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AHHOTAIUA

C 1enpIo Moy4YeHusl HOBBIX MaJIOTOKCHYHBIX JIe()OJIMaHTOB Ha OCHOBE 0TX0/10B KyHrpajckoro conoBoro 3aBona u
cynb(aTHOM coM aMHHOTYaMU/IMHA IIPOBEICHO HCCIIEI0BaHNE 110 TIOBBIIICHHIO COJICPIKaHMS XJI0paTa KaJbLUsl B COCTaBE
OTXO0/I0B, KOTOPBIE B JATBHEHINIEM CITY KHIIH CBIPBEM B IIPOIIECCe MOTyUeHHsT MATKOIEHCTBYIOIIETO BEICOKOA(()EKTHBHOTO
e OIMaHTHOTO cocTaBa. /|1 OIEHKH TOKCHYHOCTH Tperapara ObUIM MCTIONB30BaHBI Oellble KPBICHI U OeJble MBIIIH,
CeroJeTKH ca3zana. Ha 0CHOBe MOTy4eHHBIX JaHHBIX, C/IEJIaH BBIBOJL O TOM, UTO I€(OTMAHTHBIN COCTAB OTHOCHTCS K MAJIOTOK-
CHYHBIM TI0 OTHOIIEHUIO K TETUIOKPOBHBIM KMBOTHBIM H TIpeTiapaT MOXKET IPIMEHSATHCS B arpOTEXHOJIOTHSIX, B YaCTHOCTH, B
XJIOMKOBO/JICTBE.

Bubmmorpaguueckoe onucanue: [IOJIYUYEHUE 1 SKOJIOTI'O-TOKCUKOJIOTMYECKA A OLUEHKA JEDOJIMAHT-
HOI'O COCTABA // Universum: XuMusi U OHOJIOTHS : 3JCKTPOH. HAay4H. )KypH. AMuHOB 3. [u ap.]. 2022. 3(93).
URL.: https://7universum.com/ru/nature/archive/item/13169
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ABSTRACT
In order to obtain new low-toxic defoliants based on the waste of the Kungrad soda plant and the sulfate salt of
aminoguanidine, studies were carried out to increase the content of calcium chlorate in the composition of the waste, which
later served as a raw material in the process of obtaining a mildly effective highly effective defiling composition. To assess
the toxicity of the drug, white rats and white mice, under yearlings of carp were used. Based on the data obtained, it was
concluded that the defoliating composition is low-toxic for warm-blooded animals and the drug can be used in cotton growing.

KiroueBble ciioBa: ):[e(l)OJ'II/IaHT, JACCHUKAHT, OTXOAbl COAOBOI0O IMPOU3BOJICTBA, cyan)aT aMHUHOTI'yaHuJnHa, TOKCUKO-
JIOTHUecKasi OIIeHKa, IpeienbHo nonyctuMas konuentpauus (I1IJIK) neransnas goza (JI).
Keywords: defoliant, desiccant, soda production waste, aminoguanidine sulfate, toxicological assessment, maximum

allowable concentration (MAC), lethal dose (LD).

[MoxroToBka XIJIOMYaTHWKA K MAaIIMHHOMY COOpY
ypo2Kasi XJIOIIKa-ChIpIia TpeOyeT NPIMEHEHNS XUMUIECKIX
mpernapaToB, Has3bBaeMbIXx acedommantamu [1]. s
YCIIEIITHOTO PELIEHUs 3TOH 3a7a4y 0 UCKYCCTBEHHOMY
yIAJICHUIO JIMCTHEB XJIOMYaTHHKA, HEOOXOJUMO MMETh
KOHIICHTPUPOBAHHBIC [0 aKTHBHOMY BEIIECTBY BBICOKO-
s dexTrBHBIC AePOTHAHTHI, 00CCTICUMBAIOIINE OMAICHHS
muctheB 10 80-90% 3a omHy 00pabOTKYy NMpH HHU3KHX
HOpMax pacxoja pabouero pacTBopa, JEHCTBYIOIIUC
“MSTKO” (C BRICOKOH J0JIeH BRICOXIIHX JINCTHEB) HA pac-
TEHUS U, TIPH TOM, HE CHIDKAs YPOKaWHOCTH XJIOTIKA-
CBIPIIA ¥ KAYECTBO XJIOIIKOBOTO BOJIOKHA, O€3 MOBBIIICHHS
UX 3aCOPEHHOCTH.

OnanM U3 HarOolee BaKHBIX TPpeOOBaHMUH, TIPETbsIB-
JSIEMBIX K Ae(OoJMaHTaM, SBISETCS UX JKOJIOTMYecKas
0€30MacHOCTh C TOYKU 3PEHHUSI OXPaHbl OKpPYKaromen
cpenbl [2]. TloTpeOHOCTD CENbCKOXO3SHUCTBEHHOU OT-
paciaM arponpOMBIIUIEHHOIO KoMIuiekca PecryGnuku
V30ekuctaH B Takux Je(OJMAaHTaX COCTABJISAET
60-70 TbICAY TOHH €KETOIHO.

B Hacrosimee BpeMs B Halllel cTpaHe | 32 pyOe:koM
pa3paboTaHbI U IPUMEHSIOTCA Psi 1e(hOTNAHTOB, TAKIX
KaK XJIOpaT MarHus, XJIOPaT-XJIOpHI KaIbIUI U XJI0paT
HaTpusi. OTHAKO, HEOOXOIUMO OTMETHUTD, UTO TH Ie(O-
JUAHTHI HE MOTYT YAOBJICTBOPUTH MOTPEOHOCTH XJIOTI-
KOBOJICTBA BBHJY MX HEJJOCTATOYHOU 3PPEKTHBHOCTH B
Pa3MYHBIX  MOYBCHHO-KIMMATHYCCKUX  YCIOBHUSAX,
“WKECTKOCTHIO” IEMUCTBHSI HA JIMUCTHS (IOJIST CYXOH JINCTBBI
okoso 8-9%) xmomuatHuka [3]. [TosToMy cosnmanue
HOBBIX MAaJOTOKCUYHBIX, ACHIEBBIX, dPPEKTHUBHBIX U
MSTKOJICHCTBYIOIINX HAa pacTeHus 1e(OoIMaHTOB Ha OC-
HOBE HEIC(UIIUTHOTO CHIPHSI SIBISICTCS AKTYaTbHBIM.

OmHUM W3 MIHPOKO MPHUMEHSEMBIX Ae]omaHToB
XJIOPATHOM TPYIIIBI SBIISACTCS XIJIOPAT-XIOPHI KaJTbIIUs,
BEIITYCKaeMBI B BUAE PacTBOpPa, COIEPIKAIIETO OKOJIO
420 r/nm3Ca(Cl0s);, 380 r/mm3CaClou we Gonee
45 r/nm® NaCl, Tae 1Ba mociaeHUX BEIecTBa SBISAIOTCS
6amtacTHeIMH. Hmu3koe copepikaHue IeHCTBYIOMIETO
BemrectBa Ca(ClOs); 1 Hanmume GaTaCTHBIX COJIEH XII0-
PHIOB HATPHS U KaJIBIHsI IPUBOIUT K BBICOKMM HOpMaM
pacxona 24-30 kr/ra mpemapara, 4TO CIIOCOOCTBYET 3a-
COJIEHHOCTH IIOYBBI.

C 1enpio0 CHIKEHHS “YKECTKOCTH IEMCTBMS, MOBBI-
mieHnst 3 QPEeKTUBHOCTH JEUCTBHS Je(OoIHaHTa HAMU
pa3paboTaH HOBEIH Je(OIMAHTHBIA COCTaB Ha OCHOBE
XJIOpaT-XJIOpU/Ia KaNblUs, SBISTIONIETOCS OTXOJOM
Kynrpaackoro comoBoro 3aBojaa, u Cyib(haTHONH coiu
amunoryanuanHa NHo-NH(NH)NH2-H2SO4 | xotopsrit
IpH HOPME pacxoia I0 JCHCTBYIOIIEMY BEILECTBY

5,0 xr/ra, BEI3BIBAET OnageHne 0Kojao 89% IHMCTHEB XJIOI-
yaTHHKa [4-6].

OmanM w3 Hambolee BaXHBIX TpeOOBaHUM,
NpeAbIBISEMBIX KAc(ONIUaHTaM, sBISCTCS Oe3omac-
HOCTh MO OTHOLICHHIO K YEJIOBEKY, TCINIOKPOBHBIM
KUBOTHBIM M OKpyatouield cpene. I[lpemaparbl He
JIOJDKHBI COXPaHSITCS M BOJI0OEMaX, PACTEHUSX U CEMEHax
XJIOITYATHUKA.

J171st TOro YTOOBI 1aTh TOKCUKOJIOTUYECKYIO OLICHKY
neOoIMaHTHOMY COCTaBY OBLIM NPOBEICHBI KCIICPH-
MEHTEHI B JA0OPaTOPHH TOKCUKOJIIOTHIECKUX HCCIIeIOBA-
HUH Y30€KCKOTO HayYHO-HCCIIEIOBATEIIECKOTO BETEPH-
HapHoro nHctutyTa (Y3HUBN).

B (apmakomorndeckux U TOKCHKOJIOTHYECKUX HC-
CJIEIOBAHUSIX TIPH aHAIM3€ NEHCTBHS Pa3IM4YHbIX Mpe-
raparoB HEOOXOIUMO pacCYMTHIBATh S(P(PEKTUBHBIC
no3sel, nerctByromue B 50% ciyuaes (Elso), a Taxke
EJl16 u EJlgs, u TokCHUEcKue n03b1: JI 16, JI 50, J1 ga 11
T 100 [7].

HccnenoBanne TOKCUKOJIOTHYECKOTO IEHCTBUSI 1edo-
JIaHTa MPOBOJIITH Ha OETBIX KPBICaX W OeNBIX MBIIIaX
IIPU OJHOKPATHOM BHYTPHIKEITyTOYHOM IMOCTYIUICHUU
mpemnapara, B COOTBETCTBUU C METOIMYSCKIMH YKa3a-
HUsIMH [8].

B pesynpraTe NMpOBEACHHBIX HCCIICAOBAHUHA TOK-
CHYHOCTH IIpe[yiaraeMoro Hamu jaedoimaHta ObBLIO
YCTaHOBJICHO CIIEAYIOLIEe:

® TIpU OJHOKPAaTHOM BBE/ICHHH Iperiapara B xKey-
JIOK JKCIEPUMEHTAJbHBIX JKABOTHBIX, IapaMeTpPhl
OCTPOM TOKCUYHOCTH COCTABUJIU:

o uist Genbix Kpbic JI 16 k 6700 mr/kr, JIIs0 kK 9400
(7042,11-11757,89) mr/kr, J1[{ga x 12000Mr/Kr Macchl
TeJa )KUBOTHOTO;

o 1 6enbix Mbiei JI/I16 k 6400 mr/kr, J1/s0 9600
(7290-11900) mr/kr, JIIga x 13000 mr/kr maccel Tejaa
KHBOTHOTO.

BuoBast 9yBCTBUTENBFHOCTD KUBOTHBIX K MPENapaTy
He oOHapyxeHa. KiuHM4yeckas KapTHHA OCTPOro
OTpaBJICHHUS XapaKTePHU30BaaCh BSJIBIM COCTOSIHHEM
JKMBOTHBIX, MEPCHECIIMX HMHTOKCHUKAIUIO. I100MBITHBIC
JKHBOTHBIC OCTABAJIUCh BSUIBIMH B TEUCHHE JIHS, a B I10-
ClIeJIyIOolMe JTHU MX COCTOSIHHE OIEHHBAJIOCh, Kak
YIOBJIETBOPUTENBHOE, MPAKTHYECKH HE OTIMYAIOIIeecs
OT COCTOSTHUS OCJIBIX MBIIICH KOHTPOJIHLHOU TPYIIIIHL

CornacHo kiaccH()UKAUU 0 HOPMATUBHO-TIPABO-
BOH JIOKyMEHTAIMU U B COOTBETCTBUU C MOJTYYCHHBIMHU
9KCICPUMCHTAIGHBIMH JIAHHBIMH, TIPEIJIaraeMblid 1edo-
JIMAHTHBII COCTAB MOXET OBITh OTHECEH K MAJIOTOKCHY-
HeIM BemecTBaM V- kmacca omacuoctm [9,10], mpu
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9TOM TPUCYTCTBHE nedonmaHTa B Bo3Ayxe paboueit
30HBI He JIOJKHO HpeBbaTh 10 mr/m®,

Wzydena cTaOMIBHOCTH IIpenapaTa B BOIHOH cpere.
VYCTaHOBIEHO, 4YTO MpPU MCXOAHOM KOHLEHTpaluu
50 mr/am® nepuon pacnaga 50% npenapara cOCTaBseT
4,1 cyTok, a it 96% - 17,69 cyTok.

HccnenoBana BEDKMBAEMOCTh CETOJIETOK Ca3aHa B
BOJHBIX PAacTBOpax JAe(oIMaHTHOrO COCTaBa B TCUCHHE
96 gacoB, 1 OBLIO YCTaHOBJIEHO, YTO NTPH KOHLEHTPAL[N
npenapara 6000 mMr/m® rubens peIObI He HabOMAETCA,
nipu 12000 mr/m®- ruGens priobl coctapiset yuxe 11,6%,
a KoHueHTparus nedonmanta 20000 Mmr/om® u Gosee
BbI3bIBaeT 100%-Hyto ruGens peIObL.

Ha ocHOBaHMM TOyYEHHBIX YCPEIHCHHBIX NAHHBIX,
CMepTeNbHas KOHIEHTPALHs IpemnapaTa uisi pei0 ycTa-
HOBJIeHa Ha ypoBHe 13360 mr/m®,

B TO ke BpeMs peKOMEHIOBAaHHBIM OPUEHTHUPO-
BOYHBIN Oe3omacHblii ypoBeHb Bo3zzaeicTBus (OBYB)
Je(hONMaHTHOTO COCTaBa Il BOJOEMOB PHIOOBOIYECKUX
x03gitcTB cocTasnseT 0,09 Mr/me.

Taxum 06pazoM, NpoBeIEHHBIE 3KOIOr0-TOKCUKO-
JIOTHYECKHE HUCCIIEA0BAaHNS CBUJIETENIBCTBYIOT O TOM, YTO
UCTIBITYeMBIH 1eOJIMaHTHBII COCTAB OTHOCHTCS K TpyIIIe
MaJIOTOKCHYHBIX mpemapatoB (IV-kmace omacHoCTH)
KaK C TOYKHU 3PEHHS CaH-TUTUCHBI TPYa, TaK M OXPaHbI
OKpyxatomiei cpenpl. I[IpemapaT MoOKET NPUMEHSATHCS

B XJIOIIKOBOJICTBE.
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AHHOTALUSA

B craTtee N3Y4YCHBbI 3aKOHOMEPHOCTH MPOTCKAHUSA XCMHUITIOMUHCCIICHTHBIX KATAJIUTUICCKUX peaKL{I/Iﬁ B [IpPUCYTCTBUU
NEpeKUucu BOAOPOaA. 3KCH€pHMeHTaJ‘IBHO HU3y4YCHA pOJib JIIOOHUICHHMHA B IIPOLECCE BSaHMOHeﬁCTBHﬂ C MNCPCKHUCBHIO
BOAOPOJA B H.IeJ'IO‘IHOﬁ Cpeac B NIPUCYTCTBHMU MHOTUX MOHOB U CACTIaHbI IICHHLIC BHIBOABI.

ABSTRACT

In a scientific article, the regularities of the flow of hemoluminescent catalytic reactions in the presence of hydrogen
peroxide are studied. The role of lucigenin in the process of interaction with hydrogen peroxide in an alkaline medium
in the presence of many ions has been experimentally studied, and valuable conclusions have been drawn.

KiroueBble cioBa: XCMI/IJ]IOMI/IHeCHeHTHbII‘/II, JIIOOUT'CHUH, CBETONOITIOIEHUE, CBEYCHUEC, DKCTPAKIIMA.
Keywords: chemiluminescence, lucigenin, photovoltaic device, triethanolamine, dipyridyl, light absorption,
luminescence, extraction.

BBenenmne: B nmTepaType M3BECTHO MHOTO padoT,
MOCBSIIEHHBIX MCCIIENOBAHNIO MEXaHU3Ma XEMHUIIOMH-
nectentHoi (XJ1) peakruu N, N™ - tumeTrinOuakpuaui-
HUTpata (JoIureHnHa, Lc) ¢ mepexuceio Bomgopoaa

B IIEJIOYHON cpejge. B obmem Buie Bech mpolece,
OMyCKasi MPOMEXYTOUYHBIE CTAIUU MPEACTABISAIOT
cienytomei cxemoii [1,3,5]:

H
?a

H3

ITonararor, yTO CBEUEHHE BOSHUKAET HA TOW CTaJIuH,
KOTJla METHIIAKPHIIOH TEePEXOAUT U3 BO30YKICHHOTO
CcOCTOsIHUSA B cTabuibHOe [1,3,4,6].

Ceeuenue nronurennHa ¢ HoOy ycumuBaroT MOHBI
MHOT'HX METaJUIOB, OJTHAKO, poJjib uxX B XJI mpouecce noutu
He oOcyxkaaercs. Mexay TeM, 3TOT BOIPOC SBISIETCS
HanOoJiee BaXKHBIM JIJISl aHATUTHYSCKON XMMUH.

