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Annotatsiya

Xitozanning ikki asosli karbon kislotalar bilan o‘zaro ta’sir mahsulotlari odatda qattiq va gidrogel membranalarni
tayyorlash uchun foydalaniladi. Tadgiqotimizda xitozan va oksalat kislotaning o‘zaro ta’siri uchun qattiq holatdagi
moddalarning yuqori harorat hamda siljish deformatsiyalari sharoitidan farqli ravishda eritma mubhitida olib borishni
magqsad qildik. Ushbu reaksiya birikish/eliminirlash mexanizmi bo‘yicha borib, aminoguruhlarning amid funksiyasi qayta
tiklanadi va amidlar hosil boladi. Xitozan va olingan mahsulot oksalil xitozanning infraqizil spektriari, rentgen fazaviy
diffraktogrammalari, elektron mikroskopdagi tasvirlari taqqoslanganda reaksiyaning yetarli darajada amalga oshganligi
ma’lum bo'ldi. Deatsetillanish darajasi 89 % bo‘lgan xitozanning oksalat kislota N-atsillash reaksiyasi 70 °C da, 24 soat
davomida olib borilishi optimal sharoit ekanligi hamda olinadigan mahsulot unumi 59,5% ni tashkil etishi aniglandi.

AHHOMauus

lMpodykmbl 83aumodelicmausi xumo3aHa ¢ 08YXOCHOBHbIMU KapboHOBbIX Kucromamu 0b6bIYHO UCMO/b3YHMmCs
0ns npueomosrieHuss meepdbix U eudpozenesbix MembpaH. B Hawem uccriedogaHuu Mbi nocmasusniu yesns nposecmu
g83aumoldelicmeue xumo3aHa U oKcasegol KUC/i0mbl 8 pacmeope, 8 omauyue om ycrioeull 8bICOKOU memnepamypbl U
cdsuzoebix deghopmayuli meepdbix sewecms. Ima peakyus rpomeKaem 4epe3 MexaHusM CcOeOUHEeHUs/3nuMuHayuu,
pu KOmMopoMm eoccmarasnueaemcsi amMudHasi DyHKUUS aMuHoepynr, 8 pe3ynbmame 4e2o obpasyromcsi amuobl.
UHebpaKkpacHble crieKmpbl xumo3aHa U Moly4YeHHOo20 Mpodykma, OKcasus Xumo3aHa, a Mmakxe PeHmaeHO8CKue
asosbie OuchpakmozpamMMbl U U30OpaxeHUs C 37eKMPOHHO20 MUKPOCKOMa [okKasanu, 4Ymo peakyus npowsna &
docmamoyHol cmeneHu. Takxe 6bi10 ycmaHo8neHo, Ymo ornmumarbHbie ycrosusi 0ns peakyuu N-auemunuposaHusi
OKcarsegol KUcriomsbl ¢ XUumo3aHoM (co cmerneHbro OeayemurnuposaHusi 89%) cocmaernsitom 70 °C 8 medyeHue 24 Jacos,
npu amom 8bixod rnpodykma cocmasnsem 59,5%.

Abstract

The products of the interaction of chitosan with dicarboxylic acids are typically used for the preparation of solid
and hydrogel membranes. In our study, we aimed to conduct the interaction of chitosan and oxalic acid in a solution
environment, as opposed to the conditions of high temperature and shear deformation of solid-state substances. This
reaction proceeds through a combination/elimination mechanism, where the amine groups' amide function is restored,
resulting in the formation of amides. The infrared spectra of chitosan and the obtained product, oxalil chitosan, as well as
the X-ray phase diffraction patterns and images from an electron microscope, indicated that the reaction had occurred to
a sufficient extent. It was also determined that the optimal conditions for the N-acylation reaction of oxalic acid with
chitosan (with a deacetylation degree of 89%) are at 70 °C for 24 hours, yielding a product efficiency of 59.5%.

Kalit so‘zlar: xitozan, oksalat kislota, modifikatsiya, N-atsil hosila, infraqizil spektr, rentgen fazaviy diffraktometr,
SEM tahlil.

Knroyeeble cnoea: xumosaH, okcaneeasi Kucroma, modugukayus, N-ayun rnpou3sodHoe, UHQpaKpacHbIl
criekmp, peHmeaeHos8ckul ¢hazosnili duchpakmomemp, SEM-aHanus.

