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NATRIY-KARBOKSIMETILSELLYULOZA ERITMASIDA BARQARORRUX OKSIDI
NANOZARRALARI SINTEZI VA XOSSALARI

CWHTE3 U CBOUCTBA CTABUJIbHbIX HAHOYACTUL, OKCUAA LIMHKA B PACTBOPAX
HATPUN-KAPBOKCUMETUNLENNIONO3E

SYNTHESIS AND PROPERTIES OF STABLE ZINC OXIDE NANOPARTICLES IN SOLUTION
OF SODIUM-CARBOXYMETHYLCELLULOSE

"Mirxolisov Mirafzal Muzaffar o‘g‘li, ?Yunusov Xaydar Ergashovich,
3Sarimsoqov Abdushkur Abduxalilovich

"Mirxolisov Mirafzal Muzaffar o‘g’li _ OZRFAPKFI, kichik ilmiy xodim.

O'zR FA PKFI, texnika fanlari doktori,
2Yunusov Xaydar Ergashovich — yetakchi ilmiy xodim.

3Sarimsoqov Abdushkur Abduxalilovich — OzR FA PKFI, texnika fanlari doktor,
professor.
Annotatsiya

Mazkur maqolada almashinish darajasi (AD) 0.80-0.85 va polimerlanish darajasi (PD) 950-1050 bo‘lgan
tozalangan natriy-karboksimetilsellyuloza (NaKMS) va rux nitrat (Zn(NQOgs)2) eritmalaridan kimyoviy usul yordamida, 80°C
haroratda, tarkibida turli o‘lchamli, rux oksidi nanozarralari (ZnONZ) tutgan polimermetallokomplekslarsintez qilish
sharoitlari aniglangan. Tarkibida turli o‘lcham va shaklli barqaror ZnONZ tutgan Na-KMS namunalarining fizik-kimyoviy
xossalari IK-Fure spektroskopiya, atom kuch mikroskopiya (AKM), rentgen difraktometrik analiz (XRD) usullari orqali
aniqlandi.

AHHOMauus

B 0daHHOU cmambe u3 pacmeopoe oduuweHHolU Hampul-kapbokcumemunuyenntono3sl (NaKML) co cmeneHto
3ameuweHue C3=0,80-0,85 u cmeneHrononumepusayuu CI1=950-1050 u Humpama uuHka (Zn(NOgz)z)xumuyeckumu
memodamu npu 80°C memnepamypa, onpedesieHbl ycrio8usi CUHMe3a MoAuMepMemarsiokOMIIIEKCo8, codepxauiux
pasnuYyHbIX pasmMepos8 HaHodacmuubl okcuda yuHka (ZnOH3). ®usuko-xumuuyeckue ceolicmea obpasuyos Na-KML],
codepxauwux cmabunu3upoBaHHbIX HaHoYyacmuubl OKcuda UuHKa pasnuyHbiX pasmepos u ¢hopmM, orpedesieHbl
memodamu UK-cnekmpockonuu, amomMHO-cuio8ol MUKPOCKONUU, peHmMeeHo dughpakmomempuyeckull aHanu3a.

Abstract

In this article the conditions for synthesis of polymermetallokomplexes contained different size of zinc oxide
nanoparticles based on purified sodium-carboxymethylcellulose (Na-CMC) with degree of substitution DS=0,80-0,85 and
degree of polymerization DP=950-1050 and zinc nitrate (Zn(NQOs)2) solutions by chemical method at a temperature of 80
°%C were determined. Physicochemical properties of Na-CMC samples containing stable zinc oxide nanoparticles of
various sizes and shapes were determined by IR-Fure spectroscopy, atomic force microscopy, X-ray diffractometric
analysis.

Kalit so’zlar: gidrogel, natriy-karboksimetilsellyuloza, nanozarralar, almashinish darajasi, polimerlanish darajasi,
rux oksid, kimyoviy usul.

KnioueBble cnoBa: rugporen, HaTpui-kapOoKCMMETUILENIONO03a, HaHOYaCTULbI,CTENEH 3aMeLLEeHUs], CTENeH
nonvMepusaumm, okcuaa LMHKa,XMMU4eckuii Mmetog,.

Keywords: hydrogel, sodium-carboxymethylcellulose, nanoparticles, degree of substitution, degree of
polymerization, zinc oxide,chemical method.

