc oxide to these coatings has significantly enhanced their antibacterial properties 

[14]. 

In recent decades, extensive research has been conducted to prevent biofilm formation. Early 

studies primarily focused on the use of disinfectants. However, with the advent of 

nanotechnology and advances in polymer chemistry, the focus has shifted toward designing 

advanced coatings. These coatings not only prevent initial adhesion but also create an 

impermeable layer that provides an unfavorable environment for microbial growth [15]. Given 

the detrimental effects of biofilms across various industries and the success of polymeric 

coatings in preventing them, it can be concluded that this method is one of the best preventive 

options in industrial system management. The subsequent sections will delve deeper into the 

technical and practical characteristics of these coatings. 

 

4. Properties of Polymeric and Acrylic Paints 

Polymeric and acrylic paints have gained a prominent position in various industries, especially 

in industrial and environmental applications, due to their unique properties. These paints are 

made from synthetic polymer compounds and play a critical role in protecting and optimizing 

the performance of industrial systems due to their physical, chemical, mechanical, and 

environmental features [16]. 

One of the outstanding features of acrylic paints is their high adhesion, which enables them to 

bond strongly to various surfaces, including metal, concrete, and plastic. This property makes 

them ideal for coating surfaces in industrial environments [16, 17]. Additionally, the chemical 

structure of acrylic paints provides excellent resistance to water absorption, allowing them to 

maintain stable performance in humid conditions. This water resistance, combined with high 

chemical stability against acids, alkalis, and other industrial chemicals, makes these paints 

suitable for use in harsh environments [18]. 

Mechanically, these paints exhibit excellent resistance to impact and abrasion, which is 

particularly important for surfaces exposed to strong water currents or suspended particles. 

Furthermore, the high flexibility of acrylic paints allows them to adapt to thermal and 

mechanical changes without cracking or breaking, making them one of the most reliable 

options for industrial surface coatings [19]. 
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Another significant property of polymeric and acrylic paints is their corrosion resistance. These 

paints form an impermeable layer that prevents direct contact between the surface and corrosive 

agents. Studies have shown that these coatings maintain their performance for extended periods 

under harsh environmental conditions, preventing damage caused by corrosion. This feature is 

particularly valuable in the oil and gas industries, wastewater treatment plants, and marine 

industries [20]. 

Moreover, the antimicrobial properties of acrylic paints, enhanced by active additives such as 

silver, copper, or zinc oxide nanoparticles, play a key role in preventing biofilm growth. These 

paints effectively inhibit the initial adhesion of microorganisms and suppress their growth, 

thereby preventing biofilm formation. This antimicrobial property makes acrylic paints 

particularly suitable for industries where cleanliness and hygiene are critical, such as the food 

and pharmaceutical sectors [21]. 

From an environmental compatibility perspective, many acrylic paints are free of volatile 

organic compounds (VOC), making them safer for the environment. Additionally, these paints 

can be designed to minimize negative environmental impacts, making them a suitable option 

for industries sensitive to environmental issues [22]. 

Finally, the fast-drying characteristic of acrylic paints is a key feature that reduces coating 

operation times and enhances efficiency in industrial processes. This property is especially 

significant in projects with tight execution timelines. 

5. Mechanism of Polymeric Paints 

Polymeric and acrylic paints combine physical, chemical, mechanical, and environmental 

features, making them a powerful tool for addressing challenges such as corrosion and biofilm 

growth in industrial settings. These features optimize their use in industries like wastewater 

treatment plants, power plants, and marine industries, enhancing efficiency, reducing costs, and 

contributing to environmental preservation. 

One of the key features of polymeric and acrylic coatings is their ability to create low-surface-

energy surfaces, which prevent microbial adhesion. Acrylic polymers, due to their molecular 

structure, have hydrophobic chains [23]. These hydrophobic groups reduce surface energy, 

lowering the interaction between microbial cells and the coating. This interaction reduction 

prevents microorganisms from forming strong bonds with the surface, which is the initial step 

in biofilm formation. Furthermore, this hydrophobicity ensures that water molecules and 

dissolved substances cannot easily interact with the surface, creating an environment unsuitable 

for microbial growth and accumulation [23, 24]. 

In addition to reducing surface energy, acrylic coatings prevent biofilm formation by modifying 

the physical structure of the surface. These coatings are typically designed with extremely low 

surface roughness, significantly reducing the potential adhesion points for microbial cells. 

Some engineered coatings also feature complex surface structures, further minimizing 

microbial adhesion. Even when microorganisms contact the surface, such designs inhibit 

colony formation and the accumulation of extracellular polymeric substances (EPS) [25, 26]. 

A crucial chemical feature of these coatings is their ability to release antimicrobial agents in a 

controlled manner. These coatings are often fortified with active compounds like silver 

nanoparticles, copper, or organic antimicrobial agents. These compounds are gradually released 
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from the polymeric matrix and attack microbial cell surfaces. The primary mechanism involves 

disrupting the microbial cell wall and membrane, preventing cell survival and biofilm 

formation. Controlled release ensures prolonged effectiveness, reducing the need for frequent 

reapplication [21, 27]. 

Acrylic coatings actively inhibit biofilm formation by interfering with biological processes. 

Biofilm formation typically involves two stages: initial adhesion and EPS matrix accumulation 

[4]. These coatings disrupt intercellular communication (Quorum Sensing) by altering surface 

properties and emitting inhibitory signals. This communication system is crucial for 

microorganisms to coordinate colony formation and enhance resistance. Thus, these coatings 

effectively disrupt the coordination needed for biofilm formation [28]. 

Polymeric and acrylic coatings can adjust their hydrophilic and hydrophobic properties, a key 

mechanism for biofilm prevention. Hydrophilic coatings typically retain a thin water layer on 

their surface, acting as a physical barrier against direct microbial contact. In contrast, 

hydrophobic coatings repel water and nutrients, creating an environment unsuitable for 

microbial growth. This adjustable property is a significant advantage, depending on the 

application and industrial setting [29]. 

Certain types of acrylic coatings incorporate catalytic materials like titanium oxide. These 

materials, upon light exposure, generate reactive oxygen species (ROS) that damage microbial 

cell walls. This photocatalytic process is especially effective in light-accessible environments 

and can simultaneously eliminate multiple microbial species. Catalytic reactions also prevent 

EPS matrix accumulation, keeping the surface clean [30, 31].Some polymeric coatings contain 

compounds that disrupt microbial cell division processes. These compounds interfere with 

metabolic activities, preventing cell replication and biofilm formation at early stages. They may 

also deactivate key enzymes required for EPS production [32]. 

Acrylic coatings, due to their combination of physical, chemical, and biological properties, are 

among the most effective solutions for preventing biofilm formation. By creating surfaces 

unsuitable for adhesion, releasing antimicrobial agents, and interfering with biological 

processes, these coatings enhance performance and reduce maintenance costs in various 

industries. However, developing more durable and environmentally sustainable coatings 

remains a critical challenge. 

 

6. Role of Antimicrobial Agents in Acrylic Paints 

Adding antimicrobial agents to acrylic paints is an innovative strategy to enhance the efficiency 

of these coatings in preventing microbial growth and biofilm formation. These agents are 

particularly effective in industrial and environmental settings where contamination risk is high. 

This section examines various antimicrobial agents, their mechanisms, and their impact on 

reducing biofilm formation [22]. 

Acrylic paints containing metallic nanoparticles like silver, copper, and zinc oxide are among 

the most advanced antimicrobial coatings. Silver nanoparticles, known for their potent 

antibacterial properties, are widely used in acrylic paints. They disrupt bacterial cell walls and 

enzymatic functions, halting microbial growth. Copper nanoparticles, being more cost-

effective yet similarly effective, are also gaining traction. Zinc oxide, by releasing active ions 
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and generating reactive oxygen species, exhibits significant antimicrobial effects. Additionally, 

organic compounds like quaternary ammonium salts and isothiazolinones are extensively used 

to prevent fungal and bacterial growth in acrylic paints [33]. 

The mechanisms of antimicrobial agents in these paints involve three main processes: releasing 

active ions, initiating oxidative reactions, and disrupting microbial membranes. Metallic 

nanoparticles like silver and copper continuously release active ions that impair microbial 

metabolic functions. These agents generate ROS, which damage essential microbial 

components such as DNA and proteins. Furthermore, they penetrate microbial membranes, 

causing intracellular leakage and cell death [21, 33].These antimicrobial agents play a crucial 

role in reducing biofilm formation. They lower the surface energy of acrylic paints, preventing 

the initial adhesion of microorganisms. Additionally, by inhibiting cell replication, they limit 

microbial colony expansion and reduce EPS production, the structural basis of biofilms. These 

effects significantly hinder biofilm formation and stability [19, 21]. 

The advantages of using antimicrobial agents in acrylic paints include increased coating 

durability, reduced equipment maintenance costs, and environmental protection. These agents 

extend the paint's lifespan against biological contamination and reduce the need for frequent 

chemical disinfectants. These features make these paints not only economically viable but also 

environmentally friendly [33].However, challenges such as the high cost of metallic 

nanoparticle production, environmental compatibility, and maintaining long-term effectiveness 

remain significant limitations. Developing sustainable and environmentally friendly 

compositions to enhance the efficiency of these paints remains a priority for research 

[19].Advancements in modern technologies, such as nanotechnology, encapsulation of 

antimicrobial agents, and the design of smart coatings responsive to environmental stimuli, are 

crucial for improving these paints' performance. These technologies can enhance efficiency 

and reduce costs, expanding their applications across industries like wastewater treatment, 

marine industries, and power plants [19]. 

Acrylic paints containing antimicrobial agents, as a novel and efficient solution, hold great 

potential for combating biofilm growth while addressing environmental and industrial 

challenges. With their high performance and environmental sustainability, these coatings serve 

as an effective tool for managing industrial systems [19, 21]. 

7. Industrial Applications 

Acrylic and polymeric paints, due to their unique properties, have found extensive applications 

across various industries. These coatings not only combat challenges like corrosion, biofilm 

growth, and biological contamination but also enhance the overall efficiency of industrial 

systems. Below are the major industrial applications of these paints [34]: 

1. Water and Wastewater Treatment Plants 

In water and wastewater treatment plants, acrylic paints are used to coat storage tanks and 

piping systems. These coatings create a layer resistant to water and chemicals, preventing 

biofilm growth and surface corrosion [35]. The use of these paints extends the lifespan of 

equipment while reducing maintenance and repair costs. Additionally, they prevent blockages 

and pressure drops in piping systems, thereby improving the overall performance of treatment 

plants [36]. 



 

1170 

 

2. Oil and Gas Industry 

Polymeric and acrylic paints are widely used in the oil and gas industry to protect equipment 

from harsh environmental conditions. These paints are effective in coating offshore equipment 

exposed to high humidity and salinity [16]. Furthermore, in oil and gas pipelines, these coatings 

prevent biological deposits and microbial corrosion, enhancing the efficiency of transportation 

operations. Fuel storage tanks are also coated with these paints to protect them from chemical 

and biological degradation [37]. 

3. Food and Pharmaceutical Industries 

In the food and pharmaceutical industries, where maintaining hygienic standards is crucial, 

antimicrobial acrylic paints are used to coat internal surfaces of equipment. These coatings 

prevent the growth of bacteria and fungi, minimizing the risk of contamination in products. 

Additionally, acrylic paints with smooth and non-adhesive surfaces facilitate equipment 

cleaning and prevent the spread of biological contaminants [37]. 

4. Power Plants 

Cooling systems in power plants are continuously exposed to biological deposits and biofilms. 

Polymeric and acrylic paints are used to coat these systems, preventing deposit formation and 

improving the efficiency of thermal systems. Additionally, these paints protect turbines and 

sensitive equipment in power plants from corrosion and biological contamination [38]. 

5. Maritime and Shipping Industries 

In the shipping industry, antimicrobial acrylic paints are applied to ship hulls. These coatings 

prevent the formation of biofilms and algae, reducing hull friction and optimizing fuel 

consumption. Furthermore, in offshore oil platforms, these paints provide reliable protection 

against marine conditions due to their high durability [39]. 

6. Construction Industry 

Acrylic paints are used for interior and exterior coatings of industrial buildings. These coatings 

reduce mold and fungal formation, creating more hygienic environments. They also enhance 

the durability of concrete structures by protecting them against corrosion and erosion [39]. 

7. Chemical Industry 

In the chemical industry, these paints are applied to tanks and pipes used for transferring 

corrosive chemicals. The high resistance of these paints to chemicals and microorganisms 

improves the safety and longevity of the equipment [21]. 

8. Benefits and Achievements 

The use of acrylic and polymeric paints across various industries offers numerous advantages: 

Prolonged Equipment Lifespan: By reducing corrosion and biofilm growth, these paints 

significantly extend the life of equipment. 

Lower Maintenance Costs: Reduced cleaning and maintenance requirements decrease 

operational expenses. 
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Enhanced Industrial Productivity: These coatings boost system efficiency by minimizing 

biological contamination [21]. 

