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tematikasi materiallarin va sathlarin
korroziyas: va onlarm korroziyadan miihafizasi POLIMERLORIN DESTRUKSIYASI PROSESLORININ
sahasinda yeni tadgiqatlar va qabaqcil ANALIZI
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Jurnal korroziya elmi va sanayenin neft —
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magingayirma va digar sahalarinda korroziya VO KSILOLLARA DISMUTASIYASI
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korroziyanin ekoloji problemlarina hasr

olunmus maqalalari cap edir. Jurnalda OLEFIN KARBOHIDROGENLORININ QAZ-FAZADA

materiallarin korroziyast va onlarin OKSIDLOSMOSI UCUN KATALIZATOR KiMi

korroziyadan miihafizasinin nazari, iqtisadi MODIFIKASIYA OLUNMUS SEOLITLORIN TOTBIQI
va ekoloji aspektlari, korroziyaya nozarat va E.V.Oliyev

prognozlasdirilmasinin miixtalif metodlar:
tasvir olunur.
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kimyas1
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Materialsiinasliq ve s.
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DKOAOTUYECKU UYMCTHINI UHTUBUTOP AAS
INPEAOTBPAIIEHNS OBPA3OBAHUSI .
ACDOAABTEHO-CMOAO-ITAPA®VNHOBBIX OTAOXEHUN

K.M.Matues*!, M.D.Aacadaposa’, X.U.I'acanos’,
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Development of Ecological Effective Inhibitor for Asphaltene-Resin-Paraffin Deposits
K.i.Matiyev*’, M.E.Alsafarova’, Kh.I.Hasanov', A.M.Samadov?,

Sh.Y.Aliyeva', A.Y.Suleymanova®

1«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan;

?Azerbaijan State Economic University, Baku, Azerbaijan

Abstract

The deposition of asphaltenes, resins and paraffins (ASPs) is one of the important
sources of oil sludge formation. The annual increase in the amount of oil sludge
in the world creates an environmental problem. Therefore, the prevention of ASF

Keywords:
Freezing point;
Depressor efficiency;
Kinematic viscosity

deposits is an important issue from an environmental point of view. To solve this

problem, an inhibitor has been developed to prevent the formation of ASPs. The

proposed inhibitor reduces the pour point and viscosity of highly paraffinic oils.

The developed inhibitor was investigated on NGDU oil. N.Narimanova in which

the amount of paraffin exceeds 10.8%.

OaHOM M3 Ba>KHEMIINX npo6AeM, KoTOpas
CTOUT Iepes HepTAHBIMM KOMIIAHUSIMU MUPa,
ABAsIeTCs OcaXaeHue mnapaduHa npu A005I-
4ye, TPAHCIOPTUPOBKE ¥ XpaHEHUU HePTH.
[Ipomecc ocaxgenuss acdaabTeHO-CMOAO-
napapuuosrix otaoxenuit (ACIIO) sarpya-
HieT TeuyeHue He(PTHU, yBeAMYUBAeT AaBleHUe,
obpasyer mpoOkm B TpybOomposogax. ACIIO
B HayaJe IIpollecca OCaXKJeHUs HaXOAUTCSA B
re1e00pa3HOM COCTOSIHUU U COAEP>XKUT TBep-
ABINT TTapaMH U IIOTAOINEHHYIO XMAKOCTb. C
TeyeHUeM BpeMeHU 9DTU OTAOXEHHUS 3aTBep-
aesaior [1,2]. Ocaxgenne napadpuna B HepTH
U3MeHsIeT ee CBOMCTBa, IPOUCXOAUT reaeodpa-
30BaHMe, UTO HPUBOAUT yBeANUEHUIO BAZKOCTIH.

B cBasu ¢ mepexoaoM MHOIMX MeCTOPOX-
A€HUII Ha II034HIOI0 CTaguio paspaboTku,
npob6aema obpasosanmss ACIIO mpuoOpetaer
6oaee cepresnsle MacmTads [3].

[Tpu nonm:xeHnUNU TeMIirepaTypsl HeQpTHU IIPO-
nCXoAUT ocaxjenue napadpuna. Temneparypa,
Ipu KOTOPOI 00pa3yIoTcs IepBble KPUCTaAAbI

*E-mail: kazim.metiyev@socar.az
http://dx.doi.org/10.54787/CCC LLC 20220400021

napaduHa, Ha3bIBaeTCs TeMIlepaTypOll IOsIB-
aenns napaduna (TIIIT) [4]. Hapsgy c mapa-
¢puroM, vyacTuner acpaabTeHOB U CMOA TaKXKe
OocaxkaaloTcs Ha IloBepXxHocTu. lmeromuecs
B cocTaBe He(TU BO B3BEIIEHHOM COCTOSIHUMU
JacTUIBl IIecKa UM MeXaHudecKue IIpUMecH, a
Tak>Xe HeOpraHM4YecKue COAU U BOAA, IPUAAIOT
9TUM OTAOXEHMSAM OOABIIYIO YCTOMYUBOCTD.
DTo 3arpyaHser nponecc ounctku ACIIO. B
1eaoM, oOpa3oBaHHBIE OTAOXKEHMs yMeHbIIa-
10T 400b19y He(THU, BHIBOAAT M3 CTPOsi 0OOpy-
AOBaHMe, YTO HNPUBOAUT K AOHOAHUTEABHBIM
pacxojdaM ®Heprum u Mmartepuaaos. VssecTHo
HeCK0ABKO crtoco6os 60pr6er ¢ ACIIO B HedTe-
IIPOMBICAOBOM O0OPYAOBaHUM.

ACIIO MoryT OBHTH HpeAOTBpalleHBl WMAU
YMEHBIIEHBl XMMMUYECKUMM, MeXaHUUeCKUMMU
U TepMUYeCKUMM MeTOoJaMU UAU MX KOMOHU-
vHanusamu. Cpeam ®TuUX MeTOAOB TepMuue-
CKMe M XMMMYeCcKre MeTOALl caMble pacIpo-
cTpaHéHHble. B ckBakmHax ocaXJeHHUe Iapa-
¢duna mpomcxogut Ha raybmne 800-1200 m.
ITpeagorspamenne ACIIO ¢ moMoOmIbIO TeIAO0-
HOCHTeJel CTaHOBUTCA Maa0dPPeKTUBHEIM,
Tak Kak JelicTBue TernaoHocuTeaein 9$pQPexTus-

© 2022 CCC. All Rights Reserved. MON
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HO Ha rayomnax go 500 M. DTo cBsIZaHO C TeM,
4TO NPU ABVDKEHUU TOpsuell KUAKOCTU IIOCTe-
IIeHHO CHIJKaeTCsd ee TeMmIlepaTypa, B pe3yab-
TaTe TellAonepejadyyd CO CTeHKaMU CKBa>KUHEI
U OKpy>XKaloIlel 9Ty CTeHKy Hopoaoiil. B Ttakmx
caygasx 6opnba ¢ ACIIO ne gaér xeaaemoro
sddeKkra, TPUXOAUTCI UCIOAB30BATh MHTUOU-
TOpHI NapapMHOOTAOKEHNUIA.

Ilean padoThl

eanio HacTOAIIEN PabOTH sABASETCA CO3Aa-
HIe HOBOTro (P PeKTUBHOTO MHIUOUTOpa mnapa-
PUHOOTAOXKEHNS AA51 CHVKEHUSI TeMIIepaTyphl
3aCTHIBAHUS M BA3KOCTHBIX CBOMICTB BBICOKO-
nmapaUMHUCTBIX HeTel, a TakXe IpeiOTBpa-
menue obpasosanmsa ACIIO. PazpaboraHHBIN
uHrnOuTOp oObOecmedynBaeT MHIUOUPOBaHUE
acpaabTo-cMOA0-TTapapUHOBEIX OTAOXKEHUIT B
TPYAHOAOCTYIIHBIX U TAyOOKOBOAHBIX HeTe-
IIPOBOJaxX, a TakxXe AMQPTOBHIX TPYO CKBaKUH,
5P PeKTNBEeH NpU HU3KNX TeMIlepaTypax, B CTa-
TUYECKMX U AMHAMMUYECKNUX YCAOBMAX.

DKcIepuMeHTaabHasl 4acTh

B cocras mHruburopa BXOAUT HEMOHOTEHHOE
IIOBEPXHOCTHO-aKTUBHOE BeIeCTBO, peareHT C
AEIIPecCOPHBIMU CBOIMCTBAMM M PacTBOPUTEAD.
Muruburop mapadmHOOTAOXEHU ObLA IIPUTO-
TOBJAEH IIyTeM CMeIIMBAaHUs DTUX PeareHToB 40
noAydeHus OAHOPOAHON cMecu. Bsejenme Brico-
KOMOAEKyASIPHOTO HEMOHOI€HHOIO IIOBEPXHOCT-
HO-aKTUBHOTO BeIlleCTBa CHIOKaeT IIOBePXHOCT-
Hoe HaTsKeHmMe Ha rpanmiie ACIIO, peareHT ¢
AeIpecCOPHBIMU CBOJICTBAMU IIOBHIIIaEeT dPpPex-
TUBHOCTh pacTBopenns u paspymenus ACIIO, a
HIPUCYTCTBME PacTBOPUTEAs IPUBOAUT K COAb-
BaTallMM AMCIEPTUPOBAHHBIX yacTur acdaabre-
HOB M Hapa(UHOB, MPEIATCTBYS UX CAUIIAHUIO.
McroansosanHele HepTH OBIAM IPUBE3EHBI U3
HI'AY um. H-Hapumanosa [1O «AsnedTh».

B nauase nccaegoBaHNs IPOBEPsIAOCD ACTICTBIE
MHIMOUTOPOB IapapMHOOTAOXKEHNIT Ha KMHeMa-
TUYECKYIO BI3KOCTb, ILAOTHOCTh M TeMIepaTypy
sacteisanus Hedreit HI'AY um. H.Hapumanosa.
PesyabpTaThl mpOBeAEHHBIX 1CCAeJ0BaHNIT ITOKa3a-
Hel B Tabaumax 1, 2 n 3.

Tabamua 1

KunemaTmueckast BI3KOCTh AO N 1mocae AOﬁaBKI/I peareara

KuaeMmaTnaeckasi BSI3KOCTb

A0 A00aBKU peareHTa, MM2/c

KunemMmaTnueckasi BsI3KOCTh
mocae A00aBKM peareHTa, MM?/c

IIaoTHOCTD HepTM A0 M ITOCAE A0OOABKM peareHTa

INaoTHOCTD HepTN

A0 A00aBKM peareHTa, r/cm?

