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GRINYAR-IOTSICH REAGENTI ASOSIDA ATSETILEN DIOLLARI SINTEZI.
Annotatsiya
Grinyar reagenti asosida butadion-2,3, pentadion-2,4, 3-metilpentadion-2,4, geksadion-2,5, 1-(tiofenil-2)pentadion-1,4 va 4,4,4-
triftoro-1-(tiofenil-2)butadion-1,3 ketonlarini alkillash reaksiyasi yordamida atsetilen diollari sintez gilindi. Mahsulot unimiga
apraton erituvchilardan DEE va THF tasiri va mahsulot unimiga reaksiya davomiyligi o‘rganilgan. Bunda erituvchi THF va 240
minutda sintez gilingan AD unimi yugori chigishi aniglandi.
Kalit so‘zlar: Grinyar reagenti, magniy organik birikma, keton, atsetilen diollari, erituvchi, dietilefir, tetragidrofuran.

SYNTHESIS OF ACETYLENE DIOLS BASED ON THE GRIGNARD-IOTSICH REAGENT
Annotation
Acetylene diols were synthesized by alkylation of butadione-2,3, pentadione-2,4, 3-methylpentadione-2,4, hexadione-2,5, 1-
(thiophenyl-2)pentadione-1,4 and 4,4,4-trifluoro-1-(thiophenyl-2)butadione-1,3 ketones based on the Grignard reagent. The effect
of the aprotic solvents DEE and THF on the product yield and the reaction duration on the product yield were studied. It was found
that the solvent THF and the AD product synthesized in 240 minutes gave a high yield.
Key words: Grignard reagent, organomagnesium compound, ketone, acetylene diols, solvent, diethyl ether, tetrahydrofuran.

CHUHTE3 AIETWJIEHANOJIOB HA OCHOBE PEAKTUBA I'PUHBSIPA-UOLIUXA
AHHOTAIHS

ANETHICHNONBl CHHTE3UPOBAaHBI C HCIOJB30BAHMEM pEaKIWH aJKWINpOBaHWs OyraguoH-2,3, mneHtaanoH-2,4, 3-
METUIINEHTAINOH-2,4, TeKcaanoH-2,5, 1-(Tnodennn-2)nentanuon-1,4 u 4,4,4-tpudrop-1-(tnodenunn-2)0yraanon- 1,3 KeTOHOB Ha
ocHoBe peaktnBa ['puHbsApa. 3yueHo BiusHUE anpoTOHHBIX pacTBoputeneit 190 u TI'® Ha BRIXOJ MPOAYKTOB, a TAKKE BIMSHUE
MPOJOIDKUATENFHOCTH PEaKINN Ha BBIXOJ MPOIYKTOB. BelI0 ycTaHoBIeHO, uTO pacTBopuTeneM spisercs TI'D, a Taxke BEICOKHI
BEIXOZ mpoaykra AD, cuaTe3npoBaHHOTO 3a 240 MUHYT.

KuroueBble cioBa: Peaktus ['puHbsipa, MarHuilopraHu4eckoe coelMHeHNne, KeTOH, alleTUIICHINO0JIbI, PACTBOPUTEIND, TUITUIIOBBIN

3¢up, retparuapodypas.

Kirish. Bugungi kunda jahonda kimyo sanoatiga zamonaviy texnologiyalarni Kiritish orgali yangi turdagi organik
birikmalar sintez qilish, ular asosida noyob xossalarga ega polimer va plastik materiallar, erituvchilar, fungitsidlar, stimulyatorlar,
antibiotiklar, garmonlar, yelim va bo‘yoqlar yaratish dolzarb vazifalardan hisoblanadi [1]. Grinyar-lotsich reaksiyasi asosida yangi
atsetilen spirtlari sintezida mahsulot unumini oshirish magsadida yuqori samara beradigan mexanizmlarni ishlab chigish, ekologik
toza, chigindisiz resurs, tejamkor texnologiyalarni yaratish, atsetilen spirtlari va ularning tozaligi, tuzilishi va xossalarini zamonaviy
fizik-kimyoviy usullarda aniglash, ulardan kimyoviy korroziyada ingibitorlar, biokorroziya jarayoniga garshi biotsidlar, gatlam
hosil giluvchi komponentlar uchun ionitlar va gishloq xo‘jaligida defoliyantlar sifatida qo‘llash kabi masalalar dolzarb hisoblanadi

[2].

Elementorganik birikmalar kimyosi hozirgi kunda sintetik kimyoning juda tez rivojlanayotgan gismlaridan biri hisoblanadi
[3]. Elementorganik birikmalarga metallorganik birikmalar (C-Me), magniyorganik birikmalar (C-Mg), bororganik birikmalar (C-
B), kremniyorganik birikmalar (C-Si), fosfororganik va mishyakorganik birikmalar (C-P, C-As), selenorganik hamda tellurorganik
birikmalar (C-Se, C-Te) va hokazolar misol bo‘ladi [4].

Metallorganik birikmalarni organik sintezda ko‘p qo‘llanilishiga sabab shuki, ular kimyoviy juda faol va turli reaksiyalarga
oson kirishadi. Metallorganik birikmalarning ayrimlari selektiv reagent hisoblanadi [5].

Magniy organik birikmalarni 1900-yilda Fransuz olimi V. Grinyar kashf etgan, bunda alkil galogenidlarning
suvsizlantirilgan efirdagi eritmasiga magniy metalining kukunini ta’sir ettirib, aralash magniy organik birikmalarni (Grinyar
reaktivi) sintez qgilgan [6]. Grinyar reaktivining alkinlar bilan birikishidan yangi bargaror birikmalar lotsich tomonidan sintez
gilingan [7]. Shundan kelib chiggan holda, Grinyar-lotsich usuli deb yuritilmogda. Grinyar-lotsich reaktividan foydalanib,
uglevodorodlar, spirtlar, ketonlar, kislotalar va boshqga birikmalar olish mumkin [8].
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Tajriba gismi. Uch og‘izli 500 ml kolbaga mexanik aralashtirgich, qaytarma sovutkich, tomizgich voronka o‘rnatib, 200
ml tetragidrofuran solindi va 6 g (0,25 mol) kukun holidagi magniy metali qo‘shib aralashtiriladi tomizgich voronka orqali 40,5 g
etilbromid qo‘shiladi va sistemadagi aralashma 60 minut davomida qaynatiladi. Hosil bo‘lgan mahsulot (Grinyar reaktivi) 10-15
°C harorat gacha sovitilib 30 minut davomida aralashtiriladi.

Ma’lumki, Grinyar reaktivi RMgX havo kislorodiga, namlikka sezgir va uni kavsharlangan ampulalarda absolyut
erituvchida saglanadi. Odatda Grinyar reaktivi aniq bir reaksiya uchun olinadi va aralashmadan ajratib olinmasdan ishlatiladi.

Olingan Grinyar reaktivi eritmasiga 25,5 g (0,25 mol) fenilatsetilen va 120 minut davomida aralashtirilib turilgan holda
tomiziladi bunda kolbadagi -5 - 0 °C harorat suyultirilgan azot orgali ushlab turiladi, va yana 120 minut davomida 0,25 mol
ketonning teng hajmdagi eritmasi qo‘shiladi. Reaksiya oxiriga yetkazilgach hosil bo‘lgan aralashma (3%25 ml) muzli suv bilan
ekstraksiya qilinadi va suyultirilgan xlorid kislatadan cho‘kma erib ketguncha qo‘shiladi, va natriy sulfat bilan quritilib, vakumda

haydash orgali fraksiyalarga ajiratiladi.

Reaksiya ximizmi. Grinyar reagenti EtMgBr/THF atsetilen gatori uglevodorodlari bilan reaksiyaga kirishganda alkil
tuzlarini hosil qiladi va hosil bo‘lgan birikma lotsich reagenti deb ataladi [10].

R——H

R'MgBr

R——=-MgBr

Grinyar-lotsich usulida C2HsMgBr/THF ishtirokida atsetilen diollarini sintezi amalga oshirildi, va reaksiya sxemasi
adabiyot manbalari asosida quyidagicha taklif etildi.

Ri= Me, Rs= Me, Re=H (1)
Ri1= Me, R2>= H, R3= Me, R4=

R,
0 o Ry—=—1—OH
P! I C,HsMgBr/THF /

R; Ry + R—= " Ry

R, HO——=R,
Ry

Ri= Me, Rs= Me, R4= Hx (7)
Ri= Me, R2= H, R3= Me, Rs=

1-18

Ri1= Me, R3= Mg, R4= Ph (13)
Ri= Me, R2= H, Rs=Me, Rs= Ph

H (2) Hx (8) (14)

Ri=Me, R2=Me, R:=Me, Rs= Ri1= Mg, R2=Me, R3= Me, R&= Ri= Me, R2=Me, R3=Me,
H (3) Hx (9) R4=Ph (15)

Ri= Me, R= 2H, R3=Me, Ri= Me, R2=2H, R3=Me, Ri= Mg, R2=2H, R3=Me, Rs=
Rs=H (4) Rs=Hx (10) Ph (16)

Ri=Th, R2=H, Rs= Me, R&= R1=Th, Ro=H, R3=Me, Rae=Hx Ri1=Th, R2=H, R3= Me, Rs=Ph
H (5) (11) @an

Ri=Th,R2=H, Rs=CF3,Rs= Ri= Th, Ro= H, Rs= CF3, Ri=Th, Ro= H, R3= CF3, Rs=
H (6) Rs=Hx (12) Ph (18)

Reaksiya mexanizmi. Dastlab jarayon boshlanishi bilan alkil qatori uglevodorodlari Grinyar reaktivi bilan ta’sirlashib
o°zining molekulasidagi harakatchan vodorodi hisobiga etilmagniybromid bilan ta’sirlashib alkilmagniybromidni hosil qiladi [12].
THE  R,—=MgBr + C,H,}
Reaksiyaning keyingi bosqichida alkilmagniybromid keton bilan nukleofil birikish reaksiyasi orqali, ya’ni magniy bromid keton
molekulasidagi kislorodning juftlashgan elektronlariga hujum gilib oraliq birikmani hosil giladi.

o O

R,
Ry—== OMgBr
— MgBr + RIMR3E, R~

R, BrMgO ——R,

2 i,
Hosil bo‘lgan oraliq kompleks tuz suv bilan gidroliz qilinib tegishli atsetilen diollari olinadi, magniy gidroksobromid esa

cho‘kmaga tushadi [13], [14].
R R
Ry—==OMgBr Ry—=—OH
R, + H0 —1HF R, + Mg(OH)Br{
BrMgO—>—=-R, HOH»—=R,
R; R,

Olingan natijalar tahlili. Griniyar reaktivi yordamida turli xil tabiatga ega AD ni sintez qilish nagsadida, butadion-2,3,
pentadion-2,4, 3-metilpentadion-2,4, geksadion-2,5, 1-(tiofenil-2)pentadion-1,4 va 4,4,4-triftoro-1-(tiofenil-2)butadion-1,3 kabi
ikkita funksional guruh tutgan ketonlarga, atsetilen gatori uglevodorodlaridan atsestilen, oktin-1 va fenilatsetilen ishtirokida
alkinillash reaksiyasi yordamida tegishli atsetilen diollari sintez gilindi.

Shundan, sintez gilingan AD (1), 3,4-dimetilgeksadiin-1,5-diol-3,4 81,3%, (2), 3,5-dimetilgeptadiin-1,6-diol-3,5 80,7%,
(3), 3,4,5-trimetilgeptadiin-1,6-diol-3,5 80,2%, (4), 3,6-diimetiloktadiin-1,7-diol-3,6 79,8%, (5), 3-metil-5-(tiofenil-2) geptadiin-
1,6-diol-3,5 79,2%, (6), 3-(tiofenil-2)-5-(triftorometil)geptadiin-1,6-diol-3,5 78%, (7), 9,10-dimetiloktadekadiin-7,11-diol-9,10
78,5%, (8), 9,11-dimetilnonadekadiin-7,12-diol-9,11 79%, (9), 9,10,11-trimetilnonadekadiin-7,12-diol-9,11 78,4%, (10), 9,12-
dimetilikozadiin-7,13-diol-9,12 77,6%, (11), 9-metil-11-(tiofenil-2)nonadekadiin-7,12-diol-9,11 77,1%, (12), 9-(tiofenil-2)-11-
(triftorometil)nonadekadiin-7,12-diol-9,11 78,6%, (13), 3,4-dimetilgeksadiin-1,5-diol-3,4 76,7%, (14), 3,5-dimetil-1,7-
difenilgeptadiin-1,6-diol-3,5 78,2%, (15), 3,4,5-trimetil-1,7-difenilgeptadiin-1,6-diol-3,5 79%, (16), 3,6-dimetil-1,8-
difeniloktadiin-1,7-diol-3,6 78%, (17), 3-metil-1,7-difenil-5-(tiofenil-2) geptadiin-1,6-diol-3,5 76%, (18), 1,7-difenil-3-(tiofenil-
2)-5-(triflorometil)geptadiin-1,6-diol-3,5 75%, unum bilan sintez gilindi.

Grinyar-lotsich reaktivi asosida AD sintez gilish jarayoni, -5 - 0 °C harorat va 2-6 soat vaqt oralig‘ida turli erituvchilarda,
yani DEE va THF eritmalarida olib borildi. Boshlang‘ich mahsulotlar ekvimolyar nisbatda olindi. Atsetilen diollarining unimi
yugori chigishi uchun yugori gaynash xaroratiga ega erituvchilar tanlab olindi.

Ry

1-Jadval
AD unumiga erituvchilar tabiati va reaksiya davomiyligi ta’siri
(harorat -5 - 0 °C)

Mahsulot unimi %
AD Erituvchi DEE, va reaksiya davomiyligi
2 soat [ 4 soat [ 6 soat

[ Erituvchi THF, va reaksiya davomiyligi
| 2 soat [ 4 soat

[ 6 soat
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1 54,5 66,6 52,7 751 81,3 67
2 52,2 66 56,2 74 80,7 69,3
3 50,3 64 55 734 80,2 69
4 56,4 68 45,6 69 79,8 64,8
5 55,1 65 43,2 68,8 79,2 62,5
6 53,6 62 44,8 68 78 63
7 62 71,7 53,5 66,5 78,5 60,8
8 59,3 67,1 47 71,7 79 68
9 52 72,3 42,3 70 78,4 62,7
10 66,2 70,5 59 67,4 776 64,1
11 58 70 42,7 66,5 77,1 58
12 55 66 47 70 78.6 65,4
13 514 71 55 70,3 76,7 61
14 57 70,8 50,5 69,8 78,2 615
15 56,1 67 47 713 79 63,4
16 58 70,8 48 69 78 61
17 52,6 67,7 51 70,4 76 64
18 58 65 52 68 75 62

Jadvaldan ko‘rinib turibdiki jarayon 2 soat davomida apraton erituvchi DEE va THF da olib borilganda to‘liq reaksiyaga
kirisha olmagan ketonlar kondensatsiyaga uchrab golishi yoki yenollanishi natijasida bargaror oralig va qo‘shimcha birikmalarni
hosil bo‘lishi hisobiga mahsulot unimi kamayishi kuzatiladi.

Grinyar-lotsich reaksiyasi 6 soat davomida olib borilganda tanlangan erituvchilarda bir xil qonuniyat asosida mahsulot
unumining kamayishi kuzatildi. Bunda jarayonda hosil bo‘lgan atsetilen diollari reaksiyaga kirishmagan ketonlar bilan o‘zaro
ta’sirlashib atsetallar hosil qilishi, atsetilen spirtlari gisman polimerlanishi yoki eritmadagi Mg(OH)Br bilan ta’sirlashib
alkogolyatlarga aylanishi natijasida mahsulot unumi kamayadi.

Tadqiqot natijalariga ko‘ra Grinyar-lotsich usulida atsetilen diollari olishda THF eritmasida, reaksiya davomiyligini 4
soatda olib borilganda boshlang‘ich moddalar to‘liq reaksiyaga kirishib, eng optimal vaqt qilib belgilandi.

Bundan tashqari atsetilen diollari unimiga erituvchilar tabiati ham o‘rganildi, jadvaldan ko‘rinib turibdiki, reaksiya DEE
va THF eritituvchilarida olib borilgan, jarayon THF eritmasida o‘tkazilganda AD maksimum unim bilan chiqganligi kuzatildi.
Buning sababi THF eritmasidagi alkil galogenidiga magniy metali ta’sir ettirilganda reaksiya juda tez borishi va ko‘p migdorda
Grinyar reaktivining hosil bo‘lishi aniglandi, va erituvchi THF kuchli asos xossasiga ega bo‘lganligi uchun Grinyar reaktivining
kation gismini, ya’ni kislota gismini solvatlaydi. Bundan tashqari ushbu erituvchilar nafagat erituvchi, balki katalizator vazifasini
ham bir vaqtda bajarib beradi. Katalitik reaksiyalarda asosliligi yuqori bo‘lgan katalizatorlarning katalitik faolligi ham yuqori
bo‘lishi, bu esa mahsulot unumining ortishiga olib keladi.

DEE erituvchida atsetilen diollari unimi past chiqishiga sabab DEE eritmasida alkil galogenidga magniy metali ta’sir
ettirilganda reaksiya juda sekin ketishi aniglandi, DEE dagi kislorod atomi umumlashmagan elektron jufti hisobiga kuchsiz asos
hossasiga ega, bu esa mahsulot unimining pasayishiga olib keldi.

Grinyar-lotsich reaksiyasi aproton erituvchilar hisoblangan DEE va THF eritmalarida olib borilganda, dielektrik doimiyligi
va dipol momenti yuqori bo‘lgan THF da mahsulot unumi yugqori chigishi isbotlandi.

Metall organik birikmalar asosida AD sintez qilinganda, boshlang‘ich mahsulotlarning yani ketonlar molekulyar massasi,
tuzilishi va radikallarning tabiati ham mahsulot unumiga ta’sir ko‘rsatishi aniqlandi. Olingan natijalar shuni ko‘rsatadiki ketonlar
molekulyar massasining ortib borishi yoki karbonil guruh atrofida hajmdor radikallarning ko‘payishi jarayonlarning borishini
giyinlashtiradi.

Karbonil guruhi uglerodi atrofida joylashgan radikallarning tabiati va radikallarning fazoviy ta’sir etish xossasiga ko‘ra
ketonlarning Grinyar-lotsich reaksiyasiga kirishishini quyidagi - 4,4,4-triftoro-1-(tiofenil-2)butadion-1,3< 1-(tiofenil-2)pentadion-
1,4 < 3-metilpentadion-2,4, <geksadion-2,5< pentadion-2,4< butadion-2,3< gatori bo‘yicha oshib borishi aniqlandi.

Grinyar-Iotsich usulida AD sintez qilish jarayoni boshlang‘ich mahsulotlar ekvimolyar nisbatda, THF eritmasida, -5 — 0 °C
haroratda, 4 soat davomida olib borilgan holat eng muqobil sharoit gilib olindi.

Xulosa. Magniy organik birikma yordamida metilpropilketon, butadion-2,3, pentadion-2,4, geksadion-2,5, 3-
metilpentadion-2,4, 1-(tiofenil-2)pentadion-1,4 va 4,4,4-triftoro-1-(tiofenil-2)butadion-1,3 ning atsetilen, oktin-1 va fenilatsetilen
bilan reaksiyasi amalga oshirilib tegishli AD sintez qilindi. Reaksiya unumiga DEE va TGF erituvchilar ta’sir o‘rganildi va jarayon
THF eritmasida o‘tkazilganda AD yuqori unum bilan hosil bo‘lgani aniglandi. Reaksiya 4 soatda -5 - 0 °C haroratda THF da olib
borilganda AD unimi yugori chigishi kuzatildi.
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2-AMINO-5-ETHYL-1,3,4-THIADIAZOLE THERMOCHEMICAL ANALYSIS

Annotation
Today, the identification of complexes formed by heavy metals with organic compounds is widely used. For this purpose, the
chosen substance must meet the reagent requirements. In this article, the thermodynamic analysis of 2-amino-5-ethyl-1,3,4-
thiadiazole, a complex organic compound, was conducted, and the results obtained were compared with the literature [1,2].
Thermochemical research on 2-amino-5-ethyl-1,3,4-thiadiazole aims to identify possible correlations for evaluating the energy
properties, structural characteristics, and stability of the compounds[3].
Key words: 2-amino-5-ethyl-1,3,4-thiadiazole, reagent, HOMO, LUMO, bond energy, metal complex, electrostatic potential.

2-AMHHO-5-3THJI-1,3,4-TUATUA30JI: TEPMOXUMHUYECKHUI AHAJIN3
AnHomayus

Ha ceropnsmHuii neHb U1l ONpEAENeHNs] KOMIUIEKCOB, 00pa30BaHHBIX TSDKENBIMH METaIaMU C OPTaHHMYECKHMH BEIECTBAMH,
MINPOKO MCHOJIB3YETCsI 3TOT METOA. J{JIsl TOro BEIOpaHHOE BEIIECTBO JJOJDKHO COOTBETCTBOBATh TPEOOBAaHMAM peakTHBa. B nanHOI
CTaThe NMPOBENEH TEPMOAWHAMHYECKHH aHAIN3 2-aMHHO-5-3Tmi-1,3,4-THaana3ona, CJIOKHOTO OPraHWYeCKOTO COSIUHEHHS, U
MOJTy4EHHBIE PE3YNIbTAaThl OBUIN CONIOCTABJIEHBI C INTEPAaTyYpPHBIMHU JAaHHBIMU [ 1,2]. TepMoxummudeckoe nccieqoBaHue 2-aMHHO-5-
o1Tri-1,3,4-THaia3ona HalpaBIeHO Ha BBISIBJICHHE BO3MOXKHBIX KOPPEISLHUH IS OLICHKH SHEPTeTHYECKHX CBOHCTB, CTPYKTYPHBIX
XapaKTEePHUCTHK U CTA0MIBHOCTH COeTMHEHHH [3].

KnioueBsbie cioBa: 2-amuHO-5-3THI-1,3,4-THaanazon, peaktus, HOMO, LUMO, sHeprusi cBs3H, METAJUIMYECKHIA KOMIUIEKC,
INEKTPOCTATHYECKUI MOTESHIIHAI.

2-AMINO-5-ETIL-1,3,4-TIADIAZOLNING TERMOKIMYOVIY TAHLILI
Annotatsiya

Bugungi kunga kelib og‘ir metallarni organik moddalar bilan hosil qilgan komplekslari asosida aniqlash keng qo‘llanilmoqda.
Buning uchun tanlangan modda reagent talablariga javob berishi kerak. Ushbu magolada 2-amino 5-etil- 1,3,4-tiadiazol murakkab
organik birikma termodinamik tahlil gilindi va olingan natijalar adabiyotlar bilan taggoslandi [1.2]. 2-amino-5-etil-1,3,4-tiadiazolni
termokimyoviy tadqiq qilish - bu birikmalarning energiya xossalari va strukturaviy xususiyatlari va bargarorligini baholash uchun
mumkin bo‘lgan bog‘liglikni aniqlashga qaratilgan [3].

Kalit so‘zlar: 2-amino-5-etil-1,3,4-tiadiazol, reagent, HOMO, LUMO, bog’ energiyasi, metall kompleks, elektrostatik potentsial.

Kirish. 2-amino-5-etil-1,3,4-tiadiazol — bu geterotsiklik birikma bo‘lib, tiadiazol halqasi bilan bog‘langan amino guruh
va C2H5- guruhini 0‘z ichiga oladi. Bu birikma, ko‘pincha biologik faol moddalar yoki farmatsevtika va analik kimyo tadqiqotlari
uchun muhim bo‘lishi mumkin. Xususan uning og‘ir metall atomlari bilan kompleks birikmalar hosil gilishi ushbu metallarni
aniglash va tahlil gilishda ahamiyatlidir.

Mavzuga oid adabiyotlar tahlili. Peter Atkins va Ronald Friedmanlarning *Molecular Quantum Mechanics" kitobida-
molekuladagi bog'lanishlarning vibratsion holatlari 1Q spektroskopiya yordamida o'rganiladi. 2-amino-5-etil-1,3,4-tiadiazol
molekulasidagi amin guruhlarining va etil guruhining ganday bog'lanishlarni ifodalashini kvant kimyo yordamida hisoblash
mumkin [4] deyilgan. Shunga ko’ra o’rganish uchun olingan modda molekulasi IQ spektroskopiyada tahlil gilindi (1-rasm). David
Young o’zining "Computational Chemistry: A Practical Guide for Applying Techniques to Real-World Problems" kitobida 1Q
spektroskopik tahlilni qanday o’tkazish hamda amin va etil guruhlarining IQ spektridagi o'zgarishlarini hisoblash haqida
ko'rsatmalar berib o’tgan. 2-amino-5-etil-1,3,4-tiadiazol molekulasida ham yuqorida keltirilgan funksional guruhlar mavjud [5].
Isha Singx, Lamya H Al-Vahaibi va boshgalar biz tanlagan moddaga yagin xossalarga ega 2-amino-5-triflorometil-1,3,4-
tiadiazolning TD-DFT natijalari bilan hisoblangan o'tish to'lgin uzunliklari eksperimental ma'lumotlarga yaxshi mos kelishini aytib
o‘tganlar hamda birikmaning monomeri N-H N vodorod alogalari orqali dimerlarni hosil gilish uchun qo‘shilganligi sababli, biz
vodorod bog‘ining kuchini baholash va tizim ichidagi zaryad o‘tkazuvchanligini (molekulyar va molekulalararo) baholash uchun
monomer bilan bir qatorda tabiiy bog‘lanish orbital (NBO) tahlilini o'tkazganlari hagida ilmiy magolalarida habar berishgan [6].

Tadgiqot metodologiyasi. Ushbu ishda boshga olimlarning tadgigotlari, ilmiy maqgolalar, monografiyalar, va kvant kimyo
metodlari asosida 5-etil-1,3,4-tiadiazol-2-amino molekulasining tuzilishi, spektral xususiyatlari, bog' uzunligi va zaryad tagsimoti
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haqidagi mavjud ma’lumotlar yig‘iladi. Molekulaning elektron strukturasini, zaryad tagsimotini va bog‘ uzunliklarini o‘rganish
uchun kvant kimyo va molekulyar simulyatsiya metodlarini qo‘llash zarurdir. Kerakli adabiyotlar tahlilidan so‘ng Density
Functional Theory (DFT) yoki boshga kvant kimyo metodlari yordamida molekuladagi elektron struktura va orbitalar tahlili amalga
oshiriladi. DFT metodini ishlatish uchun HOMO va LUMO shuningdek 1Q spektroskopik tahlili va ushbu moddadagi bog' uzunligi
va molekulada zaryadning tagsimlanishi ko’rib chigiladi.

Tahlil va natijalar. Dastlab 5-etil-1,3,4-tiadiazol-2-amino molekulasi 1Q spektroskopik tahlildan o‘tkazildi (1-rasm).
Ushbu tahlil bu turdagi birikmalarning strukturasini aniglashda juda muhimdir. 1Q spektroskopik tahlil molekuladagi alifatik va
aromatik guruhlarning mavjudligini aniglash, funksional guruhlarning joylashuvini va turini belgilash, kimyoviy tuzilishdagi
o‘zgarishlarni aniqlash, shu jumladan molekula ichidagi bog‘lanishlarning yutilish chastotalarining farqlanishini o‘rganish,
kompozitsiyaning to‘g‘riligini tekshirishda muhim ahamiyatga ega.
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1-rasm. 5-etil 1,3,4-tiadiazol 2-aminoning 1Q-spektrometrik tahlili.

Elektrofil va nukleofil jarayonlar uchun reaktiv markazlarni bashorat gilish uchun optimallashtirilgan B3LYP/6-
311G(d,p)/Lanl2DZ geometriyasida elektrostatik sirt potensiallari olindi. Sirtdagi elektrostatik potentsialning turli giymatlari turli
xil ranglar bilan ifodalanadi, va potentsial quyidagi tartibda ortadi: gizil < to'q sariq < sariq < yashil < ko'k. Molekulyar elektrostatik
potentsial (MEP) ning salbiy gizil hududlari elektrofil reaktivligi va ijobiy (ko'k) hududlari nukleofil reaktivligi bilan bog'lig.
Molekulaning MEP tahlilidan ko'rinib turibdiki, tiadiazol halgasining azotlari ko'proq salbiy potentsialga ega, aminokislotalarning

vodorodlari esa ijobiydir (2-rasm).

—— —

2-rasm. 5-¢etil 1,3,4-tiadiazol 2-aminoning optimallashtirilgan B3LYP/6-311G(d,p)/Lanl2DZ geometriyasida elektrostatik sirt
potensiallari.

Frontier Molekular Orbital (FMO) tahlili.

HOMO energiyasi elektronlarni berish gobiliyatini, LUMO elektronlarni gabul gilish gobiliyatini va HOMO va LUMO
orasidagi bo'shliq molekulaning kimyoviy barqgarorligini tavsiflaydi. DFT/B3LYP/6-311G(d,p)/Lanl2DZ molekulasi uchun
HOMO-LUMO energiya va energiya bo'shlig'i (DE) va natijalar 1-jadvalda keltirilgan.

Ijobiy faza qizil, salbiy faza yashil. Rasmdan ko‘rinib turibdiki, HOMO asosan gidroksil guruhlarining kichik hissasi bilan
piridin halgasida lokalizatsiya gilingan. Boshga tomondan, LUMOIar asosan uglerod-azot va uglerod-kislorod alogalarida
lokalizatsiya qilinadi. Elektronlarning HOMO va LUMO dan o‘tishi hisobiga asosiy holatdan qo‘zg‘aluvchan holatga elektron
o‘tish asosan p - p* o‘tish hisobiga sodir bo‘ladi.

oge’

3-rasm. 5-¢til 1,3,4-tiadiazol 2-aminoning HOMO tahlili.

4-rasm. 5-etil 1,3,4-tiadiazol 2-aminoning LUMO tahlili.

1-jadval
PMO ning hisoblangan dipol momenti, qutblanish gobiliyati va energiyalari
Dipol momenti (Debye) Polarizatsiya (a.u.) Energiya Energiya Energiya
HOMO LUMO AE
3,125667 70,62892 -0,22502 -0,00639 0,21863
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Jadvaldagi natijalarga ko‘ra tanlangan moddani reagent sifatida qo‘llash mumkin. 5-etil 1,3,4-tiadiazol 2-aminoning Cu(ll),
Zn(11), Mn(1I), Co(II), Cr(III) va Cd(II) kabi metallar bilan ma’lum sharoitlarda kompleks birikmalar hosil gilishi o’rganilgan [7].
Termokimyo. Ushbu dastur yordamida termodinamik parametrlar ham hisoblab chigilgan.

2-jadval

Ligand molekulasi 2-(5-metil-[1,3,4]tiadiazol-2-ilsulfo) sirka kislotasining termodinamik xususiyatlari

Xususiyatlari Qiymati O'Ichov birligi

Nol nugtali energiya 64,845 Kkal/mol

Ichki energiya 70,674 Kkal/mol

Entalpiya (H) 71,267 Kkal/mol

Gibbs bo'sh energiya (G) 43,141 Kkal/mol

Issiglik sig'imi (CV) 33,623 kal/Mol-Kelvin

Entropiya (S) 94,333 kal/mol * Kelvin

2-jadvalda ko’rsatilgan natijalar o’rganib chiqildi va mavjud manbalar bilan tagqoslandi [8].
Molekuladagi zaryadlarning tagsimlanishida molekuladagi amino guruh, tiadiazol halgasi, oltingugurt atomi atomlarning
elektron tuzilmasi va bog'larning polarizatsiyasida muhim ahamiyatga ega [9].

5-6-rasmlar. Bog* uzunligi va molekulada zaryadning tagsimlanishi

Bog* uzunligi molekula strukturasini va uning reaktivligini belgilovchi asosiy omil hisoblanadi. Zaryadning taqsimlanishi
molekuladagi elektron zichligi va atomlar o‘rtasidagi elektron tagsimoti bilan bog‘liq bo‘lib, uning HOMO va LUMO
orbitalarining fargi yordamida aniglanadi.

Xulosa. Ushbu tadgigotda 2-amino-1,3,4-tiadiazol 5-etil molekulasining 1Q-spektroskopik xususiyatlari, HOMO va
LUMO orbitalari tahlili o‘rganildi. Molekulaning spektral xususiyatlari va elektron strukturasini yanada chuqurroq tushunish
uchun, molekulaning optik va elektronik tahlillari olib borildi. 1Q-spektroskopik tahlil natijalari molekulaning so‘ngi energiya
darajalaridagi o‘tishlarni aniglashga yordam berdi. Tadgigot molekulaning elektron tuzilmasida 5-etil guruhining molekulaga
kiritilishi bilan bog‘liq spektroskopik o°‘zgarishlarni ko‘rsatdi. Bu o‘zgarishlar molekuladagi elektronlar uchun yangi o‘tishlarni
keltirib chigargan bo‘lib, uning optik va elektron xususiyatlarini kuchaytiradi. HOMO va LUMO orbitalari tahlili, molekulaning
elektron gonuniyatlarini va uning reaktivligini chuqurroq tushunishga imkon berdi. HOMO orbitali bilan LUMO orbitali orasidagi
energiya farqi (AE 0,21863) molekulaning elektron uzatish qobiliyatini ko‘rsatadi. Tadgiqotda, 2-amino-1,3,4-tiadiazol 5-etil
molekulasining AE qiymati nisbatan kichik bo‘lib, bu molekulani elektronlarni samarali qabul qilish va uzatishga qodir giladi. Bu
xususiyatlar undan og‘ir metallarni aniglash imkonini ham beradi.
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SYNTHESIS OF (E)-5-(3,4-DIMETHOXYBENZYLIDENE)-3-METHYL-6,7-DIHYDROPYRROLO[1,2-a] THIENO[3,2-
d]PYRIMIDIN-9(5H)-ONE
Annotation

(E)-5-(3,4-Dimethoxybenzylidene)-3-methyl-6,7-dihydropyrrolo[1,2-a]thieno[3,2-d]pyrimidin-9(5H)-one (AR-109) was
synthesized in two steps from ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2). 'H and ¥C NMR, HRMS
confirmed the structure. Increased reaction temperature and duration significantly improved yield. These derivatives hold promise
for pharmaceutical and material applications.

Key words: cancer, catalyst, cyclization, drug design, thieno[2,3-d]pyrimidine, Williamson ether synthesis,

(E)-5-(3,4-DIMETOKSIBENZILIDEN)-3-METIL-6,7-DIGIDROPIRROLO[1,2-a] TIENO[3,2-d]PIRIMIDIN-9(5H)-ON
SINTEZI
Annotatsiya
(E)-5-(3,4-dimetoksibenziliden)-3-metil-6,7-digidropirrolo[1,2-a]tiyeno[3,2-d]pirimidin-9(5H)-on (AR-109) ikki bosgichda, etil
3-amino-5-bromobenzo[b]tiofen-2-karboksilat (AT-2) asosida sintez gilindi. *H va 3C YaMR, YuAMS orqali tuzilma to‘liq
tasdiglandi. Reaksiya harorati va davomiyligini oshirish hosildorlikni sezilarli yaxshiladi. Ushbu hosilalar farmatsevtika va
materialshunoslikda istigbolli hisoblanadi.
Kalit so‘zlar: dori dizayni, katalizator, saraton, siklizatsiya, tieno[3,2-d]pirimidin, Uilyamson efir sintezi.

CHUHTE3 (E)-5-(3,4-ITMMETOKCUBEH3UJIUAEH)-3-METWJI-6,7- TUTUAPOIIUPPOJIO[1,2-a] THEHO(3,2-
dIIMPUMHUANH-9(5H)-OHA
AHHOTaALIUSA

(E)-5-(3,4- mumeroxcnben3unuaeH)-3-metui-6, 7-quruaponuppoino[ 1,2-a]tueno| 3,2-dmupumuaun-9(5H)-on  (AR-109)  6bun
CHHTE3MPOBAH B [Ba 3Tala U3 3THI-3-aMUHO-5-6poMobenso[b]tuoden-2-kapookcunara (AT-2). Ctpykrypa noarsepxkaena *H u
13C SIMP, BTMC. IloBblileHHE TeMIEpPATyphl M BPEMEHM PEAKUUH 3HAYMTENHHO YBEIWYMIIO BBIXOA. DTH HPOU3BOIHBIE
MEePCIEeKTUBHEI JUTs (hapMalleBTHKN U MaTepPUAIOBEICHUSL..

KnroueBbie cioBa: xatanu3arop, LUKIM3ALMS, AU3AHH JIEKapCcTB, paK, CUHTE3 MPOCTHIX 3GHUPOB 1o Bunbsmcony, tueHo[3,2-
d]nupumuanH.

GRAPHICAL ABSTRACT

Introduction. Cancer represents a highly intricate and heterogeneous pathology, hallmarked by dysregulated cellular
proliferation, invasive potential, and metastatic dissemination. Despite decades of intensive research, it persists as a predominant
contributor to global mortality[1]. Recent breakthroughs in oncogenomics, precision therapeutics, and individualized treatment
paradigms have markedly enhanced clinical outcomes. This dissertation seeks to elucidate the most recent advancements in cancer
biology and therapeutic innovation, with a particular focus on the convergence of systems biology, computational oncology, and
state-of-the-art molecular engineering in shaping next-generation treatment modalities.

The emergence of molecularly targeted therapeutics has yielded substantial survival benefits for patients harboring
oncogenic driver mutations. Small-molecule inhibitors targeting EGFR, ALK, and BRAF mutations have exhibited profound
efficacy in non-small cell lung carcinoma and melanoma[2]. Meanwhile, CRISPR-Cas9 genome editing and RNA-targeted
therapeutics are pioneering novel avenues in precision oncology, enabling genetic reprogramming at an unparalleled level of
specificity.
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Despite remarkable breakthroughs, formidable challenges persist in overcoming therapeutic resistance, tumor plasticity,
and disparities in treatment accessibility. Ongoing research in gene-editing technologies (CRISPR-based modalities), combinatorial
therapeutic regimens, synthetic biology, and next-generation pharmacotherapeutics holds immense promise for the future of
oncology. Additionally, emerging frontiers such as oncolytic virotherapy, microbiome-modulated cancer therapeutics, and quantum
dot-based imaging are poised to redefine cancer diagnostics and therapeutics, ushering in a new era of precision medicine.

Literature review. Vitiligo is a dermatological disorder characterized by the progressive depletion of melanocytes within
the epidermis, leading to localized hypopigmentation[3]. This condition can affect any anatomical site housing melanocytes,
thereby inducing both functional impairments and structural abnormalities in the affected dermal regions. Although the precise
etiology remains an area of active investigation, multiple mechanistic hypotheses have been proposed to explain the pathogenesis
of vitiligo[4]. The prevailing theory suggests that the disorder arises from melanocyte destruction coupled with dysregulated
melanin biosynthesis[5].

Various pharmacological interventions are currently employed in vitiligo therapy, including topical corticosteroids,
calcineurin inhibitors, vitamin Ds analogs, and psoralens[6]. Among these, psoralens (furocoumarins) have been extensively
explored due to their ability to intercalate into DNA and induce photoreactivity under ultraviolet (UV) exposure. Clinically relevant
examples include 8-methoxypsoralen[7], 5-methoxypsoralen[8], and 4,5,8-trimethylpsoralen[9]. These molecular scaffolds exhibit
potent photosensitizing properties, facilitating their therapeutic utility when activated by long-wave UV radiation. However, despite
their efficacy, psoralen-based photochemotherapy is associated with notable drawbacks, such as genotoxicity and an elevated risk
of photocarcinogenesis[10].

Thieno[2,3-d]pyrimidine represents a privileged scaffold with broad pharmacological potential, exhibiting antibacterial and
antineoplastic properties, among other bioactivities[11]. Notably, its core framework bears structural similarity to that of psoralen,
prompting the hypothesis that thienopyrimidines may exhibit comparable melanogenic activity. Our recent synthetic endeavors
resulted in the development of 18 novel sulfonamide-functionalized tricyclic thieno[2,3-d]pyrimidin-4-one derivatives, several of
which displayed over 1.5-fold greater potency than 8-MOP in preliminary biological evaluations[7]. Encouraged by these findings,
the present study details the design and synthesis of 51 new amide derivatives of tricyclic thienopyrimidines and investigates their
potential as melanogenesis modulators in murine B16 cell assays.

Research methodology. The thienopyrimidine scaffold has multiple reactive centers, making it highly versatile for
modifications. However, tri- and tetracyclic derivatives remain underexplored. Our research expands the synthetic scope of
tetracyclic thienopyrimidines by developing novel, strategically functionalized derivatives. We synthesized a tetracyclic thieno[3,2-
d]pyrimidine system incorporating aromatic and aliphatic rings. Further diversification was achieved via regioselective ether bond
formation for precise derivatization.
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Scheme 1. Reaction reagent and synthesis condition for AT-2.
The synthesis of ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2) was initiated by the cyclization of 5-bromo-2-
chlorobenzonitrile (1). This transformation proceeded through a nucleophilic substitution mechanism, followed by intramolecular
cyclization, driven by the reaction with ethyl 2-mercaptoacetate under alkaline conditions in ethanol. The stepwise formation of
this key intermediate, crucial for subsequent functionalization, is outlined in Scheme 1
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Scheme 2. Reaction reagent and condition for forming AR-05.

In the next stage, AT-2 underwent acid-catalyzed cyclization with piperidin-2-one under extended reflux, forming the
tetracyclic AR-05 (Scheme 2). Optimized conditions ensured efficient ring closure. The reaction proceeded via nucleophilic
substitution (Sn), displacing bromine to form an R—O-R bond through Williamson ether synthesis. AR-05 then underwent
modification, yielding AR-109 within the tetracyclic thienopyrimidine core (Scheme 3), involving alkoxide-mediated ether bond

formation.
O Cszco3 cucl, ,O
TMHD, NMP

AR-05 202 °C, overnigt AR-109

Scheme 3. Reaction reagent and condltlon for forming AR-27.

The table below presents the optimization of the Wallinson reaction under varying reaction conditions, systematically
evaluating the impact of key parameters, including the catalyst, solvent, temperature, base, reaction duration, and yield.

Table 1.
Entry Catalyst Solvent Base Temperature (°C) Time Yield (%) Remarks
1 | cucr NMP Cs2C0s 180 12h 65 Standard conditions
2 | cucl NMP Cs2COs 180 12h 72 Improved catalyst
3 | Cu(OAc): DMF Cs:C0s 200 12h 58 Effect of solvent
4 | CuCL NMP K2COs 180 12h 60 Effect of base
5 | cucL NMP Cs2COs 190 12h 75 Increased temperature
6 | CuCl NMP Cs2COs 190 24h 78 Extended reaction time
7 | CuCl Toluene Cs:C0s 190 12h 40 Less efficient solvent
8 | CuCL NMP Na.COs 190 12h 55 Weaker base
9 | cucL NMP Cs2C0s 202 12h 80 Optimal conditions
10 | CuCh NMP Cs:CO:s 202 24h 83 Highest yield
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Structural analysis of key intermediates and final products was performed using *H- and *3C-NMR (VARIAN 400 MHz)
with detailed peak assignment and spin-spin coupling evaluation to confirm regioselectivity and reaction completion. HRMS
(SCIEX QTRAP 6500+, ESI) provided precise mass determination and isotopic analysis, ensuring molecular formula validation
and structural integrity.

Analysis and results. The precursor materials were obtained commercially and used without purification. Anhydrous
solvents, including ethanol, toluene, ethyl acetate, and 1,2-dichloroethane, prevented moisture interference. Reaction progress was
monitored via TLC on HSGF2s silica plates, with chromatograms visualized under UV (254/365 nm) or iodine staining. TMS
served as the internal reference for H- and *C-NMR (VARIAN 400 MHz). HRMS (QTRAP® 6500+) confirmed molecular
composition and structural integrity.

1.1.1. Procedure for the preparation of ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2).

A 35 mL high-pressure reaction vessel was charged with ethanol (8 mL), followed by the addition of sodium ethanolate
(164 mg, 2.4 mmol). The mixture was stirred at 0°C using a magnetic stirrer until complete dissolution of the base was achieved.
Subsequently, ethyl 2-mercaptoacetate (288 mg, 2.4 mmol) was introduced, followed by the sequential addition of 5-bromo-2-
chlorobenzonitrile (433 mg, 2.0 mmol). The resulting reaction mixture was subjected to heating at 90°C in a glycerol bath under
continuous stirring for 12 hours. Reaction progress was monitored via thin-layer chromatography (TLC). Upon completion, the
cyclized product, ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate, was purified using AT-2 column chromatography with
a petroleum ether/ethyl acetate (5:1) eluent system, yielding a product with an Ry value of 0.7. The reaction afforded 363.8 mg of
a light white solid, corresponding to a 60.63% yield. The melting point of the compound was found to be 115-116 °C. *H NMR
(400 MHz, CDCls) § 7.77 (dt, J = 1.8, 0.6 Hz, 1H), 7.62 — 7.49 (m, 2H), 5.80 (s, 2H), 4.36 (qd, J = 7.1, 0.5 Hz, 2H), 1.39 (td, J =
7.1, 0.5 Hz, 3H). 3C NMR (100 MHz, CDCls) § 165.37, 147.29, 138.64, 133.23, 131.29, 124.97, 124.28, 117.91, 101.27, 60.87,
14.70. HRMS (ESI) calcd for C11H10BrNO2S [M+H]+ 299.9688 and 301.9668, found 299.9688 (5.82 %) and 301.9667 (6.12%).

1.1.2. Procedure for the preparation of 2-bromo-8,9,10,11-tetrahydro-6H-benzo[4,5]thieno[3,2-d]pyrido[1,2-
a]pyrimidin-6-one (AR-05).

A 50 mL high-pressure reaction vessel was charged with 10 mL of anhydrous dichloroethane (DCE), followed by the
dissolution of AT-2 (300 mg, 1 mmol) under continuous stirring. Piperidin-2-one (119 mg, 1.2 mmol) was then introduced into the
reaction medium. Subsequently, phosphoryl trichloride (POClIs, 0.50 mL) was carefully added dropwise over 20 minutes under
controlled conditions to ensure gradual reactivity. The reaction mixture was then subjected to thermal activation at 90°C in a
glycerol bath and maintained under these conditions overnight, with periodic monitoring via thin-layer chromatography (TLC).
Upon completion, the crude product was purified through column chromatography using a petroleum ether/ethyl acetate (1:1)
solvent system, affording the target compound, 2-bromo-8,9,10,11-tetrahydro-6H-benzo[4,5]thieno[3,2-d]pyrido[1,2-a]pyrimidin-
6-one (AR-05), with an R value of 0.60. The final product was obtained as a light white solid (259.2 mg) in 77.33% yield, exhibiting
a melting point of 220-221°C. *H NMR (400 MHz, Pyridine-d 5) § 8.62 (d, J = 1.9 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.70 (dd, J
=8.6, 2.1 Hz, 1H), 4.00 (t, J = 6.0 Hz, 2H), 3.01 (t, J = 6.4 Hz, 2H), 1.77 — 1.63 (m, 4H). *C NMR (100 MHz, Pyridine-d 5) &
158.99, 158.45, 151.58, 140.69, 137.26, 132.33, 127.12, 126.10, 122.42, 119.83, 43.30, 32.30, 22.40, 19.73. HRMS (ESI) calcd
for C14H11BrN20S [M+H]+ 334.9849 and 336.9828, found 334.9847 (93.54 %) and 336.9819 (100%).

1.1.3. 2-(4-fluorophenoxy)-8,9,10,11-tetrahydro-6H-benzo[4,5] thieno[3,2-d] pyrido[1,2-a] pyrimidin-6-one  (AR-
109).

A 50 mL volumetric flask was charged with 4 mL of N-methyl-2-pyrrolidone (NMP) as the solvent, followed by the
addition of 12 mg of CuCl: as the catalyst and 2,2,6,6-tetramethyl-3,5-heptanedione (TMHD) as the coordinating ligand. To
establish an alkaline reaction medium, 326 mg of cesium carbonate (Cs2COs) was introduced, after which 77 mg of the AR-05
intermediate was added, ensuring thorough mixing. Subsequently, 40 mg of 4-fluorophenol was incorporated as the nucleophilic
coupling partner. The reaction mixture was then purged with argon to eliminate residual oxygen and moisture. The assembled
reaction system was maintained under continuous stirring at 202 °C 24 h. Progress was monitored via thin-layer chromatography
(TLC), confirming the completion of the transformation. Upon reaction termination, purification via column chromatography
furnished 50.11 mg of the target compound AR-109 as a brown solid. The compound exhibited an Rt value of 0.60 in a 1:1
petroleum ether/ethyl acetate solvent system, and its melting point was determined to be 187-188 °C. *H NMR (400 MHz, CDCls)
87.87-7.77 (m, 2H), 7.29 (dd, J = 8.8, 2.5 Hz, 1H), 7.15 - 6.93 (m, 4H), 4.15 (t, J = 6.2 Hz, 2H), 3.06 (t, J = 6.6 Hz, 2H), 2.09 —
1.91 (m, 4H). 3C NMR (100 MHz, CDCls) § 159.14 (d, J = 242.1 Hz), 159.07, 157.18, 156.04, 153.29 (d, J = 2.6 Hz), 136.41,
135.90, 124.81, 122.34, 121.52, 120.69 (d, J = 8.3 Hz), 116.66 (d, J = 23.6 Hz), 112.10, 42.77, 31.89, 29.90, 22.22, 19.45. HRMS
(ESI) calcd for C20H1sN202S [M+H]+ 367.0911, found 367.0906.

Conclusion. A novel halogenated tetracyclic thieno[3,2-d]pyrimidine scaffold was constructed via sequential dual
cyclization. Functionalization through Williamson ether synthesis expanded its chemical space. Optimization showed the highest
yield with CuCl: catalyst, NMP solvent, Cs2COs base, at 202 °C for 24 h, with increased temperature and time enhancing yield.
Ether linkages with pharmacophore-bearing aromatic alcohols significantly boosted bioactivity. These structurally refined
compounds hold promise as therapeutic agents.

Acknowledgements

The research work was synthesized on the basis of practical project No. ALM-202310062530 on the theme “Organization
of laboratory on development of anticancer drugs”, conducted in Samarkand State University named after Sharof Rashidov. I would
like to thank the Xinjiang Technical Institute of Physics and Chemistry (CAS) for their direct assistance in carrying out the
experiments described in this paper.

REFERENCES
1. Siegel, R.L., A.N. Giaquinto, and A. Jemal, Cancer statistics, 2024. CA: A Cancer Journal for Clinicians, 2024. 74(1): p. 12-
49,
Tsimberidou, A.-M., Targeted therapy in cancer. Cancer Chemotherapy and Pharmacology, 2015. 76(6): p. 1113-1132.
3. Kriiger, C. and K.U. Schallreuter, A review of the worldwide prevalence of vitiligo in children/adolescents and adults.
International Journal of Dermatology, 2012. 51(10): p. 1206-1212.

n

- 255 -



0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1 2025

o

o

10.

11.

Felsten, L.M., A. Alikhan, and V. Petronic-Rosic, Vitiligo: A comprehensive overview: Part Il: Treatment options and
approach to treatment. Journal of the American Academy of Dermatology, 2011. 65(3): p. 493-514.

Ezzedine, K., et al., Vitiligo. The Lancet, 2015. 386(9988): p. 74-84.

Falabella, R. and M.I. Barona, Update on skin repigmentation therapies in vitiligo. Pigment Cell & Melanoma Research,
2009. 22(1): p. 42-65.

Nie, L.F., et al., Synthesis and biological evaluation of novel sulfonamide derivatives of tricyclic thieno[2,3-d]pyrimidin-
4(3H)-ones on melanin synthesis in murine B16 cells. Research on Chemical Intermediates, 2017. 43(12): p. 6835-6843.
McNeely, W. and K.L. Goa, 5-Methoxypsoralen. Drugs, 1998. 56(4): p. 667-690.

Pathak, M.A., D.B. Mosher, and T.B. Fitzpatrick, Safety and therapeutic effectiveness of 8-methoxypsoralen, 4,5',8-
trimethylpsoralen, and psoralen in vitiligo. National Cancer Institute monograph, 1984. 66: p. 165-173.

Tippisetty, S., etal., Repair efficiency and PUV A therapeutic response variation in patients with vitiligo. Toxicology in Vitro,
2013. 27(1): p. 438-440.

Bozorov, K., et al., Recent developments regarding the use of thieno[2,3-d]pyrimidin-4-one derivatives in medicinal
chemistry, with a focus on their synthesis and anticancer properties. European Journal of Medicinal Chemistry, 2015. 102:
p. 552-573.

- 256 -



O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2025, [3/1]
ISSN 2181-7324

KIMYO
http://journals.nuu.uz

Natural sciences

UDK: 547.95
Shuxrat G‘’AYBULLAYEYV,
Samargand davlat universiteti stajyor-tadgigotchisi
E-mail: shukhratbekgaybullayev@gmail.com
Qosim ZOHIDOV,
Samargand davlat universiteti dotsenti, k.f.n.
E-mail: z-qosim@samdu.uz
Xamza TROBOV,
Samargand davlat universiteti professori, k.f.d
E-mail: t-xamza@samdu.uz
Xurshed BOZOROV,
Samargand davlat universiteti professori, k.f.d
E-mail: khurshedbek@gmail.com

Urganch davlat universiteti dotsenti, k.f.n. R.Kuryazov tagrizi asosida

PROTEIN KINAZA OQSILI VA XINAZOLIN HOSILALARINING O‘ZARO TA’SIRLASHUVLARINI
MOLEKULYAR DOKING USULIDA O‘RGANISH
Annotatsiya

Ushbu tadqiqotda molekulyar doking usuli yordamida protein kinaza (PDB kodi: 4AQC) ogsili bilan xinazolin hosilalarining o‘zaro
ta’siri o°‘rganildi. Olingan natijalar shuni ko‘rsatdiki, bu hosilalar tanlangan ogsilning faol joylariga yuqori moslik bilan bog‘landi,
bu ularning biologik faolligini tushuntirishga yordam beradi. Doking natijalari yangi dorivor moddalarni ishlab chigishda foydali
bo‘lishi qayd etilgan.

Kalit so‘zlar: bog‘lanish energiyasi, ligand, molekulyar doking, ogsil, protein kinaza, xinazolin hosilalari.

N3YYEHUE B3AUMOJIEMCTBHS MPOTEMHKAHA3GI Y TIPOU3BOJHBIX XUHA3OJINHA C
HUCIIOJb30BAHUEM MOJIEKYJISIPHOI'O JOKHWHI'A
AHHOTALIUSA

B nmanHOM WCcienoBaHMM B3aMMOJCHCTBHE NMPOW3BOIHBIX XHHA30JIMHA ¢ TpoTerH KuHa3oi (kox PDB: 4AQC) m3ydanock ¢
MOMOII[BIO MOJIEKYJIIPHOTO JIOKMHTA. Pe3yIbTaThl MOKa3au, 9TO 3TH NPOU3BOIHBIC CBSI3BIBAIOTCS C BBICOKOH CTENICHBIO CPOJICTBA
K aKTHBHBIM IIEHTPaM BBIOPAHHOTO OeNKa, YTO MOMOTaeT OOBSICHHTh MX OMONOTHYECKYI0 aKTHBHOCTH. Pe3ynbTaThl CTHIKOBKH
MOTYT OBITH TOJIE3HBI P Pa3pabOTKe HOBBIX JEKAPCTBEHHBIX TPETapaToB.

KunroueBsbie ci10Ba: 0eyoK, SHEPTHs CBS3H, JIMTAaH]I, MOJIEKYJISIPHBII JOKMHT, IPOM3BOIHBIE XMHA30JIMHA, TPOTEHH KHHA3a.

STUDY OF THE INTERACTIONS BETWEEN PROTEIN KINASE AND QUINAZOLINE DERIVATIVES USING
MOLECULAR DOCKING
Annotation
In this study, the interaction of quinazoline derivatives with protein kinase (PDB code: 4AQC) was studied using molecular
docking. The results showed that these derivatives bound with high affinity to the active sites of the selected protein, which helps
to explain their biological activity. The docking results may be useful in the development of new drug substances.
Keywords: binding energy, ligand, molecular docking, protein, protein kinase, quinazoline derivatives.

Kirish. Tarkibida azot saglagan geterosikllar - har xil turdagi biologik faol tabiiy mahsulotlar, sintetik dorilar, farmatsevtika
va agrokimyoviy moddalar sifatida keng targalgan [1-3]. Ushbu geterosiklik birikmalar orasida xinazolin va xinazolinon yadrolari
va ularning hosilalari alohida o‘ringa ega. Xinazolin hosilalari tarkibida azot saqlagan, pirimidin va benzol halqalarining o‘zaro
tutashishidan hosil bo‘lgan bisiklik (ikki halqali) geterosiklik birikmalar bo‘lib, ular turli xil biologik faolliklarni namoyon giladi.
Xinazolin hosilalari ko‘p yillar davomida gipnoz, sedativ, og‘riq qoldiruvchi, yo‘talga qarshi, antigipertenziv, antikonvulsant,
yallig‘lanishga qarshi ta’sirga ega birikmalar sifatida foydalanib kelingan. Ular o‘simta o‘sishi ingibitorlari sifatida ishlatiladigan
kinaz faolligini ingibirlashi adabiyotlarda ¢’lon qilingan (1-rasm) [4-6]:
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1-rasm. Turli xil kinaza ingibitorlari bo‘lgan 4-aminoxinazolin hosilalari
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Xinazolin hosilalari ko‘p yillar davomida o‘rganilgan bo‘lsa-da, 4-aminoxinazolinlarni saratonga garshi vositalar sifatida
qo‘llash nisbatan yangi. So‘nggi bir necha yil ichida 4-aminoxinazolin hosilalari turli xil protein kinaza fermentlariga nisbatan
ingibitiv faolligi uchun o‘rganildi. Ammo 4-aminoxinazolinlarni tizimli tekshirish kam uchraydi [7-10]. Shuning uchun hozirda
ham xinazolinlarni, jumladan 4-aminoxinazolin hosilalarini kinaza ingibitorlari sifatida tekshirish tadgigotchilar uchun gizigarli
mavzulardan biridir [11-12]. Hozirgi kunda moddalarni biologik faolligini o‘rganishda in vitro va in vivo tekshiruvlarni
o‘tkazishdan oldin foydalaniladigan usul mavjud bo‘lib, bu in silico usulidir. In silico tekshiruvlari maxsus dasturlar yordamida,
kompyuterda amalga oshiriladi va molekulyar doking deb ataladi. Bu usul yordamida moddalarning biologik faolligini oldindan
bashorat gilish va magsadli sintezini amalga oshirish mumkin [13-14].

Molekulyar modellashtirish sohasida molekulyar doking bargaror kompleks hosil gilish uchun bir-biriga bog‘langanda bir
molekulaning ikkinchisiga afzal yo‘nalishini bashorat giladigan usuldir. Afzal yo‘nalishni bilish ball funksiyalaridan foydalangan
holda ikki molekula orasidagi bog‘lanish kuchini yoki bog‘lanish yaqinligini bashorat qilish uchun ishlatiladi. Doking ko‘pincha
kichik molekulaning faolligini taxmin qilish uchun dori nomzodlarining ogsillarning ma’lum qismlariga bog‘lanish yo‘nalishini
bashorat gilish uchun ishlatiladi. Demak, doking dori vositalarini ogilona loyihalashda muhim rol o‘ynaydi [15-17]. Molekulyar
dokingning magsadi ogsil va ligand uchun optimallashtirilgan konformatsiyaga va oqsil hamda ligand o‘rtasidagi nisbiy
yo‘nalishga erishishdir, shunda umumiy tizimning erkin energiyasi minimallashtiriladi. Ligandlar va ularning ogsil yoki nuklein
kislotalarning o‘rtasidagi o‘zaro ta’sirlarning tabiatini (van der Vaals, vodorod bog‘lanishi, elektrostatik) boshqaradigan umumiy
tamoyillarni batafsil tushunish ma’lum bir terapevtik magsad uchun potentsial dori vositalarining kerakli kuchi va o‘ziga xosligini
loyihalash uchun asos bo‘lishi mumkin. So‘nggi bir necha yil ichida faol birikmalarni identifikatsiyalash uchun vosita sifatida
samarali joylashtirish usullari va skoring funksiyalarini ishlab chigish uchun katta kuch sarflandi. Ligand-oqgsil magsadli bog‘lanish
usullarini hisoblash prognozida sezilarli yutuglarga erishildi [18-19].

Hozirgi kunda esa molekulyar doking orqali kichik molekulalarni, xususan 4-aminoxinazolin hosilalarini yangi magsadli
ogsillarga qanday bog‘lanishini o‘rganish, uning terapevtik samaradorligini oshirish uchun foydalidir. Shuning uchun ham biz bu
tadgiqot ishimizda 4-aminoxinazolinlarning molekulyar dokingi Janus kinaza (PDB kodi: 4AQC) ogsili bilan amalga oshirildi,
hamda olingan natijalar kelajakda yangi dori vositalarini yaratishda foydali bo‘lishi mumkin.

Tajribaviy gism: Molekulyar dokingni amalga oshirish. Dastlab, Maestro dasturida, maxsus buyruq yordamida PDB
(Protein Data Bank - https://www.rcsh.org/) bazasidan Janus kinaza (PDB kodi: 4AQC bo‘lgan) ogsili yuklab olindi va “Protein
Preparation Wizard” buyrug‘i yordamida, 4 ta bosqichda doking uchun tayyorlandi (suv molekulalarini olib tashlash, vodorod
atomlarini qo‘shish va boshqalar).

Birinchi navbatda dokingi amalga oshirilmoqchi bo‘lgan moddalarning yangi moddalar ekanligi reaxys
(https://www.reaxys.com) bazasidan tekshirildi. Keyin ligandlarning kimyoviy strukturasi esa ChemDraw dasturida chizildi va
Maestro dasturiga import qilindi. So‘ngra “LigPrep” moduli yordamida ligandni optimallashtirildi (protonlash, stereokimyoviy
konformatsiyalarni aniqlash). Bunda dastur avtomatik ravishda ligandlarni o‘qiydi, keyin ularni ion holatda bo‘lish ehtimollarini
hisobga olgan holatda bitta strukturadan ikki va undan ortiq ligandlar tayyorladi.

Keyin esa grid fayli (ogsilning doking amalga oshiriladigan faol qismi) tayyorlandi. Bunda Maestro interfeysida “Receptor
Grid Generation” buyrug‘i tanlandi va ogsilning faol joyi (active site) belgilandi (ingibitor bog‘langan joy), keyin grid hajmi va
o‘lchami sozlandi (25 A radiusda). Keyin esa ogsilning qaysi gismlari, ya’ni aminokislotalar va ligand o‘rtasida bog‘lar bo‘lish
ehtimoli bor qismlari tanlandi (vodorod bo‘glar va boshqa ta’sirlashuvlar) hamda ushbu grid fayl saqlandi. Shundan so‘ng doking
jarayoni amalga oshirish boshlandi. Bunda dastlab Maestro interfeysidan “Ligand Docking” buyrug‘i tanlandi. Tayyorlangan
ligandlar va grid fayllari tanlandi. So‘ngra doking parametrlari sozlandi (doking rejimi: Extra Precision (XP)) va doking boshlandi
(ligandni ogsil bilan bog‘lash “Glide” moduli yordamida amalga oshirildi).

Olingan natijalar muhokamasi. Oldingi tadgigotlarimizda 7-almashgan-4-aminoxinazolinlarning molekulyar dokingnini
birinchi bosgichini amalga oshirgan edik. Ya’ni 7-holatda, o‘rinbosarlarga ega bo‘lmagan turli xil halqalarni (siklik, aromatik
hamda geterosiklik) kiritish orqali, qaysi halgalar tanlanganda natijalar yuqori bo‘lishi aniglangan va tahlil gilingan edi. Olingan
natijalarga ko‘ra geterosiklik va aromatik halgalarga (fenil, piridin-4-il, tiofen-3-il va furan-3-il) ega bo‘lgan birikmalar yuqori
bog‘lanish energiyalariga ega bo‘lgan edi

Bu tadqiqot ishimiz esa doking natijalarini ikkinchi bosqichi bo‘lib, dastlabki olingan natijalarni takomillashtirish
hisoblanadi, ya’ni yuqori natijalarga ega bo‘lgan aromatik va geterosiklik halqalarga ega moddalarning dokingini halqgalarga turli
xil o‘rinbosarlarni turli holatlarda kiritish orqali qaytadan amalga oshirildi. Doking amalga oshirilgandan so‘ng, quyidagi natijalar
tahlil gilindi:

Bog ‘lanish energiyasi (Binding energy): Ligandning ogsil bilan bog‘lanish kuchini ko‘rsatadi (kkal/mol). Bunda olingan
natijalar yanada yuqori natijalarga ega bo‘ldi.