Acrylic and polymeric paints, due to their exceptional properties, are widely applied in a variety 

of industries. These coatings not only improve system performance but also mitigate 

environmental and economic impacts caused by biological issues, providing an innovative 

solution to industrial challenges [40]. 

8. Future Prospects and Recommendations 

Recent advancements in the use of acrylic and polymeric paints to prevent biofilm growth 

highlight the potential for developing novel technologies and creative applications. Below are 

future perspectives and recommendations for research and improvement in this field [40]: 

One future direction is the development of nanocoatings using smart nanoparticles. These 

nanoparticles can provide controlled release of antimicrobial agents, enhancing the durability 

and effectiveness of acrylic paints. Nanocoatings, due to their high surface-to-volume ratio, 

offer optimized antimicrobial performance. Additionally, incorporating eco-friendly 

compounds like plant extracts and biopolymers could replace current chemical agents, reducing 

environmental impact [41]. 

Designing smart coatings that respond to environmental changes such as pH, temperature, or 

pressure is an exciting area for future research. These coatings could activate antimicrobial 

effects under specific biological conditions. Furthermore, developing self-healing acrylic 

paints could enhance the durability of these coatings against mechanical or chemical damage, 

improving their industrial applications [41]. 

To address environmental sustainability, reducing volatile organic compounds (VOC) in paint 

formulations is a priority. Developing recyclable paints could lower industrial waste disposal 

costs and strengthen environmental sustainability. Additionally, assessing the long-term effects 

of metallic nanoparticles on the environment and living organisms is critical to ensuring the 

safety and sustainability of this technology [41]. 

Antimicrobial acrylic and polymeric paints could find use in industries beyond their current 

domains: 

Medical Industry: Coating hospital equipment and pharmaceutical packaging to reduce 

hospital-acquired infections [42]. 

Food Industry: Designing coatings that prevent microbial growth in production and packaging 

equipment to improve product safety and quality. 

Marine Industry: Further research on enhancing antifouling coatings could reduce fuel 

consumption and maintenance costs in ships [42]. 

Developing more precise laboratory methods to evaluate the efficacy of antimicrobial agents 

and conducting long-term tests in real-world conditions are essential for ensuring the durability 

and effectiveness of these paints. Using mathematical models and computer simulations could 

facilitate predicting the behavior of these coatings under different environmental conditions 

[42]. 
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Interdisciplinary Research: Collaboration between polymer chemistry, environmental 

engineering, and microbiology experts to develop innovative technologies. 

Cost Reduction: Using cheaper raw materials and optimizing production processes to reduce 

the cost of these paints. 

Exploration in New Industries: Feasibility studies on using acrylic paints in renewable energy 

and energy storage industries to create new opportunities. 

9. Conclusion 

Polymeric and acrylic paints play a vital role in preventing biofilm growth and protecting 

industrial surfaces, significantly improving the performance and productivity of various 

industries. This study comprehensively explored the properties of these paints, the role of 

antimicrobial agents, industrial applications, challenges, and future perspectives.Acrylic 

paints, with their chemical and mechanical properties, stand out as one of the best options for 

biofilm prevention. Adding antimicrobial agents like metallic nanoparticles significantly 

enhances their effectiveness in controlling microbial growth. The diverse applications of these 

paints in industries such as wastewater treatment, marine industries, and power plants 

demonstrate their versatility and high performance. 

While challenges such as high production costs, especially for metallic nanoparticles, remain 

limitations, developing sustainable and affordable compositions will be crucial. Future 

advancements in formulations and innovative technologies promise a sustainable and efficient 

future for this field.Acrylic and polymeric paints, combining favorable physical, chemical, and 

environmental properties, are a powerful tool for biofilm management and surface protection. 

These coatings improve industrial system productivity and reduce environmental and 

operational costs, playing a key role in resource management and industrial infrastructure 

preservation. Advancements in this field can pave the way for a more sustainable and optimized 

future across various industries. 
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Introduction: Omega-3 (ω-3) polyunsaturated fatty acids (PUFAs) are known to have 

beneficial effects on human health. Numerous studies have demonstrated the potential role of 

omega-3 PUFAs, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), 

in helping to prevent chronic diseases [1]. The World Health Organization (WHO) 

recommends that adults consume 200-500 mg of DHA and EPA [2]. The rise in awareness of 

EPA and DHA's health benefits has led to a growing demand for dietary supplements. 

Enhancing foods with oils rich in EPA and DHA is difficult due to issues with lipid oxidation 
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[3]. A key requirement for successfully developing foods rich in omega-3 PUFA is to prevent 

or delay lipid oxidation as much as possible [4]. One method of protecting lipids from oxidation 

is to microencapsulate the lipid to be protected [3]. Micro- and nano-encapsulation is a 

promising approach to protect core materials (PUFA) against environmental factors such as 

oxygen, light, and transition metals, thus improving their oxidative stability and biological 

activity [2]. One of the most useful delivery systems for lipophilic bioactive substances is 

through lipid-based encapsulation systems. Phospholipids are excellent emulsifiers because 

they have a glycerol backbone attached to two fatty acids (hydrophobic) and one phosphoric 

acid (hydrophilic) [5]. Phospholipids are characterized by their exceptional biocompatibility 

and distinct amphiphilic properties. These attributes render them particularly suitable for use 

as pharmaceutical excipients, leading to a broad spectrum of applications in drug delivery 

systems. Upon introduction into an aqueous environment, phospholipids undergo self-

assembly, resulting in the formation of various supramolecular structures that are influenced 

by their specific properties and environmental conditions. Notably, phospholipids tend to form 

liposomes, which serve as effective drug carriers in therapeutic applications [6]. Liposomes 

can be made from both natural and synthetic phospholipids. The phospholipid composition 

strongly influences liposome properties, including particle size, hardness, fluidity, stability, 

and electrical charge. Liposomes are the safest and most suitable drug delivery system for 

humans due to their biocompatibility, biodegradability, and low toxicity [7]. The main 

advantage of liposome microencapsulation systems over other microencapsulation systems is 

that the materials encapsulated in the microcapsules exhibit much higher water activity 

compared to other microencapsulation systems [5]. Thin-layer hydration is the oldest, most 

common, and simplest method to prepare liposomes. Regarding drug loading into liposome 

systems, lipophilic drugs can be solubilized with phospholipid mixtures before thin film 

formation, while hydrophilic drugs can be introduced into hydration media and then 

incorporated into liposomes during the hydration process [8]. 

 

In this research a new cationic phospholipid based on succinic anhydride has been designed for 

use in formulating liposomes that contain omega-3, enhancing the stability of omega-3. 

Cationic lipids possess a greater ability for transport, and cationic liposomes loaded with drugs 

can effectively adsorb negatively charged macromolecules. Compounds are used as 

preservatives to enhance the stability of liposomes. Additionally, natural polysaccharides aid 

in deep cellular penetration through the cell wall structure, while compounds are also utilized 

as flavorings to improve aroma and taste. The structure of the phospholipid was confirmed 

through NMR analysis, while the liposome formulation was verified using SEM and TEM 

analysis. Additionally, the drug loading and release were thoroughly investigated. 
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Scheme 1. TEM image of nano liposomal omega-3 

 

Results and Discussion: This study synthesized A novel phospholipid based on succinic 

anhydride. The success of the synthesis was proven by structural analyses using FT-IR, 1H 

NMR, 13C NMR, and 31P NMR. The new phospholipid was used in the liposome structure with 

the formulation of phospholipid/cholesterol/Tween 60/Span 60/polysaccharide. The TEM 

analyses, which resulted in liposomes with dimensions of DLS, 7 nm, called nano. The 

synthesized nanoliposome was successful in increasing the stability of omega-3 which showed 

no sedimentation after several months. 
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Abstract: In this study, a novel branched lipid derived from ethanolamine was synthesized and 

characterized using FTIR and NMR spectroscopy. The lipid, combined with Span 60, Tween 

60, polysaccharides, and cholesterol, was utilized to fabricate nanoniosomes for encapsulating 

doxorubicin. The structure of the nanoniosomes was characterized before and after drug 

loading using transmission electron microscopy (TEM) and dynamic light scattering (DLS), 

confirming their nanoscale size and uniformity. For targeted drug delivery, the nanoniosomes 

were functionalized with folic acid on their surface. Drug release studies conducted using a 

dialysis bag indicated sustained and controlled release of doxorubicin in the optimized 

formulation. These findings suggest that the designed nanoniosomes have significant potential 

for targeted cancer therapy. 

 

Introduction: The development of nanocarriers for targeted drug delivery has revolutionized 

the field of cancer therapy, addressing the limitations of conventional treatments, such as 

systemic toxicity and poor bioavailability [1-3]. Nanoniosomes, non-ionic surfactant-based 

vesicles, have emerged as a promising platform for encapsulating and delivering 

chemotherapeutic agents due to their biocompatibility, stability, and ease of functionalization 

[4,5].  

In this study, we synthesized a novel branched lipid derived from ethanolamine and 

incorporated it into the formulation of nanoniosomes along with Span 60, Tween 60, 

polysaccharides, and cholesterol. The niosomes were subsequently functionalized with folic 

acid to achieve targeted delivery of doxorubicin to folate receptor-expressing cancer cells. The 

structural and functional characteristics of the lipid and the formulated nanoniosomes were 

thoroughly investigated, along with drug release and targeting efficiency. 
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Scheme 1. Encapsulated doxorubicin in novel nanoniosome 

 

Materials and Methods 

1. Synthesis of the Branched Lipid 

The branched lipid was synthesized through a multi-step reaction involving ethanolamine and 

fatty acid derivatives. The chemical structure was confirmed by FTIR, which showed 

characteristic peaks for amine and ester groups, and NMR spectroscopy, which confirmed the 

molecular structure of the synthesized lipid. 

2. Preparation of Nanoniosomes 

Nanoniosomes were prepared using the thin-film hydration method: 

Step 1: A mixture of the branched lipid, Span 60, Tween 60, cholesterol, and appropriate 

polysaccharide was dissolved in chloroform. 

Step 2: The solvent was evaporated under reduced pressure to form a thin lipid film on the 

walls of a round-bottom flask. 

Step 3: The film was hydrated with phosphate-buffered saline (PBS) at 60°C with constant 

vortexing, followed by sonication to reduce particle size. 

3. Drug Encapsulation 

Doxorubicin was incorporated into the niosomes during the hydration step. Encapsulation 

efficiency was determined spectrophotometrically. Finally, folic acid was covalently 

conjugated to the surface of nanoniosomes using a PEGylation approach. The success of 

functionalization was confirmed using FTIR analysis. 

Results and Discussion 

FTIR spectra confirmed the presence of amine and ester groups, while NMR analysis verified 

the expected molecular structure. The lipid demonstrated excellent solubility and compatibility 

with other formulation components.TEM images revealed spherical niosomes with smooth 

surfaces, while DLS analysis showed an average size of 25 nm, suitable for enhanced 

permeability and retention (EPR) effects. Encapsulation efficiency of doxorubicin was 

approximately 85%, indicating effective drug loading. 
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FTIR spectra showed characteristic peaks corresponding to folic acid, confirming successful 

conjugation to the niosome surface. This functionalization enhances the ability of the 

nanoniosomes to target cancer cells expressing folate receptors. 

The drug release profile demonstrated a sustained release pattern over 72 hours. Initial rapid 

release was attributed to surface-adsorbed doxorubicin, followed by a controlled release phase 

due to diffusion through the lipid bilayer. The functionalized nanoniosomes showed great 

potential for targeted delivery, reducing off-target effects and enhancing therapeutic efficacy. 

The branched lipid and folic acid conjugation played key roles in improving stability, targeting 

capability, and drug release kinetics. 

7.1.1 Conclusion 

This study successfully demonstrated the synthesis of a novel branched lipid and its application 

in the formulation of folic acid-functionalized nanoniosomes for the targeted delivery of 

doxorubicin. The nanoniosomes exhibited excellent structural properties, high drug 

encapsulation efficiency, and sustained release behavior, making them a promising candidate 

for cancer therapy. 
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ABSTRACT 

Given the increasing use of polymeric composite in tissue engineering, electroconductive 

composites take higher attention, especially in the field of bone and nerve tissue engineering. 

Polylactic acid-reduced graphene oxide composite based scaffolds are widely used in tissue 

engineering while lack of hydrophilic groups on their surface limit their biocompatibility. In 

the field of tissue engineering, it would be necessary to modify surface of the composite to 

improve cell adhesion. In this research, composite samples were prepared and modified with 

NaOH solution at different timepoints. The effect of surface modification on the 

physicochemical properties was investigated using Fourier transform infrared spectroscopy – 

attenuated total reflectance (FTIR-ATR), scanning electron microscope (SEM) and optical 

microscopy (OM) experiments. It was found that chemical surface modification with sodium 

hydroxide increased surface roughness at the microscale and changed the surface morphology 

at the nanoscale. FTIR-ATR results also indicated creation of O-H bonding in the modified 

composites which confirms the enhancing wettability of the composites. NAOH modification 

can play a significant role in enhancing cell attachment in tissue engineering by changing the 

surface morphology and chemical properties.  

