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XITOZANNI EDTA YORDAMIDA MODIFIKATSIYALASH
MOOWNDUKALIMA XUTO3AHA C NMOMOLLBKO 3O0TA
MODIFICATION OF CHITOSAN WITH EDTA

Xaitbayev Alisher Xamidovich' |
'O'zbekiston milliy universiteti, kimyo fanlari doktor, professor

Karimov Sherali Xasanovich?®
2Farg'ona davlat universiteti, kimyo kafedrasi katta o'gituvchisi, PhD

Annotatsiya

Xitozan va efffendiamintetraaisefat kisiota (EDTA) oZam ta'sidning mahsiioliar ko'pincha gaffig va gidroge!
membranalarni fayyonashda golaniladi Ushbu tadgigofda biz xifozan va EDTA o'riasidag reaksivani amvanaviy yugor
harorat va silish deformatsivalan fafab qiluvchi gattio fazadagi sharoiffardan famli ravishda, eriima muhitida amalga
ashirishni magsad giidik.

Reaksiya binkish/eliminatsiva mexanizmi asosida kechib, aminoguruhiarning amid funksivas! qgayia fiklanaal
hamda amidiar hosil Bo'fadr. Infraqizil spektriar, renfgen fazaviy diffrakfogrammalan va elektron mikroskopiya nalijalarn
gs0sida xitozan hamda ofingan mahsulof taggosianganda reaksivaning etani darajadd amasigs oshgan anigiandi.

EDTA bilan N-stsilfanish mahsuloting olish uchun molekulyar oginligl 83 07 kDa, deatsehiianish daraissi 81,6 9%
bo'lgan Eurygaster integriceps kitoranidan foydafaniidl. Otkazilgan tajrbalar naliasida xitozanning EDTA bilan N-
afsilfanish reaksiyasi uchun aptimal sharof 40 °C haroraida 4 soatl davomida ofib boriishi ekanligi belgiland). Ushbu
sharoifda reaksivaning mahsuidorigi 42 6 % ni tashkil etal.

AHHOMAaYUR

Moodyxmsl  e3guMofelcmeUs  XUMOosaHa U SmumeHiuaMuRrmempayrcycHol wucnoms! {30T4) vacmo
NpUMEHAHIMCA GnF NomyueruR meepdelr U sudposencenly Membpay. B daxHoM uccomedosaHuu Mbel Aocmasuny uens
OCYIeCMeU ML DEaKULKD Mexdy xumosaHoM 1 30TA & pacmeope, 8 omnuyUe om mpaduyioRysx yonoeuld meepdal
a3, Mpelyiolilx eaiCoKLY meMrenamyp U cdsuzoskix deghopmatiud

FPeakUyus Npomekaem No MeXasusMy MoucoeduHeHUR/STUMUKLUDOSaHUR, DU KOMODOM 80CCMasasmusaemcH
aMudHas @yvHKLUS aMurozoyn U ofpasyriomes amudel Coaeredue UHDDaKPSCHENY CABKMOOs, DEHMIsHODas080x
JubpakmozpaMM U JaHHER 3NEKMPOHADN MUKDOCKONUU XUMO3aHa U TOMYYeRHIE0 NPodyKMa NOKS3anc, Ymo Dearyus
npoLng & docmamaoyHod cimenesy.,

Hnr noayueHus npodyxkma N-auunuposasus ¢ 30TA w7 Lcrons308aH Xumozas Uz Eurygaster integriceps C
ManekynApHod Maccod 83,07 kla o cmenersio feauemunuposanun 91,6 % B pesynemame fposedSHHLX INCIep-
MeHMOS ORNT0 YOMEHOSNEHD, YUMo onmuManesbie yoaoens ang peasuuy N-ayunuposaHus xumosara ¢ 3074 — smo
memnepamypa 40 °C u npodomkumensHochie 4 yaca. Mou danHely yonosuAax extxod npodykma cocmasun 42,6 %.

Abstract

The inferaction products of chitosan and ethylenediaminetetraaceiic acid (EOTA) are often used for the prepars-
tion of soiid and Avdroge! membranes In this study, we aimed fo carmy out the reaction befwesn chitosan and EDTA in
solution, in contrast fo the fraditional solid-phase condifions that require high femperalures and shear deformalions.