Bog‘lanish joyi: Ligandning ogsilning gaysi gismiga bog‘langanligi ko‘rildi. Bunda ligandning ogsilning ma’lum
bo‘shlig‘iga nisbatan yuqori darajada mosligi aniqlandi.

O ‘zaro ta’sirlar: ligand va ogsil o‘rtasida qanday bog‘lar mavjudligi tahlil gilindi (vodorod bog‘lari, gidrofob o‘zaro
ta’sirlar, elektrostatik ta’sirlar) (1-, 2-, 3-rasmlar). Bunda ogsil va ligand o‘rtasida muhim ahamiyatga ega bo‘lgan ko‘p sonli
vodorod bog‘lar mavjudligi aniqlandi.

Vizualizatsiya: Maestro interfeysida ligand-oqgsil kompleksi vizualizatsiya qilindi (ya'ni ligandning ogsil bo‘shlig‘iga
mosligi, ogsil-ligand, ozaro ta’sirlashuvlar va boshqalar) (2-, 4-ra§m[§1r). -

{ TS
= U /
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1-rasm

3-rasm 4-rasm
I1zoh: vodorod bog ‘lar 1-, 3-rasmlarda nimashfa rangda, 2-, 4-rasmlarda esa sariq rangda ko‘rsatilgan; aromatik vodorod
bog ‘lar esa 2-, 4-rasmlarda havorang bilan ko‘rsatilgan. Ogsil va ligand o‘tasida bu bog‘lardan tashqari yana ko‘plab ta’sirlashuvlar
mavjud.
Quyidagi jadvalda yuqori bog‘lanish energiyasiga ega bo‘lgan ba’zi xinazolin hosilalarining tahlil natijalari keltirilgan (1-
jadval):

Ne 7-Almashgan-4-aminoxinazolinlar strukturasi Bog'lanish energiyasi Vodorod bog‘lanish hosil
(kkal/mol) gilgan aminokislotalar
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Maestro dasturida amalga oshirilga molekulyar doking jarayonining natijalari, xinazolin hosilalarining magsadli ogsil bilan
qanday o°zaro ta’sir qilishini va ularning samaradorligini aniq ko‘rsatdi. Tadgigot davomida 100 dan ortiq xinazolin hosilalarining
dokingi amalga oshirildi va har bir birikmaning bog‘lanish energiyalari hisoblandi. Doking jarayoni natijalariga ko‘ra, aksariyat
xinazolin hosilalarining bog‘lanish energiyalari o‘rtacha darajada yuqori bo‘lib, 9-10 kkal/mol oralig‘ida joylashgan. Bu natijalar,
xinazolin hosilalarining ko‘plab birikmalari o‘rtasida o‘xshash bog‘lanish samaradorligini ko‘rsatdi. Biroq, 10 dan ortiq xinazolin
hosilalarining bog‘lanish energiyalari ancha yuqori, ya’ni 11 kkal/mol ga teng bo‘ldi, bu esa ularning maqsadli ogsillarga kuchliroq
bog‘lanishini ko‘rsatadi. Ushbu yuqori bog‘lanish energiyasi, ligandning ogsil bilan bog‘lanish mexanizmining samarali ekanligini
va ularning terapevtik imkoniyatlarini yaxshilash uchun potensial ekanligini anglatadi.
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Xulosa. Ushbu magqolada ko‘rsatilganidek Maestro dasturi yordamida olingan natijalar, xinazolin hosilalarining turli
ogsillar bilan o‘zaro alogasini va bog‘lanish kuchlarini tahlil qilishda bir gator gimmatli ma’lumotlarni taqdim etdi. Masalan, yuqori
bog‘lanish energiyasiga ega bo‘lgan xinazolin hosilalari, ko‘pincha ogsillarning faol bog‘lanish joylariga to‘g‘ri keladi. Bu holat,
ligandning ogsilga bog‘lanish mexanizmida kuchli elektrostatik va van der Waals ta’sirlarining mavjudligini tasdiglaydi.
Shuningdek, bu birikmalarda vodorod bog‘lanishlarining yuqori darajada bo‘lishi, ularning biologik faolligini oshiradi.

Olingan natijalardan shuni xulosa gilish mumkinki, molekulyar dokingi amalga oshirilgan tanlangan 7-almashgan-4-
aminoxinazolin hosilalari Janus kinaza (PDB kodi: 4AQC) ogsili bilan yuqori bog‘lanish energiyasiga egaligi, ularning potensial
ingibitor sifatida ishlash imkoniyatini ko‘rsatadi. Ogsilning aktiv joylarida bog‘lanishlar mavjudligi esa farmakologik
samaradorlikka ta’sir qilishi mumkin. Bu olingan natijalar kelajakda yangi dori vositalarini yaratishda foydali bo‘lishi mumkin.

Tadgiqot ishi Sharof Rashidov nomidagi Samarqand davlat universitetida olib borilayotgan “Saratonga garshi dori
vositalari yaratish laboratoriyasini tashkil etish” mavzusidagi ALM-202310062530 ragamli amaliy loyiha asosida
moliyalashtirilgan.
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INFRAQIZIL SPEKTROSKOPIYADA PYROGALLOLNING MOLEKULYAR TEBRANISH TAHLILI
Annotatsiya

Ushbu magolada, pirogallolning molekulyar tebranishlari infragizil spektroskopiyada o'rganildi. Pirogallolning normal koordinata
hisoblari tekislikdagi va tekislikdan tashqgaridagi tebranishlar uchun umumiy valentlik kuchlari maydoni (UVKM) asosida Vilson
FG matritsa mexanizmida amalga oshirildi. ORCA kvant-kimyoviy hisoblash dasturida hisoblashlar amalga oshirilgan. Ushbu
tadgiqotda olingan potentsial energiya konstantalari nazariy hisob-kitoblar yordamida aniglangan. Shuning uchun, bu giymatlar
amaldagi natijalardan bir oz farg qgilishi mumkin.

Kalit so‘zlar: pirogallol, normal koordinatali tahlil, potentsial energiya tagsimoti, Vilsonning FG matritsa mexanizmi, 1Q, ORCA

MOLECULAR VIBRATION ANALYSIS OF PYROGALLOL IN INFRARED SPECTROSCOPY
Annotation

This paper uses infrared spectroscopy to study the molecular vibrations of pyrogallol. In the Wilson’s FG matrix mechanism, the
normal coordinate computations of pyrogallol were carried out using the generalized tensile force field (GVFF) for both in-plane
and out-of-plane vibrations. Calculations were performed in the ORCA quantum-chemical computing program. Theoretical
calculations were used to determine the potential energy constants obtained in this investigation. As a result, there's a chance that
these numbers and the actual outcomes will differ somewhat.

Key words: pyrogallol, normal coordinate analysis, potential energy distribution, Wilson's FG matrix mechanism, IR, ORCA

MOJIEKYJISIPHO-KOJEBATEJIBHBIA AHAJIN3 IIUPOTAJVIOJIA B THOPAKPACHOM CIIEKTPOCKOITNHN
AHHOTALUSA

B oroif cratbe WH(pakpacHas CIEKTPOCKONHS HCIONB3YETCS IS W3y4eHHS MOJEKYIIPHBIX KoyieObaHWi muporamiona. B
MexaHm3Me Matpuisl Bunbcona FG HopMasbHBIE KOOPIUHATHBIC BBIYUCICHUS MHUPOTAUIONa MPOBOAMINCE C MCIIOIB30BaHHEM
00061eHHOT0 Mo Tl pacTspkenus (OIICP) kak s konebaHuit B TUIOCKOCTH, TaK ¥ AJIsI KOJICOaHHI BHE TUTOCKOCTH. PacueTsl
BBIMIOJIHEHBl B TporpamMMe KBaHTOBO-xUMHueckux BblunucieHuidi ORCA. Teopernueckue pacdeTbl HCIOJIB30BAIUCh IS
ONpeAeNeHUs KOHCTAHT MOTSHIIMAIBHON SHEPTUH, MOJIyYEHHBIX B 3TOM HCCIIEIOBaHUU. B pe3ynbTare ecTh BEpOSITHOCTD, YTO ATH
grcia U QaKTHYECKHE Pe3yabTaThl OyIyT HECKOIBKO OTIINYATHCS.

KnioueBble cjioBa: mMUApOramion, HOPMAIBHBIH KOOPAWHATHBIA aHAN3, paclpelesicHHe MOTCHIMAIFHONW YHEPTHH, MEXaHU3M
Mmarpunsl FG Bunscona, UK, ORCA

Kirish. Pirogallolning molekulyar tebranish xususiyatlarini o‘rganish uning kimyoviy o‘zgarishlari va o‘zaro ta’sirlarini
chuqurroq tushunishga yordam beradi. Ushbu tadqiqotda infraqizil (IQ) spektroskopiya ma’lumotlari asosida pirogallolning
tebranish modlari nazariy va eksperimental jihatdan tahlil gilinadi. Vilson FG matritsa mexanizmi va Umumiy Valentlik Kuchlari
Maydoni (UVKM) yondashuvi orqali tebranish chastotalari hisoblanib, molekulyar tuzilish aniglanadi. Tadgiqot natijalari nafagat
molekulyar dinamikani chuqurroq tushunishga, balki pirogallolning ilmiy va sanoat sohalaridagi qo‘llanilishiga ham hissa
go‘shadi.

Adabiyotlar tahlili va metodlar. Infraqizil (IQ) spektroskopiya organik va noorganik moddalarning tuzilishini o‘rganish
va molekulyar tebranishlarni tahlil gilishda muhim usul hisoblanadi [1-10]. Ushbu usul organik birikmalarning funksional
guruhlarini aniglash va kimyoviy muhitdagi o‘zgarishlarini kuzatish imkonini beradi [11-16]. Pyrogallol (1,2,3-trigidroksibenzol)
polifunksional tuzilishga ega bo‘lib, infraqizil spektroskopiya tadqiqotlari uchun ahamiyatlidir.

Infragizil nurlanish molekulalarning valent va deformatsion tebranishlariga ta’sir qilib, ularning spektral xususiyatlarini
aniglashga yordam beradi [17-22]. 1Q spektroskopiya orgali —-OH, —-C=0 va —-C—O-C kabi funksional guruhlar hamda vodorod
bog‘lanishlari aniqlanadi [23,24]. Pyrogallolning 1Q spektrida O—H valent tebranishlari 3200-3600 sm™', C—O valent tebranishlari
1200-1300 sm™* va aromatik halqga tebranishlari 1400—1600 sm™ oralig‘ida kuzatiladi. Erituvchi muhit va suv bug‘lari ta’sirida
spektr chiziqlari o‘zgarishi mumkin.

Tajribaviy natijalarni nazariy hisob-kitoblar bilan tagqoslash muhim ahamiyatga ega. Molekulyar tebranishlar DFT
(Density Functional Theory) va ab initio usullari orqali tahlil gilinib, pyrogallolning vodorod bog‘lari spektral xususiyatlariga
sezilarli ta’sir ko‘rsatishi aniqlangan. Pyrogallol spektri erituvchi muhit va pH darajasiga bog‘liq holda o‘zgaradi [25]. Neytral
sharoitda C—O va O—H bog‘lanishlari yutilish chizig‘i aniq kuzatilsa, kislotali yoki ishqoriy sharoitda ionlanish natijasida spektr
chiziglari o‘zgaradi. Molekulyar tebranishlarni aniq tavsiflash uchun normal koordinata hisoblari muhim rol o‘ynaydi.
Pirogallolning tebranish modlari Vilson FG matritsa yondashuvi va Umumiy Valentlik Kuchlari Maydoni (UVKM) asosida
hisoblanadi.
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Tadgiqgot usullari.

Vilson FG matritsa yondashuvi molekulyar tebranishlarni matematik tavsiflash va hisoblash uchun qo‘llaniladi. Ushbu
yondashuvda F (kuch konstantalari) matritsasi valent bog‘lar va deformatsion burchaklarning kuch konstantalarini, G (geometrik
massalar matritsasi) esa molekulyar koordinatalarning massalar bilan bog‘liq tagsimlanishini ifodalaydi. F x G matritsasining
diagonallashuvi orgali molekulaning normal tebranish chastotalari aniglanadi.

Pirogallolning tebranish modlari tekislikdagi (C—C, C-O, O—H valent tebranishlari) va tekislikdan tashqgaridagi (CH va O—
H bukilish hamda deformatsion harakatlari) modlarga bo‘linadi. Ushbu tebranishlarning chastotalari UVKM modeli asosida
hisoblanib, tajribaviy spektroskopiya natijalari va DFT yondashuvi bilan tagqoslanadi. Bu usul pirogallolning molekulyar
tebranishlarini aniq tavsiflash imkonini beradi.

Tajriba gismi.

Vilson FG yondashuvi infragizil (IQ) va Raman spektrlarida kuzatiladigan vibratsion chastotalarni nazariy jihatdan
hisoblash uchun ishlatiladigan matritsali tenglamalar sistemasiga asoslangan. Ushbu yondashuv molekuladagi barcha atomlarning
o‘zaro bog‘langan tebranishlarini umumiy koordinatalar tizimida modellashtirishga imkon beradi. Vilson teoremasi bo‘yicha
normal tebranish chastotalari quyidagi F x G matritsa tenglamasini yechish orgali aniglanadi:

|[FG — Il =0
Bu erda: F — valentlik kuchlari maydoni (UVKM) asosida hisoblangan kuch konstantalari matritsasi; G — molekuladagi
massalar va geometriya taqsimotiga bog‘liq bo‘lgan geometrik matritsa; A — vibratsion chastotalarning kvadratlari (w?); 1 — birlik

matritsa.

Ushbu determinantni yechish orgali normal modlarning chastotalari (w) olinadi.

1. Koordinatalarni aniglash (Internuclear Coordinates)

Molekulaning harakatini tavsiflash uchun valentlik koordinatalari aniglanadi. Pirogallol uchun asosiy koordinatalar
quydagilar hisoblanadi. Valent bog‘lar uzunligi (r): C-O, C-C, C-H; Burchaklar (8): H-C-C, C-C-O; Tekislikdan tashqgaridagi
burilish burchaklari (z): O—H guruhlarining deformatsiyasi

2. G Matritsasini Hisoblash (Geometrik Matritsa)

G matritsasi molekulaning massalar va geometriya parametrlariga bog‘liq. Bu matritsani hosil qgilish uchun quyidagi
formuladan foydalaniladi:

’ Rt B

Bu yerda: q; va q; — ichki koordinatalar; x;, — atomlarning Dekart koordinatalari; m, — atomlarning massasi

G matritsa molekuladagi har bir tebranish koordinatasiga bog‘liq bo‘lib, diagonal va diagonal bo‘lmagan elementlardan
tashkil topadi. Pirogallol uchun G matritsasi tekislikdagi va tekislikdan tashgaridagi modalar uchun farglanadi, bunda tekislikdan
tashgaridagi modalar odatda past chastotalarga ega bo‘ladi.

F matritsa esa valent bog‘larning kuch konstantalariga asoslanib, tajribaviy yoki DFT hisob-kitoblari orgali aniglanadi.
Pirogallol uchun bu giymatlar anig hisoblanib, uning tebranish xususiyatlarini baholashda qo‘llaniladi (1-jadval).

1-jadval. Pirogallol uchun taxminiy kuch konstantalari giymati

Tebranish turi Kuch konstantasi (mdyn/A°)
O-H valent tebranishi 5.5
C-—H valent tebranishi 4.9
C=C skelet valent tebranishi 4.7
C-0 valent tebranishi 39
O-H bukilish tebranishi 0.9
C—H bukilish tebranishi 0.6
C—C deformatsion tebranishi 0.5
F matritsaning elementlari:
po_ 0
Y 0q;0q;

Bu yerda, V — potentsial energiya funksiyasi.
4. F x G Matritsasining Diagonalizatsiyasi
Oxirgi bosgichda matritsa ko‘paytirish amalga oshiriladi:
FGv = v
Bu oz giymatlar (eigenvalues) va o‘z vektorlar (eigenvectors) ni topish bilan bog‘liq bo‘lib, har bir normal koordinata
uchun vibratsion chastotalarni hisoblashga yordam beradi:
w; = \/A_l
Bundan keyin olingan chastotalar infragizil va Raman spektrlari bilan tagqoslanadi.
Vilson FG matritsa yondashuvi orqali hisoblangan tebranish chastotalari (cm™) taxminan qiymatlari aniglandi (2-jadval).
2-jadval. Vilson FG matritsa yondashuvi orgali hisoblangan tebranish chastotalari (cm™) taxminan giymatlari va tajriba
natijalari

Tebranish turi Eksperimental chastota (cm™) Hisoblangan chastota (cm™', DFT)
O-H valent tebranishi 3200-3600 3300

C-H valent tebranishi 3050-3100 3075

C=C skelet tebranishi 1500-1600 1550

C-0 valent tebranishi 1200-1300 1250

O-H bukilish tebranishi 1300-1400 1350

C—H bukilish tebranishi 800-900 850

C-—C deformatsion tebranishi 500-700 600

Natijalar va muhokama. Kvant-mexanik usullar, jumladan DFT yondashuvi, kuch konstantalarini aniglash va
spektroskopik ma’lumotlarni model qilish uchun samarali yondashuvlardan biri hisoblanadi.

Hisob-kitoblarga ko‘ra, tekislikdagi valent tebranishlar 1200-3600 cm!, tekislikdan tashqgaridagi deformatsion tebranishlar
esa 500-900 cm™ oralig‘ida joylashadi. Eksperimental 1Q spektr bilan tagqoslanganda, bu natijalar mos kelishi kerak. DFT yoki
ab initio hisob-kitoblari esa chastotalar va intensivliklarni yanada anigroq belgilash imkonini beradi.

3-jadval. Pirogallolning 1Q-spektr natijalari va nazariy tahlil tagqoslanishi

-262 -



0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1 2025

Tebranish turi Tajriba chastotalari Nazariy chastotalar | Izoh

(em) (em)
Erkin O—H valent tebranishi 3650-3590 3600-3700 Juda kuchli intensivlik, erkin OH bog‘i mavjud
Vodorod bog* hosil gilgan O-H valent 3500-3320 3200-3500 Vodorod bog*lari tufayli kengaygan yo‘g‘on signal
tebranishi
O—H deformatsion tebranishi 1390-1330 1300-1400 Tajriba va nazariy natijalar juda yagin
(Ar)C=C valent tebranishlari 1500-1400 1500-1600 Aromatik halga valent bog‘lari mos kelmogda
C—OH valent tebranishi 1260-1180 1200-1300 Fenolik guruh ta’sirida keng signal

Tajriba va nazariy hisob-kitoblarning taqqoslanishi shuni ko‘rsatadiki, pirogallolning infraqizil spektri nazariy
modellashtirish bilan yaxshi mos keladi. Erkin OH valent tebranishi (3650-3590 cm™) va vodorod bog‘ hosil gilgan OH
tebranishlari (35003320 cm™) kutilgan chastotalarda kuzatilgan, bu esa kuchli vodorod bog‘lanishlari ta’sirida spektrning pastki
gismiga siljigan. O—H deformatsion tebranishlari (13901330 cm™), aromatik C=C valent tebranishlari (1500-1400 cm™) va C—
OH valent tebranishi (1260—1180 cm™) ham nazariy hisob-kitoblardagi mos chastotalarga yaqin natijalarni ko‘rsatgan. Bu esa
nazariy modelning anigligi va tajribaviy spektr bilan mosligini tasdiglaydi.

100 360460 58277 40808
110330 92341
130490

%T

144233

155729
40

35.0
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
em-1

1-rasm. Pirogallolning 1Q spektri.

Xulosa.

Ushbu magqolada pirogallol molekulasining infraqizil (1Q) spektri va uning Vilson FG matritsasi asosidagi normal
koordinata hisoblari bo‘yicha tebranish tahlili o‘rganildi. Tadqiqot davomida pirogallolning molekulyar tebranish xususiyatlari
tekislikdagi va tekislikdan tashqaridagi tebranish modalariga ajratilib, ularning valentlik kuch maydoni (UVKM) asosida tahlil
qgilindi. Eksperimental va nazariy hisob-kitoblarning taqqoslanishi shuni ko‘rsatadiki, pirogallolning infraqizil spektridagi asosiy
chiziglar nazariy modellashtirish bilan yaxshi mos keladi. Birog, O—H valent tebranish chastotalari eksperimental ma’lumotlarga
nisbatan biroz past chastotada joylashgan. Bu, ehtimol, vodorod bog‘lanishlari natijasida infraqizil sohada signallar kengayishi va
chastotalarning pasayishi bilan bog‘liq. Shuningdek, C—O valent tebranishlari 1250 cm™ atrofida kuzatilib, DFT hisob-kitoblarida
1200-1300 cm™ oralig‘ida prognoz qilingan natijalarga mos keladi. Aromatik halga va C-OH valent tebranishlari esa nazariy
tahlilga juda mos kelmoqda. Tahlil natijalari jarayonning to‘g‘ri olib borilganligini tasdiglaydi. Nazariy hisob-kitoblar va tajriba
natijalari o‘zaro taqqoslanganda, ularning juda yaxshi mos kelishi kuzatildi. Xususan, vodorod bog‘lanishlari infraqizil spektrda
signal chastotalarining pasayishiga sabab bo‘lgani aniqlandi. Ushbu tahlil pirogallolning molekulyar tuzilishi va bog‘lanish
xususiyatlarini chuqurrog tushunish uchun muhim ilmiy asos yaratadi. Kelgusida pirogallol va uning hosilalarining infragizil
spektrlari yanada batafsil o‘rganilishi, aynigsa, DFT (zichlik funksional nazariyasi) hisob-kitoblari bilan bog‘liq holda
chuqurlashtirilishi mumkin.
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POLISAXARIDLARNING SITOTOKSIK FAOLLIGINI HUJAYRA LINIYASIDA O‘RGANISH
Annotatsiya
Ushbu maqolada HeLa va Akat uzluksiz hujayra liniyalarida an’anaviy o‘smaga qarshi dorilar bilan polisaxaridlarning murakkab
birikmalarining sitotoksik faolligi to‘g‘risida ma’lumotlar keltirilgan.
Kalit so‘zlar: polisaxaridlar, sitostatik, sitotoksiklik, hujayra liniyasi, doksorubitsin.

N3YYEHUE MATOTOKCUYECKOMN AKTUBHOCTH IMOJIMCAXAPHUJIOB B KYJbTYPE KJIETOK
AHHOTaALUSA
B craThe npuBeeHs! JaHHBIE O TUTOTOKCHIECKOH aKTHBHOCTH KOMIUTIEKCHBIX COSIMHEHUI MONNCAaXapuI0B C KOHBEHI[HATEHBIMA
MIPOTUBOOMYXOJIEBBIMH NpenapaTamMy Ha nepeBuBaemMoit inHuM kneroxk HelLa n Akar.
KuiroueBble ci10Ba: momrcaxapu s, IUTOCTATHK, IUTOTOKCHIHOCTD, KYJIbTYypa KIETOK, JOKCOPYOHITHH.

STUDYING THE CYTOTOXIC ACTIVITY OF POLYSACCHARIDES IN CELL CULTURE
Annotation
This article presents information about the cytotoxic activity of complex compounds of polysaccharides with conventional
antitumor drugs on a continuous cell lines HeLa and Akat.
Key words: polysaccharides, cytostatic, cytotoxicity, cell culture, doxorubicin.

BBenenne. 3n0kauecTBEeHHbIE HOBOOOPA30BaHMs, OTHOCSIINECS K COIMATBEHO 3HAYUMBIM 3a00JIEBaHUAM, TIPECTABISIOT
OJHYy U3 HanOoJIee OCTPHIX U BAKHBIX ITPOOIIEM KaK ISl MEJUIIIHBI, TaK U A7 (hapMaleBTHKH, KOTOPHIE 3aHUMAIOTCS JTIEICHUEM U
MOUCKOM 3()(EKTUBHBIX CPECTB OOPHOBI C HUMHU.

HecmoTpst Ha OrpoMHBII apceHan CpPencTB JUlsl JICYEHHs OHKOJIOTMYECKHX OOJBHBIX, NMEpEeOBBIE METOJbI JICUEHHS,
XMMHOTEpAIHUsT OCTAIOTCS OCHOBHOI YacThIO JICUSHHUs NaHHOTO 3aboneBaHMs. B HacTosimee BpeMmsi B BelyIIMX MHCTUTYTaxX U
Hay4YHBIX [IEHTPAaX MHUpA, OJHUM W3 NPHOPUTETHBIX HANPABICHUI HAYYHBIX MCCIICIOBAHMI B 00JACTH XMMHOTEpPAIUK OIyXOJIeH
SBIIETCS TIPEOJOJICHHE MHOXKECTBEHHOH JIEKapCTBEHHOH YCTONUYMBOCTH, TaK KaK MPOTHBOPAKOBHIE JIEKAPCTBA C TEUCHUEM
BPEMEHH OKa3aJIiCch He 3 (HEKTUBHBIMH U3-3a Pa3BUTHS CBOMCTBA PE3NCTEHTHOCTH OITYXOJIH II0 OTHOIIECHHIO K rmocienHuM. bornee
TOT0, MHOTHE TIpenapaTsl TOKCHIHBI ¥ IPOSBISIOT NOOOYHBIE ACHCTBHS, T.€. INTOXO BCACHIBAIOTCS, TOPAXKAIOT OPTaHEL, TAKHE Kak
MeYeHb, TTOYKH U T.JI.

AKTYyaJnbHOCTb. B cBA3M ¢ BhIIEIpUBEACHHBIMY JaHHBIMU OCHOBHOM 3a/1aueii XUMHOTEpaInuy OIyXoeil iBnseTcs MOKCK,
0TOOp OMOJIOrMYECKH aKTHBHBIX COSANHEHHH PaCTUTEIBHOTO MPOUCX0XKACHHS, B YaCTHOCTH, Mojncaxapuaos [1,2] u co3nanue Ha
UX OCHOBE MAaKpOMOJICKYJISPHBIX COEIUHEHHH C KOHBEHIMAJIbHBIMU NPOTHUBOONYXOJIEBBIMU IpernapaTaMy HaNpaBJICHHOTO
IPOTUBOOITYXOJIEBIO AEHCTBHS IS AaNbHeHIel pa3pab0oTK1 Ha UX OCHOBE IPOTHBOOITYXOJIEBBIX CUCTEM TapreTHON JOCTaBKH [3].

HccnenoBanus BexyTcs MO HECKOIBKAM OCHOBHBIM HampaBieHUSIM. OJHAM M3 NPHOPUTETHBIX HANPaBICHHUN SBISETCS
aJIeKBaTHAsl CHCTeMa CKPUMHMHTra JUisi 0TOOpa cpexy OONBIIOro KOJNMYECTBA BHOBBH ITOJNyYEHHBIX COCOWHEHHH OMOIOTHYECKH
aKTHUBHBIE BEIIECTBA, BKIIIOYAs IPOTUBOOITYXOJIEBEIE. Takol cucTeMOi SBIseTCS Ky IbTypa KIETOK [4].

Henbio nccae0BaHUS IBIICTCS H3yUEHHE IUTOTOKCHIECKOH aKTHBHOCTH KOMIUIEKCHBIX COSINHEHHH ITOJIMCaxapruaIoB C
KOHBEHIIMAJILHBIMH IIPOTUBOOIYXOJIEBBIMH IIpeNapaTaMy Ha NepeBruBaeMoii tuHuM kietok Hela u Akar.

Martepuanbl U MeToAbl. HHU3KOMOJEKyIspHBIE ONMrocaxapHibl IalakKTOMaHHAaHA, KOMIUIEKCHBIC COCIUHEHHS HX C
KOHBEHIMAJIIHBIMHU IPOTHBOOIYXOJIEBBIMU TpenapaTaMy ObLIM IOJy4YeHbI U OXapaKTepH30BaHbI B JJAOOPATOPUH OMOJIOTHUECKH
AKTHBHBIX MaKpOMOJIEKYJISIPHBIX cUCTeM [5].
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Jinst  modydeHWS KOMIUIGKCHBIX — COCIMHEHHMI ¢  ONurocaxapujaMy TrajlakKTOMaHHAaHa OBUTM  HCIIOJBb30BAaHBI
HPOTHUBOOITYXOJIEBBIE PEIAPATHI JOKCOPYOHUIIMH — IPOTHBOOITYXOJIEBbIH aHTUOMOTHK aHTPALMKINHOBOTO psijia U Gropyparii —
MIPOTHBOOIYXOJIEBBII NpenapaT U3 IPyIIbl aHTUMETA00IUTOB, QHTATOHUCTOB ITUPUMH/IMHOB.

HelLa — 310 «O6eccmepTHBIe» KIIETKH, MPUMEHsEMbIe BO MHOXKECTBE HAyYHBIX HCCICIOBAHHUN B 00NacTH OHOJOTHU U
¢dapmakonoruu (puc. 1). Jlunns wiertok HeLa Obita monydena B 1951 rogy u3 pakoBoOi OMyXOJH IISHKH MaTKH MAIUSHTKH 110
nmenn ['enpuerta Jlakc (Henrietta Lacks), B uecTh KOTOpO# KiIeTKH OBUTM Ha3BaHBI TaK. DTH KIETKH, IMUTHPYIOIIHE OpTaHU3M
YeJI0BeKa in Vitro «BEYHBI»— OHU MOTYT OECKOHEYHO JETUTHCS, PE3yIbTaThl HCCIIEOBAHNI C X MCIOJIB30BAaHUEM JJOCTOBEPHO
BOCIIPOH3BOJIITCS B Pa3HBIX J1aboparopusix. Ha mosepxnoctr kierok Hela mmeercst yHuBepcanbHBIH HabOp penenTopoB, 4TO
MO3BOJISIET MCIIONB30BaTh MX MJISI WCCIENOBAaHMS JCHCTBHS Pa3IMUHBIX OHOJIOTHMYECKH AaKTUBHBIX BEIIECTB, OT IIPOCTBIX
HEOPraHUYeCKUX J10
OTH KIETKM OKa3ald 3HAaYMTENbHOE BIMSHHE B Pa3pabOTKe BAKLMHBI OT MOJMOMHEINTA, B HCCICAOBAHUHM OHKOJOTHYECKHX

b 3 D W Ny ST et
Pucynox 1 Knemxu HeLa  Genkos  [6].
Knerkn Akar BBIBEZCHBI NOKTOPOM OHONOTHYECKMX HAYK, CTapIINM HAy4YHbIM coTpyaHukoM 3.C. XammMmoBO# c
coTpynHukamMu MHCTHTyTa OMoopraHmdeckoi xumun uM. akagemuka A.C.CanpikoBa AH PY3 u3 ageHOKapumuHOMBI TOHKOTO
KunieyHnka Melm [7]. Kinetkn MHOTOYTONBHBIE, C SPKO BBIACICHHBIMH SIPAMHU U MTOX0XH Ha SIHUTEIUATBHBIC KICTKH (pHC. 2).
dopma sipa OBaIBHO-OKPYTJIas ¥ UMEET JIBE WIN TPHU sIAPHIIKY. KITeTkH MI0THO IpHIIeraroT K cyOCTpaTy M K KOHILy (a3bl pocta
00pa3yroT cIuiomHoi MoHocioH. «KynmbTypa KiIeTok AKaT MOKeT OBITh HCHOJIB30BaHa I CKPUHMHra LIMPOKOTO Kpyra
OMOJIOTMUECKN aKTHBHBIX BELIECTB, a TAKXKE M3YUCHUS MEXaHH3Ma

. -_ I DS P > s 3 <
Pucynok 2 Knemkxu Axam NecTBUsI BEIECTB HA KIETKU.»

Jlnst onpeneseHyst IUTOTOKCHYECKOT0 JeHCTBUS rajJakTOMaHHaHa, IIMTOCTATHKOB U MX KOMIUIEKCOB, KJIETKH PAcCEeBaH B
96-nynounble miaHmersl B konudectBe 20-30 Thic. kieTok/Mma B 100 mxa cpexst RPMI 1640, KOTOpBIH COAEPIKHUT TITIOTAMHEH,
AHTHOMOTHK - AHTUMUKOTHK ¢ 10% CHIBOPOTKM SMOPHOHA TETEHKA U KyIbTHBHpOBany ipH Temreparype 37°C 8 CO2 — uaKy6atope
[8]. Uepes cyTku BBOAWIN KOMIUIEKCHI MojmcaxapuaoB B go3ax 100, 10 u 1 mxr/mi Ha 100 MK cpenbl, KyIbTHBUPOBAIH KIETKH
B TeyeHue 24 yacoB ¥ Jajee BBOAWIH B KieTku MTT- 3-(4,5—aumerunruazon—2—ui)—2,5—nudennn—2H TeTpa3ooBblil KpacuTelb,
KOTOPBIH MO BO3/eHCTBHEM (DEpPMEHTOB MUTOXOHIPHUH mpuoOperaeT cuHIO okpacky [9]. Ilocie wacoBoit mHKyOaumu cpemy
0cTOpOoXKHO cinBaiy, fobassm JIMCO u nakyOupoBany 20 MUH., 3aTeM U3MEPSUIN ONITHYECKYIO TNIOTHOCTh PacTBOPA IIPH JUTHHE
BoustHbI 620HM [10].

Konrposem Obuti KiieTkH 6€3 BO3JEHCTBUS BelllecTB. B kauecTBe MOJIOKHUTEIBHOTO KOHTPOJIS UCIONB30BANIN [IUCIUIATHH.
«llpcrmaTiH - CHHTETHYECKHi MPOTHBOOITYXOJEBEIH Tpernapar, o0nafaeT CBOMCTBaMH OM(YHKIIMOHAIBHBIX ANKIITHPYIOIINX
areHToB, 00pa3yloMNX MEXHUTEBbIC W BHyTpuHMTeBBle cmmBkU B JJHK, Tem cambiM Hapymmias ee (yHKIHH, 9YTO TPHBOJHUT K
rudenu kietok [11].»

Pe3yabTaThl u nx o0cy:kaeHue. Panee B maboparopnu OMONIOTHIECKH aKTHBHBIX MAKPOMOJICKYIISIPHBIX CHCTEM TTOJTyIeHBI
U 0XapaKTepH30BaHbl HU3KOMOJIEKYJISIPHBIE MOJIUCAXapU/Ibl, HOJIY4eHbl MOAU(PUIIMPOBAHHbIE INTOTOKCHYECKUMH COCANHEHUSIMH
MaKpOMOJIEKYJIIPHBIE KOMIUIEKCHI Pa3JIMYHON KOH(OpMAIMH, CBS3aHbIE C IMTOTOKCHYECKUMH COCIMHEHMSAMH II0CPEICTBOM
Pa3IMYHBIX XUMUYECKHX CBSI3eH.

B nanHOif paboTe MpoOBEJEH CKPHHMHI HEKOTOPHIX ITOMYYEHHBIX COEAMHEHHMH B KyJNbType KIETOK JUIS BBISBICHUS
TIEPCTIEKTUBHBIX COSANHEHHH.

Hamu m3ydeHa mUTOTOKCHYECKast aKTHBHOCTB ITPENAapaToOB JOKCOPYOUIIMH, (GTOPYpalI, TO3WIXIOPH] U OJIMTOCaXapH
rajJakTOMaHHaH Ha KietouHoi muand Hela. JlanHbIe IpencTaBieHsl B Tabmume 1.

Taonuuya 1
JlelicTBue BelllecTB Ha IIEPEeBUBAEMYIO KJIETOUHYIO uHII0 Hela
R [Toxsensmme exmrowenmz MTT
E EIaTEH, Yo

OSpasu: 100 10

ZaxromaEman (1) 0{105) 0(100)
ILoxcopyoraoa. (1) 76.4 342
Propvpam (Fu) 2.3 28.5
[Tosuaxzopma (TsCD 38.6 38.7
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Kak

CJIeAyeT U3 JdaHHbIX Ta6III/IIIBI Ha xierkax Hela ramakromMmaHHaH He MPOABJIACT HUTOTOKCHYCCKYIO aKTHUBHOCTb.

LluToTOoKCHYEeCKast akTUBHOCTb IpH J1o3ax 100 u 10MKr/mit uist nokcopyounmna cocrasuna 76,4 % u 34,2%, dropypaunna 82,3%
u 28,5%, u Tozwixnopuna 38,6% u 38,7%, COOTBETCTBEHHO.
Wzyueno neiicTBue HIDKECTEIYIONMX KOMIUIEKCHBIX coeqMHEeHNI Ha kieTkax Hela. JlanHble mpuBeaeHs! B TabauLe 2.

Tabnuua 2
JlelicTBIC KOMIUTEKCHBIX COCIMHCHUI Ha IIEPEBUBACMYIO KIICTOUHYO JinHII0 Hela
MER/ M Tonaensawe exmionsua MT s xnetrie, %
Obpasusr 100 10
r-I 77.6 823
r-Iu 56.4 273
r-TCL 180 130
Hucnatis 87.8 42

Kak cnenyer u3 nanubix Tabmumsl 2, komruieke -/ mpu qo3ax 100 1 10 MKT/MII IPOSBIISET IATOTOKCHIECKYEO aKTHBHOCTh

B mpezenax 77,6 u 82,3, npuueM B HU3KHX 103ax (10 mMxr/min) Gonee momasisiet poct kierok. Kommieke I'- Fu monasmser pocr
KJeToK Ha 56,4% u 27,3%, xomimiekc I'- TsCl Ha060poT cTuMynupoBal mposxepanuio KIeTOK U aKTHBHOCTH KJIETOK B IIpeferax
180% u 130%.

Ha xnerkax Akat raJakToMaHHAH NPOSBIII HE3HAUUTEIBHYIO IITOTOKCHYECKYIO aKTHBHOCTS B mpezenax 10-15%. Knerkn

AKaT OKazaluch MEHEee YyBCTBHTENBHBIM K JOKCOpYyOUIMHY. LluTOTOKCHYEeCKash akTHBHOCTh HaXOAMJIACh B mpexaenax 52-57%.
KoMIIIeKChI TaKxKe MPOsIBUIIM HEOOJIBIIYIO [IUTOTOKCHYECKYIO aKTHBHOCTb.

BeiBoa. Takum 06pa3oM HaAMH yCTaHOBJIEHO, YTO HAHOOJBIIYIO IUTOTOKCHIECKYIO aKTHBHOCTD IPOSBUI KomIutekc I'-/1,

IPpHUYEM B HU3KUX 103aX aKTUBHOCTH OoJee BbIpa>K€Ha.

10.
11.
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ADSORBENTLAR YARATISH UCHUN NAVBAHOR BENTONITINING TARKIBI VA STRUKTURAVIY
XUSUSIYATLARINI O‘RGANISH
Annotatsiya

Bentonit namunalarining tuzilishi va tarkibini aniglash uchun rentgenofazali, elektron mikroskopik, termik va spektral kabi tahlillar
o‘tkazildi. Rentgen diffraktogramma XRD Empyrean PANanalytical rentgen difraktometrida zamonaviy difraktometr tadqiqot
jarayonini avtomatlashtirish, va PDWin va PELDos dasturiy paketlaridan foydalangan holda shaxsiy kompyuter yordamida
ma’lumotlarni yozib olish va qayta ishlash imkonini beradi. Dioktaedrik strukturali montmorillonit refleks dozo = 0.446 nm bo‘lishi
uning qatlamli joylashuvida tetraedrik kremniy gatlami bilan ajratib turuvchi ikkita oktaedrik alyuminiy yoki magniy gatlami
borligini tasdiglaydi. Montmorillonit minerali asosiy sorbsion aktivligi B1 gil namunasida 54-56 mos%, B2 namuna esa taxminan
54-57 mas% tashkil giladi.

Kalit so‘zlar: Ishqoriy (B1) va ishqoriy yer (B2) gil, bentonit, montmorillonit, Adsorbsiya izotermasi, katalizator, solishtirma sirt
yuza, g‘ovakning o‘rtacha o‘lchami.

N3YUYEHHUE COCTABA U CTPYKTYPHBIX CBOMICTB HABEAXOPCKOI'O BEHTOHHUTA JIJIS CO3JJAHUSA
AJICOPBEHTOB
AHHOTanUs

Jnst ompeneneHus CTPYKTYphl M coCTaBa 00pa3noB OCHTOHHMTAa OBUIM IIPOBEICHBI PEHTI€HOCTPYKTYPHBIH, 3JIEKTPOHHO-
MHUKPOCKOIIMYECKUH, TEPMUUECKHI U CIIEKTPAIGHBIN aHAIN3bl. PeHTreHoBcKkas nudpakrorpaMma PeHTreHOBCKUT TudpaKkToMeTp
XRD Empyrean PANanalytical CoBpeMeHHBII AU(pPaKTOMETpP MO3BOJIIET aBTOMAaTU3UPOBATH MPOLIECC UCCICOBAHMA, a TaKXKe
MPOU3BOJUTH PETUCTPANNIO U 00pabOTKy JaHHBIX C MOMOIIBIO MEPCOHANTBFHOTO KOMITBIOTEPA C HCIIOIb30BAHUEM MPOTPAMMHBIX
naketoB PDWin u PELDos. ToT ¢akT, 9T0 MOHTMOPHIIOHHT C TUOKTa3IpUUECKON CTPYKTYypoil nMmeet otpakerne d020 = 0,446
HM, TTOJTBEPKIACT, YTO €r0 CIONUCTAs CTPYKTYpa COCTOMT M3 IBYX OKTad3APHUYECKHX CIIOEB aJIOMUHUS WM MarHus, pa3eineHHbIX
TETPadIPUUECKUM ciioeM KpeMHHs. OCHOBHas COPOIMOHHAsI aKTUBHOCTh MUHEpajia MOHTMOPHIUIOHUTA cocTaBisieT 54-56 mac.%
B 06pasue riauHbl b1 n okorno 54-57 mac.% B oOpasue b2.

Karwuesnbie caoBa: Illenounas (B1) u menounosemensHast (B2) rinHa, GEHTOHUT, MOHTMOPHJUIOHHUT, M30TepMa aacopOIny,
KaTanu3aTop, yAenbHas IIOBEPXHOCTh, CPEIHUH pa3Mep Top.

STUDYING THE COMPOSITION AND STRUCTURAL PROPERTIES OF NAVBAKHOR BENTONITE FOR THE
CREATION OF ADSORBENTS
Annotation

To determine the structure and composition of bentonite samples, X-ray phase, electron microscopic, thermal and spectral analyses
were carried out. X-ray diffractogram XRD Empyrean PANanalytical X-ray diffractometer allows for automation of the research
process, and data recording and processing using a personal computer using the PDWin and PELDos software packages. The
presence of a dioctahedral montmorillonite reflex d020 = 0.446 nm confirms the presence of two octahedral aluminum or
magnesium layers separated by a tetrahedral silicon layer in its layered arrangement. The main sorption activity of the
montmorillonite mineral is 54-56 wt% in the B1 clay sample, and about 54-57 wt% in the B2 sample.

Key words: Alkaline (B1) and alkaline earth (B2) clay, bentonite, montmorillonite, Adsorption isotherm, catalyst, specific surface
area, average pore size.

Kirish.Tabiiy seolitlar SiO4 va AlO4 tetraedradan tashkil topgan kristalli aluminosilikatlar bo‘lib, yuqori sirt yuzasi, bir
xil va aniq mikrog‘ovaklik, tanlab ta’sir etuvchanligi, yuqori ion almashinish qobiliyati, kuchli Brensted kislotasi va yuqori termal
va gidrotermik bargarorlikka ega ekanligi bilan ajralib turadi [1]. Shuning uchun mezog‘ovakli tuzilishga ega bo‘lgan yuqori
kremniyli seolitlar ion almashinuvi [2], katalizatorlar, membranani ajratish va adsorbentlar kabi ko‘plab atrof-muhit va sanoatning
boshqa sohalarida keng qo‘llanilgan[3].

Mezog‘ovakli tuzilishga ega bo‘lgan yuqori kremniyli seolitlarni sintez qilish uchun ishlatiladigan asosiy xom ashyo
kremniy va alyuminiyning turli manbalari bo‘lib, ular odatda natriy silikatlar, natriy aluminat, alyuminiy tuzlari yoki kolloid
kremniydan iborat. Biroq, mezog‘ovakli tuzilishga ega bo‘lgan yuqori kremniyli seolitlarni sintez qilishning an’anaviy usullari
odatda kimyoviy reagentlarni boshlang‘ich material sifatida yoki gidrotermik sharoitda gel yoki shaffof eritmadan kristallanishni
o‘z ichiga oladi, bu esa yuqori narx, haddan tashgari chigindilar va atrof-muhit uchun noqulay tabiatning kamchiliklariga ega[4,5].
Shuning uchun mezog‘ovakli tuzilishga ega bo‘lgan yuqori kremniyli seolitlarni tejamkor sintez qilish uchun ko‘plab urinishlar
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olib borilmoqda. Umuman olganda, tabiiy aluminosilikat va silikat minerallari keng o‘rganilgan, chunki ular tejamkor
rekursorlardir va sintez xarajatlarini kamaytirishga olib kelishi mumkin. Hozirgacha kaolinit, bentonit [6], dala shpati va boshqga
prekursorlar kabi tabiiy minerallardan mezog‘ovakli tuzilishga ega bo‘lgan yuqori kremniyli seolitlarni sintez qilish bo‘yicha
ko‘plab tadqiqotlar o‘tkazildi[7].

Oqava suvlarni samarali tozalashga qodir yangi nanosorbentlarni ishlab chiqish maqgsadida O‘zbekistonning tabiiy
boyliklarini, shu jumladan Navoiy konidagi gillarni o‘rganish katta nazariy va amaliy ahamiyatga ega[8].

Ayni paytda jahonda suvni tozalash muammosi ekologik va texnologik chaqiriqlar oldingi o‘rinda eng dolzarb muammo
bo‘lib turadi. Chuchuk suv resurslari tobora cheklanib bormoqda va suv resurslarining sanoat, qishloq xo‘jaligi va maishiy
chigindilar bilan ifloslanishi jiddiy ekologik ogibatlarga olib keladi. Ushbu muammo aksariyat mamlakatlar, shu jumladan
O‘zbekiston Respublikasi uchun ham dolzarbdir[9].

Tadgigot metodologiyasi. Ayni paytda jahonda suvni tozalash muammosi ekologik va texnologik chagiriglar oldingi
o‘rinda eng dolzarb muammo bo‘lib turadi[10]. Chuchuk suv resurslari tobora cheklanib bormoqda va suv resurslarining sanoat,
qishloq xo‘jaligi va maishiy chigindilar bilan ifloslanishi jiddiy ekologik ogibatlarga olib keladi. Ushbu muammo aksariyat
mamlakatlar, shu jumladan O‘zbekiston Respublikasi uchun ham dolzarbdir[11].

O‘zbekistonda suv resurslari qishloq xo‘jaligi va aholini ichimlik suvi bilan ta’minlash uchun muhim ahamiyatga ega.
Respublikamizda smektit guruhi minerallari asosida funksional materiallar — samarali adsorbentlar va katalizatorlar ishlab chigarish
texnologiyasini modernizatsiya qilish bo‘yicha salmoqli natijalarga erishilgan[12].

Magbul sorbentlarni aniglash magsadida Navbahor konining (Navoiy viloyati) montmorillonit saglagan gillari tadgiqg
qgilindi. Bentonit namunalarining tuzilishi va tarkibini aniglash uchun rentgenofazali, elektron mikroskopik, termik va spektral kabi
tahlillar o‘tkazildi.

Tahlil va natijalar. Namunalarning elektron mikroskopik tasvirlari va elementar tarkibi haqidagi ma’lumotlar EVO MA10
SEM skanerlash elektron mikroskopi yordamida olingan. Mikroskop tabiiy muhit rejimida (0,1 atm. qoldiq bosimda) tadgigot
o‘tkazish funksiyasiga ega bo‘lib, namuna bo‘limlarini tayyorlash uchun Magnum ion kolonkasi bilan jihozlangan va ichki
tuzilmani gatlam-qatlam tahlil giladi. Ishqoriy (B1) va ishqoriy yer (B2) gil namunalari o‘xshash oksidlarni o‘z ichiga gamrab
olgan bo‘lib, bu bentonit gillarining odatiy tarkibini aks ettiradi. Biroq, namunalar orasida ba’zi oksidlarning konsentratsiyasida
farglar mavjud. Namunalarda asosiy komponentlar sifatida SiO2 va Al203 mavjud bo‘lib, bu bentonit gillari uchun xosdir. Ikkala
namunada turli migdorlarda Fe203, FeO, P20s, SO3 va CO2 mavjud.

Tahlil va natijalar. Tabiiy gilning kimyoviy tarkibi analitik kimyo usulida quydagi oksidlar borligi aniglandi.

Tabiiy bentonit gili namunalarini kimyoviy tarkibi % massa birligi (1-jadval)
Namuna S0 |ALOs [Fe0s |0 [cao  [mgo  |Ne0 |k |Pos  [so:  [co. e
Qurug moddaga nisbatan % tarkibi

Ishqori
Ishqoriy 578|151 |26 23 08 13 31 15 o2 04 04 14,5
Ishqoriy yer B2 |6L2 | 159 |23 31 32 31 11 06 |03 03 03 85

Bundan tashqari o‘rganilayotgan namunalarning mineralogik tarkibi rentgen fazaviy tahlillar asosida aniqlandi (2-rasm).

B1 namuna uchun montmorillonit 1,781; 1,413; 0,455; 0,169; 0,166; 0,150 nm dagi reflekslar bilan aniglangan. Ushbu
namunadagi montmorillonit 1,23 nm oraliq masofaga ega d001 refleksi bilan aniqlangan bo‘lib, undagi montmorillonit
qatlamlarining xarakterli tuzilishini ko‘rsatadi. Tabiiy sharoitda montmorillonit gatlamlari orasida suv molekulalari mavjud
bo‘lishi mumkin bo‘lib, 1,23 nm masofa suv molekulalarining strukturada mavjudligini aks ettiradi.

\WM . 2-rasm. Bentonit
namunalarining
difraktogrammalari:
1) B1; 2) B2.
“\-/“\rut_,../’w 2

doo1=1,47 refleks shuni ko‘rsatadiki, B2 namunasidagi montmorillonit asosan kalsiyli va magniyli shakllarda ifodalanadi.
do20=0,446 nm refleksning mavjudligi montmorillonitning dioktaedral tuzilishini tavsiflaydi, bu esa kremniyning tetraedrik
gatlami bilan ajratilgan alyuminiy yoki magniyning ikki oktaedrik gatlamlaridan tashkil topgan gatlamli tuzilishini tasdiglaydi.
Ushbu tuzilish montmorillonitlarga xos, biroq doo1=1,47 nm reyleks mineral qatlamlari orasida qo‘shimcha suv molekulalari yoki
boshqa moddalar bo‘lishi mumkinligini ko‘rsatadi, bu esa gatlamlararo kationlar sifatida kalsiy va magniy borligidan dalolat
beradi. Shunga ko‘ra, bu natriy montmorillonitlarga nisbatan ushbu bentonitning suv yutish qobiliyati va plastikligini oshirishi
mumkin.

200 20.0 40.0 S0.0
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3-rasm. B1 namunaning mikrotasviri. 4-rasm. B2 namunaning mikrotasviri.

B1 namunasining mikrotasvirlarida montmorillonit asosan mikro va ultramikroagregatlar ko‘rinishida tasvirlangan.
Ma’lum joylarda bir-biridan turlicha masofada va chetki sohalarda joylashgan nayzasimon yirik zarrachalar aniglangan. B2
namunasida esa montmorillonit kristallarining xarakterli taqsimoti o‘zgacha tus olgan bo‘lib, uning boshqa minerallar bilan
yondosh joylashganini ko‘rsatadi. Bunday agregatlar odatda 20 dan 80 mkm gacha bo‘lib, turli xil zichlikda quritilgan barglar
shakliga qiyosdir. Montmorillonit kristallarining o‘ziga xos morfologik ko‘rsatkichlari rentgen nurlari diffraksiyasi va termik
tahlillar natijalariga mosdir (3- va 4-rasm). B1 va B2 namunalarining energodispersion tahlil natijalariga ko‘ra elementlarning
kamayishi quyidagi ketma-ketlikda joylashgan: O, Si, Al, Na, Ca va boshqalar, ularning konsentratsiyasi esa gil namunasining
turiga qarab o‘zgaradi. Asosiy sorbsion faol mineral hisoblangan montmorillonit BI namunada uchun 54-56 % ni va B2 uchun
taxminan 54-57 % tashkil giladi. Namunalarda kimyoviy tahlilga ko‘ra O, Su, Al, Na va Ca kabi kimyoviy elementlarning turli
tarkibda bo‘lishini ko‘rsatdi, bu turli mineralogik tarkibni va gillarning xususiyatlaridagi potensial farqlarni ko‘rsatdi.

Shunday qilib, har tomonlama o‘rganish gil namunalarining tarkibi va tuzilishi haqida qimmatli ma’lumotlarni olish
imkonini berdi, bu ularning xususiyatlarini yanada o‘rganishni davom ettirish va turli sohalarda qo‘llanilishi bildiradi.

Tarkibning granulometrik tahlili cho‘kindini doimiy tortish usuli yordamida amalga oshirildi. Katta zarrachalar ulushi
(>100 mkm) B2 gil namunasida B1 ga nisbatan yuqori (birinchi usulda mos ravishda, 19,5% ga nisbatan 15,1%, ikkinchi usulda
31,2% ga nisbatan 39,3%). Biroq, har ikkala usulga ko‘ra, B2 namunadagi yirik zarrachalarning ulushi Bl namunaga nisbatan
yuqori. B1 gili (80,6 mgekv/100 g) B2 giliga (65,5 mgekv/100 g) nisbatan solishtirilganda katta kation almashinish sig‘imiga. Bu
B1 gilining tarkibida kation almashinadigan xususiyatlarga ega bo‘lgan ko‘proq qatlamli minerallar mavjudligidan dalolat beradi.

Azot adsorbsiyasi asosida umumiy g ovaklik, g‘ovaklar hajmi va tagsimoti kabi parametrlar aniqlangan bo‘lib, bu ularning
adsorbsion faolligini baholash imkonini beradi. Quyida olingan izotermlar keltirilgan (5-rasm).

i R-‘" 1 -,I
N
-
e
£, 0 & § 05 4 & 8 5 &
T

A) B)
5-pacM. A3oTHuHT agcopouus n3otepmiapu: A) b1; B) B2
5-rasm. Azotning adsorbsiya izotermlari: A) B1; V) B2
Olingan izotermlar tegishli adsorbsion tenglamalar bilan tavsiflangan, olingan ma’lumotlar 2-jadvalda keltirilgan.

2-jadval
Bentonitlarning tekstur xususiyatlari
Namuna | S', m?/g 2, m2lg Va, gm*/g Vi, sm*/g R, A D", A D™, A
Bl 56,3 65,4 0,089 0,101 41,48 16,36 6,51
B2 42,7 62,5 0,071 0,082 45,65 18,44 8,43

1- BET bo ‘yicha nisbiy yuza; 2 — Lengmyur bo ‘vicha nisbiy yuza; ** - g ‘ovakning o ‘rtacha kengligi; *** - mikrog ‘ovak
o ‘rtacha hajmi; R — g ‘ovakning o ‘rtacha o ‘Ichami.

B1 namunasi yuqori solishtirma sirt yuza va kichikroq g‘ovaklarga ega bo‘lib, bu uni adsorbsiya va kataliz kabi ma’lum
jarayonlarda foydalanish uchun samarali bo‘lishi mumkin. Boshga jihatdan, B2 namunasi katta g‘ovaklarga egaligi bois extimol
yugori o‘tuvchanlik talab gilinadigan boshga vazifalarda afzalroq bo‘lishi mumkin. Tabiiy gillardan foydalanganda og‘ir metall
ionlarini adsorbsiyalash jarayonida montmorillonitning kristall strukturasining almashinish tugunlaridan kationlar ajralib chigadi,
bu esa ushbu kationlarning eritmalardagi metall ionlari bilan almashinishini bildiradi.

6- va 7-rasmlarda o‘rganilayotgan bentonitlarda mis (II) va qo‘rg‘oshinning (II) adsorbsiyasi izotermlari (jarayon
sharoitlari: (t=25+1°C, pH=7)keltirilgan.
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6-rasm. Pb?* adsorbsiyasi izotermlari: 7-rasm. Cu?* adsorbsiyasi izotermlari: 1) B2; 2) B1.
1) B2; 2) B1.

Adsorbsiya izotermasidan ko‘rinib turibdiki, B1 namunasi A (mg/g) adsorbsiya miqdorining yuqori qiymatlari bilan
tavsiflanadi va uning giymati 40 mg/l muvozanat konsentratsiyasida Pb?* va Cu?* bo‘yicha mos ravishda 111 va 120 mg/g ni tashkil
etadi. Bl namuna uchun adsorbsiya izotermlari B2 dan farqli o‘laroq, yaqqol zinasimon ko‘rinishni namoyish etib, bunda
abssissadagi muvozanat konsentratsiyasining ortishi bilan ionlar konsentratsiyaning bir xil o°sishi kuzatiladi.

Xulosa va takliflar. Mineralogik tadgigotlar B1 va B2 namunalarida montmorillonitni yugori ekanligini va bu gillarda faol
sorbentlar ko‘p ekanligini tasdiqladi. Elektron mikroskopik tahlil montmorillonit agregatlarining turli shakllarini ko‘rsatadi, bu
namunalar orasidagi minerallarning mikro tuzilishidagi farqni aks ettiradi. Gilning kimyoviy tarkibi xilma xil bo‘lib, bu ular
tarkibidagi O,Si,Al,Na va Ca elementlari miqdorda ko‘ra, bu ularning mineralogik xossasi turlicha ekanligini xarakterlaydi. B2
asosan yirik va o‘rta o‘lchamli g‘ovaklikni o‘z ichiga oladi, B1 gil esa mayda teshikchalardan iborat bo‘ladi.

B1 va B2 gillar tahlili ko‘rsatdiki ularni kation tarkibi va xossalari turlicha ekan. B1gil tarkibiga Na+ kation ustunlik qilsa,
B2 gilda nishatan yugori kation almashinuvi kompleksiga ega, Ca?* ustunlik giladi. Bu farglar bu gillarning turli mineralogik tabiati
va shakllanish sharoitlaridan dalolat beradi. B1 gilning yuqori kation almashinuv xossasi uning tarkibida smektit kabi gatlamli
minerallar ko‘pligi bilan bog‘liq. B1 va B2 gil namunalarining tekstura xususiyatlarini o‘rganish davomida ularda sezilarli darajada
farqlar borligini ko‘rsatdi. Blnamunani solishtirma sirt yuzasi B2 namunaga nisbatan ancha katta, bu B1 ning yuqori adsorbsion
quvvatga ega ckanligidan dalolat beradi. Shu bilan birga, B2 namunasidagi mikrog‘ovaklarning o‘rtacha hajmi kattaroqdir, bu
uning katalitik jarayonlardagi moddalar bilan intensiv ta’sir o‘tkazish xususiyatlarida namoyon bo‘ladi.

Adsorbsiya jarayoni kinetiksini o‘rganish davomida shu narsa ayon bo‘ldiki, adsorbsiyaning birinchi faol bosqichi metall
kationlarining sorbsiya tezligi maksimal katta bo‘lishi aynigsa ko‘zga tashlanadi. Bl namunasi dastlabki vaqt oralig‘ida yuqori
adsorbsion faollikni ko‘rsatdi, bu elektrostatik o‘zaro ta’sirlar va sirtdagi faol markazlarning yuqori zichligi bilan bog‘liq bo‘lishi
mumkin. Keyingi jarayonlarda, sirt yuza qatlamning faolligini pasayishi va sorbent ichidagi faol joylarga kationlarning ko‘chishi
tufayli adsorbsiya jarayoni sekinlashadi. B1 va B2 gillarida mis va qo‘rg‘oshin ionlarining sorbsiyasida farq qayd etildi. B1 uchun
adsorbsiya izotermlar pog‘onali (zinasimon) ko‘rinish bilan ifodalandi, B2 da esa bir xilda o‘sishi kuzatildi. Bu namunalarning
kimyoviy va mineralogik tabiati va ularning g‘ovakli tuzilishidagi farq bilan bog‘liq bo‘lishi mumkin.

Shunday qilib, olib borilgan tadqiqotlar sorbentning o‘ziga xos xususiyatlarini va adsorbsiya jarayonining xususiyatlarini
hisobga olgan holda to‘g‘ri tanlash muhimligini ta’kidlaydi.
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THE COMPOSITION OF THE SOIL OF THE TERRITORY OF ALMALYK MMC, TASHKENT REGION HEAVY
METALS AND CR, PB IONS BY SORPTION-SPECTROSCOPIC METHODS DETECTION AND MONITORING
Annotation
In the study, the soil samples taken from the Almalyk mining and metallurgical combine and nearby areas were studied by mass
spectrometric (ICP-MS) analytical methods. The analysis results of Co, Ni, Zn, As, Sc, Cu, Se, Rb, In, Ce, Cr, Pb from the heavy
metals in the analyzed soil are presented. As a result of monitoring, Cr and Pb ions were detected in relation to the permissible

limit and were found to be higher than RPL.
Key words: Heavy metals, soil, mass spectrometry, inductively coupled plasma (1SP), mass spectrometry (MS), MPS, monitoring,
Tashkent region, Almalyk MMC, sorption spectroscopy.

COCTAB IIOUYBbI TEPPUTOPHUHU AJIMAJBIKCKOI'O 'MK TAIIKEHTCKOM OBJACTH TSKEJIBIE
METAJLJIBI 1 HOHBI CR, PB COPBIIMOHHO-CIIEKTPOCKOIMAYECKUI METOJIAMHA OGHAPYKEHUE U
MOHUTOPUHI"

AnHOTaLUA
B xozne nccienoBanus npoObl MOYBEI, OTOOpaHHBIE HAa TEPPUTOPHUH AJIMAIIBIKCKOTO TOPHO-METAJLTypPrHYecKOoro KOMOMHaTa 1
OnM3IIeKAIUX TePPUTOPHH, OBUTH M3ydeHEI Macc-criekTpoMerpudeckumu (ICP-MS) ananmutnaecknmu Metonamu. I1pencraBieHsl
pesynbrarsl aHanmm3a Co, Ni, Zn, As, Sc, Cu, Se, Rb, In, Ce, Cr, Pb u3 TsDKenbIX METAJUIOB B aHATH3UPYEMOii ouBe. B pesynprare

MoHuTOpUHTa HOHBI Cr 1 Pb ObuTH 00HApYXEHBI OTHOCHUTENHHO IOITyCTHMOM HOPMBI 1 oka3anmch Boime [TIK.
KnwoueBble ciaoBa: Tspkenple MeTaibl, MOYBa, MacC-CIEKTPOMETPHs, HWHAYKTHBHO-cBsizaHHas 1ia3ma (MCII), macc-
cnekrpomerpus (MC), MIIC, morutopusr, TamkenTckas 06mactb, Anmansikckuit MK, copOnnoHHast ClIEKTPOCKOITHSL.

TOSHKENT VILOYATI OLMALIQ KMK HUDUDI TUPROG‘I TARKIBIDAGI OG‘IR METALLARNI HAMDA
CR, PB IONLARINI MASS-SPEKTROMETRIK USULLARDA ANIQLASH VA MONITORING QILISH
Annotatsiya
Tadgiqotda Olmaliq kon-metallurgiya kombinati va unga yagin hududlardan olingan tuproq namunalari mass-spektrometrik (ICP-
MS) tahlil usullar bilan o‘rganildi. Tahlil gilingan tuproqdagi og‘ir metallardan Co, Ni, Zn, As, Sc, Cu, Se, Rb, In, Ce, Cr, Pb
ionlari tahlil natijalari keltirilgan. Monitoring natijasida Cr va Pb ionlari ruxsat etilgan chegaraviy migdorga nisbatan olindi va

RChM dan yuqori ekanligi aniglandi.
Kalit so‘zlar: Og’ir metallar, tuproq, mass-spektrometriya, induktiv bog’langan plazmali (ISP), mass-spektrometriya (MS), MPS,
monitoring, Toshkent viloyati, Olmalig KMK, sorbsion-spektroskopiya.