1. Introduction 

Scaffolds play an essential role in tissue engineering by mimicking the extracellular matrix, 

providing a three-dimensional structure that supports cell growth, proliferation, and 

differentiation. The ideal scaffold must possess several key properties to facilitate tissue 

regeneration: biocompatibility to avoid immune responses, biodegradability to allow gradual 
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tissue replacement, mechanical strength to maintain structural integrity, and porosity to support 

nutrient and waste exchange [1], [2]. 

Polylactic acid (PLA), a widely used biomaterial in tissue engineering, exhibits excellent 

biocompatibility, biodegradability, and mechanical properties, making it an ideal candidate for 

scaffolds. However, its inherent lack of electrical conductivity limits its use in specific 

applications like neural and cardiac tissue engineering, where electrical stimulation is crucial 

[3] This challenge has led to the increasing incorporation of reduced graphene oxide (rGO) 

into PLA-based scaffolds, as rGO provides enhanced electrical conductivity while maintaining 

the favorable properties of PLA. Recent studies show that PLA/rGO composites are gaining 

popularity due to their potential to improve tissue regeneration, especially in tissues requiring 

electrical conductivity [4]. 

Although PLA/rGO composites demonstrate favorable mechanical and electrical properties, a 

substantial limitation lies in their inherently poor surface hydrophilicity. This characteristic is 

paramount in tissue engineering, as hydrophilic surfaces facilitate protein adsorption and cell 

adhesion, which are indispensable for cell proliferation and tissue growth. The hydrophobic 

nature intrinsic to both PLA and rGO can impede cell attachment, necessitating surface 

modification to enhance the scaffold's biocompatibility and bioactivity [5], [6]. Chemical 

surface modification represents a prevalent strategy for improving the hydrophilicity and 

functionalization of composite scaffolds. By introducing functional groups or altering the 

surface chemistry, it is feasible to augment the interaction between the scaffold and biological 

tissues [7]. Diverse chemical treatments have been implemented, including acid treatments, 

plasma modifications, or grafting of bioactive molecules. Among these, NaOH treatment has 

demonstrated particular efficacy. NaOH induces hydrolysis on the PLA surface, generating 

hydroxyl (-OH) and carboxyl (-COOH) groups, which enhance surface hydrophilicity and 

facilitate the binding of bioactive molecules such as peptides or proteins [8], [9] 

NaOH treatment is favored for several reasons: it is simple, cost-effective, and efficient in 

introducing functional groups on both PLA and rGO surfaces without causing significant 

damage to the composite's structure. Moreover, the mild conditions of NaOH treatment 

minimize the risk of degrading the polymer matrix, making it an ideal choice for applications 

where scaffold integrity must be maintained [10], [11]. 

Based on existing literature and established practices in the surface modification of PLA/rGO 

composites, a 1 molar (1 M) NaOH solution is frequently considered an optimal concentration 
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[12]. This concentration provides a balanced approach, effectively modifying the surface while 

preserving the bulk properties of the composite. It is sufficiently potent to induce hydrolysis 

on the PLA surface, generating hydroxyl (-OH) and carboxyl (-COOH) groups, without 

causing excessive degradation [13]. Treatment with 1 M NaOH has been demonstrated to 

significantly reduce contact angles, indicative of enhanced hydrophilicity. Moreover, it can 

increase surface roughness, promoting cell adhesion. Unlike higher concentrations, 1 M NaOH 

typically does not substantially alter the bulk mechanical properties of the scaffolds [14]. The 

functional groups generated by this treatment facilitate the binding of bioactive molecules, such 

as successful gelatin coupling. Notably, 1 M NaOH has been effectively employed across 

various treatment durations, ranging from 1 to 96 hours, offering flexibility in processing. 

While requiring prudent handling, NaOH (1 M) is less hazardous compared to higher 

concentrations, making it a suitable choice for laboratory applications. Furthermore, its 

affordability and widespread availability render 1 M NaOH a cost-effective option for surface 

modification [15]. 

This research aims to investigate the effects of chemical surface modification by NaOH 

solution on the physical, chemical, and morphological properties of PLA-rGO composites. 

Adequate analyses such as contact angle (CA), scanning electron microscopy (SEM), optical 

microscopy (OM), and Fourier transform infrared spectroscopy (ATR-FTIR) were utilized to 

characterize the surface properties of the composites.  

2. Material and methods  

2.1 Materials  

Reduced graphene oxide (rGO) powder was obtained from previous research [16]. PLA, 

purchased from Chemie Kas GmbH, along with dichloromethane (DCM) and sodium 

hydroxide (NaOH), supplied by Merck and Sigma-Aldrich respectively, were utilized in this 

study. All materials were used as received, without further modification. 

2.2. Methods 

2.2.1Preparation of polylactic acid/rGO composite 

Preparation of polylactic acid/rGO composites via the solution casting method. The process 

began by dissolving 2.5 grams of PLA granules in 15 milliliters of DCM at room temperature 

to create a uniform polymer solution. To ensure a homogenous dispersion of rGO, a key 

conductive component, 0.1% w/w rGO relative to the PLA was first dispersed in 4 milliliters 

of DCM before being incorporated into the PLA solution. The mixture was stirred thoroughly 

to achieve a uniform distribution of rGO throughout the matrix. Afterward, the solution was 

poured into a flat glass mold and allowed to dry, enabling the DCM to evaporate. To ensure 
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complete solvent removal, the samples were placed in a vacuum oven for 6 hours. The final 

composite specimens, with dimensions of 7 mm × 7 mm × 0.3 mm, were used for subsequent 

analyses. The samples were named as presented in table 1. 

Table 1. Samples name and description. 

Sample 

Name 

Description 

PLA-0 PLA-rGO untreated 

PLAG-1 PLA-rGO treated with NaOH 1 molar for 1 

hour 

PLAG-2 PLA-rGO treated with NaOH 2 molar for 1 

hour 

PLAG-3 PLA-rGO treated with NaOH 3 molar for 1 

hour 

 

2.2.2 Surface treatment of polylactic acid/rGO composite 

NaOH solutions at different concentrations (1, 2, and 3 M) were prepared by dissolving certain 

amount of NaOH in distilled water. To surface treatment of PLA-rGO composite, each sample 

were soaked in 50 ml NaOH solution in 37˚c for 1 hour, while they were shaking. After 1 hour, 

samples were removed from solution and washed with DI water for several minutes and dried 

at 37˚ c for 24 hours. 

3. Characterization 

3.1 Wettability Test 

The wettability test was conducted using a contact angle goniometer developed at the Iran 

Materials and Energy Research Institute. For this purpose, 4 microliters of deionized water 

were dropped onto the surface of each sample (10 × 10 mm2). Subsequently, images of these 

droplets were captured using a DFK 23U618 USB 3.0 industrial color camera equipped with a 

×2 lens. The angles around the image were analyzed, and the average values were used to 

determine the final contact angle. The wettability test was performed to investigate the effect 

of rGO content on the surface hydrophilicity of the composite samples. 

 

3.2 Fourier Transform Infrared Spectroscopy )ATR-FTIR) Analysis 

Fourier transform infrared spectroscopy (ATR-FTIR) is a technique that utilizes the absorption 

of infrared radiation to study the vibrational modes of molecules and polyatomic ions. In this 
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study, ATR-FTIR was employed to investigate the interactions between rGO and PLA chains 

in the composite material. The infrared spectra were recorded over a wavenumber range of 

4000-400 cm-1 with a resolution of 4 cm-1. The measurements were performed using an ATR-

FTIR spectrometer model Equinox 55 (Bruker, Germany) located at the Iran Polymer and 

Petrochemical Research Institute. 

 

3.3 Scanning Electron Microscopy )SEM( Analysis 

Scanning electron microscopy (SEM) was employed to investigate the surface morphology of 

the composite material, including the distribution of rGO particles and the effect of rGO content 

on the surface morphology. The SEM analysis was performed using a TESCAN MIRA3 SEM 

instrument (EHT= 20.0kv, WD =19 mm, magnification =×300) Prior to imaging, the samples 

were mounted on aluminum stubs and sputter-coated with platinum for 3 minutes. SEM images 

were randomly captured from the sample surfaces and analyzed using ImageJ software. 

 

3.4 Optical Microscopy (OM) Analysis 

To investigate the surface morphology and the distribution of rGO particles on the composite 

surface before and after surface modification, an optical microscope located at the Materials 

and Energy Research Center was utilized. Images were randomly captured from the sample 

surfaces. The equipment was an Olympus BX61 model, equipped with a 10MP mu1003 

camera. 

4. Results and Discussion   

4.1 Wettability Test 

The static water contact angle was employed to assess the change in wettability of pure 

polylactic acid surfaces and PLA/rGO composites before and after surface modification. The 

contact angle, formed at the three-phase solid/liquid/gas interface, offers a simple and 

convenient method for evaluating the hydrophilicity and/or hydrophobicity of film materials. 

Figure 1 displays an image of a water droplet on the surface of the PLA/rGO composite. The 

average water contact angle on the composite surface, before treatment, was calculated as 

76.6degrees. After surface modification of the composite with NaOH 1M for 1 hour, its contact 

angle decreased to 62.5 degrees. However, after surface modification with NaOH 2M and 

NaOH 3M for 1 hour, the contact angle increased to 76.5 and 84 degrees, respectively  
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Figure 1.  The water contact angle on the surface of the composite sample before (a) and after 

(b) surface modification with 1 M NaOH for 1 hour. The sample after surface modification 

with 2 M NaOH (c) and 3 M NaOH (d) for 1 hour. 

As evident from the graph, the contact angle increases with an increase in the surface 

modification duration, indicating an enhancement in the hydrophobicity of the surface. The 

lowest contact angle value, signifying the highest hydrophilicity of the composite, was obtained 

at a concentration of 1 M for a duration of 1 hour. Increasing NaOH concentration resulted in 

decrease in hydrophilicity which might be attributed to the increase of rophness and change in 

surface morphology .  

 

Figure 2. Investigation of the contact angle of PLA/rGO composite after treatment with 

different concentration of NaOH. 
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4.2 Fourier Transform Infrared Spectroscopy (ATR-FTIR) Analysis  

  

ATR-FTIR analysis is presented in Figure 3 for the surface of samples before and after 

treatment with NaOH solution. PLA-rGO composite exhibited four characteristic peaks of PLA 

in the wavenumber range of 500 to 4000 cm-1. These peaks correspond to C-H stretching 

vibrations in the 2850-3000 cm-1 region, ester C=O stretching at 1740-1750 cm-1, C-O 

stretching at 1000-1100 cm-1, and C-H bending vibrations around 1400-1500 cm-1, as reported 

in the literature. These peaks are clearly observed in the PLAG-0 spectrum at 2990, 2946 (C-

H), 1745 (C=O), 1079, 1126, 1179 (C-O-C), and 1452 cm-1. Additionally, peaks characterize 

the amorphous and crystalline regions of the polymer at 865 and 757 cm-1, respectively [17]. 

As shown in the Figure 3, the PLAG composite after NaOH treatment exhibits peak at 1268 

cm-1 (C-O-C stretching vibration of ester linkage) in lower intensity, indicating the breakdown 

in PLA chain. 

A broad and weak peak in the 3500 cm-1 regions, indicating the formation of O-H groups in 

the polymer chain. Overall, the intensity of the characteristic peaks of oxygen-containing 

polylactic acid changed after surface modification with NaOH, suggesting a change in the 

structure of the polymer molecular chains [18] 

 

Figure. 3. ATR-FTIR spectra of PLA/rGO composite after surface modification. 

4.3 Scanning Electron Microscopy (SEM) Analysis 

PLA/rGO surfaces etched with 1 M NaOH for 1 hour exhibited significant changes in surface 

morphology compared to unmodified samples. As expected, an increase in surface roughness 

with the formation of grooves, pits, and depressions of varying sizes and depths was observed, 

as evident in Figure 4. The treated surface displayed notable topographical changes in 

comparison to the relatively smooth unmodified PLA/rGO surface. 
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Figure. 4 SEM images of the PLA/rGO composite before (A) and after (B) surface modification. 

 

4.4 Optical Microscopy (OM) Analysis 

In Figure 5, the surface of the PLA/rGO scaffold underwent a transformation into a rough 

surface after surface modification with NaOH 1 M. This alteration can be attributed to the 

chemical etching of the PLA surface. The surface degradation induced by the NaOH solution 

resulted in increased surface roughness, consequently enhancing the contact angle and 

promoting the hydrophilicity of the composite [19]. 

 

 

 

Figure 5. Optical Microscopy images of the PLA/rGO composite before (A) and after (B) 

surface modification. 

 

5. Conclusions 

This study systematically examined how varying NaOH solution concentrations and 

modification durations affect the surface, physical, and chemical properties of PLA- rGO 

composites. The preparation process commenced with the synthesis of rGO, which was 

incorporated into the PLA matrix at a 1% concentration. The composite was fabricated using a 

solution casting method and subsequently cut into 10 mm × 10 mm pieces for detailed analysis. 
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Contact angle measurements revealed that surface modification using a 1 molar NaOH solution 

for 1 hour decreased the contact angle to 62.5 degrees, enhancing surface wettability. However, 

modification with 2 molar NaOH 2M for 1 hour slightly increased the contact angle to 76.6 

degrees. The surface treatment using a 3 molar NaOH solution for 1 hour resulted in a 

significant increase in the contact angle to 84 degrees, suggesting a trend toward increased 

hydrophobicity with higher NaOH concentrations. These findings suggest that while NaOH 

treatment can effectively alter surface properties, the concentration and duration of exposure 

play critical roles in determining the final wettability and surface characteristics of PLA/rGO 

composites. 