The reaction proceeds vig an additionfselimingtion mechanism, in which the amide function of the amino groups
15 restored and amides are formed. Comparison of the infrared spectra, X-ray diffraciion patterns, and electron microsco-
v data of chitasan and the chiained product demonsirated that the reaction proceeded fo 3 sufiicient extent

To obtain the N-acylation product with EDTA, chitosan from Eurygaster integriceps with a molecular weight of
B3.07 kDa and 8 degree of deacelyiation of 41 6% was used. As a resulf of the experniments, it was established that the
optimal condftions for the N-acylation reaction of chitosan with EDTA are a temperature of 40 °C and & duration of 4
hours. Under these conditions, the product yield was 42 6%

Kalit so'zlar: sitozan, etiiendiaminieiraatsetal kisiola, modifikatsiys, N-afsil hosila, infraqizil spekir, renigen
fazaviy diffraktogramma, SEM tahiil

Kmodeesie cnoga: Xumosad, 3muneHdusMUHmempay CyCHan Kucmoma, modughurauus, N-syunupoeaHHoe
ApoussodHoe, uHpaKpacHsil cresmp, pesmeeHoba06aa dugpakmospaMa, aHamus CIM.

Key words: Chitosan, ethylenediaminefelraacelic acid, modificalion, N-acyl denvalive, infrared spectrum, X-ray
diffracfion paftern, SEM analysis
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Xomashyolardan xitin va xitezan ajratib olish hamda ular asosida tirik organizmlar uchun
zararsiz, biologik moslashuvchan va to'llig bioparchalanuvchan hosilalarni sintez gilish bo'yicha
ilmiy izlanishlar jadal sur'atlarda olib borilmogda. Xitin va xitozan asosida sintez gilingan turli birn-
kmalar mikroblarga, bakteriyalarga hamda zamburug'larga garshi yugori biologik faollik ko'rsatishi
aniglangan. Bundan tashgarn, mazkur polimerlar asosida olingan govakli gidrogellar, aerogellar va
turli scrbent xususiyatiga ega hosilalar farmatsevtika, tibbiyot, biotexnologiya va atrof-muhitni
muhofaza qilish sohalarida keng go'llash imkoniyatiarini namoyon etmogda [1].

ADABIYOTLAR TAHLILI VA METODOLOGIYA

Aitozanning EDTA bilan o'zaro ta'sir mahsuloti ham odatda gattig va gidrogel
membranalami tayyorash uchun foydalaniladi. Xitozan va EDTA uchun umumiy entuvchining
yo'qgligi sababli, ularning qattiq fazali o'zaro ta'sirini yugori bosim va siljish deformatsiyalar bilan
birgalikda amalga oshinladi[1,2,3]. Ushbu jarayonda nisbatan yugon haroratlarda va siljish
deformatsiyalari sharoitida hosil bo'lgan tuz ko'prik boglanishlarining  suvsizianishi natijasida
xitozan makromolekulzalan va EDTA goldigian o'rtasida amid boglanishiar vujudga keladi[2 3 4].

Xitozan (R-NH:z) hamda EDTA orasidagi ta'sirni quyidagicha ifodalash mumkin:

R-NH:+{HOOC-CH:):N-CHz-CHz—N(-CH:-COOH);—(HOOC-CHz)(CONH-R)N-CH:-C

Hz—N{(-CH:—COOH}:+H:0

Odatda xitozanning M-atsillanish reaksiyalan karbon kislotalar, kislota angidridlan hamda
atsil galogenidiar ishtirokida amalga oshirladi [2,7] Tadgigotimiz davomida EDTAdan foydalanib
xitozanning N-atsil hosilasi sintez qilindi. Ushbu reaksiya birikish/eliminidash mexanizmi bo'yicha
borib, aminoguruhlarming amid funksiyasi gayta tiklanadi va amidlar hosil bo'ladi. Xitozanning
olingan modifikatsiyasi bargarorligl esa atsil karbonillarga qgaraganda yuqori, bunga sabab azot
atormidagi tog elekironlarming karbonil 1 sistemasiga rezonans lokallanishi hisoblanadi [6,8].