Key words: chitosan, oxalic acid, modification, N-acyl derivative, infrared spectrum, X-ray phase diffractometer,
SEM analysis.

KIRISH
Xom ashyolardan xitin va xitozan ajratib olish, ular asosida tirik organizmlar uchun zararsiz,
biologik jihatdan moslashuvchan, bioparchalanuvchan bo‘lgan hosilalar sintez qilish ishlari jadallik
bilan amalga oshiriimoqda. Xitin va xitozan asosida olingan birikmalar mikroblar, bakteriya hamda
zamburug‘larga qarshi ham yuqori faolliklarni namoyon giladi. Bundan tashqari, ularning g‘ovakli
gidrogellar, aerogellar va sorbent xususiyatli hosilalari ham mavjud [1].

l 2024 No6 149




Aniq va tabiiy fanlar @ https://journal.fdu.uz ISSN 2181-1571

KIMYO

ADABIYOTLAR TAHLILI VA METODOLOGIYA

Xitozanning ikki asosli karbon kislotalar bilan o‘zaro ta’sir mahsulotlari odatda qattiq va
gidrogel membranalarni tayyorlash uchun foydalaniladi. Xitozan va dikarbon kislotalar uchun
umumiy erituvchining yo‘qligi sababli, ularning qattiq fazali o‘zaro ta’sirini yugori bosim va siljish
deformatsiyalari bilan birgalikda amalga oshiriladi[1,2,3]. Xitozan (X) hamda to'yingan dikarbon
kislotalar orasidagi ta'sirni quyidagicha ifodalash mumekin:

X-NHz + HOOC-(CH2),-COOH—X-NH3* O0C-(CH2),-COO"

Lekin ushbu jarayonda yuqori haroratlarda va siljish deformatsiyalari sharoitida hosil bo‘lgan
tuz ko‘prik bog‘lanishlarining suvsizlanishi natijasida xitozan makromolekulalari va dikarbon kislota
goldiglari o‘rtasida amid bog‘lanishlar vujudga keladi:

X-NH3*O0C-(CH2),-COO" — X-NH-OC-(CH2),-COOr

Yuqoridagi reaksiyaning unumi foydalaniladigan dikarbon kislota alkil zanjirining uzunligiga
va karboksil guruhlarning kislotaliligiga bog'liq [2,3,4].

Xitozanni N-atsillanish reaksiyalari karbon kislotalar, kislota angidridlari hamda atsil
galogenidlar ishtirokida amalga oshiriladi [5,7]. Tadqigotimiz davomida oksalat kislotadan
foydalanib xitozanning N-atsil hosilasi sintez qilindi. Ushbu reaksiya birikish/eliminirlash mexanizmi
bo‘yicha borib, aminoguruhlarning amid funksiyasi gayta tiklanadi va amidlar hosil bo‘ladi. Ularning
bargarorligi esa atsil karbonillarga garaganda yuqori, chunki N atomidagi toq elektron juftlarning
karbonil 1 sistemasiga rezonans lokallanishi sodir bo‘ladi [6,8].

Reaksiya mahsuloti unumining vaqtga bog‘ligligi. Deatsetillanish darajasi 89% bo‘lgan
xitozandan 500 mg miqdori sirka kislotasini 2% li eritmasiga solindi. To'liq eritish uchun og‘zi yopiq
kolbada magnitli aralashtirgich yordamida 30 minut (40 °C harorat) davomida aralashtirildi. So‘ngra
ustiga 300 mg migdorda qgattiq holatdagi oksalat kislotadan qgo‘shildi. Harorat 60 °C ga ko'tarildi va
jarayon 24 soatdan so‘ng to‘xtatildi. Reaksion aralashma 15 daqiga davomida xona haroratida
tindirildi. Olingan cho’'kmani filtrlab, etil spirti bilan bir necha bor yuvildi hamda 40 °C haroratda
o‘zgarmas massaga kelgunicha pechda quritildi. Olingan massa 0,321 gr, unum 55,3% ni tashkil
etdi.

Shuningdek reaksiya mahsulotini unumining vaqtga bog'ligligini o‘rganish magsadida
tajribalarni 16; 20; 28 soat davomida ham olib borildi. Olingan natijalar quyidagicha:

16 soat = 0,264 g (45,5%) mahsulot;

20 soat =0,283 g (48,7%) mahsulot;

28 soat =0,305 g (52,5%) mahsulot olindi.