The surface morphology of the composite was examined using both OM and SEM. The SEM 

images indicated significant changes in the surface morphology compared to the unmodified 

samples. An increase in surface roughness was expected, with the formation of grooves, pits, 

and depressions of varying sizes and depths which were approved through the SEM 

examination at higher magnifications. As observed in the report, the optical microscopy images 

corroborated these findings. 

The results obtained from ATR-FTIR analysis of the polylactic acid composite modified with 

sodium hydroxide indicated a change in the intensity of the characteristic peaks associated with 

ester linkage in PLA after surface modification with NaOH. This suggests a change in the 

molecular structure of the polymer chains. This result implies the possible breaking C-O-C 

bonds within the polymer chain. 

In summary, based on the results of this research, the improvement in surface properties and 

wettability makes the application of these composites in tissue engineering promising. Having 

suitable substrate materials for biomedical applications, from the standpoint of chemical and 

physicochemical properties, in the field of tissue repair does not fulfill all the necessary 

application requirements. Achieving these properties at the point of impact, which is the target 

tissue environment, often encounters significant challenges such as the application of 

biological interface compounds or biological responses like immune system reactions. Despite 

of the sucess of this research in decreasing of hydrophobicity of PLA-rGO composites through 

NAOH chemical etching, applying the composites in neural tissue engineering needs more 

chemical and physicochemical modification such as plasma surface treatment and In-Vitro 

biological researches in real condition. 
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 This research explores the interdisciplinary integration of Quantum-Hydrogel composites and 

smart materials and their applications in a range of fields, including biomedicine. The Hydrogel 

is composed of Carboxymethyl cellulose and Polyvinyl alcohol, and Carbon Quantum Dots 

extracted from natural sources were used in its construction. The synthesized Hydrogel has 

been used for targeted drug delivery of the drug Doxorubicin to treat cancer tumors. 

1. Introduction 

Conventional and traditional cancer treatments include surgical intervention, through which 

tumor tissues can be directly or partially destroyed. Radiotherapy may be used synergistically 
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with chemotherapy or alone for local treatments, or as an adjuvant to surgical treatment. 

Chemotherapy, widely used as an adjuvant therapy, can be administered before or after surgery 

or for cancers that may be unsuitable for surgical intervention. It is characterized by its ability 

to work throughout the body rather than in a localized area alone. 

Novel drug delivery systems that exhibit excellent properties for loading, releasing, tracking, 

and targeting chemotherapeutic drugs are gaining increasing importance. In recent years, the 

development of nanotechnology-based cancer therapies has accelerated rapidly, utilizing 

graphene, quantum dots, carbon nanotubes, dendrimers, liposomes, and nanoparticles as drug 

delivery agents. Carbon quantum dots (CQDs), composed mainly of carbon, can be prepared 

using a green synthetic strategy and non-toxic chemicals, including environmentally friendly 

solvents. Recently, the use of carbon quantum dots in cancer therapy has shown impressive 

results due to their attractive properties, such as biocompatibility and low toxicity.[1-3] 

Delivery using injectable biodegradable hydrogels has also attracted significant attention 

because they can provide continuous and controlled delivery of the drug to the target tumor 

site while minimizing the adverse effects of systemic drug exposure. Furthermore, local 

treatment with injectable hydrogels can reduce the amount of drug required and increase the 

quantity that reaches the tumor site.[1-3] 

2. Methodology 

In this study, we have used the preparation of a drug composite with antitumor properties 

(Hydrogel/CQD/DOX), with the aim of providing a new and efficient strategy for cancer 

treatment. Carbon quantum dots prepared from the bones of aquatic organisms and a Hydrogel 

prepared from Carboxymethyl cellulose(CMC) and Polyvinyl alcohol(PVA) were combined to 

form a hydrogel with fluorescent properties. This nanocomposite was used as a drug carrier 

with high fluorescence properties for the drug Doxorubicin (DOX). (Figure 1) 

3. Result and discussion  

Through a wide range of analytical techniques such as FT-IR, PL, FE-SEM, TGA, UV-VIS, 

Zeta Potential, the swelling of the hydrogel, the loading and release of the drug were 

investigated. The results showed that the particle size was below 10 nm and the drug release 

continued to 89.74% in 144 hours in a tumor simulation environment. 

4. Conclusion 

In general, drug delivery systems are more likely to have slow and controlled release in addition 

to high loading. This hydrogel/carbon quantum dot had all of these characteristics and could 

be a very suitable and promising option in the future for drug delivery, especially in the field 

of cancer drugs. 
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(Figure 1) Image of the synthesis of Hydrogel/CQDs and its structure 
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Introduction 

Pyrazolo[b]phthalazine diones are one of the most significant compounds that considered the 

main structure of many biological materials. To date, several methods for the production of 

these compounds have been developed. However, the most of these approaches exhibit 

limitations such as challenging product and catalyst separation, low yields, harsh reaction 

conditions, and long reaction times. Magnetic nanocomposite materials have gained significant 

attention as the supporting materials for the homogeneous catalysis because there is no need 

for tedious separation methods such as centrifugation, extraction, and filtration and can be 

recovered rapidly by using an external magnet. Meanwhile, Schiff-base ligands have attracted 

considerable interest in the fields of chemistry and materials science due to their effective 

complexation with diverse transition metal ions, exceptional solubility, and outstanding 

catalytic efficacy. Accordingly, herein, magnetic core-shell structured silica supported Schiff-

base/Fe is prepared and applied as an efficient catalyst for the synthesis of 

pyrazo(b)phthalazines. 

Method 

Firstly Fe3O4@silica was dispersed in toluene at 25 °C. After complete dispersion of this 

material, 3-aminopropyltrimethoxysilane was added and the obtained mixture was refluxed for 

24 h. The solid material was then collected with a magnet, and dried at 70 ℃. Next, 

Fe3O4@silica-NH2 was dispersed in toluene at 25 °C. Subsequently, isatin was added to the 

reaction vessel and this was refluxed for 24 h. Afterwards, it was collected, dried at 70 °C and 
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denoted as Fe3O4@silica/SB. Next, the Fe3O4@silica/SB was added in DMSO while sonicating 

at 25 °C. Next, it was treated with FeCl3.6H2O and allowed to stir at 25 °C for 24 h and denoted 

as Fe3O4@silica/SB-Fe. 

Results and Discussion 

The FTIR measurement of all samples indicated a distinct absorption peak for the Fe-O bond 

at 584 cm-1 and a stretching vibration of the O-H bond at 3425 cm-1. The absorption bands 

were obtained at 2859–2934 and 1458 cm-1, corresponding to the aliphatic C-H stretching and 

bending vibrations of the propyl amines and silica. The successful surface modification of 

Fe3O4@silica with (3-aminopropyl)trimethoxysilane was confirmed by the presence of the Si–

O–Si signals at 809 and 1025 cm-1 (Figures 1b-1c). Furthermore, the peak appeared at 1618 

cm-1 corresponds to the C=N bond, showing that the isatin-Schiff-base (SB) ligand was 

successfully immobilized onto the material surface (Figures 1b and 1c). 

 

 

Figure 1. The FTIR of a) Fe3O4@silica-NH2, (b) Fe3O4@silica/SB and (c) Fe3O4@silica/SB-

Fe  
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Introduction 

Heteropolyacids (HPAs) are a category of polyoxometalates (POMs) that have been widely 

employed as effective catalysts owing to their superior electron capture, solubility in polar 

solvents, and remarkable stability. The Keggin type heteropolyacid (KHPA)-based catalysts 

have gained significant attention owing to their high Brønsted and Lewis acidity, resistance to 

corrosion, excellent thermal stability, and structural variety [1]. For instance, 12-

tungstophosphoric acid (H3PW12O40, PTA) is a KHPA that has been widely used as a 

superacid catalyst in several chemical and industrial processes. Meanwhile, magnetic materials 

with outstanding advantages of high thermochemical stability, biocompatibility, easy 

functionalization and high surface area have also gained interest as promising supports for 

PTAs [2]. On the other hand, pyrano[2,3-d]pyrimidines, are among the most significant 

compounds in the field of organic chemistry due to their anticancer, antifungal, spasmolytic, 

antimalarial, and anticoagulant properties [3]. Accordingly, herein, a novel magnetic silica 

supported propylamine/H3PW12O40 is prepared and has been applied as an effective catalyst 

for the synthesis of pyrano[2,3-d]pyrimidines. 
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Method 

Firstly, Fe3O4@SiO2 was dispersed in toluene for 15 min. Then it was treated with 3-

aminopropyltrimethoxysilane and refluxed for 24 h. The resulting material was magnetically 

separated, washed with EtOH and water, and dried at 70 °C for 6 h. Then, the resulting 

Fe3O4@SiO2/Ap was dispersed in methanol for 20 min. Next, the heteropoly phosphotungstic 

acid was added to the reaction vessel, and it was allowed to reflux for 12 h. The product was 

separated magnetically, washed with water and EtOH, dried at 70 °C, and denoted as 

Fe3O4@SiO2/Ap-PTA.  

Results and Discussion 

FT-IR analysis was conducted to identify the functional groups in the synthesized 

nanomaterials. For all samples, the peaks observed at 3388 and 575 cm-1 are assigned to the 

OH and Fe–O bands, respectively. Also, the peaks at 826 and 1080 cm-1 are due to the Si–O–

Si bonds, indicating the formation of the SiO2 shell. The successful grafting of 3-

aminopropyltrimethoxysilane was confirmed by C–H bond vibrations at 2856–2898 cm-1. 

Additionally, the characteristic peaks of W=O (941 cm-1) and W–O–W (806 cm-1) prove the 

successful immobilization of H3PW12O40 onto the material surface (Figure 1c). 

 

Figure 1. FT-IR spectra of a) Fe3O4@SiO2 b) Fe3O4@SiO2/AP c) Fe3O4@SiO2/AP-PTA 
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Introduction 

Magnetic nanocomposites are important group of nanomaterials that have a variety of 

applications, including catalysis, drug delivery, plasmonics, and magnetic resonance imaging 

(MRI). However, due to their sensitivity to acidic and basic environments and their tendency 

to aggregate, the stability of Fe3O4 NPs has remained a challenge [1]. Therefore, a protection 

layer is required as the stabilizer, which prevents direct contact between the nanoparticles and 

prevent them from oxidation. Among different shells, silica shells with adjustable porous 

structure have gained a lot of attention due to their high surface area and accessible pore volume 
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[2]. On the other hand, tetrahydrobenzo[b]pyrans are very important in the preparation of 

biologically active compounds with anti-bacterial, antitumor, anti-allergic, and anti-cancer 

properties [3]. Accordingly, herein, a novel magnetite core-shell structured silica supported Cu 

complex is prepared and has been applied as an effective catalyst for the synthesis of pyrans 

and delivered corresponding products in high yields. 

Method 

Firstly, Fe3O4 nanoparticles were dispersed in a mixture of water and ethanol at 25 ℃. The 

ammonia, TMOS (0.6 mL) was added dropwise, and the mixture was stirred for an additional 

2 h. The mixture was then heated to 100 °C under static conditions for 72 h, and then it was 

magnetically collected, and dried at 70 ℃. The resulting Fe3O4@SiO2 nanocomposite was then 

dispersed in toluene at 25 ℃. (Methyl-propyl)-imidazolium chloride ionic liquid was added, 

and it was refluxed for 24 h. The solid material was collected and dried at 70 ℃. Finally, 

Fe3O4@SiO2/IL was dispersed in DMSO at 25 ℃, followed by the addition of Cu(OAc)2. The 

mixture was stirred for 24 h, and the resulting material was magnetically collected and dried at 

70 ℃. 

Results and Discussion 

All samples showed two peaks at 3386 and 578 cm-1, corresponding to the O-H and Fe-O 

bonds, respectively. Additionally, the signals at 2923, 2857, and 1446 cm-1 are attributed to the 

vibrations of CH2 moieties. It is also important to note that the successful surface modification 

with the SiO2 shell was proved by the appearance of the Si–O–Si bonding peaks at 1087 and 

817 cm-1 (Figure 1b and 1c). Also, the characteristic peak of C=N bonds at 1690 cm-1 

confirming successful grafting of IL onto the material surface (Fig. 1c). 

 

 

Figure 1. FT-IR spectra of a) Fe3O4@SiO2 b) Fe3O4@SiO2/IL c) Fe3O4@SiO2/IL-Cu 



 

1200 

 

 

 

Yield (%) Time (min) Aldehyde Entry 

96 25 C6H5 

 

1 

87 45 4-Me-C6H4 

 

2 

85 55 4-MeO-C6H4 

 

3 

 

References:  

[1] R. Mirbagheri, D. Elhamifar, J. Alloys Compd., 2019, 790, 783. 