KIRISH

So‘ngi yillarda nanotexnologiya usullari orqali tarkibida nanoo’lchamli metallar va ularning
oksidlari tutgan virus va bakteriyali kasalliklarga qarshi, noyob xossali biologik faol dori vositalari
hamda tibbiy buyumlarning yangi avlodlarini sintez qilish dunyo farmatsevtika, tibbiyot va kimyogar
olimlarida katta qizigish uyg‘otmoqda [1]. Tarkibida nanozarralar tutgan dori vositalari quyi
konsentratsiyalarda ham undagi zarralarning sirt yuzasi yuqori bo‘lishi hisobiga grammanfiy va
grammusbat shtammlariga qarshi yuqori antibakterial faollikni namoyon etishi adabiyotlardan
ma’lum [2,3]. Tibbiyot amaliyotida, antibakterial vosita sifatida qo‘llaniladigan Ag, Au, TiO2, ZnO
nanozarralari asosida bir qator preparatlar sintez qilingan va ular virusli hamda bakterial
kasalliklarni davolashda keng qofllanilgan [4]. Jumladan, inson uchun zaruriy mikroelement
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hisoblangan ZnONZ to‘gima hujayralariga nisbatan kam toksikligi, kimyoviy barqarorligi, zarra
o‘lchamlarining boshqarish imkoniyatlarining mavjudligi va yuqori sirt yuzasi hisobiga vaqt
davomida antibakterial xossalarini namoyon etishi, immun tizimini tiklash xususiyatiga egaligi
tufayli tibbiyot amaliyotida keng qo‘llanishda istigbolli natijalar bergan [5]. Antibakterial xossali
ZnONZ Amerika Qo‘shma Shtatlarining ozig-ovqat va farmatsevtika idorasi tomonidan 21 CFR
182.8991 hujjati asosida xavfsiz deb tan olingan va kosmetika, ozig-ovqat mahsulotlarini
gadoglash va farmasevtika sanoatida keng qo‘llash uchun tavsiya etilgan [6]. ZnONZ sintez
gilishning fizikaviy, kimyoviy, biologik usullari mavjud bo'‘lib, mazkur usullar asosida olinadigan
yakuniy maxsulotning go‘llash sohalariga qarab afzalliklar va kamchiliklarga ega [7]. Amaliyotda
rux oksidi kimyoviy usullar orqali ruxning tabiiy birikmalaridan sintez qilib olinadi [8]. Sudheesh
Kumar va boshqalar, xitozan gidrogelida o‘lchamlari 70—120 nm bo‘lgan rux oksidi nanozarralarini
sintez qilish orqali bog‘lovchi matolar yaratgan va ular gon to‘xtatish va yuqori antibakterial
xossalarni namoyon etgan [9]. Hashem va boshqalar o‘lchamlari 10-20 nm bo‘lgan ZnONZ va Na-
KMS asosida nanokompozit gidrogellarni sintez gilishga erishgan, natijada olingan Na-KMS /ZnO
nanokompozit gidrogellari grammusbat va grammanfiy bakteriya shtammlariga nisbatan yuqori
antibakterial faollikni namoyon etgan [10]. Polietilenglikol matritsasida shakllantiriigan ZnO zarra
o‘lchamining 2-25 nm birlikkacha kichrayishi va sirt yuza sathining ortishi bilan Escherichia coli va
Staphylococcus aureus shtammlariga garshi yuqori antibakterial faollik hossasini namoyon etgan
[11]. Xitozan matritsasida diametri 30-60 nm va uzunligi 80 nm bo‘lgan ignasimon shaklli ZnONZ
sintez gilingan va olingan nanokompozitlar dastlabki xitozanga nisbatan Escherichia coli
shtammiga nisbatan yuqori antibakterial faollikni namoyon etgan. Xitozan va ZnONZ asosida
olingan nanokompozitlar “amoksitsilin” antibiotigi bilan solishtiriiganda yuqori antibakterial faollika
ega ekanligi aniglangan [12]. Gordon va boshqalar [13], ZnO va FeO asosida polimer tarkibli
bakteriyalarga garshi dori vositasi sintez qilishga erishgan va olingan nanokompozit asosidagi dori
vositasi Staphylococcus aureus va Escherichia coli shtammlariga qarshi yuqori antibakterial faolligi
nanozarralarning [Zn]/[Fe] og'irlik nisbatiga bog'‘liq ekanligini isbotladilar. Adabiyotlarda [14,15], Na-
KMS polimer matritsasida ZnONZ sintez qilish imkoniyatlari yo‘nalishida keng ilmiy tadgiqotlar olib
borilgan va organizm uchun zararsiz, bioparchalanuvchan, ultrabinafsha nurlaridan himoya qilish
xususiyatlariga ega, antibakterial plyonkalar olish imkoniyatlari aniglangan. Na-KMS, boshga
polimer barqgarorlashtiruvchilar bilan solishtiriiganda kam toksikligi, biologik parchalanuvchanligi,
suvda eruvchanligi va kimyoviy tarkibida organizm uchun yot ta’sir etuvchi element atomlari va
radikallarning bo‘lmasligi, farmatsevtika sanoatida tabletkalar ishlab chiqarishda to‘ldiruvchi sifatida
go‘llanilishi va gel, plyonka hosil gilish xossalari bilan muhim amaliy ahamiyatga ega bo‘lib, Jahon
sog'ligni saglash tashkiloti tomonidan Na-KMS, ozig-ovgat va farmatsevtikada to‘ldirgichlar va
barqgarorlashtiruvchilar ro‘yxatiga kiritilgan [16].

