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TIOKARBAMID, FORMALDEGID, LIMON KISLOTASI ASOSIDA OLINGAN
KATIONITNING REAKSION QOBILIYATINI KVANT-KIMYOVIY
HISOBLASH NATIJALARI
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Annotatsiya. Hozirgi kunda issiglik va atom elektrostansiyalari, kimyoviy ishlab chigarish, radiotexnika
va elektrotexnika sanoatida, mashinasozlik, IES, AES, ozig-ovgat va farmasevtika sanoatida jadal
rivojlanmogda. Shunday ekan, kationitlarga bo ‘Igan talab homon ortmoqda. Dunyo miqgyosida tanlab
ta’sir etuvchan, teskor va ekspress kompleks hosil giluvchi kationitlar olishda tarkibida azot hamda
oltingugurt bo ‘Igan kationitlarni organik polimer va mineral matritsalarga immobillashga yo ‘naltirilgan
ilmiy-tadqiqot ishlari yo ‘Iga qo ‘yilgan. Ushbu ishda oqova suvlarni zararli va og ‘ir metallardan tozalash
uchun samarali kationit sintezi hamda Tiokarbamid, formalin va vino Kislotasi asosidagi kationit
molekulasining reaksion qobilyatini kvant-kimyoviy hisoblash dasturlari Avogadro, Hyper Chem 8.01,
Asselrys MS Modeling 3.0.1 cheklangan Semi-empirical (UHF) usuli orgali, SCF-MO qo ‘llagan holda
yarim empirik AM1, MNDO, PM3, RM1 va MINDO3 metodi bilan Intel Pro Pentium 1.40 GGs
kompyuterida hisoblashlar olib borildi. Natijalar shuni ko ‘rsatadiki tiokarbamid, formalin hamda limon
kislotasi ishtirokida sintez gilingan kationitning sorbsiya sig ‘imi yugori hamda asosan Cu®* , Ni* , Zn%*
ionlari uchun samarali ekanligini ko ‘rish mumkin.

Kalit so‘zlar: Kationit, sorbsiya sig‘imi, tiokarbamid, formalin, limon kislotasi, kvatn-Kimyoviy
hisoblash.
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THOKAPBAMUMIA, ®OPMAJIBJETUIA, JUMOHHOMN KUCJIOTHI

Mymunoesa llaxnosza Mykymosa I'ynveap Typaes Xaum Kacumoe Illep300

Hopmaxammaoosna Jcymaesena Xyooiinazapoeuu A6oy3ouposuu
Tepmesckutl 2ocyoapcmeeHnmblil PhD, ooy. Tepmesckuii Hormop xusueciuux Hayf ’ Hormop xurieckux Hayz( ’
. npogheccop. Tepmesckuil npogheccop. Tepmesckuii

yuusepcumem, Tepmes, 20CY0apcmeeHHblll yHugepcumenn, N N
20CY0apcmeeHHblll yHugepcumenn, 20CY0apcmeeHHblll yHuepcumenn,
Vsbexucman Tepmes, Vzbexucman
Tepmes, Vsbexucman Tepmes, V3bexucman

Annomayua. B Hacmoswee 6pems OH AKMUGHO pA36UBAemcsi HA MENI08bIX U AMOMHbIX
INEKMPOCMAHYUAX, 6 XUMUYECKOM NPOU3BOOCMBe, 6 DAOUOMEXHUYECKOU U INeKMPOMeXHUUecKou
npomviuiieHHocmuy, — mawuHocmpoenuu, 6 IES, AJC, nuweeou u  papmayesmuuecko
npomvlunenHocmu. Ilosmomy cnpoc Ha KamuoHuml nocmosanHo pacmem. Llpu nonyuenuyu KAMUOHUMO8