ITaoTHOCTD HepTN

HAIT-22 HAII-20 HAIT-44 HATI-45
619 274.62 116.56 97.59 139.54 125.68
456 He Texyuas (rycras HepTn) 69.83 59.06 96.36 71.19
381 He texyyas (rycras HepTh) 54.49 41.14 67.90 97.22
Tabamiia 2

ocae A00aBKM peareHra, r/cm?

HATI-22 HAII-20 HATI-44 HAII-45
619 0.8752 0.8705 0.8703 0.8725 0.8730
456 He texyyas (rycras He(pTh) 0.8873 0.8870 0.8900 0.8920
381 He Texyuast (rycrast HepTb) 0.8510 0.8805 0.8650 0.8743
Ta0anmia 3

Temrmiepatypa 3acTbiBaHMsA He(pTU A0 M I1OCAe 400aBKU peareHTa

TemmiepaTypa 3acTbIBaHMsI HepTH

A0 A0DOaBKH peareHra, °C

TemriepaTrypa 3acTbIBaHMsT HepTH

nocae A00aBKu peareHra, °C

HAII-22 HAII-20 HATII-44 HAII-45
619 +18 -10 -8 +9 +3
456 +18 -12 -9 -10 -10
453 +16 -13 -11 -22 -6
381 +20 -20 -15 -10 -5
698 +19 -19 -18 -2 -16
202 +8 -17 -15 +8 -17
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Tabawmria 4

Dusuko-xuMmdeckne rmokasareau narnonropa HAII-20

HaumenosaHme nokasareaen Hopma

1 | Baemnmit sua TeMHO KOpUYHEBLII I11BET
2 | BaskocTs KMHeMaTMdeckasl Ipu TeMIiepaType 103.74
20 °C, MmMm?/c, He Doaee
3 | Ba3kocTh AMHaMM4YecKas IIpy TeMIieparype 93.104
20 °C, mITa-c, e 6oaee
4 | INaorsocts ipu 20 °C, r/cM?, He MeHee 0.8975
5 | Boaopoansiit nokasareas (pH) B mpeaeaax 7
6 | Temneparypa sacteiBanus, °C, He BbIIIe <-23
7 | Maccosas 20431, % 30-40
8 | PactBopuMOCTD B BOJE HE pacTBOPUM
B He(pTU pacTBOpUM

Kak BmgHo m3 tabamnii, cpeay MHIMOUTOPOB
mapapMHOOTAOXKEHUI AYUIIe pe3yAbTaThbl IIOKa-
spiBaeT peareHT HAII-20. ®usmkxo-xmMumyeckue
csorictsa unrudbmropa HAII-20 moxasans B
Tabaume 4.

AaApHeNINMHI UCCAeJ0BAaHMUAMN IHIPOBepsI-
0Ch BAMSHME DTOTO peareHTa Ha KMHeMaTude-
CKyIO BA3KOCTb DTux Hedreii. Pesyabrarsl ®Kc-
IIePUMEHTOB B rpadpuueckoM BlJe ITOKa3aHBI Ha
pucynke 1.

M3 pucynka 1 BUAHO, 4TO A4 9TuUX HedTell
HayAydIlne pe3yaAbTaThl Ha0AI0AaIOTCS IPU pac-
xoge naTHONTOpa 200-300 I/T.

DTO CBsI3aHO C COCTaBOM He(TU, COOTHOIIe-
H1eM acdaabTeHOB, HapaMHOB K CMO4, a TakKXe
A6TKMX ppaxumit.

ITocae yBeamdyeHMs oOIpeseAéHHOTO 3Haye-
HIS pacxoda MHTMOMTOpa HabaAl0AaeTcsl oOpart-
HBIIT ®PPEKT, TO eCcTh KMHeMaTudecKas BsI3KOCTh
He3HAUMTEABHO YBeANYMBAETCA. DTO CBA3aHO C

TeM, YTO MHIMOUTOp aAcopOMpyeTcsa Ha IOBEPX-
HOCTU KPMUCTAAANMIECKUX LIEHTPOB U IIpejoTBpa-
ImjaeT ocakAeHne acdaibTeHO-CMOA0-TIapadpUHO-
BBIX COeAMHEHUI B DTUX IIeHTpax.

YBeanyeHne KoAM4YeCcTBa MHTMOUTOpaA BBIIIE
oIpese/€HHOIO 3HauyeHUS NPUBOAUT K He3Ha-
YNTEABHOMY VBeAMYEHUIO KUHeMaTUdecKo
BA3KOCTM, T.K. 9aCTUIBl MHIMOMTOpa MeIIaioT
APYT ApyTy.

/labopaTopHble MCCA€A0BaHMUSA WUHTUOUTOpPa
napadpuaooraoxenunt HAII-20 nva ACIIO 6p1am
IIpOBEeJeHBl METOAOM «XOAOAHOIO CTEP KHI»,
coraacHO MeTtoguke «OrmeHka peHTaOeABHOCTU
MHTUOUTOPOB C KOMIIAEKCHBIM JAeMCTBIeM» [5].

DT1OT MeTog 00AbIlle COOTBETCTBYET ITPOMBIC-
Z0BBIM YCAOBUAM U JaeT BO3MOKHOCTH OII€HM-
BaTh 9(PPEeKTUBHOCTh peareHTOB IIPOTUB Ilapa-
(I)I/IHOOTAO)KQHI/IIZ, KaK C KayeCTBEHHON, TaK U
C KOAMYECTBEHHON TOYKM 3peHUs. Meros obe-
crieuymrBaeT pas3zpabdOTKy TEXHOJAOTUM IIpUMeHe-

600

—o— HI'1Y H.Hapumanosa cks. 607
500 —&— HI'/1Y H.Hapumanosa cks. 617
200 =t HI'AY H.Hapumanosa cks. 615

4 \
300

—— HI'/1Y H.Hapumanosa cks. 446

200

100

Kunemamuueckas ésasxocmo, mm?/c

0 100 200

300 400 500 600

Pacxo0 peazenma, 2/m

Purc.1. 3aBUCMMOCTB KMHEMATIIECKOM BSI3KOCTH OT pacxoja peareHTa
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HUST BBIABAEHHOTO 3(QQPeKTUBHOTO MHIUOUTOpa
napaduuooraoxennii. OH JaeT BO3MOXKHOCTH
IIOCTPOUTDL KPUBLIE 3aBUCUMOCTU DPPEKTUBHO-
CTH OT pacxoja peareHTa.

D¢pPextusnocts marnouTopos ACIIO m mx
KOMIIO3UINII OllpejeAasaach 1o popmyae:

my,—m
E=—"100%
y

m, —macca ACIIO, 0TA0XKUBIIMXCS Ha CTEPK-
He B KOHTPO/ABHOM OIIbITe Oe3 400aBAeHNs XUMU-
geckoro peareHTa (cMecu narn6utopos ACIIO), r;

m, — Macca ACITIO, 0TA0XUBIINXCS Ha CTEPK-
HJSIX B OIIbITax C AO6aBAeHI/IeM XUMMNYEeCKOro pea—
reHTa, I.

MccaeaoBannme mnposoAuaoch Ha HeTH,
OTOOpaHHONM M3 9DKCIIAyaTal[MOHHON CKBa-
xuHbl Ne607 HI'AY mm. H.Hapumanosa I1O
«Asnedrn». Koanuecrso mapaduua B JaHHON

100

HePpTu cocrasasetr 10.8%, kuHemMaTHIeCKas BS3-
KOCTh - 364.75 mMm?/c, AMHaMm4yeckasl BsI3KOCTH
- 317.81 mlIla-c, maorHocTts - 0.8713 r/cm?®, Tem-
neparypa 3amepsanus +5 °C. Pesyaprarsl a1a6o0-
PaTOpPHEBIX UCCAeA0BaHUIT B rpapUIeCcKOM BUAE
IOKa3aHbl Ha PUCYHKax 2 u 3.

Kak BmaHO M3 pucyHKOB 2 1 3, MaKCHMMaaAb-
Hast 9(PpPeKTUBHOCTh AOCTUTAETCS NP A03UPOB-
ke pearenTa 220 r/r. Ilocae yBeamyenus koamu-
yecTBa peareHTa 9(PPEeKTUBHOCTb yMEHBIIAeTCsl.
OOpsacaenne »roro ¢dakra coBnajgaeT C IPUIU-
HaMI M3MeHeHNUs KMHeMaTUIecKOl BsA3KOCTU B
3aBUCHMOCTH OT pacxoja peareHra.

IIposesenHble mMcCAeAOBAaHMS I1OKA3aAM, 4TO
IpejAaraeMblil MHTUOUTOP IMapapMHOOTAOXKeE-
uuit HAIT-20 MOXHO OBITL yCIIEIIHO IIpuMe-
HeH IIpu 400bI4e, TPAaHCIIOPTUPOBKE U XpaHEeHNN
BBICOKOTIapa(MHIUCTHIX HePTeIL.
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10

0 50 100 150

200

250 300 350 400 450

Puc.2. Ismenenne koandectsa ACIIO ot pacxoaa peareHTa
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Puc.3. DpPextuBrOCTL Ocaxkaenms ACIIO ot pacxoaa pearenra
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DKOA0IMYEeCKY YMCThIVI MHITUOUTOP AAsl OpeAOTBpalieHNs
oOpasoBaHMsI acpaabTeHO-CMOA0-TIapapMHOBBIX OTA0XEHN

K.M.Mamues', M.D.Arcadpaposa’, X.U.T'acanoé’,
A.M.Camedog”, II1.FO.Aruega’, A.E.Cyresimanoea’
'HUIIN «Hedrerasz», SOCAR, baky, AzepbaitaxaH;
*Asepbait >KaHCKUT TOCYyAapPCTBeHHBIN
PKOHOMUYeCKNU yuusepcuret, baky, AzepOarigxan

Pedepar

Ocaxaenne acpaavrena, cmoa u napadpuaos (ACIIO) saBasgeTcs 0o4HUM U3 Ba>KHBIX ICTOY-
HUKOB 00pasoBaHUs HePTAHBIX IL1aMOB. ExxerogHoe yseanmyeHne KoandecTsa HePTIHOTO
ImaaMa B MHUpe CO3/4aeT DKOAOTH4ecKyio rmpodaemy. [losTomy mpeaorspalmeHue oTa0xe-
it ACIIO sABasieTcs Ba>XHBIM BOIIPOCOM C 9KOAOIMYECKOI TOYKY 3peHus. Jas perenns
AAHHOII IIpo0AeMbl paspaboTaH MHIUOUTOP Aas IpejoTspaimienus odpasosanms ACIIO.
[IpeaaoxeHHDBINT MHIMOUTOP CHMOKaeT TeMIlepaTypy 3acTBIBAHMS U BSA3KOCTH BBICOKO-
napaduunucteix Hedreni. Paspaborannsiit mHIMOUTOp 6B14 MCcaejoBaH Ha HedpTax HIAY
um.H.Hapumanosa I10 «AsHedpTs» B KOTOPBIX KoAndecTBo napaduHa mpessimiaer 10.8%.