Kirish. Dunyoda sanoat texnologiyalar, ishlab chiqarish hamda qurilish sanoatining rivojlanishi natijasida og‘ir, zaharli
va kanserogen metallarning atrof-muhitga targalishi ekologik jihatdan global muammoga olib kelmogda. Atrof-muhitni
ifloslantiruvchi asosiy og‘ir metallarni aniglashda va ularning monitoringini olib borishda ekologik xavfsiz bo‘lgan aniqlash
uslublarini ishlab chiqgish orgali yuqori samaradorlikka erishiladi.

Tuproqda, o‘simliklarda, hayvonlar va insonlarda to‘planish qobiliyatini hisobga olgan holda og‘ir metallarning yuqori
toksikligini hamda ularning eng xavfli kimyoviy ifloslantiruvchi moddalar gatoriga kiritiladi, tuprogning ifloslanish darajalarini
o‘rganib belgilangan me‘yorlaridan oshib ketmasligini ta‘minlash zarur.

Xrom ko‘pgina tabiiy sharoitlarda harakatsiz element hisoblanadi. Tuprogda asosan Cr3* sifatida mavjud bo‘lib, organik
moddalarning mavjudligi tuproqg tizimida to“planishiga yordam beradi. Kichik elektron radiusli element sifatida u nam tuproglarga
ham mahkamlanadi va bunday holat pH ortishi bilan kuchayadi. Tuprog profilini namlash o‘simliklardagi xromning
harakatchanligi va to‘planishiga katta ta’sir giladi: nam tuproqqga xromning so‘rilishi 5 baravargacha oshishi mumkin. Bundan
tashqari, xrom tuprogning organik moddalari bilan bog‘lanishi ham yuzaga keladi. [1].

Atrof-muhitni ifloslantiruvchi asosiy manbaalardan biri qo‘rg‘oshin metalli hisoblanadi. Atrof-muhit va inson salomatligi
uchun xavf tug‘diradigan manbaa avtotransport vositalarida ishlatiladigan yuz minglab tonna oksietillangan benzindan foydalanish.
Turli zavodlarning chigindilari qo‘rg‘oshin ionini o‘z ichiga olgan bo‘lib, tuproq va suv manbaalarini ifloslantiradi. Tirik
mavjudotlar salomatligida bu holat atrof-muhit uchun xavfli hisoblanadi.

Insonlar salomatligiga og‘ir metallar va ularning birikmalari kuchli salbiy ta‘sir ko‘rsatadi hamda ifloslantiruvchi
moddalarning muhim guruhini tashkil giladi. Atrof-muhitni ifloslantiruvchi asosiy guruhni og‘ir metallar tashkil giladi. Bu
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metallar sanoat obyektlarida eng ko’p ishlatiladigan metallar hisoblanadi. Atrof-muhit monitoringi va atrof-muhit ifloslanishini
o‘rganishda asosan zichligi 5 g/sm® va undan yuqori bo‘lgan metallar kiradi. Bu og‘ir metallar nafaqat insonlar uchun, balki yerdagi
barcha organizmlar uchun jiddiy xavf tug‘diradi. Bularga asosan Cr, Pb, Co, Zn, Cu, Sn, Mo, As, V, Hg, Cd, Bi, Ni, Sb, Mn lar
kiradi.

Atom massasi, zichligi, zaharliligi, tabiiy muhitda tarqalishi, tabiiy va texnogen sikllarda ishtirok etish darajasi bo‘yicha
tasniflar mavjud. Og‘ir metallarni tasniflashda ularning yuqori toksikligi muhim rol o‘ynaydi. Toksikologik ta’sir darajasiga qarab,
DavST (GOST) 17.4.1.0283 ga muvofiq kimyoviy moddalar uch sinfga bo‘linadi:

I sinf (juda xavfli) — As, Cd, Hg, Be, Se, Pb, Zn; 11 sinf (o‘rtacha xavfli) - B, Co, Ni, Mo, Cu, Sb, Cr; 111 sinf (past xavfli)
- Ba, V, W, Mn, Sr. [90; 395-401 b.].

Toshkent viloyati Olmaliq shahri - O‘zbekistoning eng katta rangli metallurgiya markazlaridan biridir. O‘zbekiston
iqtisodiyotini rivojlantirishda Olmaliq tog‘-kon metallurgiya sanoat kombinatlari muhim ahamiyat kasb etsada, tabiati va
aholisining salomatligi bilan bog‘liq masalalariga jiddiy ta’sir ko’rsatadi. [2]. Kimyo, tog*-kon, rangli metall sanoat korxonalari
chigindilari Olmaliq shahrining ekologik holati bilan bog’liq bo‘lib, suv, tuproq va atmosferaning ifloslanishi o‘simliklar va
hayvonlarga salbiy ta’sir ko’rsatadi. [3].

Tajriba gismi. Tuprogning muhim tarkibiy gismini aniglash va ayrim xossalarini o‘rganish uchun Dav GOST bo‘yicha
tahlilga tayyorlandi.[4]. Olib kelingan tuproq toza qog‘ozga yoyildi va xona haroratida quritildi. Tuproq quriganidan keyin undagi
yirik tarkibi ezib maydalandi. Laboratoriya tahlillari uchun o‘rtacha tuproq namunasini olish magsadida konvert usulida bir nechta
katakchalarga ajratilib, har biridan tuproq olindi va analitik tarozida tortib miqdori 10 g ga yetkazildi. Bu tayyorlangan tuproq
maxsus hovonchada maydalanib, maxsus 1 mm li elaklardan o‘tkazildi. Sanoat zonasi hududlardan olib kelingan tuproq
namunalarining har biri yuqoridagi usul bilan tahlilga tayyorlandi. [5].

Hududlardan olingan tuproq namunalaridan 10 g miqdorda tortib olindi. Namunalar 1:1 nisbatda, ya’ni 20 ml
kontsentrlangan HCI kislota va 20 ml distillangan suvda eritildi. Eritma 1 soat davomida suv hammomida qaynaguncha qizdirildi.
Eritma sovutilib, ketma-ket ikki marta suv hammomida qizdirildi. Bir sutkadan keyin takroran eritma qizdiriladi va tindiriladi.
Tarkibida turli xil metall ionlari bo‘lganligi sababli rangi o‘zgardi. Eritmani hajmi 250 ml 1li o‘lchov kolbalariga filtrlab,
cho‘kmadan ajratib olindi. [6].

Tuproq eritmasi tarkibidan xrom va qo’rg’oshin ionlarini konsentrlab olish uchun organik reagent bilan immobillangan
polimer sorbentdan foydalanildi. Polimer sorbentlar “Urganch teks” MChJ fabrikasining chigindi tolasi tabiiy ipak fibroin hamda
0’zMU “Polimerlar kimyosi” kafedrasida sintez qilingan PAN(poliakrilonitril) va PEPA(polietilen poliamin)ning reaksiyasidan
hosil bo‘lgan mahsulotga formaldegid va fosfit kislota bilan ishlov berib sintez qilib olingan PPF sintetik toladan foydalanildi.
Organik reagentlardan sulfarsazen, erioxrom qora, toron, arsenazo (III), sulfosalitsil kislotalar qo’llanildi va natijalar sulfarsazen
hamda gora erioxrom organik reagentlarida yaxshi natija kuzatildi.

Tahlil gilinadigan namunadan hajmi 50 ml o‘lchamli stakanga tuproq eritmasi alikvotdan solindi va 5 mkg Cr, Pb ionlari
eritmalaridan va 5 ml dan goplovchi agent, 0,2 g ipak fibroin tolasiga immobillangan organik reagent, PPF tolasiga immobillangan
reagentlaridan 5 ml universal bufer pH=8 eritmadan solinib 10-15 dagiqa sorbsiyalandi.

Olingan natijalar va ularning muhokamasi. Tadgiqgotda Olmaliq KMK va unga yagin hududlardan olingan tuproq
namunalari tarkibidagi og‘ir metallar Mass-spektrometrik (ICP-MS) «O‘zO‘U 0677:2015 (MBU Ne499-A3M/MC)» priborida
tahlil gilindi. Olmalig KMK hududidan tuproq namunasi oltita hududdan: KMK tashgi hududi hamda hududdan 1 km, 3 km, 5
km, 10 km, 20 km masofalardan olindi va monitoring gilindi. Tuproq namunasi tarkibida 61 ta element mavjudligi aniglandi.
Ma’lumotdagi mavjud bo‘lgan ayrim metallar migdori (ppm, mkg/g, g/t) quyidagi 1- jadvalda keltirilgan.

1-jadval
Olmalig KMK hududi tuprog namunalaridagi elementlarning ICP-MS tahlili, mkg / g
Ne Metall nomi KMK tashqi KMKdan KMK dan KMK dan KMK dan KMK dan
hududi 1km 3 km 5 km 10 km 20 km
1 Co 14,8 13,6 12,7 11,9 10,9 10,3
2 Ni 47,1 45,1 42,3 26,9 24,9 22,7
3 Zn 447 356 131 119 78,4 69,5
4 As 6,10 4,95 4,34 4,33 4,17 3,75
5 Sc 14,1 134 10,4 7,48 7,10 6,41
6 Cu 241 82,2 69,5 53,0 51,5 357
7 Se 7,59 1,38 <0,50 <0,50 0,505 <0,50
8 Rb 220 148 127 111 72,1 62,1
9 In 0,301 0,202 0,098 0,047 0,049 0,019
10 Ce 79,9 61,7 59,3 52,7 42,2 40,8

Olmaliq KMK tuprog namunalaridagi Cr va Pb ionlarining targalishi 1-diagramma va 2-jadvalda keltirilgan. Natijalar tahlil
gilinganda tuproq migratsiyasida xrom metallining tuproq tarkibidagi miqdori KMK dan uzoglashgan sari kamayishi kuzatildi.
[7.8].
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1-diagramma. Xrom va qo‘rg‘oshin metallarining tarqalish diagrammasi
2-jadval
Tuproq namunasidagi Cr va Pb ionlarining ICP-MS tahlili, mkg / g
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Ne Metall KMK KMK dan KMK dan KMK dan KMK dan KMK dan RChM
nomi tashqi hududi 1km 3 km 5 km 10 km 20 km

1 Cr 85,7 76,8 738 72,8 65,8 64,7 6,0

2 Pb 104,3 98,7 88,9 78,3 63,9 57,3 32,0

Atrof-muhit obyektlarida xrom va qo’rg’oshin ionlarini aniglashning sorbsion-spektroskopik usuli ishlab chigildi. Usulda
organik reagentlar bilan immobillangan polimer sorbent orgali metallar namunadan konsentrlash natijasida amalga oshiriladi.

Tadgigotda qo‘llanilayotgan organik reagentlarning eritmalari sorbentlarga immobillash jarayoni quyidagi usullardan
foydalanib olib boriladi: diametri 2 sm va massasi 0,2 g bo‘lgan tola namunalari 0,1 M HCI (50 sm?) eritmasi solingan stakanga
tushirildi. Bunda boshlang‘ich sorbent Cl- shaklga o‘tadi. Keyin tashuvchi tolasimon sorbent distillangan suv bilan bir necha
marotaba yuvildi va immobillash uchun olingan organik reagent 10 ml hajmda o‘lchab olinib 50 ml hajmli o‘Ichov shisha stakanga
solindi. So‘ngra stakanga HCl kislotada aktivlangan tola solib immobillash jarayoni olib borildi, jarayonning vaqti 5 daqiqadan 24
soat vaqtga gadar davom ettirildi. Shundan keyin tola distillangan suv bilan yuvildi, immobillangan tolani shisha tayoqcha bilan
ushlab turgan holda distillangan suv 2 marotaba 50 sm? bilan yuviladi. Nam holatda tola Petri idishiga solib qo’yildi. Stakanda
golgan organik reagentning nur yutish spektrometrda, tolaga immobillangan gismi esa nur gaytarish spektrofotometri yordamida
aniglandi.

Polimer tolaga immobillangan organik reagentlar bilan kompleks hosil gilish jarayoni asosan sorbsion konsentrlash uchun
xona haroratida metall eritmalari 10 ml hajmdan 200 ml hajmgacha 0,2 g sorbent solingan mikrokolonkadan 1-10 ml/daqiga
tezlikda o‘tkaziladi. Sorbent dastlab metall ionlari konsentrlanadigan pH qiymatlarida eritmani o‘tkazib konsentrlanadi. Ushbu
metallarni sorbsiya kontsentratsiyasini va spektroskopik aniqlashni o°tkazish ekologik muammolarni hal gilishga yordam beradi.

Xulosa. Jadvallardan va 1-diagrammadan ko‘rinib turibdiki, metallar kamayish tartibida joylashtirilgan. Metallardan eng
ko‘p tarqalgan Zn 447-69,5 mkg/g, Cu 241-35,7 mkg/g, Rb-220-62,1, Pb-104,3-57,3 mkg/g, Cr-85,7-64,7 mkg/g, Ce-79,9-40,8
mkg/g, Ni-47,1-22,7 mkg/g, Co-14,8-10,3 mkg/g, Sc-14,1-6,41, Se-7,59-0,50, As-6,10-3,75 mkg/g, In-0,301-0,019 mkg/g
miqdorda va Zn > Cu > Rb > Pb > Cr > Ce > Ni > Co > Sc > Se > As > In ekanligini kuzatish mumkin. Eng ko‘p rux va mis
metallar miqdoriiga to‘g‘ri kelishi Olmaliq KMK da asosan rux va mis metallari ashyolari ishlab chigarilishi asosiy omil bo’lib
hisoblanadi.

Cr va Pb ionlarini ekologik obyektlar, xususan tuproq tarkibidan organik reagentlar bilan immobillangan polimer sorbentlar
yordamida aniqlashning yangi, arzon, selektiv, tezkor, tanlab ta’sir etuvchan zamonaviy uslublarini yaratish orqali yuqori
samaradorlikka erishish mumkin. Immobilizatsiyalangan reagentlar yordamida ishlab chigilgan usul mintagadagi sanoat zonalari
tuproqlarida og‘ir va zaharli metall ionlarini aniqlash uchun tavsiya etiladi.

ADABIYOTLAR

1. Coxonosa C. A. Dxonorudeckas Xumus. YueoHoe nmocodbue. Boponex. 2008 r. C.54-55.

2. Kypaea 1.B. I'eoxuMHuecKre MOKa3aTENH 3KOJIOTHIECKOTO COCTOSHUSI 3arpsi3HeHHBIX mouB. // - Dniprop. Univ.Bull. 2016.
24(2). C. 61-69.

3. II.T.XomukynoB. X.M.HebmaroB. “TynpokHHHT ofup Mertaiiap Ownan uduocnanumu”  Theoretical and Practical
Principles of Innovative Volume 3 | SB TSAU Conference | 2022 .

4. Bopsaunkuii 0. H. HopMaTuBE comepskaHus TSHKEIBIX METAIUIOB W MeTaJUTon0B B mouBax // [lousoBenenue. 2012. C.
368-375.

5. TOCT 17.4.4.02 — 2017. Oxpana npuponsl. IlouBel. MeTomsl 0TOOpa W TOATOTOBKH NPO0 Ui XHMHYECKOTO,
0aKTepHOIOTHYECKOT0, TeTbMUHTONIOTHYEeCKOT0 aHanmm3a. — 2018. Mockaa.

6. MawmenoBa M., AxmamkonoB O., CMaHoBa 3. «MOHUTOPUHT OMPEACICHUE TSHKENBIX METANIOB B O0BEKTaxX MPOM3OHBI
Axanrapanckoro paiiona TamkenTckoii o6iactn» “Ekologiya xabarnomasi” jurnali. 2023. - Ne 3. [7]. 76-78 b.

7. Sxmmesa X.III., CmanoBa 3.A., Sxmmuesa 3.3., Toxu6oes b.X. HoBblii ”MMOOMIN30BaHHBIN peareHT Ui ONMPEICIICHUS
ceuHna. Universum: xumus u 6uosnorus”. C. 76-78. 2015 .

8. Smanova Z.A.,Inatova M.S., Alimova D. IMMoOunn30BaHHbIe peareHThl I ONpeaelieH s HOHOB MeTaioB.// Austrian
Journal of Technical and Natural Sciences 2016 Nel-2-P(02.00.00,Ne2)

- 275 -


https://7universum.com/ru/nature
https://7universum.com/ru/nature/archive/category/2021

O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2025, [3/1]
ISSN 2181-7324

KIMYO
http://journals.nuu.uz

Natural sciences

UDK: 547.853.1+547-327
Alimjon MATCHANOV,
Akademik A.S.Sodigqov nomidagi Bioorganik kimyo instituti professori
E-mail: olim_0172@mail.ru
Shohzod OCHILOV,
O zbekiston Milliy universiteti tayanch doktoranti
Muxriddin YUSUFOQOV,
O zbekiston Milliy universiteti katta o ‘gituvchisi
Zokir TOSHMATOV,
Genetika va o ‘simliklar experimental biologiyasi instituti katta ilmiy xodimi
Ibrohim OTAVALIYEV,
Toshkent tumani 1-maktab o ‘gituvchisi
Anvar ABDUSHUKUROV,
O ‘zbekiston Milliy universiteti professori

Akademik A.S.Sodigov nomidagi Bioorganik kimyo instituti professori, k.f.d. N. Abdulladjonova taqgrizi asosida

SYNTHESIS AND BIOLOGICAL ACTIVITY OF 2,2'-(5-FLUORO-2,4-DIOXOPYRIMIDINE-1,3(2H,4H)-
DIYL)BIS(N-(3-(TRIFLUOROMETHYL)PHENYL)ACETAMIDE
Annotation

In this study, a new compound was synthesized by the reaction of the chloroacetylation product of 3-trifluoromethyl aniline with
5-fluorouracil (5-Fu). The process was carried out in 2 stages, firstly, the chloroacetylation reaction of 3-trifluoromethyl aniline
was carried out, and in the second stage, the new product 2,2'-(5-fluoro-2,4-dioxopyrimidine-1,3(2H,4H)-diyl)bis(N-(3-(trifluoro-
methyl)phenyl) acetamide was synthesized based on the reaction of the obtained compound with 5-Fu. The structure of the product
was confirmed using 1H, 13C NMR, IR and Mass spectrometry methods. The liquefaction temperature, reaction yield, solubility
of the obtained product were determined, and 3 cancer cells were selected to test the biological activity: Hela (cervical cancer),
HT-29 (colon cancer cell) and MCF-7 (breast cancer cell).

Key words: 5-Fluorouracil (5-Fu), chloracetyl chloride, 3-trifluoromethyl aniline, 2-chloro-N-(3-(trifluoromethyl)
phenyl)acetamide.

CHUHTE3 U BUOJOTNYECKAS AKTUBHOCTD 2,2'-(5-®TOP-2,4-TMOKCOIMUPUMUANH-1,3(2H,4H)-
JAAT)BUAC(N-(3-(TPUPTOPMETU)@EHUI)ALHETAMUJIA
AHHOTanUs

B nmaHHOI MicclieIOBaH CHHTE3 XJIOPAICTHITUPOBAHUSI 3-TpUdTOpMETHIT aHIITHHA ¢ S-propyparuiom (5-Dy). CuHTEe3 OCYIIECTBICH
B 2 cTaj i, CHadasa Oblia MpoBeieHa Peakys XJI0PaeTHINPOBAHIA 3-TpU(TOPMETUIIAHIIINHA, TTI0CTIE ITOTO TPOBEACHA PEaAKIIHs
¢ 5-®y wu cunresuposan 2,2'-(5-¢rop-2,4-nnoxconupumuaui-1,3(2H,4H)-auun)6uc(N-(3 (tpudropmernn) dernn) aneramu.
XuMHYecKas CTPYKTypa KOHEYHOTO HpOAyKTa ObLla IIOATBEPIKIEHA C MCHonb3oBaHMeM Meronos ‘H, ¥C SIMP u MK
CIIEKTPOCKOMHS, a TAKke METOJ] Macc-CHeKTPOMETpPHU. BBUIM ompeneneHbl HEKOTOpHIE (H3MKO-XMMHUYECKHE ITOKA3aTeNnd U
Omosornueckas akTHBHOCTh Ha kietkax: Hela (pak meiikn matkm), HT-29 (knetka paka toncroii kumkn) 1 MCF-7 (kneTka paka
MOJIOYHOM KeJe3bl).

KmroueBbie ciaoBa: 5-®ropypaumn (5-Dy), xnopaunerwixiopua, 3-tpudropmerwn anmwimh, 2-xyiop-N-(3-(tpudropmeriin)
(dheHmm)areramMuI.

2,2'-(5-FTOR-2,4-DIOKSOPIRIMIDIN-1,3(2H,4H)-DIIL)BIS (N-(3-(TRIFTORMETIL) FENIL) ASETAMIDNING
SINTEZI VA BIOLOGIK FAOLLIGI
Annotatsiya

Ushbu tadgigotda 3-triftormetil anilinning xloratsetillash mahsulotining 5-ftoruratsil (5-Fu) bilan reaksiyasi yordamida yangi
birikma sintez gilingan. Jarayon 2-bosqichda amalga oshirilgan bo’lib, dastlab 3-triftormetil anilinning xloratsetillash reaksiyasi
amalga oshirilgan va ikkinchi bosgichda olingan birikmaning 5-Fu bilan reaksiyasi asosida yangi 2,2'-(5-ftor-2,4-dioksopirimidin-
1,3(2H,4H)-diil)bis(N-(3-(triftormetil)fenil) asetamid mahsuloti sintez gilingan. Mahsulotning tuzilishi *H, 3C YaMR , I1Q
spektoskopiya va mass spektrometriya usullari yordamida tasdiglangan. Olingan mahsulotning ayrim fizik-kimyoviy
xarakteristikalari va biologik faolligini 3 ta saraton hujayralarida: Hela (bachadon bo’yni saratoni), HT-29 (yo'g'on ichak saraton
hujayrasi) va MCF-7 (ko'krak saratoni hujayrasi) o’rganilgan.

Kalit so‘zlar: 5-Ftoruratsil (5-Fu), xloratsetilxlorid, 3-triftor metil anilin, 2-xlor-N-(3-(triftormetil) fenil)asetamid.

Kirish. Saraton hujayralarining sog‘lom hujayradan farqli o‘laroq, bunday hujayralarda tabiiy o‘lim holati o‘chirilgan,
ya’ni ular to‘xtovsiz bo‘linish jarayonida bo‘ladi. Saraton butun dunyo bo'ylab o'limning asosiy sababi bo'lib, 2020-yilda 10
millionga yaqin o'limni yoki har oltita o'limdan bittasini tashkil giladi. Eng keng targalgan saraton turlari ko'krak, o'pka, yo'g'on,
to'g'ri ichak va prostata saratonlaridir. Tamaki iste'moli saraton kasalligida o‘limning taxminan 22% sababchisi hisoblanadi.
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Shuningdek 10% semizlik, noto‘g‘ri ovqatlanish, jismoniy harakatning etishmasligi yoki spirtli ichimliklarni haddan tashqari ko’p
iste’mol qilish ham saraton kasalligiga olib keladi. O‘ziga xos viruslar, bakteriyalar, havo ifloslanishi va parazitlar bilan infeksiya
butun dunyo bo‘ylab saraton kasalliklarining taxminan 16-18% ni keltirib chigaradigan ekologik omil hisoblanadi. Saraton
kasalliklarini davolashda ko’plab dorilar ishlab chigilgan bo’lib ular tibbiyotda keng miqyosda foydalaniladi. Ular bilan birgalikda
5-Fu va unga asoslangan dorilar ham bir qancha saraton kasalliklari: yo’g’on ichak, gizilo'ngach, oshqozon, oshqozon osti bezi,
ko'krak va bachadon bo'yni saratoni kabi kasalliklarni davolashda foydalanilmoqda.

Adabiyotlar tahlili. Saraton kasalliklarini davolashda turli xil usullardan foydalaniladi, xususan jarrohlik, radioterapiya,
kimyoviy dori-darmonlar, biologik immunizatsiya terapiyalari asosiy davolash strategiyalari bo'lib, ular orasida kimyoterapiya
saraton kasalligini davolashda muhim rol o'ynaydi [1-5]. 5-Ftoruratsil (5-Fu) ilk bor 70-yil avval sintez gilingan bo’lib u
geterosiklik aromatik organik birikma bo'lib, beshinchi ugleroddagi vodorod atomi ftorga almashinishidan hosil bo’lgan uratsilning
analogidir [6]. 5-Fu 282-283° C da suyuglanuvchan oq rangli, hidsiz kukunsimon kristal modda bo’lib u asosan DMFA, DMSO,
atsetonitril-metanol(1:1) kabi erituvchilarda yaxshi eriydi, etanol, suvda yomon, efir, xloroform va benzolda deyarli erimaydi[7].
5-Fu ning bir qancha salbiy ta’sirlariga qaramay u asosida turli xil dori vositalar ishlab chigilgan va terapiyada o’sma kasalliklarni
keng turini davolashda ishlatilib kelinmogda. 5-Fu asosidagi dorilarning aksariyati Adrucil nomi ostida sotiladi.

MOw NI

Fluorouracil
Injection, USP

5 g/100 mL
L)

5-Ftoruratsil asosidagi dori vositalar
5-Fu ning ko’plab N-almashingan hosilalari sintez qilingan va ular yo’g’on ichak, oshqozon, jigar, o’pka, bachadon bo’yni
va ko’krak saratoni kabi kasalliklarini davolashda foydalanib kelinmoqda. Ularga misol qilib kimyoterapiyada keng qo’llaniladigan
Tegafurni keltirishimiz mumkin. 5-Fu ning 2-asetoksitetragidrofuran bilan DMFA erituvchisida 90°C da alkillanishidan 72 %
unum bilan Tegafur olingan[8].

Tems = O (\;
. NH .
Tegafur 20 mg, - | /&
Gimeracil 5.8 mg and N o
Oteracil 15.8 mg Capsules
Tegonat 20
iy O

Tegafurning kimyoviy tuzilishi va dori shakli
5-Fu asosida olingan yana bir dori vositasi Carmofur (1-geksilkarbamoil-5-ftorurasil) bo’lib u tabletka ko’rinishda ishlab
chiqariladi va yo’g’on, ingichka ichak saraton kasalliklarida foydalaniladi[9].

Carmofurning kimyoviy tuzilishi va dori shakli
5-Fu asosida sintez gilingan navbatdagi suvda eruvchan dori vositasi 5-ftor-2'-deoksiuridin (FdUrd, floksiuridin). U ham
saraton kasalliklarini davolashda keng foydalanilib kelinmogda.

OH
Floksiuridinning kimyoviy tuzilishi va dori shakli

Floksiuridin - 5-Fu dan olinadigan ftordeoksiuridilat (FAUMP) hosilaning faol metabolitidir. U 5-Fu dan timidin fosforilaza
tomonidan hosil bo'ladi, so'ngra FAUMP hosil gilish uchun timidin kinaza bilan fosforlanadi. Floksiuridin vositasi (1 mkM),
timidilat sintaza etishmaydigan FM3A sichqon ko'krak saratoni hujayralarida DNKning ikki zanjirli uzilishlarini keltirib chiqaradi,
shuningdek, dATP darajasini oshiradi va notanish tipdagi timidilatni hosil giluvchi FM3A F28-7 sichqon ko'krak saratoni
hujayralarida dTTP va dGTP darajasini pasaytiradi. L1210 leykemiya va HelLa saraton hujayralarining ko'payishiga kuchli
garshilik giladi

(ICs0 = 1,1 va 9,4 nM mos ravishda)[10]. Floksiuridin (200 mg/kg) S180 sichgon sarkomasi modelida o'simta o'sishini
86,3% ga kamaytiradi[11]. 5-Fu ning nojo’ya ta’sirlarini kamaytirib, biologik faolligini yaxshilash maqgsadida uning yangi
hosilalari sintez gilingan. Bu tadgiqot ishida ham 3-triftor metil anilinning xloratsetillash mahsulotini 5-Fu bilan reaksiyalari
o’rganilgan va tuzilishi *H, **C YaMR ,IQ va Mass spektrometriya usullari yordamida tasdiglangan va biologik faolligini o’rganish
uchun 3 xil saraton hujayralari: Hela (bachadon bo’yni saraton hujayrasi), HT-29 (yo'g'on ichak saraton hujayrasi) va MCF-7
(ko'krak saratoni hujayrasi)tanlab olingan.

Tajriba gismi. Olingan mahsulotning suyuglanish haroratini o’lchash uchun M-560 jihozdan foydalanilgan. 1H va 13C
YaMR spektrlari DMSO erituvchisida VARIAN MR 400 MHz spektrometrlarida olingan. Yuqori aniglikdagi massa
spektrometriyalari (HRMS) AB SCIEX QSTAR Elite yordamida mass analizi o’rganilgan. IQ spektrlari Fure-spektrometr Bruker
Invenio S-2021 4000-400 cm * ATR jihozida KBr tabletkalari yordamida o’lchangan.

- 277 -



0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1 2025

Tadgiqgot natijalari va muhokama.

Sintez metodi

3-Triftor metil anilinning N-xloratsil mahsuloti va 5-Fu orasidagi reaksiya natijasidan 5-Fu ning aromatik amin tutgan
hosilasi sintez gilingan. Reaksiya ikki bosqichda amalga oshirilgan bo’lib, dastlab 3-triftor metil anilinning N- xloratsil mahsuloti
olingan. Bu mahsulotni olishda aromatik aminning (0,01 mol) migdori tubi yumaloq kolbada eritilgan, ustiga K2COs tuzi (0,01
mol) qo’shilgan va haroratni - C° gacha pasaytirib yarim soat davomida magnitli aralashtirgichda xloratsilxlorid (0,01 mol)
tomchilatib qo’shilgan. So’ngra 2 soat davomida ultra tovushli suv hammomida qoldirilgan va aralashma YuQX yordamida
(geksan:atseton,1-1.5) har soatda tekshirilib borilgan va tozalanib qurutilgan.

Reaksiyaning ikkinchi bosgichida 5-Fu ning 0.625 mmol migdori 2 ml DMFA da xona haroratida eritilgan va ustiga K2COs
1.25 mmol tuzi qo’shilgan. So’ngra reaksion aralashmaga 2-xlor-N-(3-(triftormetil) fenil)asetamidning 1.25 mmol miqdori ta’sir
ettirilgan va reaksiya jarayoni 8-9 soat davomida 90° C haroratda olib borilgan. Reaksion aralashma YuQX yordamida
(geksan:atseton,1-1.5) har soatda tekshirilgan va tozalangan. Quyida ikkinchi bosgich reaksiya tenglamasi keltirilgan.

Sxema-1
CF,
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2,2'-(5-ftor-2,4-dioksopirimidin-1,3(2H,4H)-diil)bis(N-(3-(triftormetil) fenil) asetamidning sintez tenglamasi

Mahsulot qattiq kukunsimon modda bo’lib, reaksiya unumi 75%, suyuqlanish harorati 195-197°C. Rf=0,70
(geksan:atseton, 2:3). Kimyoviy tuzulishi 1Q, HL,C'® YaMR spektroskopiya va mass spektrometriya usullaridan foydalanib
tasdiglangan.

2,2'-(5-ftor-2,4-dioksopirimidin-1,3(2H,4H)-diil)bis(N-(3-(triftormetil) fenil) asetamidning 1Q spektri KBr granulalari
yordamida olingan bunda : v=3275.92 (NH), 3081.84 (Ar-H), 1687.41 (-C=0, amid), 1662.82 (-C=0, 5-Fu), 1548.49 aromatik
(C=C), 1329.04 (Ar-CF3), 1113.63 (C-F) cm’. Mahsulotning spektr natijalaridan ko’rish mumkinki 5-Fu ning spektridan tubdan
farq qgiladi va yangi spektrlar kuzatilgan.
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2-rasm. Mahsulotning mass spektri.
HR-ESI-MS m/z 531.09. [M-H], formula bo’yicha nazariy (C22H1sN4O4F7)=532.05. 5-Fu ning massa 130.08 ga teng.
Natijalardan ko’rinib turubdiki haqiqatda mahsulot sintez qilingan. Keyingi bosgichda YaMR natijalari keltirilgan.

XTIPC VARIAN 400-MR.
Shahzod-F-29-1H DMSO
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3-rasm. Mahsulotning 1H va 13C YaMR spektrlari.

Mahsulotning 1H YaMR analizi (400 MHz, DMSO-Ds) 6 10.69 (d, J = 3.2 Hz, 2H), 8.29 (d, J = 6.5 Hz, 2H), 8.07 (d, J =
11.6 Hz, 2H), 7.80 — 7.66 (m, 2H), 7.57 (q, J = 7.5 Hz, 2H), 7.43 (t, J = 7.7 Hz, 2H), 4.67 (d, J = 17.1 Hz, 2H), 3.33 (s, 1H). 13C
YaMR (101 MHz, DMSO-Ds) spektr natijalari 5 165.69, 165.28, 156.68, 156.42, 149.74, 139.80, 139.33, 139.19, 137.55, 130.56,
130.23, 130.15, 129.75, 129.43, 129.38, 125.38, 122.66, 122.57,120.06, 115.11, 51.13, 43.94. Mahsulotning amaliy olingan YaMR
va nazariy Chem Draw dasturi natijalari bir biriga juda ham yaqin ekanligi o’rganilgan.

Biologik faolligi

2,2'-(5-ftor-2,4-dioksopirimidin-1,3(2H,4H)-diil)bis(N-(3-(triftormetil)fenil) asetamidning biologik faolligi 3 xil turdagi
saraton hujayralarida ta’siri o’rganilganda (50 mmol/l) asosan Hela (bachadon bo’yni saraton hujayrasi)ni o’sishini ingibirlash
ko’rsatgichi 87. 17% (5-Fu=27.08%), HT-29 (yo'g'on ichak saraton hujayrasi)ni ingibirlash ko’rsatgichi 83.17% (5-Fu=40.75%)
va MCF-7 (ko'krak saratoni hujayrasi)ni ingibirlash ko’rsatkichi 83.31%0, 5-Fu uchun esa 41.49% ni tashkil etishi aniglangan.

Xulosa Ik bor 2,2'-(5-ftor-2,4-dioksopirimidin-1,3(2H,4H)-diil)bis(N-(3-(triftormetil)fenil) asetamid sintez gilib olingan
va uning kimyoviy tuzilishi 1Q, 1H, 13C YaMR va mass spektrometriya usullari yordamida tasdiglangan. Olingan birikmaning
biologik faolligi Hela (bachadon bo’yni saraton hujayrasi), HT-29 (yo'g'on ichak saraton hujayrasi) va MCF-7 (ko'krak saratoni

N

t 11T
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hujayrasi)ga nisbatan ingibirlash xususiyati o’rganilganda, olingan moddaning Hela hujayrasiga ingibirlashi 5-Fu ga nishatan 3
marta kuchliroq ekanligi, HT-29 va MCF-7 hujayralariga nisbatan 5-Fu dan 2 marta faolroq ekanligini namoyon gilgan.

10.

11.
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MODIFIKATSIYALANGAN FOSFOGIPS-INTERPOLIMER KOMPLEKS KOMPOZITLARINI OLISH VA
XOSSALARINI O'RGANISH
Annotatsiya
Magqolada fosfogips, mochivenoformaldegid oligomeri va polimer-gumus asosida kompozit kukunini olish va xossalarini o‘rganish
asos qilib olingan.
Kalit so‘zlar: mochivenoformal’degid oligomeri, fosfogips, polimer-gumus, tuproq tuzilishi, sho‘rlanish, gips, kaltsiy dihidrat, yarim
kaltsiy gidrat, kompozitsion kompleks.

OBTAINING AND STUDYING THE PROPERTIES OF MODIFIED PHOSPHOGYPSUM COMPOSITES WITH AN
INTERPOLYMER COMPLEX
Annotation
The paper is based on the study of the extraction and properties of composite powder based on phosphogips, mochivinoformaldehyde
oligomer and polymer-humus.
Key words: urea-formaldehyde oligomer, phosphogypsum, polymer humus, soil structure, salinity, gypsum, calcium dihydrate,
calcium semihydrate, composite complex..

MOJIYYEHUE U U3YYEHUE CBOMCTB MOIAUPUIIUPOBAHHbBIX KOMIIO3UTOB ®OC®OI'UIICA C
HUHTEPIIOJIMMEPHBIM KOMIIJIEKCOM
AHHOTaIHS
B cratke 3a OCHOBY B3ATO TMOJYYCHHE W WCCICAOBAHHE CBOWCTB KOMIIO3UTHOTO TIOPOIIKa Ha OCHOBe (ocdorurca,
MOYHUHO(POPMATIHACTHIHOTO OJIATOMEpa M MOJIMMEPHO-TyMYyca.
KiroueBblie ciioBa: MoueHOQOPMATBACTUIHBIN oMromep, Gpochorume, moIuMepHbIl I'yMycC, CTPYKTYpa MOYBbI, 3aCOJICHHE, THIIC,
JIUTUIPAT KAJIBIHS, TIOJTYTHIPAT KaIbIKsl, KOMIIO3UIIMOHHBIA KOMIUIEKC.

Kirish. Kimyo sanoatining jadal rivojlanish sur’ati Respublika miqyosida kimyoviy sanoat chiqindilarining mugqarrar
shakllanishi va to‘planishiga olib keladi. Fosfogips - fosforli o‘g‘itlar ishlab chiqarish sanoatining chiqindisi hisoblanadi. 1 tonna
foydali mahsulot tarkibida 90% dan ortiq ikki suvli gipsni o‘z ichiga olgan 4,5 tonnagacha fosfogips chigindilari mavjud [1,3].
Fosfogips kimyo sanoatining yon mahsulotidir, uning gishloq xo‘jaligida mineral o‘g‘itlarga qo‘shimcha sifatida qo‘llanilishi
bugungi kunda tobora keng targalmogda. Anigroq aytganda, fosfogips fosfor kislotasi ishlab chigarish mahsulotidir [4,5].

O‘zbekiston Respublikasi Prezidentining 2021-yil 13-fevraldagi "Kimyo sanoati korxonalarini yanada isloh gilish va
moliyaviy sog‘lomlashtirish, yuqori qo‘shilgan giymatli kimyo mahsulotlari ishlab chiqarishni rivojlantirish chora-tadbirlari
to‘grisida"gi PQ-4992-son garorida kimyo sanoati chigindilaridan ikkilamchi xomashyo sifatida foydalanish ham gayd etilgan [2].

Mavzuga oid adabiyotlar tahlili. Hozirgi vaqtda "Samargand-Kimyo" ochiq aksiyadorlik jamiyati chigitxonasida 10
million tonnadan ortiq fosfogips mavjud [7,8]. "Samargand - Kimyo™ OAJ hududida joylashgan fosfogipsni o'rganish natijasida
zahirada yotgan fosfogips bir xil kimyoviy va fazali tarkibga ega ekanligi aniglandi [9,10]. Fosfogips kimyoviy tarkibi bo'yicha
asosan temir, alyuminiy, magniy, fosfor, natriy va boshqga oksidlar aralashmasi bilan kaltsiy, oltingugurt va kremniy oksidlarini 0'z
ichiga oladi. Qurug dihidrat bo'yicha asosiy moddaning massa ulushi (CaSO4-2H20) 96%, gigroskopik namlikning massa ulushi
16,4 %, ftor bo'yicha suvda eriydigan ftor birikmalarining tarkibi 0,12% ni tashkil giladi. Fosfogips tarkibida kadmiy, mishyak,
simob, go'rg'oshin zaharli birikmalarining aralashmalari topilmagan [11,12,13].

Zahirada yotgan fosfogips namunalari ("Samargand-Kimyo" ochiq aksiyadorlik jamiyati chigindilari) uchun tabiiy
radionuklidlarning o'ziga xos samarali faolligi aniglandi, buning asosida sanitariya-epidemiologiya xulosasi berildi, fosfogips
namunalari 05.01.2006 yildagi 0193-06-songa mos keladi. "Radiatsiyaviy xavfsizlik normalari (NRB-2006) va radiatsiyaviy
xavfsizlikni ta'minlashning asosiy sanitariya qoidalari (osborb-2006)" va fosfogips faoliyatda cheklovlarsiz ishlatilishi mumkin.
Fosfogips namunalari uchun toksikologik ko'rsatkichlar aniglandi, bu laboratoriya hayvonlarida (oq sichgonlar) o'tkazilgan tajribada
fosfogips suv filtratining toksikligi 5-xavfli sinfga to'g'ri kelishini aytib o‘tish joizdir. Fosfogips namunasining umumiy toksiklik
indeksi 6,25 birlikni tashkil etadi, bu Ts 00203074-31:2017 ga muvofiq ushbu chigindilarni xavfning 5-sinfiga (xavfli emas) kiritadi.

Tadqgigot metodologiyasi va metodologiyasi. O‘zbekiston Respublikasida sho‘rlangan tuproglarning umumiy maydoni 2,5
million gektardan ortigni tashkil etadi, shundan Xorazm va Qoraqalpog‘iston Respublikasining sug‘oriladigan yerlarining qariyb 70
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foizi sho‘rlangan va ozuqa moddalari zaxiralari yo‘qolgan. Shu sababli, bu yerlarda qishloq xo‘jaligi ekinlarining hosildorligi deyarli
2 baravar kamaygan. Yugqoridagi sohalarda fosfor ishlab chigarishning sanoat chigindilari sifatida olingan fosfogips eng samarali
hisoblanadi. Bugungi kunda "Samargand-Kime" AJda (Samarqand shahri, O‘zbekiston) asosan kaltsiy sulfat dihidrat (CaSO4-2H20)
dan tashkil topgan juda ko‘p migdordagi (10 million tonnadan ortiq) fosfogips to‘plangan, fosfogips tarkibiga fosfatlar ham kiradi
(1,4 - 2,8%) [14,15].

Kaltsiy o‘simlik uchun muhim oziq moddalardan biridir. Fosfogipsni qo‘llash orqali sug‘oriladigan tuproglarning kaltsiy
rejimini bargarorlashtirish ularning unumdorligini saglashning muhim omillaridan biridir.

Tuprog unumdorligining muhim omillaridan biri bu tuprogning pHi hisoblanadi. Sug‘orishdan oldin tuproq eritmasining
konsentratsiyasi qanchalik yuqori bo‘lsa, sug‘orishdan keyin ishqoriylik shunchalik yuqori bo‘lib, pH = 8-9 ga etadi, bu paxta, beda
va boshqa ko‘plab sug‘oriladigan ekinlar uchun juda zararli va tuprogda 3-4 kun davom etadi[16].

Fosfogipsli kompozitni (pH=3-4) tuproqqa kiritilishi bilan tuproq eritmasining pH giymati yaxshilanadi. Dastlabki giymati
8-9 bo‘lsa, kompozit kukuni qo‘llanilgandan so‘ng u neytral (pH - 7) holatga yoki kuchsiz ishqoriy muhitga o‘zgaradi [18].

Ma’lumki, paxtadan yuqori va barqaror hosil olishning eng muhim shartlaridan biri bu urug‘larning normal unib chiqishi va
paxta ko‘chatlarining to‘g‘ri rivojlanishi hisoblanadi. Urug‘larning meyoriy rivojlanishi quyidagi omillarning qulay
kombinatsiyasiga bog‘liq: - tashgi muhit, namlik, tuproq harorati va aeratsiyasi, paxta ekinlari navlari. Fosfogipsni optimal dozalarda
qo‘llash, tuprogning suv-fizik xususiyatlarini yaxshilash, uch yil davomida paxta madaniyatining o‘sishi va rivojlanishi uchun qulay
sharoit yaratadi, bu esa paxta xom ashyosi hosilining ko‘payishiga olib keladi. Serozem zonasining asosiy sug‘oriladigan tuproglari
uchun fosfogips 5 t/ha dozasi, shuningdek, go‘ng, tovuq go‘ngi, ko‘mir gumin moddalari, ammofos va boshga azot-fosforli
o‘g‘itlarning teng miqdorda yarim normasiga qo‘shilishi maqbuldir [19].

Urug‘laring meyoriy rivojlanishi quyidagi omillarning qulay kombinatsiyasiga bog‘liq: - tashgi muhit, namlik, tuproq
harorati va aeratsiyasi, paxta ekinlari navlari. Fosfogipsni optimal dozalarda qo‘llash, tuprogning suv-fizik xususiyatlarini yaxshilash,
uch yil davomida paxta madaniyatining o‘sishi va rivojlanishi uchun qulay sharoit yaratadi, bu esa paxta xom ashyosi hosilining
ko‘payishiga olib keladi. Serozem zonasining asosiy sug‘oriladigan tuproqlari uchun fosfogips dozasi 5 t/gachani tashkil etadi,
shuningdek, go‘ng, tovuq go‘ngi, ko‘mir gumin moddalari, ammofos va boshqa azot-fosforli o‘g‘itlarning teng miqdorda yarim
meyorida qo‘shilishi maqbuldir [20].

Tahlil va natijalar. Interpolimer kompleksining (mochevinoformal’degid oligomeri va karboksilmetiltsellyulozaning
natriyli tuzi) 0,1 m/l eritmasi tayyorlandi, va hosil gilingan eritma fosfogips va gumus aralashmasi bilan aralashtirildi.

IPK emulsiyasi (suspenziya)

IPK + fospogips 0,1 m

KFO+ KMS
eritma + 50 kg

kukunini

Fosfogips Van-der-Val kuch

Adgezion
Interpolimer xossasi
koplekni
modifikatsiyasi

1-rasm. Fosfogips + mochevinoformal’degid oligomeri + gumus kompozit kukuni olish sxemasi.

Hosil bo‘lgan kompozit kukunini o‘rganish bo‘yicha turli usullar qo‘llanildi.

1. Infraqizil spektroskopiya (1Q). 2004000 sm-1 chastota intervalidagi ir-spektrlar irt racer -100 (AQSh) spektrofotometrida
gayd etilgan. Kompozit kukun namunalari.

2. Termogravimetrik tahlil. Dastlabki komponentlar va olingan IPK namunalarini termal yo'q gilish jarayonini o'rganish
"Derivatoraph” (Vengriya) asbobida, standart usul bo'yicha 20-5000 ° s harorat oralig'ida o'tkazildi [105] (galvanometrlarning
sezgirligi bilan 0,1 g g, tg-100, DTA-1/10, DTG-1/10). Chizigli isitish tezligi 10 daraja/min edi. namunalar tadgigqotdan oldin agat
ohakida yaxshilab surtilgan, standart sifatida kalsinlangan alyuminiy oksidi (Al203) ishlatilgan. Namunalarni termal yo'q gilish
jarayoni atmosfera sharoitida gaz muhitini doimiy ravishda olib tashlash bilan, suv ogimi pompasi yordamida qgayd etildi. Ishda
diametri 7 mm bo'lgan platina tigel ishlatilgan (qopgogsiz).

Filtrlash koeffitsienti. Filtrlash koeffitsiyentini aniglash diametri 75 mm va uzunligi 400 mm bo'lgan metall quvur bo'lgan
maxsus qurilmada amalga oshirildi. ushbu quvurning pastki uchi bilan bir tekisda, diametri 70 mm va galinligi 30 mm bo'lgan
standart disk o'rnatildi. quvurning yuqori gismida, diametri 200 mm dan 100 mm gacha bo'lgan masofada. uning yugori gismida
metall quvur o'rnatilgan bo'lib, u orgali rezina shlang orgali suv uzluksiz yetkazib berilardi. Tripod ostida filtrlangan suv uchun
gabul giluvchi idishlar o'rnatildi, ularning hajmi ma‘'lum vaqt oralig'ida o'lchandi. Hisoblash formula bo'yicha amalga
oshirildi:

Ki = Q/ wl sm/soniya

Bu yerda I=H/h, H- suv ustuning baladligi, sm; h- namuna galinligi,sm; w-namuna maydoni,sm?; Q-namunadan o ‘tgan
suv migdori,sm3/soniya.

Kimyoviy garshilik va garshilik. KK namunalarining kimyoviy garshiligini aniglash uchun ular 20% NaCl eritmasi va
"agressiv muhit"ni 0'z ichiga olgan vannalarga botirildi. Ikkinchisi quyidagi tuzlarning suvli eritmalari aralashmasi edi: 20% NaCl
eritmasi, 20% NazSOs eritmasi, 15% MgSOa eritmasi, 10% CaSO4 eritmasi va 5% Ca(HCOs3): eritmasi. Belgilangan eritmalardagi
namunalarni ma'lum vaqt davomida ta'sir gilgandan so'ng, ular vannalardan olib tashlandi, filtr qog'ozida quritildi va sigish
sinovidan o'tkazildi. Polimer materiallarni davolashning to'ligligi ekstraktsiya usuli bilan aniglandi. Ekstraksiya Soxslet apparatida
aseton va etil spirti eritmasi bilan 50 : 50% nisbatda 48 soat davomida amalga oshirildi.
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Qovushqoglik. Mochevinoformal’degid oligomeri, Na-KMS va ularning aralashmalarining yopishqoqgligi standart usul
bo'yicha B3-4 viskozimetri yordamida aniglandi.

Potansiyometrik titrlash. Potansiyometrik o'lchash universal EV-74 ionomerida shisha (o'Ichash) va xlor - kumush
(taggoslash) elektrodlari bilan amalga oshirildi. Tajribalar 25°C da o'tkazildi.
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2-rasm. MFOning (1) va MFOni fosfogips bilan aralashmasini(2), potensiometrik titrlash egrilari, aralashmadagi fosfogips
miqdori 0,70 massa %, IPK —0,0025.

Natijalar va munozaralar. Tuprogning tuzilishini yaxshilash uchun uning tarkibiga turli xil tarkibiy tuzilmalarni kiritish
magsadga muvofigdir. Buning uchun biz tomondan tuproq tuzilishini ijobiy o'zgartiradigan uch komponentli kompozit aralashmani
laboratoriya bilan davolash ishlab chiqildi va amalga oshirildi. Fosfogips sho'rlarni yorish, sho'rlash va melioratsiya gilish uchun
ishlatiladi. Fosfogips yuqgori natriyli tuproglarda o'g'it meliorantlari sifatida (1 tonna Fosfogipsda taxminan 10 kg fosforit mavjud),
biologik mahsulotlar va organik o'g'itlar bilan kompost gilish uchun samarali ishlatiladi. Yuqoridagi ba'zi xususiyatlarni hisobga
olgan holda biz uch komponentli kompozit kukunini oldik.

Fosfogipsga harorat ta’sirida ishlov berishda qo'llash samaradorligi nisbatan yuqori bo'ladi, chunki u fagat 0'z-o'zidan
tuproq strikturasini yaxshilaydigan vosita sifatida ishlatilgan, biz olib borgan tadgigotlarimiz asosida bunga erishdik.

Yugorida aytib o'tilganlar bilan bog'lig holda, tuproq hosil giluvchi tuzilmalar sifatida kompozitsion kukun (KK) yordamida
laboratoriya va dala tadgiqotlari o'tkazildi. KK tuprogqga iz elementlari, Ca, S tuproqqa kiritiladigan epidemiya bilan birga kiritiladi,
interpolimer kompleksi bilan suvni tejash jarayoni sodir bo'ladi va chirindi kirib borishi tuproq unumdorligining oshishiga olib

keladi. Dala sinovlarining hajmi va natijalari va KKdan foydalanish.

Nomi Ko'rsatkichlarning giymati
Ko'rsatkichlar 2023 yil 21.11 dan 30.11 gacha
Shudgorlashdan oldin tuprogga go'llaniladigan KS aralashmasi migdori 5 tonna fosfogips

KS, ga aralashmasi bilan ishlov berilgan maydon 20 litr IPK eritmasi, 1 tonna gumus
Tkks aralashmasi bilan ishlov berilgan maydonda kutilayotgan 1 gektar

hosildorlikning o'sish foizi
Hosildorlikning kutilayotgan o'sishi, ts / ga (0'tgan yilga nisbatan) 50 %

Xulosa. Kompozit kukunni (KK) shudgorlashdan oldin sho'rlangan dalalarga qo'llashda ekinlarning unib chigishi, o'sishi
va rivojlanishi muvozanatiga erishiladi.

Ishda quyidagi natijalar olindi:

- shudgorlashdan oldin sho'rlangan dalalarga KKni qo'llashda ekinlarning unib chigishi, o'sishi va rivojlanishi
muvozanatiga erishiladi.

- sho'rlanish darajasi past, o'rtacha va yuqori bo'lgan joylarda KKni qo'llashning o'rtacha darajasi 2t/ ga-4t/ga-5t/ ga
bo'lishi kerak.har 3-5 yilda takrorlash tavsiya etiladi.

- paxta va don ekinlari uchun sho'rlangan tuproglarda KKni bunday gayta ishlash birinchi yilda xarajatlarning 65-70 foizini
goplashi va hosildorlik 1-2 yil ichida xarajatlarni to'liq goplashi aniglandi.

- KKni go'llash natijasida 1-2 yildan keyin tuproq unumdorligi oshadi va melioratsiya yaxshilanadi, erning suvga bo'lgan
ehtiyoji kamayadi.

- agar KK Kkiritilgan sug'oriladigan erlar ekishdan oldin bahorda sug'orilsa, na, Mg kationlari tuprogni namlash orqgali
osonroq yuviladi, hosilning yuqori natijalariga erishiladi.

- Eksperiment shuni ko'rsatdiki, tajriba uchastkasida sug'orish suvining 2,5 foizi nazorat uchastkasidagi suv normasiga
nisbatan iste'mol gilinadi.

Olingan natijalarga ko'ra tavsiya ishlab chigilgan (15.01.2025 yildagi tavsiya). Qoragalpog 'iston Respublikasi suv xo' jaligi
vazirligi huzuridagi meliorativ ekspeditsiya tomonidan tasdiglangan (23.01.2025-yildagi dalolatmnima).

Ushbu ilmiy ish muhim amaliy ahamiyatga ega va sug'oriladigan erlarda sug'orish suvini tejashda muhim rol o'ynaydi.
Shunday qilib, atrof-muhitni boshqgarish va chigindilarni shakllantirishning zamonaviy muammolari bir-biri bilan bog'liq bo'lib, bu
bosgichma-bosgich va shu bilan birga kompleks echimni talab giladi.
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DETERMINATION OF LEAD WITH A CARBON PASTE ELECTRODE MODIFIED WITH CHITOSAN
Annotation

In our country, extreme cold weather during the winter season causes bees to die and are discarded into the environment. Chitosan
(AmCS) derived from dead Apis mellifera bees is an environmentally sound solution because this process helps recycle waste. This
article presents the preparation and electrochemical application of a carbon paste sensor modified with AmCS, a local raw material,
for the determination of Pb(ll) ions in water by inversion voltammetric method. Experimental parameters, the effect of background
electrolyte, pH effect, and time of accumulation on the electrode surface were studied. The best results were observed with an
electrode composed of 60% (m/m) graphite powder, 20% (m/m) chitosan, and 20% (m/m) mineral oil, at pH 6.5, 0.1 mol/l NaNOs
background electrolyte, Pb(Il) concentration potential of -430 mV, and time of 120 seconds. A water sample was analyzed using
the proposed sensor and compared with neutral methods.

Key words: inversion voltammetry, microelement, Pb(ll), chitosan, Apis Mellifera, modified carbon paste electrode.

ONPEJAEJEHHUE CBUHIA C MIOMOLBIO YT'OJBHO-MACTOBOT'O 9JIEKTPOJIA,
MOANPUIIUPOBAHHOI'O XUTO3AHOM
AHHOTALUSA

B Hameilt cTpane SKCTpeMaIbHO XOJIOJHAS IOT0/Ja 3UMOI CTAHOBUTCS IPHMYMHON THOEIH ITIeN X UX BHIOPACHIBAIOT B OKPY’KAIOIIYIO
cpeny. Xuroszan (AmCS), nonydennsiii Ha ocHOBe Oe3xu3HeHHbIX muen Apis mellifera, siBasieTcs skomoruyeckn Ge30MaCHBIM
pelIeHreM, MOCKOJbKY 3TOT MpOLEcC CIOcOOCTBYeT mepepaboTke OTXOAO0B. B 3Toi craThe OmMCHIBaeTCS MOATOTOBKA H
JNIEKTPOXUMHUUECKOe TprMeHeHHe uHoHOB Pb(Il) B Bome HHBEPCHOHHO-BOJNBTAMIIEPOMETPHYECKMM METOJIOM JaTdhKa
MOAN(HUIMPOBAHHOH YIiIepoAHO MACTHI C HCIOJIB30BAaHNEM OTe4ecTBeHHOTo romamiaa AMCS. M3ydanick SKcrepiMeHTaTbHbIe
MapaMeTpbl, BIUsSHAE (POHOBOTO NIEKTPONINTA, BIUsIHUE pH, BpeMst HaKOIUIEHHUsI Ha TIOBEPXHOCTH 3JeKTpoa. JIydmmii pe3ynbraT-
COCTaBHOM 3JeKTpoJI, cocrosmmuii m3 60% (M/M) rpaduroBoro mopomrka, 20% (m/M) xuto3ana u 20% (M/M) MHHEpaTBHOTO Macia
npu pH 6,5, donoserit amexrpomut 0,1 momns/m NaNOs, morenmman kxoHunentpamuu Pb(Il) -430 MB, Bpems 120 cexyHn
HabOmogamock. C TOMOLIBIO MPEAJIOKEHHOTO JaTdhKa OBUI TMpOaHaJM3HPOBaH o0Opas3el BOABI, KOTOPBHI CpaBHUBAIH
HEHTPaIbHBIMH METOIAMH.

KioueBbie ¢10Ba: HHBEPCHOHHAs BOJbTaMIiepoMerpust, Mukpossiement, Pb(Il), xurosan, Apis Mellifera, moaudumposanHsit
YTOJIEHO-TIACTOBBII ANIEKTPOJI.

XITOZAN BILAN MODIFIKATSIYALANGAN UGLEROD PASTALI ELEKTROD BILAN QO‘RG‘OSHIN
MIQDORINI ANIQLASH
Annotatsiya

Yurtimizda qish faslida o‘ta sovuq ob-havo asalarilar nobud bo‘lishiga sabab bo‘ladi va atrof-muhitga tashlab yuboriladi. Apis
mellifera jonsiz asalari asosida olingan xitozan (AmCS) ekologik jihatdan ogilona yechim hisoblanadi, chunki bu jarayon
chigindilarni gayta ishlashga yordam beradi. Ushbu magolada suvda Pb(Il) ionlarini inversion-voltamperometrik usulda mahalliy
xomashyo hisoblangan AmCS bilan modifikatsiyalangan uglerod pastali sensor tayyorlash va elektrokimyoviy qo‘llash keltirilgan.
Eksperimental parametrlar, fon elektrolitining ta’siri, pH ta’sir, elektrod yuzasiga to‘planish vaqti o‘rganildi. Eng yaxshi natija
60% (m/m) grafit kukuni, 20% (m/m) xitozan va 20% (m/m) mineral moydan iborat tarkibli elektrod, pH 6,5 da, 0,1 mol/l NaNOs
fon elektroliti, Pb(I1) konsentratsiya potensiali -430 mV, vaqt 120 sekund bilan kuzatildi. Taklif gilingan sensor orgali suv namunasi
tahlil gilindi betaraf usullar bilan solishtirildi.

Kalit so‘zlar: inversion-voltamperometriya, mikroelement, Pb(ll), xitozan, Apis Mellifera, modifikatsiyalangan uglerod pastali
elektrod.

Kirish. Elektrodlarning kimyoviy modifikatsiyasi analitik kimyoga gizigish ortib borayotgan sohasidir. Shunday ekan
modifikatsiyalangan sensorlarni qo‘llash asosan elektrokimyoviy sezgirligi va selektivligini oshirishga katta e’tibor qaratilmoqgda.
Hozirda uglerod pastali sensorlar tezkor rivojlanish davriga yetib keldi [1]. Elektrokimyoviy sensorlar atrof-muhit obyektlari
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tarkibida zaharli birikmalar mavjudligini o‘rganishda katta istigbolga ega [2]. Modifikatsiyalangan uglerod pastalarining asosi
ko‘pincha kukunli grafit, organik moyli elektrolitik bo‘lmagan bog‘lovchi va o‘zgartiruvchi vosita aralashmasidan iboratdir.
Ikkinchisi odatda bitta modda bo‘lib, ammo pastalar ikki yoki undan ko‘p komponentlar bilan ham o‘zgartirilishi mumkin, ya’ni
organik reagent (yoki uning tashuvchisi) ni o‘z ichiga olgan uglerod pastasiga asoslangan sensorlar tegishli vositachi yoki ikkita
modifikator aralashmasi bilan to‘ldiriladi. Inversion-voltamperometrik usul yordamida elektrokimyoviy sensorlarni moslashtirish
orgali namunalar innovatsion tarzda ishlab chigilgan [3].

Mavzuga oid adabiyotlar tahlili. Xitin va xitozan biopolimerlarini yangi manba - Apis mellifera asalarisini quritilgan
holda olingan namunalaridan foydalanilgan [4]. Xitin N-asetil-2-amino-2-deoksi-oglikopiranoza birliklaridan iborat chizigli
aminopolisaxarid hosil giladi [5]. Xitozan kriogen sharoitda xitinni deatsetillash orqgali sintez gilingan [6]. Xitinning N-
deatsetillangan hosilasi bo‘lgan xitozan tabiiy polimer bo‘lib, uning kimyoviy tuzilishi 1-rasmda ko‘rsatilgan.

X > - =, , CH,OH CH,OH
s & o . < 0

1-rasm. AmCS formulasi

Amin guruhlari va gidroksil guruhlari mavjudligi uchun yuqori metall xelatlash qobiliyatiga ega. U kimyoviy jihatdan
barqaror va tibbiyot, og‘ir va zaharli metallar tahlili, qishloq xo‘jaligi, kanalizatsiyalarni tozalash va tola ishlab chigarishda keng
qo‘llaniladi. Adabiyotlarda xitozan modifikator sifatida, asosan sensorlar haqidagi maqolalarda ko‘plab ma’lumotlar mavjud.
Masalan, elektrokimyoviy o‘lchovlar uchun qo‘llash mumkin. Xitozan va uglerod nanotrubalarining nanokompozitsiya
elektrodepozitga solinishi, biosensorlar va sensorlarni tayyorlash hamda qo‘llash uchun samaralidir.

Og‘ir metallar bilan ifloslanish ekologik (oqova suvlar) muammolarning eng jiddiylaridan biridir [7]. Og‘ir metallar yuqori
atom og‘irligi va zichligi suvnikidan kamida 5 baravar ko‘p bo‘lgan tabiiy elementlardir [8]. Suv sifati iste’molchilar uchun eng
muhim omil hisoblanadi, chunki u ularning sog‘lig‘iga sezilarli ta’sir ko‘rsatadi. Shunday qilib, suv sifatini kuzatish va nazorat
qilish alohida ahamiyatga ega [9].

Qo‘rg‘oshin zaharli metall bo‘lib, inson salomatligiga bir qancha salbiy ta’sir ko‘rsatishi mumkin va juda past
konsentratsiyalarda ham ko‘pchilik tirik organizmlar uchun juda zararli. Shuning uchun qo‘rg‘oshinni, aynigsa iz darajasida
aniqlash zarur. Hozirgi vaqtida og‘ir metallarni tahlil gilish uchun keng tarqalgan usullar atomik absorbsion spektrometriya (AAS),
induktiv bog‘langan atom-emissiya spektrometriyasi (ICPAES) va ICP-MS kabi bir gancha tahlil usullari mavjud. Yugorida aytib
o‘tilgan usullar bilan solishtirganda elektrokimyoviy usullar arzonligi va soddaligi bilan bog‘liq bir qator afzalliklarga ega.
Kimyoviy tahlilda mikromiqdordagi konsentratsiyalarni aniqlash uchun sezgirligi va selektivligi yuqori bo‘lgan analiz usullaridan
foydalanish maqsadga muvofiq bo‘ladi [10].