Mazkur ishning magsadi Zn(NOs), va Na-KMS orasidagi reaksiya sharoitlarini va Na-KMS
eritmasida ZnONZ shakillantirish imkoniyatlarini aniglash hamda olingan namunalarning fizik-
kimyoviy hossalarini o‘rganishdan iborat.

METODLAR VA MATERIALLAR

ZnONZ sintez qilish uchun polimer matritsa sifatida PD-1000, AD-0.85 bo‘lgan tozalangan
Na-KMS namunalaridan foydalanildi, go‘shimcha reagent sifatida; distillangan suv (H2O, pH-5,4-
6,6), natriy gidroksidi (NaOH), rux nitrat kiristalogidrati (Zn(NO3)>6H-0, 99 %) ishlatildi. Zamonaviy
asbob uskunalardan, labaratoriya sentrifugasi (Cenlee 20K, Xitoy), mexanik aralashtirgich (0S20-
S), magnitli aralashtirgich (MS-H280-Pro), ultratovushli dispergator (UZDN-1, U-4,2, Rossiya),
vodorod ko‘rsatkichni aniglash qurilmasi (Digital pH210 Benchtop pH/Mv Meter, Xitoy) dan
foydalanildi.

Tarkibida rux ioni va rux oksidi nanozarralari tutgan Na-KMS gidrogellarini olish
metodikasi. Mazkur ishda tozalangan Na-KMS tuzining AD-0,85 va PD-1000 bo‘lgan
namunalarining suvli eritmasi va rux oksidi nanozarralarini sintez qgilish uchun Zn(NO3)26H.0
tuzining konsentratsiyasi 0,01-0,1 M bo‘lgan suvli eritmalaridan foydalanildi.

Dastlab tozalangan Na-KMS tuzining 1-3 % li suvli eritmasi tayyorlandi va 8000 ayl/min tezlikda 15
minut davomida sentrifugalash natijasida erigan va gel fraksiyalarga ajratib olindi. Tozalangan Na-
KMS tuzining erigan fraksiyasiga (pH=7,25) 25°C haroratda konsentratsiyasi 0,1 M bo‘lgan
Zn(NOz3), tuzining suvli eritmasidan (pH=4,31) turli hajmda (3-10 ml) tomchilatib qo‘shildi va bir
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jinsli gidrogel hosil bo‘lgunga qadar 25 minut davomida 800 ayl/min tezlikda mexanik aralashtirildi.
Olingan Zn?*-KMS gidrogeliga konsentratsiyasi 0,1 M bo‘lgan NaOH (pH=12,92) ishqorining suvli
eritmasidan muxit ko‘rsatkichi pH=8 bo‘lgunga gadar turli hajmda (0.1-0.5 ml) qo‘shildi, va 25°C
haroratda 800 ayl/min tezlikda 30 minut davomida mexanik aralashtirildi. Olingan Na-KMS
gidrogelida hosil bo‘lgan rux gidroksididan rux oksidi nanozarralarini sintez gilish uchun 80 C
haroratda magnitli aralashtirgich ta’sirida eritmadagi suvning bug‘lanishini oldini olish uchun
sovitgich o‘rnatilgan holda 120 minut vagt davomida aralashtirildi (1-rasm).
»

1-rasm. Labaratoriya sharoitida Na-KMS polimer matritsasida ZnO nanozarralarini sintez
qilish jarayoni.

Olingan Na-KMS gidrogel tarkibida shakillangan ZnONZ o‘lchamlarining kichrayishi va
polidispersligini ta’minlash uchun UZDN-1, U-4,2 (Rossiya) markali ultratovush dispergatorida 20
minut vaqt davomida ishlov berildi. Taggoslash uchun rux ionlari bog‘langan Na-KMS gidrogellari
ham tayyorlandi. Sintez gilingan Na-KMS, Zn?*KMS va ZnO/KMS gidrogel namunalaridan
plyonkalar olindi va ularda fizik-kimyoviy tadgiqotlar o‘tkazildi.

OLINGAN NATIJALAR VA ULARNING MUHOKAMASI.

Tozalangan Na-KMS tuzi suvli eritmalarda Na® kationi va KMS" anionlariga
dissotsiatsiyalanadi, rux nitrat tuzi esa Zn?* va NOs" ionlariga ajraladi. Bu eritmalar aralashtiriiganda
Zn?* jonlari Na-KMS tuzining karboksil (~CH2COO") anionlari bilan bog‘lanadi. Rux (ll) ionlarining
4s orbitalidagi juftlashgan elektronlar qo‘zg‘algan holda 4p orbitalning bo‘sh yacheykalariga o‘tadi
va rux ionlari Na-KMS tuzidagi natriy ionlari bilan almashinib karboksil guruhidagi (-COO")
kislorodning 2p orbitalidagi tog elektronlar bilan ionli bog‘lanish hosil giladi. Almashinish reaksiyasi
quyidagicha boradi (1-reaksiya).