Pe3ysnbTaThl 1 UX 00CY:KAEHHE: HAMU HCCIIEIOBAHO
BiustHAE HoHOB Mapranna (II), kobamsta (1), menu (1),

ceunna (II), Tamms (11), xpoma (III) u xpoma (1) Ha cBe-
yenne Lc ¢ HoO, B nnanazone pH (B meno4Hoit cpeze)
C IENBI0 BBLSICHEHUS JIBYX OCHOBHBIX BOIIPOCOB: POIH
HMOHA METaJlIa B IIPOIIECCE MCITyCKAHUS CBETA M BO3MOXK-
HOCTH HCITOJIb30BaHHS 3TON PEaKIUH [T OTPEICICHUS
MHKPOKOJINYECTB META/UIOB  XEMUITFOMUHECIICHTHBIM
MeTooM. OJTHOBPEMEHHO HCCIEA0BaJINCh U Jpyrue
BOIPOCHI — OIMPEACIICHHE ONTUMAIbHbBIX YCIOBUN H3-
MEpEHHsI TFOMHUHECIICHIINH.

bubnuorpapuueckoe ommcanue: Atoe 2.X. XEMUIIOMUHECHEHTHBIE KATAJIMTUYECKUE PEAKINU
JIIOIIUTEHUHA C ITEPEKHCBHIO BOJIOPO/IA // Universum: XuMust U GUOJIOTHS : 3IEKTPOH. Hay4H. ypH. 2022. 3(93).
URL.: https://7universum.com/ru/nature/archive/item/13067
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HNutencuHoCcTh XJI m3Mepsnu Ha GOTOIICKTPH-
yeckoil ycraHoBke ¢ POV u camormicieM, a Takxe GoTo-
rpaduuecKrM METOIOM IT0 TIOYEPHEHHUTO (DOTOTLTACTHHKL.
N3yueno BausHue pH Ha cBedyeHue B cucremax
Lc-Me*™ — H20 u Ha ckopoctu pasnoxkenust Ho O, B Tex ke
ycnosusx. Halineno, uto ontumanssble 3HaueHus pH XJI

JUIs1 OOJIBIIMHCTBA HOHOB METAJIIOB HE COBIIAAIOT C OII-
TuMansHBIMU pH Katamurudeckoro pasnoxenus HoO»
(tabmuma 1). Takum 00pa3oM, MEXIY 3TUMH ABYMS IIPO-
neccamu - XJI u paznoxennem HpO, — mHabmomaercs
ycuiaeHue cumbarHoctH [2,5,6,7].

Tabnuya 1.
3navenust pH K BLIOPAHHBIM HOHAM METAJLIOB
Hon merajia Mn Cu Pb Co Cr(l) Cr(ll) Tl
OITHM. XII 13,0 14,0 11,5 13,5 12,5 13,8 12,5-13
pH Pa3n H;0; 11 13 11,5 13,5 - - -

ITo pesynbraTaM 3KCHEpPUMEHTa YCTAaHOBJICHO, YTO
MEXaHHM3M ydacTusi HOHOB MeTauioB B XJI peakuuu Lc
¢ H20; neogunakos. B cucreme Le-Mn(lH1) — H20: ka-
TaIUTHIECKU aKTHBHBIM siBJsieTcst noH Mn(111), oOpasy-
fomuiicst B npouecce peakuuu. [lonTeepxaeHuem sBis-
eTCsl MPUMEHEHHE Pa3IMuHbIX aKTHBATOPOB (TPUITAHO-
JaMWHA, TUIAPHINIA U Ap.) crabmmsupyronmx Mn (I11)
[3,5,6]. B ux mpucyTCTBUH MPOAOIKUTENLHOCTD U CyM-
MapHOE CBEYCHHE 3HAUMTEIBHO YBEJIMYMBAlOTCA. B mpu-
cyrctBur nona meau (II) mpu pH > 14 xaranus Taxxke,
MO-BUANMOMY, UIeT Yepe3 obpasosanue nona Cu (I11).
B cucreme Lc-TI(1) - H2O, ycunenune XJI 06ycnos-
JIeHO OoJiee MHTEHCUBHBIM OKHCIJICHHEM JIIOLMICHHHA.
B mpucyrcteun nonos Pb (II), Co (I1) u Cr (IIT) xumuzm
peaknuu OoJiee CIIOKHBIN U MPOXOIUT Yepe3 0Opa3o-
BaHHE KaTAJUTHYCCKH aKTUBHBIX KOOPIMHAIIMOHHBIX

D

0,8
0,6

¢

04

COCIAMHEHUI MEXIy METAIIOM H JIIOLUICHUHOM (N
MPOAYKTOM €r0 OKHCICHHS). JTO yIaloCh YCTAHOBHTD
¢ moMoIbi0 3KcTpakuuu. OOHapy»XeHO, ITO CMECh
Lc- Me™-H,0; momHOCThIO SKCTparupyercs: OEH30710M
U IPYTHMH PAaCTBOPHUTEISAMH, B TO BPEMs, KaK KaXKIbIH
13 KOMIIOHEHTOB B OT/IEJIBHOCTH, @ TaKKe CMECH, COCTOSI-
LIME U3 JBYX KOMIOHEHTOB B TEX )K€ yCJIOBUSIX, IIPU He-
Gonpiioi koHueHTpauun HyO2 He SKCTparupyroTes, Wim
SKCTPAarupyroTcsi B OYEHb HE3HAUUTEIHbHOM CTeNeHU
(puc. 1).

MetogamMy U30MOJISIPHBIX CEpUi U MOJISIPHBIX OT-
HOUIICHHH C M3MEPEHHEM CBETOIOIIONICHNS SKCTPAKTOB
IIPU COOTBETCTBYIONINX JJIMHAX BOJH, a TAKXKE CyMMap-
HOTO CBEYCHHSI BOJHBIX PACTBOPOB, YAAJIOCH YCTAHOBHUTH
HaJlM4he CTEXHOMETPUYECKUX COOTHOIICHHH MEXIy
XOHAMH MeTaJlla H JrolureHuHa [2, 8].

380

120 460 um

Pucynok 1. Cnekmput noznowenusn 6en30abHblx Ikcmpaxkmos cmecu Le — H202 (1) u Le - Pb (11) — H202 (2-5),

DKCTPaKIHIO MPOBOIMIHN depe3 5 cek. (1,2), 1 MuH.
(3), 5 muH. (4) 1 60 MuH. (5) OT Havana peakuuy.

O6mias KoHIEHTpauus T-MoJw/i: [Lc] =104, [P62*] =
104, [H202] = 3*1073, pH = 12.

B Tab11. 2 npuBeieHBI JaHHBIE O YYBCTBUTEIILHOCTH
ITHUX PEaKIHi.

Tabauya 2.
YyBCTBUTEIBHOCTH PEaKIHii K BLIOPAHHBIM HOHAM METAJJIOB
Hon metania Mn Cu Pb Co Cr(111) Cr(ll) Tl
UyBCTBUT. MKI/MJI 0,001 0,02 0,1 0,0006 0,05 0,003 0,4
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BoIBoaBI: pe3yIbTaThl 3KCIEPUMEHTAIBHBIX JAHHBIX MHTEpBaJIC KOHILEHTpauui HaOiogaeTcsl JIHMHEHHas
[I0Ka3aJii, YTO POJIb HOHOB MeTaiuioB B XJI peakiuu Le 3aBUCHMOCTh. Pa3zpaboTaHBl METOAMKH OMpEAeTICHUS
¢ H202 paznnyna, W 3aBHCHT OT MHOTHX (DaKTOPOB MHKPOKOJIMYECTB PAa METAJUIOB B PACTBOPAX UHUCTBIX
(ycnmoBuil peakiud, MPUPOABI MOHA MeTala U JIp.). coJIel, B IPUCYTCTBUHY ITOCTOPOHHUX HOHOB M B HEKOTO-
VYCTaHOBIIEHO, YTO MEXAY KOHIEHTpalUsIMU HOHOB PBIX TEXHUYECKUX OOBEKTaX.
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AHHOTALUS

CI/IHTGSI/IpOBaHO 12 HOBBIX KOMITJIEKCHBIX COGZ[I/IHCHI/Iﬁ Ha OCHOBC XJIOpHUAOB, HUTPATOB U aAlICTATOB 3d-meramion
Zn(II), Cu(I), Ni(II), Co(Il) 1 5-4-mupuamnin-1,3,4-okcauazon-2-tnona. Paspaborana HoBasi METOAMKA CHHTE3a KOMILIEKCHBIX
COCIIMHEHHH C JIMranaoM S-4-mupuamni-1,3,4-okcaia3on-2-THOHOM B IBYX TayToMepHbIX (opmax. CocraB, CTpyKTypa n
CBOMCTBa CHUHTE3UPOBAHHbIX KOMIUICKCHBIX COGIII/IHGHI/If/i ObLIN MpOoaHAJIM3UPOBAHBI C UCTIOJIb30BaHNEM (1)I/I3I/IKO-XI/IMI/I‘ICCKI/IX
METOAOB: KBAHTOBO-XUMHUYECCKOT'O pacyeTra, I/IK-CHGKTpOCKOHI/II/I, OJICMCHTHOTO Y TCPMHUYECKOT'O aHAJINU30B.

ABSTRACT

Synthesized 12 new complex compounds based on chlorides, nitrates and acetates of 3d-metals Zn (1), Cu (11), Ni (11),
Co (I1) and 5-4-pyridyl-1,3,4-oxadiazole-2 -tion. A new method for the synthesis of complex compounds with the ligand
5-4-pyridyl-1,3,4-oxadiazole-2-thione in two tautomeric forms has been developed. The composition, structure and
properties of the synthesized complex compounds were analyzed using physicochemical methods: quantum chemical
calculation, IR spectroscopy, elemental and thermal analysis.

KaioueBble ciioBa: koopauHanMoHHbIe coeuaeHns, nepexoaupie metayuisl Co(1l), Ni(Il), Cu(Il), Zn(1l), 5-4-nmpu-
qi-1,3,4-okcanua3on-2-THOH, KBAHTOBO-XUMUYECKUH pacueT, 3JIeMeHTHBIH aHanu3, MK-criexTp, Tepmudeckuii aHamms,
CTpOEHHE, COCTaB.

Bubnuorpagpuueckoe onncanue: Kunpinakosa E.B., Kagnposa IIILA., ITupumosa M.A. CHHTE3 U UICCJIEJOBAHUE
KOMIUIJIEKCHBIX COEJUHEHWU 3d-METAJUJIOB C 5-4-ITMPUANII-1,3,4-OKCAANA30JI-2-TUOHOM //
Universum: Xumust ¥ OHOJIOTHSL: AIEKTPOH. Hay4H. xypH. 2022. 3(93). URL: https://7universum.com/ru/nature/archive/item/13090



https://7universum.com/ru/nature/archive/item/13090
anhor@inbox.ru
kadirova.shakhnoza@mail.ru
mehri7907@gmail.сom

UNIVERSUM:

Ne 3 (93)

XUMNA N BNONOrnA

mapt, 2022 1.

Keywords: coordination compounds, transition metals Co (I1), Ni (11), Cu (11), Zn (1), 5-4-pyridyl-1,3,4-oxadiazole-
2-thione, quantum chemical calculation, elemental analysis, IR spectrum, thermal analysis, structure, composition.

MHorue a30TcoepKalue TeTepOLUKIbI SABISIOTCS
BBICOKOD()(DEKTHBHBIMH JIEKAPCTBEHHBIMHU TIPENapaTaMH,
CpeIu HUX JOCTOMHOE MECTO 3aHUMAIOT OKCAHa30Ibl U
ux npousBoaHsie [1]. Cpei HUX BBISIBICHBI COCIMHCHHS
C TepOUIUIHBIM, (DYHTUIIUIHBIM, POCTPETYIHUPYIOINM,
(bapMakonoruyeckuM 1 Apyrum aekicteuem [2]. s nerne-
HAIPaBJICHHOTO CHHTE3a TaKUX OMOJOTHYECKH aKTUBHBIX
COEAMHEHUH HY)KHO PEILINTh, B MEPBYIO ouepenp, HyH-
JTAMEHTAJIbHBIE BONIPOCH OMOHEOPTaHWIECKOW XUMHUU:
pa3paboTaTh MpernapaTuBHBIE CIIOCOOBI TOTYICHHUS Be-
IIECTB, BHISIBUTH (DAKTOPBI, BIMSIONINE HA X0 PEaKIny,
YCTaHOBUTh XHUMHUYECKOE M JJIEKTPOHHOE CTPOCHHUE
COeIMHEHMH ¢ HanboJiee BHITOAHBIMH TIPOCTPAHCTBEH-
HBIMH (hOpMaMH.

B Hacrosieit pabote npuBeNeHBI pe3yJbTaThl CHH-
Te3a KOMIUICKCHBIX coequHeHuil 5-4-nmupunui-1,3,4-
okcanuason-2-troHa (L) 1 comneli XJIOpHIOB, aleTaToB U
nurpartoB tmHKa(Il), menu(Il), kodansra(ll) u Hukema(ll),
a TaKKe M3yYCHMS MX CTPOCHMS METOJaMH KBAaHTOBO-
XMMHYECKOTO pacyera, 3JIeMeHTHoro aHanmsa, HK-
cnexrpockoriu u TI/JITA-ananu3a.

DIeMEeHTHBIN aHAJIN3 Ha COJIEp KaHKe yTIIepoia, BO-
Iopoja W a3oTa mpoBoawitd Ha mpubdope «EA 1108y
¢upmel Carlo-Erba (Mtanust). AHanu3 cMHTE3UpOBaHHBIX
KOMIUIEKCHBIX COCTUHEHUH Ha COJIepKaHUEe METaJIOB -
Ha aTOMHO-a0copOLOHHOM criekTpodoToMetpe «Perkin-
Elmer-432» (CILA).

MeToauKa CHHTe3a KOMILJIEKCHBIX COeIHHEHHU
cocrasa [MeL2(H20)4]-2H20: B x0:10y, CHa0KEHHYIO
00paTHBIM XOJIOAMIIBHUKOM, BITMBAIIM 5 MJI TOPSYEro BOJ-
Horo pacteopa (0,001Moip) KpHCTaIDTOTHApaTa XJIOpHAa
MeTaa, 3aTeM, IPU IOCTOSHHOM IepeMeIInBaHNH,

10 KaruisiM 106aBisiin ropstunii pacteop (0,002 mMous)
nmurasna 5-4-mapuamn-1,3,4-oxcaauazon-2-tuona B 10 Mt
sTaHona. CMech KUIATHIN B TeueHue 1,5 4, ordhuibT-
POBBIBAJIM B rOPSIYE€M BHJIE€ U OCTABIISIIM HAa KPHCTAJ-
nu3anuio. Yepes 7 CyTok BbIazan 0cagok, KOTOPBIH
OT(WIBLTPOBBIBAIIM, HECKOJIBKO Pa3 IPOMBIBAJIN ATAHOJIOM
U CYIIMIIN Ha BO3yXE€.

MeToauka cHMHTE3a KOMILIEKCHBIX COeIMHEHHH
cocrasa [MeL2(H20)4]:K pactopy 0,002 Mosst sturaszia
B JIM® (10 mur) mobaBmsiu pa30aBIeHHBIN BOXHBIN pac-
tBop NaOH (0,1M, 2Mm11) nipu 1iepeMeInrnBaHuM, YTOOBI
OTperyINpoBath 3Ha4deHue pH cmecu mo 7. 3aTeM BOIHBIN
pactBop Me(NO3)2: nH20. (0,001 Mo, 5 MiT) MeIeHHO
J00aBIISIIM K BBIIICYKa3aHHOMY PacTBOPY IPH KHIIsUe-
HHUMH C O6paTHI)IM XOJIOAUJIIBHUKOM B TCUCHUC 10 MHUHYT.
ITonmydeHHbII pacTBOP OCTABIISIN AJI1 KPUCTAIIIIU3ALINHI
IIpU KOMHaTHOM TeMmepaTtype. Uepes 14 cyTok BeInagan
0CaJ/IOK, KOTOPBIH OT(UIBTPOBHIBAIM, HECKOJIBKO pa3
TIPOMBIBAJIM 3TAHOJIOM M CYIIWIN Ha BO3IyXe.

MeToauka cHMHTE3a KOMILIEKCHBIX CO€IMHEHUH
coctaBa  {[MeL4(H20)2]}n:  Boxmmelii  pactBoOp
Me(OAc)2:nH20 (0,001 Momb, 5 Mi1) Mo KarumsiM 100aB-
s K3TaHolmbHOMY pactBopyL (0,002 mons, 5 mi),
coaepkamuii Heckonbko kanenb MEA. PactBop nepe-
MCIIMBAJIN U OCTABJIAJIA HAa KPUCTAJIIIM3allUI0 IPHU KOM-
HaTHOH Temmneparype. Ha MeieHHOe ncnapeHne pacTBo-
puteneii notpeboBanoch 3 Hemelu, B pe3yapTate oopa-
30BaJICs T'€JI€000pa3HbIN 0CaJ0K, COIEPKAIINI B CBOEM
COCTaBe KPUCTAIUIBI N30BITKA COJIM, KOTOPBIH B MOCIE-
CTBHH OTQWIFTPOBBIBATH. [l0TydnBIIHECS KOMILICKCHI
nMenu cootHomenne M:L=1:4.