KIMYOVIY TEXNOLOGIYA VA QURILISH Www.srt-journal.uz
XUMHWYECKASI TEXHOJIOTHSI U CTPOUTEJIHCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION 192


http://www.srt-journal.uz/
mailto:mominovashahnoza24@gmail.com
mailto:gulvarmuqimova@gmail.com
mailto:hhturaev@rambler.ru
mailto:qosimovsh@tersu.uz

SANOATDA RAQAMLI TEXNOLOGIYALAR
OUPPOBBIE TEXHOJIOI'MA B ITPOMBIIIVIEHHOCTH
DIGITAL TECHNOLOGIES IN INDUSTRY

(E) ISSN: 3030-3214
Volume 3, Ne 2
2025

Komopble u3oupamenbHO 8030€liCmEYION HA OKPYICAIOWYVIO Cpedy, NpOoU38o0sim KOMHIEKC tescor u
9Kcnpecc, Obliu NpoGedeHbl UCCIe008ameNbCKue pabomsl, HANPABIEHHble HA UMMOOUIUIAYUIO
KamuoHUmos, cooepicawmjux azom u cepy, 8 Op2anuyecKue noauMepHvle U MuHepaibHvle mampuysl. B
amotl pabome paccmampugaemcs 3Qpekmuenvlll Cunme3 KAMUOHUMA O OUUCIIKU CIOYHBIX 800 OM
BDEOHbIX U MANCENbIX MEMAlI08 U KEAHMOBO-XUMUYECKUE pacyemvl peakyuoHHOU CHOCcoOHOCmU
MONEKYIbl KAMUOHUMA HA OCHO8e MUOKapoamuod, GOpMAIuHa U BUHHOU KUCIOMbL C NOMOULIO
Avogadro, Hyper Chem 8.01, Asselrys MS Modeling 3.0.1 oepanuuenubvim noaysmMnupuseckum memooom
(UHF), nonysmnupuueckozo AMI. 6viiu nposedensvt pacuemol ¢ ucnoavzosanuem memodos SCF-MO,
MNDO, PM3, RM1 u MINDO3 na komnviomepe Intel Pro Pentium 1.40 GGs. [lonyuenuvie pesyromamol
CBUOEMENbCMEYIOM O MOM, YMO KAMUOHUM, CUHME3UPOBAHHbIU 6 NPUCYMCMEUU MUOKApOamuoa,
Gopmanuna u MUMOHHOU Kuciomsl, 001a0aem 8biCOKOU COPOYUOHHOU CNOCOOHOCIbIO U dhpexmuser 6
nepsyio ouepeds oz uonos Cu?*, Niz*, Zn>*,

Knioueswte cnoea: kamuonum, copoOyUOHHASA EMKOCIb, MUOKAPOAMUO, YOPMANUH, TUMOHHAS KUCTIOMA,
KOIUYECMBEHHO-XUMUYECKUL paciem.
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Abstract. Currently, it is rapidly developing in the heat and nuclear power plants, chemical production,
radio engineering and electrical engineering industries , mechanical engineering, IES, AES, food and
pharmaceutical industries. Therefore, the demand for cationites is growing homon. In obtaining
cationites that selectively affect the world, produce a tescor and an express complex, research work has
been carried out aimed at immobilizing cationites containing nitrogen and sulfur into organic polymer
and mineral matrices. In this work, effective cationite synthesis to purify effluents from harmful and heavy
metals and quantum-chemical computational applications of reactivity of a Thiocarbamide, formalin,
and vino acid-based cationite molecule via Avogadro, Hyper Chem 8.01, Asselrys MS Modeling 3.0.1
limited Semi-empirical (UHF) method, semi-empirical AM1 using SCF-MO, MNDO, PM3, RM1, and
MINDO3 method with Intel Pro Pentium 1.40 GGs computer calculations were made. The results
suggest that cationite synthesized in the presence of thiocarbamide, formalin , and citric acid has a high
sorption capacity and can be seen to be effective primarily for Cu?*, Ni?*, Zn?* ions.

Keywords: Cationite, sorption capacity, thiocarbamide, formalin, citric acid, quatn-chemical
calculation.