Katrouesvte cr06a: MHOTOA3MS; MHTUOUTOP-OaKTepULIA,.

Asfalten-qatran-parafin ¢okiintiilarina qarsi ekoloji
effektiv reagentin islonmasi

K.i.Matiyevl, M.E.Olsafarova’, X.I.Hasanov',
A.M.Samadov', $.Y.Oliyeva', A.Y.Siileymanova®
'«Neftqazelmitodqgiqatlayiho» Institutu, SOCAR, Baki, Azarbaycan;
2Azarbaycan Dovlat thisad Universiteti, Baki, Azarbaycan

Xiilasa

Asfalten qatran ve parafinlerin ¢dkmosi (AQPC) neft slamlarinin amale goalmasinin
miithiim meanbslerindan biridir. Diinyada neft slaminin miqdarinin ilbsil artmasi ekoloji
problem yaradir. Buna gore da asfalten qatran ve parafin ¢okiintiilorinin qarsisini almaq
ekoloji baximdan vacib masaladir. AQPC qarsisini almaq ti¢lin yeni inhibitor islonib
hazirlanmisdir. Hazirlanmis inhibitor neftin donma temperaturunu asagi salmaqla
yiiksak parafinli neftlorin Ozliliiylinii asag1r salir. Hazirlanmis inhibitor «Azneft»
IB N.Noerimanov adina NQGCI-nin 607 Neli istismar quyularinin neftlorinde tadqiq
olunmusdur. Bu neftlords parafinin miqdari 10.8%-den yuxaridir.

Acar sézlar: donma temperaturu; depressatorun semoaraliliyi; kinematik ozliiliik.
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CUHTE3 I CTPYKTYPA KOMIIZAEKCOB IIAATVHBI(II)
C ANTNOANDTUNAAMUNHOM

X.M.'acanos*', III.I''Kacymos?
'HUIIN «Hegpmeeas», SOCAR, baxy, Asepbaiidxar;
?Asepbaiidxarckuii meduyunckuil yuueepcumem, baxy, Asepoatidxan

Synthesis and Structure of Platinum(ii) Complexes with Dithiodiethylamine
Kh.1.Gasanov', Sh.H.Gasimov?

1«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan;
?Azerbaijan Medical University, Baku, Azerbaijan

Abstract Keywords:

The interaction of dithiodiethylamine (cystamine) (L') with platinum compounds  Platin;

in non-aqueous and aqueous media has been studied. It is shown that in aqueous  Bidentate ligand;
solutions, the L! disulfide bond is cleaved, followed by platinum coordination of = Cystamine;

the resulting B-mercaptoethylamine (mercamine, HL). Depending on the reaction  Disulfide bond;
conditions, binuclear complexes of the composition [Pt,(LH),C1,] with bridged Mercamine;
chlorine or sulfur atoms or [Pt,L,C1,] with bridged chlorine atoms are formed. An  Biological activity.

X-ray diffraction analysis of the [Pt,(LH),C1,] (I) complex was carried out. Crystals
I are rhombic, at 20 °C a=17.283(1), b=9.987(1), c=8.0187(9) A; R=0.030. Molecule I
is a binuclear complex in which platinum atoms are united by a pair of bridged
thiolate ligands (-SCH,-CH,-NH";). The metallocycle Pt2S2 is bent along the sulfur-
sulfur line, so that the dihedral angle between the coordination planes of platinum
atoms is 138°. The S-S distance equal to 2.909(1) A is noticeably shorter than the
doubled van- der- vaals radius of the sulfur atom (3.60 A). The implementation of
the reaction in benzene makes it possible to obtain a complex (L'H,)[PtX,] (X=C1,
Br) with the preservation of the sulfur-sulfur bond in the ligand. The structure of

the complexes is confirmed by IR spectroscopy data.

V3BecTtHO, uTO IUCcTaMUH OOJAasaeT CIIOCOO-
HOCTBIO IIpeJOTBpaIiaTh nAM oOAerdaTh TedeHUe
001I1eiT Ay4eBOil peaxI[iy OpraHu3Ma, BO3HUKAIO-
LIeN IpU AeMICTBUN 00ABIIUX 403 PEHTIeHOBCKUX
u ramMma-aydeir. Ilpu 9ToM mpoucxoamuT pacime-
II1eHne AUCYAbPUAHOIN CBA3M C 0OpasoBaHUEM
Ha IepBOI cTaauu 3-MepKalTodTUAaMIUHa (Mep-
kamuHa) [1,2].

Msyyenne B3amMogeNCTBMA  IMCTaMMHa
NH,CH,CH,S-SCH,CH,NH, (L") c coeaunennssmu
Imaaaaaus, pTyTy, cepedpa, MeAu IIOKa3alo, YTO
IIPU HTOM TaK>Ke IIPOUCXOAUT paciliellileHne Auc-
yAbcpI/mHoﬁ CBA3U C KOOpAMHALMEN MeTaaA0oM
0o6pasyomuxcsa AeIpOTOHMPOBAHHBIX MOAEKYyA
B-mepxanrostuaammna HSCH,CH,NH, [3, 4].
CBegeHNnl 0O KOMIIAEKCHBIX COeAMHEHNAX I1AaTU-
HBl C IIMICTaMMHOM AO Hallero 1nccAeAOBaHUN B
AuTepatype He HaligeHo. OgHako IpeAcTaBAseT
olpejeleHHbIl MHTepec pacCMOTpPeHMe HUMelo-
IIUXCS B AUTepaType AaHHBIX IO KOMILAeKcaM
naaaaaus c (B-mepkanrosruaamunaom (LH).

*E-mail: x.qasanov58@gmail.com
http://dx.doi.org/10.54787/CCC LLC 20220400022

W3 aurepartypHbIX daHHBIX caeayeT, uyto LH
obpasyer c naaaaanem (Il) gBa Trra coeanHeHMIL:
MOHOsAepHEINT Komiaeke PdL, n TpexbsaaepHbI
komraekc [Pd,L,]Cl,. Coeamnenme PdL, smep-
BbIe OBLAO CHMHTE3MpPOBAHO IPY B3aUMOAEIICTBUN
crexmoMerpudeckux koamdects K,[PdCl,] co
meaounbsM pactsopom LHeHC1 [5]. Asrops! [6]
nccaeloBaAu CTpOeHMe DTOrO KOMIIAeKca MeTo-
aoMm VIK-crieKTpockonmun ¢ UCIIoAb30BaHIeM U30-
TOITHOTO 3aMeIneHus o meraaay (104Pd/110Pd)
n no amuborpynme (NH,/ND,) n aoxasaamn, aro
B komnaekce PdL, ckeaer PdN,S,umeer mmc-
KOHQUTypanunio, O YeM CBUAETEAbCTBYyeT HaAdre
ABYX II010C BaAeHTHHIX KoaeOanmit kKak v(PdN)
(421, 309 cm™), tak u v (PdS) (368 u 337 cm™).

VMaMmeHeHMe COOTHOIIEHMS MCXOAHBIX peareH-
TOB IIPUBOAUT K OOpPasoBaHMIO TPexbsIAePHBIX
KOMIIA€KCOB IaAlajVs: KaK TOMOMeTaAANIecKo-
ro [Pd,L,]C1, [5], Tak 1 reTepoMeTaaAMIeCKUX:
[PdNi,L,IC1, anbo [Pd,NiL,]C1,. IIpu B3aumo-
aernicrun komnaekca [Pd,NiL,]JC1, ¢ Terpaxao-
pOMepKypaT-aHIOHOM B BOAHOM pacTBOpe IIpO-
ncxoaut 3amemenue Ni va Hg c obpasosanmem
komrmaexca [Pd,HgL,][HgC1,] [7].
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ITpoBeseHHble HAaMM paHee MCCAeAOBaHUS B3au-
MogencTBust coaent naatunsl ¢ L'e2HCI1 B meaou-
HpIX cpejax (pH10) mokasaam, uto oOpasyercs
coeauHenne ¢ coornoinenmem Pt:L1:C'=3:4:2, ana-
AOTMYHOE I10 COCTaBy COeAUMHEHUIO, TT0AY4YeHHOMY
IpU B3aMMOAENCTBUN C [3-MepKalTO®TUAAMUHOM
- [Pt,L,]C1, [6]. Oganako B pesyabTaTe peHTIEHO-
CTPYKTYPHOIO MCCA€AOBAHM OBIAO YCTaHOBAEHO,
9YTO O0pasyeTcsl He TPeXbIAEPHBIN, a TeKcasjepHBII
KOMIIAeKc HeKaacTtepHoro tumna [PtL,C1,] [8, 9].

Hacrosmas pabora IOCBsiIIeHa U3YyYeHUIO
B3auMoJencTsus coaeit nmaatunsl (II) c amrmapo-
ral0TeHnA0M IIMCTaMUHa B HEBOAHBIX U BOAHBIX
cpesax B uHTepsaae pH 1 -7.

DKcIepuMeHTaabHasl 4acTh

B pabore wucmoan3oBaanm AUTUAPOXAOPUA
uucramuta ¢upmer «Fluka» 6e3 agomoanmurean-
voit oumcrku. K,[PtCl,], H, [PtCl,], K,[PtBr,],
H,[PtBr,], (C;H,;CN),PtX, (X=C1, Br) moaydeHnsr
o metoauke [10].

Cunmes xomnaexca [Pt,(LH),C1,] (Mmocmuxo-
6vte amomvt cepvt, I).