Tadgiqot metodologiyasi. AmCS bilan modifikatsiyalangan elektrod yordamida Pb(ll) ionini aniglash. Inversion-
voltamperometrik tahlili konsentratsiyani aniqlashga ko‘ra alohida elektroanalitik usul, bunda iz metall ishchi elektrod yuzasida
to‘planadi, inversiyalanadi va bu usul zaharli metallarni aniqlash uchun juda mos keladi. Pb(Il) ni aniglash turli xil
modifikatsiyalangan uglerod pastasi elektrodlari bilan o‘rganildi. Xitozan bilan modifikatsiyalangan uglerod elektrodi tezkorligi,
o‘tgan davri chegarasi, arzon narx, tayyorlash qulayligi va amaliy natijalar ijobiyligi kabi bir qator afzalliklarga ega. Ushbu ishning
magsadi xitozan bilan modifikatsiyalangan uglerod elektrodidan foydalangan holda inversion-voltamperometrik usulda Pb(Il)
ionini aniglash sezgirligini oshirish.

Eksperimental jihozlar. pH o‘lchovlari Shvetsariyada ishlab chigarilgan pH metr pH/Mv/TEMP m FiveEasy F20 va
aralashtirgich MS-H280-Pro qurilmalari tomonidan amalga oshirildi. Bu tadgigot ishida analitik tarozi: ACZET PVT LTD CY
224C; Voltamperometrik o‘lchovlar xitozan bilan modifikatsiyalangan grafit asosidagi elektrokimyoviy sensor, to‘yingan kaliy
xloridli solishtirma elektrod, hamda katta yuza sathiga ega grafit elektrodidan oz ichiga olgan uch elektrodli elektrolizyor, xamda
kompyuter bilan ta’minlangan ABC-1.1 qurilmasi tomonidan amalga oshirildi [10].

Reaktivlar. Barcha tadgiqotlar Germaniyada ishlab chigarish GFL D-30938 bidistilyator bilan tozalangan suv, barcha
tajribalar uchun fon elektrolit 0,20 mol/l NaNOs (pH 6,5) dan foydalanildi. Pb(Il) standarti Pb(NOs)2 ning tegishli migdorini eritib
tayyorlandi.

AmCS bilan modifikatsiyalangan uglerod pastali elektrodini tayyorlash. Kimyoviy modifikatsiyalangan uglerod pastali
elektrodi 200 mg xitozan, 600 mg grafit kukuni va 200 mg mineral moyni aralashtirish orqali tayyorlandi. Keyin aralashmani qo‘lda
bir hil holga keltirildi va sirti toza qog‘ozga tekislandi.

Analitik jarayon. 0,1 mol/l NaNOs ning ma’lum hajmi (pH 6,5) elektrokimyoviy yacheykaga solindi. Pb(Il) standarti
qo‘shildi va aralashganda 120 s, -450 mV potensialda to‘plandi. Eritma 5 soniya harakatsiz turdi va voltamperometrik signallar
olindi. Modifikatsiyalangan uglerod pastali elektrodi uchun voltamperometrik javob mexanizmi 1-sxemada ko‘rsatilganidek
ifodalanishi mumkin. Birinchi bosgichda (1) Pb(ll) elektrod yuzasida oldindan konsentratsiyalanadi.

Pb2* + xitozan + ES —————» Pb2* / xitozan / ES (1)

Pb?* / xitozan /| ES —® Pb?* + 2¢" + xitozan / ES (2)

Sxema 1. Voltamperometrik javob mexanizmi
Xitozan amin guruhlari bilan kompleks hosil giladi. Keyingi bosgichda Pb(ll) elektrod yuzasida adsorbsiyalanadi va -430 mV
potensialida Pb(0) ga kamayadi. Nihoyat, anodli aniglashda Pb(0) Pb(l1) ga oksidlanadi va elektrod yuzasidan tozalanadi, bu esa
sezgir anodli tepalikni hosil giladi (2). Modifikatsiya gilinmagan va modifikatsiyalangan uglerod pastali elektrodining Pb(lIl) ioni
voltamperogrammalari 2-rasmda Keltirilgan.
1- modifikatsiya gilinmagan elektrod bilan olingan analitik signal;
2-xitozan bilan modifikatsiyalangan elektrod bilan olingan analitik signal.
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2-rasm. Pb(I1) ionining inversion-voltamperometrik tahlili.
(t.k.=2,5 mKA; t= 120 s; Cpo= 10 mkg/dm?3)

AmCS bilan modifikatsiyalanganda yuqori darajada yaxshilangan. Modifikatsiya gilinmagan elektrod bilan solishtirganda
-430 mV potensialda signal balandlashgani kuzatildi. Shuning uchun modifikatsiyalangan uglerod pastali elektrodidan foydalanish
analitik signalini sezilarli darajada yaxshilash imkonini berdi.

Uglerod pastasidagi AMCS miqdorining ta’siri. Uglerod pastasidagi xitozan miqdorining Pb(IT) elektrod to‘planishiga
ta’siri uglerod pastasidagi xitozanlash grafit kukuni massa nisbatini orqali o‘rganildi. Pb(II) uchun cho‘qqi darajasi xitozan
massasining 20% (m/m) gacha ortishi bilan ortdi. Xitozan maksimal 20% dan yuqori bo‘lganda (m/m) cho‘qqisi kengayib, cho‘qqi
sifati yomonlashdi. Bu pasta tarkibidagi grafit miqdorining pasayishi va natijada elektrod yuzasida elektron o‘tkazilishiga to‘sqinlik
giladigan o‘tkazuvchan elektrod maydonining qisqarishi va yo‘qotishlarni oshirish bilan bog‘liq bo‘lishi mumkin. Eng yaxshi
uglerod pastasi tarkibi 20% (m/m) xitozan, 60% (m/m) grafit va 20% (m/m) mineral moydan iborat elektrod tarkibi bilan topildi.

Fon elektrolitlar va ph ta’sir. Fon elektrolitlar va pH sensori voltamperometrik javobiga katta ta’sir ko‘rsatishi mumkin.
KCI, NaCl, NaNOs va KNOs fonlarida (har biri 0,1 mol/l) Pb(Il) voltamperometrik xossalari o‘rganildi. Eng yaxshi
voltamperometrik natijalar 0,1 mol/l NaNOs fon elektrolitida olingan. Ishlab chigilgan usul uchun Pb(ll) ionini aniglashda
sensorning pH bog‘ligligi pH 2,0-8,0 (suyultirilgan HNO3s va NaOH bilan tayyorlangan) oralig‘ida tekshirildi. Biroq, kislotali
eritmalarda xitozan o°zini katyonik polielektrolit sifatida tutadi va eritmada deyarli erimaydi, bu esa pastaning mexanik yaxlitligini
buzilmasligiga olib keladi. Yuqgori pH da amin guruhlarining deprotonatsiyasi tufayli xitozan odatda pH da flokulyatsiya gilishi
mumkin. Ko‘rinib turibdiki, sensorning yaxshi javob va mexanik yaxlitligini olish uchun mo‘tadil kislotali muhit (pH 6,0-6,9)
kerak. Shunday qilib, keyingi tajribalar uchun pH 6,5 da 0,1 mol/l NaNOs eritmasidan foydalanildi.

Analitik signalga potensialning ta’siri. To‘planish potensialining Pb(II) ning eng yuqori oqimiga ta’siri -300 dan -500
mV gacha bo‘lgan diapazonda o‘rganildi. Ko‘proq salbiy to‘planish potensiallarida Pb(Il) to‘ligroq kamayadi, shuning uchun
maksimal oqim kuchayadi. To‘planish potensiali -400 mV ga qadar manfiy bo‘lishi bilan tepalik oqimi oshdi. To‘planish potensiali
manfiy yo‘nalishda siljiganida, tepalik oqimi juda oz yaxshilandi va orga ogimi oshdi. Eng yaxshi maksimal tepalik ogimi -430
mV potensialida, maksimal analitik signalga va Pb(ll) ionini aniglashning selektivligiga erishildi.

AMCS bilan modifikatsiyalangan elektrod bilan qo ‘rg‘oshin (Il) ionini aniqlashda analitik signalga vaqtning ta’siri.
Pb(Il) konsentratsiyasi uchun asosiy ahamiyatga ega bo‘lishi kutilayotgan yakuniy parametr aniqlanayotgan ionning elektrod
yuzasiga to‘planish vaqtidir. To‘planish vaqti - voltamperometrik tahlilda aniglash chegarasini aniglash uchun eng muhim omil
hisoblanadi. Xuddi shu to‘planish potensialida uzoqroq to‘planish vaqti Pb(II) ning to‘liq pasayishiga olib keladi va natijada yuqori
cho‘qqi oqimiga olib keladi. Birog, to‘planish vaqti juda uzun bo‘lsa, pasaytirilgan Pb(0) butun samarali elektrod yuzasini qoplaydi
va yig‘ilish vaqtining oshishi bilan eng yuqori oqim o‘zgarmaydi. Tajribalar 20200 s dan turli xil to‘planish vagtlari bilan
o‘tkazildi. Cho‘qqi balandligi dastlab konsentratsiyadan oldingi davrning ortishi bilan tez o‘sdi va 130 s da tekislashni boshladi.
Shunday qilib, oldindan konsentratsiya bosgichi uchun -430 mV to‘planish potensiali va 120 s to‘planish vaqti tanlandi.

Miqgdoriy tahlillar. Optimallashtirilgan sharoitda analitik signallar va Pb(II) konsentratsiyasi o‘ziga tegishli bog‘liglik
o‘rganildi. 120 s vaqti va -430 mV da cho‘qgqilar kuzatildi. Turli konsentratsiyalarda Pb(II) ionining analitik signallari 3-rasmda
keltirilgan.

|

3-rasm. Pb(11) ionining inversion-voltamperometrik usulda Pb(l1)ning migdorini oshirib borilishining analitik signalga
ta’siri.
(fon 0,1 mol/l NaNOs3; t.k.=2,5 mkA; t=1205s.)

Analitik signalga begona ionlar ta’sirini o‘rganish. AmCS bilan modifikatsiyalangan elektrodning selektivligi begona
ionlarning ta’siri bilan baxolandi. Aniqlashda boshga metall ionlarining turli xil konsentratsiyalari Pb(Il) ionlarini aniglashda
xalaqit berish darajasi o‘rganildi.

1-jadval
Pb(I1) ionini inversion-voltamperometrik aniqlashda yondosh va begona kationlarning ta’siri. (P=0,95; n=5; fon 0,1 mol/I|
NaNOsg; t.k. 2,5 mkA; t=120s.)

Aniglanayotgan ion [Me]:[X] Nisbat Topilgan Me, mkg/dm® Sr
Pb:Cu(l1) 1:100 0,95+0,12 0,106
Pb:Cd(11) 1:100 0,98+0,02 0,017

Ph(11)=1,0 mkg/dm? Pb:Zn(I1) 1:100 1,03+0,02 0,014
Pb:Mn(11) 1:100 1,00+0,03 0,028
Ph:Fe(Il) 1:100 1,01+0,05 0,041

Olingan natijalardan ko‘rinib turibdiki tabiati va konsentratsiyasi bo‘yicha begona kationlar ishtirokida aniqlash mumkin,
bular o°z navbatida qo‘rg‘oshinni aniqlashga, analitik signaliga xalaqit bermaydi va tabiiy ob’ektlarda tarkibidagi Pb(Il), Cu(ll),
Cd(ll) va Zn(1l) ionlari birga uchraganda ham aniglash mumkin.
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Tahlil va natijalar. AmCS bilan modifikatsiyalangan elektrod yordamida Pb(11) ionini namunalar tarkibidan aniglash.
Uning amaliy qo‘llanilishini sinab ko‘rish uchun suv namunalarida Pb(ll) ionining konsentratsiyasi aniglandi. Olingan natijalar 2-
jadvalda keltirilgan. Ushbu ishlab chigilgan uslub orgali Pb(Il) ni aniglash uchun foydalanish mumkin.
2-jadval
Tabiiy suv namunalarida Ph(11) ionini xitozan bilan modifikatsiyalangan elektrod bilan aniglash natijalari
P=0,95; n=5; fon 0,1 mol/l NaNOs; t.k. 2,5 mkA; t=120 s.

Namuna

Qo‘shildi
mkg/dm?®

Topildi
mkg/dm?®

A

2,000

1,940

B

4,000

4,040

C

6,000

6,020

Xulosa va takliflar. Xitozan, tabiiy polimer modifikator sifatida ishlatilishi mumkin. O‘z navbatida, Pb(II) ionini aniglash
uchun optimal sharoitlarni o‘rganib chiqib, inversion-voltamperometrik uslub ishlab chigildi. Bu uslub nisbatan arzon va oson
bo‘lib, iz konsentratsiyasi oralig‘ida masalan, suv namunalarida Pb(ll) ni aniglash uchun oddiy va selektiv sensor ekanligini
isbotladi. Tahlil natijalari uchun statistik hisob-kitoblar usulning yaxshi anigligini ko‘rsatdi.
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SYNTHESIS AND STUDY OF THE BIOLOGICAL ACTIVITY OF A NEW DERIVATIVE OF 5-FLUOROURACIL
BASED ON 3-FLUORO 4-NITRO N-CHLOROACETYL ANILINE
Annotation

In this work, a novel product was synthesized by the reaction of the chloroacetylation product of 3-fluoro 4-nitro aniline with 5-
fluorouracil. The process was carried out in 2 steps, firstly, the chloroacetylation reaction of 3-fluoro 4-nitro aniline and in the
second step, the synthesis of a new product with 5-fluorouracil from the intermediate compound. The structure of the product was
confirmed using *H, 3C NMR, IR and Mass spectrometry methods. The liquefaction temperature, reaction yield, solubility of the
obtained product were determined and the biological activity was tested in 2 cancer cells: HT-29 (colon cancer cell) and MCF-7
(breast cancer cell).

Key words: 5-fluorouracil, chloroacetyl chloride, 3-fluoro 4-nitroaniline.

CHUHTE3 HOBOI'O TIPOU3BOJHOI'O 5-@TOPYPALIUJIA HA OCHOBE 3-®TOP-4-HUTPO N-XJIOPALIETUJI
AHWJIAHA U U3YYEHUEEI'O BUOJOTMYECKON AKTUBHOCTH
AHHOTAIHS

B nmanHO# paboTe CHHTE3MPOBAaHO HOBOE COCOMHEHHE B pE3yJbTaTe PEaKkIHWd MPOAYKTa XJIOPaleTHIMPOBAaHHSA 3-(pTOp-4-
HHUTpOAHHWINHA ¢ S-propypaumiom. IIponecc ocyIiecTBIsIICS B JBE CTA[MN: CHAaYala NPOBEICHA PEaKIMs XJIOPAleTHIMPOBAHUS
3-thTop-4-HUTpOaHWINHA, 2 HA BTOPOW CTaINH — MMPOBE/ICH CHHTE3 HOBOTO MPOIYKTa B peakiuu 3-gprop-4-autpo-N-xmopamerunac
5-¢ropypaumiom. CTpoeHHe MpoayKTa moxaTsepskaeHo Meromamu SIMP 'H, 3C, MK u macc-crekrpomerpun. OIpeaeneHbl
TeMIIepaTypy IUIABJICHHS, BBIXOJ U PACTBOPHMOCTb IOJYYEHHOTO MPOAYKTA, W M3yYeHa ero OWoJIornyeckas aKTUBHOCTh Ha 2
paxoBbIx knerkax: HT-29 (knerka paka toncroit kumkn) 1 MCF-7 (ki1eTka paka MOJOYHOM JKele3bl).

Karwuesbie ciioBa: 5-dropypanui (5-dY), xnopanermwixinopun, 3-GTop-4-HUTpOAHHUIHH.

5-FTORURATSILNING 3-FTOR 4-NITRO N-XLORATSETIL ANILIN ASOSIDAGI YANGI HOSILASINI SINTEZ
QILISH VA BIOLOGIK FAOLLIGINI O’ RGANISH
Annotatsiya

Ushbu maqolada 3-ftor 4-nitro anilinning xloratsetillash mahsulotining 5-ftoruratsil bilan reaksiyasi yordamida yangi birikma
sintez gilindi. Jarayon 2-bosgichda amalga oshirilgan bo‘lib, dastlab 3-ftor 4-nitro anilinning xloratsetillash reaksiyasi o‘tkaziladi
va ikkinchi bosgichda olingan birikmaning 5-ftoruratsil bilan reaksiyasi asosida yangi mahsulot sintez gilindi. Mahsulotning
tuzilishi *H, 3C YaMR, 1Q va Mass spektrometriya usullari yordamida tasdiglandi. Olingan mahsulotning suyuglanish harorati,
reaksiya unumi, eruvchanligi aniglandi va biologik faolligini tekshirish uchun 2 ta saraton hujayrasi: HT-29 (yo‘g‘on ichak saraton
hujayrasi) va MCF-7 (ko‘krak saratoni hujayrasi)larda o‘rganildi.

Kalit so‘zlar: 5-Ftoruratsil (5-FU), xloratsetilxlorid, 3-ftor 4-nitro anilin.

Kirish. 5-Ftoruratsil va uning hosilalari 0’sma kasalliklar(oshqozon-ichak, ginekologik, bosh, bo'yin va ko'krak saratoni)ini
davolashda uzoq yillardan buyon foydalanib kelinadi. 5-Ftoruratsil saraton kasalliklarga garshi kuchli vosita bo’lib shu bilan bir
vaqtda ko’plab salbiy xususiyatlarga ega. 5-Ftoruratsil qo’llanilgan bemorlarda og’iz va ichakning yallig’lanishi, ko'ngil aynishi,
soch to’kilishi,markaziy nerv sistemasi shikastlanishi, oq qon hujayralari va trombotsitlar miqdori tushib ketishi kabi salbiy ta’sirlar
keltirib chigargan. Biroq, 5-Ftoruratsil asosida olingan hosilalarning biologik faolliklari dastlabki moddaga nisbatan salbiy
xususiyatlari ancha kamligi aniglangan. 5-Ftoruratsil organik sintez uchun pirimidin asosidagi geterosiklik aromatik birikma bo’lib,
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5-Ftoruratsilning yangi, selektiv, metabolik barqaror va zararli xossalari kam bo’lgan hosilalarini sintez qilish, biologik faolliklarini
o’rganish, tibbiyot sohasida foydalanishga tadbiq qilish farmasevtika sohasining dolzarb vazifalaridan biri hisoblanadi.

Mavzuga oid adabiyotlar tahlili. Saraton kasalliklari dunyodagi o‘limlarning asosiy sababidir. 2008 yilda 7,6 million
inson saraton kasalligidan vafot etganligi qayd etilgan bo‘lib bu esa o‘sha yili barcha o‘limlarning 13 foizini tashkil etdi.
Saratonning turli xil ko‘rinishlari: prostata, o‘pka, yo‘g‘on ichak va ko‘krak bezi saratoni kabi turlari bo‘lib, ammo bular ichida
yo‘g‘on ichak saratoni butun dunyo bo‘ylab eng ko‘p o‘limga olib keladi [1].5-Ftoruratsil (5-Fu) birinchi marta 1957-yilda sintez
qilingan bo‘lib u yo‘g‘on ichak, oshqozon va ko‘krak bezi saratoni kabi jiddiy o‘sma kasalliklarni davolash uchun tez-tez
ishlatiladigan saratonga garshi vositalardan biridir [2]. 5-Fu aminokislotalar, peptidlar, fosfolipidlar va polimerlarga biriktirilgan
bir gator 5-Fu dori vositalarining ishlab chiqilganligi haqida ma’lumotlar bor [3]. Ushbu 5-Fu N-1 va N-3 o‘rin almashingan
hosilalarining farmakologik va farmakokinetik xususiyatlari yaxshilangani aniglangan. Bular orasida yuqori biologik faollik,
tanlovchanlik, metabolik barqarorlik, yaxshi so‘riluvchanlik va past zaharlilik kabi xossalarga ega bo’lgan birikmalar mavjud [4].
Alfa-tokoferol- tabiiy E vitaminining eng faol komponenti bo’lib uning asosida yangi pH sezgir alfa-tokoferol-5-ftoruratsil
birikmasi sintez gilingan. Buning uchun 5-Fu monoxlorsirka kislota bilan ishqoriy sharoitda 2 soat davomida reaksiya olib borildi
va olingan 5-ftoruratsilning hosilasiga tetragidrofuran erituvchisida, argon gazi atmosferasida 50°C haroratda alfa-tokoferol
qo’shilgan va 48 soat davomida magnitli aralashtirgichda reaksiya olib borilgan[5]. Qing-Wei Wang va boshga bir gator olimlar
tomonidan 5-Ftoruratsilning pektin hosilasi sintez gilingan.Dastlab 5-Fu ning monoxlorsirka kislota o’rtasidagu reaksiya natijasida
olingan oraliq mahsulotga pektinning DMSO dagi eritmasi qo’shilib 50° C haroratda 96 soat davomida aralashtirilib ustiga suvsiz
etanol qo’shilgan va filtirlangan. Cho'kma yana suvsiz DMSOda eritilgan va suvsiz etanol qo'shilgan, so'ngra filtrlangan. Bu
jarayon ikki marta takrorlangan. Olingan 5-FU-PT hosilasi 60° C da 24 soat davomida quritilgan YSSX tahlili 5-FU-PT tarkibida
erkin 5-FU-sirka kislotali birikmasining yo’qligini ko'rsatgan[6]. Artur Jablonski tomonidan to'rtta simantrenning 5-ftoruratsilli
hosilalari sintez gilingan, barcha birikmalar spektroskopik usullar bilan tavsiflangan va ikkita hosilaning kristall tuzilishi, rentgen
kristallografiyalari aniglangan[7]. Amerikalik olimlar tomonidan 2003 — yilda o’simta kasalliklarga ta’sirchanligi va effektivligini
oshirish, xavfsiz preparatlar olish uchun birinchi marta yangi 5-Ftoruratsilning diazenumdiolat hosilasi sintez gilingan[8]. Keyingi
zilanishlarda ikkita 5-FU gismi gemiaminal sifatida bisasetallarga biriktirilgan, strukturaning har ikki uchida ikkita 5-ftoruratsil
gismi va ikkita amid bog'lovchisi bo'lgan ikkita yangi o’sma kasalliklarga qarshi dori sintez qilingan[9]. 5-Ftoruratsilning
mikroto’lqinli nurlatish ta’sirida etilxloratsetat bilan suv erituvchisida, 105° C va 8 minut davomida trietilamindan foydalanib N-
1/N-3 nukleofil almashininsh reaksiyalarilari olib borilgan, ammo maxsulot juda kam unumlarda hosil bo’lgan.Olingan
izomerlarning tuzulishi tasdiglanib biologik faolligi o’rganilgan [10]. 5 -Fu ning o’simtaga selektivligi yuqori emasligi sababli ,
uni terapevtik qo‘llash suyak ko‘migi, oshqozon-ichak trakti va markaziy asab tizimining jiddiy zararlanishiga olib kelgan. Ushbu
muammolarni hal gilish uchun 5-Fu strukturasining ko‘plab modifikatsiyalari amalga oshirilgan.Mazkur ishda 3-ftor 4-nitro
anilinning xloratsetillash mahsulotini 5-Ftoruratsil bilan reaksiyalari o’rganildi va tuzilishi H, 3C YaMR ,IQ va Mass
spektrometriya usullari yordamida tasdiglandi.Bundan tashqgari olingan mahsulotning suyuglanish harorati,reaksiya
unumi,eruvchanligi aniglandi va biologik faolligini o’rganish uchun 2 ta saraton hujayrasi: HT-29 (yo'g'on ichak saraton hujayrasi)
va MCF-7 (ko'krak saratoni hujayrasi)ga ta’siri tekshirildi.

Tajriba gismi

Olingan mahsulotning suyuqlanish haroratini o’lchash uchun M-560 jihozdan foydalanildi. 1H va 13C YaMR spektrlari
DMSO erituvchisida VARIAN MR 400 MHz spektrometrlarida olindi. Yuqori aniglikdagi massa spektrometriyalari (HRMS) AB
SCIEX QSTAR Elite yordamida mass analizi o’rganildi. IQ spektrlari Fure-spektrometr Bruker Invenio S-2021 4000400 cm*
ATR jihozida KBr yordamida o’lchandi.

Tadgiqgot natijalari va muhokamalar

Sintez metodi

5-Ftoruratsil (5-Fu) ning 3-ftor 4-nitro N-xloratsetil anilin asosida yangi hosilasini sintez qilish jarayoni ikki bosgichda
amalga oshirildi.Birinchi bosgichda 3-ftor 4-nitro anilinning N- xloratsil mahsulotini olish uchun dastlab aromatik aminning (0,01
mol) migdori 100 ml li tubi yumaloq kolbada atsetonitrilda eritildi, ustiga K2COs tuzi (0,01 mol,1.38 gr) qo’shildi va haroratni -1-
3 C° gacha pasaytirib 30 min davomida magnitli aralashtirgichda xloratsilxlorid (0,01 mol, 0.8 ml) tomchilatib qo’shildi.So’ngra 2
soat davomida ultra tovushli jihozda qoldirildi va aralashma YQQX yordamida (geksan:atseton,1-1.5) tekshirildi va tozalanib
qurutildi.

Sxema-1

NH, NH—C

Reaksiyaning ikkinchi bosgichida 5-Ftoruratsil (5-FU) (0.000625 mol, 0.081 gr) 2 ml DMFA da xona haroratida eritildi va
ustiga K2COs (0.00125 mol, 0.1725 gr) tuzi qo’shildi.So’ngra aralashtirilgan holda olingan 3-ftor 4-nitro N-xloratsetil anilin-
(0.00125 mol) ta’sir ettirildi va reaksiya 10-12 soat davomida ultra tovushli suv hammomida xona haroratida olib borildi. Reaksion
aralashma YQQX yordamida (geksan:atseton,1-1.5) har ikki soatda tekshirildi va tozalandi.

Sxema-2
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Sariq rangli, kukunsimon mahsulot unumi 66%,suyuglanish harorati 310-312°C, Rf=0.64 (sistema atseton-geksan 2-3
nisbat). Tuzulishi 1Q, H!,C® YaMR spektroskopiya va mass spektrometriya usullaridan foydalanib aniglandi.
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1-rasm. Mahsulotning 1Q spektri. (KBr): v=3310 (NH), 3100 (Ar-H), 1703, 1642,1602 (C=0),1553 (aromatik C=C),1427 (CH2-

i =
EI:IEI (|
3-rasm. Mahsulotning *H YaMR (400 MHz, dmso) 5 8.30 (d, J = 6.5 Hz, 2H), 8.18 (d, J = 4.0 Hz, 1H), 7.91 — 7.73 (m, 2H), 7.47
(t, 3=9.7 Hz, 2H), 473 (s, 2H), 4.69 (s, 2H), 3.33 (5, 2H).

Ll 1

4-rasm. Mahsulotning *C YaMR spektri (101 MHz, dmso) & 166.51, 166.09, 157.00, 156.33, 154.42, 149.67, 145.66, 145.55,
139.80, 137.54, 131.43, 130.52, 130.19, 127.70, 127.65, 114.73, 114.67, 107.27, 51.35, 44.19.
Biologik faolligi

Mahsulotning biologik faolligi 2 ta saraton hujayralariga ta’siri asosida o0’rganildi (50 mmol/). Natijalar shuni ko’rsatdiki
olingan mahsulot HT-29 (yo'g'on ichak saraton hujayrasi) uchun ingibirlash ko’rsatgichi 75.30% (5-FU=40.75%) va
ICs0=21.48+1.07. MCF-7 (ko'krak saratoni hujayrasi) uchun mahsulotning ingibirlash ko’rsatkichi 23.05% 5-FU uchun esa 41.49%
natijani gayd etdi.

Xulosa. Ik bor 5-Ftoruratsilning 3-ftor 4-nitro N-xloratsetil anilin asosidagi yangi hosilasi sintez gilindi. Olingan
birkmaning tuzilishi 1Q, Mass va H,C'® YaMR spektrometriya usullari yordamida tasdiglandi. Mahsulotning suyuglanish
harorati,reaksiya unumi,eruvchanligi aniglandi va biologik faolligini o’rganish uchun 2 ta saraton hujayrasi: HT-29 (yo'g'on ichak
saraton hujayrasi) va MCF-7 (ko'krak saratoni hujayrasi)ga tekshirildi.Natijalar shuni ko’rsatdiki mahsulotning HT-29
hujayrasidagi faolligi 5-FU ga garaganda kuchliroq birog MCF-7 hujayrasiga ta’siri 5-FU ga nisbatan kuchsiz faollikga ega.
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Annotation

The chemical and physical properties of mixed salts is studied in relation to the formation process of salt layers in the Kushkanatog
and Akkala mixed salt deposits, the distribution of salts on the dried surface and their chemical composition depending on their
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XUMUYECKHUN U ®PU3UKO-XUMHUYECKUIN AHAJIN3 COCTABA IIPUPOJHBIX CMEIIAHHBIX COJIEN
METOPOXJIEHUS KYHIKAHATAY

AHHOTAIHS
M3yuensl xumudeckne u QU3NIECKUE CBOWCTBA CMEMIAHHBIX COJIEH B CBS3W C MPOIIECCOM (POPMHUPOBAHHUS COJITHBIX TUIACTOB B
CMEIIaHHBIX COJITHBIX MecTopoxIeHnsx Kymikanatay m Akkajna, pacrpelelieHHe cojieid Ha BBICOXIIECH TMOBEPXHOCTH U HX
XIUMHYECKHI COCTaB B 3aBUCHMOCTH OT HX PACIOJOKEHHS Ha ONPENENICHHOW TIyOMHE W M3MEHEHHE MX MHHEPAIOTHUECKHUX
CBOWCTB, HA OCHOBE XUMHUYECKOTO aHAJII3a ONpeIeNICHb KOMIIOHEHTH H MHHEPAJIOTUIECKUI COCTaB STHX COJIECH.
Knarwouesbie cioBa. Cynbdar Maraus, cyab(aTt HATpUs, XJOPU] HATPHS, BOJA, TATIUT, TEHAPAUT, MUPAOUIIHT, STICOMUT, TOJIUTAJIHT,
ryay0epuT CMEIIaHHbIE COJIM, KOMIIOHEHT, MHHEPAJIOTHYECKUI COCTaB.

KUSHKANATOG*‘ KONI TABIITY ARALASH TUZLARI TARKIBINI KIMYOVIY VA FIZIK-KIMYOVIY TAHLIL
QILISH
Annotatsiya

Kushkanatog® va Akkala aralash tuzlari koni hududida tuzli qatlamlarning hosil bo‘lish jarayoni, qurigan yuzasida tuzlarning
tagsimlanishi va ularning ma’lum bir chuqurlikda joylashishi bo‘yicha kimyoviy tarkibiga bog‘liqligi va ularning mineralogik
hossalarining o°zgarishiga nisbatan aralash tuzlarining kimyoviy va fizik kimyoviy tahlillar asosida ushbu tuzlarning komponent
va mineralogik tarkiblarini aniglangan.

Kalit so‘zlar. Magniy sulfat, natriy sulfat, natriy xlorid, suv, galit, tenardit, mirabilit, epsomit, poligalit, glauberit aralash tuzlar,
komponent, mineralogik tarkib.

Kirish. O‘zbekiston Respublikasini igtisodiy jihatdan rivojlantirishning asosiy yo‘nalishlaridan biri tabiiy xomashyolarni
o‘zlashtirish, ularni kompleks qayta ishlash, raqobatbardosh, import o‘rnini bosuvchi maxsulotlarni mahalliy xomashyolardan
ishlab chigarish hisoblanadi. Bunday kimyoviy mahsulotlar qatoriga, natriy va magniy sul’fatlarni kiritish mumkin, ushbu
mahsulotlarga bo‘lgan ehtiyoj sanoat va ishlab chiqarish miqiyosida bu magniy sulfat va natriy sulfatlarga bo‘lgan talab kundan
kunga ortib bormoqgda [1].

Respublikamiz xomashyo zahiralariga boy mamlakat hisoblanadi va mineral tuzlar mavjud bo‘lgan konlar ko‘plab topiladi.
Shu konlardan biri Qoraqolpog‘iston Respublikasi hududida joylashgan Kushkanatog® koni mana shunday konlardan biri
hisoblanadi. Kushkanatog* mineral tuzlar koni Qogagalpog‘iston Respublikasining Chimboy tumanida joylashgan bo‘lib, Chimboy
shahridan 30 km shimoliy g‘arbda, Ko‘shkanatog® cho‘qqisining janubida, Amudaryo deltasida joylashgan.

Ushbu kon tarkibidagi aralash tuzlarni kompleks gayta ishlab bitta moslashuvchan texnologiyada bir necha mahsulotlar
olish tizimini yaratish texnologik va iqtisodiy jihatdan afzalliklarga ega bo‘lib, bugungi kunda Respublikamizning eng dolzarb
muammolaridan biri hisoblanadi [2-4]

INFOMINE ma’lumotlariga ko‘ra MDH hududida A+B+C kategoriyaga tegishli magniy tuzlarining zahirasi, 6,7 mlrd.
tonnani tashkil etadi, ushbu zahirada MgCl2 ning ulushi 1,16 mlrd tonna. Jami 61.4% magniy zahirasi Rossiya hududiga, 20% -
Turkmaniston hududiga, 18,4%-Ukraina hududiga, 0,2%-Qozog’iston hududiga tog‘ri keladi. Xlorli magniy tuzlarining ulushi
(68%), sulfatli magniy tuzlarining ulushi (16%), sulfat-xlorli aralash tuzlarning ulushi (5%) va dengiz suvlari nomakoblari (11%)
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ni tashkil etadi. Ushbu zahira asosan: Verxnekamensk, Gorodishen, Svetloyar(Rossiya), Kalush-Golin, Stebnikov (Ukraina),
Karlyuk (Turkmaniston) kaliyli va kaliy-magniyli konlarda targalgan. Magniyning katta zahirasi Kuchuk, Elton(Rossiya), Qari,
Sasig-Sivash(Ukraina), Qara-bogaz-ko‘l (Turkmanistan) dengizlari nomakoblari tarkibida uchraydi.

O‘zbekiston ham natriy va magniy tuzlarini ajratib olish uchun katta homashyo bazasiga ega. Ushbu zahiralardan biri
Qoragalpog’iston Respublikasida joylashgan Karaumbet va Barsakelmas ko‘llarining nomakoblari hisoblanadi. Karaumbet
konining tasdiglangan zahirasi 700 ming tonna MgCl2 ni tashkil etadi yoki MgO ga nisbatan hisoblaganda 295 ming tonnani tashkil
etadi. Ushbu zahiradan 74 ming tonnasi nomakob tarkibida saglanadi. Barsakelmas nomakobi tarkibidagi magniy tuzlarining
miqdori 2.470 ming tonna MgCl2 yoki 1.040 ming tonna MgO tashkil etadi [5]. Karaumbet Quruq aralash tuzlari o‘rtacha hisobda
qurug tuzga nisbatan hisoblaganda (massa%): Na2S0s-43-61; MgCl2-11-15; NaCl-13-19 saglaydi va natriy sulfat, osh tuzi hamda
bishofit olish uchun gimmatli homashyo hisoblanadi.

Magniy va natriy birikmalarining asosiy manbayi bo‘lib Karaumbet koni aralash tuzlari xizmat giladi. Ushbu konning
asosiy manbayi xlorid-sulfat turiga oid tuzlar hisoblanadi. Karaumbet konidagi MgCl2 ning tasdiglangan zahirasi 700 ming. t
MgClz, 3,365 ming tonna NaCl va 2,181 ming tonna Na2SO4 ni tashkil etadi [6]. Karaumbet koni qurug aralash tuzlari uzoq yillar
davomida qurigan dengizning sathida hosil bo‘lgan hisoblanadi. Uzoq yillar davomida dengiz suvi nomakobining yuzasidan suv
bug‘lanib tuzning hosil bo‘lishi haligacha davom etmoqda.

Tabiatda natriy sulfat minerallari oddiy Na2SO4 (tenardit), NazSO4:10H20 (mirabilit), hamda qo‘sh tuzlar:
Na2S04-MgS04-4H20 (astraxanit), NazS04:3K2SOs (glazerit), Na:SO4-CaSO4 (glauberit), 2Na:SO4-Na2COs (berkeit) tuz
ko’rinishida: Ushbu tuzlarni konda 3ta guruhga bo‘lingan holda uchratish mumkin [7, 8]:

- Glauberit va astraxanit, mirabilit va tenarditning Kkatta zahiralari plast va linzalar ko‘rinishida galogenli qobiqlarda
uchraydi;

- Dengiz zahiralari yuza va quyi qobiqlardagi kristallararo gatlamlarda mirabilit va quyi gismlarida mirabilit va astraxanit
saglaydi;

- Yerosti tuzli zahiralari, sulfatli birikmalar bilan to‘yingan;

Bundan tashgari natriyning sulfatli va xlorli birikmalarining bitmas-tuganmas manbayi dengiz va okeanlarning suvlari
hisoblanadi.

Geografik nuqtayi nazardan sulfatli konlar arid hududlariga to‘g‘ri keladi. Ushbu tuzlarning MDX davlatlari orasidagi
asosiy zahiralari Kaspiybo‘yi, Orolbo‘yi, Balxashbo‘yi tumanlarida hamda shimoliy Sibir va Tyanshan hududlarida aniqlangan [9,
10].

Kaspiy dengizining sharqiy qirg‘oqlarida joylashgan, Turkmanistondagi Qora-Bo‘g*az-Gol ning quyi ogimlari natriy sulfat
va boshqa tuzlarning asosiy manbayi hisoblanadi. Ushbu konning Sulfatli homashyosi, natriy sulfat ko‘rinishida tuzli
aralashmaning yuza gismida hamda nomakob tarkibida oraliq kristallar va tubdagi tuz qoldiglar tarkibida glauberit, astraxanit, va
mirabilit ko‘rinishida uchraydi [11, 12]. Qora-Bogaz-gol koni undagi homashyoning noyobligi hamda tarkibi jihatidan kamyob
hisoblanadi. Ushbu konga kaspiy dengizi ogimining doimiy quyilishi natijasida yiliga 100 mln. t. tuz, ushbu tuzning tarkibida 2,5
min. t. natriy sulfat kirib keladi.

Natriy sulfatning yana bir koni Altay o‘lkasidagi Kulundin soyida joylashgan kuchuk ko‘li hisoblanadi. Ushbu kon
nomakobi tarkibida sulfatli tuzlar hamda tub qoldiglar tarkibida mirabilit kristallari uchraydi.

Natriy sulfat ajratib olishda yana bir magsadli konlardan biri Kuchuk ko‘li yaqinida joylashgan Kulundin ko‘li hisoblanadi.
Bu ko‘l suvining sho‘rlanish miqdori 6 % ni tashkil etadi [13].

Bugungi kunda ko‘lami jihatidan katta lekin foydalanilmayotgan konlardan biri, Djaksi-klich koni hisoblanib, ushbu kon
tuzli ko‘llar tizimi hisoblanadi hamda o°z tarkibida mirabilit, tenardit, galit va astraxanit qatlamlarini saqlaydi. Ebeyti ko‘li —
Yuzaki nomakob va tub gatlam tarkibida mirabilit gatlamlarini saqlaydi. Anjbo‘lat ko‘lida esa mirabilit va tenardit qatlamlari
mavjud.

Tyan-Shan tog* tizmalari Farg‘ona viloyatidagi tog‘liklar orasida Natriy sulfat ishlab chigarishda homashyo sifatida

Natriy sulfat ishlab chigarish uchun xom ashyo sifatida Farg‘ona pasttekisligi va Tyan-shanning tog‘lararo havzalarida
mavjud bo‘lgan glauberit konlarini, Qoraqalpog‘istonning Kushkanatau, Oqqala va Tumryuk konlarida mavjud bo‘lgan astraxanit,
tenardit va mirabilit konlarini ko‘rib chigish mumkin [14, 15]. Kushkanatau va Oqqala konlarining o°‘zida 2 milliard tonnadan oqtiq
mirabilit zahiralari mavjud bo‘lib shundan faqatgina Kushkanatau konining o°zida mirabilit zahirasi 300 mln. tonnadan ziyod. [16,
17].

Tadgiqgot usullari. lImiy tadqigot ishlarida labaratoriya eksperiment tahlillarini bajarish uchun Kushkanatog® konidagi
Astraxanit aralash tuzlari qatlamining 4 metr chuqurlikdan olingan tabbiy astraxanit aralash tuzlari namunasidan dastlab 80 °C
haroratda va 1 soat vaqt davomida uning tuyuingan eritmasi tayyorlanib so‘gra uni 7 va 3 °C haroratgacha sovutib, harorat ta‘sirida
MgSO4+7H20 (Epsomit) va NazSO4+10H20 (Mirabilit) kristallogidratlarini hosil gilish, hamda ularni cho‘ktirish va fil‘trlash yo‘li
bilan ajratish usullarini ishlab chigish uchun tanlangan astrxanit aralash tuzlari namunasining kimyoviy tarkiblari labaratoriya
sharoitida o‘rganilgan bo‘lib, uning tarkibida mass. % da SOa4— 45,19, ClI-4,12, Ca - 0,83, Mg — 4,80, K - 0,23, Na - 14,13, H20 —
21,86 va erimaydigan goldiq (e.q) - 7,41 % miqgdorlarda mavjudligi kimyoviy va fizik-kimyoviy tahlillar asosida aniglangan.

Natijalar va muhokama. Labaratoriya sharoitida tajriba modeli qurilmasida olib borilgan ilmiy tadgiqot ishlarida
kimyoviy tahlillar asosida olingan natijalar qo‘yidagi 1, 2 - jadvallarda hamda 1 va 2 - rasmlarda keltirilgan.

Dastlab Kushkanatog® konidagi Astraxanit qatlamining 4, 7 va 10 metr chuqurliklaridan olingan tabbiy astraxanit aralash
tuzlarining 1, 2 va 3 namunalarining kimyoviy tarkiblari o‘rganilgan. Bunda Kushkanatog* koni aralash tuzlari qatlamining 4 metr
chuqurligidan olingan 1 namunaning tarkibida mass., % da SO4 — 45,19, Cl-4,12, Ca - 0,83, Mg — 4,80, K - 0,23, Na - 14,13, H20
— 21,86 va erimaydigan goldiq (e.q) - 7,41 %, 7 metr chuqurlikdan olingan 2 namunaning tarkibida SO4 — 47,20, Cl-4,30, Ca - 0,86,
Mg-5,01, K-0,24, Na - 14,76, H20 — 19,35 va erimaydigan goldiq (e.q) - 7,04 %, 10 metr chuqurlikdan gazib olingan 3 namunada
esa SO4—49,21, Cl-4,38, Ca- 0,90, Mg — 5,22, K - 0,25, Na - 15,39, H20 — 15,85 va erimaydigan goldiq (e.q) - 6,69 % miqdorlarda
mavjudligi kimyoviy va fizik-kimyoviy tahlillar asosida aniglangan (1-jadval).

1-Jadval
Kushkanatog® koni astraxanit qatlamidan olingan tabbiy aralash tuzlari namunalarining kimyoviy tarkibi
Aralash tuzlar | _Astraxanitning kimyoviy tarkibi, mass., %
Namunasi [ so. [ ci [ Ca [ Mg [ K [ Na [ Ho [ H:0 |
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1 45,19 4,12 0,83 4,80 0,23 14,13 7,41 21,86
2 47,20 4,30 0,86 501 0,24 14,76 7,04 19,35
3 49,21 4,48 0,90 5,22 0,25 15,39 6,69 15,85

Shuningdek, Kushkanatog® konidagi tabiiy aralash tuzlarining 1, 2 va 3 namunalarining mineralogik - tuz tarkiblari ham
o‘rganilgan bo‘lib, bunda 1 namunaning mineralogik-tuz tarkibi, mass., % da astraxanit (Na2SO4*MgS0O4+H20) -64,05; galit (NaCl)
— 6,76; tenardit (Na2SO4) — 5,23; mirabilit (NazSOs¢10H20) -1,09; epsomit (MgSO47H20) - 0,090; poligalit
(K2Ca2Mg[SO4]4e2H20) — 1,45; glauberit (Na2SO4+CaS04) — 4,11 va erimaydigan qoldiq (e.q) - 7,41 %, 2 namunada astraxanit
(NazS04*MgS04<H20) -66,90; galit (NaCl) — 7,06; tenardit (Na2zSOa) — 5,46; mirabilit (NazSO410H20) -1,17; epsomit
(MgS04¢7H20) -0,094; poligalit (K2Ca2Mg[SO4]4+2H20) — 1,51; glauberit (Na2SO4+CaSO4) — 4,30 va erimaydigan goldiq (e.q) -
7,04 %, 3 namunada esa astraxanit (NazSO4sMgSO4*H20) -69,75; galit (NaCl) — 7,36; tenardit (Na2SO4) — 5,69; mirabilit
(Na2S04+10H20) -1,22; epsomit (MgSO4+7H20) -0,098; poligalit (K2Ca2Mg[SO4]4+2H20) — 1,58; glauberit (Na2SO4s+CaSOa4) —
4,48 va erimaydigan qoldiq (e.q) - 6,86 %, ekanligi kimyoviy va fizik-kimyoviy tahlillar asosida aniglangan hamda olingan natijalar
2-jadvalda keltirilgan.

2-Jadval
Kushkanatog® koni astraxanit gatlamlardan olingan tabbiy astraxanit aralash tuzlarining mineralogik tarkiblari

. . . . . Astraxanit namunalari
Ne Tuzlarning nomi Kimyoviy formulasi
1-namuna 2-namuna 3-namuna

1 Astraxanit Na;S04*MgSO4+H20 64,05 66,90 69,75
2 Galit NaCl 6,76 7,06 7,36
3 Tenardit Na;SO4 5,23 5,46 5,69
4 Mirabilit Na2S04+10H.0 1,09 1,17 1,22
5 Epsomit MgSQ4+7H,0 0,090 0,094 0,098
6 Poligalit K2Ca;Mg[SO4]4+2H,0 1,45 1,51 1,58
7 Glauberit Na;S04+CaSO4 4,11 4,30 4,48
8 e.q. 7,41 7,04 6,86

Qo‘yida keltirilgan 1-rasmda Kushkanatog koni tabiiy aralash tuzlarini 1- namunasining fizik-kimyoviy (rentgenografik
tahlil) tahlili keltirilgan. Labaratoriyaga keltirilgan ushbu namunani fizik-kimyoviy tahlil gilishda aylanish tezligi 30 ayl./daq
bo'lgan aylanishli kamera ishlatilgan. Radiograf tahlillar «The American Mineralogist crystal structure database» va Mixeevning
minerallarning determin determinanti yordamida talgin gilingan. Rengenografik tahlil usulida olingan tahlil natijalari 1 va 2-
rasmlarda keltirilgan bo‘lib, ushbu rasmlarda keltirilgan rengenografik tasvirda diffraktsiya chiziqli cho‘qgilaridan ko‘rinib
turibdiki, tanlangan Kushkanatog® koni tabiiy aralash tuzi 1-namunasining asosiy tekisliklararo masofalari va boshga
ko‘rsatkichlari, mass., % da Na2SO4-MgS04-4H20 (astraxanit (bludite)) — 22,50; NaCl (galit)-18,20; Na:SOs (tenardit) — 5,23;
Na2S04¢10H20 (mirabilit) — 24,40; MgSO47H20 (epsomit) — 4,60; K2Ca2Mg[SO4]4+2H20 (poligalit) — 9,50 va Na2SO4CaSO4
(glauberit) — 23,60 % larga tegishli ekanligi isbotlandi.

Bundan tashqari ushbu Kushkanatog® koni tabiiy aralash tuzi namunasining tuzilishini aniglash magsadida 1Q spektrik
tahlili qilindi va olingan natijalardan ko‘rinadiki, bu kristallarning asosiy gismi Na2SO4-MgSOs-4H20, Na2SO4+10H20 va NaCl
minerallari ekanligini usbu tahlil usuli ham tasdiglagan (2-rasm).
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1-rasm. Kushkanatog® koni astraxanit qatlamidan olingan tabbiy astraxanit aralash tuzi birinchi namunasining
rengenografik tahlili
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2-rasm. Kushkanatog‘ koni astraxanit qatlamidan olingan tabbiy astraxanit aralash tuzi birinchi namunasining 1Q-
spektrial tahlili

Kushkanatog* koni tabiiy aralash tuzlari birinchi namunasi “SHIMADZU” qurilmasida 1Q — spektrial tahlil qilingan bo‘lib,
bunda namuna sifatida moddalarni suspendirlash usulida kaliy bromidli tabletkadan foydalanilgan. Dastlabki olingan astraxanit
kristallarining 1Q spektr sohasi 1062,07 sm™ ga mos ravishda SOz 3331,07 sm™ guruhi to‘g‘ri keladi, 665,44 sm™* sohasiga esa Na
bog‘lariga mos ekanligi aniqlangan.

Xulosa. Shunday qilib, Kushkanatog® konida jaoylashgan astraxanit qatlamining 4, 7 va 10 metr chuquliklaridan tabiiy
aralash tuz namunalari tarkibini aniqlash maqsadida labaratoriyaga olib kelindi. Ushbu olib kelingan Ko‘shkanatog* koni tabiiy
aralash tuzlari namunalarining dastlab kimyoviy va mineralogik tarkiblari kimyoviy va fizik-kimyoviy tahlillar asosida o‘rganilgan
bo‘lib, olingan natijalar jadval va rasm ko‘rinishida maqolada keltirilgan. Ushbu ilmiy tadgiqot ishini bajarishdan magsad tabiiy
aralash tuzlar namunalaridan minerallar va tuzlarni ajratib olishning moslashuvchan texnologiyasini ishlab chigish magsadida
labaratoriya tahlillari o‘tkazilgan.
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THE EFFECT OF THE COLOR AND SIZE OF ACTIVATING CLAYS ON THE SORPTION PROPERTIES OF
SORBENTS
Annotation

Currently, one of the cheapest and most cost-effective ways to obtain sorbents with high sorption properties is the implementation
of various types of clays with physical or chemical treatment. Scientific sources indicate that, depending on the color and size of
clay powders exhibiting sorption properties as a result of clay activation, they can be divided into classes based on experimental
studies.
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BJIMSIHUE LIBETA U PASMEPA AKTUBHPYIOIIMX I''IUH HA COPBLIMOHHBIE CBOMICTBA COPBEHTOB
AHHOTaALHA

B HacTosIee BpeMsi OJJHHM M3 CaMBIX JCIIEBBIX U 3KOHOMHYECKH 3((PEKTUBHBIX CIIOCOOOB MOJIyYCHHUsSI COPOCHTOB C BHICOKHMHU
COpOLIMOHHBIMHE CBOMCTBAaMHM SIBJSIETCS peajM3alys Pa3iIMYHBIX BHIOB I'NIMH ¢ (QU3MYECKOH MM XMMHYeCKoH oOpaborkoil. B
Hay4YHBIX MCTOYHHKAX NMPUBOAMTCS, YTO B 3aBHCHMOCTH OT LIBETa M Pa3MEpOB IOPOIIKOB IIIMH, HPOSBIISIONINX COPOLOHHOE
CBOICTBO B pe3yJIbTaTe aKTHBALMH IIMH, UX MOXKHO Pa3JIeInTh Ha KJIACCH HA OCHOBE IKCIIEPUMEHTAIBHBIX HCCICIOBAHHUM.
KnroueBsble cj10Ba: TIIHHSHBIN ITOPOIIOK, IBET, COPOLIMOHHBIE CBOWCTBA, CTPYKTYpHAs CTPYKTYpa, CepHasi KHCIIOTa, IpOOIIeHHe,
pasmep, copOeHT, aKTHBAIIHSI.

SORBENTLARNING SORBSION XOSSASIGA FAOLLANUVCHI GILLARNING RANGLARI VA
O‘LCHAMLARINI TA‘SIRI
Annotatsiya
Hozirgi kunda yuqori sorbsion xossaga ega bo‘lgan sorbentlar olishning eng arzon, igtisodiy jihatdan samarador usullaridan biri
bu—turli xildagi gillarni fizikaviy yoki kimyoviy gayta ishlov berish bilan amalga oshirishdir. Gillarini faollantirish natijasida
sorbsion xossasini hamoyon giluvchi gillarning rangiga va kukunlarini o‘lchamlariga bog‘lig holda eksperimental tadgiqotlar
asosida sinflarga ajratish mumkin ekanligi ilmiy manbaalarda keltirilgan.
Kalit se‘zlar: gil kukuni, rang, sorbsion xususiyat, strukturaviy tuzilish, sulfat kislota, maydalash, o‘lcham, sorbent, faollantirish.

Kirish. Tabiiy bentonit gillarni sorbsion xossasi, ya’ni faolligini oshirish nafagat gil kukun zarralarining o‘lchami uning
rangining turlicha bo'lishligi ham juda muhim ahamiyatga ega ekanligini ta’kidlab o‘tish lozim. Tabiiy bentonit gil kukunlarining
rangi turlicha bo'lganligi sabab gil kukunni tarkibi va strukturaviy tuzilishi ham bir-biridan farq giladi. Aynigsa gora rangli
gillarning sorbsion xossasi yuqori bo‘lishi to*g risidagi ma'lumotlar ko‘plab adabiyotlarda keltirilgan va ularning tarkibi esa metall-
organik karkas tuzilishidagi moddalardan tashkil topganligi isbotlangan [1-3].

Mavzuga oid adabiyotlar tahlili. Jahonda o‘simlik moylarini tozalash uchun yuqori samarador sorbentlarni yaratishga
qaratilgan tadqiqotlar bo‘yicha katta hajmdagi ma’lumotlar mavjud bo‘lib, bu sohada J.A. Pollard, S.A. Kapustin, M.A. Usman,
V.1. Ekwueme, T.O. Alaje, Y.G. Wang, A.Q. Kormosh va boshqalarning ishlarida turli tabiiy va sintetik polifunksional birikmalarni
saqlagan sorbentlarni ishlab chigish bo‘yicha ma’lumotlar keltirilgan. Shunindek, hozirgi kunda mahalliy xomashyo zaxiralari
asosida paxta moylarini oqatirishda qo‘llaniladigan yangi sorbentlar olish texnologiyalarini ishlab chiqish va tadbiq etish
yo‘nalishida ilmiy ishlar olib borilgan.

O‘zbekistonda K.S. Axmedov, E.A. Aripov, M.A.Asqarov, A.T.Jalilov, S.A. Abduraximov, M.R. Amonov, B.B. Sobirov,
D.S. Salixanova va Sh.A. Sultonovlar tomonidan ilmiy ishlar olib borilgan. Ularning ishlarida tabiiy va sintetik polielektrolitlar,
shuningdek, suvda eruvchan va sintetik kompozitli kukun asosidagi faollangan sorbentlar olishning Respublikamiz va xorijda
mavjud texnologiyalari har tomonlama tahlil qilingan.

Tadqiqot metodologiyasi. Olib borilgan tadqiqotlardan ma'lum bo'ldiki, agar sorbent sifatida qora rangli tabiiy bentonit
gilini termokimyoviy modifikatsiyalash jarayonida qo'llanilganda olinayotgan sorbentning sorbsion xossasini oshirish uchun
kislotaning miqdoriy nisbatini ko‘paytirib, ya'ni Q:S shuningdek, faollantirish jarayonini harorat 250-300°C oralig'ida olib borilsa
yuqori samarali sorbent olishga erishiladi. Qora rangli gil kukunlarni faollantirish natijasida olingan sorbentning sorbsion xossasi
bir muncha yuqori bo‘ladi, lekin, gilning mo'rtligi ortadi natijada kukun zarrachalarining o‘lchami yanada maydalashishiga sabab
bo‘lib, filtrlash jarayonida tozalanayotgan moddalar bilan qisman suspenziya holida aralashib tozalanish darajasi kamayadi ya ni
qo'shimcha moddalar bilan ifloslanishiga olib keladi. Sarg'ish rangli gillarning qora rangli gillardan farq qiladigan xossalaridan
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biri uning sorbsion xossasini yuqori bo'lishligi va bo‘kish jarayonini namoyon qilishligi bilan tushuntiriladi. Qora-qizg‘ish rangli
gillarda kislotalar bilan modifikatsiyalash jarayoni faol boradi, lekin qora rangli gillarga nisbatan qattiqroq hisoblanadi. Oqish va
sarg‘ish rangdagi gillar qattiqroq bo‘lib, kislota bilan modifikatsiyalash reaksiya tezligi boshqa rang gillariga nisbatan tez boradi.
Shiddatli reaksiyaga kirishadigan oq, sarg‘ish va ko‘k rangli gillar opoka va paligorskitli gillar hisoblanadi. Qizil rangli gillar ham
mavjud bo‘lib, ularda ham modifikatsiyalash jarayoni tez sodir bo'ladi. Rangli gil kukunlarini 30% li sulfat kislota eritmasi bilan
kimyoviy qayta ishlov berilgan sorbentning paxta moylarini tiniqlashishi hamda rangsizlanishi ko rsatkichlarining o'zgarish
kinetikasi natijalari 1-rasmda keltirilgan.

12 4

Rang birligini o zgarishi

o

:
=
®

Vagt, min

1-rasm. Paxta moylarini sorbentlar ta’sirida tiniqlashishi va rang birligi o‘zgarishining vaqtga bog‘ligligi.Tabiiy bentonit gilining
rangi: 1-sarg‘ish rangli; 2-qora rangli

Gil kukunini modifikatsiyalash orqali olingan sorbentning 120 minut davomida rang birligining kamayishi 2,1 ni tashkil
qilgan bo'lsa shu sharoitda modifikatsiyalangan qora rangli gil kukuni asosida olingan sorbentning rang birligini kamayishi 180
minutda 2,3 ni tashkil etdi. Olingan natijadan shunday xulosaga kelish mumkin: sarg'ish rangli gil kukunlarini termokimyoviy
modifikatsiyalash orqali olingan sorbentlarning sorbsion xossasi qora rangli gil kukunlariga nisbatan 12-15% yuqori bo'lishi
aniqlandi.

1-rasmda keltirilgan ma'lumotlardan ko'rinib turibdiki, sarg'ish rangli gil kukunlarini termokimyoviy modifikatsiyalab
olingan sorbenti qora rangli gil kukunlarini ushbu usul bilan olingan sorbentga nisbatan rang birligini o'zgarish tezligini ortishi va
rang birligini kamayish muddatini gisqarishiga olib keladi. Masalan, sarg'ish rangli gil kukunlarini kislotalar bilan 200-300°C
harorat oralig'ida faollantirilganda kimyoviy jarayon reaksiya tezligi va jarayonlarini qanday sharoitda borishligi uning tarkibiy
hamda strukturaviy tuzilishi bilan tushuntirish mumkin. Tabiiy gil tarkibida organik moddalar miqdori ko‘proq bo‘lsa, reaksiyaga
kirishish qobiliyati nisbatan sekin boradi. Agar strukturaviy tuzilishi oktaedr va qattiglilik darajasi kattaroq bo‘lsa
modifikatsiyalash jarayoni tezligi ortib boradi. Tabiiy mineral bentonit gilining qattiqligi ishqoriy yer metallaridan Ca (kalsiy)
elementi miqdori bilan izohlanadi. Tetraedr tuzilishli gillar kislotalar bilan ta’sirlashish jarayon tezligi ma’lum darajada pastroq
bo‘ladi. Organik moddalarning miqdoriy nisbati ko‘proq bo‘lgan tetraedr tuzilishli gillar kislotalar bilan o‘zaro ta’siri, ya ni
modifikatsiyalash jarayoni tezligi eng past hisoblanadi. Tetraedr tuzilishli sarg'ish rangli gillar asosan burg‘ulash eritmalarini
tayyorlash uchun yuqori samarali burg'ulovchi sifatida ishlatiladi. Sorbsion xossaga ega bo'lgan gillarning qattiqlik darajasi
pastroq bo'lgan oqish-ko‘kishroq rangli gillar asosida olingan sorbentning boshqa rangli gillarga nisbatan sorbsion xossasi yuqori
bo'lishligi aniglandi. Oq rangli gillarni sulfat kislota bilan turli miqdoriy nisbatda (T:J) faollantirish natijasida olingan sorbentning
sorbsion xossasini o'zgarishi natijalari 2-rasmda keltirilgan. Tajriba 100 gr gil kukuniga 300 ml turli konsentratsiyali H2SO4
eritmasi (T:J=1:3 nisbatda) qo’shilib, 250°C haroratda 180 minut davomida aralashtirib turgan holda olib borildi.

Ushbu rasmdan ko 'rinib turibdiki, tabiiy bentonit gil kukunlarini modifikatsiyalash nafaqat gil rangiga, shu bilan bir qatorda
modifikatsiyalovchi kislota konsentratsiyasiga ham bog'liqligi aniqlandi.

Erimada H2SOas konsentratsiyasining ortib borishi modifikatsiyalash jarayonini tezlashishiga olib keladi. Shu bilan bir
qatorda H2SOas ning barcha konsentratsiyali eritmalarida modifikatsiyalash vaqtining ortib borishi bilan olingan sorbentning
sorbsion xossasi ham ortib boradi. Modifikatsiyalash vaqti 120-180 minut oralig'ida esa barcha sorbentlarning sorbsion xossasi
deyarli o'zgarmaydi. Shu sababli H2SOs4 ning turli konsentratsiyali eritmalarida hamda harorat 250-300°C oralig'ida
modifikatsiyalash jarayonini olib borish optimal sharoit hisoblanadi.

Sorbsion xoss

2-rasm. Oq rangli gil kukunini termokimyoviy modifikatsiyalash orqali olingan sorbentning sorbsion xossasini o'zgarish
kinetikasi. H2SO4 konsentratsiyasi, %mass.: 1-10; 2-20; 3-30

Gil konlari qatlamidagi har bir qavati bir-biridan farq qiladi, shu sababli turli qavatning ma’lum bir o‘lchamdagi kukunlarini
sorbsion xossasini oshirish uchun turli xil faollantirish yoki kimyoviy ishlov berishni taqozo etadi. Ustki paligorskit qatlami 3 xil
turdagi qavatdan iborat. Eng yuqori qavati oq rangli, qattiq bo‘lib kalsiy saqlagan tuzining miqdori o'rtacha 25-35% ni tashkil
etadi va kislotalar bilan modifikatsiyalash ya'ni o‘zaro ta’sirlashuv juda tez boradi. Bu qatlamdagi gil kukuni sorbsion xossasi
yuqori emasligi va yuqori qattigligi bilan ajralib turadi. Ikkinchi qavati esa 0q-qizg‘ish rangli bo‘lib juda ham qattiq va sorbsion
xossasi juda past hisoblanadi. Paligarskit gilining uchinchi qavati esa oq-ko‘kishroq rangli bo‘lib, olib borilgan tadqiqotlar
natijasida sorbsion xossasi yuqoriligi bilan ajralib turishi aniqlandi.

Tahlil va natijalar. Gil kukunlarining ranglari va ular zarrachalarining o‘lchamini sorbsion xossasiga ta’siri natijalari
jadvalda keltirilgan.
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1-jadval

Sanoat korxonalari ogova suvlarini tozalashda turli rangli gil kukunlarini kimyoviy modifikatsiyalash orgali olingan

sorbentlarning sorbsion xossasini 0°zgarishi.

Tir Gil kukunlari Zarracha o‘lchami Sorbsion xossasi, % Zarracha Sorbsion
(mm) o‘lchami xossasi, %
(mm)
1 Qq, qattiq 70 30
2 0Oq-qizg‘ish 0,02 86 01 84
qattiq
3 0Og-ko‘kish qattiq 92 80

Olingan natijalardan ko'rinib turibdiki, gattiglik darajasi past bo‘lgan gillarning maydalanish o‘lchami kichik bo‘lmasa
ham faollanish jarayoni sodir bo'ladi. Zarracha o‘lchami 0,1 mm ni tashkil etgan faollantirilgan sorbentga nisbatan o'lchami 0,02
mm bo'lgan sorbentning sorbsion xossasi nisbatan yugori bo'lishligi, ayrim hollarda esa 50-60% gacha yugqori bo'lishligi aniglandi.