Kirish. Mualliflar tomonidan keltirilgan ush-
bu ishda turli funksional guruhlarga ega, shu
jumladan aminofosfoniklarga ega bo‘lgan kuchsiz
kislotali kation almashtirgichlarda namunaviy erit-
malardan indiy, temir (Ill) va rux ionlarining
sorbsiya kinetikasi o‘rganilgan. Sorbsiya jarayoni-
ning aralash diffuziya rejimi o‘rnatilgan, bu
ko‘rinadigan faollashuv energiyasining qiymatlari
bilan tasdiglangan. Tashqgi va ichki diffuziyaning

diffuziya koeffitsientlari va tezlik konstantalari hi-
soblab chiqilgan. Kimyoviy o‘zaro ta'sir bosqi-
chining hissasini aniglash uchun psevdo-birinchi va
psevdo-ikkinchi tartibli modellar qo‘llanilgan [1-5].

Mualliflar tomonidan keltirilgan ushbu ishda
5% karbamid eritmasi bilan ishlov berilgan gara-
g‘ay po‘stlog'ining og‘ir metallar Cu(Il), Ni(Il),
Zn(II) va Pb(Il) bilan bog‘liq sorbsion xossalari
o‘rganilgan. Tozalangan qobig‘i yuqori sorbsion
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xususiyatlarga ega va ishlov berilmagan po‘st-
log‘iga nisbatan bir necha barobar ko‘proq metal-
larni saglashi aniglangan. Langmuir va Freundlix
sorbsiya izotermalarining parametrlari olingan.
Po‘stloq va karbamid o‘rtasidagi o‘zaro ta'sirning
mumkin bo‘lgan mexanizmlari va karbamid erit-
masi bilan ishlangan po‘stlog'ida metallarning
adsorbsiyasining  kuchayishi sabablari ko‘rib
chigilgan [6].

Ushbu maqolada yangi turdagi kationit -
modifikatsiyalangan zeolitlarda og'ir metallar ion-
larini  sorbsiyalash jarayonining fizik-kimyoviy
tahlilidan olingan ma'lumotlar keltirilgan. Og'ir
metallar ionlari adsorbsiyasidan so‘ng Xolinskoe
konidan olingan modifikatsiyalangan zeolitning 1Q
spektrlari o‘rganilgan. O‘rganilayotgan namuna-
larning energiya-dispersiv spektrlari olingan, bu
kationitning ushbu turida og‘ir metallar ionlarining
sorbsiyasi faktini tasdiglashi aniqlangan. O‘zgar-
tirilgan organosilikon birikmalari bilan metallni
adsorbsiyalash mexanizmlari aniglangan. Kationit
regeneratsiyasidan keyin uning yuzasida rux va
nikel ionlarining yo‘qligi isbotlagan [7].

Adabiyotlar tahlili va usullari. Rangli va
nodir metallarni ajratib olish uchun melamin,
formalin va dikarbon kislotalar tarkibida azot va
kislorod saglagan xelat hosil giluvchi kationitlar
sintez qilindi. Sintez gilingan kationitning magbul
sharoitlari o‘rganib chiqildi va kationitlar tarkibi-
dagi moddalarning tuzilishi va fizik-kimyoviy
xossalari o‘rganildi. Polikondensatlanish reaksiya-
larining muqobil harorati sifatida 120°C tanlab
olinib, 2,5-3 soat davomida bir tekis reaksiya olib
borildi, natijada NaOH ning 0,1 n eritmasida
almashinish reaksiya sig‘imi eng yaxshi natija 4,0
mg-ekv/g ni tashkil gildi. melamin, formalin va
dikarbon Kkislotalardan 1:3:1,5 nisbatlarda olinib
sintez gilingan kationitlar eng yaxshi ko‘rsatgichga
ega bo‘ldi. Raman spektroskopiya va kvant-kim-
yoviy xususiyatlari o‘rganildi. Sintez qilingan katio-
nitning monomer a’zosining elektron tuzilishi AM-
1, PM3, MNDO va RM1 kvant-kimyoviy yarim
empirik usul yordamida o‘rganildi. Ligadlarning
strukturasi va ularning Cu (1), Zn (1), Ni (11) ionlari
bilan koordinatsion birikma hosil gilganligi tad-
giqotlar natijalariga ko‘ra aniqlanadinatijalariga
ko‘ra kationitlar tuzilishi taklif qilindi.