i o

cooQ- 00 cog-

+ Zn(NO3); -HO, Tn Zn  + Na*+NOs

- Jat Iat Iat
COOrNa™ COONa COOrNa Cl‘.}é Coo- CGé

Na-KMS makromolekulalari ’\/‘\/\M

CTiom»  CZiow

[C5H704-CH20CHchONa]n + nZn%*— [ZI"\(C5H704-CH20CHQCOO)2]n + nNa*
1-reaksiya. Na-KMS va Zn(NO3). tuzlari orasidagi reaksiya natijalari
[Zn(CsH7O4-CHzOCHzCOO)z]n+2NaOH= anOH)2+[C5H704-CH200HchONa]n
2-reaksiya. Rux gidroksidini hosil bo‘lish reaksiyasi.
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Na-KMS tuzining suvli eritmasi 168 - 350 °C harorat oralig‘ida qizdiriiganda termik
parchalanishi adabiyotlardan ma’lum [17]. Na-KMS gidrogeli 80 °C haroratgacha qizdirilganda rux
gidroksidi ZnO va suvga parchalanadi.

Zn(OH)z% Zn0O + H20
3-reaksiya. Rux oksidining Na-KMS eritmasida hosil bo‘lish reaksiyasi.
Na-KMS makromolekulasidagi karboksimetil guruhlari va Zn?* ionlari reaksiya natijasida ion
kordinatsion bog‘lar orqali birikadi va 80 °C haroratgacha gizdiriiganda ZnO nanozarralari hosil
bo‘ladi. Na-KMS gidrogellarida hosil bo‘lgan ZnO nanozarralarining o‘lchamlarini boshqgarish va
hosil bo‘lgan ZnONZ bir jinsliligini taminlash magsadida Na-KMS/ZnO sistemasi 20 minut
davomida 44 kGs chastotali ultratovush dispergatorida ishlov berildi.

3 o OH
oH O O
O,
AL o N
(o o
o O
O oH O

;\0\ O /!/i Zn

80°C e \10 o O n

UT-dispergator

2-rasm. UT-dispergatori ta’siri Na-KMS/Zn?** sistemasidan Na-KMS/ZnO sistemasini
shakillantirish mexanizmi.

Olingan natijalardagi 2-rasmdan ko‘rinadiki Na-KMS/Zn?* sistemasiga UT-dispergator ta’sir

etganda xosil bo‘lgan ZnO nanozarralari Na-KMS matritsasidagi (-OH) va (ZnO) o‘zaro vodorod
bog'lari orgali elektrostatik ta’sirlashishi natijasida barqarorlashadi.
Tozalangan 100 ml 2 % li Na-KMS ning erigan fraksiyasiga 0.1 M li Zn(NOs)2 suvli eritmasidan
25°C haroratda 10 ml go‘shilib 25 minut mexanik aralashtirishdan so‘ng pH=6.37 giymatida sinish
burchagini hosil gildi (3-rasm(a)). Hosil bo’lgan Zn?*KMS- eritmasiga 0.1 M li NaOH ishqorning 13
ml eritmasi bilan 30 minut davomida mexanik aralashtirish ta’sirida titrlaganda eritmaning rangi
vaqgt davomida oqardi va vodorod ko‘rsatkichi pH-8 giymatgacha ko'tarildi (3-rasm(b)). Eritmaning
muhiti pH-8 giymatgacha ortishi va uning oq ranga kirishi sistemada Zn(OH). asosining hosil
bo'lishidan dalolat beradi. Na-KMS gidrogeli tarkibidagi Zn(OH). asosdan ZnO nanozarralarini
sintez qilish uchun reksiya 80 °C haroratgacha 2 soat davomida mexanik aralashtirildi, natijada
eritmaning muhiti pH=7,45 giymatgacha tushganligi kuzatildi va sinish burchagiga ega bo'ldi (3-
rasm(c)).

pH pH
A
6.6 6,57 8.1 4
6.55
65 s £.02-8:03-8.03-8,03-8.03
6.5 N 798
6.45 6,44 7.9 79
6.4 6,39 785
: T 6,37 7.8 7.8
T 6,37 6,37 6,37 : H
6.35 176
63 7.7
6.25 > 7.6 >
5 10 15 20 25 30 35  40MHH 5 10 15 20 25 30 35 40 45 50 MHH
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a) 100 ml Na-KMS 10 ml Zn(NOs). b) Zn**KMS 13 ml NaOH qo‘shildi, 30 min
qo‘shildi, 25 min aralashdi va pH=6,37 ga aralashdi va pH=8,02 ga ko'tarilib Zn(OH); hosil
tushib Zn**KMS hosil bo'ldi. bo’ldi.
8.1 * PH
B8 8
7.9
7.8 7.8
7.7 7.62
7.6 7.52
7.5 745 7.45
7.4
7.3
7.2
7.1 >
S 30 60 20 120 150 MHH

¢) Zn(OH), 80°C temperaturada 120 min aralashtirildi
pH=7.45 ga tushib ZnO xosil qildi.