Tabauuya 1.
XapaKTepuCTHKHN CHHTE3NPOBAHHBIX KOMILIEKCHBIX COCTMHEHU HA OCHOBeE 5-4-mupuani-1,3,4-okcagna3oi-2-THoHa
. o
Ne | Pacr-aB CoennHenune B(;; ke I-|I_|an)1eH0,NA) M BpyrTo ¢popmyna
1 L - 268 | 46,92 | 2,81 | 23,45 C7HsN30S
2 | CoHsOH | [NiLy(H:0)s-2H,0 | 80 | 235 | 31,89 | 4,15 | 1597 | 11,14 NiC14H22NgOsS:
3 [CoL2(H20)4]-2H,O | 69 | 240 | 31,75 | 4,17 | 15,64 | 11,20 CoC14H22Ns0sS:
4 [ZnL2(H20)4]-2H,0 | 74 | 225 | 31,60 | 4,11 | 15,73 | 12,19 ZnC14H2NeOgS2
5 [CuL2(H20)4]-2H,O | 80 | 253 | 31,65 | 4,11 | 15,79 | 12,03 CuC14H22Ns0sS:
6 DMF [NiL2 (H20)4] 73 | 228 | 3443 | 321 | 17,12 | 12,07 NiC14H16N6OsS>
7 [CoL> (H20)4] 75 | 220 | 34,39 | 3,23 | 17,18 | 12,03 CoC14H16Ns06S2
8 [ZnL; (H20)4] 73 | 231 | 39,97 | 3,20 | 17,01 | 1311 ZnC14H16Ne06S2
9 [CuL; (H20)4] 79 | 235 | 34,08 | 3,21 | 17,03 | 12,97 CuC14H16Ns06S2
10 | C2HsOH/ | {[NiL4(H20)2]}n 60 | 220 | 41,49 | 2,69 | 20,78 | 7,23 NiCasH22N1206S4
11 MEA {[CoL4(H20)2]}n 52 | 215 | 4152 | 2,71 | 20,72 7,18 CoC28H22N1206S4
12 {[ZnL4(H20)2]}n 51 | 220 | 41,18 | 2,63 | 20,50 8,00 ZnCasH22N1206S4
13 {[CuL4(H20)2]}n 62 | 225 | 41,27 | 2,68 | 20,59 7,74 CuCasH22N1206S4

11
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Cpenu MHOXKeCTBa PU3UIECKUX U (PU3UKO-XUMHUYC-
CKUX METOJIOB UCCIIEIOBAHHS CTPOCHHUS U PEaKIIMOHHON
CIOCOOHOCTH MOJIEKYJI 0CO00€ MECTO 3aHUMAIOT METOJIBI
KBaHTOBOW XMMHH [3]. DTH METOABI B HACTOSIIECE BpEMS
JIOCTUTJIM YPOBHS TOYHOCTH, COU3MEPUMOTO C IKCTICPH-
MEHTOM, a MOTOMY CTalld MOIIHBIM HHCTPYMEHTOM
JUTS. TIPOTHO3UPOBAHUS CTPYKTYPHI M CBOMCTB MOJICKY-
JISIPHBIX CUCTEM.

Tuon

KBaHTOBO-XMMHYECKHE PacyeThl MOJIEKYJI JINTAHAA
U CHUHTE3HPOBAHHBIX KOMIUICKCOB OBUIM BBITIOJHEHEI
B paMKax Teopun ¢yHKImoHana mwiotHoctrt DFT B3LYP
¢ 6azucom 6-311+G(d, p) ¢ momomursro GAUSSIAN 09.
JluteparypHble cooOIIeHHUs MOoKa3anu [4], 4To 5-3ame-
LIeHHbIH-1,3,4-0kcannazom-2-THOH MOKET CYIIECTBOBATh
B IBYX TayTOMEPHBIX (pOpMax U XapaKTepu3yeTcs Haju-
YHEeM B COCTaBE Pa3IUYHbIX (YHKIHMOHAJIBHBIX IPYIII,
00J1a1at0IUX TOHOPHBIMU aTOMaMH.

Tuon

Pucynox 1. Pacnpedenenue 3aps0o6 ¢ maymomeproix gpopmax 5-4-nupuoun-1,3,4,-oxkcaduazon-2-muon/muona

[MupranIIbHOE U OKCAJNa30JIbHOE KOJIbIA MOJICKYJIBI
5-4-mpuIHIT-OKCcaIra30-2-THOH/THOMIA HAXOAATCS B Of-
HO#1 TIOCKOCTH. ATOMBI BOZIOPO/IA ¥ CEPhI HE BBICTYMAIOT
U3 IUIOCKOCTU KOJIell. AHATU3UPYsl 3HAUYCHHS 3apsiIOB
MOJHO CYIUTh O TOM, YTO BEPOSITHBIMH [IECHTPAMH KO-
OpIMHAIMK C HOHOM MeTaJlia B MOJICKYJIC JINTaH/a SBIISI-
FOTCSI TIOHOPHBIE aTOMBI a30TOB OKcaanazonbaoro (N-H)

1 TUPUAWIBHOTO KOJEIl, KOTOphle MMEIOT Hamboee
BBICOKHH OTpHIATENbHBIH 3apsn. [Ipu sToM it THONA
BepOsITHEE KOOPIMHAIINS Yepe3 aTOM a30Ta IMAPHIIIIb-
HOTO KOJIbIIA, a JUII THOHA BEPOSATHHI 00a cirydas, B 3a-
BHCUMOCTH OT pactBoputenisi. OCHOBHBIC XapaKTepH-
CTHKH ¥ TEOMETPHUYCSCKHE MapaMeTphl TayTOMEPHBIX
(hopM nHraHa MPUBECHBI B TA0IUIIE 2 M HAa PUCYHKE 1.

Tabauua 2.
CyMMapHblil pacyeT ONTUMH3ALUM TAYTOMePHbIX GopM JUranga
XapakTepucTHKa THOH THOJI

Basuc 6-311+G(d, p) 6-311+G(d, p)

Electronic energy -907.202H -907.164H

Enthalpy -24957,9 5B -24956,87 5B

RMSgradient 0.000047 0.000036

Dipole moment 3.042261D 2.241127D

Polarizability 113.78a.u. 109.48a.u.

Takum 00pa3oM, YCTaHOBIIEHO, YTO OOJIBIIIOE BITUSHHUE
Ha NpeobalaHue B PaCTBOPE OJHON U3 IBYX TayTOMeEp-
HBIX (hopM S-4-nupuuii-1,3,4-okcaua3on-2- THOH/THOJIA
OKa3bIBAaET MOJIIPHOCTh M MEXAHU3M B3aUMOJCHCTBUS
opraHuueckux pacrsopurencil. Haxoxxaenue suranna
B THOHHOH (opMe HaONIoNaeTcsi NpH NPUMEHEHHU
MOJISIPHOTO OPraHUYECKOTO allPOTOHHOTO PACTBOPUTEIISL.
st onpenenenus (yHKIIMOHAIBHBIX TPYII U yCTa-
HOBJICHHS CTPYKTYPBI TOJYYCHHBIX COCAUHCHHNA OBLI
nposesieH MK-cekTpockonuueckuil anaaus.
UK-criekTpbl NOTMIOMIEHHS COEMHEHUN PErUCTPUPO-
Bam B obmactu 400-4000 cm Ha crexrpodoToMeTpe
AvatarSystem 360 FT- IR u Protege 460 Magna-IR
technology ¢upmer  "NicoletInstrumentCorporation”
(CIIIA),c paspemenreM 4 cm™! ucnosb3ys oOpasibl B
BuJie Tabnetok ¢ KBr qmamerpom 7 M.
5-4-TTupuanin-1,3,4-0kcaaua3on-2—THOH/THOJT
MIPEACTaBIIET COO0M TeTepONUKINYECKOE COSTNHEHHE.
[onocsr, cBs3anHEIe ¢ Konebanusmu C-H B apomatn-
4eCKOM KOJIbIE, MosBuiuch npu ~ 3032 cml. B UK
CHEKTpe JIraHjaa oOHapyKeHHbIE B JUTMHHOBOJHOBOM

12

obnactu npu 1595-1616 cm™ nonocsl NMOTrIOIEHHS,
OTHECEHBbl K XapaKTEePUCTUYHBIM CHMMETPUYHBIM MU
AHTHCHMMETPHUYHBIM BaJIEHTHBIM KoJiebanusiM C=N [5-6],
MOJIOCHI  MOTJIONIEHHsI, OOHapyxeHHble mpu 1494-
1421 cm otHOCATCS K cKeneTHbIM Konebanusm =N-N-
CBsI3e MMPUIIILHOTO KoJtbIia. OTCYTCTBHE M0JI0C MOIJIO-
IIEHNSI, OTBETCTBEHHBIX 32 BaJICHTHBIE KOJIEOaHUs UMUHO-
IPYIIIBI B 0OIACTH JUIMHHBIX BoIH mpu 3100-3200 cm?,
yKa3bIBaeT Ha TO, YTO B CyXOM BHIIE€ AAHHBIH JINTAH]
SIBJISIETCSI THOJIBHON (POPMOIA. DTO NPEAIION0KEHHE IO/~
TBEPXKIAETCS OJHOW M3 BAXHBIX XapaKTEPUCTHUECKHX
nosoc B MK cniexrpe nuranza - monocoit S-H, nosiBus-
weifca Ha ~ 2358 cmY[5]. CBsa3b Jierko uaeHTUdGUIMpY-
ercst mo UK cnektpy, Tak kak vS-H nexur B obiactu
2550-2600 cm, npakTuuecku CBOGOIHON OT JIPYrux
nojioc. OfiHaKo, claeIyeT OTMETHTh, YTO IPH PacTBOpE-
HuH 5-4-puann-1,3,4-okcaauasos-2—THOH/THOJ MOYKET
MEHSTH CBOIO TayTOMEpHYIO (hopmy. lanpHelimee nuccie-
JIOBaHHE O KOOP/MHAIMH B3STOTO HAMHM JIMTAH/A, MOXKHO
MIPOJIOIIKATh, UCXOAS U3 TPpeo0IIaiaHus OTHON HITH IpY-
roif TayTOMEpHBIX (OPM B KOHKPETHBIX PACTBOPUTEIISX.
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B UK-criekTpax KOMIUIEKCOB HAOJIOMAIOTCS TIOIOCH
JIMTAHJIOB C COOTBETCTBYIOIIMMHU CABHI'aMH, 00YCIIOB-
JICHHBIMH KOMIUTeKcooOpa3oBanreM (tadi.3). Ilomocsr
BasieHTHBIX KoseGanuii V(C=N)[5-7], koTopsIe TOsIBIIS-
10TCA B CBOOOJHOM JIMTan e mpu ~ 1595 cml, cMeniens
B 007acTh ¢ OoJiee HU3KOW YaCTOTON B KOMILJICKCAX U
HabmoaaroTes B quanazonel516-1573 cm™ g v(C=N).
Otu mosiockl oTHocsATCA K ydacTtkaMm V(C=N) noHu-
YKCHHOTO TMOPSIKA CBSI3U. DTO MOXKET OBITh OOBSICHEHO
JIEJIOKAIN3AIUCH 3ICKTPOHHOM IJIOTHOCTH METalia B
T-CHUCTEME JIMTaH/a, YTO YKa3bIBaeT HA KOOPIMHAILIUIO

30
T T T T T T T T T T T T T
4000 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750

MIRacie10 (Dia/ ZnSe)

a

500

azota (C=N) ¢ aromamu Mertaymia. Ha 6onee HU3KHUX
YacTOTaX KOMIUIEKCHl MPOSBIIIIN IIOJOCH  OKOJIO
486-515 cmt, KOTOpBIE MOKHO OTHECTH K IOJIOCAM
konebanuii v(M-N).

Ananu3 UK cnexTpoB KOMIUIEKCHBIX COEAMHEHUM
XJIOPUJIOB METAILTOB (pHC. 2), IO3BOJIACT CHICNATh BBIBO,
YTO €CITU B KAYECTBE PACTBOPUTEIIS [UIS JIMTAHA BBIOPaH
9TaHOJI, TO B TAKOM pacTBOpe OyIeT mpeobiaiaTh THO-
nmpHast (hopMa JTUraHaa, 3TO MOATBEPKIACTCS COXpaHEe-
HUeM BO Bcex MK crmekTpax KOMIUICKCOB XJIOPHUIOB
MeTaJI0B moJockl S-H, Habmromaemoit mpu ~ 2358 cm L,

T T T T T T T T T T T T
3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500

0 3750
MiRaclo10 (Dia/ ZnSe) em1

7

Pucynok 2. HK cnekmpbl Komniekcos Xaiopuooe memanioe
¢ 5-4-nupuoun-1,3,4-oxcaouazon-2-muon/muonom(/NiC14H22NsOsS2]-a; [ZnC14H22NeOsS2]-6)

MOo>HO cHenatb BBIBOI, YTO HH B OJJHOM U3 KOMII-
JIeKCcoB rpymma S-H He yJacTByeT B KOMIUIEKCOOOpa3o-
BaHUH M KOOPAWHHPOBAHUU JIMTaHIa. B cBoIO ouepens
kone6anus ot 3600 10 3300 cM ™! ABIAIOTCS XapaKTEPH-
criudeckumu 1t OH rpymmer B Mosekyie BOJBI, Kak
KPUCTAJUTU3AIMOHHOM, TaK U KOOPIMHAIIMOHHOM, KOJIe-
6anus npu~1600 cM ! —ckeneTHbIE KOIeOaH s TUPYIMIIL-
Horo xosslia, npu ~ 1400 cM '—ckeneTHble Kone6aHus
OKCaJINa30JIbHOTO KOJbBIIA.

100

336771
316133

1321,24

10 T T T T T T T T T T T T T
a7 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250
MiRacle10 (Dial ZnSe)
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B UK cnexTpax KOMIUIEKCHBIX COCIHHEHH, 00pa-
30BaHHBIX HUTPAaTaMH U alleTaTaMH METaJUIoB (pHc. 3a
1 0), 0OHapy KeHBI ITHPOKHE TTOJIOCHI CpeTHEeH HHTEHCHB-
HOCTH ¢ pacTshkeHrneM B obmactu ot 3300 mo 3000 cem L
9TO CBHIETENBCTBYET 0 Hamunu vO-H rpymmet ¢ BHYTpH-
MOJIEKYJISIPHOM CBSI3bI0 KOOPAMHALMOHHOM BOJBI [7].

MIRacle10 (Dia/ ZnSe)

T T T T T T T T T T T T T
3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
em1

Pucynok 3. HK cnexmput komnnexcaCuCiaHisNeOsS2 (a) u {[CuL2(H20)2/-6H20}n(6)

13
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OtcyrctBue nonockl B UK criekTpax KOMITIIEKCHBIX
COeIMHEHUH, 00pa30BaHHBIX C HUTPATaAMH METAJJIOB U
nmuragaoM, pactBopeHHbBIM B DMF (puc. 3 a),B obmactu
~2358 cmlu OIHOBPEMEHHO C 3THM, HaJU4yue I0JI0C
norstotienust st vS=C B o6sactu ot 1150 g0 1250 em?,
YKa3bIBaeT HAa HAXOXKICHHE JINTaH/a B THOHHOW (opme
U OTCYTCTBHE KOOPAWHAINH Yepes3 S.

B UK crnekTpax KOMIUIEKCHBIX COEAMHEHUI, 00pa-
30BaHHBIX alleTaTaMU METAJUIOB M JIUraHaoM (puc.3 0),
pactBopenHbiM B C;HsOH+MEA, oGHapy>keHbI B 0071a-
cti ~2358 cm ! nmonocsl nornomenus v(S-H) u ogno-
BPEMEHHO C ATHUM, XapaKTEPHbIE MOJIOCH! MOTTIOIEHHUS

a1 v(S=C) B obnactu ot 1150 mo 1250 cm™?, Tak xe
HaOII0jaeTcsl CMEIICHNE T0JIOC TTOTIIOMEHNUS XapaKTep-
HBIX T KOJIEOaHWI MUPUIMIBHOTO M OKCaANa30IbHOTO
Koiery B Ooylee HHU3KOYACTOTHYIO O0JIACTh CIEKTpa.
3T0 IaeT BO3MOXKHOCTH IIPENIONIOKUTh OJXHOBPEMEHHOE
CYIIECTBOBaHHE OOCHWX TayTOMEPHBIX (OpPM JHTraHga
B pactBope Co:HsOH+MEA u xoopauHanuio aurasnia ¢
HMOHAMHU METAJJIOB KaK 4Yepe3 a30T HMHHAO0KCa1ua30JIb-
HOT'O KOJIbI[A TaK M a30T MUPUAMHOBOTO Koubla. OCHOB-
HbIe mojtock! noromenus B MK criektpax jauranaa u ero
KOMIUIEKCOB NIPUBE/ICHBI B TA0IHLIE 3.

Tabnuua 3.
OcHopnble 9acToThl B MUK clekTpax JIHranaa u ero KOMILIEKCoB (cM ™)
Coeaunenue s Vas M v v v v
(C=N) (C=N) (S=C) (C-0-0) S-H (O-H) (N-M)

L-— 1595 1616 - 1421 2358 -
[NiL2(H20)4]-2H.0 1546 1645 - 1379 2358 3479 490
[CoL2(H20)4]-2H20 1550 1645 - 1379 2358 3545 493
[ZnL2(H20)4]-2H.0 1558 1637 - 1361 2360 3566 507
[CuL2(H20)4]-2H20 1550 1635 - 1396 2360 3649 500
[NiL2 (H20)4] 1516 1620 1170 1404 - 3271 487
[CoL2 (H20)4] 1573 1633 1170 1396 - 3242 515
[ZnL2 (H20)4] 1550 1639 1165 1415 - 3250 511
[CuL2 (H20)4] 1556 1612 1178 1400 - 3367 500
{[NiL4(H20)2]}n 1552 1600 1157 1404 2362 3261 487
{[CoL4(H20)21}n 1537 1637 1170 1406 2358 3074 486
{[ZnL4(H20)2]}n 1573 1633 1205 1396 2358 3242 495
{[CuL4(H20)21}n 1539 1645 1178 1404 2358 3200 490

Jns onpeenenust TepMUYECKOM yCTOMUHUBOCTH TO-
JIy4YEHHBIX COCJUHEHU IIPOBEJICH TEPMUYECKUI aHAJIN3.