Faollantirishdan oldin gil kukun zarrachalarining o‘lchami 0,01 dan 0,05 mm oralig’ida bo‘lsa, olinadigan sorbentning
sorbsion xossasi keskin oshganligi aniglandi. Chunki, kukun zarrachalarining o‘lchami gancha kichik bo‘lsa, gilning tuzilish
strukturasi faollash yoki sorbsiya jarayonida buzilishi mumkin. Agar kukun zarrachalarining o‘Ichami kattarog bo‘lsa modifikatsiya
jarayoni sekinlashadi va olingan sorbentning sorbsion xossasini pasaytiradi. Bizning fikrimizcha faollantirish jarayoni tugagandan
so‘ng sorbentning zarracha o‘lchamini 0,05 dan 0,01 mm bo‘lguncha kukun holida maydalash natijasida faollantirilgan tabiiy gil
kukunni sirt chegarasida g‘ovaklar hosil giladi, ichki gismida esa g‘ovaklar o‘lchami juda ham kichikligi bilan izohlanadi.

Xulosa va takliflar. Tabiiy bentonit gil kukunini termokimyoviy modifikatsiyalab olingan sorbentlarning sorbsion xossasi
samaradorligini aniglash uchun gil kukunlarini ranglariga va ularning o‘Ichamlariga bog‘ligligi aniglandi. Gil kukunlarning rangi
ganday strukturaviy tuzilishga va tarkibi ganday elementlardan tashkil topganligidan dalolat berishi ko'rsatib berildi. Kimyoviy
faollantirishda gilning gattigligi bilan bir gatorda uning tarkibidagi organik moddalarning migdoriga garab sorbsion xossasini
keskin darajada o‘zgartirishi ko'rsatib berildi. Olingan yuqori samarali sorbentni sanoat korxonalari oqova suvlarini turli anion va
kationlardan tozalashda samarador reagent sifatida qo'llash imkoniyati mavjudligi ko'rsatib berildi.
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ATSETALDEGID HOSIL BO‘LISH UNUMIGA IKKI KOMPONENTLI KATALIZATORLAR TA’SIRI
Annotatsiya

Atsetilen gidratlanishi asosida atsetaldegid va atsetonni birgalikda sintez gilish uchun yangi ikki komponentli katalizatorlar
tayyorlandi va o‘rganildi. Atsetaldegid sintezida ishlatilgan chigindi KKF katalizatori analiz gilinib tarkibi aniglandi.
Olingan analiz natijalari asosida KKF katalizator tarkibidan faol modda hisoblangan kadmiy oksidi ajratib olindi va turli xil yangi
markali katalizatorlar tayyorlandi (KKM-1, KKM -2, KKM -3, KKM -4, KKM -5, KKM -6). Katalizator o‘zagi sifatida kaolinning
turli markalaridan foydalanildi. Ushbu katalizatorlar qo‘llanib ko‘rilganda, atsetaldiged hamda atseton moddasi sintezi jarayonida
yuqori unumni KKM - 4 markali katalizatori berganligi aniglandi.
Shuningdek katalizatorlarning mexanik mustahkamligi va xromotografik analiz tahlili, 1Q spektroskopiyasi o‘rganildi.
Kalit so‘zlar: Atsetaldegid, asetilen, atseton, KKF (kadmiy kalsiy fosfat), kaolin, CaO, CdO, H3POa4, Na2SO4, Cas(POs)2, Purolite
C — 100 kationit mis atsetat.

BJIMSAHUE JIBYXKOMIIOHEHTHOI'O KATAJIM3ATOPA HA TPOU3BOJACTBO AHETAJIBAETUJA
AuHOTaATLHSA

IIpuroroBieHs! U McCleIOBaHEl HOBBIE IBYXKOMIIOHEHTHBIE KaTaJIn3aToOphl COBMECTHOTO CHHTE3a alleTajbJIeru/ia H alleToHa Ha
OCHOBE THApaTaluH areTwieHa. [IpoBemeH aHamu3 orpaboTaHHOro Katammsaropa KK®, wucmoms3yemMoro B CHHTE3e
ameTaNbJeruAaa, U OTPEIENIeH €ro COCTaB.
Ha ocHOBaHMM MOTyYeHHBIX pe3yIbTaTOB aHAJIHM30B M3 cocTaBa Kartanu3zaTopa KK® Obut BEIIEIEH OKCHIT KaIMUS, CIATAFOLIHIACS
JIEHCTBYIONIMM BEIIECTBOM, H IIPUTOTOBIICHEI pa3IMYHbIe HOBBIE MapkH kKaTaimu3atopoB (KKM-1, KKM-2, KKM-3, KKM-4, KKM-
5). -5, KKM -6). B kayecTBe sapa KaTaju3aropa HCIOJB30BAIMCH pa3lMYHbIE COPTA KaojuHA. [IpH HCIBITAHUM 3THX
KaTaln3aTopoB OBUIO YCTAHOBIIEHO, uTO KataanzaTop KKM-4 nan HanGonbIinii BEIXO B CHHTE3€ alleTalIbIeTH/Ia U alleToHa.
Taxokxe ObUIH M3y4EeHBI MEXaHUYECKasl IPOYHOCTh KaTaJIM3aToOPOB, a Takke Xpomarorpaduuecknii anaimms u MK-cnexrpockonusi.
KnarwoueBble ciioBa: arneranbaerun, aneruieH, aietod, CKF (bocdat kaagmus u kanbims), kaomun, CaO, CdO, H3PO4, Na2S04,
Ca3(P0O4)2, xatunonut anerat meau Purolite C — 100.

EFFECT OF TWO-COMPONENT CATALYST ON THE PRODUCTION OF ACETALDEHYDE
Annotation

New two-component catalysts for the co-synthesis of acetaldehyde and acetone based on acetylene hydration were prepared and
studied. The waste KKF catalyst used in the synthesis of acetaldehyde was analyzed and its composition was determined.
Based on the obtained analysis results, cadmium oxide, which is considered an active substance, was isolated from the KKF catalyst
composition and various new brands of catalysts were prepared (KKM-1, KKM -2, KKM -3, KKM -4, KKM -5, KKM -6). Different
brands of kaolin were used as the catalyst core. When these catalysts were tested, it was found that the KKM - 4 brand catalyst
gave the highest yield in the synthesis of acetaldehyde and acetone.
The mechanical strength of the catalysts, as well as chromatographic analysis and IR spectroscopy, were also studied.
Key words: Acetaldehyde, acetylene, acetone, KKF (cadmium calcium phosphate), kaolin, CaO, CdO, H3PO4, Na2S0O4,
Ca3(P04)2, Purolite C - 100 cationic copper acetate.

Kirish. Hozirgi vaqtda sirka aldegidi asosan 360-410°C haroratda kadmiy kaltsiy fosfat katalizatori (KKF) ishtirokida
atsetilenning gidratlanishidan hosil boladi. Doimiy faollikka ega KKF katalizatori 72 soat davomidan so‘ng regeneretsiya qilindi
va uning ish samaradorligi yana gayta uzaytirildi [1].

Ushbu tadgiqot ishida kadmiy kaltsiy fosfat katalizatori gayta ishlanib, katalizatorning tarkibidagi faol kadmiy ajratib olindi
va yangi katalizatorlar tayyorlandi. Yangi tayyorlangan katalizatorning o°zagi sifatida kaolin mineralining turli xil markalari (1-
jadval) ishlatildi [2].

1-jadval
Oltintog‘ kaolini va Angren Kkaolini turli markalarining kimyoviy tarkibi

X Kimyoviy tarkib, %
Xomashyo nomi - -
Al2O3 SiO2 Fe203 TiO2 MgO CaO Na20 K20 SOsum /P20s ky.m
Oltintog* kaolini 20,1 58,5 1,94 0,3 1,71 3,20 2,44 2,69 1,04 8,07
AKT-10 13,7 77,6 1,0 0,3 0,53 0,56 - 13,9
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Oltintog" boyitilgan kaolinining asosiy gismi kaolinitdan tarkib topgan. Kaolinit 500-600°C haroratda gizdirilganda issiqlik
yutiladi, 540-560°C da endotermik o°sish (pik) hosil bo"ladi va fizikaviy bog langan suvlar chigib ketadi. Harorat ko tarilishi bilan
(700-840°C) harorat oralig'ida, dastlab metakaolin, silimanit (AI[AISiOs]) yoki kianit (Al2[SiO4]O), so‘ngra esa birlamchi mullit
(Al6Si2013) hosil bo’lib, kimyoviy tuzilishi rombik singoniya, sillimanit strukturasiga yakinroq ammo mullitda sezilarli darajada
Si va O atomlari tartiblashganligi bilan farq giladigan struktura tuzilishi hosil bo’ladi [3].

Atsetaldegid hamda atseton ishlab chigarishning ma'lum jarayonlari orasida uning geterogen-katalitik atsetilen
gidratatsiyasi bilan sintezi eng istigbolli hisoblanadi. Ushbu usulning afzalliklari sirka aldegidini ishlab chigarish uchun mavjud
qurilmalarda jarayonni o'tkazish imkoniyatini 0'z ichiga oladi. Kadmiy kalsiy fosfat katalizatorini kaolin kadmiy mis katalizatori
bilan almashtirish kataliz tarkibidagi aldegid hamda atsetonning ko'payishiga olib keladi va shu bilan sirka aldegid hamda atsetonni
birgalikda ishlab chigarish yo'llarini ochadi. Atsetilen gidratatsiyasi bilan sirka aldegid va asetonni birgalikda ishlab chigarish
jarayoni ko'p funksional katalizatorlar ishtirokida olib borildi.

Ushbu tadqiqot ishida kaolin o‘zagining turli markalaridan foydalanildi. Kaolin mineralining kristall strukturasi ikki
gatlamli gavatdan, biri kremniy-kislorodli tetraedrik gatlam va ikkinchisi alyumino-kislorod gidroksilli oktaedrik gatlamdan tashkil
topgan. Kaolinitning Moos shkalasi bo'yicha qattigligi 2-2,5; zichligi 2,61-2,68 g/sm?, yog'simon, gilsimon massa bo’lib, u
elektron mikroskop ostida tekshirilganda, mayda oltigirrali kristallardan iboratligi kuzatildi. Kaolinlarni boyitishda unumdorlikni
oshirish uchun kaogulyantlardan foydalaniladi. Boyitish jarayoni effekti tarkibdagi Al.Os, SiO2, Fe203 oksidlari bilan baholanadi.

Tadgiqot obyekti va usullari. Ushbu tadgiqot obyekti atsetilen va suv asosida “Navoiyazot” Ajda ishlab chiqarilayotgan
atsetaldegid moddasi va qo shimcha modda sifatida hosil bo’layotgan atseton hamda kroton aldegid hosil gilish jarayonidir. Ishda
turli faol tarkibiy gismlarga ega kadmiy oksidi (CdO), mis oksidi (CuO) va kaolin mineraliga asoslangan katalizatorlar
tayyorlanildi.

Vazifalarni hal gilish uchun quyidagi tadgigot usullaridan foydalanildi: fizik-kimyoviy tahlil usullari, analitik tahlil usuli
Navoiyazot Aj laboratoriyasida, xromotografik analiz usullari Svet-500 markali qurulmada, katalizatorlarning mustahkamligi
SHIMADZU AGS-X-50 kN qurilmasida, hamda IQ spektroskopiyasi o rganildi.

Olingan natijalar va ularning muhokamasi. Tadgigot ishida atsetilenni gidratlash orgali olingan atsetaldegidning
geterogen katalitik reaksiyalari o’rganildi. Atsetaldegid sintezi uchun turli tarkibdagi katalizatorlar ishlab chiqgildi. Katalizator
o0°zaklari sifatida modifikatsiyalangan Oltintog" boyitilgan kaolini va Angren kaolinining turli markalaridan foydalanildi.

KKF katalizatorini gayta ishlash jarayonida ajratib olingan Cd(OH)2 dan sof kadmiy ajratib olish uchun eritma Purolite C
— 100 kationitdan o"tkazildi.

Kationitdan o’tkazilgan eritma kimyoviy tahlilga berildi. Tahlil natijalari bo’yicha kationit barcha Cd ni o’zida saglab
qolgani va eritmada Cd yo'qligi aniqlandi. Shundan so’ng, kationitdan Cd ni ajratib olish uchun desorbsiya jarayoni amalga
oshirildi. Tahlil natijasiga ko'ra eritma tarkibida CdO mavjudligi aniglandi. Ajratib olingan CdO dan yangi katalizatorlar
tayyorlashda foydalanildi (KKM-1, KKM -2, KKM -3, KKM -4, KKM -5, KKM -6).

Atsetilen gidratlanishi bilan atsetaldegid va atsetonni birgalikda sintez gilish uchun yangi tayyorlangan katalizatorlardan
foydalanildi. Sintez gilingan atsetaldegid va atseton Svet-500 markali qurulmada xromotografik analiz gilindi va natijalari quyidagi
1-rasmda keltirilgan. \

\
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1-rasm. Sintez gilingan atsetaldegid va
atsetonning xromatogrammasi
Analiz natijalari shuni ko'rsatadiki (1-rasm), KKM markali Katalizatori yordamida sintez gilingan mahsulot yani
atsetaldegid aralashmada 58 % ni tashkil etganini ko 'rish mumkin. Mahsulot haydab olingandan so’ng unum 76 % ga yetdi.
Atsetilen va suv asosidagi atsetaldegid va atseton hosil bo’lishining turli haroratlarda sintezi o'rganildi va ularning natijalari
2-jadvalda keltirilgan.

2-jadval
Atsetaldegid sintezida ishlatilgan yangi katalizatorlarning harorat va tabiatga bog'ligligi

. . . Sintez gilingan mahsulotlar, %
Ne Katalizatorlar nomlari va tarkibi, % Harorat,°C - -
Atsetaldegid Atseton Qo‘shimchamoddalar
350 34 11 55
365 39 14 47
KKM-1. 380 42 17 41
! (kaolin-82,0, CdO-13,0, CuO-5,0) 395 46 19 35
410 48 21 31
425 34 15 51
440 29 8 63
350 38 14 48
365 40 19 41
KKM-2 380 44 20 36
2 (kaolin-77,0, CdO-13,0, CuO-10,0) 395 49 2 30
410 51 23 26
425 36 19 45
440 30 14 56
3 KKM-3. 350 37 16 47
(kaolin-72,0, CdO-13,0, CuO-15,0) 365 40 19 41
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380 % 21 3

395 ) % 27

410 55 % 20

425 2 8 60

440 29 7 64

350 37 17 %

365 45 19 36

380 51 21 28

4 &':(:\I/:n‘}élo, €dO-13,0, Cu0-20,0) 39% 63 2 15
410 76 2 2

425 2 20 38

440 3 16 51

350 27 3 67

365 30 9 61

380 3 12 55

5 KKM-S. 395 36 14 50

(kaolin-62,0, CdO-13,0, Cu0-25,0)

410 ) 18 2

425 % 13 53

440 30 i 58

350 19 4 77

365 2 5 71

s 380 29 7 64

6 (kaolin-57,0, CdO-13,0, Cu0-30,0) 395 32 9 59

410 3% 11 53

425 30 8 62

240 % 5 70

Ushbu 2-jadvaldan ko'rinib turibdiki, 350-410°C haroratlar oralig'ida atsetaldegid va atseton hosil bo'lish unumi
tegishlicha KKM-1 katalizatorida 34% dan 48% gacha, 11% dan 21% gacha; KKM-2 katalizatorida 38% dan 51% gacha, 14% dan
23gacha; KKM-3 katalizatorida 37% dan 55% gacha, 16% dan 25% gacha; KKM-4 katalizatorida 37% dan 76% gacha, 17% dan
22% gacha; KKM-5 katalizatorida 27% dan 40% gacha, 6% dan 18% gacha; KKM-6 katalizatorida 19% dan 36% gacha, 4% dan
11% gacha mos ravishda ortib borishi kuzatildi.

Haroratning 410 °C dan oshishi bilan asosiy faol modda hisoblangan kadmiy oksidining zaharlanishiga olib keladi. Natijada
atsetaldegidning hosil bo’lish unumi pasaya boshlaydi. Haroratning oshishi bilan kadmiy oksidining metall kadmiy holatiga o'tishi
kuchayadi va katalizatorning faolligi pasayadi [4].

Katalizatorlarning asosiy xususiyatlaridan yana biri ularning mexanik mustahkamligidir.

Tayyorlangan katalizatorlar orasida KKM-4 markali katalizator boshqgalariga garaganda aktiv va uzoq muddat davomida
ishladi. KKM-4 markali tayyorlangan katalizatorning mustahkamligi SHIMADZU AGS-X-50 kN qurilmasida o'rganildi va uning
natijalari 2-rasmda keltirilgan.
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2-rasm. KKM-4 katalizatorini ishlatishdan oldingi bosim kuchining ta'siri

Tadgiqot natijalarining tahlili (2-rasm) shuni ko'rsatadiki, katalizatorni ishlatishdan oldin va keyin maksimal mustahkamlik
o'rtacha 24,1363 kgk va 19,1807 kgk mos ravishda tashkil etdi. Bunda maksimal mustahkamlikning pasayishi kuzatildi, bu
katalizatordan ma'lum vaqt foydalanilgandan so'ng katalizator mustahkamligining biroz pasayishini ko'rsatadi.

Bundan tashqari maksimal katalizator kuchlanishi ham tahlil qilindi. Tahlillar natijasi shuni ko’rsatadiki, katalizatorni
ishlatishdan oldin va undan keyin maksimal kuchlanish o'rtacha 22,3922 kgk/mm? va 18,7365 kgk/mm? tashkil etdi. Maksimal
kuchlanishning o'rtacha pasayishi kuzatiladi, bu ma'lum vaqtdan keyin katalizatorning mustahkamligini pasayishini ko'rsatishi
mumkin.

Bundan tashqari, katalizatorning deformatsiya xususiyatlari ham tahlil gilindi. Aniglanishicha, foydalanishdan oldin va
keyin katalizatorning deformatsiya xususiyatlarining o'rtacha giymati mos ravishda 14,1113 % va 14,7109 % ni tashkil gildi.
Maksimal deformatsiyaning yengil o'sishi aniqglandi.

Umuman olganda, ma'lumotlar atsetaldegid sintezida qo'llanilgandan so'ng KKM-4 katalizatorining mustahkamligini biroz
pasayishi mumkinligini ko'rsatadi.

100

Cuna(ire)

2 @
8

3

YIS
8 &
°
IS

1.2 =
0O ©01 02 03 04 05 06 07 08 08 1 11 12 13 14 ° 2 4 6 s 10 12 14 16 18 20 22 24
Yanwserie (1) Dedopmaunn(%)




0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1 2025

3-rasm. KKM-4 katalizatorini ishlatilgandan keyingi bosim kuchining ta'siri
Bu sintez jarayonida kimyoviy o'zaro ta'sirlardan kelib chiqib, katalizatordagi strukturaviy o‘zgarishlarning natijasi bo'lishi
mumkin.
Shuningdek, qo’llanilgan katalizatorlarning strukturasini o'rnatish uchun ularning IQ spektri olindi va natijalari 4-rasmda
keltirilgan.
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4-rasm. KKM-4 katalizatorini ishlatilishdan oldingi namunasining 1Q spektri

Keltirilgan 1Q-spektrida ko'rsatilgan turli tolalar va ularning tahlili quyidagicha bo'lishi mumkin:

4000-2500 cm™': Bu sohada odatda O-H bog'lari va suvning ko'rsatkichlari bilan bog'liq piklar mavjud bo’ladi. Agar
katalizator tarkibida suv yoki gidroksidlar bo'lsa, bu sohada yuqori intensivlikdagi piklar ko'rinishi mumkin. Katalizatorlarning
suvli fazalari yoki strukturalari shu sohada ifodalanadi.

2500 cm™ atrofidagi yuqori pik: bu asosan C-H bog'larining keltirilgan piki bo'lishi mumkin, bu karbonat birikmalarining
mavjudligini ko'rsatishi mumkin. Mis va kadmiy birikmasidagi organik ligandlar yoki boshga funksional guruhlar mavjud bo'lsa,
ular bu sohada o'ziga xos piklarni ko'rsatishi mumkin.

1500-500 cm ™! sohasi: bu sohada metal-oksid (mis, kadmiy va kaolin) bog'larining piklari aks etadi. Odatda, ushbu sohada
mis (Cu-0O), kadmiy (Cd-O), va kaolin tarkibidagi silikatlar bilan bog'langan oksid guruhlarining piklari ko'rinadi.

Mis va kadmiy oksidlarining ko'rinishlari: ushbu ikki elementning oksidlangan holatlari (mis (11) oksid va kadmiy oksid)
spektrda o'ziga xos piklar bilan ko'rinishi mumkin. Mis oksidi (CuO) va kadmiy oksidi (CdO) 800-600 cm™ atrofida belgilangan
piklarni ko'rsatishi mumkin.

Kaolin, silikat minerali, yugori chastotalarga (yani 1100-500 cm™ oralig'ida) oid cho'zilgan piklarni ko'rsatadi.

Shuningdek KKM-4 markali katalizatorni ishlatilishdan oldingi namunasining 1Q spektri ham olindi va natijasi 5-rasmda
keltirilgan.
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5-rasm. KKM-4 katalizatorini ishlatilgandan keyingi namunasining 1Q spektri

Olingan 1Q-spektr bo'yicha kaolin, kadmiy va misdan tashkil topgan katalizatorning asosiy sohalarini va ularning spektral
xususiyatlarini quyidagicha izohlash mumkin:

40002500 cm™ oralig'i (gidroksil va suvga oid bog'lanishlar): bu sohada suv molekulalariga oid O-H cho'zilish piki
kuzatiladi. Agar kaolin minerali tarkibida bog'langan suv yoki gidroksil guruhlari mavjud bo'lsa, ular bu oralig'ida spektrda
ko'rinishi mumkin. Qator cho'zilishlar gidroksil guruhlari mavjudligini ko'rsatadi, bu kaolinning strukturasi bilan bog'liq bo'lishi
mumkin.

2500-2000 cm™* oralig'i (organik birikmalar yoki C-H guruhlar): bu sohada

C-H chozilishlariga xos bo'lgan piklar kuzatiladi. Bu katalizatorning tarkibida organik moddalarning mavjudligini
tasdiglashi mumkin. 1750-1250 cm™ oralig'i (asosiy funksional guruhlar): bu spektral sohada karbonat guruhlariga oid
bog'lanishlar bo'lishi mumkin (masalan, COs*"). Kaolin va boshqga oksid komponentlarining o'ziga xos vibratsion cho'zilishlari
ham ushbu sohada aks etadi.

- 750-500 cm™ oralig'i: - bu sohada kaolinga xos Si-O-Si va Al-O-Si guruhlarining bog'lanishlari aks etadi. Bu kaolinning
kristall strukturasini tasdiglovchi asosiy sohadir. Mis va kadmiy oksidlarining vibratsion cho'zilishlari ham aynan shu sohada
kuzatiladi.

- 500 cm™ dan past: bu sohada mis va kadmiyga xos bo'lgan metall-oksid vibratsiyalari mavjud bo'lishi mumkin (Cu-O va
Cd-0).

Tahlil natijalari bo’yicha quyidagicha yakuniy xulosalar gilindi:

-kaolinning asosiy spektral xarakteristikasi Si-O-Si va Al-O-Si cho'zilishlari bilan bog'liq; Cu-O va Cd-O guruhlari
spektrning past chastotali gismida (800-500 cm™) kuzatiladi; 4000-3000 cm™ oralig'ida gidroksil guruhlarining keng cho'zilishlari
kuzatiladi, bu kaolinning tuzilishi va gidratlanish darajasiga bog'lig.

Xulosa. Ushbu tadgiqot ishida atsetilen va suv asosidagi geterogen katalitik usul yordamida atsetaldegidni sintez gilish
bo'yicha tadgiqot natijalari tagdim etildi. Chigindi KKF tarkibidan CdO ajratib olindi. Ajratib olingan CdO yangi markali
katalizatorlar tayyorlash uchun ishlatildi (KKM-1, KKM -2, KKM -3, KKM -4, KKM -5, KKM -6).

Tayyorlangan katalizatorlar orasidagi atsetaldegid va atsetonning eng yugqori hosil bo‘lish unumi KKM-4 katalizatori
ishtirokida (76%) ekanligi aniglandi.

Bundan tashgari, KKM-4 markali katalizatorining mexanik xususiyatlari o'rganildi. Atsetaldegid sintezi jarayonida
katalizatorning dastlabgi va keyingi mexanik mustahkamligi aniglandi. Sintez qilingan atsetaldegid va atseton moddalari
xromotografik analiz gilindi, hamda IQ spektroskopiyasi o‘rganildi.
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DETERMINATION OF THE COMPOSITION AND PROPERTIES OF CATIONITE KRS-2X2 IN MONOIONIC
FORM
Annotation
The composition of ionites in equilibrium with electrolyte solutions was determined using the example of cationite KRS-2P. The
activities and average activity coefficients of the components in the ionite were calculated using the mathematical apparatus of the
heterophase model of the structure of polymer sorbents.
Key words: ionite, sorption, electrolyte solution, concentration, activity, amount of substance, activity coefficient.

OINPEJIEJIEHAE COCTABA M CBOMCTBA MOHOUOHHOM ®OPMbI KATHOHHUTA KPC-2P
AHHOTALHSA
Ha npumepe karuonura KPC-2I1 onpeneneHo coctaB MOHUTOB HAaXOJSIIMXCS B PAaBHOBECHU C PAaCTBOPaMH AIEKTPOJIUTOB. C
MOMOIIBI0 MATEMATHYECCKOTO ammapara rerepodasHoil MOJCIN CTPOCHUS MOJIUMEPHBIX COPOCHTOB PacCUUTAHBI aKTHBHOCTU M
cpeanuit K03 PUITMECHT aKTUBHOCTH KOMITIOHEHTOB B (ha3e HOHHUTA.
Knwouusblie c10Ba: HOHUT, COPOIHS, PACTBOP AIICKTPOJINTA, KOHIICHTPAIUS, aKTHBHOCTh, KOJIMYECTBO BEIIECTBO, KO3 HUIIHEHT
AKTHBHOCTH.

MONOION KO‘RINISHIDAGI KATIONIT KRS-2X2 NING TARKIBI VA XOSSALARINIANIQLASH
Annotatsiya
Kationit KRS-2P misolida ionitlarning elektrolit eritmalari bilan muvozanat holatidagi tarkibi aniglangan. Polimer sorbentlar
tuzilishining geterofazaviy modeli matematik apparatidan foydalanib ionit tarkibidagi komponentlarning aktivliklari, o‘rtacha
aktivlik koeffisientlari hisoblangan.
Kalit so‘zlar: ionit, sorbsiya, elektrolit eritmasi, konsentratsiya, aktivlik, modda migdori, aktivlik koeffitsiyenti.

Kirish. Bugungi kunda ionitlar kimyo [1-3], metallurgiya [4,5] va sanoatning boshga sohalarida [6-9] ogava suvlarni tuzsizlantirish
va tozalash jarayonlarida, texnogen eritmalar tarkibidan kerakli komponentlarni ajratib olishda keng qo‘llaniladi. Yuqori sorbsion
va fizik kimyoviy xossalarga ega bo‘lgan ionitlarni olish [10], ularni qo‘llash uchun texnologik jarayonlarini yaratish, olingan
ionitlarni ishlatish ko‘rsatkichlarini ilmiy asoslarini o‘rganish [11] eng dolzarb muammolardan biri hisoblanadi. Ma’lumki ion
almashinish jarayoni natijasida ionit bilan eritma orasida muvozanat garor topadi [12-14]. Bunday muvozanat holatini tekshirish
katta nazariy va amaliy ahamiyatga ega bo’lganligi sababli hozirgi vaqtda ko‘p sonli ilmiy izlanishlarning manbai bo‘lib kelmoqda.
Ion almashinish jarayonlarida ionlar miqdoriy jihatdan to‘la bir fazadan ikkinchi fazaga o tmasdan, ma’lum nisbatlarda ikki faza
orasida tagsimlanadilar. Ikki faza orasida ionlarning tagsimlanishini ilmiy jihatdan asoslash hozirgacha to‘liq o‘rganilmagan [15].
Shulardan kelib chiggan holda, mazkur ishda kuchli kislotali kationit KRS-2P ning ba’zi elektrolitlar eritmalari bilan muvozanat
holatida komponentlarning turli fazalarda tagsimlanishi o‘rganilgan.

Nazariy gism

Elektrolit eritmasi bilan muvozanatda bo‘lgan monoion ko‘rinishdagi ionit uchun Gibbs—Dyugem tenlamasi
[16]quyidagicha bo‘ladi:

ﬁwdﬁw + ﬁRAdﬁRA =0 1

Bu yerda: nw va nira lar ionit fazasidagi komponentlarning mol soni, pi- ularning kimyoviy potensiali.

Oddiy hisoblashlarda nra = 1 deb olinadi. lonit fazasi uchun hisoblashda chegaraviy soha deb elektrolitning cheksiz

suyultirilgan eritmasi gabul gilinadi. Natijada aw =1, ara =0, VRa = 1 bo “ladi. Bunday shartlardan so‘ng (1) tenglama
quyidagicha integrallanadi:
EW(ERA) —
Inag, =- —dina, @
EW(ERAHO) nRA

Bu yerda: m —ionit fazasining molyal konsentratsiyasi.
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Ma’lumki, ionit suv bilan muvozanatda bo‘lsa, uning konsentratsiyasi minimumga teng bo‘ladi. Shuning uchun
integrallashning barcha sohasi ikki gismga bo‘linadi:

aw (mra—0) dan aw (Mra — Mmin) gacha va aw (Mra — Mmin) dan aw (mra ) gacha;

U holda (2) tenglama quyidagicha ifodalanadi:

EW(ERA:mmm) — aw(aRA) ﬁ
Ina,, =- —“dIna, + —dina, ®)
z‘EW::I-(;RA*)O) nRA aW(E'?A:mmm) nRA

Barcha ionitlar uchun ko‘ndalang bog‘lar miqdori o‘zgarmas kattalik bo‘lgani uchun (3) tenglamadagi birinchi hadi ham
o‘zgarmas bo‘ladi. Bu So bilan belgilansa, u holda (3) tenglama quyidagi ko‘rinishga ega bo‘ladi:

5w (ERA) n
—% dlna,
ay, (MRa =Mpyjj) NRA
(4) tenglama yordamida ionit bilan muvozanatda turgan elektrolit eritmasidagi suvning aktivligini bilgan holda qutbiy
gurhlarning aktivliklarini hisoblash mumkin bo‘ladi [41].
Shuningdek, (1.13-1.19) tenglamalardan foydalanib, sorbsiyalangan
termodinamik parametrlarini tajriba natijalari asosida hisoblash mumkin.

Inag, =-S, — @

elektrolitning ionit fazasidagi miqdorini va

de] = MMy Y, ®)

_ figW

me = Iijlj (6)
. =bin

Vo™ ot o ™

Bu yerda: ag-elektrolitning ionit fazasidagi aktivligi, m, - elektrolitning ionit fazasidagi molyal konsentransiyasi, ¥, -
elektrolitning ionit fazasidagi o‘rtacha aktivlik koeffisienti.

Tajribaviy gism

Barcha tajribalar ionit tuzilishining geterofazaviy modeliga asoslanib bajarildi. Silindr shaklidagi balandligi 600 ml bo‘lgan
shishali ion almashinish kolonkasida K*- va H*- ko‘rinishlaridagi kationit KRS-2x2 da tajribalar olib borildi. Har xil
konsentratsiyali kuchli kislotalar va kaliy tuzlarining eritmalari ishlatildi. Kationit KRS polistirol va divinilbensolning
sopolimerlanishida natijasida olingan bo‘lib, donador g‘ovaksimon hisoblanadi. Kationitning dinamik almashinish sig’imi 345 mg-
ekvivalentga teng bo‘ldi. Tajribalar quyidagicha olib borildi: muayyan (H* yoki K*) ko‘rinishdagi kationit suspenziyasi orqali 2-4
mi/min tezlik bilan ketma-ket turli konsentratsiyali kolonkaga muvozanat garor topguncha elektrolit eritmalari o‘tkazildi. Ajralib
chigayotgan eritma o‘lchov idishlariga yig’ib olinib, ionlar bo‘yicha analiz qilindi.

Olingan natijalar tahlili. Geterofazali model asosida kolonkadagi kationit KRS-2x2 ning asosiy parametrlari
aniqlangandan so‘ng, tekshirilayotgan moddalar eritmalari bilan ketma-ket tajribalar o‘tkazildi. Eritma konsentratsiyasi va uning
kolonkada egallagan hajmi o‘rtasidagi bog‘liglikni o‘rnatish uchun filtrat o‘lchov kolbalariga yig‘iladi va tahlil gilindi. Tonit va
elektrolit eritmasi orasida muvozanat qaror topgandandan so‘ng kolonkadagi elektrolit miqdori aniqlandi. Undan keyin olingan
natijalardan foydalanib, ionit tuzilishining geterofazali modeli matematik apparati yordamida ionit fazasidagi erituvchi va
elektrolitlarning migdori, aktivligi, aktivlik koeffisienti kabi kattaliklari hisoblandi. Shunday natijalardan biri 1-jadvalda keltirilgan.

Jadval-1
KPC-2P — H* - HClI sistemasida ionit fazasida komponentlar migdori
" %Q'ekv’ Hel | @ m bin likg H20 T ﬁi I/g-ekv qutb n
w el »molkg Hy el+ W+ molg-ekv qutb.gur. el
- g-ekv/g-ekv qut. gur.
1 1748 0,871 2,80 1,268 12,54 0,18
2 1886 0,802 3,96 1,781 8,85 0,23
3 2246 0,771 4,54 2,135 7,69 0,25
4 2849 0,728 5,22 2,552 6,84 0,28
5 3628 0,696 5,54 2,868 6,40 0,31
6 4232 0,670 5,98 3,243 6,04 0,35
7 4846 0,644 6,42 3,664 571 0,38

Shuningdek, KRS-2x2 ning H*- va K*- ko‘rinishlarida kationit fazasidagi kation va anionlar o‘rtacha aktivlik
koeffisientlarining eritma konsentratsiyasining ildiz ko‘rsatkichiga bog’ligligi 1-rasmda keltirilgan.
Ig . J—— HNOar
0,10 - Kl

0.05

1-rasm. HNOs va KI elektrolitlarning kationit fazasidagi o‘rtacha aktivlik koeffisientlarining muvozanatdagi eritma
konsentratsiyasi ildiz ko rsatkichiga bog’liqligi.
KRS-2P tomonidan yutilgan suv miqdori (suv izotermasi) muayyan haroratda ionit bilan muvozanatda bo‘lgan elektrolit eritmasi
konsentratsiyasiga, suvning aktivligiga, shuningdek ionitning qarshi ionlari tabiatiga bog‘ligligi olib borilgan tajribalarda aniglandi.
Undan tashqari, Kationit KRS-2P ning muayyan elektrolit eritmasi bilan muvozanat holatida berilgan elektrolit va erituvchining
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tagsimlanish konstantalarini bilgan holda ularning ionit va eritma fazalariga tagsimlanishini aniglash mumkinligi tajriba natijalari
asosida isbotlandi. Kationit KRS-2P tomonidan sorbirlangan elektrolitlar miqgdorlarining muvozanatdagi tashgi eritma
konsentratsiyasiga bog’ligligi o‘rganildi. Olingan natijalardan biri 2-rasmda keltirilgan.

0.50
—=— K|
.45 - . HNO,
0,40 ]
0,35 - -
.30 - - -«
0.25 - ,—
0.20 -
.15 »6 ,,//’.
.10 - = - P
0.05 4 "'),» - )
o 1 2 3 a 5 s
2-rasm. Kationit KRS-2P tomonidan sorbirlangan HNOs va K elektrolitlar migdorlarining muvozanatdagi eritma
konsentratsiyasiga bog’ligligi.
Olingan natijalardan ko‘rinadiki, muvozanatdagi eritma konsentratsiyasi qanchalik yuqori bo‘lsa, berilgan haroratda
kationit tomonidan sorbsiya izotermasi shunchalik katta bo‘ladi. Bunday natija [17, 18] manbalarda qayd etilgan Donnan, Gregor

modellariga mos kelishini va geterofazaviy modelning adekvatligini ko‘rsatadi.

3-rasm. Gregor modeli bo‘yicha K*-ko‘rinishidagi kationit fazasida komponentlarning tagsimlanishi [19].

Tajriba natijalaridan foydalanib, sorbsiya jarayonlarida kationit KRS tarkibidagi tikilgan polielektrolit eritmasi fazasidagi
komponentlarning miqdori, yutilgan suv va elektrolitning molyal konsentratsiyasi, shuningdek muvozanat holatidagi tashqi
eritmadagi suvning aktivligi kabi kattaliklarni bilgan holda uch o‘lchamli (3D) sirt yuza massivi grafiklari tuzildi. Shunday
grafiklardan biri 4-rasmda keltirilgan.

e
a 078 0,82 0.86 0,90 0,94 0,98
Aw

0,72 0,

N
4-rasm. KRS-2P-K -KI sistemasida sorbirlangan suv migdorining kationit fazasidagi elektrolitning molyal konsentratsiyasiga va
muvozanatdagi eritma tarkibidagi suv aktivligiga bog’liqlik 3D sirt yuzasi.

Bunday sirt yuza massiv ko’rinishlaridan foydalanib, suvning sorbsiya izotermasini bilgan holda noma’lum eritmaning
polielektrolit eritmasi fazasidagi konsentratsiyasini aniglash imkoni yaratiladi.

Xulosa. Tonit bilan muvozanatda bo‘lgan elektrolit eritmasidagi suvning aktivligi qanchalik katta bo‘lsa, ionit fazasidagi
suvning solishtirma miqgdori shunchalik yugori bo‘lishi tajriba hatijalarida qayd etildi. Shuningdek, ionit tomonidan yutilgan
suvning miqdori polimer sorbentning ion ko‘rinishiga bog’liq bo‘lishi isbotlandi. Undan tashqari elektrolitlarning ionit fazasi va
elektrolit eritmalaridagi aktivliklari turlicha giymatlarga ega bo‘lishi polimer sorbentlar tuzilishining geterofazaviy modeli
matematik apparati yordamida hisoblanib tasdiglandi.
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TABIY OKSIKISLOTALARINI POVIDON YOD ASOSIDA POLIMER KOMPLEKSINI SINTEZI
Annotatsiya

Mazkur maqolada ” povidonyod va sut kislotalarning antiseptiklik xususiyati o‘rganildi. Povidon yod va sut kislotasini alohida —
alohida suppozitoriya ko‘rinishidagi dori shakillari mavjud. Ammo povidonyodga sut kislotasining modifikatsiyasidan olinga dori
shakllari mavjud emas. Dunyoda ayollar o°rtasida juda kup uchraydigan zamburug* va infeksion kasalliklar tobora ortib bormoqda.
Shu magsadda povidonyodga sut kislotasining modifikatsiyasidan olinga polimer kompleksini sintezi, fizik xossalari xagida va
qo‘llash usullari yoritilgan.

Kalit so‘zlar: Povidon yod, sut kislota, polimer kompleks, tabiiy oksikislotalar.

SYNTHESIS OF A POLYMER COMPLEX BASED ON NATURAL OXYACIDS AND POVIDONE IODINE
Annotation
This article studies the antiseptic properties of povidone iodine and lactic acid. There are separate suppository dosage forms of
povidone iodine and lactic acid. However, there are no dosage forms of povidone iodine modified with lactic acid. The number of
fungal and infectious diseases that are very common among women in the world is increasing. For this purpose, the synthesis,
physical properties and methods of application of a polymer complex modified with lactic acid and povidone iodine are discussed.
Key words: Povidone iodine, lactic acid, polymer complex, natural oxyacids.

Kirish. Farmatsevtika va tibbiyotda dori vositalarining eruvchanligini oshirish vositasi sifatida, tabletkalardagi bog‘lovchi
vosita sifatida ishlatiladi, yod qo‘shilishi bilan polivinilpirolidon dezinfeksiya uchun povidon-yod deb ataladigan kompleks hosil
qiladi, shuningdek, qon plazmasi o‘rnini bosuvchi vosita sifatida ham ishlatiladi. Kontakt linzalari eritmalarida, tish pastalari,
shampunlar, gellar, laklar, skrablarda qalinlashtiruvchi sifatida; adsorbent sifatida tanani detoksifikatsiya gilish uchun
kompozitsiyalar ishlab chiqarish uchun u planshetlarda bog‘lovchi, stabilizator, erituvchi vosita sifatida ishlatiladi.

Tadgigot metodologiyasi. Tadgiqot jarayonida zamonaviy fizik-kimyoviy usullardan foydalanildi. 1Q, antibacterial
sezgirligi, stalogmometr kabi tadgiqot usullari.

Analiz va natijalar. Ma’lumki, povidon yoddan va sut kislotalari juda yaxshi antisiptik xususiyatiga ega bo‘lgan polimer
moddalardir. Povidon yod- polivinil pirrorlidonning yodli kompleksi hisoblanadi.

Adabiyotlarda ma’lumki, polivinilpirolidon N-vinilpirolidon monomeridan tayyorlangan suvda eruvchan polimer bo‘lib, u
polividon sifatida ham tanilgan. Polivinilpirolidon dastlab qon plazmasi o°rnini bosuvchi vosita sifatida ishlatilgan va keyinchalik
tibbiyot, farmatsevtika, kosmetika va sanoatda keng qo‘llanilgan.

Polivinilpirolidon suvda va boshqa qutbli erituvchilarda eriydi. Qurug shaklda polivinilpirolidon oq yoki och sariqg rangli
qatlamli gigroskopik kukun ko‘rinishiga ega bo‘lib, atmosfera suvida o‘z og‘irligining 40% gacha osongina so‘riladi.

Polivinilpirolidonning adsorbsion xususiyatlari uni tanani detoksifikatsiya giluvchi vositalarning bir gismi sifatida
ishlatishga imkon beradi.

Polivinilpirolidon vino materiallarini qayta ishlash uchun ishlatiladi, oq sharob va ba’zi pivolarni tozalash uchun ham
ishlatilishi mumkin.

Yugqoridagilarni inobatga olgan holda, bakteriya va zamburug‘larni organizmdan tozalash va ularni o‘ldirish uchun biz
aynan sut kislotasi va polivinilpirrolidonnning yodli kompleksini tanladik. Olingan polimer kompleksni quyidagi sxema orqali
tushuntirish mumkin:

I
fo—Bn gy on — e
g
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Povidonyodning suvli muxitda kaliy persulfat ishtirokida radikal polimerlanish yo‘li bilan olingan. Sxemadan ko‘rinib
turibdiki, povidonyod tarkibidagi eng xarakatchan vodorod atomidagi uglerod, sut kislotadagi eng xarakatchan vodorod atomi bilan
bog‘langan uglerod atomlari o‘zaro bog‘lanishi natijasida yangi karboksil guruh tutgan polimer kompleks sintez gilindi. Sintez
qgilib olingan polimerning kimyoviy tuzilishini 1Q spektrlari, potensiometrik titrlash orgali kislota sonini aniglash yordamida
tushuntirish mumkin.

1Q spektrlari 1-rasmdan ko‘rinib turibdiki, modifikatsiya usulida olingan povidonyod N-sut kislotasining 1Q spektrida
qo‘sh bog‘lanishdagi uglerod atomi 1253 sm™ tebranishlariga mos keladi. Monomerning -COOH- guruhining uglerod atomining
3473,34 sm tebranishiga mos keladi. OH guruhi 2951,50 sm™ to“g*ri keladi. 3473,34 sm™* da N-H guruhlari mos keladigan yutilish
zonasi kuzatiladi, karbonil guruhi 1644,73 sm-‘ga, CH2 guruhi 1459,34 sm%, CH 2856,71 sm™ yutilish zonalari ko‘zatiladi.

1-rasm. Povidonyod N- sut kislotasining IK spektroskopiyasi. 1Q spekrt tahlili natijasida olingan polimerni strukturasi gisman
isbotlandi.
Olingan polimer kompleksning antiseptiklik xususiyatini aniglash: Povidon yod —N-sut kislotasini antiseptik
xususiyatini o‘rganishda, ularni xar xil nisbatlarda tayyorlab olib sut va povidon yodga nisbadan xar xil zamburug‘ va
infeksiyalarga tekshirtirildi.

a) b)
2.-rasm. Povidon yod —N-sut Kislotasini antiseptik xususiyati tekshirildi. (a) stafilakok infeksiyasiga ta’sir zonasi, (b)
kandido zamburug‘iga ta’sir zonasi. T=60°S
Tekshiruvlar natijasida olingan yangi polimer zamburug® va infeksiyalarni nobut qilishga katta ta’sir ko‘rsatganligini
ko‘rish mumkin. Buni esa ularni ta’sir zonalari katta ekanligidan aniqladi. Bu esa olingan yangi polimerni antisiptik xususiyatiga
ega ekanligini ko‘rsatidi. 2.- rasmdan va 1. — jadvaldan ko‘rinib turibdiki, stapfilokkokous aureus ATCC 25923 shtambiga nisbatan,
Kandida abicans ATCC 885-653 shtambida ta’sir zonalari yuqori ekanligini ko‘rish mumkin.

1.- jadval
Povidon yod —N-sut kislotasini antiseptik xususiyatinistafilakok va kandido zamburug‘iga ta’sir zonasi. T=60°S
Tl T2 4 I
Stapfilokkokous aureus ATCC 25923 28 mm 20mm 14mm
Kandida abicans ATCC 885-653 32mm 24mm 18mm

Olingan natijalar Toshkent farmatsevtika instituti qoshidagi Dori vositalarni standartlashtirish ilmiy markaziga tekshirtirildi
va ma’lumotnoma olindi.

Olingan polimerimizni boshqa antiseptik vositalardan afzalligi shundagi uning tarkibida xlor va spirt yo‘qligidadir.
Bugungi kunda antiseptik va dezinfeksiyalovchi vositalar respublikaga chet eldan import asosida kirib keladi. Ular spirt, xlor va
uning birikmalaridan tashkil topgan. Xlorning inson organizmi uchun juda ham zararli tomonlari ko‘p. Masalan, u allergiya
beruvchi xususiyatga ega. Yana nafas yo‘llariga ham salbiy ta’sir ko‘rsatadi.

s e —p——

Antiseptiklar tarkibida spirt bo‘lgani uchun qo‘Ini tez quritadi va yoriqchalar paydo bo‘lishiga olib keladi. Bu ham noxush
vaziyatlarni keltirib chigaradi. Olingan polimir tarkibida xlor va spirt moddasi mavjud emasligi bilan avzallikka ega.

Povidon yod N-sut kislotasining sirt faolligini stalagmometr yordamida aniglash: PVJ-N-SK si dori vositasi sifatida
qo‘llash mumkinligi sababli polimerning sirt faolligi katta axmiyatga ega. Shuning uchun polingan polimerni sirt taranligi
aniglandi. PVJ-N-SK sini sirt tarangligini aniglashda stalagmometr yordamida aniglandi hamda ularni adsobsiyalanish gobilyatini
va sirt faolligi aniglandi.
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Suyuqlikning sirt tarangligini aniglashda bir necha usuldan foydalanish mumkin. Barcha suyuqlik og‘irligini tomchilar
soniga bo‘lish yo‘li bilan bitta tomchining og‘irligi topiladi. Masalan, bu og‘irlik W ga teng bo‘Isin. Tomchi uzilish vaqtida uning
og‘irligi sirt taranglik kuchiga teng bo‘ladi:

_ U()pno

Pon

PVJ-N-SK si sirt faolligini o‘rganish uchun suvning sirt tarangligini qay darajada kamaytirganligidan ko‘rish mumkin.
Buning uchun PVJ-N-SK ning xar xil konsentratsiyali eritmasidan tayyorlab olinadi. P.A.Rebinder usuli yordamida tayyorlargan
xar Xil konsentratsiyali polimer eritmamizni sirt tarangligini stalogmometr usulida tomchilar sonini sanash orqali aniglandi.
Olingan natijalar asosida 3- rasmda absissa o‘qiga PVJ-N-SK konsentratsiya S ning, ordinatalari o‘qiga esa o ning giymatlarini
qo‘yib sirt tarangligining izoterma egri chizig‘i chizilgan. PVJ-N-SK sirt tarangligining izoterma egri chizig‘ini povidonyodning
(PV1J) sirt taranglik izoterma egri chizig‘i bilan solishtirib o‘rganildi (4.-rasm).

o L

29
285

27
285

_ tga=4,583

003 0035 00¢ 0045 o00s 00ss 006 <

C

3-Rasm. PVJ-N-SK ning sirt tarangligini 4rasm. PVJ suvli eritmasining sirt tarangligini

konsentratsiyaga bog‘liglik grafigi konsentratsiyaga bog‘liglik grafigi

3-4 — rasmdan ko‘rish mumkinki suvning sirt tarangligini PVJ ga nishatan PVJ-N-SK si 2 baravar ko‘p kamaytirganligini
ko‘rish mumkin.

Bundan shunday xulosa gilish mumkinki PVJ ga nisbatan PVJ-N-SK sining antisiptiklik xususiyati va organizga ta’sir
qilish darajasi yugori ekanligini oldindan aniq aytish mumkin.

T L
Is00

15000
16000

130
a0 tga=1875-
11000 L

10000

1ic «
5-rasm. Lengmyur tenglamasidagi izotermalarni  6- rasm. MHQKK ni aniqlash grafigi
aniglash grafigi
PVJ-N-SK sini organizmga so‘rilishini va ta’sir qilishini o‘rganish maqsadida uning adsorbsiyalanish darajasi ham
o‘rganildi. Buning uchun
J.U.Gibbs va I.Lengmyur tenglamalaridan foydalanildi.
c _ds

G=——e¢— J.U.Gibbs tenlamasi.
G = Gwm I.Lengmyur tenglamasi

P.A.Rebinderning sirt aktivlilik qiymatini ya’ni J.U.Gibbs tenlamasidagi Z—i hadini 3-4-rasmlardagi grafiklardan foydalanib

tga burchagini hisoblash orqali aniglab topilgan. J.U. Gibbs tenglamasi yordamida G hisoblangan. Lengmyur tenglamasidan grafik
usul bilan G giymatini aniglash uchun tenglama quyidagi shaklga keltiriladi.

1 1 K1
—_— = —
r r, r,c
5 —rasmda 1/G ni 1/S ga bog‘liglik grafigidan ordinata bilan kesishgan nuqta G%) ni bedi va u erdan Goo topiladi. K/Gs
burchak tga ga teng u erdan esa K ning giymatlari aniglandi.

PVJ-N-SK  Cnm o (H0) o 3 do/dc G 1G 1S Goo K MHQKK
%

05 0,06 78 49 1,78 4,58 1,1-10% 9009 16,6 1,2:10% 002 005
04 0,05 47 1,81 0,9-10* 11111 20,4

03 0,04 44 1,89 0,6-10* 15152 21,7

Xulosalar va takliflar. Olingan natijalardan PVJ-N-SK eritmaning konsentratsiyasi ortib borgan sari suvning sirt
tarangligini kamaytirib, adsorbsiyalanish darajasini oshirganligini ko‘rish mumkin. PVJ ga nisbatan PVJ-N-SK eritmasi suvning
sirt tarangligini yanada kamaytirdi. Bunga sabab, sut kislotasi qo‘shilganda va CHz va karboksil guruhlar oshib borishi bilan
polimerning sirt faolligini yanada oshirganligini ko rish mumkin.
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EVALUATION OF THE IRON ION ADSORPTION CAPACITY OF ORGANOBENTONITES: EFFICIENCY
OF THE LANGMUIR MODEL AND COMPARATIVE ANALYSIS OF ISOTHERM MODELS
Annotation

This study examines the adsorption isotherms of Fe?* ions from wastewater using newly modified adsorbents. Adsorption
characteristics were analyzed based on Freundlich, Langmuir, Dubinin-Radishkovich, and Temkin isotherm models. It was found
that bentonites modified with trimethylammonium (TMAB) and triethylammonium (TEAB) exhibit high efficiency in adsorbing
iron ions from municipal wastewater. The adsorption capacity of the synthesized adsorbents was determined as follows: PBG
bentonite - 0.151 mg/g; TMAB - 0.164 mg/g; TEAB - 0.168 mg/g. The adsorption isotherm data were found to align well with the
Langmuir model, indicating monolayer adsorption behavior.
Key words: Adsorption, modification, wastewater, bentonite, iron ions, Freundlich, Langmuir, Dubinin-Radishkovich and Temkin
isothermal models.

"OHEHKA CIIOCOBHOCTH OPTAHOBEHTOHHUTOB K AJCOPEIIMA HOHOB KEJIE3A: DOPEKTUBHOCTD
MOJIEJIX JIEHT MIOUPA U CPABHATEJIbHbBIN AHAJIN3 U30TEPMHAYECKUX MOJIEJIEN"
AHHOTanus
B namnoif pabore wmccrmeqoBaHBI H30TEPMBI  aAcOpOIMHM MOHOB Fe*" W3 CTOYHBIX BOA C HCIIOIB30BAHHEM HOBBIX
MOAN(HUIMPOBAHHBIX a1cOPOEHTOB. ANICOPOIIMOHHBIE XapaKTEPUCTUKH M3Yy4eHBl Ha OcHOBe Mojeneil dpeitnannxa, Jlenrmiopa,
Jyounnna-PagumkoBnya u TemkuHa. YCTaHOBIEHO, YTO OCHTOHUTHI, MomuduimpoBaHHble TpuMerunaMmmonneM (TMAB) n
tpusTiamMmonueM (TOAB), 1eMOHCTPUPYIOT BBICOKYIO 3((GEKTUBHOCTD NPH aACOPOIINI HOHOB Jeje3a M3 TOPOACKHX CTOYHBIX
BOJI. AZICOPOIIMOHHAS CIIOCOOHOCTH CHHTE3UPOBAHHBIX aicopOeHToB coctaBuia: PBG 6entonut -0,151 mr/r; TMAB - 0,164 mr/t;
TOAB - 0,168 mr/r. Pe3ynbprats! aacopOIMOHHBIX UCCIEOBAaHUN MOKA3aId, YTO U30TEPMBI JISHIMIOopa JIydIiie BCero OMMChIBalOT

TIOBEJICHUE FCCIIEIOBAHHBIX CHCTEM.
KunroueBsbie ciioBa: AncopOrus, Moau(UKanus, CTOYHbIE BOIBI, OCHTOHHT, HOHBI Xele3a, n30TepMuieckre Moaenn dpeitaanmxa,
Jlearmropa, JlyonanHa-Pagumkosuda u TeMknHa.

"MODIFIKATSIYALANGAN ORGANOBENTONITLARNING TEMIR IONLARINI ADSORBSIYALASH
QOBILIYATINI BAHOLASH: LENGMUYER MODELI SAMARADORLIGI VA IZOTERMA MODELLARINING
TAQQOSIY TAHLILI™
Annotatsiya
Mazkur tadqiqotda oqova suv tarkibidagi Fe*" ionlarini yangi modifikatsiyalangan adsorbentlar yordamida adsorbsiyalash
izotermalari o‘rganildi. Adsorbsion xususiyatlar Freyndlix, Lengmuyer, Dubinin-Radishkovich va Temkin izoterma modellariga
asoslangan holda tahlil qilindi. Tadqiqot natijalariga ko‘ra, trimetilammoniy (TMAB) va trietilammoniy (TEAB) bilan
modifikatsiyalangan bentoitlar shahar ogova suvlaridagi temir ionlarini samarali adsorbsiyalash xususiyatiga ega ekanligi
aniglandi. Sintez qilingan adsorbentlarning Fe?" ionlarini adsorbsiyalash sig‘imi quyidagicha aniglangan: PBG bentoiti - 0,151
mg/g; TMAB - 0,164 mg/g; TEAB - 0,168 mg/g. Adsorbsion izotermalar tahliliga ko‘ra, Lengmuyer modeli adsorbsion

jarayonlarni eng yaxshi tasvirlab bergan.
Kalit so‘zlar: adsorbsiyalanish, modifikatsiya, oqova suv, bentoit, temir ionlari, Freyndlix, Lengmuyer, Dubinin-Radishkovich va
Temkin izoterma modellari.

Kirish. Suv resurslarining temir (Fe?*) ionlari bilan ifloslanishi ekologik muammolardan biri bo‘lib, u inson salomatligi va
suv ekotizimlariga salbiy ta’sir ko‘rsatadi. An’anaviy suv tozalash usullari ko‘pincha Fe*" ionlarini samarali olib tashlashda yetarli
natija bermaydi. So‘ngi yillarda tadqiqotchilar bentonit asosidagi adsorbentlarni Fe?* ionlarini olib tashlash uchun istigbolli usul
sifatida o‘rganib, oqova suvlarni (shu jumladan kanalizatsiya suvlarini) tozalashda bunday adsorbentlarning samaradorligini
ko‘rsatib berishdi. Faollashtirilgan bentonitlar yuqori sirt maydoni va g‘ovakli tuzilishi tufayli Fe** ionlarining samarali
adsorbsiyalanishini ta’minlaydi. Bentonitlarning ion almashish xususiyatlari suv tarkibidagi temir ionlarini samarali tozalash
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imkonini beradi. Shu bilan birga, adsorbsiyalanish darajasi Fe?* ionlarining boshlang‘ich konsentratsiyasi, suv kimyosi, foydalanish
xarajatlari va dastur talablari kabi omillarga bog‘ligdir.

Mavzuga oid adabiyotlar tahlili. An’anaviy suv tozalash usullari ko‘pincha Fe?" ionlarini samarali olib tashlashda yetarli
natija bermaydi [1] Tabiiy xom ashyolar asosida nanog‘ovakli, samarador adsorbentlar olish va ularning adsorbsion xususiyatlarini
o‘rganish va amaliyotda qo‘llash borasida bir qator tadqiqotlar gilingan [2] Shu bilan birga, adsorbsiyalanish darajasi Fe?* ionlarining
boshlang‘ich konsentratsiyasi, suv kimyosi, foydalanish xarajatlari va dastur talablari kabi omillarga bog‘liqdir [3] Bu usulda temir
(1) oksidining ishqoriy muhitda temir (II) oksidiga gaytarilish xossasidan foydalaniladi. Natijada temir (1) va temir (lII)
ionlarining umumiy migdori (A=420 nm to‘lqin uzunligida) aniqlanadi [4,5] Langmuyer adsorbsion modeli adsorbsiyani izotermik
sharoitda adsorbat ideal gaz sifatida tutadi deb tushuntiradi. Uning nazariyasi u gazsimon molekulalar sirtdan elastik ravishda
gaytmaydi, balki gattiq jismlardagi molekulalar guruhlariga o'xshash tarzda ushlab turiladi, degan fikrni ilgari surganidan
boshlangan [6,7] Eritmadagi adsorbsiya jarayonlarida quyidagi omillar muhim ahamiyatga ega: birinchidan, adsorbentlarning tabiati,
ikkichidan erituvchilarning tabiati [8] Dubinin-Radushkevich modeli ko'pincha xarakterli g'ovaklikni va adsorbsiyaning
ko'rinadigan erkin energiyasini baholash uchun ishlatiladi [9] Dubinin-Radushkevich (DR) adsorbsiya izotermasi modeli Polanyi
tomonidan ishlab chigilgan adsorbsiyaning potentsial nazariyasiga asoslanadi [10] U asosiy termodinamik asosi tufayli boshqga
izoterm modellari bilan solishtirganda tubdan mustahkam va yugori baholanadi [11]

Tadgigot metodologiyasi. Tadqiqot ob’ekti sifatida Navbahor bentoniti (PBG markasi) tanlanib, u trimetilammoniyli
(TMAB) va trietilammoniyli (TEAB) organik moddalar bilan modifikatsiyalandi. Olingan adsorbentlarning suvli eritmalarda Fe?*
ionlarini adsorbsiyalash xossalari o‘rganildi.

Kalit so‘zlar: aktivlangan kaolin, izoterma, tigel, konussimon kolbalar, pipetka, byuretka, titrlash kolbalari, voronkalar, filtr
qog‘oz va boshgalar.

Tahlil va natijalar. Tajribada 5 grammdan o‘lchangan adsorbentlar analitik tarozida tortilib, 500 ml hajmdagi temir
sulfatning turli boshlang‘ich konsentratsiyalardagi eritmalariga qo‘shildi. Aralashmalar 1 soat davomida aralashtirilib, so‘ngra
tindirilib, filtrdan o‘tkazildi. Eritmadagi umumiy temir konsentratsiyasi spektrofotometrik usulda aniglandi. Bu usulda temir (I11)
oksidining ishqoriy muhitda temir (11) oksidiga qaytarilish xossasidan foydalaniladi. Natijada temir (11) va temir (l11) ionlarining
umumiy miqdori (A=420 nm to‘lqin uzunligida) aniqlanadi. Sintez gilingan adsorbentlar yordamida eritmadagi temir ionlari
adsorbsiyalanish izotermalari Freyndlix, Lengmuyer, Dubinin-Radishkovich va Temkin izoterma modellari yordamida o‘rganildi.
Ushbu modellar yordamida adsorbsiyalanish ma’lumotlari tahlil gilindi va adsorbsiyalanish jarayonining asosiy parametrlari
aniglandi (1-rasm). Olingan natijalarga ko‘ra Adsorbentlarga Fe*? ionlarini adsorbsiyalanishi mos ravishda PBG bentonitida 0.111
mg/g, TMAB da 0.164 mg/g va TEAB da 0.198 mg/g ni tashkil qgildi.
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1-rasm. Adsorbentlarga temir ionlari adsorbsiyalanishi izotermalari 303K da.

Suvli eritmalardagi adsorbtiv konsentratsiyasining miqdori ortishi bilan bog‘liq holda adsorbentlarning adsorbsion
gobiliyatining keskin ortib borishi kuzatildi. Bunday hollarda, adsorbsiyalangan molekulalarning adsorbent sirti yuzasida
to‘planishi (klasterlar, to‘plamlar va boshqgalar ko‘rinishida joylashadi) adsorbatning kop funksiyaliligi va erituvchining kuchli
adsorbsiyalanishi bilan tushintiriladi.

Freyndlix modeli bo‘yicha tahlil.

Freyndlix tenglamasi yoki Freyndlix adsorbsion izotermasi, adsorbsion izoterma, qattiq sirtga adsorbsiyalangan gaz
miqdori va gaz bosimi o'rtasidagi empirik bog'liglikni ifodalovchi adsorbsion izoterma hisoblanadi. Modifikatsiyalangan
adsorbentlarga Fe*2 ionlarini adsorbsiyalanishining Freyndlix modeli bo‘yicha natijalari 2-rasmda keltirilgan.
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2-rasm. Adsorbentlarga temir ionlarini Freyndlix modeli bo‘yicha 303K haroratda adsorbsiyalanish izotermalari.

Freyndlix izotermasi modeli 0 < 1/n < 1 bo‘lganda adsorbsiya yaxshi borganligini bildiradi. Bu holatda adsorbsiyaning
darajasi kontsentratsiyaning oshishi bilan kamayib boradi. PBG, TMAB va TEAB adsorbentlarda 1/n giymatlari nos ravishda
0,836; 0,789 va 0,65ga teng bo‘lganligini, n ning qiymatlari esa 1 dan katta (PBG=1,19; TMAB=1,53 va TEAB=1,26) bo‘lganligini
ko‘rishimiz mumkin. n > 1 bo‘lganda, adsorbsiyaning kuchli ekanligini bildiradi, bu holatda adsorbsiyaning samaradorligi
kontsentratsiya oshishi bilan kamayadi. Freyndlix modeli izotermalari ko‘rsatkichlari 1- jadvalda berilgan.

Lengmuyer modeli bo‘yicha tahlil

Langmuyer adsorbsion modeli adsorbsiyani izotermik sharoitda adsorbat ideal gaz sifatida tutadi deb tushuntiradi. Uning
nazariyasi u gazsimon molekulalar sirtdan elastik ravishda qaytmaydi, balki gattiq jismlardagi molekulalar guruhlariga o'xshash
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tarzda ushlab turiladi, degan fikrni ilgari surganidan boshlangan [6,7]. Adsorbentlarga Fe*? ionlarining adsorbsiyasining
Lengmuyur modeli bo‘yicha olingan tajriba natijalari 3-rasmda keltirilgan.
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3-rasm. Adsorbentlarga temir ionlari adsorbsiyalanishining Lengmuyer modeli bo‘yicha adsorbsiya izotermalari 303K da.