[2] S. P. Schwaminger, R. Surya, S. Filser, A. Wimmer, F. Weigl, P. Fraga-García, S. 

Berensmeier, Sci. Rep., 2017, 7, 12609. 

[3] W. Wu, Z. Wu, T. Yu, C. Jiang, W.-S. Kim, Sci. Technol. Adv. Mater., 2015, 16, 023501. 

 

 

 

 

 

 

Graphene oxide supported IL/Mo complex as a highly stable and robust 

nanocatalyst for the synthesis of tetrahydrobenzo[b]pyrans 

Yasaman Daghagheleh, Dawood Elhamifar* and Shiva Kargar 

 Department of Chemistry, Yasouj University, Yasouj, 75918-74831, Iran 

 

Keyword: Graphene oxide, Nanocatalyst, Tetrahydrobenzo[b]pyran, Ionic liquid 

Introduction 



 

1201 

 

Graphene-based carbon nanomaterials have gained significant attention for their stability, 

thermal conductivity, and mechanical strength, with applications in catalysis, adsorption, and 

electronics. The large surface area of graphene and its π-electron system make it a promising 

catalyst support, but its practical use is limited by sheet stacking due to π-π interactions and 

van der Waals forces [1]. Graphene oxide (GO), with its hydrophilic functional groups (e.g., 

hydroxyl, epoxide, carboxyl), overcomes these limitations by preventing aggregation and 

increasing interlayer spacing. These groups also enable chemical functionalization, making GO 

a highly attractive material for catalyst support [2]. Meanwhile, Ionic liquids (ILs) due to their 

thermal stability, tunable hydrophobicity, negligible vapor pressure, and high conductivity 

have gained considerable attention. Moreover, their polar and ionic properties make them 

excellent stabilizers for charged and polar catalysts, including transition metal complexes. 

Accordingly, Herein, graphene oxide supported IL/Mo complex is prepared and applied as a 

robust catalyst for the synthesis of tetrahydrobenz[b]pyrans. 

Method 

Firstly, GO was synthesized using the modified Hummers method. For preparation of GO/IL, 

GO was ultrasonically dispersed in toluene, mixed with 1-methyl-3(3-trimethoxysilylpropyl)-

imidazolium chloride, and refluxed for 24 h. The resulting material was filtered, washed with 

water and EtOH and dried at 70 °C for 7 h. Next, GO-IL was dispersed in acetone (30 mL). 

After 20 min, the MoO2(acac)2 was added to the reaction vessel and it was allowed to stir at 25 

℃ for 24 h. The product was filtered, washed with water and EtOH, dried at 70 ℃, and 

designated as GO-IL/Mo. 

Results and Discussion 

FT-IR analysis identified functional groups in the materials. For GO, a strong peak at 3500 

cm⁻¹ corresponds to OH stretching. The other peaks at 1725, 1623, 1288, and 1078 cm⁻¹ are 

attributed to carboxyl (C=O), aromatic (C=C), epoxy (–C–O), and alkoxy (–C–O) groups, 

respectively (Figure 1a-1c). GO/IL displayed aromatic and aliphatic C–H bands at 3124 and 

2943 cm⁻¹, along with Si–O and C=C bands at 1034 and 1645 cm⁻¹, confirming ionic liquid 

grafting (Figure 1b and 1c). In GO/IL-Mo, the Mo=O bands at 906 and 942 cm⁻¹ confirm 

successful MoO2(acac)2 immobilization (Figure 1c). 
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Figure 1. FT-IR spectra of a) GO b) GO/IL c) GO/IL-Mo 
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Biocatalysis, the use of enzymes as catalysts, has emerged as a transformative approach in the 

synthesis of organic compounds due to its high specificity, selectivity, and environmental 

sustainability [1]. Enzymes, which drive almost all biochemical reactions in living organisms, 

offer significant advantages over traditional chemical catalysts, including mild reaction 

conditions and fewer by-products. A particularly intriguing aspect of enzymatic catalysis is 

enzyme promiscuity, which refers to the ability of an enzyme to catalyze reactions with non-

native substrates or catalyze multiple reaction types at a single active site. This phenomenon 

expands the scope of enzyme applications beyond their natural functions [2]. Enzyme 

promiscuity has gained substantial attention for its potential in drug discovery, chemical 

synthesis, and industrial applications, particularly within the pharmaceutical and fine chemical 

industries. The development of promiscuous enzymes is enabling the creation of novel 

synthetic routes, offering a sustainable alternative to traditional chemical processes.  

Flavin reductase (EC 1.5.1.30) from Escherichia coli is an NAD(P)H-dependent enzyme that 

catalyzes the reduction of riboflavin. In previous studies, we demonstrated that recombinant 

flavin reductase, in the absence of NADH, is capable of catalyzing the Knoevenagel-Michael 

addition cascade, resulting in the production of tetraketones. In the present work, we further 

investigated the mechanism of this enzymatic reaction and identified the key residues involved 

through both experimental and computational approaches. Molecular docking and molecular 

dynamics simulations were employed to pinpoint critical residues that contribute to tetraketone 

synthesis. Site-directed mutagenesis experiments revealed that the side chain of serine 49 forms 

a hydrogen bond with the carbonyl oxygen of dimedone, thereby facilitating enol formation 

and promoting the reaction. These findings provide deeper insight into the catalytic mechanism 

of flavin reductase and its potential for synthetic applications. 
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Carbon Quantum Dots (CQDs) have recently been recognized as rising catalysts in organic 

synthesis. Their promising characteristics in catalysis make them potential candidates in place 

of metal- and organocatalysis [1]. We previously conceptualized that the long amino arm of 

lysine residue could provide catalytic accessibility to the substrates. As a result, a Lysine 

functionalized CQD was developed for the condensation of amines and urea [2]. Here, it was 

reported that Lys-CQD could be also a versatile catalyst in challenging organic reactions, 

mostly by using renewable and earth-abundant precursors. To that end, we disclosed the high 

efficiency of Lys-CQD catalysis in heightening the reactivity of chemically stable and yet 

naturally abundant carbonyl bearing precursors, such as DMF and urea. As a result, metal-free 

Lys-CQD catalyzed reaction of different aromatic amines with DMF was experimented. DMF 

was used both as the carbonyl bearing substrate and the solvent of the reaction, and the 

corresponding formamide products were synthesized in a sustainable manner. Next, aiming at 

providing a feasible synthetic route for some bioactive amide compounds, the condensation of 

different aniline derivatives with vinyl acetate was investigated. It was found that metal-free 

Lys-CQD catalyst is perfectly capable of catalyzing the reaction, thereby yielding a number of 

amide products in the reaction. As amide compounds are of paramount importance in medicinal 

chemistry, we also synthesized several known drugs, such as acedoben and acetaminophen in 

gram-scale synthesis. In brief, Lys-CQD catalyst could be recognized as a multi-functional 

catalyst in organic synthesis. In particular, it is a catalyst of great potential in sparking off the 

reactivity of carbonyl bearing molecules.   
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Abstract— A unique photocatalyst was developed by combining Ga- and S-co-doped TiO₂ 

with graphitic carbon nitride (g-C₃N₄), resulting in the Ga₅.₀S₁₀.₀@TiO₂/g-C₃N₄ composite. This 

composite was effectively employed to degrade ciprofloxacin under visible-light irradiation. 

The Ga₅.₀S₁₀.₀@TiO₂/g-C₃N₄ composite outperformed bare g-C₃N₄ by up to three times. 

Experimental results showed that optimal degradation of ciprofloxacin (CIP) was achieved 

after 180 minutes using a concentration of 40 mg L⁻¹ CIP and 0.1 g L⁻¹ of Ga₅.₀S₁₀.₀@TiO₂/g-

C₃N₄. This research provides valuable insights into the development of cost-effective co-

catalysts that enhance the photocatalytic performance of established materials, contributing to 

improved efficiency in photocatalytic systems. 

 

1. INTRODUCTION 

Fluoroquinolone antibiotics (FQs) are extensively employed worldwide for disease treatment 

and animal husbandry. Among the most commonly used FQs, ciprofloxacin (CIP) has become 

a notable contaminant in aquatic ecosystems [1]. Due to its high production and widespread 

use, CIP concentrations can reach levels of mg L⁻¹ in water; for example, measurements have 

indicated concentrations ranging from 0.848 to 5.286 mg L⁻¹ in municipal sewage in Spain, 

with levels of 3.35, 2.10, and 5.93 mg L⁻¹ found in animal farm effluent, pond water, and river 

water in Jiangsu Province, China, respectively. Furthermore, tap water in Guangzhou, China, 

has been reported to contain CIP levels between 6.0 and 679.7 ng L⁻¹ [2-4]. However, it is 

estimated that 50% to 80% of these oral antibiotics are discharged into the environment, 

primarily through feces and urine, both in their active forms and as metabolites. Studies have 

shown that even trace levels of CIP (ng L⁻¹) can lead to increased bacterial resistance, 

potentially reducing the therapeutic effectiveness against pathogens in both humans and 

animals. Consequently, there is an urgent need to develop fast and effective treatment 

technologies to remove CIP from wastewater. 

Conventional methods, such as adsorption and biological degradation, are insufficient for 

effectively removing ciprofloxacin (CIP) and reducing its toxicity. Moreover, the adsorbed CIP 

and activated sludge require additional treatment. In contrast, advanced oxidation processes 

(AOPs)—including chlorination, photocatalysis, and ozonation—are recognized for their 

effectiveness in degrading CIP due to their strong oxidation capacity and high selectivity. 

Notably, photocatalysis has garnered increasing attention because of its high efficiency and 

low cost [5-7]. 

g-C₃N₄ has emerged as an excellent metal-free photocatalyst, featuring stable physicochemical 

properties and an abundant material source. Recent studies have demonstrated its potential for 

photocatalytic degradation of synthetic dyes, including methyl orange and Rhodamine B. 
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Therefore, it is worthwhile to investigate the effectiveness of g-C₃N₄ for the photocatalytic 

degradation of antibiotics. The aim of this study is to develop a novel step-scheme 

photocatalyst, Ga₅.₀S₁₀.₀@TiO₂-g-C₃N₄, specifically engineered for the visible light-induced 

degradation of ciprofloxacin [8-10]. 

 

2. EXPERIMENTAL 

2.1. Materials and Physical Techniques 

In this work, chemicals were obtained from Merck, Sigma-Aldrich, and Fluka chemical 

companies and used without further purification. FTIR spectra obtained in the range of 4000 

cm⁻¹ to 400 cm⁻¹ using a NICOLET IR100 spectrophotometer. UV/Vis diffusive reflectance 

(UV/Vis DRS) measurements were carried out using a Thermo Scientific Evolution 300/600 

UV-Visible spectrophotometer (USA), following established protocols described in the 

literature. The light source used for the experiments had a specific wavelength of 360.0 nm. 

Visible illumination, on the other hand, was provided by a 400 W lamp, specifically a high-

pressure mercury-vapor lamp, with a wavelength of 546.8 nm. All measurements were 

performed at room temperature. The sample was analyzed using a GC-MASS AGILENT 

7890A gas chromatography instrument. 

A solution was prepared by dissolving 0.1 mol of titanium isopropoxide in isopropanol, with 

acetic acid added to adjust the pH to 5. After stirring for 360 minutes, the sol was aged for 48 

hours, air-dried at 100°C, and calcined at 500°C for 3 hours to produce nanocrystalline TiO₂ 

nanoparticles. For Ga and S-doped TiO₂, stoichiometric amounts of thiourea and Ga(NO₃)₃ 

were dissolved in isopropanol and deionized water) and stirred for 20 minutes before being 

added to the Ti sol and stirred for another 60 minutes. g-C₃N₄ was synthesized by annealing 

thiourea at 550°C for 3 hours; 1.0 g of g-C₃N₄ was then mixed with 50 ml of ethanol and 

sonicated for 2 hours. Finally, 0.01 g of (GaxSy@TiO₂) was added, the mixture was sealed and 

stirred for 6 hours, and the solid phase was filtered and dried at 120°C. 

 

3. PHOTOCATALYTIC  

The photocatalytic activities of Ga₅.₀S₁₀.₀@TiO₂-g-C₃N₄, were evaluated using 0.1 g of catalyst, 

H₂O₂, and a 20 ml aqueous solution of CP at a concentration of 40 mg L⁻¹. An adsorption 

reaction was initiated by stirring the CP solution in the dark to achieve equilibrium with the 

catalyst. The mixture was then irradiated for 120 minutes using a 400 W high-pressure mercury 

vapor lamp at a wavelength of 546.8 nm, with the temperature maintained 25 ºC. After 30 

minutes, approximately 5 mL of the reaction mixture was centrifuged to separate the catalyst, 

and the supernatant containing ciprofloxacin was analyzed using a UV spectrophotometer. 