CHHXPOHHBIN TEPMUUYECKUI aHAJIN3 - COBMEIICHHE
TEPMOTPAaBUMETPUH U AU((epeHINaTbHOTO TepMuYe-
ckoro anamu3a (TT/TA) mpousBomuics Ha TepMo-
rpaBuMeTpudeckoM aHanmmzatope Shimadzu DTG-60,
TIO3BOJISIOIIEM OJHOBPEMEHHO M3MEpSTh Bec o0Opasna,
CKOPOCTB OTEPH MACCHI M NI3MEHEHHE TETUIOBBIX CBOMCTB
IIPY JIMHEHTHOM NOAbEME TEMIIEPaTyPhI.

B ciyuae komruiekcoB cocraBa [Melo(H20)4]-2H.0
HHU3Kas TeMIepaTypHas IOTepsi MacChl PETHCTPHUPOBAIACh
B auama3one 50-150°C; 3a 3TuM ciiemoBana €eme oaHa

14

npu temnepatype 90-200°C. OTu maHHBIE TOBOPST O
HaJIMYMK MOJIEKYJ BOJbI (KPHCTAJUTU3aLMOHHOI/KOOP-
JUHAIMOHHON, COOTBETCTBEHHO), MMPEIIOI0KEHHBIX 110
HK-cnektpam. B cBor0 ouepenb Ha TEPMOTPaBUTPAMME
komIuiekca HuTpara meau (II) mer morepm macchl 1o
100°C, uro Tak *e MOATBEPKAAET NPEATOTI0KEHUE 110
UK-cniektpam 00 OTCYTCTBHH KPHUCTAJTU3AIMOHHOMN
BOJIBI [8].

Ha pucynke 4 npuBeneHs! 1epMBaTOrpaMMbl H3yUeH-
HBIX KOMIUTEKCOB. Bee 00pasiibl TepMHuUecky pasiararorcst
pu Temrieparype ~ 400°C.
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Pucynox 4. Tepmozpasuzpammol KOMRIEKCHBIX COCOUHEHUIL:
a) xnopuoa medu ¢ aeandom ¢ smanone [CulLy(H20)4/-2H20; 6) numpama meou ¢ nueanoom ¢ DMF [Culz(H20)4]

Kommmekcsl moka3anw MaKCHMalbHYIO IOTEPIO
Macchl B Auanazone temnepatyp 200-500°C, uro co-
oTBeTcTBYyeT moTepe mupuamHoBHIX, NCS um NCO-
¢parmenToB. MccnenoBaHHbIE KOOpPIWHAIIMOHHBIC
COeIMHEHUI OKA3bIBAIOT HEMOJIHBIN MUPOJIN3 B TUara-
30HE UCCIIEA0BAHUs, 3TO CBA3aHHO C TOPEHHEM NIPOIYKTOB
TepMopacnajga u o0pa3oBaHUEM OKCUIOB METAJIIOB.

Kommnekcsl, 00pa3oBaHHbIE aljeTaTaMU METaJLIOB,
HE yIanoch IpOoaHaJIU3UupOBaTh MPU MOMOIIU TEPMO-
IPaBUMETPUYECKOTO aHAIM3a U3-3a UX relIeo0pasHoro
COCTOSTHHS.

[To pe3ynpraTam GH3UKO-XUMHUYECKHX UCCIICTOBAHHI
OTIpeNIeNIeHBI EHTPHl KOOPIUHALINY JINTaHIa K MOHAM
METaJUIOB, TTOKa3aHO, YTO TeTePOIUKINICCKUN JTUTaH
5-4-upunnn-1,3,4-okcannazon-2-THOH  MPOSBISICT
MOHOJICHTaTHOCTh W KOOPIUHHUPYETCS aTOMaMH a30Ta
OKCaJIHa30JIbHOTO WM TUPUAUIBHOTO KOJICIl. Y CTAHOB-
JICHO, YTO B 3aBUCHMOCTH OT YCJIOBUH pPEaKI[UH KOMII-
JIEKCHI MOTYT UMeTh cocTaB M:L=1:2, mu6o 1:4. Bo Bcex
CHHTC3UPOBAHHBIX COCAMHCHHUSX JOKA3aHO HAJIMYUC
KOOPAMHAIIMOHHOM BOJIbl. BceM KOMILIEKCHBIM COeu-
HEHHSIM TPEIOKEHO OKTadIPHIECKOE CTPOCHHE.

CocTaB KOMILJIEKCHOTO COCAUHCHUS,
rxe M = Co(11), Ni(l1), Cu(ll) u Zn(I1)

2D crpykrypa

3D crpykTypa

2+ t’
HO H0 a9 M 9 9
g e 0
" NN = \ s N L} t‘,, . 9
[MeL2(H20)4]*2H20 OO~ 182 P aNY %,
HS /\ LI A
HZO HJO +d 9 9 ]

HO H, :
(| atet, e
g g ; @ ¥
MeLz (H0 Vi O — N 2 o® 7 9%
kO] OV IO i, et e
5o B %, e Jwr’
Y 9
HS_ o 0. SH 9
Yo Ox D<K
{[MeL4(H20)2]}n = NN—Zn— NN~/
N ¢ J‘OF@]\
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AHHOTALMUSA

B craTthe mpuBOANUTCS CHHTE3 KOOPAWHAIIMOHHBIX COSAMHEHUH 2-( I THIAMHUHO )3TIII-4-aMIHOOeH30aTa (TIPOKANH)
¢ ximopunom Menu (1) B pasHpIX cooTHOmEHMAX. Ha 0CHOBE 37IeMEHTHOTO aHAIIN3a YCTaHOBIICH KOJIMIECTBECHHBII COCTaB
1 TIPEJIOKCHBI OpYyTTO-POPMYIIBI CHHTE3UPOBAHHBIX coequHEeHNH. CTpoeHNe MOMyYeHHBIX COSANHEHUH yCTaHOBJICHO
Ha ocHOBe MK-cekTpoCKOHH 1 3IEeKTPOHHBIX CIEKTPOB AU(D(Y3HOTO OTpaXeHU. Y CTAHOBIICHO, YTO B MOJYYCHHBIX
COCAMHCHUAX MEAD MPOABJISACT KOOPAUHALIMOHHBIC YUCJIa OT 4 a0 6, B 3aBUCHUMOCTHU OT COOTHOILIICHUA JIUTraHaa.

ABSTRACT

The article presents the synthesis of coordination compounds of 2-(diethylamino)ethyl-4-aminobenzoate (procaine)
with copper (I1) chloride in different ratios. On the basis of elemental analysis, the quantitative composition was estab-
lished and the empirical formulas of the synthesized compounds were proposed. The structure of the obtained compounds
was established on the basis of IR spectroscopy and diffuse reflectance electronic spectra. It has been established that
in the compounds obtained, copper exhibits coordination numbers from 4 to 6, depending on the ratio of the ligand.

KiroueBble ciioBa: KooOpAuHaNus, ACHTATHOCTb, KOOPANHAIWUOHHOC YHCJIO, YaCTOTA MOTJIOIICHUA, SJICKTPOHHBIC
Nepexoabl.
Keywords: coordination, dentate, coordination number, absorption frequency, electronic transitions.

Hauwunasi ¢ HU3IIMX MOHOKapOOHOBBIX KHCJIOT BCE [ToaToMy HaMu MpPOBEAEHO CHCTEMAaTHYECKOE H3Y-
KapOOHOBBIE KHUCJIOTBHI 00JaJar0T KOMILIEKCOOOpa- YeHHE CHHTE3a METAUIOKOMIUIEKCOB 2-(IU3THIAMUHO)
3ytomumMu cBoiicrBamu.OTHAKO B HANOOIIBILEH CTEIeHH sTUn-4-amMmuHOGeH30aTa (TpokarH) ¢ xaopunoM meau (11)
OHHM TIPOSIBJISIIOTCA B BUJIE FeTEPOKUCIOT. B Monexymax B Pa3HBIX COOTHOIICHMSIX.

TeTePOKHCIIOT, TOMUMO KapOOHMIIBHON IPYIIIBI, UMEIOTCS CuCl, u 2-(mudTHIAMHHO)ITUI-4-aMHHOOEH30aT
Taroke 31eKTpoHofoHOpHBIE Tpyrmsl (-NH2,-OH,-COOH, - pearupoBaiii B MOJIbHBIX cooTHoureHusx CuCly:L=1:1;
SH u gp.), KoTOpble MOTYT 0Opa30BBIBATH JOIOJHH- 1:2; 1:3.

TEIbHbIE KOOPAMHALMOHHBIE CBSI3U C KaTHOHAMH Bognsie pactoper CuClz (0,135 1, 0,001 monp) u
METaJUIOB. B OOJBIIMHCTBE CIy4aeB 3TO TPHBEICT K mpokauHa (0,231 r, 0,001 MOJIB) CMEIIHUBAIIH C TIOMOIIIBIO
00pa30BaHMIO XENATOB C IATH- U MIECTHICHHBIMU KOJIb- MarHUTHON MeUIanKu co ckopocThio 800 oO6/MuH mpu
LAMH, BKJIIOYAIOLIMMHU KAaTHOHBI METAJNIOB, KHUCIOPOJ temneparype 40°C B TeueHue 1,5 yacos. B pesyibrare
THAPOKCUIIBHOM IPyMITEI M JOHOPHBIE aToMBbI (N B cirydae HOJYYHJIICS CBETJIO-CHHE-3€JIeHBII pacTBOpP. DTOT pacTBOp
amuHOKapOokcmiaToB).CliocoOHOCTh  KapOOHUIIbHOM OCTaBIJIM NPHU KOMHATHOH Temmeparype Ha 5 1HeH
IpynIel  KOOPIMHHMPOBATh KATHOHBI METalIOB | 710 00pa30BaHUs KPUCTAILIOB.

00pa3oBbIBaTh YETBEPTUIHOE KOJIBLIO OOBSICHSET CIO-
CcOOHOCTh MHOTHX KapOOHMIIBHBIX COJIEH pacTBOPATHCS
B OpraHMYecKHX pactBopuressx [1]. Cl

PacmmdpoBana MoneKyIApHas U KpUCTAIUIHIECKast |
CTPYKTypa M-aMUHOOEH30HHO KHCIIOTHI U OTIpelieieHa HyO—3 (1 —0 = NH,
ee Ouosorudeckas akTUBHOCTD [2]. KomIutekchl m-amu- - (f
HOOEH30MHON KHCIIOTHI C NMEPEXOJHBIMH METAIaMHU H Cl 0
TSDKEJIBIMU METAJIAMH TaKKe XOPOLIO M3yveHbl B [3,4]. | CH»—CH;
W3 peaxo3eMenbHBIX 3JIEMEHTOB OBIT CHHTE3MPOBAH H-C—CH-—N
MOHOTHJIPAT HEOMMa-TPH-(I-aMUHOOEH30/MHasT KHCIIOTA) 2 2
(1) 1 onpesiesieHa ero MOJIEKYIISIpHAS U KPHCTaITHYECKAsT CHy—CHj3
crpykrypa [5].

Hentpansasiit atom Nd (I1I) xoopauHUpyeTcs ¢ kap-
OOHMIIBHBIM KHCIIOPO/IOM TTOCPEACTBOM XEJIaTHPOBAHUS 1
OWJIEHTaTHOTO MOCTa. AMHHOTPYIINA IT-aMHUHOOCH30HHOM
KHCJIOTHI HEe KoopanHupoBaHa ¢ aromoM Nd (III).

OOpazoBaHHe KOMIUIEKCOB METaNIOB MOXXET YCH-

Xmopun meau (1) (0,135 1, 0,001 moip) 1 HOBOKanH
(0,472 1,0,002 mons) pacTBOpsii B 20 MIT YKCyCHOM
KHCIIOTHI ¥ HarpeBay NP NEePEMEINBAaHNH JI0 TIOTHOTO
pactBopeHus ocajika (okoio 45 munyT). PacTBop duib-

NMBaTh (QYHKIIMOHAJIBHBEIE CBOWCTBA OPTaHUYECKUX CO- TpOBaJl¥, BbINApUBAIH J0CyXa Ha POTOPHOM HCIAapH-

efvHeHui [6, 7] WM OPUBOAUTH K TOSBICHHIO HOBBIX Tene, CyXoi ocTatok pactBopsiid B 15 mia IM®A u

CBOHCTS [8]. CHOBA BBIIIAPUBAIIH JIOCYXa, YTOOBI IIOJIHOCTBIO YIAIUTh
OmHako 0COOBI HHTEPEC MPEICTABISIOT KOMITIEKCHI U30BITOK YKCYCHON KUCIIOTBL.

METaJJIOB, KOOPAWHAIIMOHHBIN JAna30H KOTOPBIX, BKITIO-
YaeT MOJIEKYJIBI dTaHOJIAMHHA W OEH30HHOW KHCIIOTHI
(cMmemaHHBIe KOMIUIEKCHI JINTAHJIOB), TIOCKOJIBKY 3TH CO-
€IMHEHNsI MOTYT TIPOSIBIISITH CHUHEpreTHdeckue d¢-
(eKTHI
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Xmopun menu (I1I) (0,135 r, 0,001 Moip) 1 HOBO- IOKa YKCYCHasl KUCIIOTa He ObLIA MOJHOCTHIO yIaIeHa.
xauH (0,708 1, 0,003 Moip) cMemmmBamm B 15 M1 ykcycHON [MomyueHHBI O6exXeBBIil MOPOMIOK pacTBOPsUK B 10 M
KHCJIOTHI, KATISITUIIN TIPY NIEPEMENINBAHUN JIO TTOJIHOTO alleTOHUTPWIIA, BRIITAPUBAIHN 10 00beMa 5 MII U OCTaB-
pacTBopenust ocanka (~1,5 gaca).PactBop oThUIBTPOBHI- JSUTH TIPM KOMHATHOW TeMIlepaTrype Ha OAWH JICHb.
BaJl¥, BBINIAPUBAIH J10CyXa Ha POTOPHOM HCIApHTEIe, KpucTaniasl KOpHYIHEBOTO IIBETa OCAKACHHOTO KOMII-
cyXxo# octaTok pactBopsuiv B 15 M JIM®PA u Beimapu- JieKca ObUTH OTJCICHBI IeKaHTaIUCH.

Banu jocyxa. I[TocienHioro oneparuio HoBTopsu 3 pasa,
H,C CH
3 \\ . . / 3
CH, i, H,  HC
"N—C —CH; H,C—C —N
-~ - ey .
i.c— Clha | | CH,
3 0 (|} “CH,
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[— NI
NH; 0 0 :
Cu
0
HaN |
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. ]/ N—C —CH;
H,c—

IIpoBenéH 3yeMEHTHBIA aHaIU3 AJi1 ONpeleNieHus
cocTaBa MOJYYEHHBIX coequHeHni (Tabmma 1). Komn-
YCCTBO MCE€Talllla B CHHTC3UPOBAHHBIX COCAMHECHUAX
OTpeIeIsUT Ha aTOMHO-a0COPOIIMOHHOM CIIEKTPOMETPE,
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a30T ompeessin MeToZioM J{ioMa, yrieposa U BoIopos
CKUTaHWeM B TOKe Kuciopoza. KosmuecTBo xiopa
OIIPEACIISAIN apreHTOMETPUYECKHM CIIOCO00M, Ocaxaast
HOHBI XJIOpa HOHaMU cepebpa (Tabd.1).
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Taonuua 1.
Pe3yabTaThl 3J1EMEHTHOI0 aHAJIN3a CHHTE3MPOBAHHBIX COEeMHEHMIT
Cu C N Cl H
Ne CoequHenue
BbI4Ye- o BbIYe- o Bbl4ue- o Bblue- o BbIYe- o
HaiieHo HaiiieHo Haiineno HaiifieHo HaliieHo
cJIeHo CJIEHO CJIeHO CJIeHO cJIeHO
1 | [CuClyCi3HxoN202] | 17.25 | 16.89 | 42.05 | 41.73 | 7.547 | 7.332 | 19.14 | 19.09 | 5.39 5.96
2 |[CuCl;-2C13H2N20,]| 10.54 | 10.36 514 51.27 | 9.225 | 9.181 | 11.69 | 11.18 | 6.59 6.74
3 |[CuCl2-3C13H2N202]| 7.59 7.47 55.51 | 55.42 | 9.964 | 9.906 | 8.422 | 8.318 | 7.18 | 7.169

Jnst  ycTaHOBNCHMS LEHTPOB KOOPAWHAIMH |
MIPOTHO3UPOBAHMS BO3MOXKHBIX CTPYKTYP CHHTE3HPO-
BaHHBIX COeJMHEHHH Hamu cHATBl MK-cnexTpsl u
MpOBeJIeHa MHTEPIIPETALNS MTOJYYEeHHBIX CIIEKTPOB.

B HMCXOIHBIX COETMHEHHSX I0JI0Ca IMOTJIOLICHUS
cesasu Cu-Cl 3apeructpuposana B obnactn 570 cm™,
Ut 2-(AUA THIIAMHHO )3 THI-4-aMuHOOeH30aTa 3ahUKCH-
poBaHsbI cieayromye nosnockl noriomenus: 0(CO) 638,
S3(CCN), 6(CO) 698, v(CC), 8(CCC) 849, vk, 8(CCN)
1049, 5(CCN), v(CO) 1074, v(NH,) 1135, v,(COy)
1574, v(COy?) 1444, v(C=0) 1645 cm™.