Tajribaviy gism: Ushbu Kkationitni sintez
gilishda gaytar sovutgich va avtomatik aralashtir-

gich bilan jihozlangan uch og‘izli kolbaga 1,52
g(0,02 mol) tiokarbamid 4 ml(0,05 mol) formalin
eritmasida eritib olindi so‘ngra ammoniy gidroksid
eritmasidan tomizib H=8-9 ga yetkazildi. 70-80 °C
haroratda cho‘ziluvchan massa hosil bo‘lganda
jarayon to‘xtatildi. Hosil bo‘lgan smolasimon
aralashmaga 5 ml ammoniy gidroksiddagi eritma-
sida 1,92 g(0,01mol) 2-gidroksi-1,2,3-propantrikar-
bon kislotani eritib aralashtirib olindi. Tempratura
110-140°C ga yetganda gattig massa hosil bo‘lga-
nini kuzatildi. So‘ngra massa chinni kosachaga
olindi. Sintez gilingan mahsulot quritish shkafida 20
soat mobaynida 100°C da quritib olindi. Mahsulot
maydalanib, tarkibidagi qo‘shimchalardan tozalash
uchun dastlab NaOH ning 5% li eritmasi bilan
keyin, neytral holga kelguncha distilllan suv
yordamida qayta gayta yuvib olindi. Jarayon
so‘ngida mayda g‘ovaklardan iborat bo‘lgan oq
rangli mahsulot hosil bo‘ldi. Reaksiya unumi 92 %.

Amalga oshirilgan tadgiqotlar natijalariga
ko‘ra, olingan TKFV kationitning sintez reaksiyasi
quyidagicha ifodalanishi mumkin:
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1-rasm. TKFV kationitining sintez reaksiyasi:
tiokarbamid, formaldegid va limon kislotaning
bosqichli polikondensatsiyasi.

Natijalar tahlili. Tiokarbamid, formalin va
limon kislotasi asosidagi kationit molekulasining
reaksion qobilyatini kvant-kimyoviy hisoblash
dasturlari Avogadro, Hyper Chem 8.01, Asselrys
MS Modeling 3.0.1 cheklangan Semi-empirical
(UHF) usuli orgali, SCF-MO qo‘llagan holda yarim
empirik AM1, MNDO, PM3, RMlva MINDO3
metodi bilan Intel Pro Pentium 1.40 GGs kom-
pyuterida hisoblashlar olib borildi. Molekula
geometriyasini  optimallashtirish  Polak-Ribiere
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(Conjugate gradient) algoritmini qo‘llagan holda
amalga oshirildi. Ushbu metodlar molekulaning
umumiy energiyasini va molekulyar orbitallarning
elektron zichliklarini, hamda o‘rganilayotgan mole-
kulaning geometrik optimizatsiyasini amalga oshi-
rish imkonini yaratdi.

koordinatsion bog® bilan bog‘lanib 2 ta to‘rt, 2 ta
besh va 4 ta olti a’zoli xelat turdagi komplekslarni
hosil gilishi mumkinligidan dalolat beradi.
2-jadval
Kationit molekulalaridagi donor atomlarning
effektiv zaryadi giymatlari