3-rasm. Na-KMS eritmasida ZnO nanozarralarining shakillanishida sintez vaqtining
eritma pH qiymatiga ta’siri.

Eritma tarkibida Zn?* ionlari bilan Na-KMS makromolekulasidagi karboksimetil guruhlarining
bog‘lanishini aniglash magsadida, Na-KMS, Zn**KMS  va ZnO/KMS gidrogelidan plyonkalar
tayyorlanib IK-Fure spektroskopik tadgiqotlari olib borildi. Olingan plyonkalar 400-4000 sm™ to‘lqin
uzunligi oralig‘ida, infraqizil nurlarning elektronlar ogimini ta’sir ettirish orgali ZnO nanozarralar
tarkibi va plyonkadagi molekulalar tuzilishi aniglandi (4-rasm). Rasmdan ko'rinib turibdiki,
tozalangan Na-KMS makromolekulalaridagi karboksimetil anionining nur yutilish intensivligi
1602.70 sm™ sohada kuzatildi. Tozalangan Na-KMS makromolekulasidagi natriy (Na*) va rux
(Zn?*) kationlari o'zaro almashingan gismida nur yutilish intensivligi 1623.79 sm™ giymatgacha
ko‘tarilgan. IK-spektrda 3445,20 sm™ to‘lgin uzunligi (-OH) guruhiga tegishli va uning H bilan
ZnONZ ning O atomlari orasida vodorod bog'lari paydo bo‘lganligi sababli to‘lgin uzunligi 3449,43
sm™ sohaga o‘zgargan.
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4 - rasm. Tozalangan Na-KMS (a) va tarkibida rux ionlari (c) va rux oksidi nanozarralari (b)
tutgan Na-KMS namunalarining IQ — Fure spektr natijalari.
Olingan natijalardagi 4-rasm(b) chizmadan ko‘rinadiki, ZNnO/KMS plyonkasida 475.15 sm™ to‘lgin
uzunligida yangi cho‘qqi xosil bo‘lgan, adabiyotlarda 400-600 sm™ to‘lgin uzunliklari oralig‘ida
ZnONZ hosil bo'lishi keltiriigan [14] va bu cho‘qqi aynan ZnONZga tegishli ekanligini bildiradi.
Bundan tashqari rasmda 827,15 sm™ tebranish soxasida ham yangi cho‘qqini ko‘rishimiz mumkin
bu oz navbatida NOs ioniga tegishli ekanligi adabiyotlardan ma’lum. 1Q — Fure spektroskopik
tadqiqot natijalaridan olingan giymatlar jadval ko'rinishida keltirilgan (1-jadval).
1-jadval. Olingan plyonka natijalarining IQ—Fure spektroskopik natijalari
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Plyonka O-H,| C-H | C=0| CH2COO"| CO0OZn* | C-O-C| C-O | NOs | Zn-O
namunalari | sm”' | sm’ | sm’ sm’’ sm’’ sm’ | sm?| sm?| sm’

Na-KML| 3445 | 2922 | 1060 1602 - 1328 | 1271 - -
Zn?* [KML| | 3446 | 2923 | 1060 1623 1385 1328 | 1270 | 827 -
ZnO /KMU | 3449 | 2923 | 1060 1623 1385 1327 | 1270 | 827 475

Tadgiqotlarning navbatdagi qismida rentgenostrukturaviy tadqigotlar Cu Ka (1.54059 A)
nurlanishidan foydalangan holda tarkibida ZnO nanozarralari tutgan Na-KMS plyonka
namunalarida olib borildi. Dastlabki hisoblashlar tozalangan Na-KMS va ZnO/KMS plyonkalarida
olib borilganida 26 = 31.841°, 34.507°, 36.324°, 47.592°, 56.634°, 66.426°, 67.983°, 69.091°,
76.987° graduslarda olti burchakli kristallarini hosil gilganligi kuzatilganligini 5-rasmda ko‘rishingiz
mumkin. ZnO/KMS 31.841 ° va 36.324° graduslarda intensivligi yuqgori bo‘lgan defarmatsion
tebranishlarni hosil gilib (100) va (102) kristal tekisliklarni namoyon gilgan (5-rasm).

so0000 4

Intensity
&
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$
H

10 20 30 40 S0 60 TO

a. Na-KMS. b. ZnO/KMS (Na-KMS :Zn(NQO3)2 100:3).
¢. ZnO/KMS (Na-KMS :Zn(NOs). 100:6).
5-rasm. Tarkibida rux oksidi nanozarralari tutgan Na-KMS plyonkasining
rentgenostrukturaviy tahlil natijalari.

Na-KMS plyonkalarida shakllangan ZnO nanozarralarining kristal holatdagi to‘lgin
tebranishlarining intensivligi, 20 nuqtasi va piklar orasidagi masofa Mathcad professional
pragrammasi asosida hisoblandi. Kristal tuzilishini aniglash magsadida Debay-Sherrer (K=0,9)
tenglamasidan foydalanildi.