Adsorbentlarga Fe*? ionlarini adsorbsiyalanishi izotermasi Lengmuyur modeli bo‘yicha korellatsiya koeffisentlari (R?)
PBG da 0,921 TMAB da 0,964 TEABda esa 0,947 ga teng ekanligi aniglandi. Tadgiqot ishida Lengmuyur modeli izotermasi
ajratish koeffitsenti (R(L)) mos ravishda 0,26; 0,197; 0,104 ekanligi aniglandi. Demak bu adsorbsiya natijalari Lengmuyer
modeliga mos keladi. R(L) ning bu giymatlarda bo‘lishi adsorbsiyaning samaradorligi va qulayligini ko‘rsatadi. Lengmuyur modeli
izotermasi natijalari 1-jadvalda keltirilgan.

Dubinin- Radishkovich modeli bo‘yicha tahlil.

Dubinin-Radushkevich modeli ko'pincha xarakterli g'ovaklikni va adsorbsiyaning ko‘rinadigan erkin energiyasini baholash
uchun ishlatiladi.

Dubinin-Radushkevich (DR) adsorbsiya izotermasi modeli Polanyi tomonidan ishlab chigilgan adsorbsiyaning potentsial
nazariyasiga asoslanadi. U asosiy termodinamik asosi tufayli boshga izoterm modellari bilan solishtirganda tubdan mustahkam va
yugori baholanadi.

Modifikatsiyalangan adsorbentlarga Fe*? ionlari adsorbsiyalanishining Dubinin-Radushkevich modeli bo‘yicha olingan
natijalar 4-rasmda keltirilgan.
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82
4-rasm. Adsorbentlarga temir ionlarini Dubinin-Radushkevich modeli bo‘yicha 303K haroratda adsorbsiyalanish
izotermalari.

Konstantalar giymatlari chizigli modelning kesishishi (gmax =exp(intersept)) va burchak tangensi giyaligi (Kp-r=-slope)
bilan aniglangan. PBG, TMAB, TEAB adsorbentlariga Fe*? ionlarining adsorbsiyalanish izotermalari Dubinin-Radushkevich
modeli konstanta giymatlari 1-jadvalda berilgan.

Temkin modeli bo‘yicha tahlil.

Temkin izotermasi modeli bilvosita adsorbat-adsorbent o'zaro ta'sirining adsorbsiya jarayoniga ta'sirini ko'rib chigadi.
Bundan tashqgari, adsorbsiya maksimal bog'lanish energiyasigacha bo'lgan bog'lanish energiyasining bir xil tagsimlanishi bilan
tavsiflanadi [12]. Olib bo rilgan tadgiqot ishida olingan izotermalarni Temkin izotermasiga mosligini aniglash uchun g e va In(Ce)
ning bog‘liglik grafigi chizildi. Chizma qiyaligi va kesishmasidan Bva Kt giymatlari hisoblab topildi. Adsorbentlarga Fe*? ionlari
adsorbsiyalanishining Temkin modeli bo‘yicha chizmasi 5-rasmda keltirilgan.
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5-rasm. . Adsorbentlarga temir ionlari Temkin modeli bo‘yicha 303K haroratda adsorbsiyalanish izotermalari. Natijalarga

ko‘ra ushbu izotermada korrelyasiya koeffitsenti TMABda 0,989 ga teng bo‘ldi. PBG, TMAB, TEAB adsorbentlariga Fe*? ionlari
adsorbsiyalanishi izotermalari Temkin modeli bo‘yicha konstanta giymatlari 1-jadvalda keltirilgan.

1-jadval

[ Adsorbtion Izotherm Models [ Parameters [ Adsorbents
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PBG TMAB TEAB

G (MQ/G) 0.206 0.235 0.239

K (L/mg) 0.056 0.081 0.171

Lengmyur R 0.261 0.197 0.104
R? 0.997 0.998 0.999

Kr (1/mg) 0,163 0.191 0.229

Freyndiix 1n 0,836 0.789 0.650
n 1,196 1.267 1.538

R 0.917 0.964 0.047

Br (J/mol) 13.354 19541 26.052

Temkin Kr (L/mg) 0.055 0.056 0.063
R 0.969 0.989 0.961

G (My/g) 4362 4.636 5214

i ) Ba (MOP/kI?) 123107 1.86-10° 3.09-10°

Dubinin-Radushkevich E (/mo)) ) 56.0 5.4
R 0.834 0.881 0.865

Olib borilgan tadgiqotlar asosida Lengmuyur modelidagi korrelyatsiya koeffitsientlari Freyndlix, Temkin va Dubinin-

Radiushkevich modellariga garaganda anigroq tasvirlab berdi. Lengmyur modeliga ko‘ra adsorbentlarning adsorbsiya sig‘imi
(gmax) PBG da 0,206; TMAB da 0,235; TEAB da 0,239 mg/g ga teng ekanligi aniglandi.

Xulosa va takliflar. Olib borilgan tadqiqot natijalariga ko‘ra: Sintez qgilingan adsorbentlarning Fe** ionlarini adsorbsiyalash

qobiliyati Lengmyur modeli orqali boshqa modellarga nisbatan aniqroq tasvirlangan. Adsorbsiya sig‘imi bo‘yicha TEAB
adsorbenti eng yuqori natijaga ega bo‘lib, u 0,239 mg/g ni tashkil etdi. Fe** ionlarining adsorbsiyasi bo‘yicha PBG bentoniti 0,151
mg/g, TMAB 0,164 mg/g va TEAB 0,168 mg/g ko‘rsatkichlarga ega ekanligi aniqlangan. Adsorbsion jarayonning samaradorligi
adsorbentning tabiati va qoplash sig‘imiga bog‘liq bo‘lib, bu natijalar atrof-muhitni muhofaza qgilishda ushbu modellarni qo‘llash
uchun ilmiy asos yaratadi.
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CHUHTE3 U U3YYEHUE CTPYKTYPbI HIECTUKOOPAUHALMOHHOI'O KOMIIJIEKCA HUTPATA KAIMUSA
(1) C 2-AMHUHO-5-TIPONMUIITHUO-1,3,4-THAJUA30JI0OM
AHHOTALHSA

JlaHHOE WMCCeOBaHNUE TOCBSIICHO CHHTE3Y H CTPYKTYPHOMY aHaJIH3y HOBOTO Komrutekca kagmusi(Il) ¢ murangom 2-amuHO-5-
npomuntno-1,3,4-tuagunazonom. Kommuieke ObLT 0OXapakTepH30BaH C HCIOIb30BAaHHEM HH(PPAKPACHON CHEKTPOCKOIMHUH,
TEpPMOTPAaBUMETPUYECKOTO aHAIW3a M PEHTICHOCTPYKTYpHOro aHaim3a. CpaBHuTenbHBI aHamu3 VK-cmekrpa smranpa u
KOMIUIEKCA TTOKa3al 3HAYMTENbHBIC CIBHIM B YacTOTax KoJieOaHWIl KIIOYEBBIX ()YHKIMOHAJIBHBIX IPYII, YTO yKa3bIBaeT Ha
KOOPAMHAIMIO Yepe3 aTOMBI a30Ta THAIHA30JIbHOTO KOJbIa. TepMOorpaBHMETpHUYECKOE HCCIEAOBAHHE IIOKA3al0 TeMIepaTypy
riaBnieHust 185°C U 3HAYUTENBHYIO TIOTEPIO MAacChl MpH pasiiokeHuu B auarnazoHe ot 230°C no 600°C. PeHTreHOCTpyKTYpHBIi
aHaNM3 ToKa3al okTayapmyeckyio koopauHamuio Cd(Il) ¢ mectpio aTomMamu a30Ta JUraHna, KOMIUIEKC KPUCTAJUTHU3YeTCS B
OpPTOPOMOMYECKON CHHTOHHMH. Pe3ynbTaTel HCCIEJOBAHUS [AIOT TPEACTABICHHE O KOOPAWHAIMOHHOM OKPYKSHHH U
CTaOMIBHOCTH KOMILIEKCA, HOAYEPKHUBAst €r0 MOTEHINAN IS IPUMEHEHHSI B MAaTepHATOBEICHIN 1 OMOIOTHYECKIX CHCTEMaX.
KnioueBsbie cioBa: mpousBognsie 1,3,4-Tmaanasona, KaAMHA, CHHTE3, JHUTraHy, koMiuieke, MK-crekTpockonus, TepMUIECKHA
aHaNu3, PEHTTeHOCTPYKTYPHBIH aHANU3, CTPYKTYpa, KPUCTAILIL.

SYNTHESIS AND INVESTIGATION OF THE SIX COORDINATED COMPLEX OF CADMIUM(II) NITRATE
WITH 2-AMINO-5-PROPYLTHIO-1,3,4-THIADIAZOLE
Annotation

This study focuses on the synthesis and structural analysis of a new cadmium(ll) complex with the ligand 2-amino-5-propylthio-
1,3,4-thiadiazole. The complex was characterized using infrared spectroscopy, thermogravimetric analysis, and X-ray
crystallography. The infrared spectrum revealed significant shifts in the vibrational frequencies of key functional groups, indicating
coordination through the nitrogen atoms of the thiadiazole ring. Thermogravimetric analysis showed a melting point at 185°C and
a mass loss corresponding to thermal decomposition between 230°C and 600°C. The X-ray structure revealed an octahedral
coordination of Cd(ll) with six nitrogen atoms from the thiadiazole ligands, and the complex crystallized in the orthorhombic
system. The results provide insights into the coordination environment and stability of the complex, emphasizing its potential for
applications in materials science and biological systems.

Keywords: 1,3,4-thiadiazole derivatives, cadmium, synthesis, ligand, complex, IR spectroscopy, thermal analysis, X-ray
diffraction analysis, structure, crystal.

2-AMINO-5-PROPILTIO-1,3,4-TIADIAZOL BILAN KADMIY (IT) NITRATNING GEKSA-KOORDINASYON
KOMPLEKSINING SINTEZI VA TUZILISHINI O'RGANISH
Annotatsiya

Ushbu tadgigot kadmiy (I1) ning 2-amino-5-propiltio-1,3,4-tiadiazol ligandlari bilan yangi kompleksini sintezi va strukturaviy
tahliliga bag‘ishlangan. Kompleks infraqizil spektroskopiya, termogravimetrik tahlil va rentgen nurlari diffraktsiyasi yordamida
tavsiflangan. Ligand va kompleksning 1Q spektrining giyosiy tahlili asosiy funktsional guruhlarning tebranish chastotalarida
sezilarli siljishlarni ko‘rsatdi, bu tiadiazol halqasining azot atomlari orqali muvofiglashtirishni ko‘rsatadi. Termogravimetrik
tadqiqot 185°S erish nuqtasini va 230°C dan 600°S gacha bo‘lgan oraliqda parchalanish paytida sezilarli massa yo‘qotilishini
ko‘rsatdi. Rentgen nurlari diffraktsiyasi tahlili Cd (II) ning ligandning olti azot atomi bilan oktaedral koordinatsiyasini ko‘rsatdi,
kompleks ortorombik tizimda kristallanadi. Tadgiqot natijalari kompleksning muvofiglashtirish muhiti va bargarorligi hagida
tushuncha beradi, uning materialshunoslik va biologik tizimlarda qo‘llash imkoniyatlarini ta’kidlanadi.

Kalit so‘zlar: 1,3,4-tiadiazol hosilalari, kadmiy, sintez, ligand, kompleks, 1Q spektroskopiya, termik analiz, rentgen difraksion
analiz, struktura, kristall.
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BBenenne. 3HaHHE XMMHU T€TEPOLUKINYECKUX COSAMHEHHH MpeacTaBisieT co0ol OTHPAaBHYIO TOYKY Ul Pa3pabOTKU
HOBBIX I'eTEPOLUKINYECKUX COETNHEHUH, KOTOPBIE UTPAOT BaYKHYIO POJIb B arpOXUMUH, (hapMalleBTUKE U MaTepHaaoBeneHuH [ 1].
CTpYKTYpHO AMA30JIBI COCTOST U3 ISTUWICHHBIX KOJIEII, COACPIKAIIUX JBa aTOMa a30Ta U APYroil HEYIJIEPOIHBII aTOM, KHCIOPO
WK cepy, HallpUMep OKCaIua30ibl U THAIUA30JIbl, KOTOPHIE UTPAIOT BAXKHYIO POJb B OMOJIOTHUECKHX IMPOIECCaX U HAXOMAAT
IIMPOKOE IPUMEHEHNE B MEAULUHE [2].

B nocnenune roxer npoussognsie 1,3,4-Tranuasona NpUBICKIN 3HAYUTEIHHOE BHUIMaHHE HCCIIeoBaTeNel Oaromaps Hx
IIMPOKOMY CIIEKTPY OMOJIOTHYECKOro NEeHCTBUS M NMPUMEHEHHIO B Pa3iIMYHBIX cepax >KU3HEAEATEeTbHOCTH denoBeka. OHM
AKTHBHO HCCIICTYIOTCS Ha IPEAMET JIIyPETHIECKOT0, IPOTHBOIPOTO30HHOTO0, KAPAUOTOHMYECKOTO, (QyHTUIIMIHOTO, CEAaTHBHOTO,
AQHECTEe3UPYIOLIET0, IPOTHBOMAIIIPUHHOTO, aHTHACIPECCAHTHOTO JCHCTBHSL, TUIIOTIMKEMIYECKOT0, IPOTHBOBOCTIANUTEIHHOTO 1
NpOTHBOMUKPOGHOTO 3¢ dektoB [3-7]. Kpome Toro, B psine Hccie oBaHuUii, MOCBIMEHHBIX 1,3,4-THanua30my U ero NpOU3BOIAHBIM,
coolmraeTca 0 MPUMEHEHHH 3TUX COCAMHEHHWH B Pa3lMYHBIX O0JACTIX, BKIIOYas MPOM3BOACTBO IOJIMMEPOB, KpacHUTENEH,
repOUIMI0B U HHCEKTHIHIO0B[ 8-11].

Llenpio maHHOTO HMCCIEAOBaHUSA SBISETCS CHHTE3 M aHAIN3 CTPOCHUS U CBOMCTB HOBOTO KOMIUIEKCA, COAEPIKAILEro B
KauecTBe JIUranja rnpoussoausle 1,3,4-tuaauasomna.

Marepuajbl H MeTOABI. VICXOTHEIM BEIIECTBOM ISl CHHTE3a KOMIUIEKCHOTO COEIMHEHUS SIBJISIACH a30THOKHUCTIAS CONb
KagMusi MapKe «d.1.a». Bce opranmdeckwe peareHTHl M PAacTBOPHUTENH, NPUMEHEHHBIE B JKCIEPHMEHTE, ObUIM OYMINEHEI M
BBICYILICHBI C UCTIOIb30BAHIEM H3BECTHEIX METOJIOB.

OOGBEKTOM HCCIICIOBAHKS SBIISICS CHHTE3UPOBAHHBIN B TabopaTopHbix ycnousax komiuieke [CdLes](NOs)2, B kotopom L
SIBJISIETCS 2-aMUHO-5-miporunTro-1,3,4-traana3on.

Meroaunka cunresa kommrekcaoro coemuuenus [CdLs](NOs)z2: ropsuamii pactsop, comepikammit 0,6 mmomns L B 3 M
3TaHOJIa, MEAJICHHO TOOABIISIH IO KaIUIAM K 3 MJI TOpSIYero pacTBopa, conepxariero 0,1 MMoJb HUTpaTa KaMusl, IPU IOCTOSTHHOM
nepeMeniBanu. PactBop BeiepkuBaiu npu Temieparype 60°C B TedeHue 2 yacoB. B pe3ynbTare 00pa3oBbIBAICS MPO3PAYHBIMA
pacTBOp CBETJIO-KENTOrO IIBETa, KOTOPBI OCTAaBISIIM HAa KPUCTAUIM3ALHUI0O B TeMHOTE. MOHOKpPHCTAUIBI KOMIUIEKCHOTO
COCIMHEHHS], IPUTOJIHBIC ISl PeHTIeHOCTPYKTYPHOTO aHajIn3a, OBUTH MOJTYYEeHBI B pe3yJbTaTe MEUICHHOTO HCIIapeHUs pacTBOpa
B Teuenue 10 mueil. Buixon peakuum cocraBun 82%. Temmepatypa miuaBnenust ~172-174°C. IlpeacraBieHHass HUXKE cxema
WUTIOCTPUPYET PEaKLUIO CHHTE3a:

P
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Pe3ynbTaThl U 00cy:keHue. st n3ydeHns: CTPYKTYPbI U XapaKTePHCTHK JaHHOTO KOMILIEKCA UCITOIb30BAINCH METOIBI
UK-CrekTpOoCKOITHH, TePMUIECKOTO U PEHTTEHOCTPYKTYPHOTO aHAITH3A.

Ananmu3 VMK-criekTpoB 1MoKa3ai, 4TO 3HAYUTENbHBIM W3MEHEHUSIM IIOBEPTaloTCs MOJIOCH! MOTJIOMICHUSI CHMMETPHYHBIX
BAJICHTHBIX Konebanuii cesizu C=N 1ukia, HaOmoaaeMbIX Tpu 1598 cM™ B cBOOOIHOM IMTaH/E U CMENIAIOIMXCS B KOMILIEKCE B
BBICOKOYACTOTHYIO 0611acTh Ha yacToTy 1642 cm ¢ 3ameTHOI pasuuueii ~44 cm? (tabn. 1). Jlns BaneHTHBIX KojebaHMii CBA3M
=N-N= 5To cMelleHUe cocTapiseT 7 cM™, a s BaJeHTHBIX Kojiebanumii cesaszu C-S — 30 et [12]. B UK-cnekTpax KoMmIiekca B
obyact KOpOTKHMX BONMH (421 cMm') oOHapyXMBaeTCsi HOBas I0JIOCAa, OTCYTCTBYIOLIAas Yy CBOOOJHOrO JIMTaHAa, KOTOpas

00yCIIOBIICHA BaJICHTHBIME KoJieOaHussMu cBsizeit M-N [13]. DTo cBUAETENBCTBYET O KOMIUIEKCOOOPAa30BaHKH JIUTAHa Yepe3 aTOM

a30Ta THaIUa30JIbHOTO Koba. [lomock! nornomenus konebanuit rpynn C-H u N-H ocratorcs npaktiyeckn 6e3 n3MeHEeHU (puc.
1).

HoN

Anamn3 VK-criekTpoB CBHIETENBCTBYET O TOM, YTO KOOPAHMHAIMS TeTEPOUUKIMYECKOro Jmranna ¢ nonom kammusi(Il)
OCYIIECTBIICTCS Yepe3 SHIONUKINIECKUE aTOMBI a30Ta B THAINAa30JI6HOM KoJjble [14].

e

" et
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Puc. 1. UK cnekrpsr muranna L (A) u ero xomrmiekca[ CdLs](NOz)2
(b)

Tab6muma 1.
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OcHoBHbIEe N0JI0CH! TToTJomeHus B MK-cnekrpax JIMTaH/ia U €ro KOMIUICKCa

Coenunenne vs(C=N) SNH: v(N-N) v(N-H) v(C-S) v(M-N)
v(C-H)

L 1598 1517 1033 3269 690 -
3107

[CALs](NO3)2 1642 1520 1040 25;2 703 421

VI3yueHne TepMOCTAOMIBHOCTH KOMILIEKCOB IIOMOTAeT IMOHATh KOOPAMHALMOHHYIO CTPYKTYPY KOMIUIEKCOB M JiaeT
BO3MOXKHOCTB OLICHHTH BIHSHAE HATPEBAHUS Ha IPOLIECC TEPMHUIECKOTO PA3IIOKECHHUS IOTyICHHBIX KOMIUTEKCOB [15-16].

TepMorpaBUMeTpHYECKOE HCCIIEIOBAHNE KOMILIEKca ObIIIO IPOBEICHO B TeMIiepaTypHoM auanasone ot 20°C xo 1000°C.
Ha xpuBoii Tepmorpammsl (TI') komiiekca sHg0TepMUYecKuit d¢dekr, Habmomaempiii pu 185 °C, omuceBaeT TeMeparypy
TUTABJICHUS] KOMIUIEKCA.

IlomHoe pasnoxeHHe OpraHUYECKON Y4acTH NMPOUCXOIMT B AuanasoHe Temmeparyp oT 230 go 600 °C, compoBoxknaasch
motepeit Mmaccel 75,36% ot 00miell Macchl, 00YCIOBICHHOM MPOIlecCaMy TEPMOJIN3a, MAPOJIN3a U JCTPaTalliH 0] BO3CHCTBHEM
BBICOKOH TeMIIepaTypsl. B pe3ynbrare TepMoin3a B KauecTBe KOHEYHOTO MPOYKTA, C Macco 6,22% oT oOmeit, 00pa3yeTcst OKCH
kxagmus (puc. 2).
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Puc. 2. Tepmorpamma komiuiekcHoro coenunenust [ CdLs](NOz)2

CTpyKTypa CHHTE3HPOBAaHHOTO KOMIUICKCHOT'O COCJJMHEHUSI YCTAHOBJIEHA C IIOMOIIBIO PEHTI€HOCTPYKTYPHOTO aHaIM3a 1
pacmudpoBaHa ¢ MOMOIIBI0 KOMITBIOTEpHBIX mporpamM CrysAlis, Olex2.15. [17, 18].

Kowmmekc coctout u3 katnona [CdLe]?* u aByx nutpat anmonos NOs~ Bo BHermHel chepe. KpucTammueckas cTpykTypa
KOMIUIEKCa OTHOCHUTCSI K OPTOPOMOWYECKOH CHHTOHMM M TPHHAUISKHT K MPOCTPAHCTBEHHOH rpymnme  Phca.
Kpucrannorpadudeckue naHHbIE U MapaMeTpbl CTPYKTYPHI NPEACTAaBICHB! B TabnuIe 2, 3HAUCHUS JUIMH CBSI3eH M BaIEHTHBIX
yrioB B Tabnumax 4-5. CTpoeHne 1 CXeMBbl YIIAKOBKH 3JIEMEHTAPHBIX STYeeK OKa3aHbI Ha puC. 3.

KomrmiekcooOpaszoBatenb pacroiokeH B LEHTPE WHBEPCHUH, YTO NPHBOAWT K TOMY, YTO aCHMMETpHYHAs €IUHUIIA
KPHUCTAUIMYECKOH CTPYKTYPBI COAEPXKHUT 1/2 MONEKynbl KOMIUIEKCA, OTpaXkas CHMMETPUYHBIE OTHOIICHHS MEXIy
MOJIEKYJIIPHBIMH (pparMeHTamu (puc. 3).

entpanpueiii atoM Cd, pacrmoioKeHHBIH B IIEHTPE WHBEPCUH, UMEET OKTadIPUYECKyI0 KoopAuHamui (puc.3). ATom
Ka/IMHs1 KOOPANHUPYETCS C IIECTHI0 aTOMaMH SHJIOIUKIMYECKOTO a30Ta THAINA30JIbHBIX KoJiell. MOoNeKy bl JTurania qedCcTByIoT
KaK MOHOJCHTaTHBIE, CBs3bBasich ¢ moHoM Cd(II) depe3 arom a3oTa B 3-TONOXKEHHUH THAIHA30JBHBIX Kouel. JIuraHmsl
pacmonararorcsi BOkpyr aroma Cd(II) Takum oOpasom, 4to obecrieumBaeTcsi cTaOMIBHAs OKTadapuueckas KoopauHamus. B
pesyabTaTte o0paszyercs CTpYyKTypa, B KOTOPOI JHTaHABI PACIIONOXKEHBI MPAKTHYECKH WACHTHYHO, YTO 00ECIIeUMBAET BBICOKYIO
CHMMETPHIO U 3PPEKTHBHYIO KOOPIMHALUIO EHTPAIbHOro aToma. [[IuHBI CBsi3el B KoopauHaimoHHoM mommyape [Cd—N1 =
2,421A, Cd—N4 =2,416 A u Cd—N7=2,421 A] MOMNAIA0T B MPEJENbl HOPMBI, a MAaKCUMAJIbHbIE U MUHUMAaJIbHbIC 3HAUCHMS
BaJIeHTHBIX yri10B BOKpyr noHa Cd(Il) cocrasisitor 86,06° (N1-Cd1-N4) u 93,70° (N4—Cd1-N7) COOTBETCTBEHHO, YTO yKa3bIBAET
Ha He3HAYHMTENIbHBIE OTKJIOHEHHS OT H/IeaIbHOM OKTa’IpHyecKol KoopauHanuu (tabm. 3, 4.).
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Puc. 3. CrpoeHue 1 ynakoBka sneMeHTapHbIX siueek komiuiekca [CdLe](NOs)2
Me)l(lly HUTPAT aHUOHOM U aMHHOT‘pyHHOﬁ JIMraHZia CymeCTBYIOT MEXMOJICKYJIAPHBIE BOAOPOAHBIE CBA3HU, HOH-UOHHBIC
B3aHMO/JICHCTBHUsI HAOIIOJAIOTCS MEXAY aTOMOM Cepbl THAIMa30JbHOro Kojbla ¥ aHuoHoM NOs™. DTH B3auMOJCHCTBHS
CIOCOOCTBYIOT JIOTIOJTHUTEIBHOM CTaOMIN3aluy KPUCTAIINYECKOI CTPYKTYpHI (puc.4, Tadmn.3).

Puc. 4. MexxmorekyisipHble BOJOPOAHBIE CBA3M KOMILIEKCa
Tab6numa 2.
OCHOBHBIE KPUCTAUIOTPAQUIECKHE TAPAMETPHI U XapaKTEPUCTUKU PEHTTEHOCTPYKTYpHOTo aHanu3a cTpykTypst [ CdLs](NOs)2
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Moutekyasipuasi popmyaa [CdL6](NO3)2; (CdC3oHsaN18S12-2(NO3))
My, r/moan™* 1288.05
CuHroHust opTopoMOuyecKast
IpocTpaHcTBeHHAs rpynna Phea
Z 4
a b c(A) 17.7053 (2)
a.v. B, (°) 90
V,A° 5550.22 (11)
p, r/em® 1.541
Pazmep kpucraiia (Mm) 0.12 x 0.08 x 0.06
Ty, Toeare 0.344, 1.000
| Hexp (v 7.87
Ynci10 0TpakeHui 2900
Yncao orpaxenii ¢ 1>20(1) 1956
Ru(1>25(1) u obimee) 4755
S 1.05
Apmaxs Apmin (¢ A7) 0.34,-0.37
Tabmuma 3.
TeoMeTpus BoopoHbIX caseit (A, ©) ans [CdLs](NO3)2.
D_H A D-H H-A DA D_H A
N6—H6A N8| 0.86 2.13 2.863 (10) 143
N6—H6B-O1" 0.86 2.48 3.203 (9) 142
N6—H6B--03" 0.86 2.21 3.039 (10) 163
N3—H3A N5 0.86 2.12 2.864 (9) 145
N3—H3B--01 0.86 2.18 3.018 (9) 164
N3—H3B-02 0.86 2.45 3.173 (10) 142
N9—HIAN2! 0.86 2.14 2.872 (9) 143
N9—H9B - 03" 0.86 2.45 3.171 (9) 142
N9—H9B--02" 0.86 2.21 3.037 (10) 162
Koupl cummerpun: (i) -x+1, -y+1, -z+1; (ii) -x+1/2, -y+1, z+1/2; (iii) -x+1/2, y+1/2, z.
Tabmuma 4.
Jlmne! cesizelt B ctpykrype [CAL6](NO3)2
Cdl_N4 2.421 (5) S6_Cl3 1.804 (18) N3—H3B 0.8600 Cl4_HI14A 0.9700
Cdl_N4' 2.421 (5) N4—N5 1.399 (8) N3—C1 1.316 (10) Cl4_H14B 0.9700
Cdl_NI! 2.421 (5) N4—C6 1314 (9) N9—HIA 0.8600 C14—Ci15 1.38 (2)
Cd1_N1 2.421 (5) N1I_N2 1.382 (8) N9—H9B 0.8600 C15_HI5A 0.9600
Cdl_N7 2.416 (6) N1_C1 1.325 (9) N9—Ci1 1.325 (10) C15_H15B 0.9600
CdL_N7! 2.416 (6) N7—N8 1.414 (9) C13_HI3A 0.9700 C15_H15C 0.9600
S5_Ci1 1.722 (8) N7—Ci1 1.324 (9) C13—_H13B 0.9700 C10_HI0A 0.9600
S5_C12 1.717 (9) N10_O1 1.216 (3) Cl13Cl4 1.354 (18) C10__H10B 0.9600
S3-C6 1.724 (7) N10—03 1.212 (3) C8_HBA 0.9700 C10_H10C 0.9600
S3—C7 1.708 (9) N10—02 1.200 (8) C8_H8B 0.9700 C4—_HAA 0.9700
SI_C1 1.722 (8) N5—C7 1,301 (10) C8—C9 1.411 (19) C4—_H4B 0.9700
SI_C2 1.733 (9) N8—C12 1,301 (10) C9—_HIC 0.9700 C4—C5 1.44 (2)
S4—C7 1.743 (8) N2—C2 1,297 (10) C9—_HID 0.9700 C5_H5A 0.9600
S4—C8 1.881 (15) N6—H6A 0.8600 C9—C10 1.428 (18) C5_H5B 0.9600
S2—C2 1.728 (9) N6—H6B 0.8600 C3—_H3C 0.9700 C5_H5C 0.9600
S2—C3 1.842 (16) N6—C6 1.341 (10) C3—_H3D 0.9700
S6—C12 1.733 (9) N3—H3A 0.8600 C3_C4 1.331 (19)
Tabmuma 5.
3HavyeHus BaleHTHBIX yriioB B cTpykrype [CdLe](NO3)2
N4—Cd1—N4 180.0 H3A—N3—H3B 120.0 H9C—C9—H9D 108.3
NI—Cdl—N4 93.71 (19) C1—N3—H3A 120.0 C10—C9—HIC 109.8
N1_Cdl_N4' 86.29 (19) C1_N3_H3B 120.0 C10—C9—_HID 109.8
N1—_Cdl_N4 93.71 (19) HOA—N9—H9B 120.0 S2—C3_H3C 108.2
NI—Cdl—N4 86.29 (19) C11—N9—H9A 120.0 S2—C3HaD 108.2
N1_CdlL_NIT 180.0 C11_N9_H9B 120.0 H3C_C3—H3D 107.3
N7—Cdl—N4' 86.1(2) N4—C6—S3 114.2 (6) C4—C3—s2 1165 (13)
N7—Cdl—_N4 93.9(2) N4—C6_N6 123.8 (7) C4—C3—H3C 108.2
N7—Cdl_N4' 939 (2) N6—C6S3 122.0 (6) C4—C3—H3D 108.2
N7—Cdl—N4 86.1(2) N1—Cl—S1 113.4 (6) C13—Cl14—H14A 107.9
N7—CdL_NT' 935 (2) N3—Cl—S1 122.2 (6) C13—Cl14_H14B 107.9
N7—Cdl—N1 935 (2) N3—C1—N1 124.3 (7) C13—Cl14Cl15 1175 (19)
N7_—Cdl_NT' 86.5 (2) N7—Cl11—S5 114.3 (6) HI4A—C14—H14B 107.2
N7—CdlN1L 86.5 (2) N7—C11—N9 123.4 (7) C15_Cl14_HI14A 107.9
N7—Cd1L_N7 180.0 N9—C11—S5 122.3 (6) C15_Cl14_H14B 107.9
Cl12—S5Ci1 87.7 (4) S5C12—56 119.8 (5) C14—C15 HI5A 109.5
C7—S3—C6 87.2 (4) N8—C12— S5 114.7 (6) C14—C15 H15B 109.5
Cl—sl—c2 87.8 (4) N8—C12— 56 1255 (7) C14—C15_H15C 109.5
C7—S4—C8 98.6 (5) S3_C7—S4 119.4 (5) H15A—C15_H158 109.5
C2—S2—C3 99.7 (5) N5—C7—S3 115.1 (6) H15A—C15_H15C 109.5
Cl12—S6-Cl3 100.0 (5) N5—C7—S4 1255 (7) H15B—C15 H15C 109.5
N5_N4—Cdl 114.2 (4) S2—C2—s1 119.0 (5) C9—_C10_HI0A 109.5
C6_N4—Cdl 133.7 (5) N2—C2—S1 113.2 (6) C9—C10_HI0B 109.5
C6—N4—N5 1115 (6) N2—C2—S2 127.8 (6) C9—C10—HI0C 109.5
N2—N1—Cdl 1145 (4) S6—C13_HI3A 108.2 H10A—C10—H10B 109.5
C1_NI—Cdl 133.0 (5) S6C13—H13B 108.2 H10A—C10—H10C 109.5
CI—NI—N2 111.8 (6) H13A—C13—H13B 107.3 H10B—C10—H10C 109.5
NB—N7—Cdl 114.3 (4) C14—C13—S6 116.4 (13) C3—C4_H4A 108.0
C11—_N7—Cdl 134.2 (6) C14—_C13_HI3A 108.2 C3—C4—_H4B 108.0
CI1—N7—N8 111.0 (6) Cl4—C13—H13B 108.2 C3—C4—C5 117.1 (18)
03—N10—01 119.9 (7) S4—C8_HsA 109.9 H4A—C4—HAB 107.3
02—N10—01 119.2 (7) S4—C8 HseB 109.9 C5—C4—H4A 108.0
02—N10—03 120.7 (7) H8A—C8H8B 108.3 C5_C4_H4B 108.0
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C7—N5—N4 112.0 (6) C9—C8—S4 109.1 (14) C4—C5—H5A 109.5
C12—N8—N7 112.3(7) C9—C8—HBA 109.9 C4—C5—H5B 109.5
C2—N2—N1 113.7 (6) C9—C8—H8B 109.9 C4—C5—H5C 109.5
H6A—N6—H6B 120.0 C8—C9—HIC 109.8 H5A—C5—H5B 109.5
C6—N6—H6A 120.0 C8—C9—HID 109.8 H5A—C5—H5C 109.5
C6—N6—H6B 120.0 C8—C9—C10 109.3 (19) H5B—C5—H5C 109.5

3akaioyenne. Ha ocHOBaHMM IPOBEICHHOTO HCCIEIOBAHUS MOXHO CHENAThb BBIBOJ, 4To HUTpar Kagmusi(Il) obpasyer
KOMIUIEKC C 2-aMHuHO-5-mpormmwitio-1,3,4-THaana3onoM, KOTOPBI UMEET OKTadApHuecKyio cTpykrypy coctaBa [CdLs](NO3).
BHyTpeHH:s cdepa COACPKUT aTOM KaIMHs B KauecTBE LIEHTPAJILHOTO HOHA, CBSA3aHHBIN C LIECTHIO MOJEKYJIaMU JIMTaHIA,
KOOPJIMHHUPOBAaHHBIMH Yepe3 aToM a30Ta THAAWa3oibHBIX Koiel. HuTpar-aHMOH pacronoXeH BO BHEIIHEH cdepe, 4TO
HOATBEP)KAAET  KAaTHOHHYIO IIPUPOAY KoMIulekca. Kpucramorpaguueckue fAaHHble, [OJNY4YEHHbIE C  MOMOLIBIO
PEHTTEHOCTPYKTYPHOTO aHANM3a, a Take pe3yibTaTtsl MK-CIeKTpOCKONMH W TepMOTpaBHMETPHYECKOTO MCCIISIOBAHUS,
MOATBEP)KAAIOT CTAOMIBHOCTE KOMIUICKCA M ONKCHIBAIOT €r0 XapaKTepHble OCOOCHHOCTH. JTO HCCIIEAOBAaHHWE HaeT LIEHHBIE
CBEJICHUS O KOOPIMHAIIMOHHOM OKpyxeHNH kaamusi(1]) u MoxeT OBITh HCTIONIB30BaHO JUTS JATbHEHIINX HCClIe[OBaHUI B 001acTH
MaTepHAaIOBEACHHS M ONOXUMIH, a TAKXKE B HCCICIOBAHMSAX, CBI3aHHBIX C aKTHBHBIMH BEIIECTBAMHU W KaTaJIH30M.
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SODIUM SALT
Annotation

This article highlights the research results on the synthesis of a new heterometallic complex compound of zinc acetate and succinic
acid with the sodium salt and the determination of their composition, structure and properties by physico-chemical methods:
scanning electron microscope-energy dispersive analysis (SEM-EDS), X-ray phase analysis, thermal analysis and X-ray structural
analysis. The central atom of the complex compound is zinc, the oxygen atom of the carboxyl group of the acetate residue and the
sodium salt of succinic acid are interconnected through the oxygen atom of the carboxyl group, forming a complex compound with
a coordination number of 6.
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CHHTE3 U CTPYKTYPA KOMILIEKCA ITAHKA AIIETATA U SIHTAPHOM KUCJIOTHI C HATPUEBOM
COJIBIO
AHHOTaLUA
B crathe mpencraBieHbl pe3yabTaThl MCCICIOBAHUI MO CHHTE3y HOBOTO T'€TEPOMETAUTMYECKOTO KOMIUICKCHOTO COCIMHEHUS
arieraTa IMHKA W SHTAPHOW KHCIIOTHI C HATPHEBOW COJBIO M OMPEACICHUIO MX COCTaBa, CTPYKTYphl U CBOHCTB (hU3HKO-
XUMHYECKUMH METOIaMH: CKAHUPYIOIIEH 3JIEKTPOHHOM MHKDPOCKOIHEH C JHEproaucriepcHoHHbM aHamuzom (COM-D]IA),
peHTreHO()a30BbIM ~ aHAM30M, TEPMHUYCCKHUM aHAIM30M M PEHTICHOCTPYKTYPHBIM aHATU30M. I[eHTpaibHBIM aTOMOM
KOMIIIEKCHOTO COETMHEHUSI SBJISAETCS [IHKA, aTOM KHCJIOPOaa KapOOKCHIBHOM TPYIIIBI alleTaTHOTO OCTaTKa W HATPUEBAsl COJb
STHTApPHOH KUCIIOTHI COSAMHEHBI MEXITy cOO0M Yepes aToM KHCIOpo1a KapOOKCHIIBHOM TPYIITBI, 00pa3yst KOMILIEKCHOE COCTMHEHHE
¢ KOOPAMHAIMOHHBIM YHUCIIOM 6.
KnioueBble cioBa: amerata OWHKA, SHTapHAs KHCIOTa C HATPUEBOW COJBIO, JHMTaHZ, TepMuueckmid aHamm3, COM-D]JIA,
peHTreHo(a30Bblii M PEHTTCHOCTPYKTYPHBIA aHaIM3, KOMIUICKCHOEC COCAMHEHHE, KOOPAWHAIMOHHOE YHCIIO, Mporpamma
«MepKypHii», KOOpIHHAIMOHHAS CIIOCOOHOCTh, KOMIUIEKCHOE COSIMHEHNE, CTAOUITEHOCTb.

RUX ATSETATI HAMDA QAHRABO KISLOTASINING NATRIYLI TUZI BILAN KOMPLEKSI SINTEZI
VA STRUKTURASI
Annotatsiya

Magolada rux atsetatining gahrabo kislotasi natriyli tuzi bilan yangi geterometall kompleks birikmasi sintez gilingan va ularning
tarkibi, tuzilishi va xossalari fizik-kimyoviy metodlar: skanerlovchi elektron mikroskop-energiya dispersion tahlil (SEM-EDT),
rentgenfazaviy tahlil, termik analiz va rentgen strukturaviy tahlil yordamida o‘rganilgan. Kompleks birikma tarkibidagi markaziy
atom rux, atsetat qoldig‘i tarkibidagi karboksil guruhining kislorod atomi va qahrabo kislotasining natriy tuzi bilan ham karboksil
guruhidagi kislorod atomi orqali o‘zaro bog‘lanib, koordinatsion soni 6 ga teng bo‘lgan kompleks birikmani hosil qilgan.
Kalit so‘zlar: Rux atsetati, gahrabo kislotasining natriyli tuzi, ligand, termik analiz, SEM-EDX, rentgenfazaviy va rentgen
strukturaviy tahlil, kompleks birikma, koordinatsion son, Mercuriy dasturi, koordinatsion sig‘im, kompleks birikma barqarorligi.

Kirish. Ushbu maqolada kompleks birikmalar kimyosining yangi yo‘nalishlaridan bo‘lgan geterometall koordinatsion
birikmalar sintezi va ularning fizik-kimyoviy metodlar bilan tahlili hagida ma’lumotlar berilgan. Hozirgi davrda kompleks
birikmalar kimyosi bilan shug‘ullanuvchi olimlar tomonidan tarkibida ikki xil metall atomi tutgan koordinatsion birikmalarni sintez
qilish va ularning tahlilini amalga oshirish bo‘yicha ishlar keng ko‘lamda amalga oshirilyapti. Ushbu sintezlangan koordinatsion
birikma tarkibida ikki xil metall atomi va turli xil kislota qoldig‘i tutganligi, shu jumladan, ular tarkibida juft elektronga ega
geteroatomlarning mavjudligi, ularning 3d-metallari bilan kompleks birikmalar hosil gilish imkoniyatini yanada kengaytiradi.
Shuningdek, Yangi O¢zbekistonning 2022-2026-yillardagi taraqqiyot strategiyasida” iqtisodiyotni rivojlantirish ustuvor
yo‘nalishlari belgilangan hamda mahalliy xomashyo resurslarini chuqur qayta ishlash asosida, yuqori qo‘shimcha qiymatli tayyor
mahsulot ishlab chiqgarishni yanada jadallashtirish, sifat jihatdan yangi mahsulot va texnologiya turlarini o‘zgartirish masalalari
alohida belgilab qo‘yilgan [1]. Ushbu yo‘nalishda iqtisodiyotimizning yetakchi tarmoqlaridan biri bo‘lgan, kimyo sanoatini
rivojlantirishda, yangi kompleks birikmalarni sintez qilish, ularning biologik faolliklarini tadgiq etishga keng e’tibor qaratilmoqda.
Ushbu masalalardan kelib chigqan holda laboratoriya sharoitida o‘simliklarning qurg‘oqchilik va turli zararli hasharotlarga qarshi
kurashish qobilyatini oshiruvchi qo‘shimcha biologik faol ozuqa modda sifatida ishlatiluvchi biostimulyator sintezini amalga
oshirildi.
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Tadgiqotning magsadi rux atsetati hamda gahrabo kislotasi natriyli tuzi bilan kompleksining sintezi, tarkibi, tuzilishi va
xossalarini aniglashdan iborat. Ushbu magsadga erishish uchun rux atsetatining, gahrabo kislotasi natriyli tuzi bilan kompleks
birikmasining sintez gilish usullari ishlab chigilgan va sintezi amalga oshirilgan. Sintez gilingan birikmlarning tarkibi va tuzilishi
SEM-EDX, termik analiz va rentgen strukturaviy tahlil metodlari yordamida o‘rganilgan.

Mavzuga oid adabiyotlar tahlili. Adabiyotlarda rux atsetatining va gahrabo kislotasining kompleks birikmalari sintezi,
tuzilishini o‘rganish va amaliy qo‘llanilishi bo‘yicha ishlarning natijalarini umumlashtirgan ko‘plab sharxlar uchraydi.
Matyoqubova M.X., Hasanov Sh.B tomonidan yozilgan “Kobalt(IT) ionining qaxrabo kislotasi va monoetanolamin bilan kompleks
birikmalari” mavzusidagi maqolada gaxrabo kislotasining kobalt metali va monoetanolamin bilan aralash ligandli kompleks
birikmasini sintez qgilish metodlari berilgan[2].

Kadirova Sh.A., Razzokova S.R., Ziyayev A.A tomonidan “Spektroskopiya usullaridan foydalangan holda oksadiazolin
hosilasi bilan 3d metallarning komplekslarini sintez qilish va o‘rganish” mavzusida yozilgan maqolada 5-(p-nitrofenil)-1,3,4-
oksadiazolin-2-tion bilan Co(ll), Ni(Il), Cu(ll) va Zn(ll) ning yangi kompleks birikmalari sintez gilingan. Olingan birikmalar
strukturasini 1Q va PMR spektroskopik tadgigotlari asosida polidentat ligand —C=S guruhining oltingugurt atomi orgali kompleks
hosil giluvchiga muvofiglashtirilganligi ko‘rsatilgan. Bunda tetraedr konfiguratsiyaga ega aralash-ligandli molekulyar-ionli
kompleks birikmalar hosil bo‘lgan[3]. Brina Dojer, Andrey Peveds, Ferdinand Belay, Matjaz Kristl tomonidan yozilgan “3- va 4-
aminopiridinli ikkita yangi rux (I1) asetatli kompleks birikma sintezi va tuzilishi” mavzusidagi yozilgan maqolada, olingan
mahsulotlar strukturaviy jihatdan bir kristalli rentgen nurlari diffraktsiyasi bilan tavsiflangan. Zn(CH3COO)22H20 va 3-
aminopiridin (3-apy) reaksiyasi natijasida sintez gilingan birikmaning rangsiz kristallari [Zn3(O2CCHs)s(3-apy)2(H20)2] formulali
uch yadroli kompleks molekulalardan iborat. Molekulasi shakli  tetraedrik shaklda ekanligi aytib o‘tilgan bo‘lsa,
Zn(CHsCOO0)2-2H20 ning 4-aminopiridin (4-apy) bilan reaksiyasi natijasida olingan rangsiz kristallar bir yadroli kompleksdan
iborat [Zn(O2CCHs)2(4-apy)2] ekanligi takidlangan[4]. Shuningdek, adabiyot manbalari tahlilining ko‘rsatishicha, rux atsetati va
qahrabo kislotasining kompleks birikmalarini tahlil qilish bo‘yicha keng miqyosda tajriba natijalari bo‘lishiga qaramasdan, bu
ligandlar asosida olingan geterometall kompleks birikmalar sintezi va tuzilishi yetarli darajada o‘rganilmagan. Shu sababli, rux
atsetati hamda gahrabo kislotasi natriyli tuzi bilan geteroyadroli kompleks birikmasini sintez gilish, fizik-kimyoviy va biologik
faolligini aniqlash alohida ilmiy qiziqish tug‘diradi. Tadqgiqotlar natijasida gomo- va geterometall koordinatsion birikmalar sintezi
amalga oshirilgan, ularning tuzilishi, kimyoviy va ayrim fizik xossalari tahlil gilingan [5].

Tadgiqot metodologiyasi. Ishda zamonaviy fizik-kimyoviy metodlar: skanerlovchi elektron mikroskop-energiya
dispersion tahlil (SEM-EDT), rentgenfazaviy tahlil, termik analiz va rentgen strukturaviy analiz usullaridan foydalanilgan[6].
[(SucNaz)2Zn(CH3COO0):] tarkibli kompleks birikma sintezi quyidagi metodika bo‘yicha amalga oshirildi. Qaytarma sovutgich
bilan jihozlangan ikki og‘izli kolbaga, 0,001 mol Zn(CHsCOO) tuzining suvdagi 10ml eritmasi quyildi. Eritma ustiga ikkinchi
eritma 0,002 mol gahrabo kislotasi natriyli tuzining etanoldagi 20ml eritmasi, xar 10 minut davomida 5ml dan qo‘shiladi.
Aralashma 50 minut davomida aralashtirib turgan holda, qaynatildi [7]. Erituvchisi xona haroratida bug‘latildi. Olingan mahsulot
dietil efirda yuvildi. Olingan tiniq eritma uch kun davomida ochiq havoda, so‘ngra quritish shkafida 8 kun davomida quritildi va
kompleks birikmaning monokristali o‘stirildi. Unum 74 %. Tsuyuq =186 °C.

Sintez gilingan kompleks birikmadagi elementlarning migdorlari (uglerod, kislorod va metall atomlari) SEM-EDT metodi
yordamida analiz qgilindi [8]. Komplekslarning mikrostrukturalari va EDT diagrammalari 1-rasmda Keltirildi.

<

1-rasm. [(SucNaz)2Zn(C3CO0).] kompleks birikmasining mikrostrukturasi va EDT diagrammasi
Tahlil va natijalar. [(SucNaz)2Zn(CH3sCOO)2] kompleksining termik barqarorligi va tarkibida suv molekulalari bor yoki
yo‘qligini aniqlash maqsadida termik analiz o‘tkazildi [9,10]. Termik analiz natijalari: birikmalarni termik parchalanish bilan
boruvchi issiqlik effekti tabiati, temperatura effekti intervallari va ularning tabiati, massani mg larda kamayishi 2-rasmda
keltirilgan.

*00.00 N e Sed 00 ot aseee T Teeeee Y P ass 00 B

2-rasm. [(SucNaz)2Zn(CHsCOOQO)2] kompleks birikmasi derivatogrammasi
[(SucNaz)2Zn(CHsCOO):] tarkibli kompleks birikmaning DTA egrisida 76,84°C da endotermik effektlar va 236, 310, 316,
344°C da ekzotermik effektlar mavjud. 76°C dagi effekt suvning parchalanishiga mos keladi. Keyingi 76-236°C termoeffektlarda
asosiy massaning 10,66 % ya’ni 0.575 mg yo‘qotiladi. Keyingi parchalanish 342-354°C oralig‘ida kechadi. Unda asosiy massaning
38,4% organik kislota qoldig‘ining parchalanishi va termoliz mahsuloti sifatida rux oksidining hosil bo‘lishi o‘rganildi. Aralash
ligandli komplekslarning derivatografik tahlili natijasida namunaning massasi, komplekslarning parchalanish massasi va
komplekslarning termik barqarorligi harorat ortgani sari o‘zgarib borishi aniqlandi. Sintezlangan [(SucNaz)2Zn(CHsCOO):]
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kompleks birikma monokristallari o‘stirilib, O‘zbekiston Respublikasi Fanlar akademiyasi Bioorganik kimyo institutining
jamoaviy foydalanish markaziga o‘rnatilgan XtaLAB Synergy(Rigaki, Yaponiya) difraktometrida rentgenstrukturaviy tahlili
o‘tkazildi [11]. Rentgen strukturaviy tahlil natijalari Xcalibur Roxford Diffraction avtomatik difraktometrida 293 K haroratda (Cu
Karadiation, k = 1,54184 A, xscan rejimi, grafit monoxromator) olingan. Rentgen tuzilish tahlili yordamida kompleks birikma
monokristaliga tegishli parametrlar Cif fayl yordamida olinib, u platon va mercuriy dasturlari bilan ishlanib, tegishli ma’lumotlar
olindi. Monokristalga tegishli parametrlar quyidagi jadvallarda ifodalab berildi.

1-Jadval

Qahrabo kislotasining natriyli tuzi va Zn(ll) atsetati bilan olingan kompleks birikmasi monokristalining kristallografik
ma’lumotlari va strukturasiga aniqlik kirituvchi parametrlar

Parametr Qiymatlar Parametr |Qiymatlar
Zn li-kompleks birikma: [ZnCi2H1aNasO12 ]
ZnC12H14NasO12 . . 0.26x0.22x0.14
Formula Kristall o‘lchami, mm
507.58 294
Molekulyar massa Harorat T, °K
X . Triklinik e 3,6; -54,62
Singoniya Skanerlash oralig’i 6,°
C1
Fazoviy guruh Interval hk,I -24/18, -9/6,-18/14]
16.56 ]
a, A Jami reflekslar 5418
16.56 . .
b, A Mustagil reflekslar soni 1627
11.72
¢, A Rint 0.054
90 T
o’ F2>20 (F2) kriteriy 1084
90
pBe° Aniglagan parametrlar 244
90
y° Strukturani aniglash sifati 1.16
3216
v, A3 R1, WR2 (1>20 (1)) 0.0445, 1,532, 1.24
2 -3
z Apmin | Apmax. €A 10.46 /0.52
0.524 .
Dx, glem® CCDC-ragami va ref-kod
0.427
n(CuKa), mm-1

Kristalning elementar yacheykasi parametrlari quyidagicha: fazoviy guruhi C1, a=16.56A, b=16.56A, c=11.72A, a=90°, f=90°,
y=90°, V=3216A83, Z=2.[(SucNaz)2Zn(CH3COO0)2] kompleksi monoyadroli bo‘lib Zn?* ionining gahrabo kislotasi va sirka kislota
qoldig‘i bilan hosil qilingan, neytral tabiatga ega.

~— -

3-rasm. Sintezlangan [(SucNaz)2Zn(CH3COO0):] tarkibli kompleks birikma kristalining tasviri

2-jadval
Kompleks birikmaning bog* uzunliklari va bog*lanish burchaklari
Bog* d, A Burchak , grad
Zn(1)-0(1) 1.8923 0(1)-Zn(1)-0(2) 83.83
Zn(1)-0(2) 1.8117 0(1)-Zn(1)-0(3) 91.38
Zn(1)-0(3) 1.8780 0(1)-Zn(1)-0(4) 84.67
Zn(1)-0(4) 1.8834 0(1)-Zn(1)-0(5) 74.38
Zn(1)-0(5) 2.1451 0(1)-Zn(1)-0(6) 146.85
Zn(1)-0(6) 2.1521 0(1)-Zn(1)-C(4) 135.72
Zn(1)-C(4) 2.3419 0(2)-Zn(1)-0(3) 161.14
Na(1)-0(11) 2.1600 0(2)-Zn(1)-0(4) 90.01
Na(2)-0(10) 2.1595 0(2)-Zn(1)-0(5) 71.95
Na(3)-0(9) 2.1597 0(2)-Zn(1)-0(6) 68.37
Na(4)-0(12) 2.1604 0(2)-Zn(1)-C(4) 83.61
0(1)-C(1) 1.3557 0(3)-Zn(1)-0(4) 107.75
0(2-C(3) 1.3339 0(3)-Zn(1)-0(5) 89.19
0(3)-C(5) 1.2093 0(3)-Zn(1)-0(6) 120.68
0(4)-C(8) 1.2103 0(3)-Zn(1)-C(4) 87.23
0(5)-C(12) 1.2649 0(4)-Zn(1)-0(5) 153.45

Kompleks tarkibidagi Zn(1)—O(1), Zn(1)—0(2), Zn(1)-0(3), Zn(1)—0(4) va Zn(1)—0O(5), Zn(1)—-0O(6) bog‘lari orasidagi
masofasi giymati mos ravishda 1.8923A, 1.8117A, 1.8780A, 1.8834A va 2.1451A, 2.1521A ga teng[12].

3-jadval
Kristall tuzilishidagi vodorod bog‘lar (A°)
Bog'lanish [ Masofa, A [ Burchak Atom koordinatalari, A
D-H---A | D-H [ HA [ DA | D-H--A, grad.

[(SucNaz),Zn(CHsCOO);]

C(4)--H(10)...0(3) 1.12 2.51 2.930 101 Xy, 1+2
0(2)-H(2A)..0(1) 0.88 1.94 2.648 103 124x,-1/2+y,z
0(2)--H(2B)...0(3) 0.78 1.83 2.671 106 “1/2+x,-1/2+y,z
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C(2)-H(2C)..0(1) 0.89 2.44 3.263 112 X,112-y,1/2+2
C(3)-H(3A)..0(3) 0.89 2.39 3.178 112 12+x,112+y,2
0(3)--H(3C)...0(4) 0.85 1.89 2.728 108 1x,1/2+y,3/2-2
0(3)-H(3D)...0(1) 0.85 1.94 2.730 116 X312-y,1/2+2

0(1)-Zn(1)-0(2), O(1)-Zn(1)-0(3), O(1)—Zn(1)—-0(4), O(1)-Zn(1)—0O(5) va O(1)-Zn(1)—0(6), O(2)—Zn(1)—0O(3) ning
burchak kattaliklari mos ravishda 83.83°, 91.389, 84.67°, 74.38° va 146.85°, 135.72° ga teng ekanligini ko‘rish mumkin. Kompleks
birikma tarkibidagi gahrabo kislotasi natriyli tuzi kislorod atomi va markaziy atom rux orasidagi masofa fargi Yan-Tellar effekti
bilan tushuntiriladi.

Kompleks birikmadagi markaziy atom rux triklinik tipida ikkita molekula atsetat qoldig‘i kislorod atomi va gahrabo kislota
qoldig‘idagi kislorod atomlari bilan koordinatsiyalanadi. Bunda atsetat qoldig“i kislorod atomi orgali monodentat va ikkita gahrabo
kislotasi qoldig‘i esa kislorod atomlari orgali bidentat ligandlar sifatida koordinatsiyalanishda gatnashadi. Markaziy atom
kobaltning koordinatsion soni 6ga teng bo‘lib, sp3d? xolatda gibridlangan. Tahlil natijalari ko‘ra kompleks tarkibidagi sirka kislotasi
qoldig‘i va natriy suksinat molekulalari ishtirokidagi, C(4)--H(10)...0(3), O(2)--H(2A)...0(1), O(2)--H(2B)...0(3) va C(2)--
H(2C)...0(1) turdagi vodorod bog‘lar (3-jadval) hisobiga bc tekislikiga parallel ikki o‘lchamli gatlam hosil bo‘lganligi hisobiga
bargaror bo‘ladi.

Xulosa va takliflar. [(SucNaz2)2Zn(CH3COO)2] kompleks birikma tarkibida ikki xil tabiatli metall atomlari borligi va
ular geterometall poliyadroli kompleks birikma hosil qilishi aniglandi. Yaratilgan sintez metodi o‘xshash koordinatsion
birikmalarni keyinchalik sintez qilishda qo‘llanilishi mumkin. [(SucNaz)2Zn(CH3COO)2] koordinatsion birikmaning
monokristallari o°stirildi va unga tegishli parametrlar mercuriy dasturi yordamida aniglanib, jadval ma’lumotlari yordamida
ifodalab berildi. Olingan geterometall poliyadroli kompleks birikmada markaziy atom rux bo‘lib uning, koordinatsion soni 6 ga
teng ekanligini va gibridlanishi sp®d? holatda bo‘lishini rentgen strukturaviy tahlildan olingan ma’lumotlarga tayanib aytish
mumkin.
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STUDY OF THE PROCESS OF PRODUCING SODIUM POLYPHOSPHATES FROM PARTIALLY PURIFIED
EXTRACTION PHOSPHORIC ACID
Annotation

The aim of this work is to research the process of obtaining sodium tripolyphosphate based on two-stage neutralization of partially
purified from fluorine and sulfates extraction phosphoric acid. Optimum technological parameters of the process are established:
pH, Na20/P20:s ratios for neutralization of purified extraction phosphoric acid, as well as the effect of temperature and duration on
the degree of polymerization.

Key words: condensed phosphates, sodium polyphosphate, molar ratio NHs/MgO, degree of polymerization.

QISMAN TOZALANGAN EKSTRAKSION FOSFOR KISLOTASIDAN NATRIY POLIFOSFATLAR OLISH
JARAYONINING TADQIQOTI
Annotatsiya

Ushbu tadgigotning magsadi gisman ftor va sulfatlardan tozalangan ekstraksion fosfor kislotasini ikki bosgichli neytrallash asosida
natriy tripolifosfat olish jarayonini o‘rganishdan iborat. Jarayonning optimal texnologik ko‘rsatkichlari: tozalangan ekstraksion
fosfor kislotasini neytrallashga pH, Na2O/P20s nisbati, shuningdek, polimerlanish darajasiga harorat va davomiylik ta’siri
aniglandi.

Kalit so‘zlar: kondensatsiyalangan fosfatlar, natriy tripolifosfat, NHs/MgO molyar nisbati, polimerlanish darajasi.

HCCJIEIOBAHUE IMTPOILIECCA MOJYUYEHHA MOJUPOCPATOB HATPUS N3 YACTUYHO OUUIIIEHHOMN
3KCTPAKIIMOHHON ®OCHOPHOMN KUCJIOTHI
AHHOTALIUSA

Lempto HacTosmiel pabOTHI SABIAETCS M3YUEHHE IMpoIlecca MONydYeHHs Tpumnosmdocdara HATPUS HA OCHOBE ABYXCTAIMHHON
HEWTpalu3alli YacTHYHO OYMIICHHOH OoT ¢rTopa W cymb(paroB SKCTPAKIMOHHOW (HOCHOPHOH KHUCIOTHL Y CTAHOBICHBI
ONTHMAJbHBIC TEXHOJOTHYeCKHe mapamerpsl mpomecca: pH, coornomenus NaO/P20s Ha HeWTpanM3alMio OYHIEHHOH
IKCTPAKIMOHHOH (hOCHOPHOM KHUCIOTHI, @ TAKXKE BIMSHUE TEMIIEPATyPhl M IIPOJOJDKUTEIBHOCTH Ha CTEIIEHb MONIMMEPU3alnH.
KuwueBble ciioBa: KoHAeHCHpOBaHHbIe (ocdarel, monudocdar Harpus, MomspHoro coortHomenus NHi/MgO, cremens
MOJMMEpU3aINH.

Benenne. C pa3BuTHEM HAyYHBIX M HAHOTEXHOJIOTMH B MHpPE YBEIMUHBACTCS MOTPEOHOCTh B YHCTHIX XMMHYECKHX
COCIMHEHHUAX, CPEIH KOTOPBIX 0c0O0e MecTo 3aHMMaIOT monudocarel HaTpus. Hambosee BocTpeOOBaHHBIM U3 HUX SIBISETCS
tpunonudocdar Hatpus. OOecnedyeHHe XHMHYECKOH W HIHEPTETHUYECKOH MPOMBIILIICHHOCTH, a TakXke IPOU3BOJCTBA
CHHTETHYECKHX MOIOIINX CPeACTB monudocharaMy HaTPHsI CTAHOBUTCS IPHOPHUTETHOMH 3amadeil. B ycnoBusax octporo aedunuta
Ka4eCTBEHHOTO MECTHOTO (OC(HaTHOTO CHIPhSI M OTCYTCTBHUS TepMHUUECKOi (hocHOPHOI KUCIOTHI, BAXKHOM MPOOIEMOIl SBIIETCS
OpraHu3alys MPOU3BOJCTBA YUCTHIX MoJu(ochaToB HATpUs U3 IKCTPAKIUOHHON (ochopHoii kucnoTel (DDK), comepxarieii
HeXeJaTeJIbHbIe IPUMECH.

0030p JuTepartypsl. [Tomdocharel HaATPUST HAXOAAT MIMPOKOE MIPUMEHEHHE B Pa3iIMYHBIX OTpacisix. B sHepreTnke oHn
UCIOJB3YIOTCA Il YMATYCHHUSA BOJbI, B TEKCTUJIbHOM MU KO>KEBECHHOM MPOMBIINUIEHHOCTAX — IJIA (I)J'IOTaLU/II/I pya u 6ypel-[1/m
He(TSHBIX ckBaxknH. OHHU CITy)KaT MOIOIIMMH M 00€3KMPHUBAIOIINMH CPEICTBAMH U SBISIOTCS KOMIIOHEHTAaMH B IIPOM3BOJICTBE
TOBapOB HAPOAHOTO MOTpebyieHnst U ObITOBOM xuMuH. B ObiTy monmudocaTer HATPHUS UCTIONB3YIOTCS B KadecTBe A00ABOK IpU
CTHpKE TKaHell B Bojie 000 TeMIepaTypel, Ut MBIThS CTEKOJ, TOCY/IbI, YUCTKU BaHH, PAKOBHH M JPYrHX MOBepXHOCTEH [1].

Tlommdocdarsr HaTpust HaXOAAT MIMPOKOE IPHMEHEHHE B PA3IMYHBIX OTPACISIX HPOMBIIUICHHOCTH M HapOJHOTO
XO034HCTBa, U B HEKOTOPBIX CIIy4asiX MX HEBO3MOXKHO 3aMEHUTH APYTHMMU BeulecTBaMu [2, 3].

Haubonee BaxHBIM CBOWCTBOM mosudochaToB HaTpusi, OOYCIOBIMBAIOLIMM HX LIMPOKOE MPUMEHEHHE, SBIISETCS
CIIOCOOHOCTb CBSI3bIBATh KAIBLMH M MarHuif, 4To CIOCOOCTBYET YMATIYEHHIO BOJbL. OTO OOBACHAETCS MX HOHOOOMEHHBIMH
cBoitctBamu. Tpunonudocdar narpus (NasP3O10) o6pasyer coiap CazNaP3O1o ¢ comsiMu jKECTKOCTH, BBIICIIONIYIOCS B 0CaJOK
TIPH BBICOKOH KOHIIeHTparuu noHoB Ca?* B pactope. OH MOKeT cBsi3biBath 10-11% kanbims u 6,4% Maraus (OT CBOETO Beca).
Crexnoob6pasusie hocdarsl ciocoOHBI cBA3bIBaTh 12-18% Kanbiws u 2,9-3,8% maraus [4].