Figure 1 shows a reduction in the absorption peak at 275 nm as degradation occurs. After 180 

minutes of irradiation, the degradation efficiency achieved an impressive 99%, confirming the 

effective photodegradation of ciprofloxacin with the photocatalyst. 
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Figure 1. UV–visible absorption spectra of ciprofloxacin elimination with Ga₅.₀S₁₀.₀@TiO₂/g-

C₃N₄, (CP) =40 mg L-1, [cat.]=0.1 g, H2O2 

 

FT-IR spectroscopy of the Ga₅.₀S₁₀.₀@TiO₂/g-C₃N₄ composite revealed key peaks in the 400-

4000 cm⁻¹ range. The composite retains all characteristic peaks of both TiO₂ and g-C₃N₄, 

confirming the successful loading of Ga₅.₀S₁₀.₀@TiO₂ onto g-C₃N₄. In pure g-C₃N₄, peaks 

between 1200-1700 cm⁻¹ correspond to CN stretching vibrations, and the peak at 805 cm⁻¹ is 

linked to triazine breathing vibrations. Additionally, peaks at 3100-3350 cm⁻¹ indicate N–H 

bond stretching, while the TiO₂ spectrum shows a peak around 520 cm⁻¹ for Ti–O stretching 

(Figure 2). 

 

Figure 2. FT-IR Analysis: Ga₅.₀S₁₀.₀@TiO₂ Spectram. 

 

XRD measurements of Ga₅.₀S₁₀.₀@TiO₂/g-C₃N₄ were conducted to evaluate their presence, 

crystallinity, and purity, as shown in Figure 3. The characteristic peaks of g-C₃N₄ and TiO₂ in 

the catalyst spectrum remained unchanged, indicating the successful loading of 

Ga₅.₀S₁₀.₀@TiO₂ onto g-C₃N₄. Additionally, the XRD pattern of the doped sample reveals a 

decrease in the intensity of the crystal planes, suggesting effective incorporation of gallium and 

sulfur into the TiO₂ lattice. Notably, no peaks associated with dopant impurities were detected 

in the diffraction spectra of the co-doped nanocomposite, confirming the high purity of the 

doped samples. 
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Figure 3. XRD Analysis: Ga₅.₀S₁₀.₀@TiO₂ Spectram. 

 

CONCLUSIONS 

In summary, Ga₅.₀S₁₀.₀@TiO₂-g-C₃N₄ resulted in the development of a highly effective 

photocatalyst. This photocatalyst exhibited exceptional performance in the removal of 

ciprofloxacin under VIS light irradiation. The presence of Ga₅.₀S₁₀.₀@TiO₂ in the composite 

probably caused the reduction of the carrier recombination rate and the enhancement of 

photocatalytic degradation of ciprofloxacin. This project holds promise in providing an 

efficient and environmentally friendly technology for antibiotics treatment, utilizing 

Ga₅.₀S₁₀.₀@TiO₂-g-C₃N₄ under VIS light. 
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Abstract— A novel photocatalyst was formulated by integrating Ga- and S-co-doped TiO₂ 

with graphitic carbon nitride. This composite successfully facilitated the degradation of 

tetracycline under visible-light irradiation, achieving optimal degradation after 180 minutes 

with a concentration of 20 mg L⁻¹ tetracycline and 0.1 g L⁻¹ of catalyst. The gallium and sulfur 

co-modified TiO₂ nanocomposite on g-C₃N₄ demonstrated nearly threefold improvement over 

bare g-C₃N₄. This study offers important insights into the development of cost-effective 

catalysts that enhance the photocatalytic efficiency of established materials, contributing to 

better outcomes in photocatalytic systems. 

 

INTRODUCTION 



 

1210 

 

The prevalent presence of pharmaceutical compounds, especially antibiotics, constitutes a 

serious environmental challenge due to their widespread application in humans and animals. 

Antibiotics, such as tetracycline, are long-lasting pollutants in water sources and represent a 

substantial environmental hazard [1-3]. Tetracycline necessitates prompt attention because of 

its considerable use in human medicine, agriculture, and livestock management [4]. It can taint 

water through various pathways, making it vital to prioritize its removal over other 

pharmaceuticals, as it does not offer multiple uses. 

Tetracycline is a broad-spectrum antibiotic effective against gram-positive and gram-negative 

microorganisms, as well as mycoplasma and protozoan parasites [5]. It is commonly used in 

aquaculture as a growth promoter to improve nutrient absorption, helping farmers boost yield 

[6]. However, ongoing use and insufficient treatment have led to its presence in various water 

sources [7]. 

 Tetracycline enters the environment through urine and feces and tends to remain unchanged 

due to limited metabolic processing. Traditional wastewater treatment methods often do not 

fully remove it, posing a significant long-term risk to both plants and animals. Therefore, 

developing effective remediation technologies is essential for eliminating tetracycline from 

wastewater.  

Photocatalytic technology is a key method for eliminating tetracycline due to its high 

efficiency, low cost, and suitability for solar-light-induced degradation. Graphitic carbon 

nitride (g-C₃N₄) was chosen as a catalytic material for its metal-free nature, stability, and visible 

light efficiency. As a visible light-activated semiconductor, g-C₃N₄ has a band gap of 2.7 eV, 

allowing for effective light absorption.  

While it offers good chemical and thermal stability, its catalytic performance is limited by high 

charge carrier recombination, small surface area, and low reusability. These issues can be 

addressed through strategies like doping, co-doping, and heterojunction structures. 

 The aim of this study is to develop a novel photocatalyst, Gallium and Sulfur Co-Modified 

TiO2 Nanocomposites on g-C3N4, specifically engineered for the visible light-induced 

degradation of Tetracycline. 

2. EXPERIMENTAL 

2.1. Materials and Physical Techniques 

In this work, chemicals were obtained from Merck, Sigma-Aldrich, and Fluka chemical 

companies and used without further purification. FTIR spectra obtained in the range of 4000 

cm⁻¹ to 400 cm⁻¹ using a NICOLET IR100 spectrophotometer. UV/Vis diffusive reflectance 

(UV/Vis DRS) measurements were carried out using a Thermo Scientific Evolution 300/600 

UV-Visible spectrophotometer (USA), following established protocols described in the 

literature.  

The light source used for the experiments had a specific wavelength of 360.0 nm. Visible 

illumination, on the other hand, was provided by a 400 W lamp, specifically a high-pressure 

mercury-vapor lamp, with a wavelength of 546.8 nm. All measurements were performed at 

room temperature. The sample was analyzed using a GC-MASS AGILENT 7890A gas 

chromatography instrument. 
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A solution was prepared by dissolving 0.1 mol of titanium isopropoxide in isopropanol, with 

acetic acid added to adjust the pH to 5. After stirring for 120 minutes, the sol was aged for 48 

hours, air-dried at 100°C, and calcined at 500°C for 3 hours to produce nanocrystalline TiO₂ 

nanoparticles.  

For Ga and S-doped TiO₂, stoichiometric amounts of thiourea and Ga(NO₃)₃ were dissolved in 

isopropanol and deionized water and stirred for 20 minutes before being added to the Ti sol 

and stirred for another 60 minutes. 

 g-C₃N₄ was synthesized by annealing thiourea at 550°C for 3 hours; 1.0 g of g-C₃N₄ was then 

mixed with 50 ml of ethanol and sonicated for 2 hours. Finally, 0.01 g of (GaxSy@TiO₂) was 

added, the mixture was sealed and stirred for 6 hours, and the solid phase was filtered and dried 

at 120°C. 

3. PHOTOCATALYTIC EXPERIMENTS 

Figure 1 illustrates the combined effect of light irradiation and the catalyst on tetracycline 

degradation, highlighting their impact on process efficiency. In the absence of the catalyst 

under visible (VIS) light irradiation, no degradation of tetracycline occurs. However, a partial 

reduction in tetracycline concentration (about 15%) is noted when the reaction is conducted in 

the dark, likely due to the adsorption of tetracycline molecules onto the catalyst's surface. When 

the tetracycline solution containing the catalyst is exposed to VIS light, degradation efficiency 

significantly increases to 98%. 

 

 
 

Figure 1. Impacts of VIS light, (VIS light + cat.) on Tetracycline degradation. 

 

Furthermore, the impact of various VIS light-driven catalysts on tetracycline degradation 

was analyzed (Figure 2). The study included pristine g-C₃N₄ as a reference photocatalyst, 

assessing its photoactivity in catalyzing tetracycline degradation in water. The photocatalytic 

activity of gallium and sulfur co-modified TiO₂ nanocomposites on g-C₃N₄ was found to be 

significantly higher than that of pure g-C₃N₄ for tetracycline degradation under VIS light. This 

suggests that the incorporation of gallium and sulfur co-modified TiO₂ enhances the 

photoactivity of the g-C₃N₄ catalyst by improving absorption in the VIS light region, exhibiting 

better adsorption of tetracycline molecules, and facilitating efficient separation of 

photogenerated charges. 
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Figure 2. Effects of various VIS light-driven catalysts on Tetracycline degradation. 

 

 

Figure 3 shows a positive correlation between the tetracycline removal rate and catalyst 

dosage within the range of 0.01 g/L to 0.15 g/L. The highest degradation yield is achieved with 

0.1 g of catalyst under VIS light irradiation. Decreasing the catalyst amount leads to lower 

yields, while increasing the dosage beyond 0.1 g results in only marginal improvements in 

degradation efficiency. 

 

 

 
Figure 3. Effect of the catalyst dosage for Tetracycline degradation by catalyst. 

 

The photocatalytic activities of Gallium and Sulfur Co-Modified TiO2 Nanocomposites on 

g-C3N4, were evaluated using 0.1 g of catalyst, H₂O₂, and a 50 ml aqueous solution of 

Tetracycline at a concentration of 20 mg L⁻¹. An adsorption reaction was initiated by stirring 

the Tetracycline solution in the dark to achieve equilibrium with the catalyst. The mixture was 

then irradiated for 120 minutes using a 400 W high-pressure mercury vapor lamp at a 

wavelength of 546.8 nm, with the temperature maintained 25 ºC. After 30 minutes, 

approximately 5 mL of the reaction mixture was centrifuged to separate the catalyst, and the 

supernatant containing Tetracycline was analyzed using a UV spectrophotometer. After 120 

minutes of irradiation, the degradation efficiency achieved an impressive 90%, confirming the 

effective photodegradation of Tetracycline with the photocatalyst. 

 

FT-IR spectroscopy of the Gallium and Sulfur Co-Modified TiO2 Nanocomposites on g-

C3N4 revealed key peaks in the 400-4000 cm⁻¹ range. The composite retains all characteristic 

peaks of both TiO₂ and g-C₃N₄, confirming the successful loading of GS@TiO₂ onto g-C₃N₄. 

In pure g-C₃N₄, peaks between 1200-1700 cm⁻¹ correspond to CN stretching vibrations, and 

the peak at 805 cm⁻¹ is linked to triazine breathing vibrations. Additionally, peaks at 3100-
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3350 cm⁻¹ indicate N–H bond stretching, while the TiO₂ spectrum shows a peak around 520 

cm⁻¹ for Ti–O stretching (Figure 4). 

 
Figure 4. FT-IR Analysis: catalyst Spectram. 

CONCLUSIONS 

In summary, Gallium and Sulfur Co-Modified TiO2 Nanocomposites on g-C3N4 resulted in the 

development of a highly effective photocatalyst. This photocatalyst exhibited exceptional 

performance in the removal of Tetracycline under VIS light irradiation. The presence of 

GaS@TiO₂ in the composite probably caused the reduction of the carrier recombination rate 

and the enhancement of photocatalytic degradation of Tetracycline. This project holds promise 

in providing an efficient and environmentally friendly technology for antibiotics treatment, 

utilizing GaS@TiO₂ on g-C₃N₄ under VIS light. 
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Control over the selectivity of constitutional isomers in unsymmetric azoxy arenes has been a 

formidable challenge for organic chemistry [1-2[. In continuation of our ongoing interest in 

carbon quantum dot (CQD) catalysis, we developed a binary CQD-catalysis and an H-bond 

acceptor (HBA) mechanism to rise to the challenge of the regioselective synthesis of 

unsymmetric azoxybenzenes. As such, in the oxidative coupling of anilines, first, the product 

selectivity to azoxy arenes was controlled by an asparagine-modified CQD catalyst [1,3]. The 

successful control over the product selectivity was achieved by the inspiration provided by the 

enzyme engineering, where substitutions of functional amino acids bring about significant 

improvements to the enzyme (or Bioinspired catalyst).  

 

Figure 1. The proposed H-bond acceptor mechanism in regioselective synthesis of 

unsymmetric azoxy arenes. 