D =0,9\Bcosb
Na-KMS plyonka matritsasida ZnO nanozarralarining shakli, olchami va morfologik holatini
aniglash magsadida atom kuch mikroskopik tadqgiqotlar olib borildi. O‘lchovlar atmosfera sharoitida
kontaktli rejimda NSG 01 kremniyli kontiliveridan foydalanilgan holatda o‘rganildi. Olingan natijalar

Na-KMS plyonkasi d-Na-KMS: Zn(NO3)2(0.01M 6 ml)/0.00486%
Zn0.

d-Na-KMS: Zn(NO3)2(0.01M 2 ml)/0.00162% d-Na-KMS: Zn(NO3)2(0.01M 8 ml)/0.00648%

ZnO. ZnO.

d-Na-KMS: Zn(NO3)2(0.01M 4 ml)/0.00324% d-Na-KMS: Zn(NO3)2(0.01M 10 ml)/0.0081%

Zn0. Zn0.

6-rasm. Tarkibida ZnO nanozarralari tutgan Na-KMS plyonkalarining atom kuch
mikroskopik tadqiqot natijalari.
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Olingan natijadagi 6-rasmdan ko'rinib turibdiki, Zn(NOz), eritmaning 0,01 M konsentratsiyali
eritmasidan 2-4 ml hajmda qo‘shilganda o‘lchamlari 10-24 nm bo‘lgan sharsimon shakilli rux oksidi
nanozarralari hosil bo‘lgan (6-rasm(b)). NaKMS eritmasida rux nitratining 0,01 M konsentratsiyali
eritmasidan 6-8 ml hajimgacha ortishi bilan o‘lIchamlari 14-34 nm bo‘lgan sharsimon shaklli ZnO
nanozarralari hosil bo‘lishi kuzatildi (6-rasm(d)).

Na-KMS eritmasida Zn(NOs), 0,01 M konsentratsiyali eritmalaridan 10 ml hajimgacha ortishi
sharsimon shakilli ZnO nanozarrachalari olti burchakli vursit shaklga o‘zgardi va ularning qalinligi
20-45 nm va uzunligi 30-60 nm olchamga teng ekanligi aniglandi (6-rasm(f)).

IQ—Fure spektroskopik tadgigotlar natijasida Na-KMS va Zn(NOs), tuzlari ta’sirlashishi
natijasida Zn?*KMS- polimermetallokompleksini sintez gilish imkoniyatlari ko‘rsatib berildi.

XULOSA

Tozalangan Na-KMS va Zn(NOs); tuzlarining eritmalarida ta’sirlanish natijasida ion
kordinatsion bog‘lanishlar natijasida rux karboksimetilsellyuloza  polimermetallokomplekslari
birinchi bor sintez gilingan. Birinchi bor Na-KMS eritmalarida kimyoviy usul orgali Zn(NOz3).
tuzlaridan ZnO nanozarrachalarining sintez qilish sharoitlari aniglandi. Tozalangan Na-KMS
eritmalari tarkibida turli o‘lcham va shaklli rux oksidi nanozarralarining sintez gilish imkoniyatlari
dastlabki reaksiya sharoitlari va komponentlarining nisbatlariga bog'ligligi aniglandi.

IQ-Fure, atom kuch mikroskop va rentgenostrukturaviy tadqigot metodlari orqali turli olcham va
shaklli rux oksidi nanozarralarining fizik-kimyoviy xossalari o‘rganildi.

Tarkibida ZnONZ tutgan Na-KMS gidrogellar bioparchalanuvchan antibakterial xossaga ega
preparatlar sifatida tibbiyot amaliyotida keng go‘llanilishi mumkin.

Mazkur maqola O‘zbekiston Respublikasi Innovatsion rivojlanish vazirligining 2022-
2023-yillarga mo‘ljallangan O‘zbekiston-Belorussiya Ne MRB-2021-548 “Turli funksional
magqsadlar uchun organik va noorganik qoplamali modifikatsiyalangan tolali materiallarni
yaratish” halqaro ilmiy loyihasi va O‘zR FA Polimerlar kimyosi va fizikasi institutida
bajarilayotgan “Organizmda nanozarralarning istigboli, tibbiyot maqsadlari uchun
nanostrukturali polimer shaklli dori vositalari va tibbiy buyumlarni yaratishning
fundamental asoslari” (2021-2025-y) mavzusidagi fundamental dasturi doirasida bajarilgan.

FOYDALANILGAN ADABIYOTLAR

1.  M.S.Chavali, M.P.Nikolova, //Metal oxide nanoparticles and their applications in nanotechnology// Applied
Sciences, 1(6) (2019) 4-12. ( Yaeanu M.C., Hukonosa M.[. //HaHo4YacTuLbl OKCMOOB METANIOB U UX NPUMEHEHNE B
HaHoTexHonorusx// MpuknagHble HayKu.)