1,2 gr xitozanni eritish uchun 2% I sirka kislotaning 50 ml eritmasiga sclindi va magnitli
aralashtirgich yordamida 10 minut aralashtirildi. 5o'ngra entmaga 0,6 gr EDTA qo’'shildi va harorat
40 °C ga o'matilib aralashtirish davom ettirildi. Jarayon 4 soatdan keyin to'xtatildi va NaOH entmasi
yordamida pH=10 ga etkazildi Ushbu muhitda eritma 30 minut goldinldi. Keyin filtrlandi hamda
reaksiyaga kinshmagan komponentlardan tozalash uchun distillangan suv bilan yuwvildi. So'ngra
doimiy massaga kelgunicha 60 °C haroratda pechda quritildi. Olingan massa 1,128 gr, unum
42 6% ni tashkil etdi.

Shuningdek, tajiba mahsuloti unumiga ta'sir ko'rsatishi mumkin bo'lgan parametriar
(reagentlarning o'zaro massa nisbati, harorat, jarayonni olib borish vagt) ni o'zgartinb ham
sintezlar amalga oshinldi. Tajnba sharhida keltirilgan sharoitiar eng optimal deb topilgan.

IQ-spektriar — IRTracer-100 (SHIMADZU, 2017. 4000-500 sm™") Perkin Elmer Spectrum IR
(4000-650 snt'™), INVENIO S (BRUKER, 2021. 4000-400 sm™') yordamida olindi.

Rentgen fazali diffraktogrammalar (XRD) —xitozan va coksalill xitozan uchun XRED-Mini Flex-
600 2021 (Rigaku, Yaponiya) Rentgen diffraktometni yordamida olindi. CuKal — o2 (Kol o2 nisbati
50%) radiatsiya (y= 0.15406 nm, 40 kY, 30 mA, skanerlash diapazoni xitozan uchun 0° - 60°,
xitozanning N-atsil hosilasi uchun 0° - 80° gacha, skanerlash tezligi 2°/min va gadam uzunhgi 0,05°
da amalga ashinldi.

Skanerlovchi elektron mikroskop (SEM) — xitozan, sintez qilingan xitozan WN-atsil
hosilasining morfologiyast SEM - EVO MA 15 (Zeiss, Germaniy) yordamida amalga oshinidi.
Tajribalar elekiron skaneriash mikroskopida quyidagi tarzda amalga oshinldi. Namuna tayyorlash
jarayonini amalga oshirish uchun metall gotishmasidan yasalgan dumalog ushlagichga sinov
namunasining kukuni surtildi, uning ustiga ikki tomonlama yopishgog yuzasi bo'lgan alyuminiy folga
yoki alohida namunadagi parcha (5x5 mm olchamda) yopishtirildi. Keyin ushbu ushlagich
mikroskopning ob'ektiga o'matildi. O'lchov paytida 16,00 kY kuchlanishli tezlashtiruvchi kuchlanish
(EHT - Extra High Tension) go'llanildi, ish masofasi (WD - working distance) 85 mm. Tasvirlar
Smart SEM dastun yordamida 500 - 10 mikrongacha bo’lgan turli xil o'lchamlarda amalga oshirildi.
Tadgigot davormida namuna stendga o'rnatildi va purkagich (Q150R ES Flus, United Kingdom)
yordamida yupga (5 nm) galinlikda o'tkazuvchan kumush gatlam bilan qoplangan.

NATIJALAR VA MUHOKAMA
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Tadgigotimizda xitozan va EDTAning o'zaro ta'sin uchun gattig holatdagi moddalarning

yugon harorat hamda siljish deformatsivalan sharoitidan fargli ravishda entma muhitida olib
borishni magsad gildik. Quyida (1-rasm) xitozanning EDTA bilan N-atsillash reaksiyasi keltirilgan:

CHLOH

ELY LA
T-40 °C

T

CHLOH

e 1

1-rasm. Xitozanning EDTA bilan reaksiyasi

Ushbu reaksiyaning dastlabki bosqichida hosil bo'ladigan tuz ko'prik  boglarning
suvsizlanishi sof kovalent beg'lanishlarni vujudga keltiradi.

Sintez gilingan maxsulotning 1Q-spektroskopiya tahlili.