K or¢uarrposannomy pacrsopy 1.17 r (0.65
mmoazst) H,[PtCl,] B cmecu 5 Ma BOABI ¢ 5 MA KOH-
nenTpuposanHoit HC1 ago6aBasan npu nepeme-
myBanun 1.48 r (0.65 mmoas) L'e2HC1, pacrso-
penHoro B 10 M4 BOABI, IpU HTOM IIBeT pacTBOpa
craHosuaca 64eaHo - KpacHbIM. [Ipm ymapusa-
HII DTOTO pacTBOpa Ha BOASJHON OaHe IpU TeM-
nepatype 70-75 °C a0 maaoro oOnema BhIllajaa
0Cajo0K, COJAep>KaInii KPUCTAAAbl >KeATOBaTO-
KpacHOTO IIBeTa, KOTOpble OBIAM OTOOpaHBI 1104
MUKPOCKOIIOM U ITpOaHaAM3UpPOBaHHL. BemecTso
Mal0 pacTBOPUMO B BOJe U HEPacTBOPUMO B
CIMpPTE, alleTOHe, XA0pOodopMe, YeTHIPeXXA0pPU-
CTOM yraepoge, OeHsoae, sdupe.

Cunmes komnaexca [Pt,(LH) 2C1,] (Mmocmu-
Ko6bte amomot xaropa, 1).

K or¢marrposannomy pacrsopy 0.67 r (0.38
mmoast) H,[PtCl,] B ecmecu 5 ma H,O ¢ 5 ma xon-
nenTpuposannoit HC1 gobasasan pacrsop 0.86
r (0.38 mmoas) L'e2HC1 B 10 Ma Boaw! Ipu I1epe-
MemmBaHuu. [Ipun 9TOM LIBET pacTBOpa M3MEHAA-
Cs1 OT CBETAO-KPAaCHOTO 40 >XeAToro. Yepes 5 Mun
npu temneparype 35-40 °C u3 pactsopa BhIIlagaa
0CajoK TeMHO-XeAToro Imsera. Ocagox OTdNUAB-
TPOBBIBAAU ¥ BBICYLINMBAAM CHadala Ha BO3AyXe,
3aTeM B BaKyyMe 4O IIOCTOSIHHOTO Beca. Brixog
0.93 r (48%). Bemjectso Maao pacTBOPUMO B BOAe I
HEpacTBOPUMO B CIHUpPTe, alleToHe, XxA0podopMme,
JeTBIPEXXAOPUCTOM yIaepode, OeHzoae, ddupe.

Cunmes xomnaexca [Pt,(LH),Br,] (11a).

K pacrsopy 0.37 r (1.40 mmoasa) H,[PtBr,] B
cvmecu 5 Ma H,O ¢ 10 Ma KOHIIeHTpUPOBaHHOM
HBr ao6asasan pactsop 0.32 r (1.40 mmoas)
L'e2HBr B 10 Ma BOABI IpU IlepeMeIlrBaHUN.
UYepes 10-15 mun npu temneparype 45-50 °C us
pacTBopa BBIIIagad OCAaAOK CBETAO BUIIHEBOTO
nsBeta. OcagoK OTQUABTPOBBEIBAAM ¥ BBICYIIN-

BaAl CHayaJa Ha BO3AyXe, 3aTeM B BaKyyMe A0
IIOCTOSIHHOTO Beca. Boixoa 0.36 1 (44%). Bermectso
HepacTBOPUMO B CIMPTe, XA0pOodopMe, YeThIpex-
XZ0pUCTOM yraepoae, 6eHsoae, sdupe.

Cunmes komnaexca [Pt,L,C1,] (I1I).

Memod 1. B orguastposanssiit pactsop 0.57 r
(1.74 mmoas) K,[PtC1,] B 10 Ma BoABI A0DaBAsIAU
pactop 0.391 (1.74 mmoast) L'e2HC1 B 10 Mma BOABL
ITpu nepemMemmBaHuM pacTBOpa Bblllagal 0cajokK
3€1€HOBaTO-XXeATOTO I1BeTa. PeakIIMOHHYIO cMech
Harpesaan 40 50-60 °C 1 oxaaxxgaam 40 KOMHaT-
HOII TeMIIepaTyphl. 3aTeM 0CcajOK OTPUABTPOBHI-
BaAy, IIPOMBIBaAM BOAOJ, CIMUPTOM M DPUPOM.
Bricymmsaau cHayada Ha BO3AyXe, 3aTeM B BaKy-
yMe 40 IIOCTOSHHOTO Beca. Beixog 0.33 1 (45%).

Memood 2. Coeaunenue II mpu npombiBaHNU
BOAOI Ha Q)MApre M3MEHSA0 CBOM IIBET U U3
TEeMHO->XXeATOIO0 CTAaHOBMAOCH 3€eAeHOBaTO->XKea-
TeiM. IloayueHHEINT Takum 0Opas3oM TBepABIil
IIPOAYKT IPOMBIBAAM CHUPTOM, DPUPOM, BBICY-
IIMBaAM AO IIOCTOSIHHOTO Beca.

Memood 3. Kommnaekc V (cM. HUXXe) HarpeBaAu B
Boge B TedeHne 40 MuH. npu TeMnieparype 50-55
°C. Ilpu »TOM BhIIlagaa ocajoK 3e1eHOBaTO-XKea-
Toro nsera. Ocagok oTPUABTPOBBIBAAN U BBICY-
IIMBaAM AO IIOCTOSIHHOTO Beca.

Memoo 4. Ilpu mepeMemuBaHUM pacTBOpa
0.58 1 (1.74 mmoas) K,[PtC1,] B 10 ma BoABL 1
0.39 r (3.48 MMOAs1) MepKaMIHa BblIlagaeT 0cajokK
3e/eHOBaTO-KeAToro nseTta. Ocagok OoTPUABTPO-
BbIBaAM, BBICYIINMBAAM A0 IOCTOSHHOIO Beca CHa-
ya/la Ha BO3J4yXe, 3aTeM B BaKyyMe.

M AeHTUIHOCTD CTPOEHMSI KOMIIAEKCOB, I0AY-
YeHHBIX MeTogamMm 1-4, aokaszaHa C IIOMOIIBIO
MK-cniekrpockonnu. BemlecTrso HepacTBOpUMO B
BOJe, CIIIpTe, aleToHe, XA0podopMe, JeThIpex-
XA0pUCTOM yraepoae, 6eHsoae, sdupe.

[PtL,Br,] moayyaamu 1o metroguke, aHaAOTM4Y-
HOJI TOJ, 4TO Oblaa MCIIOABL30OBaHa AASI CUHTe3a
[Pt,L,CL] (MeToa 1). Berxog 43%.

Cunmes KoMnaekxca
[Pt,(LH),{S(CH,CH,COOH),},C1,]C1, (IV).

M3 0.62 1 (1.21 mmMoas) xomriiaekca I rorosman
cycrieHsnio B 20 ma 6enzoa. K cycriensun npu niepe-
MeINVBAHNY Ha MAarHUTHONM MeIllalKe A00aBAsSAU
0.37 r (2.42 MMOASI) TUOAUIIPOIIMOHOBON KICAOTHI
S(CH,CH, COOH), B Buge nopoiika. Peak1imoHHy10
CMech IlepeMellNBalll B TedeHMe I10AyTopa 4acoB
IpU KOMHATHOM TeMIlepaType, 3aTeM Harpepaau
npu 40-45 °C B teyenne 10 mun. Ilpn sTOM BhINIA-
JaZ 0CajoK >KeATOBATOTO 1IBeTa, KOTOPBINI OT(PNUADL-
TPOBBIBaAM, IIPOMBIBAAN CHadala OEH3040M, 3aTeM
a¢gupom. BricymmBaan Ha BO3AyXe, 3aTeM B BaKyyMe
A0 TIOCTOSTHHOTO Beca. Brxoa 0.87 1 (89%). Bemectso
c1ab0 pacTBOPMMO B CIIMPTE, HEPACTBOPMMO B XA0-
podopMe, UETBIPEXXAOPUCTOM yIAepode, OeH3zoAe,
a¢upe, auerone. Ilpn pacTrBopeHmMM KOMILAeKca B
BOJe BbIIIaJaeT OCajoK >KeATOOPaH>KeBOIO IIBeTa,
KOTOPBHII TI0C/€ BEICYIIIMBAHI A0 ITOCTOSIHHOTO Beca
o coctaBy u VMK-cnexrpy naentugen IIL
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Pe3yabTaThbl 216 MEHTHOTO aHaaAM3a KOMILAeKcoB 1—VI

Tabawmria 1

Coaep>kaHue (BbramcaeHo/HaigeHo), %

Komriaekc bpyrro-popmyaa Pt C1(Br) S N
I C,H,,N,S,Pt,C1, 56.86/56.41 20.66/20.87 9.34/9.60 4.08/4.20
II C,H,,N,S,Pt,C1, 56.86/56.63 20.66/20.57 9.34/9.51 4.08/4.31
Ila C,H,,N,S,Pt,Br, 45.16/45.39 36.99/36.58 7.42/7.30 3.24/3.17
I meToa 1 C,H,,N,S,Pt,C1, 63.62/63.84 12.91/12.77 10.45/10.26 4.56/4.42
MeTog, 2 63.62/63.92 12.91/12.81 10.45/10.36 4.56/4.61
MeToZ 3 63.62/63.86 12.91/12.69 10.45/10.66 4.56/4.48
MeToZ 4 63.62/63.72 12.91/12.76 10.45/10.71 4.56/4.63
v C,¢H,,.N,S,0,Pt,C1, 37.44/37.30 13.54/13.85 12.30/12.52 2.68/2.46
\Y C,H,,N,S,PtC1, 39.77/39.44 28.78/28.54 13.07/13.39 5.70/5.95
VI C,H,N,S,PtC1,Br, 33.63/33.65 12.22/12.53 11.05/13.25 4.82/4.50

Cunmes komnaexca (L1H,)[PtX,] (V).