2. ABrandelli, A.C.Ritter, F.F.Veras //Antimicrobial Activities of Metal Nanoparticles// Metal Nanoparticles in
Pharma, (2017) 337-363. (A.bpaHgennu, A.K.Puttep, ®.®.Bepac // AHTUMMKpOOHas aKTMBHOCTb MeTannM4yeckux
HaHovacTuu// MeTannunyeckne HaHo4YacTUUbl B hapmaLeBTUKeE.

3. S.Sharmin, M.M.Rahaman, C.Sarkar, O.Atolani, M.T.Islam, O.S.Adeyemi, //Nanoparticles as antimicrobial and
antiviral agents: A literature-based perspective study// Heliyon, 7(3) (2021) 6-23.(1. lapmuH C., PaxamaH M.M., Capkap
K., Atonann O., Ucnam M.T., Apeniemn O.C. // HaHoyacTuubl kak aHTUMMUKPOOHbIE M MPOTUBOBUPYCHbIE AreHTbI:
nepcnekTMBHOE NCCNefoBaHNe Ha OCHOBE NMTepaTypbl.

4. Y.N.Slavin, J.Asnis, U.O.Hafeli, H.Bach, //Metal nanoparticles: understanding the mechanisms behind
antibacterial activity// Journal of Nanobiotechnology, 15(1) (2017).1-20.(_1. CnaswuH KO.H., Achuc x., Xadpenu ¥Y.O., Bax
X. /IMeTannuyeckme HaHoOYacTUUbl: MOHMMaHWe MexaHW3MOB  aHTMbakTepuanbHOW  akTuBHOCTW/  KypHan
HaHOOMOTEXHOMOIN).

5.  ASirelkhatim, S.Mahmud, A.Seeni, N. H.M.Kaus, L.C.Ann, S.K.Bakhori, M. D.Mohamad, // Review on Zinc
Oxide Nanoparticles: Antibacterial Activity and Toxicity Mechanism// Nano-Micro Letters, 7(3), (2015) 219-242. (1.
A.Cupenbxatum, C.Maxmya, A.Cesnu, H.X.M.Kayc, J1.K.OHH, C.K.Baxopu, M.[l.Moxamag, O630p HaHO4acCTuL, okcuaa
LUHKa: aHTMbakTepmanbHas akTMBHOCTb U MEXaHW3M TOKCUYHOCTU HaHo-MrKpo nucbma).

6. P.J.P. Espitia, N.D.F.F. Soares, J.S. Dos Reis Coimbra, N.J. De Andrade, R.S. Cruz, E.A.A. Medeiros, //Zinc
oxide nanoparticles: synthesis, antimicrobial activity and food packaging applications// Food Bioprocess. Tech, 5 (2012)
1447-1464.(_1. N.0x.MN. 3cnutna, N.D.F.F. Coapew, Ox.C. Joc Peiic Konmbpa, Heto-Ixepcn e AHgpage, P.C. Kpys,
3.A.A. Megenpoc, HaHouyacTuubl OKCuAa LIMHKA: CUHTE3, aHTUMUKPOOHasi akTMBHOCTb UM MPUMEHEHME B MULLEBON
ynakoBke Food Bioprocess. TexHonorus).

7. A.Naveed, A.Nadhman, I.Ullah, // Synthesis Apporoaches of Zinc Oxide Nanoparticles: The Dilemma of
Ecotoxicity// Review Article, (2017) 1-14.(A.Hasug, A.HagmaH, N.Ynna, MNoaxoapl K CMHTE3Y HAaHOYaCTUL, OKCuaa LMHKa
avnemMma akoTokcumyHocTn O63opHasa ctaThs).

8. V.Manoj, M.Karthika, V.S.R.Praveen //Synthesis of ZnO nanoparticles using Carboxymethyl Cellulose hydrogel,
/I Science Alert, (2014) 798-803. ( MaHou B., Kaptuka M., MpaeuH B.C.P. CuHTe3 HaHo4acTuy ZnO ¢ Mcnonb3oBaHMEM
rmgporenst kKapboKkCUMETUNLIENHONO3bI).

| 30 | 2022/Nel |




Aniq va tabiiy fanlar

FIZIKA-TEXNIKA

9. P. Sudheesh Kumar, V.K. Lakshmanan, T.V. Anilkumar, C. Ramya, P. Reshmi, A.G. Unnikrishnan, R.
Jayakumar, Flexible and microporous chitosan hydrogel nano ZnO composite bandages for wound dressing: in vitro and
in vivo evaluation Mater Inter, 4 (2012) 2618-2629. ( . Cyaoxuw Kymap, B.K. JlakwmanaH, T.B. AHunkymap, K. Pames, I1.
Pewmun, A.l'. YHHUKpUuwHaH, P. Oxaskymap, M'MbkMe M MUKPONOPUCTLIE KOMMO3UTHbIE MOBSA3KU M3 XMTO3aH-rMaporens
HaHo-ZnO 4nsi NepeBsA3KM paH: oueHka in vitro u in vivo Mater Inter).