Xitozan hamda uni EDTA bilan ta'sir mahsulotining 1Q-spekiriari o'zaro taggoslanganda
xitozanga tegishli asosiy funksional guruhlar yutilish chiziglarining saglanib qolganini ko'rish
mumkin. Quyida xitozan (2-rasm) va olingan mahsulotning (3-rasm) [-spektn keltirilgan:
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2-rasm. Xitozanning IQ-spektri
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3-rasm. Xitozanning EDTA bilan ta'sir mahsuloti |-spekiri

Olingan mahsulotning 1Q spekirida 3435 sm™ sohada amid (1) N-H bogiining valent, 3242
sm™' sohada —OH hamda 25923 sm™' schada C—H bog'lari orasidagi tebranishlardan hosil bollgan
yutilish maksimumlari kuzatilgan. 1668 sm™ schada C=0 bog'iga tegishli bo’lgan ancha intensiv
yutilish cho'qgisining hosil bo'lganligi reaksiyani amalga oshganligidan darak beradi. Bundan
tashqari spektrda 1419 sm' sohada —CH:0H dagi C—H bog'ning deformatsion tebranishini, 1271
sm! sohada C—N bog'ining, 1016 sm' sohada C—O-C bog'ining valent tebranishlan natijasida
yuzaga kelgan yutilish chiziglarini kuzatishimiz mumkin (2-rasm).

Spektrdagi (3-rasm) 1668 sm” sohada C=0 bogiga tegishli yutilish cho'qgisining hosil
bo’lganligini, bu yutilish chizig'ining xitozan molekulasi IQ-spekinda (2-rasm) intensiviigl juda past
ekanligini ko'rish mumkin. Bu esa atsillash reaksiyasi etarli darajada amalga oshganligidan dalolat
beradi.

Maxsulotning XRD tahlili. Shuningdek, reaksiya uchun olingan xitozan (4-rasm) va uning
EDTA bilan N-atsillanish mahsuloti rentgen fazaviy diffrakiogrammalan  (5-rasm) o'zaro
taggoslanganda, 28=11 6° va 28=27 8° dagi diffrakision cho'ggilarming intensivligi sezilarh darajada
kamayganini va surilganligini ko'nsh mumkin.

1A \// N

T ¥ T T T T T T |
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4-rasm. Xitozanning XRD diffraktogrammasi
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S-rasm. Oksalil xitozanning XKD diffraktogrammasi
Yuzaga kelgan bunday o'zgansh EDTA funksional guruhlanni xitozan zanjinga kinshi
natijasida xitozandagi amino va gidroguruhlar orasida vujudga keladigan molekulalararo vodorod
bog'lanishlar uzilganligi hamda EDTAning —COOH guruhi —COCr ionlari holida mavjudhigini
ifodalaydi. Bundan tashgari EDTAning haymi vodorodga nisbatan kattaligi uchun knstall tuzilish
tartibini buzadi. Bu esa moddaning amorf tabiati ortib, krnstallik darajasining kamayishiga olib
keladi. Olingan natijalardan N-atsillanish jarayoni amalga oshganligi haqida xulosa gilishimiz

mumkin.

EDTA+xitozanning SEM tahlili. Tadqigotimiz davomida xitozan (B-rasm) va sintez gilingan
xitozan modifikatsiyasining (7-rasm) SEM tasvirlaridan foydalanib topografik hususiyatian ham
tahlil gilindi. Olingan mahsulotning sirt yuzalanda sorbsion xossani namoyon etadigan juda ko plab

g ovaklar hosil bo'lganligini ko' nishimiz mumkin.

Dalen TF Fapls 20054
Pl M = 2660 Twme- P01 1432

B-ras. Xitozanning SEM tasvin
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7-rasm. Xitozanning EDQTA bilan ta'sir mahsuloti SEM taswviri

Bunday bo'shliglarning mavjudhgini xitozanning EDTA bilan modifikatsiya qilinganda
polimer makromolekulalan orasiga EDTAning funksional guruhlan kirishi, natijada amid boglar
orgali polimer zanjirlan o'zaro boglanganligi bilan izchlash mumkin.

XULOSA

Xitozan va EDTA orasidagi reaksiyani fagat gattig sharoitlarda yani yugon harorat va siljish
deformatsiyalari ta'sin ostida emas balki eritma holatida ham olib borish mumkinligi tadgigotimiz
davomida isbotlandi. Xitozanning EDTA bilan N-atsillanish mahsulotini olish uchun molekulyar
ogirigi 93,07 kDa, deatsetillanish darajasi 91.6% bollgan Eurygaster infegriceps xitozanidan
foydalanildi. 40 °C harcratda 4 soat davomida xitozanning EDTA bilan modifikatsiyalash natiyjasida
olinadigan mahsulotning unumi 42,6 % ni tashkil etishi aniglandi.
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