Subsequent to the product selectivity achieved by CQD-catalysis, the regioselectivity issue was 

confronted with an H-bond acceptor mechanism in the cross-coupling of different anilines. In 

doing so, it was found that an ortho-HBA on one of the coupling anilines could mechanistically 

establish a six-membered intramolecular hydrogen bonded ring on an N,N′-dihydroxy 

intermediate. The above-mentioned intramolecular hexagonal ring makes the nearby nitrogen 

eminently suitable for the slow dehydration step. As a result, the functional oxygen of the azoxy 

compound is placed far from the HBA. The o-HBA mechanism also controls the 

regioselectivity ratio in which 1:0 (with an intramolecular H-bonded hexagonal ring), 2:1 (with 
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an intramolecular H-bonded pentagonal ring), and 1:1 (without an ortho-HBA) isomeric 

mixtures could be achieved. 
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Abstract  

In recent years, using nano-size solid acids in chemical reactions and synthesis of organic 

compounds under solvent-free condition have been known as two fundamental principles in 

the development of green chemistry[1].On the other side, azo compounds as an important class 

of organic componuds have received much attention for their applications in analytical 

chemistry, biological applications as dyestuffs[2,3]. So, the widespread application of solid 

acids, structural and practical diversity of azo compounds, have prompted us to employ the 

novel and ecofriendly methods for the synthesis of azo dyes based on 2-naphthol in the 

presence of SnCl4/nano Kaolin using primary aromatic amines, 2-naphthol and sodium nitrite 

in grinding and solvent free conditions at room temperature. The properties of the catalyst was 

characterized by fourier transform infrared spectroscopy(FT-IR), field emission scanning 

electron microscopy (FESEM), transmission electron microscopy (TEM), X-ray diffraction 

(XRD), energy dispersive X-ray spectroscopy (EDS) and thermal gravimetric analysis (TGA). 

All derivatives were distinguished by FT-IR and 1H NMR spectroscopy 
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In recent years, the dye-sensitized solar cell (DSSC) has drawn significant attention due to its 

relatively high energy conversion efficiency and great nontoxicity compared to conventional 

silicon-based cells. Researchers typically utilize diverse approaches or chemicals to augment 

the performance of these cells. The electrolyte plays a crucial role in DSSCs as its properties 

profoundly influence their performance, including conversion efficiency, by controlling 

electron transfers. Various types of electrolytes have been developed for DSSC applications, 
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including liquid electrolytes with organic solvents and ionic liquids. Ionic liquids (ILs) are 

advantageous alternatives to organic solvents in electrochemical devices due to their non-

volatility and exceptional chemical stability. Also, carbonaceous materials are acknowledged 

as remarkable nanofillers (NFs) for DSSC electrolytes because they establish uninterrupted 

ion-conduction channels. The optimal choice for carbonaceous nanoparticles as an addition in 

ionic liquid-based electrolytes is the Multi Wall Carbon Nanotube (MWCNT) which can 

improve the cells’ performance owing to its unique topologies. In this work, Imidazolium-

based ionic liquids with iodide anions and modified MWCNTs with substances consisting of 

amine groups have been produced and employed as electrolyte assistant in DSSCs. The 

findings indicated that incorporating the novel nanocomposite into the electrolyte enhanced the 

open-circuit voltage (VOC), short-circuit current density (JSC), and the efficiency (η) of the 

DSSCs from 4.3% (the standard cells based on graphene-free electrolyte) to 7.1%. 

Furthermore, the results of electrochemical impedance spectroscopy (EIS) can show that 

adding this additive to the electrolyte causes a drop in the electron resistance (R) compared to 

the standard electrolyte. In scheme 1, the figures of used materials to produce new 

nanocomposite is shown. 

 

Scheme 1: Synthesis of new nanocomposite as a novel electrolyte additive in DSSC. 
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Corrosion protection in industrial environments is of great importance. The significant 

economic losses associated with corrosion could be controlled through different methods. The 

use of organic corrosion inhibitors is one of the most cost-effective methods in this regard. 

However, inhibitor selection criteria should not be solely limited to their chemistry. The 

harmful effects of synthetic organic inhibitors increasingly encouraged the need for either 

environmentally-friendly inhibitors with inexpensive manufacturing processes or finding 

inhibitors with natural origins. Ionic liquids, a class of organic salts with low melting points, 

recently attracted significant attention to be applied as corrosion inhibitors. These compounds, 

with their specific properties—high thermal stability, negligible vapor pressure, low toxicity, 

good electrical conductivity, and tunable structure—have found widespread applications in 

various scientific and industrial fields. Amino acid-based ionic liquids are a modern class of 

ionic liquids being investigated in recent years. Interestingly, amino acid could be green 

functional groups with acceptable toxicity. In addition, the diversity of amino acids allows to 

design and synthesis various structures with desirable anti-corrosion properties. In this 

research, it was aimed to significantly reduce the cost and environmental hazards associated 

with complex multi-step synthesis methods. An ionic liquid based on amino acid as well as 

imidazolium groups in a single-step process was synthesized. Different techniques were 

employed to confirm the quality of the synthesized inhibitor and to compare the inhibition 

efficiency of the primary amino acid and the synthesized amino acid-based ionic liquid. The 

results demonstrated that the synthesized chemical present high efficiency in inhibiting metal 

corrosion in acidic corrosive environments with the help of synergistic effects of imidazolium 

and amino acid substituents. The synthesized inhibitor exhibited excellent corrosion inhibition 

efficiency, reducing the corrosion rate of mild steel in acidic media by more than 90%. 
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Figure 39: Electrochemical impedance results in blank solution and new synthesized ionic 

liquid at different concentrations in acidic environments on mild steel. 
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Corrosion is an electrochemical phenomenon that spontaneously occurs on solid materials 

especially metals, which leaves huge costs. To control and mitigate corrosion, various 

approaches such as painting, coating, special design of equipment with corrosion-resistant 

alloys, cathodic and anodic protection, and corrosion inhibitors have been utilized. Corrosion 

inhibitors due to their versatile use and abundant resources have gained many researchers’ 

attention. Various chemicals have been studied in corrosion inhibition and showed 

considerable performance, some of which are hazardous and toxic to human beings and the 

environment. Out of chemicals used as corrosion inhibitors, ionic liquids with great properties 

high solubility, low vapor pressure and ecofriendly—have been regarded as green candidates 

instead of conventional corrosion inhibitors. Moreover, the synergyism between anions and 

cations existing in ionic liquids structures can enhance inhibitive adsorption on the metal 

surface to construct protecting layers. In this study, we synthesized new functionalized 

imidazole-based ionic liquids, and comparatively investigated their inhibition efficiencies in 

an stagnant aggressive acidic solution. The electrochemical tests, including OCP, EIS, and 

polarization studies, demonstrated considerable inhibition efficiencies for both examined ionic 

liquids, and the theoretical investigations using adsorption isotherms and first principle 

technique shed light on probable inhibition mechanisms, on how adsorption of species led to 

corrosion protection. The results of this study could pave the way to have more efficient 

corrosion inhibitors in the futuer.   

 

 

Figure 40: bode graphes resulted from IL1 (a) and IL2 (b) EIS tests on steel subtrate  
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Metals and alloys have been generally known as corrosion-prone structural materials, 

particularly in acidic media. A wide variety of practical considerations and methods can be 

implemented to protect metallic structures against electrochemical degradation. Application of 

organic inhibitors in closed corrosive environments as an effective low-cost corrosion 

protection practice has been investigated widely in the existing publications. Ionic liquids (ILs) 

are less-toxic organic compounds with specific physicochemical features 2,3. Several studies 

have investigated imidazolium-based ILs as corrosion inhibitors for different substrates 4. In 

addition, it is generally accepted that the functional groups involving oxygen in their structures 

can enhance inhibition efficiency 1. In this study, two imidazolium-base ILs functionalized with 

oxygen-containing substituents were synthesized and used as corrosion inhibitors for steel. The 

structural features of the synthesized compounds were verified using NMR and FT-IR 

spectroscopy. Different measurements—Open circuit potential (OCP), electrochemical 

impedance spectroscopy (EIS), and potentiodynamic polarization—determined inhibition 

performance, and adsorptive behavior on the metal surface was studied by X-ray photoelectron 
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spectroscopy (XPS). It was concluded that incorporating oxygen in an inhibitor chemistry may 

not directly affect inhibition. 

 

 

 

Scheme. 1: Adsorbate-adsorbent interaction in corrosion and inhibition 
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The growing interest in sustainable development has led to the exploration of green corrosion 

inhibitors derived from natural sources, including plant extracts and other biomass wastes1. 

Imidazole-based ionic liquids fit within this framework by offering an environmentally friendly 

alternative to more conventional and potentially harmful chemical inhibitors. Imidazole-based 

ionic liquids (ILs) have gained significant recognition as effective corrosion inhibitors, 

particularly for metals like copper, owing to their unique chemical properties and 

environmentally friendly profiles2. Characterized by imidazolium cations, these ionic liquids 

exhibit low volatility, high thermal stability, and non-flammability, making them preferable 

alternatives to traditional organic inhibitors, which often pose environmental risks3. Their 

ability to form protective layers on metal surfaces has made them a focal point of research in 

the field of materials science, particularly in enhancing the longevity of copper in various 

applications. The synthesis of imidazole-based ionic liquids involves creating imidazolium 

salts through reactions with different halides and anionic species, allowing for the 

customization of their physical and chemical properties4. Their efficacy as corrosion inhibitors 

is linked to their adsorption capabilities, which form stable protective barriers that reduce 

corrosion rates by limiting access to aggressive corrosive agents5. In this study, a chiral 

Imidazolium-based ionic liquid with chloride anion and ester functional group have been 

produced and employed as corrosion inhibitor for copper. The results from electrochemical 

impedance spectroscopy (EIS) and potentiodynamic polarization (PDP) tests on copper 

samples in hydrochloric acid (HCl) solution demonstrated that the chiral imidazolium-based 

ionic liquid has been produced from L-Alanine amino acid shows significant potential as an 

effective corrosion inhibitor for copper in acidic environments. 
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   As human civilization progresses across industrial, urban, and transportation sectors, the 

demand for energy consumption continues to rise. Researchers strive to reduce reliance on oil 

and fossil fuels by developing clean and renewable energy sources [1,2]. This commitment to 

environmentally friendly approaches has led to a burgeoning demand for energy storage 

solutions. Consequently, the advancement of high-performance energy storage devices has 

become essential. Supercapacitors have emerged as a promising option due to their unique and 

remarkable properties, such as rapid charge-discharge rates, long cycling stability, and 

environmental benefits. This study innovatively explores the repurposing of waste materials to 

develop supercapacitor electrodes [3,4].  Among the various electrode materials, carbon-based 

electrode materials play a crucial role in enhancing supercapacitor performance; activated 

carbon remains a preferred choice due to its high surface area, tunable porosity, and 

compatibility with diverse electrolytes [5]. This study explores the valorization of protein 

biomass as a carbon precursor, functionalized graphene oxide, and an ionic liquid as a green 

solvent to synthesize a high-performance composite. A meticulously designed approach 

transforms protein biomass into activated carbon via pyrolysis. This carbon is then integrated 

with functionalized graphene oxide and an ionic liquid, resulting in a composite material. 

Employing a green solvent in the synthesis process underscores the study's commitment to 

minimizing environmental impact. The resultant composite material is systematically 

evaluated for its structural integrity and electrochemical properties. It demonstrates enhanced 

conductivity, effective ion transport, and superior charge storage capabilities. The synergistic 

interplay of its components contributes to improved electrochemical behavior by mitigating 

resistance and optimizing diffusion pathways. This work emphasizes the role of waste 

recycling and resource efficiency and the potential of integrating green chemistry into energy 

storage technology. The composite’s alignment with sustainability principles highlights its 

viability as an alternative to conventional electrode materials. This research advances the 

feasibility of high-performance, low-impact energy storage solutions for future applications by 
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fostering a shift toward environmentally conscious supercapacitor design. Also, it supports the 

global effort to address energy challenges with a minimal environmental footprint. 
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Abstract 

Given the increase in bacterial resistance and the global warning to reduce the use of antibiotics, 

the preparation and development of materials with high antibacterial properties is of great 

importance. In this study, a new composite of ZIF-67 metal-organic framework encapsulated 

in Zn-CMC hydrogel network is presented. ZIF-67, a cobalt-based metal-organic framework 

(MOF), was selected due to its intrinsic antibacterial properties. Encapsulation of ZIF-67 

nanoparticles in the hydrogel network improves biocompatibility and sustained release of 

antibacterial ions. In addition, the antibacterial properties of the hydrogel allow the system to 

benefit from the synergistic effect of both components. The nanocomposite was characterized 

using FTIR, XRD, EDX, TGA, and DET analyses, which well confirmed the successful 

incorporation of ZIF-67 into the Zn-CMC hydrogel matrix. The enhanced antibacterial 

properties due to synergistic effects as well as the ability of the hydrogel matrix to improve 

interaction with microbial surfaces and prevent bacterial aggregation can make the prepared 

nanocomposite a powerful system for biological applications including drug delivery, implant 

coatings, tissue engineering, and wound healing. These findings demonstrate its ability to 

combat microbial infections and contribute to responses to antibiotic resistance. 
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Scheme 1. A schematic diagram of the prepared ZIF-67@ Zn-CMC hydrogel nanocomposite 

with antibacterial properties. 