10. M.Hashem, S.Sharaf, M.M.Abdel-Hady, A. Hebeish, //Synthesis and characterization of novel
carboxymethylcellulose hydrogels and carboxymethylcellulolse-hydrogel-ZnO-nanocomposites// Carbohyd. Polym, 95
(2013) 1-28. ( M.Xawewm, C.llapad, M.M.A6genb-Xagu, A. Xebenw, CuHTE3 U XapakTepucTMKka HOBbIX rMaporenem
KapbOKCMMETMNLENNIONO3bl K KapbokcumeTunuennonosa-rugporens-ZnO-HaHOKOMMO3WUTOB Yrnesos,.)

11. R.Brayner, Ferrari-lliou, N.Brivois, S.Djediat, M.F.Benedetti, F.Fiévet.//Toxicological.

12. Impact Studies Based on Escherichia coli Bacteria in Ultrafine ZnO Nanoparticles Colloidal// Medium. Nano
Letters, 6(4) (2006) 866-870 (P.BpanHep, ®eppapu-Ununoy, H.Bpusya, C.[xeaua, M.®.BeHepettn, ¢.dbese.
TOKCUKONOTrNYECKNIA.

13. Wccneposanus Bo3aencTaust Ha 6aktepumn Escherichia coli B konnonaHbix ynbTpagncnepcHbIx HaHo4YacTuLax).

14. P.Bhadra, M. K. Mitra, G. C.Das, R.Dey, S. Mukherjee, //Interaction of chitosan capped ZnO nanorods with
Escherichia coli// Materials Science and Engineering, 31(5) (2016) 929-937.( M. Bxagpa, M. K. Mutpa, I. K. Oac, P. [en,
C. Mykepoxun, BanmogencTeme MoKpbITbIX XUTO3aHOM HaHocTtepxxHen ZnO ¢ Escherichia coli MatepnanoeeaeHve m
MHXEeHepus).

15. Gordon, T., Perlstein, B., Houbara, O., Felner, |, Banin, E., & Margel, S. //Synthesis and characterization of zinc
iron oxide composite nanoparticles and their antibacterial properties Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 374 (1-3) (2011) 1-8. (FTopgoH T., MepnwrenH b., Xybapa O., ®PensHep W., BanuH 3. n Maprenb
C. CuHTe3 1 xapakTepucTuka KOMMO3WUTHbIX HaHOYacTWL, LMHKa OKcuaa xenesa M UX aHTMbakTepuarbHble CBOWCTBA
Konnowgpbl 1 NOBEpPXHOCTU (DU3UKO-XMMUYECKNE U TEXHNYECKNE acneKTbl

16. R.Priyadarshi, B.Kumar, J.W.Rhim, Green and facile synthesis of carboxymethylcellulose ZnO nanocomposite
hydrogels crosslinked with Zn2+ ions International Journal of Biological Macromolecules, (2020) 1-25.(P.Mpusagapium,
B.Kymap, [x.B.Pum,3eneHbin 1 nerknii CMHTE3 HAHOKOMMO3UTHLIX ruaporenen kapbokcumetunuenmnonosa ZnO,
CLUUTBIX MOHaMK Zn2+ MexayHapoaHbIi XypHan 61MonorMyecknx Makpomonekys)

17. L.Upadhyaya, J.Singh, V.Agarwal, A. C.Pandey, S.P.Verma, P.Das, R.P.Tewari, //In situ grafted nanostructured
ZnOJ/carboxymethyl cellulose nanocomposites for efficient delivery of curcumin to cancer// Journal of Polymer Research,
21(9) (2014) 1-9.(J1.Ynaaxbssa, Ox.CuHrx, B.Arapsan, A.C.Mangewn, C.MN.Bepma, MN.Aac, P.M.Tesapwu, MNpusutsble in situ
HAHOCTPYKTYpMpOBaHHbIE HaHOKOMMNO3uTbl ZnO kapbokcumeTunuennionosa ansa apdheKkTMBHON OOCTaBKU KypKyMUHa K
paky Journal of Polymer Uccneposanue)

18. M. Yadollahi, H. Namazi, //Synthesis and characterization of carboxymethyl cellulose layered double hydroxide
nanocomposites J. Nanopart. Res. 15 (2013) 1-9.(_1. Agonnaxu M., Hamasun X. //CuHTe3 u xapakTepucTuka
KapOOKCMMETMNLENIIONO3bI CIIOUCTbIX ABOWHbLIX MAPOKCUAHBIX HAHOKOMIMO3NTOB)

19. M.Akram, |.Taha, M.M.Ghobashy. // Low temperature pyrolysis of carboxymethylcellulose// Cellulose, 23(3)
(2016) 1713-1724. (M.Akpam, W.Taxa, M.M.lF'obawwn HwuskoTeMnepaTypHbIn NUPONM3 KapOOKCMMETUNLENONo3bl
Llennionosa)

| 2022/ Nol | 31 |