ITupo- u Tpunmommdocdars HATpHUs NUCHONB3YIOTCS A MPOU3BOACTBa Motomux cpeacts. Hampumep, B CIIA 1o 90%
obmrero oobeMa nmpou3BoAcTBa Tpunonrpochara HaTpus uaet Ha 3ti Henn. [Tupodocdarsl, mommpocdarsr u Metadocdats Takxe
Haxo/sAT MPUMEHEHHE B MHIIEBOH MPOMBIIUICHHOCTH, BKIIIOYAsi MPOU3BOJCTBO ChIpa, KOJIOAC, CTYIIEHHOTO MOJIOKA U JPYTUX
NpOAYKTOB nHuTanus [5, 6]. Emte oqHO BakHOE CBOMCTBO AeruapaTHpoBaHHBIX (ocdaroB HaTpus (ocobeHHO TpumnoindocdaTa) —
3TO X CIIOCOOHOCTH NEeNTU3UPOBaTh CYCIICH3UU U CHUXATbh UX BA3KOCTbD. Bnaro;lapﬂ 3TOMY CBOﬁCTBy OHH HaXOoJAT NPUMECHECHUE
npu ¢uotarmu pyx [7].
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Metoasl ucciaeqoBaHuii. lccienoBanue Mo ABYXCTaIMHHOW HEHTpalM3alliM YacTHYHO OYHMINEHHOH OT (Topa H
cynedaroB IDK nokaszanu BO3MOKHOCTh MOJTYYSHHUsI OUHUILCHHBIX pacTBOPOB (ocdaroB Hatpust npu cooTHouieHussx Naz20:P20s
=0,73. 11 npoBeACHUS ONBITOB B KAYECTBE HCXOAHBIX PEareHTOB HCIOIb30BANIU ITy00K0 00eccynbdadeHHyI0 U 00ech TOPEHHYIO
DK Ha ocHoBe dochopuros LIK, crenyronmx coctaBos, macc. %: P20s - 17,03; SOs - 0,002; CaO - 1,85; MgO - 0,63; Al20s -
0,72; Fe203 - 0,64; F-0,31.

Tonyuenne nomndocdaToB HATPHUS OCYIIECTBISIIM ITyTeM TepMudeckoi 00paboTku muruapodocdara, ruapodocdara mm
ux cMecH B MydensHoit neun «CHom» (pon3Bo/cTBO JINTBA) pH pa3IHYHEIX TEMIIEpaTypax.

PesyabTatel u o0cyxknaeHue. [ yCTaHOBICHHS XUMHYECKOTO cocTaBa pactBopoB NaH2POs, rtmyGoko
obeccynbdhaueHHy0 PochopHyro kucnoty HeiTpamuzopaan NaxCOs go pH=3,53-5,02 npu KOTOPBIX COONFOAFOTCS COOTHOIICHHUS
Na20:P20s pasusie 0,335-0,492 (Tabn. 1).

Tabmauna 1
Bimstaue pH u cootnomennst Na:O:P20s Ha XuMu4eckuii cocTaB RUAKOH (a3bl HEHTpaTM30BaHHON SKCTPAKIIMOHHOM
(dochopHOit KHCTOTHI

N Na,O/
Xumudecknit coctas pactsopa, Mace. % P,0
Ne pH cpemst 20s
Na20 P2Os Ca0 MgO Al203 Fe03 F SOs3
1 3,53 4,75 14,25 0,33 0,74 0,120 0,035 0,046 0,0015 0,333
2 3,79 511 14,18 0,30 0,75 0,089 0,025 0,042 0,0016 0,360
3 4,04 5,45 14,09 0,26 0,77 0,054 0,013 0,037 0,0017 0,387
4 4,28 5,78 14,02 0,24 0,78 0,039 0,012 0,032 0,0018 0,412
5 4,51 6,11 13,93 0,21 0,78 0,023 0,011 0,025 0,0019 0,439
6 4,76 6,44 13,87 0,17 0,79 0,019 0,010 0,017 0,0020 0,464
7 5,02 6,76 13,79 0,14 0,79 0,014 0,010 0,005 0,0020 0,490

W3 nanHBIX BUHO, 9TO ¢ yBenuueHneM BBoaumoro Na2COs cootHomenne Na2O:P20s u yposens pH cpenbl Bo3pacraer.
TIpu yBenmmuennn coorHomienust Na2O:P20s ¢ 0,333 10 0,490 pH cpenst mosbimaercs ¢ 3,53 mo 5,02. B sxuakoit ¢hase comepxutcs
ot 4,75 % 1o 6,76 % Naz20, 14,25-13,79 % P20s u nebonbioe komudectBo coequHennii Ca u Mg. Ipumecu Al, Fe, SOs u F
MPUCYTCTBYIOT B COTBIX JIOJSIX MpolieHTa, coaepxkanue CaO cocrammset 0,14-0,33 %, a MgO - 0,74-0,79 %. Jlns momydeHus
YHCTBIX PACTBOPOB AMMOHHU3AIINIO KHCIOTHI HEOOXO0IMMO MPOBOANTH 10 AocTikenust pH=4,51-5,02 unu cootnomerust Na20:P20s
=0,439-0,490.

Tpunomdocdar HaTpus MONyYCHHBIH HeWTpanm3anuei Tiayooko obeccynbdauenHoit DDPK kapOoHarom HaTpus IO
pH=6,3-6,8 conmepxur 0,50-0,54% oxcumpa wMarHms. [ yMmeHblneHust cozepkanuss MgO pacTBOp JOIOIHHUTEIHHO
AMMOHM3HPOBAIN ra3000pa3HeIM aMMuakoM 10 pH=8,4, cobmonas MonsipHoe cooTHonieHne NH3:MgO B anamazone ot 1,0 1o
2,5. Hoeemenne pH o 7,5-8,4 mpuBomut k ocaxnennro MgO B Bune kpucrauioruaparoB MgNH4PO4-6H20, 4To, B cBOIO
ouepelib, YMEHbIIAET COlep)KaHNEe OKCH/IA MarHHs B pacTBOpe:

MgO + NHs + H3PO4 + 5H20 = MgNH4PO4 - 6H20]

Ha ocHOBe yKka3aHHOI! peakIuy POBEAEHBI SKCIIEPUMEHTHI 10 cHIkeHno MgO B pacTBope docara HATpUst U OKa3aHbI
Ppe3yJbTaThl BIUSHUS U3MEHEeHHs 3HaueHus pH cpersl pacTBopa docara Hatpust B MOJIbHOM cooTHoueHnn NH3:MgO Ha ypoBeHb
ocaxneHnst Maraus (1).
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Puc. 1. Bausaue moabHoro cootHomennsi NHz:MgO u pH cpeasl pacTBopa Ha creneHb ocaxaeHuss MgO

W3 pucyHke BHAHO, YTO BBEICHHE aMMHaKa B HEHTpamu3oBaHHYIO KapOoHaroMm HaTpus mo pH=6,2-6,5 DPK pesko
CHIDKAeT coziepKaHue okcuaa Maraus B pactsope ¢ 0,51% mo 0,0035-0,0011% B 3aBucumoctu cootnomeHus NH3:MgO mm
pH=7,5-8.,4. IIpu stom comepxanue P20s B pactBope cocrasmster 13,50-13,60%, Na2O 9,85-9,93%. ConepkaHne OCTaIBHBIX
npuMeceil N3MeHseTCs He3HAUUTENBHO.

Hnst monyuenust tpunonudocdara Hatpus obpaboranHyro DDK HeiitpanusoBamu kapbonaTtom Harpusi o pH=6,2
(cootHomenne Na20:P20s = 0,73), 3arem moenun mo pH=8,1 c¢ momomipio ammuaka. [lomydeHHyto cMmech (uiIbTpoBaiH,
BBIIAPUBAJIH JI0 TYCTOT'O COCTOsIHUSA, cymmniau npu 100-110°C u geruapatupoBany.

le/l OTOM U3YYCHO BJIUAHUE INPOAOJDKUTEIBHOCTH MMPoLecCa Ha UBMEHEHUE XUMHUYECKOI'0 COCTaBa ACTrUAPAaTUPOBAHHBIX
¢docdaros Hatpus npu Temmneparype 400°C (tabu. 2).

Tabauua 2
Biusinue npo0/LKHTEILHOCTH Nponecca JernapaTanun npu temmneparype 400°C na xumudeckuii coctas gocdarton
HATpHs, noaydeHHbIX mpu pH=6,2 u Na;O : P2,0s=0,73

Ne T, Xumuyeckuii coctas, Macc. % Crernenb
- MHUH Na20O P20s SO3 Ca0 MgO Al,O3 Fe,03 F nosmmep. %
1 30 40,43 55,38 0,0041 0,0087 0,0091 0,0062 0,0056 0,0022 93,51
2 60 40,78 55,86 0,0045 0,0090 0,0094 0,0069 0,0063 0,0020 95,17
3 90 41,02 56,19 0,0048 0,0093 0,0096 0,0075 0,0069 0,0019 97,96
4 120 41,18 56,41 0,0050 0,0095 0,0098 0,0080 0,0073 0,0019 98,14
5 150 41,20 56,43 0,0051 0,0096 0,0099 0,0082 0,0075 0,0018 98,21

C yBenuYeHHeM MPOJIODKUTEIBHOCTH MPOKAJIKK MOBBIMIAETCS Co/lepikanne Bcex kommoneHToB. Comepxanne P20s, mpu
IPOJOJDKUTENBHOCTH Mpokaiku 30 MuHYT, coctaBiseT 55,38%, a uepe3 120 munyt 56,41%, comepxanue NaxO mpu sTHX
ycnoBusix nossimaercs ¢ 40,43% no 41,18%, coorBercTBeHHO. CTeneHb nonuMmepusanun cocrasisiet 93,51-98,21%. OcranpHble
KOMIIOHEHTHI ToBbImaroTcs Becero Ha 0,001-0,002%.
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OnmHMM U3 KIIOYEBBIX TEXHOJIOTHYECKHX IOKa3arened Tpumonudocdara HaTpUs, CHHTE3UPOBAHHOTO B JTA0OPATOPHBIX
YCJIOBUSAX, SBISETCS CTENEHb €ro MOJIMMEpU3alyu. Takke INpeACTaBlIeHbl Hay4dHbIC JAHHBIC O BIMSHMH TEMIIEPaTypbl U
MPOJOJDKUTENBHOCTH mporecca (puc. 2). M3 Hero BHIHO, YTO HAWBBICHIAs CTENCHb NOJIMMEpPHU3AlMU HAOJIOAaeTCs IpU
temmeparypax 400-450°C u npoJoIDKUTENFHOCTH Aeruaparannn He MmeHee 90 MUHYT.

Lo

o=
e 4

=

- - -

s =
=

o . -

Creoee nommuepna

o= o
Y -~

os -~

=0

e = o 1zo 1=0
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Puc. 2. 3aBucumocthb crenenu noaumepusanuu (% P20s) oT TeMnepaTypsl mpouecca aeruapatanun cmecu ¢pocgaton
Hatpusi: 1 — 300°C; 2 — 350°C; 3 — 400°C; 4 — 450°C.

Ha pucynke 3 nprBeneHbl OCHOBHBIE KOMIIOHEHTHI TpHIonudocdaTa HATPUs Ha OCHOBE TiTy6okoro ountenHoit DK u3
¢docdoputos LIK. COM ananu3 Tpunonudocdara HaTpus mokaspIBaeT cieayrolee conepikanue cocrasa: Na-30,7%, P-25,4%, Ca-
0,1%, Mg-0,1%, Al-0,1%, Fe-0,1%, 4T0 COOTBETCTBYET UX COJEPKAHUIO B TpHUIIONU(OCchHaTe HATPHSL.

Puc. 3. COM ananu3 tpunomudocdara HaTpust HA OCHOBE ITyOOKO OYHIIEHHBIX PacTBOPOB (ochaToB HATPHS
BoiBoabl. Takum 06pa3oM, MpoBeICHHbIC HH3UKO-XHUMHUYECKHE HCCIEA0BaHUs cMecH opTodocdaToB HaTpHs U3 2 MoJIeit
NazHPO4 u 1 momu NaH2PO4 npu cootnomennn Na20:P20s = 0,73, uto B pesynbTaTe TepMHYECKOH 0OpabOTKH HMPOTEKAIOT
peakiuu obpasoBanust NasP3O1o0 npu temmeparypax mo 400-450°C. Conepxanue P20s npu npofomKuTeIbHOCTH MpoKaiku 30
MHHYT cocTtaBisieT 55,38%, a uepe3 120 munyt 56,41%, conepsxanne Na20 npu aTux ycnoBusx nobiaercs ¢ 40,43% no 41,18%.
Cremnens moaumepu3anuu cocrasiser 93,51-98,21%.
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SYNTHESIS OF THE TRIS (4-CHLOROPHENYL) 2,2",2""-((5-((2-(4-CHLOROPHENOXY)-2-OXOETHOXY)
CARBONYL) BENZENE-1,2,3-TRIYL) TRIS(OXY)) TRIACETATE
Annotation
This article describes analytically and experimentally the possibility of 4-chlorophenylchloroacetate to form simple and complex
esters with gallic acid. Emphasis is placed on the reaction conditions. The composition and structure of the synthesized substances
were confirmed by IR, 1H NMR and 13C NMR spectroscopy.
Key words: gallic acid, 4-chlorophenylchloroacetate, synthesis, complex ester, chromatography, spectroscopy.

CHUHTE3 TPUC (4-XJIOP®EHWII) 2,2',2"-((5-((2-(4-XJIOP@®EHOKCH)-2-OKCOITOKCH) KAPBOHWJT) BEH30.1-
1,2,3-TPIJI) TPUC(OKCH)) TPHALIETATA
AHHOTanUs

B cratee mpexcTaBieHO aHANIUTHYECKOE M JKCIEPUMEHTAIBHOE OIMCaHWE BO3MOXKHOCTEH 4-xyopdeHmxiopanerara
00pa3oBBIBaTh MPOCTHIE M CIOXHBIE IPUPHI C TawioBoi KuciaoTod. Ocoboe BHUMaHHE YIETIEHO YCIOBHSAM, HPH KOTOPBIX
npoucxoausa peakuusi. CocTaB ¥ CTPYKTypa CUHTE3WPOBAaHHBIX BellecTB rnoarsepkaeHsl merogamu K-, AMP 1H u SIMP 13C
CHEKTPOCKOITHH.

KnioueBsble cji0Ba: raimioBas KHCI0Ta, 4-XI0p(eHIIXIopalerar, CHHTE3, CIOKHBIN 3QHp, XpoMaTorpadusi, CIEKTPOCKOIIHSL.

TRIS (4-XLOROFENIL) 2,2",2""-((5-((2-(4-XLOROFENOKS]I)-2-OKSOETOKSI) KARBONIL) BENZOL-1,2,3-TRIIL)
TRIS(OKSI)) TRIATSETAT SINTEZI
Annotatsiya
Mazkur magolada 4-xlorfenilxloratsetatning gall kislota bilan oddiy va murakkab efirlar hosil gilish imkoniyatlari tahliliy va
eksperimental bayon etildi. Unda reaksiyaning borish sharoitiga urg‘u berildi. Sintez qilingan moddalarning tarkibi va tuzilishi 1Q,
YaMR 1H va YaMR 13C -spektroskopiya usullari bilan tasdiglangan.
Kalit so‘zlar: gall kislota, 4-xlorfenilxloratsetat, sintez, murakkab efir, xromatografiya, spektroskopiya.

Kirish. Gall kislota tabiatda keng tarqalgan bo‘lib, aynigsa ikki pallali o‘simliklar sinfiga kiruvchi oilalarda, masalan,
ra‘noguldoshlar — Rosaceae, dukkakdoshlar — Fabaceae, qoragatdoshlar — Saxifragaceae, torondoshlar — Polygonaceae, toldoshlar
— Salicaceae, goraqayindoshlar — Fagaceae, pistadoshlar — Anacardiaceae va boshqa oilalarda ko‘p uchraydi [1, 2]. Zaprometov
maxsus o‘tkazilgan tajribalar asosida choy o‘simligi to‘qimasida oldin gall kislota, so‘ngra gallokatexinlarning shikim kislotadan
sintezlanishini ko‘rsatib o‘tdi. Gall kislota tabiatda depsidlar va gallotaninlar tarkibida bo‘ladi. Depsidlar - gall kislotaning o‘zaro
hosil gilgan murakkab efirlaridir. Gallotaninlar asosan gall kislotaning uglevodlar bilan bergan murakkab efirlari bo‘lib, hagiqiy
glikozidlarga kiradi [3].

Mavzuga oid adabiyotlar tahlili. Tarkibida gall kislota bo‘lgan mahsulotlardan tayyorlangan dorivor preparatlar
tibbiyotda me‘da- ichak (ich ketishi, kolit), og‘iz va tomogq shilliq qavatlarining yallig‘lanishi (stomatit, gingivit) kasalliklarini, teri
kuyishi, surunkali ekzema hamda yaralarni davolashda burishtiruvchi va bakterisid modda sifatida hamda ichakdan gon ogishini
to“xtatish uchun ishlatiladi [4-6]. Bundan tashqari, og‘ir metallarning tuzlari, alkaloidlar va glikozidlar bilan zaharlanganda antidot
sifatida ham ishlatiladi [7]. Shuning uchun gall kislotaning yangi hosilalarini sintez gilishning qulay hamda arzon usullarini topish,
ularning biologik xossalarini o’rganish organik kimyoning dolzarb vazifalaridan biri hisoblanadi.

Ishning magsadi gall kislotaning 4-xlorfenilxloratsetat bilan murakkab efirini sintez gilishning qulay uslubini ishlab chigish
va sintez gilingan yangi moddani ajratib olish hamda uning tuzilishini zamonaviy fizik-kimyoviy metodlar bilan o’rganishdan
iborat.

Tadgigot metodologiyasi. 4-Xlorfenilxloratsetat olish. VVodorod xlorid chigishiga moslangan naycha va gaytarma
sovutkich bilan jihozlangan tagi dumalog kolbaga p-xlorfenol solinib, uni 50 ml absolyut benzolda eritildi. 4-Xlorfenol to‘liq erib
ketgandan so‘ng eritmaga xloratsetilxlorid quyib reaksiya aralashmasi 20 soat qizdirildi. Reaksiya tugaganligini vodorod xlorid
gazi ajralishi to‘xtaganidan aniqlanib, reaksiyaga kirishmay qolgan 4-xlorfenolni ajratish magsadida reaksion aralashma 10% li
ishgorli suv bilan yuvildi hamda benzol bilan 3 marta ekstraksiya gilindi. Benzolli organik gavat ajratildi va CaCl2 bilan quritildi.
Benzol suv nasosida haydab olindi, mahsulot esa etil spirtida qayta kristallanib tozalandi. Tsuyuq. = 24°C. Reaksiya unumi 20 g,
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ya’ni 98% ga teng. Reaksiya natijasida faqat bitta modda 4-xlorfenilxloratsetat hosil bo‘lganligi YuQX orqali aniqlandi. Rf = 0,76
(benzol: metanol — 5:1). 1Q- spektr (KBr, v, sm™): 3030 (Ar C-H), 2999 (C=C-H), 2948 (CH2), 1770 (>C=0), 1600 (C=C), 1313
(C-0-), 757 sm* (CI-CHy), 1260-1281 cm! (C-O-C). 1H-YaMR- spektr (CDCls, §, m.u.): 3.87 (2H, ¢, CI-CH2z-), 4.12 (2H, c, -
COO-CHz-), 6.85 (1H, T, J=7.43, Ar-H- 4), 6.93 (2H, 1,J=7.89, Ar- H- 3, 5), 7.24 (2H, &, Ar-H- 2, 6). 13C-YaMR- spektr (CDCls):
40.61, 55.97, 110.87, 114.65, 121.54, 127.57, 139.35, 165.77, 172.63.

Tris (4-xlorofenil) 2,2*,2"'-((5-((2-(4-xlorofenoksi)-2-oksoetoksi) karbonil) benzol-1,2,3-triil) tris(oksi)) triasetat
sintezi. Qaytarma sovutkich o‘rnatilgan tagi dumaloq kolbaga 50 ml absolyut benzol quyildi va unga gall kislota solib eritildi.
Uning ustiga natriy gidroksid solindi. Ma’lum vaqt o‘tgandan so‘ng natriy gidroksidning erishi sekinlashib bordi, shu sababli
aralashma suv hammomida reaksiya oxiriga borguncha qizdirildi. Natriy gallat eritmasi sovutilgandan so‘ng unga 4-
xlorfenilxloratsetat solib, reaksiya aralashmasini suv hammomida 5 soat davomida gizdirildi. Reaksiyaga kirishmay golgan natriy
gallatni ajratish magsadida reaksion aralashma 10% li ishqorli suv bilan yuvildi hamda benzol bilan 3 marta ekstraksiya gilindi.
Benzolli organik qavat ajratildi va CaCl bilan quritildi. Benzol suv nasosida haydab olindi, reaksiya mahsuloti esa etil spirtida
gayta kristallanib tozalandi. Tsuyuq.=85°C. Reaksiya unumi 12,87 g, ya’ni 70% ga teng. Rf = 0,40 (benzol:metanol — 5:1). 1Q-
spektr (KBr, v, sm): 3052 (C-H aril), 1094 (-C-OH), 2993 (CH2), 681 (=CH Ar-deform.), 1580, 1555 (C=C), 3600-3320 (OH).
1730-1735 (C=0). 1H-YaMR- spektr (CDCls, 3, m.11.): 3.72 (2H, ¢, -CHz2-), 4.25 (2H, ¢, -COO-CH2-), 6.88 (2H, 1, J=7.32, Ar-H-
2,6),7.14 (2H, n, J=7.64, Ar- H- 3, 5). 13C-YaMR- spektr (CDCls): 40.71, 55.86, 77.16, 110.76, 112.54, 120.80, 122.43, 127.47,
139.29, 150.83, 165.56.

Tahlil va natijalar. O¢zbekiston Milliy Universiteti kimyogar olimlari tomonidan aromatik uglevodorodlarni
xloratsetillash reaksiyalari katalitik miqdordagi metall tuzlari (Lyuis kislotalari) ishtirokida o‘rganilgan va bu birikmalar asosida
120 dan ortiq yangi moddalar sintez gilingan. Ularning biologik faolliklari o‘rganilib, shu birikmalar orasidan gerbitsid, fungitsid
va polimerlar uchun stabilizatorlik xossalari yuqori bo‘lgan moddalar topilgan [8, 9].

Tuzilishi bo‘yicha adabiyot manbalaridagi birikmalarga o‘xshash, biologik faolliklari yuqori bo‘lgan birikmalar sintez
gilingan. Fenatsilxloridlarning fenollar, spirtlar, kislotalar va aminobirikmalar bilan nukleofil almashinish reaksiyalari o‘rganilgan.
Adabiyotlarda molekulasida alkoksi-, fenoksi- va kislota goldiglarini tutgan birik-malarning turli xil biologik faollikka ega bo‘lishi
ma’lum. Shu sababli, yangi biologik faol birikmalar sintez qilish magsadida, 4-xlorfenilxloratsetat bilan gall kislotaning natriyli
tuzi o‘rtasida nukleofil almashinish reaksiyasi olib borildi.

4-Xlorfenilxloratsetat va gall kislotaning natriyli tuzi o‘rtasidagi nukleofil almashinish reaksiyasi benzol erituvchisida olib
borildi. Benzol erituvchisini tanlashdan magsad, unda qutblilik yo“qligi (dipol momenti 0 ga teng) uchun nukleofil almashinish
reaksiyasi bir xil yo‘nalishda borib, halgali birikmalar hosil bo‘lishi kuzatilmaydi. Bu ma’lumotlar ilmiy-tadgiqot ishida keltirilgan
adabiyotlar sharhida ham berilgan. Avval gall kislotaga benzol muhitida natriy gidroksid ta’sir ettirib natriy gallat holatiga

o‘tkazildi:
O O
HO O Na*
OH Na* o
+ 4 NaOH
-4 H,0 Na*
HO 0
OH o
Na*

Hosil gilingan natriy gallatga 4-xlorfenilxloratsetat ta’sir ettirib, tris (4-xlorofenil) 2,2',2"-((5-((2-(4-xlorofenoksi)-2-
oksoetoksi) karbonil) benzol-1,2,3-triil) tris(oksi)) triasetat hosil gilindi. Reaksiya tugaganligini kolbadagi osh tuzi migdorini
o‘zgarmay qolishidan aniqlandi. Reaksiya unumi 70% ni tashkil etdi:
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Olib borilgan jarayon 5 soat davom etdi. Reaksiya natijasida hosil bo‘lgan modda etil spirtida qayta kristallab tozalandi.
Etil spirtini tanlashning sababi, boshlang‘ich modda 4-xlorfenilxloratsetat etil spirtida yaxshi eriydi, ammo asosiy modda tris (4-
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xlorofenil) 2,2',2"-((5-((2-(4-xlorofenoksi)-2-oksoetoksi) karbonil) benzol-1,2,3-triil) tris(oksi)) triasetat esa etil spirtida erimaydi.
Shu tufayli, qayta kristallab toza holdagi mahsulotni ajratib olishga erishildi.

Olib borilgan tajriba natijalaridan ko‘rinadiki, 4-xlorfenilxloratsetat bilan natriy gallat orasidagi reaksiya oson boradi va
mahsulot yuqori unum bilan hosil bo‘ladi. Bu jarayonni quyidagicha tushuntirish mumkin. 4-Xlorfenolda fenol halgasining 4-
holatida joylashgan xlor kuchli —I effektga ega bo‘ladi [10]. Ammo, kuchsiz bo‘lsada +M effektga ham ega bo‘lishi bilan fenolga
garaganda kislorod atomida elektron zichlikni kuchaytirishi hisobiga 4-xlorfenilxloratsetat bilan nukleofil almashinish reaksiyasi
oson boradi va reaksiya unumi yuqori bo‘ladi.

Xulosa va takliflar. 4- Xlorfenolni xloratsetillash reaksiyasi katalizatorsiz fagat benzol eritmasida olib borilganda bitta
mahsulot 4-xlorfenilxloratsetat hosil bo‘lishi aniglandi. 4-Xlorfenilxloratsetatning natriy gallat bilan olib borilgan nukleofil
almashinish reaksiyasi natijasida mahsulot unumiga asoslanib reagentlarning quyidagi faollik gatori keltirib chigarildi va olingan
natijaning nazariy ma’lumotlarga mos kelishi aniqlandi. 4-Xlorfenilxloratsetat va u asosida sintez gilingan moddalarning tuzilishi
1Q- va YaMR- spektrlari yordamida tasdiglandi.
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CORROSION RESISTANCE OF RENOVATED SULFUR CONCRETE
Annotation

In this article, it was found expedient to obtain sulfur concrete based on organic nitrogen-containing compounds. Melamine,
hydrazine, 2,4-dinitrophenylhydrazine, and bitumen were used as modifiers. The corrosion resistance of the obtained samples of
sulfur concrete was studied in aggressive environments, including: 10% solutions of acids H2SOs, HCI, HNO3, H3POa, 3%
solutions of Na2SO4, NaCl, NaF, 10% NaOH, pH=4-10 and machine oil, dichloroethane and diesel fuels. The results obtained in
the course of research show an increase in corrosion resistance and an improvement in the mechanical properties of sulfur concrete.
Key words: melamine, sulfur concrete, modification, copolymer, corrosion, acidic, alkaline, sand, plasticization, polymer,
aggressive environment, spectrum, thermogravimetry, scanner, dispersion.

KOPPO3UOHHAS YCTOMUYUBOCTbh PEMOHTAPOBAHHOI'O CEPOBETOHA
AHHOTanUs

B pmanHOll crarthe OBUIO MPU3HAHO MEIECOOOpPA3HBIM IMOJTYyYCHHE CepoOeTOHAa HAa OCHOBE OPraHMYECKHX Aa30TOCOICPIKAIIMX
coenuHeHn. B KauecTBe MOAM(MUKATOPOB HCHOJB30BATUCH MENAMHH, TUApasuH, 2,4-AMHUTPOGEHWITHAPA3HH M OUTYM.
KopposnonHast cTOMKOCTE MOTYYEHHBIX 00pa3loB cepoOeTOHA M3YYaINCh B arpeCCUBHBIX cpefax, B ToM yucie: 10% pacTBopsI
kucior H2SO4, HCI, HNO3, H3PO4, 3% pacteopsl Na2SOs, NaCl, NaF, 10% NaOH, pH=4-10 u MaumaHOE Macio, AMXJIOp3TaH
U An3eNbHBIE ToIuTNBa. [losTydeHHbIe pe3yabTaThl B XOJIe HCCIISIOBAaHUH IMOKA3hIBAIOT MTOBIIICHHE KOPPO3HOHHYIO CTOMKOCTD H
yIydllleHHe, MEXaHHYeCKHe CBOHCTBA CepoOeTOHa.

KnroueBsbie ciioBa: MenaMuH, cepo0OETOH, MOIH(MUKALHS, COOIUMEp, KOPPO3Hs, KUCIOTHAS, [IEIOYHAsL, TECOK, ITaCTU(HUKALINS,
HOJIMMED, arPeCcCHBHAs CPela, CIEKTP, TEPMOTPAaBUMETPHS, CKaHep, TUCIePrHPOBaHHE.

YANGILANGAN OLTINGUGURTLI BETONNING KORROZIYAGA CHIDAMLILIGI
Annotatsiya

Ushbu magolada organik azot saglovchi birikmalar asosida oltingugurtli beton olish magsadga muvofiq deb topildi. Shu o’rinda
melamin, gidrazin,
2,4-dinitrofenilgidrazin va bitumdan modifikator sifatida foydalanildi. Hosil gilingan oltingugurtli beton namunalarining
korroziyaga bardoshliligi agressiv muhitlar, jumladan: 10%-1i H2SO4, HCI, HNO3, H3PO4 kislota eritmalarida, 3%-1i Na2SOg,
NaCl, NaF eritmalarida, 10%-li NaOH, pH=4-10 va mashina moyi, dixloretan hamda dizel yoqilg‘ilarida o‘rganildi.
Tadgiqot davomida olingan natijalar oltingugurtli betonning korroziyaga bardoshliligini oshirishi va mexanik xossalarini
yaxshlashi anuiglandi.
Kalit so‘zlar: melamin, oltingugurtli beton, modifikatsiya, sopolimer, korroziya, kislotali, ishqoriy, qum, plastifikatsiya, polimer,
agressiv muhit, spektr, termogravimetriya, skanerlovchi, disperslik.

Kirish. Rivojlangan mamlakatlarda tabiiy gazni qayta ishlash tez sur’atlarda keng doirada rivojlanib bormoqda. Tabiiy gaz
tarkibidagi kislotali gazlardan gazni tozalashda asosan vodorod sulfidi muhim o‘rin tutadi. Ushbu birikma tabiiy gaz tarkibidan
oltingugurtni yelement holigacha qaytarish orqali yelementar oltingugurt shaklida maxsus qurilmalarda sanoat miqyosida yiliga
bir necha ming tonnalab ajratib olinadi. Qazib olinadigan yoqilg‘ilar iste’moli jahon miqyosida tez sur’atlar bilan ortib
borayotganligi sababli, oltingugurt chigindilari ham oshib bormoqda. Modifikator sifatida melamin va 2,4-dinitrofenilgidrazin
moddalaridan foydalanish imkoniyati mavjud bo‘lib, ilmiy izlanishlarimizning asosiy maqsadi ushbu kimyoviy moddalardan
modifikator ishlab chigarishga garatilgan. Beton qorishmalarida melamin va 2,4-dinitrofenilgidrazin asosida sintez gilingan
modifikatorlar qo‘llanildi. Ushbu modifikatorlar dispers tizimlarning yoyilish xususiyatlarini o‘zgartirishi va beton qorishmalariga
qo‘shimcha kimyoviy tarkibning ko‘payishi bilan ta’sir o‘tkazishi o‘rganildi.

Tadgigotlarimizda melamin va 2,4-dinitrofenilgidrazin yordamida modifikator olish jarayonida mahsulot unumiga harorat,
vaqt va moddalarning mol nisbatlari ta’sirini tahlil qildik. Melamin va 2,4-dinitrofenilgidrazin asosidagi modifikatorlarning sintezi
natijasida olingan oltingugurtli betonning reologik va fizik-mexanik xususiyatlariga ijobiy ta’sir ko‘rsatishi tasdiglandi.

Betondagi qo’shimchalar betonning sifatini yaxshilash, unga o’ziga xos hususiyatlar berish, qurilish ishlarini tezlashtirish,
qurilish jarayonini narxini kamaytirish maqsadida ishlatiladi. Hozirgi vaqtda qurilish obyektlarida ishlatiladigan betonga
qo’yiladigan talablar ortib borayotganligi sababli, qo’shimchali betonlardan ko’proq foydalanilmoqda [1]. Sement - beton
gorishmasining muhim komponenti bo’lib, beton qorishmasining harakatchanligi, betonning mustahkamligi, issiq sovuqqa
chidamliligi va boshqa xususiyatlarini aniqlaydi. Shuning uchun oltingugurt melamin modifikatorining ta’sirining reologik
tadgiqotlardan foydalangan holda turli mineralogik tarkibli va 0’ziga xos sirtli sement qorishmalarida o’tkazildi[2]. Qo’shimchalar
beton qorishmasining sifatini yaxshilaydigan samarali va oddiy usuldir. Qo’shimchalar betonlarga zaruriy xossalar berish
muammolarini hal qilish imkonini beradi. Ular yordamida mustahkam, sovuqqa chidamli va umrboqiyligi yuqori bo’lgan beton
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mahsulotlari tayyorlanadi. Betonlar qorishmalarining xususiyatlarini o’zgartirish uchun ishlatiladigan qo’shimchalar, 3 guruhga
bo’linadi: Birinchi guruh: tayyor beton qorishmalarining xususiyatlarini yaxshilash uchun qo’shiladigan qo’shimchalar. Bularga
me’yorlashtiruvchi, plastifikatsiyalovchi, oquvchanligini boshqaruvchi, makro va mikrog’ovaklar xosil qiluvchi qo’shimchalar
kiradi. Ikkinchi guruh: beton qorishmalarning qotishini tezlatish va sekinlatishni boshgaruvchi, mustaxkamligini oshiradigan,
o’tkazuvchanligini kamaytiruvchi, po’lat armaturaning kimyoviy xususiyatlarini oshiruvchi qo’shimchalar kiradi. Uchinchi guruh:
beton gorishmalarning sovuqqa chidamlilik; suvsizlantirish; sho’rlanishga chidamliligini oshirish kabi xususiyatlarni namoyon
qiladigan qo’shimchalardir. [3]

Mavzuga oid adabiyotlar tahlili. Yuqori samarali beton va ohak yeritmalari uchun birinchi patent 1935 yilda olingan.
Jahon amaliyotida beton mahsulotlariga kimyoviy qo’shimchalardan foydalanishga katta ye’tibor berilmoqda. Masalan, 90-
yillarning oxiriga kelib, Yaponiyada turli maqgsadlar uchun qo’shimchalar bilan betonning miqdori 80% dan ortiq, Germaniya,
AQSh, Fransiya va Italiyada - 70% dan ortiq. 2006 yil uchun qurilishda qo’llanilgan qo’shimchalar soni 300 dan ortiq bo’lib, yana
1000 ga yaqin qo’shimchalar tadqiqot va sanoat sinovidan o’tkazildi. Mamlakatimizda bu davrda kimyoviy qo’shimchalar bilan
betonning ulushi taxminan 40% ni tashkil yetadi.

Oltingugurtdan foydalanish Qadimgi Hindiston, Yunoniston, Xitoy va Misr adabiyotlarida qayd yetilgan [10]. Masalan,
oltingugurt gadimgi xitoyliklar tomonidan porox ishlab chigarish uchun xom ashyolardan biri hisoblangan [11]; oltingugurt XV1I-
asrda metallni toshga mahkamlash uchun ham ishlatilgan [12]. 1920-yillardan boshlab oltingugurtli betondan qurilish materiali
sifatida foydalanila boshlandi [13]. Turli tadgigotchilar va muhandislar yuqgori quvvatli va kislotaga chidamli oltingugurtli
betonning xossalarini o‘rganib, undan samarali foydalaniga muvaffaq bo‘ldilar [10]. 1960-yillarning oxirida Deyl va Lyudvig
mustahkamlik uchun yaxshi gradusli agregatlarning muhimligini ta’kidladilar. Oltingugurt sementni bog‘lovchi sifatida
almashtirish uchun beton olishda yekologik istigbolli materialdir. An’anaviy betonga garaganda mo‘rtroq va suvga chidamliligi
past bo‘lgan o‘zgartirilmagan oltingugurtli beton amaliy qo‘llanishda cheklovlarga yega. [3] Bu kamchiliklarni bartaraf yetish
uchun oltingugurtni modifikatsiyalangan oltingugurtga aylantirish uning xossalari yaxshilanishni ko‘rsatadi. Modifikatsiyalangan
oltingugurtli bog‘lovchilardan foydalangan holda oltingugurtli beton yuqori kislota yoki tuz konsentratsiyasida mukammal
chidamlilikni namoyish yetadi. So‘nggi paytlarda oltingugurtga asoslangan qurilish materiallari 1960-yillarning oxiridan boshlab
faol o‘rganilmoqda. Shu paytgacha oltingugurt va ularning chigindilaridan turli kompozitsiyalar, asosan oltingugurtli beton va
oltingugurtli asfalt aralashmalari ishlab chiqarishda foydalanish imkoniyatlari hagida ko‘plab patentlar va ilmiy ishlar chop
yetilgan.

Tadgiqot metodologiyasi. Biz tomonimizdan laboratoriya sharoitida hosil gilingan oltingugurtli beton turli xil usullar
yordamida korrozion mubhitlarga barqarorligi sinovdan o‘tkazildi. Tadqiqot uchun olingan oltingugurtli beton namunalari (I-
namuna melaminli, Il-namuna 2,4-dinitrofenilgidrazinli, 111-namuna bitumli va IV-namuna gidrazinli) 10%-li H2SO4, HCI,
HNOs, H3PO4 eritmalarida, 3%-li Na2SOas, NaCl, NaF tuz eritmalarida, 10%-li NaOH, pH=4-10 va organik moddalar:
mashina moyi, dixloretan va dizel yoqilg‘ilari sifatida tanlangan agressiv muhitlarda korroziyaga bardoshliligi o‘rganildi.
Namunalarning agressiv muhitlardagi korroziyaga bargarorlik koeffitsiyenti ikki xil usulda: birinchisi, plastifikatsiyalangan
oltingugurtli betonga modifikatorlar qo‘shmasdan va ikkinchisi, plastifikatsiyalangan oltingugurga modifikatorlar qo‘shish
orqgali elektron torozida tortish natijalariga asoslanib olindi. YeDS (Yenergiya dispersiv spektroskopiya) tahlili oltingugurtli
betonning yelementar tarkibini tushunishda hal giluvchi rol o'ynaydi. Ushbu ilg'or analitik texnika material ichida mavjud bo'lgan
yelementlarning targalishi va kontsentratsiyasi hagida muhim ma'lumotlarni beradi. YeDS tahlilini go'llash orqgali tadgigotchilar
oltingugurtli betonning ishlashi va xususiyatlari hagida gimmatli ma'lumotlarga yega bo'lishlari va uning xususiyatlarini turli xil
ilovalar uchun optimallashtirishlari mumkin.
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1-rasm. Oltingugurt 2,4-dinitrofenilgidrazin modifikatorining YeDS tasvirlari (a) va
tegishli YeDS yelement xaritasi (b) keltirilgan.
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2-rasm. Oltingugurt-2,4-dinitrofenilgidrazinning YeDS tahlil natijalari, (a) yelement xaritasi va (b) YeDS ma’lumotlari.

Tanlangan modifikatsiya moddasining yelementar tarkibini aniqlash uchun oltingugurt-2,4-dinitrofenilgidrazin
modifikatorida chuqur sirt yelementar tahlili o'tkazildi. Ta'kidlanishicha, oltingugurt migdori umumiy massaning 33,91 % ni tashkil
yetib, tekshirilayotgan modifikatorda oltingugurt borligini tasdiglagan. Tahlil shuni ko'rsatdiki, kislorod atomlari umumiy
massaning 9,2% ni, uglerod yesa umumiy massaning 56,63% ni tashkil qiladi. Ushbu topilmalar oltingugurt-2,4-
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dinitrofenilgidrazin modifikatorida 2,4-dinitrofenilgidrazin mavjudligini tasdigladi. Natijada, YeDS tasvirlari va YeDS yelementi
xaritasi natijalari oltingugurt-2,4-dinitrofenilgidrazin modifikatori azot, uglerod va oltingugurt yelementlaridan tashkil
topganligini, oltingugurt modifikatorda birlashtiruvchi komponent sifatida xizmat qilishini ko'rsatdi.

Modifikatsiyalangan oltingugurtli beton namunalarining korroziyaga barqarorligi beton namunalarining massalari, tashqi
ko‘rinishi va mustahkamligi o°zgarishi bo‘yicha aniqlandi. Kimyoviy barqarorlik koeffitsiyenti (Kok.) agressiv muhitlarda ishlov
berilgandan keyingi siqilishga bo‘lgan mustahkamligining o‘zgarishi bilan aniqlandi. Olingan natijalar quyidagi 1-jadvalda
keltirilgan.

1-jadval
Oltingugurtli betonning korozion agressiv muhitlardagi
kimyoviy bargarorligi

Agressiv muhit Bargarorlik koeffitsiyenti (60 sutka)

|- namuna 11- namuna I1l-namuna 1V- namuna
10%-li kislota:
- sulfat 0,33-0,51 0,30-0,48 0,25-0,43 0,32-0,50
- xlorid 0,52-0,61 0,51-0,60 0,49-0,54 0,50-0,60
- nitrat 0,53-0,62 0,52-0,61 0,50-0,60 0,52-0,61
- fosfat 0,71-0,75 0,70-0,77 0,69-0,73 0,69-0,73
3%-lituz :
-sulfatlar 0,71-0,81 0,70-0,80 0,71-0,81 0,70-0,80
-xloridlar 0,71-0,81 0,70-0,80 0,71-0,81 0,69-0,78
- ftoridlar 0,90-0,95 0,89-0,96 0,79-0,88 0,89-0,93
10%-li NaOH 0,51 0,48 0,53 0,50
Muhit pH = 4-10 0,67-0,72 0,69-0,73 0,59-0,64 0,67-0,72
Organik moddalar:
- mashina moyi 0,66-0,90 0,68-0,92 0,60-0,87 0,65-0,89
- dixloretan 0,71 0,60 0,63 0,71
-dizel yoqilg‘isi 0,85 0,67 0,77 0,84

Jadvaldagi ma’lumotlardan ko‘rinib turibdiki, tadqiq etilgan uchta kislota muhitida I-namunaning bargarorlik koeffitsiyenti
0,33-0,77 oralig‘ida bo‘lsa, II-namunaning kislotali muhitdagi barqarorlik koeffitsiyenti 0,30-0,75 ga teng. Xuddi shunday
ko‘rsatkichlar I11-namunada 0,25-0,73 ga teng bo‘lsa, IV-namunada 0,32-0,73 ga teng. Ushbu kislotali muhitdagi namunalarning
barqarlorlik koeffitsiyenti ko‘rsatkichlaridan ma’lumki, barcha namunalar bo‘yicha oltingugurtli betonning kislotali muhitdagi
korrozion bargarorligi sulfat kislotada pastroq bo‘lsa, fosfat kislotada boshqa muhitlarga garaganda biroz yuqoriroq ekanligini
ko‘rishimiz mumkin. Sulfat kislota muhitidagi bargarorlik koeffitsiyentining boshga muhitlardagi ko‘rsatkichlardan past
bo‘lishligining asosiy sababi, birinchidan sulfat kislota kuchli mineral kislota turiga mansubligida va elementar oltingugurtning
boshqa kislotalardan ko‘ra sulfat kislotada erivchanlik koeffitsiyentining yuqori ekanligi bilan izohlash mumki.

Yuqoridagi agressiv sanalgan tuz eritmalarida eng yuqori ko‘rsatkich II-namunanaga tegishli bo‘lsa, eng past ko‘rsatkich
I1l-namunada ko‘rindi. Tuzlarning turi bo‘yicha namunalarning ko‘rsatkichlari solishtirib ko‘rilganda sulfat va xlorid tuzlari
eritmalarining ko‘rsatkichlar bir biridan unchalik katta farq gilmaydi. Ammo ftoridli tuz eritmalaridagi ko‘rsatkich ulardan farq
qiladi ya’ni namunalarning ftoridli tuzz eritmalaridagi korrozion bargarorlik koeffitsiyenti biroz yuqori. Buni shunday asoslash
mumkinki, tadgigot uchun olingan tuzlarning bog‘lanish radiuslaridagi farglari bilan izohlash mumkin. Bu yerda ftorli tuzlarning
metall-galogan atomlari orasidagi bog‘ radiuslari uzunligi, yugoridagi metall-xlor atomlari va metall-kislorod atomlari orasidagi
bog‘ uzunliklaridan ancha kichik ekanligi bilan tushuntirish mumkin.

Barcha tadqiq gilingan namunalarning 10%-li NaOH eritmasidagi korrozion bargarorlik koeffitsiyentlari 0,48-0,53
oralig‘ida ekanligi ma’lum bo‘ldi. Bu yerda eng past ko‘rsatkich III-namunada (0,48) bo‘lsa, eng yuqori ko‘rsatkich I1-namunada
(0,53) ko‘rindi. Bir xil sharoitda to‘rtta namunaning Kkorrozion barqgarorlik koeffitsiyenti turlicha bo‘lishini namunalar
molekulasining tuzilishi bilan tushuntirish mumkin. Tadgiq gilingan muhitdagi Il-namunadagi ko‘rsatkichning biroz ustunligini
molekuladagi aromatik halga va nitroguruhlarning mavjudligi, uning eruvchanlik koeffitsiyenti va suyuglanish haroratining fargi
bilan izohlash mumkin.

Tahlil va natijalar. Tarkibida azot bo‘lgan organik birikmalar - melamin, 2,4-dinitrofenilgidrazin bilan neft va gaz sanoati
chigindisi bo‘lgan yelementar oltingugurtni modifikatsiyalash asosida polimer oltingugurtli bog‘lovchi moddalar olish usuli taklif
yetildi.

Modifikatsiyalangan oltingugurtli beton quyilgandan 24 soatdan keyin uning siqilishdagi mustahkamlik kuchi 80 dan 95%
gacha ortishi aniqlandi. Siqish va yegilish qarshiligi yuqori bo‘lgan beton tayyorlash uchun polimer oltingugurtli beton va
to‘ldiruvchi materiallarning massa nisbatini 1:2 qilib belgilash taklif gilingan.

Xulosa va takliflar. Tadgiqot natijasiga ko‘ra, modifikatsiyalangan oltingugurt va modifikatorlar: melamin, 2,4-
dinitrofenilgidrazinli, bitum va gidrazinlar asosida olingan oltingugurtli beton 10%-li H2SO4, HCI, HNOs, H3PO4 eritmalarida,
3%-1i Na2SOs, NaCl, NaF tuz eritmalarida aggressiv mubhitlariga bardoshlililigi sulfat Kkislotaning 10%-li va natriy
gidroksidining 10%-li eritmalarida boshqga agressiv muhitlardagiga nisbatan biroz pastroq natijani bergani aniglandi. Buning asosiy
sababi oltingugurtli beton tarkibidagi gisman plastifikatsiyalanmagan elementar oltingugurt, sulfat kislota eritmasida va ishqor
eritmasida erishi tufayli agressiv muhitga nisbatan bargarorligi boshga agressiv muhit bilan taggoslanganda pastroq natijani
ko‘rsatdi. Aynigsa bitumli namunaning organik erituvchilardagi bargarorligi boshga agressiv muhitdagiga nisbatan ancha past,
Buning asosiy sababi bitum ko‘p komponentli neftning qoldiq fraksiyasi hisoblanib, uning tarkibini turli xil organik moddalar
tashkil etadi. Ma’lumki ushbu organik moddalar organik erituvchilarda yaxshi eriydi. Aynigsa qutbli molekulalardan tashkil topgan
neft qoldig‘i bitum qutbli erituvchi hisoblangan dixloretanda yaxshi erishi tufayli boshgalariga nisbatan anchagina past natijani
berganini ko‘rish mumkin.
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The article discusses the application of oxidative roasting for processing refractory carbonaceous sulfide ores. The impact of carbon
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BAXKHOCTDB IPUMEHEHUS OKUCJUTEJBHOI'O OBKHUT' A JIJ1S1 OKUCJIEHUS YIIOPHBIX
YIJIEPOACOAEPKAIIUX CYJb®UHBIX PY /]
AHHOTaALHSA
B crarbe paccMaTpUBaeTCst IPUMEHEHHE OKHCITUTENFHOTO 00XKHUTa AJIs TepepabOTKH YIIOPHBIX YTIIEPOICOASPIKAIIIX CYIb(OUTHBIX
pya. O6cyxIeHbl BIUSHEE YTIepo/ia Ha CHIJKCHHE N3BIEKAEMOCTH METAJIOB, a TAKXKE MEXaHH3MBbI €ro OKHCiIeHus. [IpuBeeHsl
OCHOBHBIE TEXHOJOTHYECKUE TapaMeTphI Mpoliecca, ero BausHue Ha 3GPEKTHBHOCTD MOCISIYIOIEr0 IHAPOMETALTYPIHIECKOTO
W3BJICYCHUS METAJIOB U MEPHI IO CHIKCHUIO HETATHBHOTO BO3JICHCTBHUS Ha OKPYKAIOIIYIO CPEIY.
KnroueBbie cji0Ba: OKHCIUTEIBHBIN 00XKHUT, YIIOPHBIC PYIbI, YIICPOIHAS JIOBYIIKA, CYIbGUIHBIC PYIbI, 30JI0OTOHOCHBIC PY/IbI,
THUIPOMETAILTYPIHS.

UGLEROD SAQLOVCHI MURAKKAB TARKIBLI SULFIDLI MA’DANLARNI OKSIDLASHDA OKSIDLAB
KUYDIRISHNI QO'LLASHNING AHAMIYATI
Annotatsiya

Magolada qiyin qayta ishlanadigan uglerod saqlovchi sulfidli ma’danlarni qayta ishlash uchun oksidlab kuydirish usuli ko‘rib
chigilgan. Uglerodning metall ajratish samaradorligini pasaytirishga ta’siri va uning oksidlanish mexanizmlari tahlil gilingan.
Jarayonning asosiy texnologik parametrlari, ularning keyingi gidrometallurgik metall ajratish samaradorligiga ta’siri va atrof-
muhitga salbiy ta’sirni kamaytirish choralariga oid ma’lumotlar keltirilgan.

Kalit so‘zlar: oksidlab kuydirish, qiyin qayta ishlanadigan ma’dan, uglerodli tuzoq, sulfidli ma’danlar, oltinli ma’danlar,
gidrometallurgiya.

BBenenue. AKTyalbHOCTD TEMBI OKHCIIUTEFHOTO O0KUTa YITOPHBIX YIIIEPOACOIEPKAIINX CYIBGHUIHBIX PYA 00YCIOBICHA
HEOOXOJMMOCTBIO TOBBIIICHUS 3((GEKTHBHOCTH HW3BICYEHHS APArONEHHBIX W LBETHHIX METAJIOB M3 MHHEPAJBHOTO CHIPHS,
00J1a1af0IIero CII0KHBIM COCTaBOM. B COBpEMEHHBIX yCIOBHUIX HCTOMIEHHS JIETKOIOCTYITHBIX 3aI1acOB MOJIE3HBIX HCKOTIAEMBIX BCE
OOJNIBIIYIO JIONII0 TOOBIBAEMBIX PYyJ COCTaBISIIOT YHOPHBIE, HU3KOCOPTHBIE M TPYAHOOOOTraTHMBIE MaTepHalbl, COJIEpIKalinue
3HAUUTENFHOE KOJIMYECTBO OPraHUYECKOro yriiepoja. YTIiiepo/ B TAKUX Py/AaX UrpaeT HEraTHBHYIO POJIb, IIOCKOJIBKY OH MOXKET
CBSI3BIBATh LIEHHBIC METAJUIbI, CHIKAsl MX M3BJICUYECHHE TPAJIMIMOHHBIMU METOJaMHM, TAKUMHU KaK IHAHUpOBaHUE. ITOT P deKT
M3BECTEH Kak "yriiepo/Has JJOByHIKa", IPH KOTOPOH YIiIepo/1 akTUBHO aJIcOpOMpyeT pacTBOPEHHbIC COETMHEHNS 30710Ta U cepedpa,
MPEMATCTBYS HX MEPEXOIY B PaCTBOP U MOCIEAYIOIEeMY ocaxkaeHno. [loaTomMy pa3paboTka U BHeApeHUE d3PPEKTUBHBIX METOIOB
00pabOTKH TaKUX Py SBISIETCS BaXKHOH 3a7auell COBpEMEHHOW METAILTYPIHU B 000TaTUTEIBHOM MPOMBIILUICHHOCTH [ 1].

OKHUCITUTENBHBINA 00KHT IMO3BOJISIET Pa3pyLIUTh OPTaHUIECKHIA YTIIEPO] U IEPEBECTH CYIb(QHIBI B OKCHUABI WIIN CYIb(AaThI,
obecrieunBas Oosnee 3(dekTHBHOE MOCIEAYIOIee BEHIMIETAYNBAHAE METAJUIOB. DTOT MPOIECC OCOOEHHO aKTyaJeH IIpH
nepepaboTKe 30JI0TOHOCHBIX M cepedpocoepiKaliX pya, B KOTOPBIX YIIIEPOa U CyIb(UIHBIE COSTHHEHUS SBISIOTCS OCHOBHBIMU
(baKTOpaMPI, SaT'py)IHﬂ}OHlHMH rHﬂpOMeTannypmquKoe H3BJICYCHUEC [ICHHBIX KOMIIOHCHTOB. OKHCJ’[@HI/IB yrnepozla 1 CCPHUCTBIX
COCTMHEHUII HE TOJBKO CIIOCOOCTBYET YBEIMUYCHHIO W3BJIEKAEMOCTH METAIJIOB, HO M CHIDKAET MOTPEOHOCTh B HMCIOJIb30BAHUH
GOJIBIIOrO KOJMYECTBA PEAreHTOB MPHU JalbHEHIINX dTanax nepepaborku [2-3].

C pa3BHTHEM TEXHOJOTUH M POCTOM TPeOOBAHUI K SKOJOTHUYECKON 0€30MacHOCTH 00KHUTa BO3ZHHKAET HEOOXOIMMOCTh
ONTUMH3AIMH TPOIIECCa, HANpPABICHHON Ha MWHHMHU3AIMIO BHIOPOCOB IHOKCHAA CEpbl W YrieKucioro rasza. Jlms sroro
MPUMEHSIOTCS Pa3JIMYHbIC THITHI [1€Yeii, B TOM YHCIIE MEeYd KHUIIAMIETO CJIOSI, BPALIaroNIfecs IeYd U MHOTOIIOIOBBIE arperaThl,
MO3BOJIAIONINE PETYIHNPOBATh TEMIIEPATYPHBIA PEKUM U YPOBEHb OKHUCICHUs [4]. CoBpeMEHHbIE METOABI OYACTKH OTXOISIIIX
ra3oB M YJIABIUBAHHS CEPHUCTHIX COCMHEHHI CITOCOOCTBYIOT CHIDKCHHUIO HETATHBHOTO BO3/ICHCTBHUS IpoLiecca Ha OKPYIKAIOIIYIO
cpemy, 4TO JAENaeT OKHCIUTENbHBIA O0XKHI He TOJNBKO 3(QEKTUBHBIM, HO W 0Ojiee DKOJIOTMYECKH Oe30IMacHbIM CIocoOoM
00pabOTKH CIIOKHOTO MHHEPAJILHOTO CHIPbSI.
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Takum 00pa3oM, aKTyaIbHOCTh HPHMEHEHHS OKHCIHTEIBHOTO OOXKHra Uil HepepaboTKU  YIiIepoCcOoAep KaIlnux
CyIb(UAHBIX PYy[ 3aKJII0YAETCSA B €ro ClI0COOHOCTH MOBBIIIATEH 3()()EKTHBHOCTE M3BJICUEHHS JPATrOLIEHHBIX U LIBETHBIX METAJLIOB,
CHIDKATh TOTEPH IOJE3HBIX KOMIIOHEHTOB M MHHHUMH3HMPOBATh HCIIOJIB30BAHUE arpecCHBHBIX XHMHYECKHX PEarcHTOB Ha
MOCIEAYIOIUX CTaausix 00padoTku. CoBepLICHCTBOBAHUE TEXHOJOTHHA O0XKUra M MHTETPALUs SKOJOTMYECKH YUCTHIX PELICHUI
JIENIAFOT 3TOT METOJI MIEPCIIEKTHBHBIM U BOCTPEOOBAHHBIM B COBPEMEHHON METAJLTYPTHYECKOM MTPOMBIILIEHHOCTH[ 5-6].

OKHCIUTENBHBIA 00XKHT TTO3BOJISIET Pa3pyIINTh OPraHHIECKHH YIIIepO ¥ IIEPEBECTH CyIb(UIBI B OKCHIIBI MK CYIb(AaTH,
obecrieunBas JaNbHEHIIYyI0 3(GQEKTHBHOCTE THAPOMETALIYpruieckoil mepepaboTkn. OCHOBHBIE XHMHYECKHE pPEaKIHH
BKIJIIOYAIOT:

e Oxucnenue cynbpunos: 2MS+302,—2MO+2S02

rne MM — mertann (Fe, Cu, Zn u gp.).

e Paznoxenue yriepoaa: C+02—COz

OKHuCNIeHue YTiepoja CHIDKAeT ero BIMSHHE Ha M3BJICUCHHE [PArOLEHHBIX METAUIOB U YIy4IIaeT CEeJeKTHBHOCTH
MOCIEAYIOIIETO BhIIeTauuBaHNUS.

TIpuMeHeHHe OKUCIHMTEIbHOrO OOXKHMra Iuisi mepepaboTKU YIOPHBIX YrIIEepOACOACPKAUIMX CYIb(QUIAHBIX Py HUIPaeT
KJIFOUEBYIO POJIb B METAJUTYPTUHU JAPArOLEHHBIX U IBETHBIX METAIOB. DTOT MPOLECC CIIOCOOCTBYET Pa3pyIICHHIO YTIEPOAHBIX
KOMIOHEHTOB, yiy4iiasi 3pQeKTHBHOCTD IMOCIIEAYIOIIET0 U3BICUCHHUs METAJIIOB 1 CHIKAsl HETaTUBHOE BO3ZCICTBHE yriiepo/ia Ha
TUIPOMETAIUTYprU4eCKUe TeXHOIOruH [7].

Ha cBere BhImecka3aHHOTO BechbMa aKTYaJbHBIM SIBISICTCSl ONpeesicHHEe (OpM HaxOXKIEHWs yIiiepoja W IIyTed ee
nepepadoTKy.

O0beKT U MeToAHMKA HcciaenoBaHuss. OOBEKTOM HCCIIENIOBAaHUS CIY)KWIH 00pasipl Mpod THAPOMETAILTYpPrHYECKOr0o
3aBoaa Ne-5 AO HaBowmiickoro ropHO-MeTaJUTypru4ecKoro KOMOMHATA.

OmnpeiesieHre OCHOBHBIX TIOKa3aTelieil mporiecca 00KKTa BBITIOIHSUIIH 10 CTaHAApTHRIM MeToquKkaMm [8-10].

IlonyyeHHble pe3yJbTaThl M HX 00cCy:;kneHue. Hamu [Uis yCTaHOBICHHS ONTHUMAJBHBIX TEMIIEPATYPHBIX PEXHMOB
00>KHTa BBIIOIHEHBI CICAYIOMINE SKCIEPUMEHTHI. J{JIsl 3TOr0 HCXOTHBII MaTepran (IOTOKHOICHTPATa THAPOMETAJUTyPTUIECKOTO
3aBoja Ne-5 moBepraiu 00KUTY B pas3HbIX TeMieparypHbix nHTepBaax oT 300 °C o 800°C. [Iporece BRIMOMHSIMN B My(eTbHOM
neyn mapku SNOL 8,2/1100 LSMO1. Bpewmst skcriepMeHTa BO BCEX CIIydasiX COCTAaBHII 2 Yaca C IepeMeIlBaHHeM MaTepHaia
kaxzaple 10 mun. [lepen HayaaoM OIbITa ONpeNessUI OCHOBHBIE ITOKa3aTelIn MCXOAHOTro (uoTokoHueHTpata (Tabmn.). [Ipu sto
HCXOJHBIH ()JIOTOKOHIIEHTPAT MMEJ CIIETIOIIHE TOKa3aTeNu:

Au = 20,0 r/TH

Ss=17,64 %

Copr =2,98 %

Biax. = 9,79 %

Tabnuna
Pe3yJ'II)TaTLI Tponecca 00Kura (bJ'IOTOKOHIleHTpaTa IIpY pa3HBIX TEMIIEpATypax
CocraB orapka AU B XBOCTAX
o T i o
Ne TemrepaTypHbIil pesKUM Au, /10 502 Copms % copbunm, /rH Wssneuenne, %
1 300 °C 22,3 15,83 2,62 85 61,8
2 400°C 24,2 7,44 2,38 89 63,2
3 500 °C 27,2 0,31 0,54 4,4 86,3
4 600 °C 25,9 0,09 0,17 4,25 83,5
5 700°C 26,6 0,1 0,16 9,15 65,6
6 800°C 26,8 0,013 0,09 13,85 48,0

B xome oOxwra TiatespHO HaONMIONAMM HAJ BUJIOM3MEHEHHMSMH MaTepHana W BBIIEIEHHEM Ta30BBIX HOTOKOB. Ilo
pe3yibTaTaM SKCHEepHUMEHTa MOXKHO KoHctatupoBarh uTo mpu 300 °C BpeMms SKCmepuMeHTa 2 daca, BBIICIICHHE Ta30B HE
Habnronanock, mpoda B KOHIIE OmbITa UMen 0ypo cepbiii nBet, npu 400 °C ¢ mogavei Bo3ayxa, BpeMs dKCIIEpUMEHTa 2 Jaca, B
KOHIIE OTIBITa HAOJI0IaeTCs BhIICTIEHUE 3a1aXx0B, IBET MpoOsI cepblit, mpu 500 °C ¢ momauei Bo3myxa, uepe3 15 MuH HabIrOnaeTcs
HakaJMBaHUE TPOOBI, yepe3 | yac HakaJdWBaHUE HE HAONOTAETCS, HO M3MEHSAETCS LBET NMpoOBl B KopuuHeBbIH, mpu 600 °C ¢
nojauei Bo3ayxa, uepe3 10 MUH HAYMHACTCS HaKaIMBaHUe MPOObI, uepe3 40 MUH HaKaMBaHKE He HAOJII01aeTCsl, BBIICIICHHE [a30B
He HaOII01aeTCs, IBET MPOOBI M3MEHsIeTCs Ha KopuyHeBbIi, ipu 700 °C ¢ mogaueii Bo3ayxa, uepe3 7 MHUH HAUMHACTCS HAKATHBAHKE
npoObl, HO TOCiIe Yaca W 2 4acoB NpoOBI elle Oblla HakajleHa, BhIACIEHHE Ta30B He HaOIrogaeTcs, I[BET MPOObI KPaCHOBATO
kopuuHeBbli, mpu 800 °C ¢ mogaveli Bo3xyxa, 4yepe3 5 MUH HauMHAeTCs HaKaJIMBaHKe MPOOBI, HO MOCIe Yaca 1 2 4acoB mpobda ere
OblIa HaKaJeHa, ¢ 00pa3oBaHUEM OOJBIINX OKATHIMIEH, IIBET MPOOBI KPACHO-KOPUYHEBHIH, BBIACICHHE I'a30B He HAOIIOIaIOCh.