K orduarrposannomy pacrsopy 0.22 1
(0.58 mmoas) (C,H.CN),PtC1l, B 20 ma OeH-
304a agobasasgan npu nepememusanunu 0.13 r
(0.58 mMMoasa) mopomka TBepgoro L'e2HCI.
PactBop mepememmsaaM cHadada IPU KOM-
HaTHOJ TeMIlepaType B TedeHUe 2 4, 3aTeM
npu temneparype 40-45 °C oxkoao 30 mum.
IIpu oxaakaeHnn pacrsopa 40 KOMHATHOW TeM-
IepaTypsl BbIIIajal OcCajoK, KOTOPHIT OT(PUAB-
TPOBBLIBaAM, IIPOMBIBaAy OeH3040M, 3aTeM dPu-
poM. BricymmBaam cHavaza Ha BO3AyXe, 3aTeM
B BaKyyMe JO IIOCTOSHHOIO Beca. Brixog 0.19 r
(81%). BemecTBo HepacTBOpMMO B aIlleTOHe, OeH-
3021e, xa0podopMe, IETBIPEXXAOPUCTOM YIAepO-
ae, apupe. B Boge pacTBopseTCs C pa3A0KeHUEM.

Cunmes komnaexca (L1H,)[PtCl,Br,] (VI).

K orduarrposannomy pacrsopy 0.29 r (0.62
mmoas) (C,H,CN),PtBr, B 20 ma Gensoaa gobas-
asan 0.12 1 (0.62 mmoas) mopomka L'e2HCI.
PeaknmoHHylo cMmech IlepeMemmBaayu 3 4 IpU
KOMHATHOII TeMIlepaType, HarpeBaAmu B Tede-
Hue 45 MuH go 45-50 °C, s3areM HarpesaHue
IIpeKkpalmain ¥ IepeMellrBaHNe IIPOAO0AXKAAN
B TedeHmMe 12 4 a0 BBIIIAAEHUSI OCajgKa, KOTO-
PBIlT OTPUABTPOBLIBAAN, TPOMBIBAAM OEH3010M,
3aTeM 9(UpoOM, BLICyIIMBAAN CHadala Ha BO3-
AyXe, 3aTeM B BaKyyMe 4O IIOCTOJIHHOTO Beca.
Brixog 0.23 r (78%). BemjecTso HepacTBOpUMO B
aleToHe, crupre, OeH3ole, XA0popopMe, YeTHI-
pexxaopucroM yraepode, adpupe. B Boge pacrso-
pseTcs ¢ pazAoKeHneM. AHaAUTHYECKIe JaHHbBIe
KoMmIriexcos I-VI mpusegensr B Tabanne 1.

VK-crieKTpBl UMCXOAHBIX BeIIeCTB U KOM-
II1€KCOB OBIAM M3MEpeHBl Ha CIeKTpoMeTpax
Thetmoscientific, Nicoletis 10 u Bruker IFS-113V
B Ba3eAMHOBOM MAU B CyCIIeH3UM (PTOPUpPOBaH-
HBIX Macea, a Tak e B Buge tadaerok ¢ KBr B
anartazone 50-4000 cMm!, B TBepAOM COCTOSIHUU
(cycrieH3uM B Ba3eAMHOBOM MAYM PTOPUPOBAHHOM
Macaax, Tabaetku ¢ KBr u Csl).

Pentrenosckue (POTODAEKTPOHHEBIE CIIEKTPEHI
(POC) (noayuensr na ciekrpomerpe Varian VIEE-
15. B xauectse crangapTa npuMmensan anauio CIS
- 285.0 »B.BocnponspoanumMocTs dHepruii OTphiBa
9eKTpOHOB cocTaBasaa 0.1 oB.

PentrenocTpykTypHbIe JaHHbBIE — ITapaMeTpEhI
9/1eMeHTapHOM s4YelKM M MHTeHcusHocTu 1619
oTpaxkeHui c I > 20 - moaydeHsl Ha aBTOMaTH4e-
CKOM 4YeTBIpexKpyKHoOM anudpaxromerpe Bruker
X8 APEX, ocnHaleHHOM ABYX KOOPAMHaTHBIM
CCA - aetextopom, npu 273(2)K ¢ ucroansosa-
HIeM MO0AUOAEHOBOIO M3Ay4eHMsl U IpadpUTOBO-
ro MOHOXpOMAaTOpa IIO0 CTaHAAPTHOI MeTOAUKe
(AMoKa, rpadurossiii monoxpomarop, 0/20-
ckanuposanne, 20 .=56°). Crpykrypa pacmmud-
poBaHa MeETOAOM TSIXKeAOTO aToMa, YTO4YHeHa
MeToA0M HauMeHbIux ksagpatos (MHK), craua-
/a B U30TPOIIHOM, a 3aTeM B aHM30TPOIIHOM HpPHU-
6avxeHnu. B pasHocTHOM cHTe3e BBIsIBAEHBI BCe
aTOMBEI BOAOPO4a, pacCuuMTaHHLIE TeoMeTpuye-
ckn. OxonuaTteaprHoe yrounenne MHK B moano-
MaTPpUYHOM aHM3OTPOIHOM HPUOAVIKEHUU AAs
HEBOJOPOAHBIX aTOMOB U B MI30TPOIIHOM A4 aTO-
MOB Bogopoga AosedeHo 4o R=0.030; RW=0.045
o 1550 orpakennsam ¢ F,>30. Koopaunarsr ato-
MOB IIpUBeJeHH B Tabauie 2, AAMHBI CBsI3eN U

Ta0auria 2
Koopannatbl HeBOAOPOAHBIX aTOMOB
(x10°) B kommiaexce I

ATOMBI x Y Z
Pt(1) 16493(2) 17829(3) 15692(4)
C1(1) 0.12307 0.00452 0.01325
C1(2) 0.04670 0.24054 0.05362

5(1) 21333(5) 38110(10) 23616(14)
N(1) 5650(30) 53160(60) 26110(70)
C(1) 17820(30) | 51080(50) 9430(70)
C(2) 12210(3) 60410(50) 18150(90)
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BaA€HTHBIE YyIAbl AaHbI B Ta6AI/IL[e 3.

Tabawmria 3
/A AVIHEBI CBsI3€11 ¥ BaaeHTHBIE YT bl
B KoMmIiaekce I

CBs13b d, A Yroa w, Ipag
Pt(1)-C1(1) | 2.354(1) [S(1)Pt(1)CL(2))C1(2)| 96.51(4)
Pt(1)-C1(2) | 2370(1)| S(1)PH1)S (1A) | 79.32(4)
Pe(1)-S(1) |2281(1) PHYEUDC U A) 93 4604)
Pt(1)-S(1 A)| 2.276(1)| C1(1)PH1)C1 (2) | 91.56(4)
S(1)-C(1) | 1.827(5)| Pr(1)S(L)Pd (1A) | 91.73(3)
C(1)-CQ) |1516@)| PHDSWC (1) | 109.5(2)
C(2)-N(1) |1.490(8)| Pt(1A)S(1)C (1) | 108.5(2)

scmce) | LY
CCQNQA) | 112.7(4)

Pe3syabTaThl m mx 00CyXaeHUe
MsyyeHue B3auMoAeNCTBUSA AUTUAPOXAOPUAA
nucraMyHa ¢ pa3AUYHbBIMU COeAVMHEHVSIMU I1la-
THHa II0Ka3alo, 4TO XapaKTep OOpas3yIoIuxcs
IpOAYKTOB 3aBUCUT OT YC/IOBI/IIZ peakonu
CTpOQHI/Ie KOMIIAeKcCa I yCTaHOBAEHO
MeTO40M PEHTIeHOCTPYKTYPHOTIO aHaAN-
s3a (PCA). Kpucraaam I pombGuueckue, npu
20 °C  a=17.283(1), b=9. 987(1), c=8.0187(9) A;
V=1384.0(3) A3, Z=4 up. rp. Pccri. Mozexyaa
pacroao>XeHa B YJaCTHOM IT10/0KE€HUM Ha OCH 2.
Moaexyaa 1 (puc.l) mpeacraBaser coOoOIl

aw Hae
N@
/ N

W

~ TPta)

~/ \DCMA)

Puc.1. MoaexyasipHasi CTPyKTypa I
HyMepaIusi aTOMOB KOMILaeKca 1

OMsIAepHBIT KOMIIAEKC, B KOTOPOM aTOMBI IlJa-
THHa, UMeIOIlNe 10 ABa KOHIIEBBIX aTOMa XA0pa,
00BbeaVHEeHBl ITapOoill MOCTMKOBBIX TMOAATHBIX
aurangos —SCH,CH,NH";. Ocp 2 npoxoaut uepes
cepeguHy MeTaAAOIlMKAa, HepHeHAUKYASIPHO
ero cpejgHeKBagpaTUYHONM IIA0CKOCTU. ATOMBI
IJaTuMHa UMeIOT IA0CKOKBaApaTHYIO KOOpAUHa-
nuio. Meraaaonuxka Pt,S, nmepernyrt no amHun
cepa-cepa, TaK 4YTO ABYTPaHHBIM YIroa MeXAy
KOOPAMHAIIMOHHBIMUM TIAOCKOCTAMM aTOMOB
naatuHbl paseH 1380. Yroan Pt(1)S(1)Pt(1A)
pasen 91.730, a yroa S(1)Pt(1)S(1A)-79.320.
Paccrostnme Pt-Pt B mukae (3.271(1) A) daxTu-

YecKM COBIIAjaeT ¢ CyMMOIl BaH-A€p-BaMbCOBBIX
paauycos (3. 26A), Toraa xak paccrosume S-S
(2. 909(1)A) 3aMeTHO KOpOdYe yABOEHHOIO BaH-
Aep-BaaabcoBa paamyca atoMa cepsi (3.60 A) [11].
Oanako 910 1mocaeaHee pacCTosHME CyIIeCTBEH-
HO AAMHHee 4yeM B MOJeKye IucraMuHa (2. 06A)
[12]. Taxum oOpa3oM, PeHTIEHOCTPYKTYPHBIM
ucclelOBaHNEM YyCTaHOBAEHO, 4YTO B YCAOBU-
SIX XMMMYECKO peaKIUM IIPOVCXOAUT pa3phIB
CBSI3M cepa-cepa MCXOAHON MOJAEKYABl LIMCTaMU-
Ha C II0CAeAyIOIeil KOoOpAMHaIMeil o0pasylo-
Ierocsl MPOTOHMPOBAHHOIO IIO aMMHO TPYIIIIe
U AeIPOTOHMPOBAHHOTO IIO CYyAbPTUAPUABHOU
TpylIle [3-MepKalTO®THAaMUHa.

CxeMaTnyeckmu crpoeHmne KomIiaekca I moxer
OBLITH IIPeACTaBAEHO CAeAYIOIINM 00pa3oM:

e
CH, - c1=12 - NH;

/’ /P y \a
NH,- H.C-CH.