Reaksiya mahsuloti unumining haroratga bog‘liqligi. 500 mg xitozanni (DDA=89%) 2%
li sirka kislota eritmasida 30 minut (40 °C harorat) magnitli aralashtirgich yordamida eritib olindi.
Ustiga 300 mg migdorda gattiq holatdagi oksalat kislotadan qo‘shildi. Harorat 70 °C ga ko'tarildi va
jarayon 24 soatdan so‘ng to‘xtatildi. Reaksion aralashmani 15 dagiqa davomida xona haroratida
tindirildi. Olingan cho'kmani filtrlab, etil spirti bilan bir necha bor yuvildi hamda 40 °C haroratda
o‘zgarmas massaga kelgunicha pechda quritildi. Olingan massa 0,396 gr; unum 59,5% ni tashkil
etdi.

Yugqoridagi tajriba 50; 60; 80 °C haroratlarda ham olib borildi.

50 °C haroratda = 0,355 (53,3%) mahsulot;

60 °C haroratda = 0,369 g (55,4%) mahsulot;

80 °C haroratda = 0,89 g (58,4%) mahsulot olindi.

|Q-spektrlar — IRTracer-100 (SHIMADZU, 2017. 4000-500 sm™") Perkin Elmer Spectrum IR
(4000-650 sm™), INVENIO S (BRUKER, 2021. 4000-400 sm™") yordamida olindi.

Rentgen fazali diffraktogrammalar (XRD) —xitozan va oksalil xitozan uchun XRD-Mini Flex-
600 2021 (Rigaku, Yaponiya) Rentgen diffraktometri yordamida olindi. CuKa1 — a2 (Ka1 a2 nisbati
50%) radiatsiya (y= 0.15406 nm, 40 kV, 30 mA, skanerlash diapazoni xitozan uchun 0° - 60°,
xitozanning N-atsil hosilasi uchun 0° - 80° gacha, skanerlash tezligi 2°/min va gqadam uzunligi 0,05°
da amalga oshirildi.

Skanerlovchi elektron mikroskop (SEM) - xitozan, sintez qilingan xitozan N-atsil
hosilasining morfologiyasi SEM - EVO MA 15 (Zeiss, Germaniy) yordamida amalga oshirildi.
Tajribalar elektron skanerlash mikroskopida quyidagi tarzda amalga oshirildi. Namuna tayyorlash
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jarayonini amalga oshirish uchun metall gotishmasidan yasalgan dumalog ushlagichga sinov
namunasining kukuni surtildi, uning ustiga ikki tomonlama yopishqoq yuzasi bo‘lgan alyuminiy folga
yoki alohida namunadagi parcha (5x5 mm oflchamda) yopishtirildi. Keyin ushbu ushlagich
mikroskopning ob’ektiga o‘rnatildi. O‘lchov paytida 16,00 kV kuchlanishli tezlashtiruvchi kuchlanish
(EHT - Extra High Tension) go‘llanildi, ish masofasi (WD - working distance) 8,5 mm. Tasvirlar
Smart SEM dasturi yordamida 500 - 10 mikrongacha bo‘lgan turli xil o‘lchamlarda amalga oshirildi.
Tadqigot davomida namuna stendga o‘rnatildi va purkagich (Q150R ES Plus, United Kingdom)
yordamida yupqa (5 nm) qalinlikda o‘tkazuvchan kumush gatlam bilan qoplangan.
NATIJALAR VA MUHOKAMA

Tadqgigotimizda xitozan va to‘yingan ikki asosli kislotalarning o‘zaro ta’siri uchun qattiq
holatdagi moddalarning yuqori harorat hamda siljish deformatsiyalari sharoitidan farqgli ravishda
eritma muhitida olib borishni magsad qildik. Quyida (1-rasm) xitozanning to'yingan ikki asosli
kislotalar bilan N-atsillash reaksiyasi keltirilgan

OJ\;\' COOH
ﬁ
+ (CHz)n H,O

COOH

f% % SR

(CHz)n

RS S

CH3
1-rasm. Xitozanni to‘yingan |kk| asosli kislotalar bilan reaksiyasi

Ushbu reaksiyaning dastlabki bosqichida hosil bo‘ladigan tuz ko‘prik bog‘larning
suvsizlanishi sof kovalent bog‘lanishlarni vujudga keltiradi.