B UK-cnekTpax KOMIUIEKCHOTO COEAUHEHHS,
MOJTyYEHHOTO MPU COOTHOIICHWH HCXOAHBIX BEUIECTB
CuCly:L=1:1, coxpaHSOTCS MOJOCHI MOTJIOMICHHS MPH
510 cm™%, uTO CBHAETENLCTBYET O Hamuuue cBszu Cu-Cl,
noJockl nornomenus mpu 1645 em® (v(C=0)) camkarotcs
na 20 cm! v nposBnsroTCs ipM 1625 ML, uTo mokaskl-
BaeT 00pa3oBaHNE KOOPJIMHALMOHHOW CBSI3U MEXIy aTo-
MOM KHCJIOpOZia KapOOHMIIBHOW IPYIIBI M LIEHTPaIbHBIM
noHoM. [Tonocy nornomenus npu 1170 cm MoxHO HIeH-
TUQHUIPOBATH Kak KoneOanus cBsizu Cu-OH, uto ykazbi-
BaeT Ha KOOPAMHALIMIO MOJIEKYJIBI BOJIBI, 00 3TOM CBH-
JETENBCTBYIOT Takke MONockl Ipu 460 cM™, cooTseT-
CTBYIOIIINIE MasATHUKOBBIM KonebaHussM CuO. Takum
obpazoM, Ha ocHoBe n3yudeHns: MK-criekTpoB cuHTe3H-
POBAaHHOTO COEIUHEHHS, MOXXHO IPEIIOJIOKHUTh, YTO
LEHTPAJILHBII aTOM B COIMHEHUH TIPOSIBIISIET KOOPIUHA-
LIHOHHOE YMCIIO paBHOE 4, TPHU 3TOM KOOPIMHAIHS TIPO-
HCXOJIMT 3a CUET JBYX aTOMOB XJIOpa, aT0OMa KHCJIOPOAa
KapOOHMJILHOW IPYIIIBI U aTOMa Krciioposa Bosl [10].

Amnann3 MK-cniekTpoB coeTMHEHNUs, CHHTE3UPOBaH-
HOTO IpH cooTHOlIeHnHn kommouentoB CuCly:L=1:2
MI0Ka3aJI0, YTO IPOUCXOJHUT CHMIKEHHE YacTOT IOIJI0-
meHus kapOoHmbHOM rpynnsl U cBsizu CCN Ha 12 u
37 cml, uTo yKa3pIBaeT Ha KOODPAMHALIMIO YEPE3 ATOMBI
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KHCIOpOAa KapOOHMIBHOW M a30Ta aMHHOTPYIIIHL.
[Ipu 5TOM COXpaHSFOTCS MOJOCKH MOTJIOMICHUS, COOTBET-
creyromtue cBsizu CU-Cl npu 621 e, TTonock! norsore-
HUSl, CBUJETENBCTBYIOMIME O KOOPIMHALUM MOJIEKYJIBI
BOJBI, OTCYTCTBYIOT, DU 3TOM IOSIBIISIIOTCS MOJIOCHI
noryomenus npu 3461 cm?, ykaspiBaromye Ha HalMuue
KPUCTAJIIN3aLUOHHOM BOJIBL.

HK-cnekTps! KOOpAWHALMOHHOTO COSIUHEHHS, TTOJTY-
yexHoro npu CuCly:L=1:3, umerot mosocy HorioIeHus,
npunamexamyo ceasn CU-Cl mpu 545 cml, taxke
HAOIIOMaeTCs CHIDKEHUE YacTOTHI TOTJIOMICHUS KapOo-
HUIBHOM rpymmel Ha 18 e, IIpu 3ToM coXpaHAIOTCS
10JIOCHI norfoweHus mpu 1049 cml, COOTBETCTBYIOIINE
konebanusiM CCNcepsi3u. Takum 00pa3oM, MOXKHO yTBEp-
KJaTh, YTO MPOUCXOAUT KOOPIMHALUSA TPeX MOJCKYI
IIpOKanHa Yepe3 aToM KUCIIOpo/ia KapOOHUIEHOM MPYTIIEL,
TaKXKe COXPaHSIITCS J[Ba aTOMa XJIopa.

W3 371eKTPOHHBIX CIIEKTPOB YAaCTO MOKHO 0e3 Tpyaa
HOJIyYUTh JOCTOBEPHYIO HH(OPMALIMIO O PACIIOIOKEHHI
JUTAH/IOB B KOMIDIEKCAX TEPEXOHBIX METaUIoB. Terpa-
SIPUYECKAE KOMITICKCHI, 0OBIYHO, JIETKO OTJIMYHUTH OT IIIe-
CTHKOOPAMHAIIMOHHBIX TI0 MHTEHCHBHOCTH TIOJIOC.

B oxrasaprdecknx komrutekcax meau (II) Hamboree
4acTO HAOIIOJAIOTCS AIEKTPOHHBIE TIEPEXOBI B 00JIaCTH
150005000 cm™?, a Bcnencteue >ddekra SIna-Temtepa
HPOHUCXOIUT UCKAXKEHHE OKTaIpUIeCKON KOH(UTyparwm
KOOPAMHAIIMOHHOTO y3na. VIMEHHO Takue Mepexoibl
HaOJIOIaTUCh B KOMIUIEKCHBIX COETMHEHUSX, TIOIyYeH-
HBIX MPU COOTHOIIeHUH peareHToB 1:1 u 1:2 (puc. 1-2).
IIpu 3TOM KOMITIEKCHOE COeIMHEHNE, TTOJTyYeHHOE IPU
COOTHOIIIEHUH peareHToB 1:1 mMeeT CHHUU IBET, 4TO
COOTBETCTBYET COSIMHEHISIM MEIU C KOOPIMHAIIMOHHBIM
YHCIIOM paBHbIM 4. Criestyroliee COeIMHEHNE UMENO LBET
OTJIMYHBIA OT CHHET0, OJIVKe 3eJIEHOBATO-CHHEMY IIBETY,
YTO MpUcylle coenrHeHusM meau ¢ K4 6.
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Pucynok 2. 3C/O0 coedunenus [CuClz-2C13H20N202]

JpyruM BaKHBIM MOMEHTOM JUISl TIpEJCKa3aHUs
CUMMECTPHUHU KOMIIJIEKCA ¢ KOOPJAWMHAIIMOHHBIM YHUCJIOM
LEHTPAJIBHOTO aToMa PaBHOTO 5 SBIAETCS TO, YTO AT
KOMILJIEKCA CUMMETPHUN D3h OJICKTPOHHBIC CIICKTPAJIbHBIC
nostockl npu 10500—14600 cm™* HabmogaroTes ¢ 60b-
el THTEHCUBHOCTHIO TIOTJIOMIEHUS TpU 00Jiee HU3KOH
OHEPIUHn. HSITI/IKOOpllI/IHaTHI)Ie KOMIIJIEKCBI CUMMETPUUN

21

Cav OOHAPYMBAIOT TOJIOCHI DIEKTPOHHOTO CIEKTPA B
nuanaszone 11400-15000 cm™ ¢ Gonbluell MHTEHCMBHO-
CTBIO MOIJIOIIEHHUS TMOJOCHI 0OJiee BBICOKUX JHEPIrHii.
Bo-BTopsIX, cxema pacmierenus 2D-unena cuctems d°.
IIpu BO3MYyLIEHUH KPUCTAJUIMYECKOTO 10JIs1 Dan U Kpu-
cranmueckoro noJist Cay MOXKHO HOJIYYHUTh CJle/yIOLIEE:
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Pucynok 3. Pacuennenue 0° ¢ 3asucumocmu om cummempuu coedunenus

Tak, B kommiekcax Cu(Il) cucremsr Dan oxumatotes TpU HOJOCHL. 31€Ch, B HALLEM HCCIEIOBAaHUU, MATUKO-
TOJIBKO IBE ITOJIOCHI, TOTJa KaK JUIsi KOMIIJIEKCOB CHM- opaunatHble komiuiekcsl Cu(Il) mmerotr B cBOMX 3ieK-
MeTpu Cay B X AJIEKTPOHHBIX CIIEKTPAaX OXKUAAIOTCS TPOHHBIX CHEKTpaxX ABE MOJOCH (puc.4).
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Pucynok 4. 2C/0 coedunenus [CuClz-3C13H20N202]

Takum 00pa3oM, IPOBECH CHHTE3 KOOPAUHAIMOH- Metonamu MK-ceKTpOCKONUHN yCTaHOBJIEHBI LIEHTPHI
HBIX COCOUHCHUHN 2-(IUATHUIAMUHO)3TUI-4-aMHHO- KOOpJAWHAIMY JIUTaH/a, CHEeKTPBhI AUPPY3HOTO OTpaske-
Oen3oara (mpokanH) ¢ xiopunom menu (1) B pasHbix HUS IOKA3aJId, YTO B 3aBUCUMOCTH OT KOJIMYECTBA B3STOIO
cooTHoleHusX. Ha OCHOBE 371eMEHTHOT0 aHaIu3a ycra- JIMTaHJ1a, MEJIb MOXET IMPOSBIISATE B COEAMHEHUST KOOP-
HOBJICH KOJIMYECTBEHHBI COCTaB M MPEIJIOKESHBI JMUHAIIMOHHBIE YUcia oT 4 110 6.

OpyTTO-(hOPMYIIBI TSI CHHTE3UPOBAHHBIX COSTMHECHUH.
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AHHOTALIUS
B craTbe onmmcEIBacTCS MEXaHU3M ):[efICTBH?I KaTajanu3aTopa CsFs HIeJIO‘IHOﬁ CpCac HAa KOJIMNYCCTBA BbIXOAa HCHACHI-
HICHHBIX MTPOU3BOAHBIX MOp(I)OJ'II/IHa B NPUCYTCTBUU BUHUJIALCTHUIICHA. Hpe,I[LI,I[yH.II/IC HUCCJIICA0BAHUA OITMChIBAJIM ITOUCK
AKTHBHOT'O KaTajin3aTopa, AJid peaKiunuu MOJIYyUCHHU ITPOU3BOAHBIX MOp(i)OJ'II/IHa.
ABSTRACT
The article describes the mechanism of action of the CsF catalyst in an alkaline medium on the yield of unsaturated
morpholine derivatives in the presence of vinylacetylene. Previous studies have described the search for an active catalyst

for the morpholine derivatization reaction.

KiroueBble cjioBa: MOpGOJIHH, BUHUIAIICTUICH, MeXaHU3M peakiun, N-mopdonundyramuen-2,3, CsF, karanmusarop,

JAMCO, rugpokcu Kanus.

Keywords: morpholine, vinylacetylene, reaction mechanism, N-morpholine-2,3-butadiene, CsF, catalyst, DMSO,

potassium hydroxide.

BBenenue

HenacelenHsle  nipon3BoaHbIe MOpgoiiHa o0a-
JIAl0T Pa3HOOOPa3HBIMH CBOWCTBAMH, YTO HO3BOJISIET MX
LIMPOKO MPUMEHSATH B pa3HbIX 00iacTax. B HacTosmee
BpeMsI IS TOJTyYeHHs ATHX COCIUHEHUH MPUMEHSIOT
BBICOKYIO TEMIIEPATypPy U BEICOKOE JIaBICHUN. B Hammx
MPEABIAYIINX HCCICAOBAHUSIX HM3yYaloCh BIUSHNE
Ppa3IUYHBIX GU3UKO-XMMUYECKHX (haKTOPOB HA 00pa3o-
BaHWe TPOU3BOAHBIX [1] Mopdonuua u apyrux [2-7]
COEIMHEHUI! MTOTyYeHHBIX B Pe3yJIbTaTe UX B3aUMOCH-
CTBUS C BUHMNALETUIEHOM. B nutepaType onuceiBarotes
mHeHust b.A. Tpopumosa u ero yuennkos B. Pemre,

P. Xsuopaa o Mmexannzmax obpazoBanusi N-THEHOBBIX
COE/IMHEHHH B PEaKIMsIX aMHHOB B IIPUCYTCTBHU BHHHJI-
AIleTHJICHOBBIX COeIWHEeHni. B HameMm npensiaymiem
HCCIIEIOBAHUN MBI PAcCMOTPENIM  KOJIMYECTBEHHOTO
BIUsIHUE KaTanu3aropa Ha cuHTe3 [1] N-mopdoauaOy-
taaueHa-2,3. Terneps Mbl OMHUIIIEM MEXaHH3M 3THX PeaK-
LU B IPUCYTCTBUU KaTajau3aTopa.

Ilean uccienoBanmsi:

HccnenoBanne BIMSHIE KaTald3aTopa U MEXaHH3M
ero aeiictBus nipu cunteze N-mopdonnHOyranuena-2,3.
W3yuenue, BnusiHus Kataiusaropa CSF, B IIenO4HOR
cpele Ha KOJHUYECTBEHHBIH BBIXOJ CHHTE3UPOBAHHOIO

bubnuorpagpuueckoe onucanue: XKymaes XK.X., Axmenos B.H. MEXAHN3M ITOBBILIEHUE AKTUBHOCTHU
KATAJIU3ATOPA B ITPOLECCE AJUIEHJIM3ALIMY MOP®OJIMHA BUHUJIALIETUJIEHOM // Universum: xumus
U OUOJIOTHSL : AIEKTPOH. Hay4H. xypH. 2022. 3(93). URL: https://7universum.com/ru/nature/archive/item/13213
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MPOJYKTa, TI0 CPAaBHEHHUIO MPOIYKTa MOIy4YE€HHOTO B pe-
3yJIbTAaTE UCTIOJIb30BAHNIE B TAKOH K€ PEAKLUH APYTOTO
KaTaau3aTopa.

MartepuaJjibl M1 METOABI HCCJIEJOBAHUI

OCHOBBIBAsICh Ha JUTEPATYPHBIX JaHHBIX M Ha
pe3ylibTaTax CXOXXHX JKCIepHMEHTOB 1o B. Pemme,
MexXxaHu3M 00pa3oBaHUs N-TUCHOBBIX COCIUHCHUMN
TOMOTEHHBIM 00pa3oM B BBICOKOOCHOBHOW CHCTEME
KOH-IMCO MO0XHO TpPEeAnoJIONKUTh CIEAYIOUINM
oo6pazom. JIMCO o6pasys cuctemy KOH-JIMCO c
THIPOKCUIOM KajHs, IOTOJHUTEIHHO YCIIMBACT OC-
HoBHEIE cBoicTBa KOH. OT0 momomHNUTENEHO yCKOpSeT

/CH3

O=S_
CHs

+ KOH

3aTeM cucTeMa B3aUMOJAEHCTBYET C MOJIEKYJION MOp-
¢onmHa ¢ 00pa3oBaHWEM KalHEBOW COJHM, HMOKa3aHHOW
Ha 3TOH AMarpamme:

@)

() <
N CH,
H

3areM KalMeBask COJib MOP(OIIUHA CBSA3BIBACTCS C
BHHHJIALICTUIICHOBBIM HYKIICODHIOM, U 00pa3yercs
annoH N-Mopdonnna OyTaauen-2,3:

OH

/

2K+O

JIMCCOLMAIMIO KATMEBOW COIM MOP(OIIMHA - IPOMEKY-
TOYHOTO MPOJYKTa U YCHJIMBAsi IIPH 3TOM €ro HyKJIeo-
¢unbHOE CBS3BIBAHWE C BHHWIJIAIICTHIICHOM. B Hauase
CpaBHEHHSI OOBSICHUM MEXaHH3M HAIIETO MPEbIAYIIETO
uccrenoBanus [1].

1) Mexanu3sm o6pasoBanus N-mopdonnHOyTaueHa-
2,3 mpu romoreHusanuu MopdoiiMHa B MPHCYTCTBHU
BUHUWJIAICTHJICHA CIICAYIOIIHH.

Ieponauansao JIMCO o00pa3yeT BBICOKOOCHOB-
HYIO CUCTEMY C TUIPOKCHIOM KaJIUs, YTO CIIOCOOCTBYET
JIMCCOLMAIIH THAPOKCH/IA KaJIHsl Ha HOHBI:

_CH ]
<sZ_ 3 oH
CHs

_CHs

0
[ )*Ho+0—s

K

/

[Oj s ——— > g N bk =g WS ek
N

K
+

OOpa3yromuiicas B IpoLecce aHHOH B3aUMOJCH-
CTBYET ¢ MOJIEKYJION MopdoiiHa ¢ 00pa3oBaHHeM IPo-
nykta N-MophoanH-OyTaaueH-2,3 u aHuoHa MopQoITiHa.

g N —/:\\@ +
——/

H

2) B Hamux HOBBIX HCCIIEJOBAHUSAX MPH UCIIOJb-
30BaHUM TEX JK€ PEareHTOB KaK U B MPEIBIIyIINX HC-
ciuenoBaHUAX, npuMeHmwH Katammsarop (1,52 r CsF u
21,43 r KOH).