IToaoxuTeabHble 3apsAbl AOKaAM3O0BaHBI Ha
aToMax asoTa a OTpuIlaTedbHble Ha aTOMax
xaopa. O6e ceasu Pt-S (2.281 1 2.276 A) BhIpaBHe-
HBI HO 3aMeTHO KOpoue, 4eM B APYIUX KOMIIAeK-
cax IJaTUHBI, B KOTOPBIX aTOMBI MeTaalla OOb-
€AVHEeHBI ITIapOoil MOCTUKOBBIX TMOAATHBIX AUTaH-
A0B (2.282-2.454 A, cpeaHee 3HaueHue 2.359 A
[12-15]). Takoe cokpamieHnue paccrosaumit Pt-S B
KoMmIiiekce I, mo-smammomy, oOyCAOBAEHO ero
IIBUTTEP-MOHHOW TIPUPOAO.

Aanna casu Pt-Cl B pa3AM4HBIX KOMILAEKCaX
IAaTHHa MOXeT MEHSTBhCSA B AOBOABHO IUPO-
KUX IIpejeaax, B 4aCTHOCTU, B 3aBUCUMOCTHU OT
NpUPOALI TpaHC-AUTaHAA. /A5 TeX KOMIIAEKCOB,
B KOTOPHIX B TpaHC-moAoXeHuu K cesasu  Pt-Cl
paciioa0XXeH AUraHJ co caaboi TI-aKLEeIITOPHOI
criocobHocTrI0O aamHa cssa3u Pt-Cl cocrasasier
2.30-2.34 A [16-19]. Ecam >xe auraHa cHooco-
0eH MposABAATh 3HAYMUTEABHOE TPaHC-BAUSIHIE
(0-cBsA3aHHBIN aTOM yraepoga, KapOeHOBBIN
AI/IraH,ZI,) to cBa3b Pt-Cl yaaunsercs g0 2.35-2.45
A [20-23]. B xommiaekce | AAVHBI CBA3EI Pt-C1(1)
n Pt-C1(2) (2.354 n 2.370 A) 0AM3KM K HYKHEMY
npegeay 3Ha4eHUI, XapaKTePHBIX AAs BTOPON
Ipynisl KoMImaekcos co caAspio Pt-Cl. B To xe
BpeMsa B OusgepHoM Auanmnone [Pt,C1(]* aammbI
CBs3€ll IIAaTHHA C KOHIIEBBIMI aTOMaMm XA0pa
cocraBasior 2.25-2.27 A [24-25], T.e. KOpoue, yueM
B MCCA€/OBAaHHOM HaMM KoMmIiilekce | 1 gem B
KOMIIAeKcax IAaTHHbI, paCCMOTPEHHBIX BBIIIE U
OTHOCAIMXCA K nepsoit rpynime. Caegyer orme-
TUTH HeOoAbIIOe, HO 3HauuMoe (160) pasamune
aauu cesazenr Pt-Cl(1) u Pt-Cl(2) B xommaekce I
ComnocraBaenue aauH cssazen Pt-Cl B uccaeao-
BaAaHHOM KoMILleKkce | ¢ mmerommmucs B AuTe-
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paTtype adaHHBIMU [16-26] cBUAeTeALCTBYeT, 4TO,
IIO-BUAVIMOMY, IpejAO’KeHHas BBIIIEe LIBHTTEp-
MOHHAsI CXeMa CTPOeHUs KOMIIAeKca He BIIOJAHe
OoTpa’kaeT XxapakTep JAeAOoKaAu3alluu OTpuIia-
TeABHOIO 3apsJa B HEM U CTeIleHb y4acTUsA ABYX
aTOMOB XJA0pa B 9TOM AeA0KaAU3allun.

CormocraBieHne Me>XXaTOMHBIX PacCTOSHUI B
KOOpAMHUPOBAHHOM MepKaMIHE U TUAPOXAOPU-
Ae MepkKaMIHa [27] mOKa3bpIBaeT, YTO HpU KOOP-
anHaunu unaatuHa aauusl cess3ennt C-C u C-N B
AUTaH/e IIpaKTU4YecKU He MeHSIOTC, OAHAKO IIPpU
9TOM IIPOUCX0AUT yKopodeHnue cea3u C-S or 1.86
A B cBOGOAHOM IUAPOXA0pUAe MepKaMMHa AO
1.827 A B xommaekce 1, apu sTom yroa SC(1)C(2)
yMeHbIIaeTcs Takke ot 113.4° B cB060AHOM AMTaH-
ae a0 111.2° B kommnaexkce I. Kak u B cBobogHOM
Auranje, B Kommaekce I -mepxantostmaammun
UMeeT TOMI-KOH(pOPMaUMIO C yIrA0M IIOBOpPOTa
55° (yroa mexay mnaockoctsamu SCC u CCN)
sokpyr csasu C-C.

W, nakoHer, B Kpucraaie MoAeKky sl | oOpasy-
IOT TPEXMEPHYIO CETKY MeXKMOAEKYASIPHBIX BOJ0-
poansix ceszert Cl(1)--H(NY)-N%, C1(2) ---H(N) -
N, (paccrosams C1--H 2.41, 2.46 A; C1-~N 3.196,
3.238 A coorserctsenno, mpeobpasosanue i [(-X)
(-0.5 + y)(0.5 - z)]; mpeobpazosarme j [(x)(0.5 -y)
(-0.5 - z)]). Tpernit atom BOAOPOJa B CHUCTEME
BOAOPOAHEIX CBA3€ll ydacTUsl He IIpUHUMAeT.
Hukakmx ocHOBaHMI A5 BBIBOJA O CYIIeCTBOBA-
HIU B KOMILA€Kce | BHYyTpUMOAeKyASIpHOTO B3al-
mogericteust MH+3--- S He uMmeeTcsl.

Aannsle VIK-criektpos (Tab4. 4) xopo1ro coraa-
cytorcs ¢ pesyabtatramu PCA, coraacHo KOTOPBIM
IIeHTpaAbHBI MeTaaaonuka Pt,S, B xoMIiaekce
I memaockuii (ImeperHyT II0 AMHUM cepa-cepa) U
nmeeT AokaapHylo cummerpuio C,. Hambozee

XapaKTepPHLIMH B CIIEKTPaX XA0PUAHBIX KOMILAEK-
coB Pt sIBASIIOTCSI 9aCTOTHI BaA€HTHBIX KOAeOaHUII
v(PtC1), koTopble AalOT MHTEHCUBHBIE I10AOCHI
B obaactu 300-380 cml. Adast koaebaumit cBsizen
Pt-C1 (tunos A1+B1+B,).

AeiictsuteanHo, B VIK-cnekTpe kommaexca 1
Haba04a10Tcst Tpu moaoce v (PtC1) ¢ vacroramu
378, 366 m 332 cM™!, 4TO coraacyercs ¢ HEII1OCKUM
CTpOEHNEeM MeTaAAO0llMKAa B HTOM KOMIILAEKce.
BazentHeiM xoaebanmsamM v (PtS) coorBercTBYIOT
roaocsr npu 287 u 273 cm™. IlporonuposanHas
aMMHOTPYIIIIa XapaKTepMU3yeTCs IMMUPOKUM
noraoienueM B obaacru 2000-3200 cm™? m mmoao-
camu gedopmanmoHHbex koaebaummit v (NH',)
okoa0 1583 m 1561 cm™.

Aannsie POC Taxske coraacyorcs ¢ HaAu4ueM
B Komrnaekce I nporonnposannoit NH*; -rpymnmer
(E.,(N1,)=401.4 »B), Takoi1 e, KaK I B ICXOAHOM
rugpoxaopuge unucrammHa (E(N1,)=401.4 »B),
M aToMa Cepbl, KOOPAVMHMPOBAHHOTIO IIAaTMHOII
(E.,(5,p)=163.4 »B).

VIK-cnektp xkommnaekca II cymecTtsenno oran-
yaeTcsl OT clleKTpa KoMmIidekca I. B mem Taxke
Habamo4aiorcs Tpu noaocs v (PtCl) mpu 361, 310
u 289 cm’!, KOTOpble CMeIIaloTCsA IpU 3aMellle-
Hru Cl Ha Br go 250, 205 n 188 cm™ B cmekrtpe
komiiaekca Ila. IToHy>KeHHBle 3HaYeHUS ABYX
rnocaeaHux 4actot B criextpax II u Ila mossoasor
IIPeAIIOA0KUTL, YTO OHU OTHOCATCA K BaAeHT-
HBIM KoaeOauHmaAM v (PtXM) c ygactumem He
KOHIIEBBIX, @& MOCTUKOBBIX aTOMOB TraJoTeHa.
Yacrtora 361 cm' aexur B 061acTu, Xapakrep-
HOU A4s KoaeOaHuii KoHIleBbIX cBszent v (PtCIK).
Haanune asyx nmoaoc v (PtXM) n oaHoit moaocst
v (PtCIK) xapakTepHO 445 OMsAAEPHBIX KOMILAEK-
cos tuna [Pt,L,X,] (X=C1, Br) ¢ raaoreHmAHbI-

Ta0auia 4
OcHoBHBIE KOAe0aTeabHbIe 9acTOTHI (cM™) B VIK-crrekTpax Kommaekcos I-V
OTtHeceHne : - o - .
Cl Cl Br Cl Br Cl Cl Cl, Br
v (NH,") } 3200- | 3200- 3200- 3296 3282 3200- 3200- 3200-
v (NH,) 12000 | 2000 2000 3191 3184 2000 2000 2000
3118 3114
v (C=0) 1695
O(NH.") 1583 1570 1567 1569 1564 1582 1603 1603
O(NH.,) 1561 1561 1565 1592 1592
v (PtX)) 378 327 301
366 361 250 252
332
v (PtX,,) 310 205 268 202 286
289 188 260 197 . 270
v (PtS,) 382 392 386 385 395
381 379 379
353
336
v (PtS,) 287
273
v (PtN) 338 332
327 324
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MU MOCTMKaMM U TpaHC-pacroaoxkenuem L [28,
29]. D10 1MO3BOAAET NPEAINIOAOKUTDL CAeAylolee
cTpoeHune xoMiiaekca II:

"NH;CH,;CH,S Cl
s S(CHCH;COOH
\P / \ / ( 2 )2 Cly

/\

(HOOCH,CHyC), 8 = SCH,CH,NH,*

BasenTtHnsle koaebOaHus cBsaseir Pt-S B
UK-cnextpax xommaekcos II n Ila nmeror vacro-
Tel 392 u 382 cm! coorBercTBenHo. Haawmuwne
oanoit moaocel V(PtS) coraacyercsa ¢ Tpamnc-
cTpoeHMeM 9TuUX KoMIr1ekcos. Koaebanms v(PtS)
B caydae kKoM1iaekcos II u Ila mmeror 6o.ee BbICO-
KIe 4acTOTHI 110 cpaBHeHuio ¢ v(PtS) B criektpe I,
YTO OIlpeaeAseTcs KOHIIEBBIM, a He MOCTMKOBBIM
XapakTepoM 9Tux csaseil. IlporoHuposaHHas
aMuHoOrpyma s komIaekce Il mmeet Te >xe gacro-
TBI, 4TO U B KOMILAeKce I.