 

1. Introduction 

The rise of antibiotic-resistant bacterial strains and the dwindling discovery of novel 

antibiotics [1] have made advanced antibacterial composites increasingly preferred over 

antibiotic drugs due to their ability to inhibit bacteria without promoting resistance[2]. Due to 

the growth of antibiotic resistance, the use of antibacterial nanocomposites that do not cause 

antibiotic resistance has received attention in recent years[3]. nanomaterials offer unique 

properties, such as improved biocompatibility, sustained release of metal ions with antibacterial 

activities [4]. MOFs are a nanocomposites resulting in great antibacterial activities against 

gram-positive and gram-negative bacteria.[5] 

MOFs, metal-organic frameworks, are porous crystalline compounds with intrinsic 

antimicrobial activity [5]. Their large surface area and ability to host active molecules make 

them attractive for delivering antimicrobial compounds and inhibiting biofilms [6[. MOFs' 

properties can be tailored by altering their composition, including the metal ions or clusters and 

organic linkers [7]. Recent advancements include the use of  many MOFs such as ZIF-67 for 

self-disinfecting surfaces and composites with biodegradable polymers for better 

biocompatibility and controlled antimicrobial drug delivery[8]. ZIF-67 is a metal-organic 

framework consisting of Cobalt ions and 2-methylimidazole ligands [9]. It is suitable for 

antibacterial applications due to its high drug-loading efficiency and controlled release 

properties [9]. In comparison to antibiotics, ZIF-67 with Disinfectant properties offers 

advantages such as reduced development of drug-resistant bacteria [10] and enhanced 

therapeutic efficacy through controlled release and increased bioavailability [11]. Additionally, 

ZIF-67 can be composite with natural biodegradable polymer to increase the biocompatibility. 

Carboxymethyl cellulose (CMC) is commonly used as a natural coating for Metal Organic 

Frameworks (MOFs) due to its role in enhancing the metal cation concentration at the surface 

of carbohydrates, leading to the rapid self-assembly of MOFs such as ZIF-8.  

2. Experimental 

 2.1. Materials 

Cobalt (II) acetate tetrahydrate (Co(OAc)2.4H2O, ≥99.5%, Sigma Aldrich), 2-Methylimidazole 

(Hmim, ≥99.0%, Sigma Aldrich), Sodium carboxymethyl cellulose (CMC, Sigma Aldrich), 

Zinc Chloride (ZnCl₂, ≥98.0%, Merck) and ethanol 

2.2. Synthesis of ZIF-67 

ZIF-67 synthesis was carried out under the optimized synthesis conditions previously reported 

by Literature [12]0.250 g of Co (OAc) 2.4H2O and 1.642 g of Hmim were dissolved in 10mL 

of distilled water. The reaction mixture was transferred into a 25 mL Teflon-lined 

autoclave,which was heated in a constant-temperature drying oven at 120 °C for 40 min. The 

obtained purple product was collected through centrifugation and washed three times with 

distilled water and ethanol before being dried at 80 °C in the oven overnight. 

2.3. Synthesis of ZIF-67@ Zn-CMC hydrogel nanocomposite 
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A mixture of 1:1 with the obtained ZIF-67 and CMC was dissolved in 10.0 mL distilled water, 

and then the ZnCl₂ solution was added dropwise to the CMC to be crosslinked. The ratio of 

ZnCl₂ and CMC was 1:2. The obtained composite was freeze-dried overnight. 

3. Result and discussion  

In this work, our goal was to prepare a potent antibacterial system consisting of ZIF 67 metal 

frameworks and CMC hydrogel. The use of both organic and inorganic components in the final 

structure can enable the use of the antibacterial effects of both components and provide the 

system with synergistic effects. In addition, the hydrogel coating can enable the slow release 

of metal ions and increase biocompatibility and cell adhesion. In addition, the presence of the 

metal-organic framework in the hydrogel structure can increase its mechanical strength. All the 

above-mentioned features make this nanocomposite a powerful system for biological 

applications. The structure identification was carried out by various quantitative and qualitative 

analyses such as FTIR, EDX, XRD,TGA, BET, and all of them confirmed its successful 

synthesis. 
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Abstract 

Aromatic amines with biological properties in natural compounds are known as the base 

of chemical dyes. Due to the high application and importance of aromatic amines, it is 

important to provide efficient methods for the synthesis of these compounds. Among the 

aromatic amines, aniline and its derivatives are of special importance. According to the 

above, in this study, polyunsaturated derivatives of 2 and 6-dicyano-aniline were 

synthesized from the condensation reaction of acetone, malononitrile and benzaldehyde 

derivatives in the presence of nanoparticles zinc oxide. This reaction was performed 

under solvent-free conditions at room temperature. 
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Abstract 

A hydrogel system composed of hyaluronic acid and pectin polymers (HA-Pec), along with a 

composite incorporating zeolite and these biopolymers, was designed for the controlled 

delivery of doxorubicin and 5-fluorouracil. Characterization of the synthesized hyaluronic 

acid–pectin hydrogel via Fourier-transform infrared spectroscopy (FTIR) confirmed successful 

crosslinking and polymerization. The composite, formed by integrating natural zeolite with the 

polymer matrix, exhibited a significant enhancement in drug-loading capacity compared to the 

hydrogel alone. 

 Keywords: hydrogel, hyaluronic acid, pectin, zeolite  

 

1. introduction 

Today, the use of the drug delivery system instead of the traditional method has been 

considered. The clinical importance of targeted drug delivery is that it allows the drug or drug 

carrier to accumulate in the target area or at a specific location, thus preventing damage to 

healthy tissues, organs, or cells. The use of polymer-based carriers facilitates prolonged 

circulation time, controlled drug release, and enhanced bioavailability [1]. Specifically, 

biocompatible and biodegradable polymers, such as hyaluronic acid and pectin, have been 

extensively employed to optimize drug carrier efficacy. In this study, hyaluronic acid-pectin 

hydrogel was synthesized and investigated as 5-fluorouracil drug carrier. Hyaluronic acid is a 

hydrophilic biopolymer that can actively bind to the CD44 receptor [2]. Through the 

complexation of hyaluronic acid on a biocompatible surface and the resulting additional active 

targeting capability, complexed nanoparticles are able to reach tumor sites and therefore have 

great potential in clinical application [3]. 

On the other hand, pectin is a polymer of plant origin, which, with its properties, is considered 

one of the very good polymers for targeted drug delivery in different tissues [4]. Due to its 

nature, this polysaccharide is resistant to stomach acid and helps to target the intestine, and 

with the use of several linkers such as acrylamide, it turns into various hydrogels for medicinal 

activity and shows better performance. Also, a composite based on hyaluronic acid, pectin and 

natural zeolite was synthesized to carry doxorubicin and 5-fluorouracil.  Zeolite was used as a 

porous material to increase drug loading due to high pore volume and surface area [5]. 
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2.Experimental 

2.1.Preparation of hyaluronic acid-pectin hydrogel (HA-Pec) 

To prepare the hydrogel, 0.1 g of pectin was dissolved in 4 mL of deionized water and stirred 

at 60°C for 2 hours. In a separate beaker, 0.125 g of hyaluronic acid was dissolved in 25 mL 

of distilled water, followed by the addition of 0.4 g of calcium chloride. The resulting solution 

was stirred for 30 minutes to ensure complete reaction. Subsequently, the pectin gel was 

injected dropwise into the hyaluronic acid solution using a syringe, forming spherical hydrogel 

beads. The reaction proceeded at a controlled low stirring speed for 1 hour to facilitate 

crosslinking. The obtained hydrogels were thoroughly washed with water to remove unreacted 

components and dried in an oven at 60°C, yielding the final hydrogel product [6]. 

2.2.Preparation of  Zeolite-hyaluronic acid-pectin Composite (Zeolite-HA-Pec) 

For the composite synthesis, 0.1 g of pectin and 0.1 g of natural zeolite were dissolved in 4 mL 

of deionized water and stirred at 60°C for 2 hours to ensure homogeneous dispersion. 

Separately, 0.125 g of hyaluronic acid was dissolved in 25 mL of distilled water, followed by 

the addition of 0.4 g of calcium chloride, and the mixture was stirred for 30 minutes. After the 

initial reaction, the pectin–zeolite gel was injected dropwise into the hyaluronic acid solution 

using a syringe, forming discrete spherical composite beads. The mixture was stirred at a 

controlled low speed for 1 hour to promote uniform crosslinking and structural integrity. The 

resulting composite hydrogels were subsequently washed with water to remove residual 

reagents and dried in an oven at 60°C, yielding the final zeolite–polymer composite [6].                

                

     Figure. 1:  Preparation of hyaluronic acid-pectin hydrogel [6].        

3.Results and discussion 

3.1 .FT-IR spectrum 

The Fourier-transform infrared (FTIR) spectrum of hyaluronic acid exhibited a strong 

absorption band at 3436 cm⁻¹, attributed to O–H stretching vibrations. The peak at 2923 cm⁻¹ 

corresponds to C–H stretching vibrations, while the absorption band at 1649 cm⁻¹ is associated 

with asymmetric C=O stretching of carboxyl groups. Additionally, the absorption peak at 1467 

cm⁻¹ is indicative of amide bond vibrations, and the characteristic peak at 1011 cm⁻¹ 

corresponds to C–O–C stretching in the hyaluronic acid structure [7]. In the FTIR spectrum of 

pectin, a prominent peak at 3472 cm⁻¹ was assigned to O–H stretching vibrations, while the 

absorption band at 1508 cm⁻¹ corresponded to ester carbonyl (C=O) stretching. The peak 

observed at 926 cm⁻¹ was attributed to C–O–C stretching, a characteristic feature of 

polysaccharides such as pectin. The presence of distinctive absorption bands from both 

hyaluronic acid and pectin in the final hydrogel spectrum confirmed the successful synthesis 

and structural integration of the biopolymer-based hydrogel [8]. 
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     Figure. 2:  FT-IR spectrum of HA, Pec, HA-Pec. 

 

3.2. Drug Encapsulation Efficiency 

Quantitative analysis of drug encapsulation revealed that the loading efficiency of 5-

fluorouracil (5-FU) in the hyaluronic acid–pectin hydrogel was 20%, whereas incorporation 

into the final zeolite-based composite enhanced drug loading to 29%. Additionally, the 

doxorubicin loading efficiency in the composite system was measured at approximately 80%, 

indicating a significant improvement in drug retention within the polymer-zeolite matrix. 

 

Conclusion 

This study investigated the application of hyaluronic acid–pectin hydrogel and its zeolite-based 

composite as potential drug delivery systems. The findings demonstrate that the synthesized 

hydrogel can effectively serve as a carrier for 5-fluorouracil and doxorubicin. Furthermore, the 

incorporation of zeolite into the polymeric network significantly enhanced drug loading 

capacity, highlighting its potential in advanced drug delivery applications. 
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Introduction: 

Imidazo[1,2-a]pyridines are an important scaffold in organic and medical chemistry due to 

their wide biological activity, such as anti-cancer, anti-tumor, antibacterial, anti-inflammatory, 

antiviral, anti-ulcer, antimicrobial, and sedative effects. They are the core unit of medications 

such as zolpidem, zolimidine [1], GSK812397 (administered for the treatment of HIV 

infection) [2], alpidem, saripidem, and olprinone. Also known as drug precursors, these 

substances are utilized as fluorescent sensors in optoelectronic materials [3]. The demand for 

green and efficient methods to synthesize imidazo[1,2-a]pyridines has led to the development 

of numerous synthetic protocols. Transition metal-catalyzed reactions are the most interesting 

way to synthesize imidazo[1,2-a]pyridines [1]. The use of homogeneous copper requires a large 

amount to achieve high efficiency. However, its separation and recovery are challenging, and 

it may form complexes with the final product. Since pharmaceutical compounds must not 
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contain metal residues, the heterogenization of copper is proposed as the best solution to this 

issue. This approach not only enhances system efficiency but also reduces environmental 

impacts, is more cost-effective, and is suitable for large-scale applications. Recently, carbon 

materials have gained interest as supports in heterogeneous catalytic processes. They can be 

customized for specific needs and offer unique physical and chemical properties. In this study, 

we stabilized Cu nanoparticles on nitrogen-doped carbon spheres as a highly efficient 

heterogeneous catalyst. We employed it to synthesize imidazo[1,2-a]pyridine using 

commercially available substrates through a one-pot three-component procedure.  

 Method: 

The mixture of carbon source, Cu(NO3)2.3H2O and deionized water was prepared and then 

transferred into a Teflon-lined autoclave for hydrothermal carbonization at a certain 

temperature. After cooling down to room temperature, the dark brown powder was washed 

with deionized water and ethanol three times. The final precipitate was dried in air at 80 °C 

overnight. This catalyst was used for the synthesis of imidazo[1,2-a]pyridine derivatives under 

mild conditions. 

 Results and Discussion: 

the result Carbon supported copper-based catalysts were characterized using various 

techniques including SEM, EDX, XRD, TEM, IR, and ICP The performance of the catalyst in 

this reaction was investigated. To study the scope of the reaction, the effects of electron-

donating and electron-withdrawing groups and steric effects were evaluated. The results 

indicated that these factors had no impact on the course of the reaction. The stability of the 

catalyst for the reaction after recovery was investigated. After each reaction cycle, the catalyst 

was separated by filtration and washed. The stability of its morphology and properties was 

confirmed using SEM, XRD, and IR analyses. 

 

 

Graphical Abstract 
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