MexaHu3M [eHCTBHS KaTalu3aTopa CIeXlyFOIuil.
[NepBoHa4aILHO THAPOKCH]I KAITUS pearupyer ¢ (GPTOpHaoM

3710, B CBOIO OUYepe/Ib, MPOIEBACT MPOIIECC, TIOABEPTast
€ro BO3/IEHCTBHIO BUHUITALICTUIICHA.

n/

) e 3 ()

KOH + CsF—CsOH + KF

OO0pa3oBaBmMiiCS THUIAPOKCHJ IE3Uus 00pazyer ¢
ruapokcugoM IMCO BBICOKOOCHOBHYIO CUCTEMY, KO-
TOpasi YBEIUYMBAET JMCCOLMALMU TUAPOKCUAA LEe3us

oe3us. Ha UOHBI:
CH, CHs
O=<—s ~ + CsOH cs" [0=—s |on-
CHy CH,
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3aTEM CHCTeMa B3aUMOJEHUCTBYET C MOJEKYJION
Mop¢onmuHa ¢ 00pa30BaHNUEM COJIM LIE3Ws, IIOKA3aHHON
HAa CIIEQYIOILEN cXeMe:

O
+ CH _ (@]
[ j +Cs|O E: 3 OH } [ j + H20+ 04—8:CH3
N CHg N CHs

|
H Cs

3arem, me3ueBas COJIb MOPQOIMHA CBA3BIBACTCS
C BUHWJIALIETHJICHOBBIM HYKJI€O(pHIOM 00pa3ys aHuOH
N-mopdonunabyraanen-2,3:

O — — —\
[ j y ——== —» O N_/_\\_CS <~—>0 N—/:\\@ +Cs”
\

__/ ___/
Cs
+
Koropsiit  annon N-mopdonunabyramueH-2,3 3T0, B CBOIO OYEPEAb, IPOIIEBAET MPOLIECC, MOABEPTrast
B3aUMOJCHCTBYET ¢ MOJEKYJIOH MopdonuHa ¢ obpa- €ro BO3JEHCTBUIO BUHIJIALIETUIICHA.

30BaHMEM aHHOHA N-MopQomH-OyTareH-2,3 mpoIyKTa.

L W W
d % () d N [gj

N © N
H
B JaHHBIM CJIy4dac HUCIO0JIb3Yyd B KaUC€CTBC MOHA ME- aKIIUuu 111 06pa303aH1/1e MMPOU3BOJHBIX MOp(bOJ'II/IHa Imo-
TaJUI Ce3Ui B KaTaJlu3aTope, KOTOPBIi MPUMEHSUIIN B pe- JIOXKUTEIHHO CKA3aJI0Ch Ha Hee YBEIMYHB IIPU 3TOM BbI-
XOJ IPOJYKTa.
Tabauuya 1.
Bimsinne mpupoapl KaTaiau3aTopa Ha BbIxoa N-mopdoaundyraguen-2,3
(IPOIOIKMTENILHOCTH peakiuu 4 yaca, remneparypa 70-75°C)
Ne Karaauzatop Beixoa npoaykra, %
KOH 25,0
KOH+CsF 29,6
BriBoabI Hammx mccnenoBanne MexaHn3Ma JaHHOW PEaKIuu

MOKAa3bIBAIOT HA OCHOBE CHHEPrH3Ma JIBYX WIH Ooiiee
ocHoBaHui1 noH Metaiuia CS 006pa3yer IeNoKaIn30BaHHbIN
3apsDKEHHBI KOMILIEKCHBIH KATHOH, YTO PE3KO MOBBIIIACT
AKTUBHOCTh aHHOHA. BClleICTBYE Yero yBEeIHMUUBAIOTCS
BbIx011 N-mMopdosmHOyTagueH-2,3.

B 3akmouenme MO>KHO CKa3arh, YTO B 3TOH CTaThe MBI
onucalli MEXaHMW3M PEaKkIUH Kak U B HallleM IIepBO-
Ha4YaJIbHOM HCCJIEIOBaHWH, TaK M B HAIIEM TEKYyILEM
uccnepoBanny. Ho k xatanmsartopy msl qobasuimu CsF,
YTO 3HAYUTEIIBHO YBEJIMYNIIO BBIXO IMPOYKTa PCAKITUH.
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ABSTRACT

In this article, we are going to report the results of study the root part of the plant Rumex pamiricus Rech. f., which belongs
to the family of Polygonaceae, growing in Uzbekistan, a new rich source of unique anthraquinone emodin (1,3,8-trihydroxy-
6-methyl-9,10-anthraquinone) isolated from the chloroform fraction, as well as the beneficial properties of emodin.

AHHOTALUS

B 3T0# cTaThe MBI COOOIIMM O pe3ylbTaTax U3y4eHHs KOPHEBOM yacTu pactenusi Rumex pamiricus Rech. f., mpu-
HaJuIexKaIas Kk cemeiictBy Polygonaceae, npouspacrarorias B Y30eKucTaHe, HOBbIH OOraThlii HCTOUHHK YHUKAIBLHOTO
aHTpaxuHOHA 3MouHa (1,3,8-Tpuruapokcu-6-meTtiin-9,10-aHTpaxHOHA) BRIICIICHHOH H3 XJI0pOo()OPMHOI PpaKIim, a TAKKE

0 II0JIC3HBIX CBOMCTBAX OMOJHHA.

Keywords: Polygonaceae, Rumex pamiricus, emodin, anthraquinone derivative, coronavirus (SARS-CoV).
KiroueBble ciioBa: Polygonaceae, Rumex pamiricus, 3MO/THH, IPOM3BOIHOE aHTpaxWHOHa, KopoHasupyc (SARS-CoV).

1. INTRODUCTION

The interest of natural drugs as adjunctive therapy
for acute and chronic diseases has grown significantly
in the recent years. Herbal remedies play an important
role in modern medicine and it appears feasible that the
compounds from herbs can be helpful in prevention
or treatment of different diseases[1]. The name Rumex
derived from the Latin word for dart, alluding to the
shape of the leaves. It is the largest genus of family
Polygonaceae [2]. This genus includes more than
250 species distributed worldwide. 16 species grow in
Uzbekistan [3,4]. Since ancient times Rumex L. (dock,
sorrel) species have been well known for their use in

traditional medicine, due to therapeutic efficacy and
various biological activities [5]. The herb Rumex pamiricus
belongs to the family of Polygonaceae, which is wide-
spread in Central Asia (Pamir-Alay,Tian Shan, Dzungarian
Alatau), Kashgaria. One of the most common types of
Rumex in Uzbekistan (Samarkand and Kashkadarya
regions). It grows along wet mountain meadows, along
the banks of mountain rivers and lakes. Perennial herba-
ceous plant reaching 60-100 cm in height (Figure -1) [6].
Since ancient times, concoction or tea from various parts
of this herb has been used in folk medicine to treat
diarrhea, dysentery, stercoral ulcer, as apetizer, analeptic
medicine for lever, heart, as antihaemorrhagic, to treat

bubnmuorpagpuueckoe omnucanme: Shermatova G. EMODIN, AN ANTHRAQUINONE DERIVATIVE FROM
Rumex pamiricus Rech. f. // Universum: xumuss u OWOJOTHS : JICKTPOH. HaydH. )ypH. 2022. 3(93). URL:

https://7universum.com/ru/nature/archive/item/13065
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hepatitis, fever and other diseases [7,8]. The anthraqui-
none emodin, identified in 17 plant families distributed
worldwide, has numerous biological activities [9].

Figure 1. Rumex pamiricus Rech. f.

2. MATERIALS AND METHODS
2.1 Plant material

The roots of Rumex Pamiricus were collected from
Botanic Garden, Tashkent, Uzbekistan, on August 2020.

2.2 Extraction

The roots of the herb Rumex Pamiricus were col-
lected in August and dried at room temperature, in shade.
The pounded herb roots were first subjected to extrac-
tion in chloroform, then three times in 70% acetone
hydrous solution. The acetone extract was distilled un-
der vacuum, the remaining water solution was subjected
to extraction with ethyl acetate. Ethyl acetate extracts were
collected and were dehydrated by adding anhydrous salt
Na2S04. The dehydrated extract was filtered, its con-
centartion increased under vacuum, the total phenols

were precipitated by adding pure hexane to the condensed
extract. The created precipitate was washed, and filtered
and the extracted total phenols of chloroform and ethyl
acetate fractions constituted 3.4% of the herb dry weight.

3. RESULTS

The roots are the best organs for the accumulation
of anthraquinones. Continuous studies on the chemical
composition of Rumex pamiricus led to the isolation of
anthraquinone emodin, from the plant root extract using
column chromatography on KSK silica gel, eluted with
a mixture of extraction benzene — ethyl acetate: (50:1,
40:1, 30:1, 20:1,10:1 and 5:1). The structure of emodin
(1,3,8-trihydroxy-6-methyl-9,10-anthraquinone) was es-
tablished on the basis of the analysis of the data of MS
(Figure -2), 1H, and 13C NMR spectra, and of the DEPT,
HSQC and HMBC experiments.
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Figure 2. Mass spectrum of emodin
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Figure 3. Thin Layer Chromatography (TLC) of emodin

4. CONCLUSION

In this article, we are going to report the results of
study the root part of the plant Rumex pamiricus Rech.
f., which belongs to the family of Polygonaceae, grow-
ing in Uzbekistan, a new rich source of unique anthra-
quinone emodin isolated from the chloroform fraction,
as well as the beneficial properties of emodin. Emodin
(1,3,8-trihydroxy-6-methyl-9,10-anthraquinone) were
separated from Rumex pamiricus plant for the first time
(Figure -4). and the study of the root part of this plant
continues.

OH O OH
H,C ' l OH
0

Figure 4. Chemical structure of emodin
(1,3,8-trihydroxy-6-methyl-9,10-anthraquinone)
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Emodin an anthraquinone derivative, is an anti-SARS-
CoV compound [10]. Severe acute respiratory syndrome
(SARS) is an emerging infectious disease caused by a
novel coronavirus (SARS-CoV) and that results in pro-
gressive respiratory failure and death in close to 10% of
infected individuals. Emodin blocks the SARS corona-
virus spike protein and angiotensin-converting enzyme 2
(ACE2) interaction[11].

A joint research group from KAIST (The Korea
Advanced Institute of Science and Technology) have
identified repurposed drugs for COVID-19 treatment
through virtual screening and cell-based assays. Re-
searchers screened 6,218 drugs from a collection of
FDA-approved drugs or those under clinical trial and
identified 38 potential repurposed drugs for COVID-19
with this strategy. Among them, seven compounds inhib-
ited SARS-CoV-2 replication in Vero cells. Three of these
drugs, emodin, omipalisib, and tipifarnib, showed anti-
SARS-CoV-2 activity in human lung cells, Calu-3 [12].

To date, articles have been published about it by sci-
entists around the world. The scientists of our institute
are currently conducting additional research and screening
work on this compound.
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ABSTRACT

Based on the data of IR spectroscopy, it was established that the molecules of formamide, acetamide, carbamide and
thiocarbamide anions of fatty acids are coordinated through the oxygen atom. The thiocarbamide molecules are
coordinated, respectively, through the sulfur atom of the thioamide group and the nitrogen heteroatom of the pyridine
ring. Palmitate, oleate, stearate anions, depending on the composition of the geometric configuration of the coordination
sites, exhibit mono- and bidentate-cyclic coordination. In the IR absorption spectrum of a free urea molecule, along with
other frequencies, two bands are observed, which confirm the presence of a coordination bond between the central ion
and oxygen atoms of the urea molecule.
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KOTHHAMU/1a KOOPIUHNPOBAHBI COOTBETCTBEHHO YEPE3 aTOM CEPBI THOAMHIHOM I'PYIIIBI U TETEPOATOM a30Ta MUPUANHO-
BoOro koibua. [TaneMuTaTHBIE, OJICaTHBIE, CTEApATHBIC AaHHOHBI B 3aBUCHMOCTH OT COCTaBa FeOMETpHUUYECKOi KOH(HUTypa-
MM KOOPAWHAIMOHHBIX IIEHTPOB MPOSBILIIOT MOHO- M OMIEHTaTHO-IIMKIIYIECKy0 koopauHaimio. B MK-criektpe morsmorme-
HHS CBOOOTHON MOJIEKYJIBI MOYEBHHBI HApsITy C APYTHMH YaCTOTaMH HaOTIOAAIOTCS JBE TTOJIOCHI, TOATBEPIKJAIOIIIE HATHINE
KOOPAMHAIIMOHHOM CBA3M MEX]y HEHTPAIbHBIM HOHOM M aTOMaMH KUCIIOPOJa MOJICKYJIbl MOUEBHHEI.

Keywords: mixed complex compounds, coordination, central atom, synthesis, methods of coordination, thermal be-

havior, individuality.

KiroueBble cj10Ba: CMeEIIaHHBEIE KOMILICKCHEIC COCIMHCHUSA, KOOPpAUHAI A, HeHTpaﬂLHLIﬁ aToM, CUHTC3, MCTO/IbIL

KOOpAuHAHU, TCPMUYCCKOC MMOBEACHUEC, MHANBUAYAJIbHOCTD.

Introduction. Actual task of modern chemistry is
the search new environmentally clean methods for the
synthesis of chemical compounds and based on them
materials. One of these methods is mechanochemical.
Besides the fact that mechanochemical activation in the
absence of solvents is at the synthesis stage, the generated
mechanical energy leads to the breaking of bonds and
the formation of certain intermediate products, which
cannot be formed in the presence of a solution, therefore,
often as a result of mechanochemical reactions, new
compounds are formed, which cannot be obtained under
the conditions of use of solvents [6, p. 35].

Substances containing donor atoms, for example,
amides of aliphatic, carboxylic, pyridinecarboxylic acids,
in particular acetamide and nicotinic acid contribute
to the formation of coordination compounds with metal
ions. Anions of Organic and Inorganic Acids (acetic,
benzoic, stearic, oleic, palmitic, nicotine, nitrogen, etc.)
depending on the synthesis conditions, the nature of
metals and the composition of complexes exhibit diverse
methods of coordination [9, p. 142; 11, p. 2963]. Numerous
studies on the coordination compounds of p, d, and f metals
with acid amides are devoted to complexes with homo-
geneous ligands [7 p. 820; 10 p. 535]. There are no data
in the literature of monotype ligand coordination com-
pounds of zinc nitrate with acetamide and nicotinic acid
[8, p.181].The reasons for the competitive coordination
of ligands, acid anions, and water molecules around the
central atom are not shown [3, p. 765; 5, p. 680]. To solve
these problems as complexing agentswe have chosen

zinc nitrate since by the change in the nature of organic
ligands it is convenient to judge their ability to complex-
ation. In connection with the above,the purpose of this
work were the synthesis of monotype ligand complex
compounds of zinc nitrate with acetamide and nicotinic
acid and the establishment of the composition, personality
methods for coordinating organic ligands and studying
the thermal behavior of new compounds [4, p. 430;
14, p. 1950].

Methods and materials. For the synthesis of coor-
dination compounds, we chose the most efficient mech-
anochemical method, since it does not require scarce or-
ganic solvents. The synthesis procedure was carried out
according to [11,12].

A complex compound of  composition
Ca(C15H31COO)2 CH3;CONH; CS(N Hz)z 2H,0 mol) thi-
ocarbamide in a ball mill 100 ml, at room temperature
for 30 minutes. The product yield is 89.7%. A mixed-
ligand complex compound of the composition
Ca(C17H33C0O0), CH3CONH; CO(NH>), H.0 was syn-
thesized by intensive stirring of 0.6120 g (0.001 mol) of
calcium oleate hemihydrate with 0.0591 g (0.001 mol) of
acetamide and 0.0601 g (0.001 mol) urea in a ball mill
100 ml, at room temperature for 30 minutes.The yield of
the final product is 96.3%. Thermal analysis was carried
out on a derivatograph of the Paulik-Paulik-Erdey sys-
tem at a rate of 10 deg/min and a weight of 0.1 g. A plat-
inum crucible 7 mm in diameter without a lid served as a
holder. Al,O3 was used as a reference [13].

Results and discussion

Table 1.

Results of elemental analysis of mixed ligand palmitate, calcium oleate coordination compounds

Ca,%

N,% C.% H,%

Compound

Find. | Calc. | Find. | Calc. | Find.| Calc. | Find. | Calc. | Find. | Calc.

Ca(C15H31CO0), -CH3CONHy

CS(NHoy 2Hh0 563 | 555 | 4,28

444 | 589 | 582 |5842| 58,22 |10,31| 10,47

Ca(C17H33COO)2‘
‘CH3CONH; 537 | 542 -
‘CO(NHy)> H20

- 554 | 568 |6342| 63,29 |10,38| 10,49
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Table 2.