ITpu obpaborke komriaexcos Il m Ila Bogoit
IPOMUCXOAUT AeIIPOTOHUPOBAHME aMUHOTPYIIIIBI
U 3aMBIKaHIEe XeAaTHOIO IIMKJAa ¢ 0OpasoBaHeM
ces13u Pt-N 1 BbpITecHeHMEM KOHIIEBOrO aToMa
XZ0pa M3 KOOPAMHAIIMOHHOW c(eprl I1laTHHa.
[Ipu »sTOoM oOpasyrorcsa kommaekcs III cocrasa
[PEL,X,].

B nmskouacrornom VK-criekrpe xommnaexca III
(X=C1) nabaogaercst cuapHasl MINpPOKas AyOaeT-
Hasl 1oA0ca ¢ MakcumyMamu 268 n 260 cm™. B criek-
Tpe xom1aekca III (X=Br) BmecTo Hee nosABaseTcs
CXOAHasl MO KOHTYPY U MHTEHCUBHOCTM I1040Ca
¢ makcumyMamu 202 u 197 cm!. Casur gacror
IIpU 3aMeHe Tal0TeHa CBUAeTeAbCTBYeT O TOM, YTO
yKazaHHBIe I10AO0CH OOYyCAOBA€HBI BaA€HTHBIMU
kozebaHusamMu v(PtX), a moHu>XeHHOe 3HaueHNe
DTUX YacCTOT II0 CPaBHEHUIO C OOBIYHBIMU 3Hade-
HussmMu v (PtXK) mossoaster orHecTu ux x Koaeba-
HMSAM MOCTUKOBEIX rpynir PtXPt. Mcxoas u3s sToro
MO>KHO IPeAIIoA0XuUTh, 4To Komiaekc III nmeer
busgepHOe CTpOeHMe C MOCTMKOBBIMM aTOMaMU
raZoreHa  II0OCKUM II€HTPaAbHBIM pparMeHTOM
Pt,X,. JelicTBUTEABHO, B CAy4ae I110CKOIO CTpoe-
HUs IIeHTPaAbHOTO y34a KoMIldeKca (A0KaabHas
cummetrpus D,,) B VIK-ctiekTpe 401>XHEI HabA10-
AaTbcs Ase 1moaochl v (PtX) tunos cummerpun B,
u u B,,. Panee 65110 nokasano [30], r
YTO pacliendeHue MeXay HUMU
3aBMCUT OT BHYTPUIIUMKAUYIECKOTO
yraa u AAs KOMIaekcos Pt oObru-
HO He npesbrmaer 10-15 e, Taxk
HallpuMep, B T-aAAUABHOM KOM-
naexce [(n*-Allyl)PtCl], tu gacro-
THI paBHBI 254 1 243 cm [30].

[Toaocwr 386 m 381 cm” B MK-crextpe III
(X=C1) ornecenn k v (PtS), mockoabky OHU He
cmemaltores npu 3amene Cl ma Br m 6amskm k
gactoram v (PtS) xoniesrix csizenn PtS B xowm-
naexce II. IToaocwr 338 m 327 cm™ MOTyT OBITH
oTHeceHb! K KoaeOanmsam v (PtN). Ilpucyrcrsue B
criekTpe AByx nmoaoc v (PtS) m asyx moaoc v (PtN)

L

“NH;C

(HOOCH-CHC)> S

coraacyercs C IJMC-pacliOAOKeHIeM JOHOPHBIX
atoMos anraHgos (cummetpust C, ). Takum obpa-
30M, IIpU IMApoause Kkomiaekca II nmpoucxoaur
M3MeHeHe TpaHC-KOH(PUIypauyl ero ckelera 1
obpasyromuiics npu ®ToM Komiiaexc III mmeer
LU C-CTPOeHMEe KOOPAMHAIIMOHHOIO y34a:

HL— S—CH
l \ / \Pt/ I :
v Sl N

Hzc—N N——CH2

Koopaunnposannast 1maaTuHOM aMMHOIpyIIIa
nmeer dacrorel v (NH,) 3296, 3191 n 3118 oM.
Aannsle POC coraacyiorcs ¢ Haau4dueM B KOM-
naekce III KOOpAMHMPOBAHHBIX C IIAaTUHOI
aromos asora (E_(N1,)=400.1 »B) n cepm (E_,
(52p)=163.5 »B).

Kpowme BrIIeonmcaHHOTo MeToga, KOMIIAEKC
III 614 TIOAyYEH U APYTUMMU MYyTAMU: IPU B3a-
MMOAEMCTBUI IIMCTaMIHaA C BOAHBIM PacTBOPOM
K,[PtCl,], B pesyaprare pacraja «OHHEBOTO»
KOMII/eKca Imaaaaans ¢ nucramuaoMm (V) B Boge,
u B pesyapraTe B3ammoderictsua K,[PtCl] ¢
MepKaMMHOM (CM. DKCIIePUMEHTaAbHYIO YacTh).

CoxpaHUTh IPOTOHMPOBAHHYIO aMUHOTIPYIIIY
KOOPAVHUPOBAaHHOTO MepKaMMHa MOXKHO AUIIb
B HeBOAHOI cpege (6enzoa). Ilpu aeiictBum Ha
komnaekc Il THMOAMIIPONMOHOBOI  KMCAOTOI
(TAIIK) aBe ee MOAEKYyABl BXOAAT B KOOPAMHAa-
LMOHHYIO cdepy I11aTHHa BMECTO ABYX KOHIIEBBIX
aTOMOB XA0pa ¥ KOOPAMHUPYIOTCS aTOMOM I14a-
THHa MOHOJEHTATHO II0 aTOMY Cepsl C 00pa3oBa-
HueMm komiaekca [Pt,(LH),(TAIIK),C1,]C1, (IV).
ITo aanubiM MK-cniekTpos, komnaexkc IV mmeer
OusigepHOE CTpOEHMe U COAEPKUT MOCTHKOBLIE
atoMsl xaopa (v (PtCl)=286 u 270 cm™). K xoae-
6anmam v (PtS) (mepxammun) n v (PtS) (TAIIK)
MO>KHO OTHecCTU I10a0chl 395, 379, 353 u 336 cm™.
Kapbokcnasnsie rpynmner TAIIK wHe monmsupo-
Bagsl (v (C=0)=1695 cm'). IlpoToHMpOBaHHAasA
aMMHOIPYyIIIa XapaKTepusyeTcs IIUPOKON pas-
MbITON 1oaocoit v (NH',) ¢ MakcumMymMoM 0K0OA0
3100 cm™. Takum obpaszom, komraexcy IV moxnO
OpuIumcaTh CTpoeHue:

— — — — — — — — — &= 7
H,CH,S e

N < /S(CH»( 2COOH), Clz\

/ \SCHchzNH:, ‘

=y

IIpu obpaboTke kommaekca IV Bogoit mpu
Temnepatype 70 °C mpoucxoauT BBITeCHEHME ABYX
MOA€KyA TUOAUITPONMOHOBOM KMCAOTHI U3 KOOP-
AVHAIIMOHHON cdepsl IAaTHHA U 3aMbIKaHIUe
nukAa ¢ obpaszosaHmeM Komiaekca, VK-crekrp
KOTOpPOIO MAEHTUYeH CIeKTpy Kommaekca III,
YTO TakKXXe ABAAETCS A40BOAOM B IOAB3Y CTPYKTY-
po1 IV c MOCTUKOBBIMU aTOMaMU XA0pa.
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ITpu B3aumMoOgeiicTBUY cOAeM TTAaTUHA C AUTHU-
APOXAOPUAOM LUCTaMMHA B OE€H301e MOXKHO He
TOABKO COXPaHUTL IPOTOHUPOBAHHYIO aMMUHO-
TPYIIILy, HO M IPeAOTBPaTUTh paciliell1eHNe CBA3U
S-S. Aas ocymecTBAeHMsI DTOV peaKUUU OBIA
paspaboran MeTo (GOPMUPOBAHUA KOMILAEKC-
HOTO TeTpallj0aHMOHA IlAaTMHA B OTCYTCTBUE
raZ0reHOBOAOPOAHBIX KMCAOT, 3aKAI0YaIOIMIICs
B AOIIOAHEHNU KOOPAMHALVMOHHONM cdepsl Ila-
THHa AByMs raAoreHMAHBIMU aToMaMu L'e2HX B
COOTBETCTBUU CO caeaylomeit peaknuen [31]:

[(C(H.CN),PtX,]+L'e2HC1—[L'H,] [PtC1,X,],
X=C1 (xomnizaekca V), Br (komnaexca VI).

Crpoenne komiiaekca V I0ATBep>XKJaeTcs
VK-criekTpoM, B KOTOPOM MMeeTCsl MHTeHCUBHas
roaoca npu 327 cm’!, XapakTepHast 4451 IIA0CKOK-
BagparHoro anmona [PtC1,]* cmmmerpum D4h.
[Iporonnposannasa rpynna NH*;, 1mnmucramuna
xapakrepusyetcs psaiom noaoc v (NH';) B obaa-
ctu 2000-3150 cm™? m asyms moaocamu O(NH',)
npu 1603 n 1592 cm™.