Muhim hisoblanadigan elektron xarakteris- AML, | MNDO, RM1, | MINDO3,
. .. . o . Atomlar oV oV PM3, eV oV Ry,
tikalardan biri bu Malliken bo‘yicha atomlardagi
effektiv zaryadlar (CHARGES) va sistemaning TKFL
to‘liq energiyasidir (TOTAL ENERGY) (3.15- 8 Olco) | 0337 0336 0312 0351 0487
jadval). !
o _ ) _1-jadv_al 5qu<~> 0,289 | -0417 | -0,063 -0,437 -0,184
Kationit molekulalari donor atomlaridagi effektiv
zaryad tagsimoti 8S'cs | -0456 | -0388 | 0493 | -0521 -0,613
Hisoblas TKFL 8 O'owy | 0,337 -0,340 -0,307 -0,350 0,485
h usuli q
6qNZ<N> -0,302 -0,443 0,033 -0,463 0,218
6qN3<N> -0,259 -0,364 -0,005 -0,410 0,238
AM1
5q32<c=s> -0,601 0,516 0,573 -0,655 -0,680
squ(NH) 0,276 0,270 0,046 -0,430 -0,170
801((:_0_
MNDO a 0,272 -0,320 0,227 -0,282 -0,506
C)
5q01<c:o) -0,424 -0,420 0,453 -0,445 -0,661
5q02<o-H> -0,304 -0,308 0,291 -0,309 -0,491
PM
3 5q03<o-H> -0,301 -0,290 -0,329 -0,352 0,533
5q02<c=o> -0,279 -0,285 0,312 -0,307 -0,517
8 O%c=0) | -0,319 0,322 -0,353 0,329 0,552
RM1 !
5q02<c-o> -0,278 -0,276 -0,262 -0,296 0,512
y y . g -4803,1988
E 4732,9594 | 4726,7814 | 4755,0919 | 3366,8973 ;
(kealimol) | (kcal/mol) | (kcalimol) | (kcal/imoty | (Kca/mol)
MINDO3 Muhokama. Tiokarbamid, formalin, 2-
gidroksi-1,2,3-propantrikarbon kislota asosidagi
kationitning HOMO dagi elektron zichligi triazin

Kvant-kimyoviy beshta yarim empirik metod-
lar natijalariga ko‘ra xulosa qilib shuni aytish
mumkinki, tiokarbamid, formalin va vino kislotasi
asosidagi kationit molekulasida manfiy effektiv
zaryadining yugori giymatlari C=0, C=S,C-O-C,
triazin xalgadagi azot va ikkilamchi amin N-H
guruhlaridagi kislorod, oltingugurt va azot atom-
larida ekanligi ushbu atomlarning metall bilan

xalgadagi azot guruhlaridagi kislorod va azot
atomlarida hamda C=0, C=S, C-O-C atomlarida
joylashgan (3.26-rasm). Shu sababdan ham tiokar-
bamid, formalin, 2-gidroksi-1,2,3-propantrikarbon
kislota asosidagi kationit kuchli maydon hosil giladi
va Pirsonning “qattiq va yumshoq kislotalar va asos-
lar” prinsipiga ko‘ra, -O-, -C=0, C=S guruhi va tria-
zin halgasidagi azot atomlari spektator kationit
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sifatida ragobatlashadi. Natijada oraliq Kislotalar
Cu(I), Ni(I1), Zn(INbilan triazin halgasidagi azot
atomlari hamda -O-, C=S, va -C=0 guruhi 2 ta to‘rt,
2 ta besh va 4 ta olti a’zoli mustahkam xelat xalqali
komplekslar hosil giladi. Ushbu kompleks birik-
malar metall ioni orbitallida bo‘linish energiyasi
yuqori bo‘lganligi sababli past spinli kompleks
birikmalar hisoblanadi.