Interplanar distances and relative intensities of lines of free molecules of acetamide, thiocarbamide,
carbamide, their complexes with palmitate and calcium oleate

Compound dA (1% [dA| 1% | dA [1%]| dA | 1% | dA [I%
CH3;CONH; 20,21 6 |451] 4 2,84 | 83 2,05 1 1581 | 6
18,05| 8 [4,26] 2 2,67 11 2,03 1 1,490 | 1
16,60| 10 [4,03] 1 2,56 3 1,984 1 1,427 | 10
1469 9 [395] 1 2,52 2 1,942 5 1,390 | 1
12,241 3 |3,85] 1 2,49 2 1,887 1 1,311 | 1
1142 2 |3,70] 1 2,36 1 1,849 1 1,259 | 4
6,13 | 5 |362| 1 2,30 7 1,805 3 1,246 | 1
558 | 100 |3,55] 3 2,26 2 1,753 45
526 | 8 |3,49| 13 2,22 3 1,707 2
501 | 6 |3,25| 13 2,15 | 49 | 1611 1
CS(NH3)2 478 | 5 [3,14| 4 2,10 1 1,591 2
476 | 1 [3,001 37 2,27 5 | 1,835 8 1,602 | 8
444 | 6 |2,88| 13 2,17 2 1,799 15 1,546 | 6
4,30 | 100 |2,78| 14 2,12 8 1,773 8 1,486 | 3
413 | 17 [2,69| 9 2,07 3 1,745 11 1411 | 2
3,70 | 54 |2,48| 8 2,00 2 1,725 6 1,357 | 3
3,39 | 59 |242| 33 | 1894 | 2 1,665 2 1,316
3,06 | 52 |2,35| 15 | 1,884 | 4 1,623 5
CO(NH2) 17,21 2 |4,37] 2 3,02 12 2,20 4 1,770 | 2
16,08 3 |3,98| 100 | 2,80 | 27 | 2,15 2 1,736 | 1
15,29 3 |3,56] 10 249 | 42 2,01 1 1,660 | 5
1386| 2 [3,25] 2 2,46 5 | 1,980 18 1557 | 1
1259 1 |3,14] 3 2,33 1 1,827 6
Ca(C15H31C0O0)2'CH3CONH2 -CS(NH2)2:2H,0| 11,72 5 [5,04] 15 2,97 20 2,33 3 1,780 | 4
11,02 8 |4,67| 10 2,93 12 2,30 9 1,766 | 3
10,39 9 |454| 6 2,,90 7 2,25 28 1,741 | 4
10,341 9 |4,43] 6 2,86 3 2,23 4 1,718 | 3
9,75 | 54 |432| 6 2,83 5 2,20 6 1,711 | 4
9,71 | 88 |4,12| 7 2,79 54 2,15 6 1,681 | 6
8,61 | 10 |393| 7 275 | 20 | 2,13 9 1,665 | 6
841 | 6 |386| 9 2,72 3 2,09 30 1,643 | 4
8,02 | 15 |3,78| 69 265 | 15 | 2,03 4 1,606 | 2
7,65 | 26 |3,75| 54 2,57 16 2,00 10 1581 | 2
6,79 | 25 |3,69| 52 2,55 4 1,977 4 1575 | 2
6,56 | 51 |3,55| 40 2,52 2 1,954 4 1,556 | 2
6,20 | 4 |344| 9 2,49 9 1,936 5 1547 | 3
590 | 4 |3,31| 100 | 2,46 3 1,918 4 1528 | 2
570 | 4 |3,18| 6 2,43 2 1,884 6
552 | 4 |3,14| 6 2,42 2 1,833 4
535 | 6 |3,05| 36 2,37 4 | 1,793 7
15,73 ] 100 |4,81| 27 2,88 13 2,09 18 1,567 | 17
14,89 21 |4,59| 29 2,84 21 2,08 14 1,561 | 16
13,77 20 |4,56| 67 2,70 10 2,05 17 1,637 | 12
13,35| 21 |4,43| 58 2,64 23 2,02 22 1,520 | 14
12,59 21 |4,34| 44 2,56 21 2,00 21 1,412 | 14
11,72 21 (4,27 42 2,52 15 | 1,918 21 1,449 | 13
10,55| 21 |4,13| 58 2,47 17 | 1,881 17 1,442 | 12
9,34 | 50 |4,07| 42 2,44 18 | 1,871 21 1,435 | 13
Ca(C17H33C0O0),"CH3CONH, CO(NH2)2'HO | 7,79 | 21 |3,99| 38 2,41 25 | 1,854 17 1,427 | 11
7,16 | 21 |3,88| 40 2,38 25 | 1,835 17 1,408 | 17
6,79 | 17 |3,61| 32 2,36 26 | 1,779 22 1,398 | 10
6,31 | 21 |351| 21 2,32 25 | 1,754 21 1,382 | 12
598 | 25 |341| 71 2,29 13 | 1,693 22 1,375 | 10
577 | 21 |3,33| 25 2,27 13 | 1,621 21 1,361 | 8
555 | 21 |3,28| 33 222 | 13 | 1,665 18 1,350 | 12
520 | 25 |3,07| 21 2,18 23 | 1,604 23 1,344 | 13
501 | 33 [2,92| 25 2,13 | 19 | 1,586 23
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The heating curve of the compound Ca(Ci5H3:COQ),
CH3CONH; CS(NH,)2 2H,0 is characterized by seven
endothermic effects at 130, 212, 269, 328, 362, 404, 760 °C
and five exothermic effects at 305, 343, 450, 510, 587 °C.
The nature of these thermal effects is related to the stepwise
decomposition of the complex. In temperature ranges
80-132, 132-240, 240-300, 300-320, 320-335, 335-350,
350-380, 380-430, 430-480, 480-570, 570-650, 650-790°C
the weight loss is 2.20; 5.39; 8.70; 1.74; 0.43; 1.74; 2.00;
6.96; 26.09; 30.36; 0.51; 3.04%.The total weight loss in the
range of 80-790°C according to the TG curve is 93.16%.
Fourteen endothermic effects were found on the heating
curve of Ca(C17H33COO)2 CH3CONH> CO(NHz)z H,O
at 70, 120, 158, 177, 200, 214, 360, 374, 382, 415, 422,
570, 600 740°C and eleven exothermic effects at 233,

263, 333, 350, 495, 662, 683, 710, 780, 795, 843°C.
The first endoeffect corresponds to the removal of one
water molecule. The appearance of subsequent thermal
effects is due to the decomposition and combustion of
the thermolysis products of the complex. In temperature
ranges 60-110, 110-130, 130-165, 165-185, 185-208, 208-
220, 220-250, 250-290, 290-340, 340-355, 355-365,
365-378 , 378-390 390-418 418-440 440-560 560-580
580-640 640-670 670-700 700-730 730-760 760-790
790-820 -8600C weight loss, respectively, is 0; 2.20; 3.42;
2.74;2.73; 2.73; 4.11; 2.33; 4.38; 4.79; 2.05; 2.05; 1.37;
2.05; 1.37; 2.05; 2.74; 4.79; 38.36; 4.11; 0.68; 2.74;
2.74; 2.05; 1.64; 0.10; 0.00%. The total weight loss in
the temperature range of 60-860°C according to the ther-
mogravimetry curve is 96.90%.

Table 3.

Results of thermogravimetric analysis

Tempera- | ooy Weight Total Nature The resulting
Compounds ture range effect, °C | loss,% weight effects compound
of effect, °C ’ 7 | loss,% P
Ca(C15H3:COO), ‘CH3CONH; . Ca(C1sH3:CO0)y
(Cst o (NHz))z-ZHQO 80-132 | 130 | 220 220 | Endothermic Cch(ONHZ, oS (N)HZ)Z
132-240 212 5,39 7,59 Endothermic | Thermolysis product
240-300 269 8,70 16,29 Endothermic | Thermolysis product
300-320 305 1,74 18,03 Exothermic | Thermolysis product
320-335 328 0,43 18,46 Endothermic | Thermolysis product
335-350 343 1,74 20,20 Exothermic | Thermolysis product
350-380 362 2,00 22,20 Endothermic | Thermolysis product
380-430 404 6,96 29,16 Endothermic | Thermolysis product
430-480 450 26,09 58,25 Exothermic | Thermolysis product
480-570 510 30,36 88,61 Exothermic | Thermolysis product
570-650 587 0,51 89,12 Exothermic | Thermolysis product
650-790 760 3,04 93,16 Endothermic | Thermolysis product
Ca(C17H33COO0O)2 -CH3CONH_: . Ca(C17H33CO0)y
(Curk = (NH)z)z'Hzo 60-110 70 0 0 Endothermic | - C(ONHZ, < (N)HZ)Z
110-130 120 2.20 2.20 Endothermic | Thermolysis product
130-165 158 3.42 5.62 Endothermic | Thermolysis product
165-185 177 2.74 8.36 Endothermic | Thermolysis product
185-208 200 2.73 11.09 Endothermic | Thermolysis product
208-220 214 2.73 13.82 Endothermic | Thermolysis product
220-250 233 411 17.93 Exothermic | Thermolysis product
250-290 263 2.33 20.26 Exothermic | Thermolysis product
290-340 333 4.38 24.64 Exothermic | Thermolysis product
340-355 350 4.79 29.43 Exothermic | Thermolysis product
355-365 360 2.05 31.48 Endothermic | Thermolysis product
365-378 374 2.05 33.53 Endothermic | Thermolysis product
378-390 382 1.37 34.90 Endothermic | Thermolysis product
390-418 415 2.05 36.95 Endothermic | Thermolysis product
418-440 422 2.74 39.69 Endothermic | Thermolysis product
440-560 495 4.79 44.48 Exothermic | Thermolysis product
560-580 570 38.36 82.84 Endothermic | Thermolysis product
580-640 600 411 86.95 Endothermic | Thermolysis product
640-670 662 0.68 87.63 Endothermic | Thermolysis product
670-700 683 2.74 90.37 Endothermic | Thermolysis product
700-730 710 2.074 93.11 Endothermic | Thermolysis product
730-760 740 2.05 95.11 Endothermic | Thermolysis product
760-790 780 1.64 96.80 Exothermic | Thermolysis product
790-820 795 0.10 96.90 Exothermic | Thermolysis product
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Acetamide: 33777V(NH2), 3191728(NH2), 1674ﬁ\’(c:0), 161275(NH2), V(co), 1394ﬁV(CN), 1354ﬁ§(c|-|3), 11507p(NH2), 10477p(CH3),

10057V(c,c), 8727V(c,c), 58278(1\100) u 465*5(CCN)-

Urea: 34487Vas(NH2), 33487V5(NH2), 3263725(NH2), 1682*V(C=0), S(NHz), 162375(NH2), V(Co), 1450*V(CN), 1153, 10617p(NH2),

10057V(CN), 788728(1\“-12), 58378(Nco)and 557*5(NCN)-

Thiocarbamide: 3365—vasnH2), 3260—vsn2), 3167—28nNH2), 1631-2nNHz2), dmnc), 1431—-v(cs), 1093—v(cn), 780—pnH2),

739-v(cs), 640—v(cs), d(ncs), 485—0 (nen) U 459 (Ncs).
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Figure 1. IR absorption spectrum of the compound Ca(CisH31C0O0)2 CH3CONH2 CS(NH2)2 2H20

The IR absorption spectrum of a free acetamide
molecule is characterized by several frequencies. Of these,
at 1674 and 1666 cm, bands are observed corresponding
to the stretching vibrations of the C=0 and C-N bonds.
The first band decreases by 8 cm~* when the acetamide
molecule is coordinated through the oxygen atom of the
carbonyl group. In this case, the value of the C—N bond
frequency increases by 1394-1418 (7-8 cm™).

Three characteristic frequencies are observed in the IR
absorption spectrum of a free thiocarbamide molecule
at 739-v(CS), 719—v(CS), and 640 —5(CS) cm2. In com-
plex compounds of thiocarbamide, it is not possible to
observe a change in the frequency value 739 cm™ —
v(CS), since it is overlapped by a wide band v(COO)
of palmitate, oleate groups. Upon transition to the coor-
dinated state in the low-frequency region of the spec-
trum, the frequencies of the thiocarbamide molecules at
739-719 and 640-629 cm™ decrease by 20 cm™ and 11
cm, respectively. This is evidence of the coordination of
the central atom through the sulfur atom. The thiocar-
bamide band decreases at 739 cm™* by 719cm* when the
thiocarbamide molecule is coordinated through the sulfur
atom of the carbonyl group.

On the IR absorption spectrum of a free carbamide
molecule, along with other frequencies, two bands are

36

observed corresponding to the stretching vibrations of the
C=0 and C-N honds. The first band decreases by (1682-
1668) 14 cm~* when the urea molecule is coordinated
through the oxygen atom of the carbony! group. In this
case, the value of the bond frequency (1450-1464) C-N
increases by 14 cm™.

Conclusion. Synthesis conditions were developed,
and two mixed-amide coordination compounds of pal-
mitate and calcium oleate with acetamide, thiocar-
bamide, and urea were isolated in the solid state. The
composition, individuality, and thermal properties of the
resulting coordination compounds have been estab-
lished.

The thermal behavior of the synthesized compounds
was established by the method of derivatographic anal-
ysis. The intermediate products of thermolysis were ob-
tained and the composition of the compounds was estab-
lished. Endothermic effects observed during heating can be
caused by such physical phenomena as melting, evapo-
ration, change in the crystal structure, or chemical reac-
tions of dehydration, dissociation. Transformations that are
accompanied by exothermic effects when heated are
much less common: these are oxidation processes and
some structural changes.
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ABSTRACT

This article presents the results of research on the classification and coding of cottonseed oil fractions based on the share
of the main substance in the technical gossypol in the nomenclature of goods of foreign economic activity on the chemical
composition. As a result of the research, the proposals based on the share of the main substance in the technical gossypol
serve to eliminate some uncertainties in export-import operations.

AHHOTALUS
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Introduction. Commodity chemistry is young,
fast-growing chemistry. It can be said that this science
is used in the implementation of scientific innovations
in the field of chemistry in practice, production and var-
ious sectors of the economy, in the accurate and rapid
implementation of import-export processes, assigning
code numbers to exist and new goods according to their
chemical composition plays a key role in protecting the
health of the population [1]. According to the State Cus-
toms Committee of the Republic of Uzbekistan, as a re-
sult of the introduction of the science of commaodity
chemistry in customs practice, in 2010-2018, the state
earned a total of more than 100 billion UZS [2-3]. Ac-
cording to the letter of the Presidium of the Higher At-
testation Commission under the Cabinet of Ministers of
the Republic of Uzbekistan No. 01-84/0917 of July 9,
1997, the Committee of Science and Technology of the
Republic of Uzbekistan dated July 15, 1997 No. 14 In the
"Nomenclature of specialities of researchers" is included
in the "Classification and certification of goods based
on the chemical composition" -02.00.22.

This subject was first proposed in 1997 by the Uzbek
chemist, Doctor of Chemical Sciences, Professor I.R.
Askarov and Doctor of Technical Sciences, Professor T.T.
Riskiev [4]. In this speciality, it is planned to conduct
economic research, as well as chemical, technological
research, such as the study of the composition, production,

origin, structure, organoleptic and physicochemical pa-
rameters of substances in connection with the classification
and certification of goods according to NG FEA [5].

02.00.22 - Specialization "Classification and certifi-
cation of goods based on chemical composition" studies
the problems of assigning code numbers and issuing cer-
tificates in the international NG FEA based on chemical
composition, chemical and physical and other properties
of goods [4].

Materials and methods. Foreign economic activity
Commodity nomenclature Plant or animal fats and oils
and decomposition products; ready-made edible oils;
Development of international code numbers for com-
modity items called unrefined and refined sunflower,
safflower and cottonseed oils and their fractions with
unchanged chemical composition 1512 in group 3 of
section 15 called a plant or animal waxes and research-
ing their certification remains one [6].

We know that the gossypol substance in cotton
seeds is present in the cells in the form of small granules
in the form of a bag (jelly). During the technological
processes of vegetable oil production, the cell walls are
destroyed as much as possible, for which purpose the
cotton seed is subjected to a series of processes such as
biting-separation-crushing-moisture  heat treatment-
roasting-pressing.

Figure 1. The appearance of seed kernels in shears

The appearance of the cottonseed core in the shears
is shown in Figure 1. Due to the high strength of the seed
cell walls, the cell walls gradually break down as a result
of the sequence of processes, the maximum destruction
of the cell walls and the transition of the gossypol sub-
stance from the free state to the bound state are mainly
carried out in moisture heat treatment (inactivator) and
roasting processes [8].

Today, there are more than 100 state-registered
varieties of cotton seeds in the country. Scientific
research on the creation of new varieties in the selection
of cotton focuses on increasing the yield of fibre and
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improving the quality of fibre in accordance with
international standards. In Central Asia, especially in the
territory of the Republic of Uzbekistan, mainly two
types of cotton are grown: medium (American) and fine
(Egyptian). Technical cotton seeds extracted from such
raw cotton are the main raw materials of the oil industry.
At the same time, the chemical composition of these raw
materials differs from each other, the fat content, the
amount of gossypol and the fatty acid content of the oil
depends on the area under cultivation of raw cotton,
agrotechnical measures [8]. The following table shows
the composition of some varieties of cotton seeds.
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Table 1.
Composition of cotton seed varieties
Ingredients,%
Selection varieties . L Protein
The kernel The shell oil Humidity  Gossypol (in the degreased kernel)
Buxoro-6 57,9 42,1 20,2-24,5 7,2-9,5 1,61 55,22
Namangan-77 56,3 43,7 18,2-23,11 7,5-9,5 1,46 58,73
C-6540 57,8 42,2 21,5-22,5 7,8-9,2 1,68 60,59
Navruz 58,1 41,9 19,7-24,1 7,9-8,6 1,72 61,28
C-4727 56,2 43,8 21,2-23,7 7,1-8,8 1,53 56,26
Andijon-60 56,8 43,2 19,3-21,2 7,4-8,5 1,65 57,34
108-F 57,3 42,7 20,7-24,5 7,2-8,3 1,42 60,66

Under the supervision of Professor |.R. Askarov,
N.Kh. has an academic degree [9]. Although gossypol
is a toxic substance, the production of gossypol-based
targeted drugs in pharmaceuticals is increasing year by
year. Their use allows to increase the effectiveness of
treatment, increase the target effect of substances and
produce the necessary drugs for diseases that are difficult
to treat. Cotton is one of the most important oilseeds
among oilseeds. Academician A.S. Sadykov described
raw cotton as a "miracle plant". A number of researches
have been carried out by world scientists in the field of
cotton selection. Such cotton varieties are reported to be
susceptible to disease and have low yields [11].

Gossypol is a natural polyphenol compound with
a molar mass of 518.563 g/mol, which is highly soluble
in water-insoluble organic solvents (methanol, ethanol,
acetone, etc.) and oil, has high chemical activity,
exhibits toxicity. The chemical systematic nomenclature
of gossypol is called 1,7,8-tri-oxy-3-methyl-6-
isopropyl-9-naphthaldehyde [12].