Sintez qilingan oksalil xitozanning IQ-spektroskopiya tahlili. Xitozan hamda uni oksalat
kislota bilan ta’sir mahsulotining 1Q-spektrlari o‘zaro taqgqoslanganda xitozanga tegishli asosiy
funksional guruhlar yutilish chiziglarining saglanib golganini ko‘rish mumkin. Quyida xitozan (2-
rasm) va olingan mahsulot (oksalil xitozan)ning (3-rasm) IQ-spektri keltirilgan:
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2-rasm. Xitozanning 1Q-spektri
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3-rasm. Oksalil xitozanning |Q-spektri

Spektrdagi (3-rasm) 1675 sm™ sohada C=0 bog‘iga tegishli yutilish cho‘qqisining hosil
bo‘lganligini, bu yutilish chizig‘ining xitozan molekulasi 1Q-spektrida (2-rasm) intensivligi juda past
ekanligini ko‘rish mumkin. Bu esa atsillash reaksiyasi yetarli darajada amalga oshganligidan dalolat
beradi.

Oksalil xitozanning XRD tahlili. Shuningdek, reaksiya uchun olingan xitozan (4-rasm) va
uning oksalat kislota bilan N-atsillanish mahsuloti rentgen fazaviy diffraktogrammalari (5-rasm)
o'‘zaro taqqoslanganda, 26=9,5° va 26=19,8° dagi diffraktsion cho‘qqilarning intensivligi sezilarli
darajada kamayganini ko'rish mumkin.
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4-rasm. Xitozanning XRD diffraktogrammasi
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5-rasm. Oksalil xitozanning XRD diffraktogrammasi

Yuzaga kelgan bunday o‘zgarish oksalil guruhlarni xitozan zanjiriga kirishi natijasida
xitozandagi amino va gidroguruhlar orasida vujudga keladigan molekulalararo vodorod
bog'lanishlar uzilganligi hamda oksalil radikalining —COOH guruhi —COO- ionlari holida mavjudligini
ifodalaydi. Bundan tashgari oksalil guruhning hajmi vodorodga nisbatan kattaligi uchun kristall
tuzilish tartibini buzadi. Bu esa moddaning amorf tabiati ortib, kristallik darajasining kamayishiga
olib keladi. Olingan natijalardan N-atsillanish jarayoni amalga oshganligi haqida xulosa qilishimiz
mumkin.

Oksalil xitozanning SEM tahlili. Tadqgiqotimiz davomida xitozan (6-rasm) va sintez
gilingan oksalil xitozanning (7-rasm) SEM tasvirlaridan foydalanib topografik hususiyatlari ham
tahlil qilindi. Ko‘rishimiz mumkinki, olingan mahsulotning sirt yuzalarida sorbsion xossani namoyon
etadigan juda ko‘plab g‘ovaklar hosil bo‘lgan.

EHT = 16.00 kv Signal A= SET Date: 23 Feb 2024
WD = 8.49 o FPhoto No. = 266 Tirme: 20:11:42

6-ras. Xitozanning SEM tasviri
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200 pm EMT = 16.00 kW Sigral A= SET Date: 23 Feb 2024 ﬁ
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7-rasm. Oksalil xitozanning SEM tasviri

Bunday bo'shliglarning mavjudligini xitozanning oksalat kislota bilan modifikatsiya
gilinganda polimer makromolekulalari orasiga oksalil guruhlarni kirishi, natijada amid bog‘lar orqali
polimer zanijirlari o‘zaro bog‘langanligi bilan izohlash mumkin.

XULOSA

Xitozan va oksalat kislota orasidagi reaksiyani faqat qattiq sharoitlarda yani yuqori harorat
va siljish deformatsiyalari ta’siri ostida emas balki eritma holatida ham olib borish mumkinligi
tadqigotimiz davomida isbotlandi. 70 °C haroratda 24 soat davomida deatsetilanish darajasi 89%
bolgan xitozanni oksalat kislota bilan modifikatsiyalash natijasida olinadigan mahsulot (oksalil
xitozan)ning unumi 59,5% ni tashkil etishi aniglandi.
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