AHanm3 TaHHBIX JJAOOPATOPHBIX HCIBITAaHUH IO 00XKUTY (IOTOKOHIIEHTpATa IPH PAa3HBIX TEMIIEPaTypax MOKa3bIBAET, YTO
ONITHMAJIBHBII TeMIrepaTypHbIi quama3oH coctasisietT S00—600°C. ITpu remmeparype 500°C mocTuraercs HamIydIee H3BIeICHHE
3omnora (86,3%) npu s dexrnBHOM OKHcTeHHN cepsl (Ss = 0,31%) u yraepona (Copr = 0,54%). Ipu 600°C yriepos mpakTH4ecKn
nonHocThio okucisercs (Copr = 0,17%), HO U3BIEUEHHE 30J10Ta HE3HAUUTEIBHO CHIKaeTesa 10 83,5%. B HuszkotemneparypHoM
nuana3ose (300-400°C) u3BneueHue 3010Ta OcTaéTes Ha HU3KOM ypoBHe (61,8—63,2%), a coneprxkaHue cepbl U yIriaepoJa 0CTaeTcs
BBICOKUM, 4YTO YKa3bIBA€T Ha HEAOCTATOUYHYIO CTEIEHb Pa3JIOKCHUA CyJ'I])(bI/I)lOB U OpPraHUu4YeCKux COe}lHHeHHﬁ. B
BBICOKOTeMIepaTypHOM nuamna3one (700-800°C) HaOmromaeTcst CHIKEHHE W3BIE€YEeHUs 3os0Ta 10 65,6% u 48,0%
COOTBETCTBEHHO, YTO CBS3aHO C BO3MOXKHBIM CIIEKaHHEM MaTeprala W o0pa3oBaHHEM IUIOTHOH KOPKH, MPENsATCTBYIOIIEi
JanbHeHeMy okuciaeHuto. B wactHocty, mpu 800°C yrirepos npakTideck momHocThIo okuciseTcst (Copr=0,09%), HO n3BIeueHNE
30JI0Ta PEe3KO CHIXKAETCSI, YTO YKa3bIBAaeT Ha HETaTHBHOE BIMSHUE BBICOKIX TEMIIEpaTyp Ha IIPOIiecc.

PesynbraTsl omblTa MoOKa3pBaroT, 4To B mpomexyTtke 500-600 °C mpoMcXOomuT akTHBHOE OKHCIEHHE CYIb(QHUIHBIX
MHHEpAJIOB. A OTHOCUTEIBHO HU3KUX TemmepaTypax (<500—600°C) okucnuTenbHble PeaKK IPOTEKAIOT MEUICHHO U IIPU 3TOM
Cy.]'ll:(bl/ljlbl YaCTUYHO MOTYT OKUCIIATBHCS. nOJ’lyquHble PE3YJIBbTATHI I10 U3BJICYCHUIO METAJIJIA TOJIBKO MOATBEPIKAACT }laHHblp'I d)aKT.
ITo MEpE YBCIUYCHUSA TEMIIEPATYPHI 06)1(1/11"3. OKHCJICHHUA CyJ'll)(bI/I)IHl)IX MHWHEPAJIOB IPOTECKAET MHTCHCUBHO, C 06pa3OBaHI/IeM
OKCHUIOB MeTauioB (Hampumep, Fe:0s, CuO), HabmronaeTcss HHTEHCUBHOE BBIAENEHHE Ta30BbIX NMOTOKOB-IIPOAYKTOB PEAKIHH.
Kpowme Toro, TeMneparypHbIi pexXuM CIiocoOCTBYET IPOTeKaHMIo (a3oBhIX IpeBparieHnil. OcoOeHHO HU3KUX TEeMIIepaTypax IpH
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o0sxure cynb(UIHBIX MUHEPAIOB 00pa3yeTcsi MUPPOTUHEI X COOTBETCTBYIONIHE CYIb(ATHI 271eMEeHTOB. [IpH yCIOBHAX CTHIKOBKH
TEMIIEPaTypPHOTO PEXXMMa M TEMIIEPATyp IUIABJICHUS COOCTBEHHBIX, IOPOJOOOPA3YIOINX M aKLECCOPHBIX MHHEPAJIOB MOXKET
MPOTEKATh CHEKaHUs IPOIYKTOB peakiuu. O6pa3yromire NpoMeKyTOUHbIE TPOAYKTHI M OKHCIIBI METAIIOB TOKPHIBAsi IOBEPXHOCTh
MarepHuana, OyqyT OrpaHHYHBaTh JOCTYN KHCJIOPOJA, 3aKpbIBas MOPHCTOCTh MAcChl, YTO B KOHEUHOM HTOT€ NPHUBOIUTH K
YMEHBIIEHHUIO U3BICUEHHS MeTaa.

3akmiouenne. TakuM 00pa3oM, ONTHMAaJbHBIM SIBISICTCS TeMIeparypHbii amamazoH 500-600°C, mpm koTopoM
nocruraercst 3GGeKTHBHOE Pa3IoKEeHHE yriepola U Cylb(GHIOB 0e3 CYIIECTBEHHOTO CHIDKEHHS M3BJICUEHHS METaiuioB. st
IpeAOoTBpallleHHsl ClieKaHus Ipu Temneparypax Bbime 600°C BO3MOXKHO IPUMEHEHHE PEryJlUpOBaHUSA Ia30BOr0O MOTOKA WU
no0aBIeHHE WHEPTHBIX MAaTepHalIOB, IPEJOTBPAIAIONINX arjoMeparuio. JIoNOoNHHUTENbHBIE WCCIECIOBaHUS MOTYT OBITh
HaIpaBJICHbl HA M3y4YEHUE BIMAHUSA BPEMEHH 00XKHUIa Ha IPOLIECC OKUCIICHUS, YTO MTO3BOJIUT ONPEeInTh Haubonee 3 GexTuBHbIC
MapaMeTpsl A7 MepepadoTK KOHKPETHBIX pyA. COBEpIICHCTBOBAHHE TEXHOIOTHI 00XNIa 1 MHTETPalsl SKOJOTHUECKH YHCTHIX
pelIeHuit JeTatoT 3TOT METO/ IEPCIEKTUBHBIM U BOCTPEOOBAaHHBIM B COBPEMEHHOI METAITyprUUeCKON MPOMBIIIIIEHHOCTH.
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DIMETILEFIRNING KATALITIK SINTEZI
Annotatsiya

Ishda mezog‘ovakli yuqori kremniyli syeolitga yuqori haroratda ishlov berishning Zr-Zn-La-YUKS/AI,O; sintez-gazdan olingan
dimetilefirning to‘yinmagan etilen qatori uglevodorodlarga aylanishi uchun tanlangan yuqori katalitik faollikka va unumdorlikka
ega bo‘lgan katalizatorining katalitik xususiyatlariga ta’siri, mezog‘ovakli yuqori kremniyli syeolitga dastlabki yuqori haroratda
ishlov berishning La-Zr-YUKS/AI203 sintez-gazdan olingan dimetilefirning to‘yinmagan etilen gatori uglevodorodlarga aylanishi
uchun tanlangan yugqori katalitik faollikka va unumdorlikka ega bo‘lgan katalizatori faolligiga ta’siri o‘rganildi.

Kalit so‘zlar: dimetilefir, etilen, propilen, mezog‘ovak, yuqori kremniyli syeolit, 1Q spektri, sintez-gazi.

KATAJIMTUYECKUI CUHTE3 IUMETHJI®HUPA
AHHOTALHSA

BrmsHue BeICOKOTEMIIEpPaTYpHOI 00pabOTKH ME30MOPUCTOrO BEICOKOKPEMHE3EMUCTOTO [IEOJIUTA Ha KaTaTUTHIECKUE CBOMCTBA
CHHTE3-Ta30BOr0 KaTajlM3aropa JuMeTmwioBoro s¢upa Zr-Zn-La-FOKI/Al203 ¢ BBICOKOH KaTaauTHYECKOW aKTUBHOCTHIO U
MPOM3BOUTEILHOCTBIO ISl KOHBEPCHH HEHACHIIIIEHHBIX YTIICBOIOPOIOB STUIICHOBOTO psifa. M3yueHa nobaska La-Zr-FOKLI/Al203
Ha aKTMBHOCTb BHIOPAHHOTO BHICOKOKATAIMTHYECKOTO ¥ TPOU3BOJUTEIBHOTO KaTaIM3aTopa KOHBEPCHH AUMETHIOBOTO d(hupa U3
CHHTE3-Ta3a B HEHACHIIEHHBIE YTIIEBOJOPO/IBI STHICHOBOTO Psia.

KnioueBble ciioBa: OUMETHIOBBIA 3(HpP, STHICH, NMPOMIJICH, ME30MOPHCTHIH, BBHICOKOKpEMHe3eMHBIH Ieonmut, WMK-crektp,
CHHTE3-Ta3.

CATALYTIC SYNTHESIS OF DIMETHYLPHYR
Annotation
Effect of high temperature treatment on mesoporous high silica zeolite on the catalytic properties of Zr-Zn-La-YuKTs/Al.03
syngas-derived dimethyl ether catalyst with high catalytic activity and productivity for the conversion of unsaturated ethylene series
hydrocarbons the effect of the addition of La-Zr-YuKTs/Al20s on the activity of the selected high catalytic activity and productivity
catalyst for the conversion of dimethyl ether from syngas to unsaturated ethylene series hydrocarbons was studied.
Key words: dimethyl ether, ethylene, propylene, mesoporous, high silica zeolite, IR spectrum, synthesis gas.

Kirish. Tabily gaz zaxiralari, ishlab chigarish samaradorligi va foydalanish imkoniyatlari va ekologik xususiyatlari
jihatidan hech bo‘lmaganda joriy asrda insoniyatning energiya va uglevodorod xom ashyosiga bo‘lgan ehtiyojini qondira oladigan
eng istigbolli manba hisoblanadi. Tabiiy gaz va gaz kimyosi XXI asrning global igtisodiyoti va energetikasida 20-asrda neft va
neft-kimyo kabi bir xil rol o‘ynashi mumkin.

Mavzuga oid adabiyotlar tahlili. Uglerodli xom ashyoni motor yoqilg‘isi va to‘yinmagan etilen gatori uglevodorodlarning
dastlabki vakillari etilen va propilenlarga gayta ishlash jarayonlarining birinchi bosqichi oksidlanish hisoblanadi. Ikkinchi
bosqgichda muqobil yo‘nalishlar-Fisher-Tropsh (FT) sintezi, metanol va/yoki dimetil efir (DME) sintezi hisoblanadi. VVodorod
energiyasi ehtiyojlari uchun vodorod manbai sifatida metanol va DMEdan foydalanish nisbatan yangi yo‘nalishdir [1-5].

Berilgan hisob-kitoblarga ko‘ra[6], sintez-gazdan bir bosgichli DME sintezida DME ning narxi metanolning ekvivalent
miqdoridan 10% - 15% arzon, ya’ni mahsulot ikki bosqichli jarayondagi xom ashyodan arzon. Shu bilan birga, [7] da qayd
etilganidek, DMEni to‘g‘ridan -to‘g‘ri sintez qilish jarayoni "har xil": unda tabiiy gazni karbonatli konversiyalab, ko‘mirni va
o‘simlik goldiglarini gazlashtirib va metanni havoda oksidlab olingan sintez-gazdan foydalanish mumkin. Yugqori katalitik
faollikka va unumdorlikka ega bo‘lgan katalizator yuqori tanlab ta’sir etuvchanlikni ta’minlaydi, qo‘shimcha mahsulotlar metanol,
suv va karbonat angidridlardir.

So‘nggi paytlarda metanoldan to‘yinmagan etilen qatori uglevodorodlarning dastlabki vakillari etilen va propilenlar ishlab
chiqarish uchun tijorat maqsadli jarayonlar ishlab chiqilgan bo‘lib, metanol bu holda oraliq mahsulot rolini o‘ynaydi. Tegishli
texnologiyalar MTO (metanoldan to‘yinmagan etilen qatori uglevodorodlarning dastlabki vakillari etilen va propilenlarga) va GTO
(gazdan to‘yinmagan etilen qatori uglevodorodlarning dastlabki vakillari etilen va propilenlarga) deb nomlanadi [8-12].

Dunyoning eng yirik neft va gaz kompaniyalari yangi korxonalarni loyihalash va qurish rejalarini e’lon qilib, bu
muammoga qizigish bildirishdi. Oldingi ishlarda gidrotermik sintez yordamida 800 nm dan 7 nm gacha bo‘lgan boshgaruv
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o‘lchamdagi SAPO-34 kristallarini tayyorladik [13-15]. Kichikrog SAPO-34 kristallari MTO reaksiyasida yuqori katalitik faollikka
va unumdorlikka ega bo‘lgan katalizatorning uzoq vaqt ishlashini ko‘rsatdi.

SAPO-34 kristall hajmini kamaytirish orgali yuqori katalitik faollikka va unumdorlikka ega bo‘lgan katalizatorning
diffuziya qarshiligisiz reaksiya tezligi yaxshilandi. Oddiy sintez usuli bilan zarracha hajmi 100 nm dan kam bo‘lgan bir xil SAPO-
34 nanokristallarini sintez qilish qiyin bo‘ldi. Bir guruh olimlar tetraetilamoniy yordamida syeolitlar sintezining yangi usuli bo‘lgan
quruq gel konversiyasi orqali birinchi bo‘lib yagona SAPO-34 nanokristalini gilishdi [13].

Tadgiqot metodologiyasi. Katalitik tajribalar atmosfera bosimida va 320°S haroratda ichki diametri 10 mm bo‘lgan
doimiy oqimli kvars reaktorida o‘tkazildi. Bu yerda og‘irligi 0,5-1,0 g (d = 0,4-0,63 mm) bo‘lgan yuqori katalitik faollikka va
unumdorlikka ega bo‘lgan katalizator 1:1 hajm nisbati bilan kvars (d = 0,5-1,0 mm) bilan aralashtirildi. Tajribadan oldin yugori
katalitik faollikka va unumdorlikka ega bo‘lgan katalizator oldindan qizdirildi va fizik adsorbsiyalangan suvni olib tashlash uchun
1 soat davomida 400 ° C da azot oqimi bilan tozalandi. Xom ashyo sifatida sintez-gazdan olingan dimetilefirning konsentratsiyasi
10-13 hajmiy % bo‘lgan dimetil efir/azot aralashmasi ishlatildi. Dastlabki gaz oqimining hajmiy tezligi 2500-25000 soat™* oralig‘ida
o‘zgartirildi. Ushbu shartlar uchun tashqi va ichki diffuziya ta’siri kuzatilmadi. Reaksiya mahsulotlari alanga-ionizasion detektori
(AID) va issiqlik o‘tkazuvchanlik detektori bilan jihozlangan gaz xromatografi (Kristallyuks-4000M) yordamida tahlil gilindi.
Paraplot Q fazasi (27,5 m x 0,32 mm x 10 mkm) bo‘lgan kapillyar C1-Cs, metanol va DME uglevodorodlarining tarkibini aniglash
uchun ishlatildi. N2 ni aniglash uchun Parapak Q fazasi (3,0 m x 4 mm x 3 mkm) bo‘lgan ishlatildi. Tahlil 30°C/min isitish tezligi
bilan 90-250°C dan dasturlashtirilgan harorat oshirish amalga oshirildi va tashuvchi gaz geliy. Reaksiya mahsulotlari tarkibida
metanol, C2—Ca alkenlari, C1—C4 alkanlari va Cs—Cs uglevodorodlari (alkanlar, siklik va aromatik birikmalar) borligi aniglandi.

Natijalar va muhokama. Zr-zn-La-YUKS/AL,O; faolligi va tanlab ta’sir etuvchanligiga tajribani o ‘tkazish sharoit-
larining ta’sirini o ‘rganish. Sintez-gazdan olingan dimetilefirning quyi to‘yinmagan etilen gatori uglevodorodlar ya’ni etilen va
propilenlarga konversiya bo‘lishida Zr-Zn-La-YUKS/AILO; katalitik tizimning faolligi va tanlab ta’sir etuvchanligiga tajriba
o‘tkazish sharoitlari tekshirildi.

Harorat ta’sirini o ‘rganish. Dastlab 320-360°S intervalda harorat ta’siri o‘rganildi (1-jadvalga qaralsin). Jadval
ma’lumotlaridan ko‘rinib turibdiki, harorat oshgan sari sintez-gazdan olingan dimetilefirning to‘yinmagan etilen qatori
uglevodorodlarga aylanishi o‘sadi va deyarli 100% gacha oshadi. Biroq S2-Ss tarkibli to‘yinmagan etilen qatori uglevodorodlar
ya’ni etilen va propilenlar bo‘yicha tanlab ta’sir etuvchanlik T=320°S da 75,7 mas.% dan T=360°S da 44,1 ma.% gacha kamayadi.

Sintez-gazdan olingan dimetilefir konsentratsiyasining dastlabki aralashmada ta’sirini tekshirish. Xom ashyodagi metil
spirtini molekulalararo katalitik degidratlab olingan sintez-gazdan olingan dimetilefir konsentratsiyasining Zr-Zn-La-
YUKS/AI20s ning katalitik xususiyatlariga ta’sirini tekshirish (2-jadvalga garalsin) xom ashyo bo‘yicha bir xil yuklamada (sintez-
gazdan olingan dimetilefir bo‘yicha massaviy tezlik saqlanishi) reaksiya mahsulotlarini tagsimlashda jiddiy o‘zgarishlar sodir
bo‘lmaganligini ko‘rsatdi, biroq quyi to‘yinmagan etilen qatori uglevodorodlar ya’ni etilen va propilenlar bo‘yicha tanlab ta’sir
etuvchanlik xom ashyoning 20 % sintez-gazdan olingan dimetilefir + 80 ob.% N2 tarkibida eng yuqori giymatiga yetdi.

1-jadval
Dimetilefirning etilen gatori uglevodorodlarga aylanishining Zr-Zn-La-YUKS/AI,Os tarkibli katalizatorda haroratga bog‘ligligi
Harorat, °S Sintez-gazdan olingan Tanlab ta’sir etuvchanlik, mas. %
dimetilefir konver-siyasi, % | To‘yinmagan etilen gatori uglevodorodlar metan S2-Ss to‘yingan uglevodorodlar
2 S2-Ss etilen propilen

320 81,7 75,7 32,1 29,5 1,0 23,3

340 97,9 55,3 24,8 17,2 15 43,2

360 44,1 17,6 16,1 23 53,6

Sharoitlar: P = 0,1 MPa, varalashma =2000 soat™t. Xom ashyo: 20% sintez-gazdan olingan dimetilefir + 80%N:
Reaksiya mahsulotlari tahlili sintez-ga olingan dimetilefirning to ‘vinmagan etilen qatori uglevodorodlarga ya’ni etilen va
propilenlarga aylanishi uchun tanlangan yuqori katalitik faollikka va unumdorlikka ega bo ‘Igan katalizator 3 soat ishlagandan
Keyin o ‘tkazilgan.
2-jadval

Dimetilefirning to‘yinmagan etilen qatori uglevodorodlarga aylanishi va S2-Ss tarkibli to‘yinmagan etilen qatori
uglevodorodlar bo‘yicha tanlab ta’sir etuvchanlikning Zr-Zn-La-YUKS/AI,O; tarkibli katalizatorda xom ashyodagi dimetilefir
konsentratsiyasiga bog‘ligligi (T =320°S, P = 0,1 MPa, dimetilefir bo ‘yicha massaviy tezli k (Wsintez-gazdan olingan dimetilefir) = CONSt =
1,59 soat?)

Selektivlik, mas. %

c B H o8 _ !
g < “ £ Etilen gatori uglevodorodlar
N s £%
?_% 3 37 S5 to'yi
g ag Nz = § % $2-S5 etilen propilen metan S2-Ss to‘yingan uglevodorodlar
E2E N EE
BT R S o 08
10 3800 96,0 68,7 30,8 25,0 1,0 30,3
20 2000 81,7 75,7 32,1 29,5 1,0 23,3
30 1200 90,9 70,6 34,0 24,9 1,2 28,2

Ssintez-gazdan olingan dimetilefir - dastlabki aralashmada sintez-gazdan olingan dimetilefir konsentratsiyasi
1-rasmda sintez-gazdan olingan dimetilefirning to‘yinmagan etilen qatori uglevodorodlarga aylanishining shartli o‘zaro
ta’sirlashuv vaqtiga (1/W) bog‘ligligi ko rsatilgan, bundan 1/W o‘sgan holda (yoki dastlabki aralashmaning hajmli tezligi kamaygan
holda) katalitik tizim faolligi oshganligi ko‘rinib turibdi.
Biroq sintez-gazdan olingan dimetilefirning to‘yinmagan etilen qatori uglevodorodlarga aylanishi oshgan sari etilen va Sz*
to‘yingan uglevodorodlar bo‘yicha tanlab ta’sir etuvchanlik bir 0z oshdi, propilen tarkibi kamaydi, S2-Ss tarkibli to‘yinmagan etilen
qatori uglevodorodlar ya’ni etilen va propilenlar bo‘yicha tanlab ta’sir etuvchanlik esa deyarli o‘zgarmagan (2-rasmga garalsin).
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1-rasm. Zr-Zn-La-YUKS/ALO; tarkibli katalizatorda reaksiya mahsulotlari bo‘yicha tanlab ta’sir etuvchanlikning shartli kontakt
vagqtiga bog‘ligligi (T=320°S, P = 0,1 MPa, Varalashma =2000-20000 soat*. Xom ashyo: 20% sintez-gazdan olingan dimetilefir +
809%N?2)

Shunday qilib, azotning suv bug‘iga almashtirilishi nafagat La-Zr-YUKS/AI203 ning Katalitik tizimi tanlab ta’sir
etuvchanligini oshirish, balki sintez-gazdan olingan dimetilefirning to‘yinmagan etilen qatori uglevodorodlarga ya’ni etilen va
propilenlarga aylanishi uchun tanlangan yuqori katalitik faollikka va unumdorlikka ega bo‘lgan katalizatorning xizmat muddatini
oshirishga imkon beradi. Bundan tashqari, ma’lumki, mezog‘ovakli yuqori kremniyli syeolit sintez-gazdan olingan dimetilefirning
to‘yinmagan etilen qatori uglevodorodlarga ya’ni etilen va propilenlarga aylanishi uchun tanlangan yuqori katalitik faollikka va
unumdorlikka ega bo‘lgan katalizatorlarni shunga o‘xshash sharoitlarda ekspluatatsiya qilish jarayonida (suv bug‘i ishtirokida) ish
davomliligiga qarab ularning faolligi va tanlab ta’sir etuvchanligi o‘zgarishi kuzatilgan.

Xulosa. Sintez-gazdan olingan dimetilefirdan etilen va propilen olishda yumshoq sharoitlarda 90% gacha to‘yinmagan
etilen qatori uglevodorodlarga aylanishida tanlab ta’sir etuvchanligi 80 mas.% gacha bo‘lgan quyi to‘yinmagan etilen qatori
uglevodorodlar ya’ni etilen va propilenlarni olishga imkon beradigan, lantan va sirkoniy bilan modifikatsiyalangan mezog‘ovakli
yugori kremniyli syeolit asosidagi yuqori samarador katalitik tizim ishlab chiqildi.

Dimetilefirdan quyi to‘yinmagan etilen qatori uglevodorodlar ya’ni etilen va propilenlar sintezining optimal sharoitlari
aniqlandi. Reaksiya zonasiga suv bug‘ining kiritilishi Zr-Zn-La-YUKS/AI,O; sintez-gazdan olingan dimetilefirning to‘yinmagan
etilen gatori uglevodorodlarga ya’ni etilen va propilenlarga aylanishi uchun tanlangan yuqori katalitik faollikka va unumdorlikka
ega bo‘lgan katalizatorining barqaror ishlashi davomiyligini ancha oshirgan holda faolligi va tanlab ta’sir etuvchanligini oshirishi
aniglandi.

0.00 0.10
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“REALOGICAL PROPERTIES OF NITROGEN BULLS DURING THE PROCESS OF NITRIC ACID PROCESSING
OF SODA PRODUCTION WASTE”
Annotation

This article examines the realogical properties of nitric acid pulp during nitric acid processing of sludge waste from soda production,
as well as pulp neutralized with gaseous ammonia. Furthermore, the influence of the change in pH during neutralization on the
chemical composition of nitric acid pulp is described in detail. The research employed a chemical analysis method, all experiments
were conducted in accordance with the requirements of the relevant GOST, which ensures the reliability of the research.
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“PEQJIOTMYECKUE CBOMCTB A3OTHOKHMCJIOTHOM BBITSKKHA B IPOLIECCE A3OTHOKHCJIOTHOM
HNEPEPABOTKH HIJTAMOBBIX OTXOJ0B COJOBbIX 3ABOJ1IOB”
AHHOTanUs

B nanHOI1 cTaThe M3ydeHBI PEOJIOTHUECKUE CBOHCTBA a30THOKUCIOTHON U ra3000pa3HOl aMMHAYHO HEWTPATM30BaHHON ITyJIBITBI
IpU a30THOKHCIIOTHOH IepepaboTKe IUIAMOBBIX OTXOJOB COJIOBBIX IPOU3BOACTB. Kpome TOro, mogpoOHO ONMUCAaHO BIIMSHHE
n3MeHenus pH B mpomecce HeiTpanu3anuy Ha XHMHYECKHMI COCTaB a30THOKHCIOHW Mynbnbl. B mcciemoBarenbckodl pabote
HCIIOTE30BAaH METOJ] XUMUYIECKOTO aHAIIN3a, BCE SKCIIEPIMEHTHI BHIIOTHEHBI B COOTBETCTBHH C TPEOOBAHMSAME COOTBETCTBYIOIIIX
T'OCT, uto obecnieunBaeT JOCTOBEPHOCTH UCCIICIOBAHMS.

KnioueBble cj0Ba: IIIAMOBBIE OTXOZBI, Ta3000pa3sHbIH aMMHAaK, a30THOKHCIOTHas BHITSDKKH, pH cpemsl, kumkue u
TpaHyIMPOBAHHbIE YAOOPEHNUs, HOpMa KHCIIOTHI, PEOJIOTUHL.

SODA KORXONALARINING SHLAMLI CHIQINDILARINI NITRAT KISLOTALI QAYTA ISHLASH
JARAYONIDAGI AZOT KISLOTALI EKSTRAKLARNING REALOGIK XOSSALARI
Annotatsiya

Ushbu maqolada soda ishlab chiqarish korxonalarining shlamli chiqindilarini nitrat kislotali qayta ishlash jarayonidagi azot kislotali
ekstraktning hamda gazsimon ammiak bilan neytrallangan ekstrakning realogik xossalari o‘rganilgan. Bundan tashqari neytrallash
jarayonida pH qiymatining o‘zgarishi azot kislotali ekstrakning kimyoviy tarkibiga ta’siri batafsil yoritilgan. Tadqiqot ishida
kimyoviy tahlil usulidan foydalanilgan bo‘lib barcha tajribalar tegishli DAST talablari asosida bajarilgan bo‘lib bu tadqiqotning
ishonchliligini ta’minlaydi.

Kalit so‘zlar: shlamli chiqindilar, gazsimon ammiak, azot kislotali ekstrak, p// muhiti, suyuq va donador o‘g‘itlar, kislota me’yori,
realogiya.

Kirish. Soda ishlab chiqarish korxonalarining shlamli chiqindilarini nitrat kislotali qayta ishlash va ular asosida suyuq va
donador o‘g‘itlar olishga bag‘ishlangan tadqiqot ishimizda parchalash jarayoniga ta’sir qiluvchi barcha texnologik omillarni
batafsil o‘rganilib natijalarni bayon qilingan [1]. Parchalash jarayonidan keyingi bosqich bo‘lgan eritma va erimaydigan qoldigni
ajratish jarayoni bo‘yicha ham tajribalar olib borilgan bo‘lib kerakli natijalar olingan [2].

Tarkibida kalsiy va magniy birikmalari bo‘lgan turli minerallar (dolomit, ankerit, diopsid va b.) ni nitrat kislotali qayta
ishlash bo‘yicha yurtimiz va xorijiy olimlar tomonidan bir qator tadqiqot ishlari mavjud [3; 4]. Ularning ishlarida ham azot kislotali
ekstrakning hamda gazsimon ammiak bilan neytrallangan ekstrakning realogik xossalari o‘rganilgan, lekin tarkib va struktura
holatining o°zaro farqlanishi tufayli biz olib borayotgan tadqiqot ishimizda bu jarayonni chuqur tahlil qilish lozimligi aniqlandi.

Bundan tashqari neytrallash jarayonida pH qiymatining o‘zgarishi nitrat kislotali ekstrakning kimyoviy tarkibiga ta’siri
bo‘yicha ham olib borilgan tadqiqotlar [5; 6; 7; 8; 9] yetarli emas. Shuning uchun pH qiymati o‘zgarishi suyuq faza tarkibiga ta’siri
bo‘yicha ham tajribalar olib borilishi lozim.

Asosiy qism. Tadqiqotning dastlabki bosqichida tindirilgan nitrat kislotali ekstrakning zichligi va qovushqoqligiga nitrat
kislotaning me’yori, harorat va kislota konsentratsiyalarining ta’sirlari o‘rganilgan va natijalarl-jadvalda keltirilgan.

1-jadval
Tindirilgan nitrat kislotali ekstrakning realogik xossalari
HNO; me’yori, % | _Zichlik, g/sm’ [ Qovushqoglik, mPa-s
[ 20C [30°c T40C T 50C [60oc T 20cC [ 30C [40C [ s0cC [ 60°C

Kislota konsentratsiyasi — 40 %
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95 1,397 1,392 1,387 1,382 1,377 3,18 2,58 2,16 1,84 1,60
100 1,393 1,388 1,382 1,377 1,372 3,11 2,52 2,11 1,80 1,57
105 1,388 1,383 1,378 1,373 1,368 3,03 2,46 2,06 1,76 1,53
110 1,383 1,379 1,374 1,369 1,364 2,96 2,40 2,01 1,72 1,50
Kislota konsentratsiyasi —50 %

95 1,491 1,486 1,480 1,475 1,469 3,84 3,13 2,64 2,27 1,98
100 1,486 1,481 1,476 1,470 1,465 3,74 3,06 2,58 2,21 1,94
105 1,481 1,476 1,471 1,465 1,460 3,62 2,96 2,50 2,15 1,88
110 1,476 1,471 1,466 1,460 1,455 3,51 2,87 2,42 2,09 1,83
Kislota konsentratsiyasi — 60 %

95 1,620 1,614 1,608 1,602 1,594 5,29 4,33 3,65 3,15 2,77
100 1,613 1,608 1,602 1,595 1,588 5,12 4,19 3,54 3,06 2,69
105 1,606 1,600 1,595 1,588 1,581 4,92 4,04 3,41 2,95 2,60
110 1,598 1,593 1,587 1,581 1,575 4,73 3,89 3,29 2,84 2,51

Jadval ma’lumotlaridan ko‘rinib turibdiki, 20-60 °C harorat oralig‘ida neytrallangan eritmalarning zichligi 1,364-1,620
g/sm’ ni tashkil giladi. Harorat ortishi bilan eritmalarning zichligi bir tekis pasayadi. Zichlikning haroratga bog‘ligligi deyarli
chiziqli bo‘lib, harorat 10 °C ga ko‘tarilganda zichlik 0,37 foizga kamayadi. Nitrat kislota konsentratsiyasining oshishi bilan
ekstrakning zichligi ham ortib boradi. O‘rtacha nitrat kislota konsentratsiyasi 10% ga oshirilganda zichlik 7,58% ga ortgani
aniqlandi. Bunda nitrat kislota konsentratsiyasi 40 dan 50% gacha ortganda zichlik o‘rtacha 6,72% ga, nitrat kislota konsentratsiyasi
50 dan 60% gacha ortganda esa 8,44% ga ortadi.

Eritmalarning qovushqoqligi nitrat kislota me’yori va konsentratsiyasining o‘rganilgan oralig‘ida 1,50-5,29 mPa-s
oralig‘ida o‘zgarib turadi. Harorat 10 °C dan 20 °C dan 30 °C gacha ko‘tarilganda qovushqoqlik 18,30% ga, 30 °C dan 40 °C gacha
- 15,81% ga, 40 °C dan 50 °C gacha - 13,95% ga, 50 °C dan 60 °C gacha - 12,44% ga kamayadi. Nitrat kislota konsentratsiyasi
ortishi bilan qovushqoqlik ortib boradi. O‘rtacha nitrat kislota konsentratsiyasi 10% ga oshirilganda qovushqoqlik 29,37% ga
ortadi. Bunda nitrat kislota konsentratsiyasi 40 dan 50% gacha oshirilganda qovushqoqlik o‘rtacha 21,50% ga, nitrat kislota
konsentratsiyasi 50 dan 60% gacha oshirilganda esa 37,24% ga ortishi aniglandi.

Shunday qilib, tindirilgan nitrat kislotali ekstraktning reologik xususiyatlarini o‘rganish shuni ko‘rsatdiki, u juda yaxshi
oquvchanlikka ega va uni quvurlar orqali haydash uchun hech qanday maxsus uskunalar talab qilinmaydi.

Kislotali ekstraktning pH qiymati -1 dan past bo‘ladi, shuning uchun uni o‘g‘it sifatida qo‘llash mumkin emas. Shundan
kelib chiqib uni neytrallash zarur. Tadqiqot ishida neytrallash uchun gazsimon ammiakdan foydalanildi. Eritmadagi ammiak
miqdori neytrallash uchun zarur bo‘lgan miqdordan ortib ketsa, ammiakat hosil bo‘ladi. Yuqoridagilarni inobatga olib neytrallash
jarayonida magbul pH qgiymatini belgilash lozim. Tajriba jarayonida 57,5% konsentratsiyali nitrat kislotadan foydalanib olingan
azot kislotali ekstrakdan foydalanilgan hamda turli kislota me’yorlarida tajribalar olib borilgan (2-jadval).

2-jadval
pH qiymatining nitrat Kislota ekstrakning suyuq fazasi tarkibiga ta’siri
H Suyuq fazaning kimyoviy tarkibi, og‘ir., %.
P Mg> [ ca> [ AF* [ Fe [ SO [ NHs
Kislota me’yori — 95 %
0,51 1,46 11,67 0,01 0,03 0,04 0,00
4,00 1,44 11,67 0,01 0,03 0,04 2,06
7,71 1,31 11,62 0,01 0,03 0,04 2,82
9,04 0,85 11,55 0,01 0,03 0,04 2,03
9,48 0,14 11,52 0,01 0,03 0,04 3,04
10,58 0,03 11,46 0,01 0,02 0,04 3,68
12,30 0,02 11,38 0,01 0,02 0,03 8,11
Kislota me’yori — 100 %
-1,10 1,44 11,79 0,01 0,03 0,04 0,00
4,10 1,43 11,79 0,01 0,03 0,04 236
7,40 1,34 11,79 0,01 0,03 0,04 3,00
8,93 1,05 11,71 0,01 0,03 0,04 3,17
9,59 0,18 11,67 0,01 0,03 0,04 3,50
10,96 0,05 11,59 0,01 0,02 0,04 5,23
12,09 0,04 11,54 0,01 0,02 0,04 8,65
pH Kislota me’yori — 105 %
-1,25 1,41 11,60 0,01 0,03 0,05 0,00
3,95 1,40 11,60 0,01 0,03 0,05 2,52
7,97 131 11,60 0,01 0,03 0,05 3,20
3,08 0,93 11,55 0,01 0,03 0,05 335
9,75 0,21 11,51 0,01 0,03 0,05 4,12
10,79 0,07 11,46 0,01 0,02 0,05 6,00
11,85 0,05 11,40 0,01 0,02 0,05 8,87

Yuqoridagi jadvaldan ko‘rinib turibdiki suyuq faza tarkibidagi pH ortishi bilan qolgan komponentlar miqdori biroz
pasayadi, bu tabiiy ravishda ammiak kiritilishi bilan tushuntiriladi. pH ning yuqori qiymatlarida deyarli barcha magniy cho‘kmaga
o‘tadi. Magniy gidroksid juda mayda dispersli cho‘kma hisoblanadi. O‘g‘it tarkibida uning mavjudligi o‘g‘it tarkibidagi ozuqa
moddalarining miqdorini kamaytiradi. Bundan tashqari, ammiakatlar (pH 10 dan yuqori) olinganda o‘g‘it tarkibida erimaydigan
va o‘simliklar o‘zlashtirmaydigan shaklda bo‘ladi. Shu bilan birga, magniy gidroksidi ham ichki, ham tashqi bozorlarda talab
yuqori bo‘lgan magniy oksidi, magniy xlorid va boshqa birikmalarni olish uchun gimmatli xomashyo hisoblanadi.Bundan kelib
chiqadiki, neytrallash jarayonida magniy gidroksidning ajralish bosqichini nazarda tutish maqsadga muvofiqdir. Tarkibida pH 7-8
dan oshmaydigan suyuq kalsiyli o‘g‘itlar olishda bu bosqichni istisno qilish mumkin.

Shuning uchun keyingi tajriba jarayonlarida ekstrakdan magniyni ajratib olib so‘ngra pH qiymatini 6-7 gacha tushirish
uchun yana qo‘shimcha nitrat kislota berish bo‘yicha tadqiqotlar olib borish lozimligi aniqlab olindi.

Tajtibalarning navbatdagi bosqichida ammiak bilan neytrallangan nitrat kislotali ekstrakning zichligi va qovushqoqligiga
kislota me’yori, harorat va pH muhitining ta’sirlari o‘rganilgan va natijalari 3-jadvalda keltirilgan.

3-jadval
Magniy gidroksidni ajratmasdan chuqur neytrallangan nitrat kislota ekstraktining reologik xususiyatlari
H [ Zichlik, g/sm’ [ Qovushgoglik, mPa's
P [ 20°C [ 30°c T 40°C [ s0°c_ T 60°C [ 20°C [ 30°C [ 40°C [ 50°c T 60°C
Kislota me’yori — 95 %.
0,51 [ 1,600 [ 1,594 T 1,589 [ 1,583 [ 1,576 [ 5,19 [ 423 [ 3,56 [ 306 T 268
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4,00 1,570 1,565 1,561 1,556 1,550 5,41 4,37 3,64 3,11 2,69
7,71 1,541 1,537 1,533 1,529 1,524 5,64 4,52 3,73 3,16 2,71
9,04 1,529 1,526 1,522 1,518 1,514 15,82 12,01 9,31 6,86 5,86
9,48 1,524 1,521 1,517 1,514 1,510 27,26 18,32 13,71 10,91 341
10,58 1,511 1,509 1,505 1,501 1,499 64,66 47,27 36,34 28,63 21,42
12,30 1,489 1,486 1,483 1479 1477 131,59 103,33 84,37 69,91 58,89
Kislota me’yori — 100 %.

-1,10 1,593 1,589 1,583 1,577 1,570 5,02 4,10 3,45 2,98 2,61
4,10 1,565 1,561 1,556 1,551 1,546 5,27 4,27 3,55 3,03 2,63
7,40 1,541 1,538 1,533 1,530 1,526 553 4,44 3,66 3,09 2,65
8,93 1,529 1,525 1,522 1,519 1,514 1321 10,22 3,39 6,41 4,80
9,59 1,522 1,518 1515 1512 1,509 22,32 18,32 14,71 12,61 9,81
10,96 1,508 1,504 1,501 1,499 1,495 74,07 57,56 46,65 37,74 30,95
12,09 1,491 1,487 1,485 1,482 1,479 158,34 124,45 100,96 83,57 70,20
Kislota me’yori — 105 %.

1,25 1,586 1,580 1,575 1,569 1,563 4.82 3,05 333 2.87 2,52
3,05 1,559 1,554 1,550 1,545 1,540 512 4,15 3,46 2,94 2,55
7.97 1,535 1,531 1,528 1,524 1,519 543 435 3,59 3,02 2,59
8,98 1,527 1,523 1,520 1,517 1,513 13,23 10,55 8,65 6,61 5,01
9,75 1,520 1,516 1,512 1,510 1,507 32,18 25,55 20,84 15,22 11,61
10,79 1,507 1,503 1,500 1,498 1,495 86,39 67,47 54,25 41,54 32,33
11,85 1,490 1,487 1,484 1,483 1479 190,53 149,87 120,80 99,91 33,68

3-jadval ma’lumotlaridan ko‘rinib turibdiki, o‘rganilgan pH ning -1,25 dan 12,30 gacha va haroratning 20 dan 60 °C gacha
bo‘lgan oralig‘ida neytrallangan eritmalarning zichligi 1,477-1,600 g/sm’ ni tashkil qiladi. Harorat ortishi bilan eritmalarning
zichligi bir tekis pasayadi. Zichlikning haroratga bog‘ligligi chizigli bo‘lib harorat 10 °C ga ko‘tarilganda zichlik 0,27% ga
kamayadi. Neytrallangan nitrat kislotali ekstrakning zichligi neytrallanish darajasi (pH) ortishi bilan kamayadi. pH ning bir birlikka
oshishi bilan zichlik 8,18% ga kamayadi. Bunda nitrat kislotaning 95% me’yori ortishi bilan zichlik o‘rtacha 8,36% ga, nitrat
kislotaning 100% me’yori 8,08% ga, nitrat kislotaning 105% me’yori 8,10% ga kamayadi.

Neytrallangan nitrat kislotali ekstraktning qovushqoqligi nitrat kislota me’yori va konsentratsiyasining o‘rganilgan
oralig‘ida 2,52-190,53 mPa-s oralig‘ida tebranib turadi. Nitrat kislotaning 95% me’yorida harorat 20 dan 30 °C gacha ko‘tarilganda
qovushqoqlik 23,26% ga, 30 dan 40 °C gacha - 19,88% ga, 40 dan 50 °C gacha - 18,43% ga, 50 dan 60 °C gacha - 16,94% ga
kamayadi. Nitrat kislotaning 100% me’yorida harorat 20 dan 30 °C gacha ko‘tarilganda qovushqoqlik 20,18% ga, 30 dan 40 °C
gacha - 17,96% ga, 40 dan 50 °C gacha - 16,86% ga, 50 dan 60 °C gacha - 17,31% ga kamayadi. 105% me’yorda harorat 20 dan
30 °C gacha ko‘tarilganda qovushqoqlik 20,14% ga, 30 dan 40 °C gacha - 17,89% ga, 40 dan 50 °C gacha - 19,43% ga, 50 dan 60
°C gacha - 18,01% ga kamayadi. Neytrallangan nitrat kislotali ekstrakning qovushqoqligi pH ortishi bilan ortadi, bu cho‘kmaga
ko‘proq magniy gidroksidning tushishi bilan tushuntiriladi. O‘rtacha pH ning bir birlikka oshishi bilan qovushqoqlik 2,23 marta
ortadi. Bunda pH ning bir birlikka ortishi bilan nitrat kislotaning 95% nisbatdagi me’yorida qovushqoqlik o‘rtacha 1,85 marta,
nitrat kislotaning 100% nisbatdagi me’yorida - 2,22 marta, 105% nisbatda esa - 2,78 marta ortadi. Neytrallangan nitrat kislotali
ekstraktning reologik xossalarini o‘rganish shuni ko‘rsatdiki, u qoniqarli oquvchanlikka ega, ammo uning holatini yuqori
qgovushqoqlik hosil bo‘lishining oldini olish uchun pH qiymatini me’yorida ushlab turish lozim.

Shunday qilib, soda korxonasining shlamli chiqindilarini nitrat kislotasi bilan maqbul sharoitlarda parchalashda (nitrat
kislotasining me’yori - 100-105%, nitrat kislotasining konsentratsiyasi - 57,5%, jarayon harorati 40 °C, jarayon davomiyligi - 30
min), erimaydigan cho ‘kmani ajratib olgandan keyin, pH = 7-8 gacha ammoniylashtirishda quyidagi tuzli tarkibdagi eritmalar hosil
bo‘ladi, og‘ir. %: Mg(NO3)2-8,26, Ca(NO3)2-48,27, AI(NO3)3-0,08, Fe(NO3)3-0,13, NHaNO3-6,67, CaS04-0,06, NHserkin-1,42.
Olingan eritmani NCaMg-o‘g‘it (tarkibida N - 13,30%, CaO - 16,48%, MgO - 2,23%) va pH = 10,5-11,5 gacha neytarallab
gidroksid ajratib olish mumkin.
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TERPENOIDS, CHEMICAL COMPOSITION OF ESSENTIAL OIL AND ANTIMICROBIAL ACTIVITY OF
FERULA FERGANENSIS ROOT
Annotation

Continuing the study of the chemical composition of the Ferula ferganensis plant, terpenoids were isolated from the root using
silica gel KSC and column chromatography from the chloroform fraction. The sesquiterene esters of three carotenoids were isolated
from the chloroform fraction with a mixture of benzene and ethyl acetate (25:1-6:1) and analyzed hexane fraction by GC and
GC/MS to determine the composition of the volatile ester, and 63 components were identified. This study revealed that the ether
oil of F. ferganensis contains biologically active substances, especially antimicrobial agents.

Key words: Ferula ferganensis; Essential oil; Antibacterial activity; Antifungal activity; KSC, GC-MS.

TEPIIEHOM/IbI, XUMHWYECKHUIA COCTAB 3®UPHOI'O MACJIA U AHTUMUKPOBHASI AKTUBHOCTh
KOPHS FERULA FERGANENSIS
AHHOTaALIUSA

IIponomkas u3ydyeHHe XuUMHYecKoro cocraBa pacteHust Ferula ferganensis, TepmeHoOuWas! ObUIM BBIIENCHBI W3 KOPHS C
ucnosnb3oBanueM cukarens KCX kojoHowyHo# XpomaTorpaduu u3 xyopodopmuol ¢paxumu. CecKBUTEPEHOBBIE Tpex
KapOTHHOWIOB OBUIM BBIICICHBI U3 XJIOpOPOpMHON (pakiuu cMechio OeH30a U dTrianetara (25:1-6:1) u mpoaHaTH3UPOBAHBI
rekcaHoBoi ¢pakiueit ¢ momouipio I'X u I'’X/MC st onpezneneHus cocrtasa JieTydero a¢gupa, 1 Obutd UIeHTHGUIMPOBaHbI 63
KOMITOHEHTa. B Xone maHHOTO mccienoBaHHs OBUIO BBIABIEHO, 4TO 3¢upHOEe Macio F.ferganensis comepkKUT OHMOIOTHYIECKH
aKTHUBHBIE BEIIECTBA, 0COOCHHO AHTUMUKPOOHBIE ar€HTBL

KnroueBnie caoBa: Ferula ferganensis; Ddupnoe macno; AutnbakTepuanbHasi aKTHBHOCTD, [IpOTHBOrprOKOBask aKTHBHOCTS;
KCX, I'X-MC.

FERULA FERGANENSIS ILDIZ QISMINING TERPENOIDLARI, UCHUVCHAN EFIR MOYINING KIMYOVIY
TARKIBI VA MIKROBLARGA QARSHI FAOLLIGI
Annotatsiya

Ferula ferganensis o‘simligining kimyoviy tarkibini o‘rganishni davom ettirib, xloraformli fraktsiyasidan silikagel KSX ustunli
xromatografiya yordamida ildizdan terpenoidlar ajratib olishga erishildi. Xloraformli fraktsiya, benzin va etil asetat aralashmasi
(25: 1-6: 1) da uchta karotenoidning sesquiterpen gatori murakkab efirlari ajratib olingan va uchuvchan efiri tarkibini aniglash
uchun geksan fraktsiyasidan GC va GC / MS tomonidan tahlil gilinib, 63 ta komponent aniglandi. Ushbu tekshirishda
F.ferganensisning efir moyi tarkibida biologik faol moddalar, aynigsa mikroblarga garshi vosita borligi aniglandi.

Kalit so‘zlar: Ferula ferganensis, Efir moyi, Antibakterial faollik, Antifungal faollik, KSX, GC-MS.

Introduction. The medicinal properties of the genus Ferula (Family Apiaceae) have a long history [1]. To date, Ferula
has been traditionally used in many countries to treat stomach pain, flatulence, intestinal diseases, and asthma [2, 3, 4, 5]. Ferula
plants are rich in chemical composition consisting of sesquiterpenes [6], coumarins, and rolsulfanes, which have unique properties
and are highly biologically active [7, 8, 9, 10, 11, 12]. However, for many species, only a few studies have determined their
chemical composition and safety mechanisms. This remains the basis for further research for discovery.

Literature reviews. Literature review: Many scientists have reported more than 180 chemical components, terrenoids,
coumarins, and sesquiterpene coumarins. Recently, many new secondary metabolites have been discovered in the genus Ferula,
which belong to different classes of natural biological changes. The from different biological activities substances anti-
inflammatory and neuroprotective [13]. The chemical compounds of essential oils obtained from different Ferula species have
shown many biological activities. Due to the presence of many biologically active substances, such as antimicrobial, insecticidal,
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antioxidant, cytotoxic, etc., researchers are currently focusing on this area [141]. The chemical compounds of F. ferganensis, the
essential oils extracted from its fraction and the biological activities were investigated for the first time in this study.

Research methodology: Search for biologically active compounds. Determination of the chemical composition of essential
oils in the underground part of F. ferganensis.

Materials and methods

The chemical composition of volatiles of the hexane fraction of the root part of F. ferganensis collected from the Ola-Too
ridge in the Suusamur valley of the Kyrgyz Republic in mid-June 2021 was determined by GC-MS. Gas Chromatography (GC)
and Gas Chromatography-Mass Spectrometry (GC-MS)

The qualitative and quantitative characteristics of the essential oil were determined on an Agilent 5975C inert MSD/7890A
GC-MS (Agilent Technologies, USA). The components of the mixture were adsorbed onto an Agilent NR-INNOWah quartz
column (30 pm x 250 um x 0.25 pm). The GC-MS analytical results were consistent with the literature data [16]. The components
were identified based on the data from electronic libraries. The mixture of n-alkanes (C9-C20) and their interactions with mass
fragments were determined based on the retention time ratio. [16, 17].

Antibacterial activity

The disk diffusion method was used to determine the biological activity of the essential oil against specific strains of
microbes using test strains (B. subtilis-5S, aureus-91, R. aeruginosa-225, E. coli-221, C. albicans-247) [18].

Analysis and results: The essential oil of the underground part of F. ferganensis was analyzed by GC-MS and contained
63 components, accounting for 42.43% of the essential oil. Monoterrene hydrocarbons (5.3%), oxidized sesquiterrene hydrocarbons
(14.74%), and oxidized sesquiterrene (4.62%). Other substances were only (14.74%).

The quantitatively dominant main composition of the essential oil (Fig .1.) p-Anisic acad (4.66%), Verbenone (2.82%),
7,8-Epoxy-.a.-ionone (2.42%), Vanillin (1.20%), Cyclo iso-longifolene, 8,9-dehydro (1.80%), (+)-Valencene (0.95%), o-Cymene
(0.92%), Mentha-1,4,8-triene (0.92%), .a.-Elemene (0.86%), a.-Guaiene (0.90%), .A.-Humulene (0.86%), Widdrene (0.86%),
Aristolan-1(10)-en-9-ol (0.82%),

p-Anisic acid Verbenone 7.8-Epoxy-.a.-ionone Vanillin

fB.-Humulene Widdrene Avristolan-1(10)-en-9-ol

Fig .1. Structural formula of the quantitatively dominant main components of the F. ferganensis essential oil

Table 1.
Qualitative and quantitative composition of essential oil in the root part of F. ferganensis

Constituent RI Content % Constituent RI Content %
1-Butanol 1145 0.56 Ledene 2304 0.34
1,8-Cineole 1327 0.19 (-)-Caryophyllene-(11) 2307 0.36
Acetic acid 1565 0.25 7,8-Epoxy-. a.-ionone 2318 2.42
3-Cyclohexen-1-ol 1588 0.16 4.10(14)-Cadinadien-8. 8.-ol 2326 0.16
(-)-Myrtenal 1601 0.19 Alloaromadendrene 2344 0.45
(1R)-(+)-a-Pinene 1632 0.29 Benzaldehyde,3,4-dimethoxy- 2354 0.28
Mentha-1,4,8-triene 1659 0.91 . f.--Humulene 2366 0.86
Verbenone 1676 2.82 Epiglobulol 2386 0.39
Borneol 1681 0.24 Valencene 2401 0.18
Camphene 1684 0.15 Dehydroaromadendrene 2456 0.48
E-2-Caren-4-ol 1729 0.20 p.-Sitosterin 2477 0.19
Delta-cadinene 1745 0.27 2,4,5-Trimethoxybenzaldehyde 2489 0.22
0-Cymene 1828 0.92 (+)-Aromadendrene 2498 0.62
Phenol 1982 021 Vanillin 2509 1.20
Valerenol 2019 Alloaromadendrene

0.29 2521 0.70
y-Gurjunene 2063 013 Calarene epoxide 2584 0.58
Opreal_ 2095 0.16 Valencene 2610 0.76
Z-a-Copaen-8-ol 2111 017 Widdrene 2617 0.86
Cycloisolongifolene, 8,9-dehydro- 2149 1.80 Vellerdiol 2631 0.38
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y-Elemene 2155 086 Azulene 2641 0.96
Junipene 2167 032 3-Ethoxy-4-methoxybenzaldehyde 2652 0.96
Valencene 2176 0.95 3-Cyclohexen-1-ol 2662 0.85
.y.-Muurolene 2180 0.69 Ledene oxide-(11) 2797 0.44
Aristolan-1(10)-en-9-ol 2185 0.82 p-Anisic acad 2814 4.66

. B.-Selinen 2198 0.14 Falcarinol 2866 0.41
.a.-Gurjunene 2204 0.15 Methylchromone 2065 0.27
.tau.-Cadinol 2110 033 1-(Trichlorosiloxy) cyclohexene 2069 0.27
Dehydroaromadendrene 2217 0.69 1,3-Cyclohexanedione 3072 5.67

. p.-Selinen 2221 027 . B.-Vatirenene 3535 0.49
Naphtalene 2226 0.33 Monoterpene hydrocarbons 5.33

. p.-Vatirenene 2252 0.32 Oxidized monoterpenes 3.0

. a.-Guaiene 2255 0.90 Sesquiterpene hydrocarbons 14.74
4,9-Undecadiyn-1-ol 2291 0.30 Oxidized sesquiterpene 4.62
.a.-Longipinene 2295 0.56 Predominates, and other substances 14.74
Total 42.43%

GC-MS analytical results showed that the hexane fraction of the underground part of Ferula ferganensis was rich in content.

Antimicrobial activity of essential oil. A comprehensive test strain of the essential oil was carried out against selected
test strains. It inhibited the growth of E. coli 12+1.3 mm, B. subtilis 14+1.0 mm, P. aeruginosa 16+0.41; S. aureus 15+1.2; C.
albicans 17+1.3, strains (Fig. 2). It showed highly effective antimicrobial activity (Table 2)

Table 2.
Antibacterial activity of essential oil from F.ferganensis flowers
Sample Inhibition zone diameter (mm)
B. subtilis S. aureus P. aeruginosa E. coli C. albicans
Essential oil 14+1.0 15+1.2 16+0.41 12+1.3 17+1.3
Canamycin 18+0.11 16+0.13 20+0.11 21£0.12 22400
DMSO 6+0.13 5.0+01 5.0+02 9.0+03 8.4+0.14
B8 B. sublilis B8 S. aureus = P. aeruginosa
30 Il E. coli EA C. albicans
E
E
- 20
g
g
=
Z10
£

MsSO

amycin ntial oil

Fig 2. Antimicrobial activity of essential oils of F.ferganensis
The chloroform fraction of the underground part of Ferula ferganensis was separated by silica gel column chromatography,
using a mixture of benzene and ethyl acetate (25:1-6:1). The chemical structure of the isolated compounds was established based
on N, *3C NMR spectral data and comparison with those in the literature. Sesquiterene esters of three carotenoids were isolated

(Fig. 3).

Feruginidin Teferidin Ferutinol

Fig. 3. Substances derived from the plant Ferula ferganensis

Conclusion. The chemical composition of the hexane fraction of the root of F. ferganensis was studied for the first time
by GC-MS.

F. ferganensis showed broad-spectrum activity against selected test strains. For the first time, its antimicrobial activity was
studied.

Feruginidine, teferidine, and ferutinol were first time isolated from the root of the Ferula ferganensis plant.
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SYNTHESIS OF CARBON DOTS BASED ON CHITOSAN AND UREA
Annotation
Carbon dots (CDs) are one of the latest representatives of luminescent carbon nanomaterials. Due to their high solubility and
stability, biotechnological compatibility, and low toxicity, carbon dots have attracted the attention of researchers. Their applications
in various fields, such as sensors, photocatalysis, corrosion inhibitors, and solar panels, make them economically and
technologically significant. In this study, carbon dots were synthesized using chitosan and urea through the hydrothermal method.
The effects of pH, time, and temperature on the synthesis process were investigated. Particle size was thoroughly analyzed using
the NKT-N9 Nano Particle Sizer and Transmission Electron Microscopy (TEM).
Key words: chitosan, urea, hydrothermal method, carbon dots, TEM, nano sizer.

CHUHTE3 YIJIEPOJHBIX TOYEK HA OCHOBE XUTO3AHA 1 MOYEBUHbI
AHHOTALUSA

VYraeponusie Toukn (CDs) SBISIOTCS OAHIME U3 HOBEHIMX MPEACTaBUTENICH TIOMIHECIIEHTHBIX YTIepPOAHBIX HAHOMATePHAIIOB.
Bnaromapst MX BBICOKOM pPAacTBOPHMOCTH M CTaOMIBHOCTH, OMOTEXHOJIOTHMYECKOH COBMECTHMOCTH M HU3KOH TOKCHYHOCTH,
YIJIepOJIHbIE TOYKH TIPHBIEKAIOT BHUMaHHE HccienoBarenied. VX mpuMeHeHHe B pa3MUyHBIX 00NacTsAX, TaKMX KaK CEHCOPBI,
(oTokaTanu3, HHTHOUTOPBI KOPPO3UH U COJTHEUHBIE NTAHEINH, JIeJIaeT UX IKOHOMUYECKH U TEXHOJIOTUYECKH 3HAaYMMBIMU. B TaHHOM
WCCIIE/IOBaHUHU YIJIEPOJIHbIE TOYKH OBUIM CHHTE3UPOBAHBI W3 XMUTO3aHA M MOYEBHHBI C HCIIOJIb30BAaHUEM THAPOTEPMAaIbHOTO
Mmerona. McciemoBaHo BiusHHE pH, BpeMeHM W TemIlepaTypbl Ha THpoliecC CHHTe3a. Pa3Mep wactuil OBUI JI€TAIBHO
MIPOAaHANU3UPOBAH C moMonIbio Hanodactuiemepa NKT-N9 u TpancMuccnoHHOH 31ekTpoHHOH MuKpockonny (TEM).
KuiroueBble c10Ba: XUTO3aH, MOYEBHHA, THAPOTEPMAIIBHBII METO, YIIepOAHbIE TOUKH, | EM, HaHOpa3MepHBIH aHAIN3aToP.

XITOZAN VA MOCHEVINA ASOSIDA UGLEROD NUQTALARINI SINTEZ QILISH
Annotatsiya

Uglerod nugtalar (CDs) lyuminestsent uglerod nanomateriallarining so‘nggi vakillaridan biridir. Ularning yuqori eruvchanligi va
barqarorligi, biotexnologik mosligi va past toksikligi tufayli uglerod nugtalar tadgiqotchilarning e’tiborini tortmoqda. Sensorlar,
fotokataliz, korroziya ingibitorlari va quyosh panellari kabi turli sohalardagi qo‘llanilishi ularni iqtisodiy va texnologik jihatdan
muhim qgiladi. Ushbu tadgigotda uglerod nugtalari xitozan va mochevinadan gidrotermal metod orqgali sintez gilindi. Sintez
jarayoniga pH, vaqti va haroratning ta’siri o‘rganildi. Zarralar o‘lchami NKT-N9 Nano zarralar o‘lchagichi va transmissiya elektron
mikroskopiyasi (TEM) yordamida batafsil tahlil gilindi.

Kalit so‘zlar: xitozan, mochevina, gidrotermal metod, uglerod nuqtalari, TEM, nano o‘Ichagich.

Introduction. Carbon dots (CDs) have attracted significant attention due to their unique ultraviolet fluorescence properties
and outstanding performance in various applications, such as cellular labeling materials, corrosion inhibitors, and heavy metal
sensors. CDs are characterized as zero-dimensional carbon nanoparticles with quasi-spherical shapes, optical activity, and particle
sizes ranging from 1 to 100 nm. Furthermore, CDs stand out among most nanomaterials due to their unique properties, including
biocompatibility, photoluminescence, chemical stability, enzyme-mimicking behavior, surface functionality, hydrophilicity, and
simple synthesis methods. Numerous studies have explored the synthesis of CDs from various natural and waste materials,
including chitosan, an aminopolysaccharide derived from marine waste with excellent potential as a carbon source [1-5]. Chitosan
is obtained from chitin, a nitrogen-rich biopolymer found in crustaceans and insects. It is the second most abundant natural polymer
after cellulose, with approximately 101°—10"! tons of chitin regenerated annually for chitosan production. Besides its economic and
renewable nature, chitosan offers additional advantages, such as high nitrogen content and multiple functional groups, including
acetamido, amino, and hydroxyl groups. Carbon dots derived from chitosan have been widely applied in various fields, such as
corrosion inhibition in the chemical industry, pollutant detection, active food packaging, biosensing, and bioimaging. In this study,
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carbon dots were synthesized using the hydrothermal method with chitosan and urea as precursor materials. The hydrothermal
technique is one of the most commonly used methods for CD synthesis due to its affordability, eco-friendliness, and ease of
controlling parameters such as temperature and reaction time. During the synthesis process, chitosan - alone or in combination with
other precursors - is typically dissolved in water or acetic acid solution and transferred to a Teflon-lined stainless steel autoclave
[6-9]. The stainless-steel reactor must be adequately sealed and heated at moderate temperatures (below 220°C) under autogenous
pressure. After the reaction is completed and the system cools to room temperature, the obtained product is collected, separated,
and purified. Researchers have reported various purification techniques, including filtration, centrifugation, and dialysis, or
combinations of these methods. Finally, the resulting CD solution is either stored in a refrigerator or freeze-dried to obtain solid
samples for further applications or characterization [10-15].

Required Reagents. chitosan, urea, sodium hydroxide, acetic acid

Synthesis: For the synthesis of carbon dots based on chitosan and urea, chitosan (95%, Yuwi Jinchi Cosmetics Co Ltd.,
China) is first dissolved in 100 mL of 4% CHsCOOH (acetic acid) solution. The chitosan is thoroughly dissolved, and an equal
amount of wurea is added to the solution. The pH of the solution is then adjusted to
pH = 9 by adding 0.1N NaOH. The mixture is stirred for 15 minutes and then subjected to ultrasonication for an additional 15
minutes. Finally, the reaction is carried out using the hydrothermal method at 180°C for 4 hours (1-picture).

Urea

1-picture. Synthesis stages
After the reaction is complete, it is cooled to room temperature. The obtained chitosan and urea carbon dots are purified in
several stages. Initially, they are centrifuged (13000 r/m for 15 minutes), filtered, and then dialyzed for 72 hours to obtain the
carbon dots in a pure solution. In the next stage, they are dried at 40°C, and the carbon dots in dry form are obtained. The dry
carbon dots are stored in the refrigerator (2-picture).
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2-picture. Synthesis of carbon dots: (a) hydrothermal reactor, (b) carbon dots solution, (c) dry carbon dots.

Analysis of results. The best product was tested for particle size using the NKT-N9 Nano Particle Sizer, and it was found
that the particle size ranged from 1 to 100 nm (3-picture).

NKT

NKT-N9 Nano Particle Sizer Analysis Report

|,

Disetrn]

3-picture. Analysis of chitosan urea-based carbon dots obtained using the NKT-N9 Nano Particle Sizer.
The size of the chitosan and urea-based carbon dots was examined using transmission electron microscopy (TEM). It was found
that the obtained carbon dots had sizes 01: 20 gpd 50 nm (4-picture).
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4-picture. Analysis of chitosan urea-based carbon dots obtained using transmission electron microscopy (TEM).

Conclusion. The particle size in the synthesis of carbon dots was found to be dependent on temperature and time. It was
observed that 180°C for 4 hours provided optimal conditions and stability. By modifying chitosan with urea, the particle size was
checked using TEM and found to be 20 and 50 nm. The obtained chitosan urea-based carbon dots are stable, inexpensive,

environmentally friendly, non-toxic, and dissolve well in water.
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