Dl-bx’

OH

A o
3OS
HO

Figure 2. The chemical formula of gossypol

OH

Gossypol in its free form demonstrates the ability
to protect the cotton plant from various pests and diseases.
Due to the fact that gossypol is a natural polyphenol
compound with high biological activity, drugs in the form
of ointments and tablets such as Megosin, Batriden,
Gozalidon, Ragosin, Kagotsel are being developed for
the treatment of diseases that are difficult to treat [13].

A number of studies have been conducted on the
production of high-gossypol cottonseed oil with a high
content of native gossypol in the composition of raw
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gossypol, which is a raw material for the separation of
gossypol as a separate commodity by converting gossypol
in cottonseed oil to retain its effectiveness [14-20].
Gossypol in cottonseed oil is a toxic substance that
poisons nerve fibres and blood. Processed products from
cottonseed: the colour of gossypol in oil, kunjara and
shrot varies depending on the toxicity. In the processing
of cotton seeds, the gossypol in the core is transferred
from the native state to the bound state, thereby reducing
its toxicity. The Nomenclature of Goods, developed in
2017 in cooperation with the Ministry of Foreign Trade
of the Republic of Uzbekistan and the State Customs
Committee of the Republic of Uzbekistan, consists of
21 sections and 97 groups. In the developed nomenclature
of goods 1512- international code numbers for commaodity
items called refined and refined sunflower, safflower
and cottonseed oils and their fractions, the chemical
composition of which has not changed. The developed
code numbers are marked with the position 151221 - crude
oil, purified or unrefined from the gossypol. Including
the code number for cottonseed oil intended for technical
or industrial purposes with the position 151221100 0.

In addition, other types of fractions of cottonseed
with the position 151221900 0 are given code numbers
[7]. The study of the code numbers assigned to
cottonseed oil and its fractions according to NG FEA is
important for the classification and certification of goods
by chemical composition in export-import operations.
Our research consisted of the development of a proposal
to assign code numbers to each of them based on the
amount of gossypol it contains, based on the purpose
of using the gossypol refined or unrefined crude oils.

In addition, in addition to the code numbers
151229900 0 -others assigned to the fractions of cottonseed
oil to accept technical gossypol isolated from cottonseed
oil as a separate commodity and carrying out export-
import operations for the production of pharmacopoeial
gossypol for the production of certain types of drugs
based on its proposals were made to assign separate code
numbers specifically for gossypol. In the formation of code
numbers, the degree of purity of the technical gossypol
was selected as the main criterion. In particular, the table
below shows the proposals based on the degree of purity,
ie the proportion of the main substance in the composition.
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Table 2.

NG FEA recommendations on the degree of purity of technical gossypol

N The share of the main substance Code numbers available Code numbers according
B in the technical gossypol,% (gossypol) on NG FEA to the proposed NG FEA

1 80-84 151229900 1

2 84-87 151229900 2

3 88-91 151229900 0 151229900 3

4 92-94 151229900 4

5 95-98 151229900 5

As can be seen from Table 2, as the share of gossypol,
the main ingredient in technical gossypol, increases,
the code numbers of gossypol, the fraction of cottonseed
oil in the export-import operations on NG FEA, change
accordingly. When the share of gossypol in the technical
gossypol is 80-84%, code number 151229900 1 is given,
and when the share of gossypol is 95-98%, the code
number is 151229900 5. Also, depending on the share

of gossypol in the technical gossypol, the state duty paid
on the goods will change.

Conclusion. In conclusion, the regulation of the
code numbers assigned to NG FEA for cottonseed oil
and its fractions, the development of individual code
numbers for each fraction of cottonseed oil will provide
practical assistance in highlighting some uncertainties

in export-import operations.
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ABSTRACT

This article presents a functional scheme for the production of high-density cottonseed oil using ultra-high-frequency
beam processing of cottonseed meal, indicators of stability and integrity of production models of the operator model.
The integrity of the technological system increased from 0.04 to 0.26, ie by 21%, due to the extremely high-frequency
processing of cotton seeds.

Functional schemes for the use of monoethanolamine in the separation of gossypol from high-gossypol cottonseed
oil and the use of urea solution in the gradual forfinization of gossypol oil are also reflected. The use of a solution of
monoethanolamine and urea in the refining process has been shown to have a significant effect on improving the quality
and yield of the oil.

bubnuorpaduueckoe onucanue: Yulchiev A.B., Serkayev Q.P., Mirzaev A.N. THE OPERATOR MODEL OF HIGH GOSS-
YPOL COTTON OIL EXTRACTION, FUNCTIONAL SCHEME OF TECHNICAL GOSSYPOL EXTRACTION AND OIL
REFINING //  Universum: xumust u Ouomorus :© ONmeKkTpoH. Hayud. okypH. 2022. 3(93). URL:
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AHHOTAIIAS

B manHOi#1 cTaThe mpencTaBieHb! (YHKIMOHATIBHAS CXeMa MPOM3BOJICTBA XJIOTIKOBOTO MACia BEICOKOH ITIOTHOCTH C
HCTIOIB30BaHUEM YIIBTPAaBBICOKOYACTOTHON JIydeBOH OOpabOTKM XJIOIMKOBOTO INPOTA, IMOKA3aTeldd CTAOMIBHOCTH H
LEJIOCTHOCTH IPOU3BOJACTBEHHBIX MOJENEH OmNepaTopHOM Mozenu. LleloCTHOCT TEXHOJOTMYECKOM CHUCTEMBI
yBenmuumiack ¢ 0,04 1o 0,26, T. e. Ha 21%, 3a c4eT Ype3BBIYAWHO BHICOKOW YaCTOTHI 00PaOOTKU CEMSIH XJIOMYATHHKA.

OTpakeHbl Takke (PYHKIMOHAIBHBIC CXEMbI HCIIOJIh30BAHUS MOHO3TAHOJIAMHUHA TPHU BBIJICICHUUA TOCCHIIONA U3
BBICOKOTOCCHIIONIOBOTO XJIOMKOBOTO Maciia W TMPUMEHEHHsS pPacTBOpa MOYCBHHBI MPH TOATAMHOW (OpPUHU3AIUU
TOCCHUIIONIUCONILHOTO Macia. [loka3aHo, YTO HCIOJIb30BaHHE PACTBOPAa MOHOITAHOJAMHUHA W MOYEBHMHBI B TpoIlecce
padUHAIMY OKA3bIBACT 3HAUYUTEIHLHOC BIUSHUC HA YIyYIICHUE KAUeCTBA U BBIXOJa Macia.

Keywords: monoethanolamine, forrafination, cottonseed oil, gossypol, acid count, ultra-high frequency rays, free
gossypol, protein, amino acid, hydration.

KiroueBble cjioBa: MOHORaTHONAMUH, (oppaduHaT, XIOMKOBOE MACIIO, TOCCHIION, KUCIOTHOCTD, YIIBTPAaBBICOKO-
YaCTOTHBIE JIyYH, CBOOOIHBINA TOCCHITON, OEIIOK, aMHHOKUCIIOTA, THAPATALINS.

Introduction. Fatty raw materials contain its operator model. In it, each element reflects a defined
substances that act as raw materials for several other sample process and demonstrates the interaction of input
industries, such as oil and protein. In particular, material and energy flows with output currents. Based
cottonseed contains the valuable raw material for the on the operator model of the proposed technology for the
medical and pharmaceutical industries, namely production of high-pressure cottonseed oil, it is possible
gossypol. Based on Gossypol, various drugs for to distinguish between the main and auxiliary process
difficult-to-treat diseases are produced, which are in operators, as well as the directions of recirculation of
great demand all over the world. Today's traditional material and energy flows. Based on the developed
technology for extracting cottonseed oil is designed to operator model, it is possible to model the structure of
separate the oil as much as possible by force-extraction, the technological system of processing of cotton seed
in  which gossypol is mainly transferred to the pulp using ultra-high frequency beams and perform a
composition of the husk. Also, by binding to various systematic analysis and synthesis of the scheme under
components in the core, the toxicity of gossypol is consideration [2].
reduced [1]. This technology does not allow to separate Operator models of treatment of oil with
the gossypol in the native state because when the mill is monoethanolamine for separation of technical gossypol
treated hydrothermally in humidifying-evaporating from isolated high gossypol cotton oil and treatment
augers and frying pans, the main part of it loses its with urea solution for complete purification of gossypol
nativity and remains in contact with the protein in the from the obtained oil have been developed. With the
casing. In this case, the main part of free gossypol is help of the developed operator model, it was possible to
bound to the proteins, carbohydrates, amino acids and improve the technology of separation of technical
other stable structural components of the cell. gossypol and oil refining. Based on the operator model,

the modelling of the structure of the technological
systems of extraction and refining of technical gossypol
and the synthesis of the process, ie the theoretical and
practical analysis of the process were analyzed. The
operator model implies the use of three basic concepts:
input, process, and output, i.e., a combination of
quantitative and qualitative descriptions that define a
particular technological system of production.

Materials and methods. Based on laboratory and
experimental research, we have developed a new high-
frequency processing technology for the production of
high-pressure cottonseed oil instead of moisture-heat
treatment in a six-grain frying pan for cottonseed meal.
To give a clear example and present the physicochemical
nature of our proposed technology, we have developed
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Figure 1. Functional scheme of high gossypol press cotton oil extraction technology

The technology developed for the production of
high-gossypol press cottonseed oil using ultra-high-
frequency light processing requires the application of
many functional technological operations. Figure 1 shows
a functional diagram of the technology developed for the
production of high-gossypol cotton oil by grinding using
ultra-high-frequency processing.

As can be seen from Figure 1, the proposed
technology for obtaining high-gossypol press cottonseed
oil consists of 8 functional operations covering various
technological processes. Imaging them by separate
operator models allows revealing their physical and
physicochemical nature, to identify the same types of
processes and their interaction in the topology of the
developed technological scheme [3-5].

Figure 2. Operator model of high-frequency cottonseed oil extraction technology using
ultra-high-frequency processing

Figure 2 shows the operator model of the technology
for obtaining high-gossypol cottonseed oil by ultra-
high-frequency processing. As can be seen from Figure
2, the proposed model includes technological operators
for complex chemical changes, phase shifts, mixing and
separation. In addition, auxiliary process operators
such as heating, cooling and compression are often used.
It is known that the rational method of synthesizing a
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technological system is to develop an operating model
based on its objectives and subsystems. In our example,
subsystems have the following objectives:

A - high gossypol press cotton oil cleaning;

B - pressing of cotton with high gossypol;

C - ultra-high frequency processing of cotton yarn;

D - Grinding of cotton seeds.
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The operator's model differs from the traditional model _1-H; 1
in that the C-system, ie high-frequency processing of the =7 @

cotton mill, transfer of the fuze from the sub-system A
to the B-system before pressing the roast, as well as the
moisture-heat treatment of the mill are sharp. lack of steam
transmission line. All these changes have made it possi-
ble to process cottonseed in "soft" modes and increase
the amount of gossypol in the obtained press oil [6-9].

It is known that the main technical definition of such
processes is stability as a factor of system integrity.
Here, the concept of stability has a broader meaning than
the concept of stagnation. A process of the same rhythm
is a process of stagnation that has changed to a certain
extent and has reached a peaceful rhythm. At the same
time, stagnation characterizes the quality of the system's
performance and level of development. Hence, the sta-
bility of a subsystem of a technological system is evalu-
ated by an indicator shown in the following example for a
binary subsystem (a subsystem with two possible states
of the process on a parameter that is important for the
next subsystem state):

There, n;BaH; —i- stability and entropy of a number
subsystem
The degree of integrity of the technological system
under consideration can be calculated as follows:
Oncea = N + Neyn + Meyac + Nayacs — 3 2)
The type of formula for calculating the degree
of integrity of a system is determined by the number of
subsystems and their structure. Both the stability of
small systems and the integrity of the processing system
are measured in relative units (bits/bits). Moreover, the
main condition for the description of this technological
systemistoensure thatitis0 < n; < 1,08a0 < 6; < 1,0.
Table 1 shows the results of calculating the stability and
integrity of the studied technologies for the production
of cottonseed oil [3-7].

Table 1.
Indicators of stability and integrity of cottonseed oil production technologies
Indicators of small system stability System
The name of the technological system integrity

Nn Ne/n NB/ac Na/ncs ()
Traditional technology of cottonseed oil production 077 069 0.78 0.80 004
(control) ' ' ’ ’ '
High gossypol oil production technology using
ultra-high frequency processing of cotton seed pulp 0,79 0,81 0,84 0,82 0,26
(experiment)

As can be seen from Table 1, the stability of the “S”
subsystem increased from 0.69 to 0.81 due to the very
high-frequency processing of the crusher (instead of the
traditional six-pan frying pan). This had a positive effect
on the performance of the next sub-systems V and A. In
general, the integrity of the technological system in-
creased from 0.04 to 0.26, ie by about 21%, due to the
extremely high-frequency processing of the grind.

The low stability of a traditional six-pot frying pan
can thus be explained. In it, along with convective heat
exchange, the high-pressure steam transmitted to the in-
side of the apparatus dramatically changes the quality of
grinding. Proteins are digested, several complex physi-
cochemical processes occur in which gossypol form
complex compounds with proteins, phospholipids and
other substances. Uneven heating of the material leads
to over-frying of the grinder on the one hand, and under-
frying on the other. All this has a negative impact on the
quality of the oil and kunjara obtained.

Studies have shown that ultra-high frequency ma-
chining of the material allows the material to be heated
uniformly over its entire volume by the induction
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method. In addition, there is no need to raise the crush-
ing temperature above 75 °C, which minimizes the for-
mation of gossypol derivatives in the crushing. In addi-
tion, the very high-frequency processing of the grinding
increases its ability to open pores that are difficult to ex-
tract and to extract oil, gossypol and other substances
from them [10-12].

It is important to separate gossypol from high-goss-
ypol cotton oil, which serves to separate gossypol with
a high content of gossypol as a separate commodity and
to establish a technology of full-cycle refining of gossy-
pol oil. When using the oil extracted from gossypol for
technical purposes or refining it qualitatively to the level
of edible oils, it is necessary to process the oil sequen-
tially from all technological processes of refining. The
following figure shows a functional diagram of the tech-
nical gossypol extraction and high-gossypol oil refining
technology from high-gossypol cotton oil.

It will be necessary to develop an operator model of
technological processes in the organization of technical
gossypol separation technology through step-by-step
filtration of degassed oil and processing of the obtained
fraction.
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Figure 3. Functional scheme of technical gossypol extraction and oil refining from high gossypol cotton oil

As can be seen from Figure 3, the technology of
obtaining technical gossypol from high-gossypol
cottonseed oil and the stepwise fortification of the oil is
conditionally divided into 7 small technological processes.
These are 1-process of obtaining gossypol degreased oil
and gossypol monoethanolamine fraction by treatment
of high-gossypol cotton oil with monoethanolamine;
2-The process of using urea solution in the alkaline
refining of degassed oil; 3-Adsorption refining process;
the 4-The process of exposure of Gossypol to a
monoethanolamine derivative of sulfuric acid; 5-
Degreasing process of technical gossypol; 6- The
process of distillation of Mistsella; 7-Technical
gossypol drying process. High gossypol cottonseed oil
is first processed with monoethanolamine in process 1.
As a result, 2 fractions are formed, i.e. gossypol degreased
oil and gossypol with monoethanolamine. When it
comes to this part, the functional scheme is divided into
two major technological processes [12-15]. In this case,
the decomposed oil is processed separately in the refining
stages of the technological process. The main difference
between the proposed technological scheme from the
traditional technological scheme is the use of urea solution
instead of water in the alkaline refining of oil. Therefore,
this technological process is defined separately as
technological process 2. Subsequent technological
processes of the refining process are generally defined
as a single technological process. These sub-processes
of the refining process are proposed and carried out
uniformly in traditional technology [16-18].

46

The technological process of separation of technical
gossypol from the monoethanolamine derivative of the
second fraction gossypol obtained by treatment of high-
gossypol cotton oil with monoethanolamine was
conditionally divided into 4 technological processes.
In process 4, the monoethanolamine compound of
gossypol is returned to gossypol by treating the product
with sulfuric acid. We know that monoethanolamine
also interacts with free fatty acids in fats. When treated
with sulfuric acid, the compounds of free fatty acids
formed with the monoethanolamine are also reacted
with the acid and returned to the fatty acid. Separation
of fatty acids from the resulting mixture of technical
gossypol and fatty acids in the process of degreasing
technical gossypol, ie process 5. During the degreasing
process, it is necessary to use a solvent that does not act
as technical gossypol in the purification of fatty acids
and various other compounds. Extraction gasoline was
used as such a solvent. The oil and fatty acids in technical
gossypol dissolve in extraction gasoline to form mistsella.
The mistsella formed for reuse of the extracted gasoline in
the technological process is transferred from the distillation
process to 6.1 processes. In order to obtain technical
gossypol with a high content of native gossypol from
the degreased technical gossypol, process 5.1 technical
gossypol is dried and sent for storage.

Conclusion. In summary, the technology developed
for the production of high-gossypol press cottonseed oil,
its operator model and the principal processes outlined
in the functional schemes for the separation of gossypol
from high-gossypol oil and stepwise forrafination of oil
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serve as a basis for technological improvement and The use of monoethanolamine in the separation of
optimization. Exposure of cotton seed pulp to ultra-high gossypol from high-gossypol cottonseed oil and the use
frequency rays minimizes the formation of complex of urea solution in the gradual forrafination of gossypol
bonded derivatives of gossypol in hydrothermal treatment. degassed oil has a significant impact on improving
A significant reduction of energy consumption compared the quality and yield of oil.

to traditional technology is achieved, improving the quality
of the extracted oil.
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