Olib borilgan tadqgiqotlar natijasiga ko‘ra 1Q-
va kvant-kimyoviy tadqiqotlar natijalariga ko‘ra,

Xulosa. Ushbu tadgiqotlar natijasiga ko‘ra
o‘rganilayotgan kationitlarning Olib  borilgan
tadqgiqotlar natijasiga ko‘ra o‘rganilayotgan katio-
nitlarning geometriyalari Avogadro dasturidan foy-
dalanib hosil gilingan va GaussView 6.0.16 das-
turiy ta’minotidan foydalanib Molekula tuzilishlari
optimizatsiyalari gaz fazasidagi izolyatsiyalangan
molekulalar uchun Li - Yanga- Parra korrelyatsiya
funksionalli (B3LYP) va 6- 311 G (d, p) bazislari
bilan DFT metodida olib borildi.

Cu(Il), Zn(I) va Ni(ll) ning TKFL Kkationitning

C R
bitta monomeriga nisbatan hosil gilgan kompleks :ﬁi‘ S O ‘
- a . ags - - - - - - 254 21 g% ‘Iﬁ_u“..i, o, 7e,.ns p \
birkmasining tuzilishi quyidagicha ifodalanishi o e S RG iGN ' (G

mumkin:

HOMO = -3,197 eV LUMO = 2,139 eV

oo 00 Y NS 3-rasm. TKFL da zaryadning atomlarda
A e T tagsimlanishi va chegaraviy orbitallarning
L @ ik lokallashuvi.
T \‘.\ |

2-rasm. TKFL kationit asosida Cu(ll), Zn(ll) va
Ni(Il) ionlari bilan hosil bo ‘lgan koordinatsion
komplekslarning taklif etilgan molekulyar modeli
(1Q-analiz va kvant-kimyoviy hisob-kitoblar
asosida).

FOYDALANILGAN ADABIYOTLAR RO‘YXATI

1. Vcombues A. B. u ap. Kuneruka copOuuu MOHOB MHAMS, )Kejle3a U IUHKA CIa00KHCIOTHBIMU
katnonuTamu //CopOumonHbsie U xpomarorpaduyeckue npomeccel. — 2015. — T. 15. — Ne. 5. — C.
720-729.

2. Cpru H. B. u ap. CopOumsi MOHOB TSDKENBIX METANIOB AKTHBHBIMH YTJISIMH, TTOJYYEHHBIMHU
XUMHUYECKHM aKTUBUPOBAHMEM KU3UJIOBOW KOCTOUKHM //XiMmis, (pi3vKa Ta TEXHOJIOTis MOBEPXHI. —
2011. - T.2.—Ne. 2. - C. 213-218.

3. Boitnomnukos I'. U., Boitnomuukosa H. C., beiBanbues A. B. CopOuust naHuHBIX KOMILIEKCOB
METaJUIOB aKTUBHBIMH yriisimu //L[BeTHbIe MeTaitsl. — 2010. — Ne. 7. — C. 29-32.

4. Cymmunckas H. B., Kypuenko B. I1. CopOrust TSHKENBIX METAIOB METAHUHOBBIMH ITUTMEHTAM pPsijia
JiepeBOpa3pyIarImux rpuoos //Teopetndeckas u npukiagaaas sxoorus. — 2019. — Ne. 4. — C. 83-
87.

5. AunekceeBa A. A., lllaiixues U. I'., Crenanosa C. B. Ouncrka BoJ OT HOHOB TSDKEJIBIX METAJIOB
61oCcOpOLMOHHBIMU MaTepHalaMHi Ha OCHOBE OT1ajia TMCTBEHHBIX AepeBbeB //M3Bectust Y pumckoro
Hay4yHoro nnentpa PAH. — 2015. — Ne. 3. — C. 19-30.

6. XoxotBa A. Il. AncopOuus TSXKEJIbIX METANIOB COPOSHTOM Ha OCHOBE COCHOBOM KOpPBI //XuUMUs 1
texroorus Boael. — 2010. — T. 32. — Ne, 6. — C. 604-612.

KIMYOVIY TEXNOLOGIYA VA QURILISH
XUMHNYECKAS TEXHOJIOI'USI U CTPOUTEJBCTBO
CHEMICAL TECHNOLOGY AND CONSTRUCTION

Www.srt-journal.uz

196


http://www.srt-journal.uz/