DTuM MeTOAOM OBIA CHHTE3MpPOBAH TakKXKe
KaTMOHHO-aHMOHHBIN KOMIIAeKc ItaatuHa VI co
CMeIIaHHBIM XAOPUAO0-OpOMUAHBIM aHUOHOM,
IMOAYYUTh KOTOPBI KMCAOTHBIM METOAOM He
yaaercsa. B aanmnnosoanosom VK-cektpe xoMm-
naexkca VI mcuesaer moaoca v (PtCl) anmona
[PtC14]* (327 cm™), HaOal0gaemas B crieKTpe V,
U MOSIBASIIOTCSI AB€ HOBBIE 110A0CH 0K0oa0 301 u
252 cM’!, KOTOpBle OTHOCATCS K KOAeOaHUAM V
(PtC1) u v (PtBr) B anuone [PtC1,Br,]*.

Aas onpejeaeHUs: OTHOCUTEABLHOTO pacIio-
ZI03KeHIUsI aTOMOB XA0pa 1 6poma B aHMOHe OBl
HpoBeJeH MOAEADLHBIN pacyeT KoAe0aHUII MOHOB
[PtC14]*, [PtBr4]*, nmc- m tpanc- [PtC1,Br,]*.
s pacuera caeagyeT, 4TO B IIA0CKOKBaApaTHOM
KOMILAeKce KoaeOaHms Asyx ¢gparmenTtos XPtX,
pacIoA0XeHHBIX 1104, yraom 90°, kuHeMaTuue-
CKM He CBsI3aHBI U MaAO BAUSIOT APYT Ha Apyra.
ITosTomMy mpu TpaHC-pacIA0KeHUM AByX OAMHa-
KOBBIX aTOMOB raaoreHa (cummertpus D, ) gacro-
el v (PtX) ammeitasix ¢parmenros CIPtCl n
BrPtBr goa>xHBI ObITh OAU3KK K wacTOoTaM V(PtX)
nonos [PtC1,* (327 em™) u [PtBry,]* (243 cm). B
caydae IIMC-PaclOAOXeHUs ABYX OJAMHaAKOBBIX
atromoB raaoreHos (cumMmerpusa C, ), coraacHo
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mpasnaaM otoopa, B VIK-criekTpe MOXKHO OXKU-
AaTh IPUCYTCTBUA YETHIPeX BaAeHTHBIX KoaeDa-
Huii v (PtX), ognako u3-3a caaboro KoaebaTeab-
HOTO B3aIMOAEMCTBIUS YacCTOTHI ABYX AMHEMHBIX
¢parmentos CI1PtBr 6yayr 64ausku u B crieKTpe
MOXKHO OXHMAATh MOSIBAEHUS TOABKO ABYX I1010C
v (PtX) (cuadasusie n antndasHsle KoaeOaHU
ceasent PtC1 n PtBr). Ilockoabky B Kaxkgoe us
DTUX KOoAeDaHUI AalOT BKaaJ Kak cBsa3b PtC1, Tak
U cBs13b PtBr, To uX 9acTOTH 40AXKHBI OTAUIATHCS
ot vactor v (PtX) B monax [PtX4 ]*. Haanuue B
cuektpe VI aByx HOBBRIX mOa0c (301 m 252 cm™)
1o cpaBHeHUIO ¢ [PtC14]* mo3BoaseT 3aKAIOUNTH,
YTO OAHOVMEHHBIE aTOMBI raaoreHa U aHMOHe
[PtCL,Br,] HaxoamTCs M IMC- MTOAOXKEHUN APYT K
Apyry, T.e. komnaekc VI mnmeer crpoeHue:

2+ ol
(ﬂu 2) CHFt-r
Br

IIpu obpaborke xommaexcos V u VI Bogoit
npu temmnepatype 50 °C oOpasyiorcs OusgepHbie
KOMILAEKCHI I11aTUHA, CTPOeHIe KOTOPHIX aHaA0-
IMYHO CTPpOeHMIO Komriaekca III.

Taxum obpaszom, msydeHme B3aMMOAEMCTBIS
AUTUAPOXAOPMAA HMCTaMIUHA C Pa3AMIHBIMU COe-
AVHEHUSMMN IIAaTUMHA B BOAHBIX pacTBOpax IIpU
pH 1-7 nmoxasaao, 4To BO Bcex caydasx IPOUCXO-
AUT oOpa3oBaHIe KOMIIAEKCOB C IPOAYKTOM pac-
I[erAeHns [UCTaMUHa 110 AUCYAbPUAHON CBA3U
- (B-mepkanTosTnaamMmHoMm (Mepkamuuaom) (LH).

B xmcarx cpegax (mpu pH<1) o6pasyiorcs Kom-
naekcol cocrasa [Pt,(LH),C1,] ¢ mporonuposan-
HOV aMUHOTPYIITIION U KOOpAWHAIIMEN AUTaHAA
aToMOM TIldaTuHa dYepe3 aToMm cepsl. [Ipu sTOM,
B 3aBMCMMOCTH OT TeMIIepaTyphl peaKLui, BO3MO-
JKeH CUMHTe3 KOMILAeKCOB OAHOIO I TOIO >Ke COCTa-
Ba, HO pasHoro crpoenus: npu 70 °C obpasyercs
COeAUHeHNe C MOCTUKOBLIM ITOAO0KEeHNeM aTOMOB
cepnl (kommaekc I), a mpu Ooaee HU3KUX TeMIle-
parypax (30-500) ¢ MOCTMKOBBIM IOAOKEHUEM
aToMoB xaopa (komriaekc II).
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CunTes 1 cTpyKTypa Kommnaekcos raaTusbI(II)
C AUTHOANDTUAAMUHOM

X.U.Tacanog’, III.T.Kacymos?
'HUIIN «HedTeras», SOCAR, baky, AszepbaitakaH;
*AsepbaiigXaHCKNUIT MeAUITMHCKNIT yHUBepcuTeT, baky, Asepbaiigxan

Pedepar

Maydeno BzanmMogeiicTeue gutnoaudTuiamMuna (nucrammna) (L) ¢ coegunennsamn naa-
TUHBI B HEBOAHBIX M BOAHBIX cpesax. IlokasaHO, 4TO B BOAHBIX pacTBOpax HPOUCXOAUT pac-
mernaeHne AucyAspuaHoi ceasu L! ¢ mocaeayromeit KoopAnHanyeil AaTUHB 0Opa3sylolie-
rocs 3-MepkanTosTuiaMuHa (MepkaMmnaa, LH). B saBucnmocTn ot ycaosmit peaknum oopa-
3ylorcs OusagepHsle KomraeKkcrl cocrasa [Pt,(LH),Cl,] ¢ MocTukoBEIMM aTOMaMM XA0pa MAN
cepnt anbo [Pt,L,Cl] ¢ mocTukoseiMu atomamu xaopa. IIposeseH peHTTEHOCTPYKTYPHBIN
anaans xomnaekca [Pt(LH),C1,] (I). Kpucraaas: I pombuueckne, ipu 20 °C 4=17.283(1),
b=9.987(1), ¢=8.0187(9) A; R=0.030. Moaexyaa I mpeacrasasietr codoit OuAAepHBINT KOMIIAEKC,
B KOTOPOM aTOMEBI I11aTHHa 0O0beAMHEHEI ITapOIl MOCTUKOBBIX THMOAATHEIX AuTaHA0B (-SCH,
-CH,-MH?"). Meraaaonuxa Pt,S, neperuyT 1o aunmuu cepa-cepa, Tak 4TO ABYTPaHHBIN yroa
MeXAy KOOPAMHALIMOHHBIMI ILAOCKOCTAMU aTOMOB ILAaTUHBI paBeH 138°. Paccrosinue S-S,
pasnoe 2.909(1) A, 3ameTHO KOpOYe YABOEHHOTO BaH-Jep-BaaAbcoBa PaAuMyca aToMa Cephl
(3.60 A). OcymectBaenne peaknuu B 6eH30.1€e 1103B0As1eT oAyunTh Komiraeke (L'H,)[PtX,]
(X=C1, Br) c coxpanenuem cpa3u cepa-cepa B aurange. CTpoeHne KOMIIA€KCOB ITIOATBepXKAe-
HO gaHHbIMU VIK-criekTpockonmm.

Katoueevte caoea: nmaatmn; OMAEHTATHBII AWTaHA; OUCTaMUH; AUCYAb(pUAHBIE CBS3DL;
MepKaMIH; O11010TU4YeCcKasl aKTUBHOCTS.

Platinin(II) ditiodietilaminls komplekslarinin
sintezi vo qurulusu

X.i.HasanopI, S.H.Qasimov?
'«Neftqazelmitodqiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan;
2Azarbaycan Tibb Universiteti, Baki, Azarbaycan

Xiilaso

Palladiumun heterot fsallig1 arasinda korrelyasiya oldugunu tesdiq edir. Platinin
duzlarinin ditiodietilaminls (sistaminls) (L1) su ve geyri su miihitinde qarsiliqli tesiri
Oyranilmigdir. Sulu mahlullarda ligandin disulfid rabitesinin qirilmasi ve amsals galen
p-mepxanTosTnaamuuin(merkamin HL) platinle koordinasiyasi bas verir. Reaksiyanin
getmoa soraitinden asili olaraq xlor, kiikiird korpiilii [Pt,(LH),Cl,] torkibli ve ya yalniz xlor
korpila [Pt,L,CL,] torkibli komplekslor amoals galir. Kompleksin [Pt,(LH),C1,] qurulusu
rentgen qurulus analizi tisulu ilo dyrenilmisdir. Krictallar rombik qurulusa malik olub 200
C-do a=17.283(1), b=9.987(1), c=8.0187(9) A; R = 0.030 parametrlori ilo xarakterizo olunur.
Kompleks iki niivali olub bir ciit tiolat ligand: (-SCH, -CH, -MH",) ilo ahato olunmusdur.
Pt,S, metalltsikli kiikiird-kiikiird xatti boyunca oayilir vo platin atomlarinin koordinasiya
miustovileri arasinda ikiqat bucaq 138° doeraca togkil edir. 5-5 mosafesi 2.909(1) A olub
kiikiird atomunun (3.60 A) ikigat van-der-vaals radiusundan hiss olunacaq daracadas
qisadir. Reaksiyanin benzolda aparilmas: ligandda kiikiird-kiikiird rabitasini saxlayaraq
(L'H,)[PtX,] (X=C1, Br) kompleksini alda etmayo imkan verir. Komplekslarin strukturu 1Q
spektroskopiya moalumatlari ilo tasdiq edilmisdir.

Acar sézlar: platin; bidentat liqand; sistamin; disulfid rabitasi; merkamin; bioloji fealliq.
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KINETICS OF THE REACTION OF OXIDATIVE
DEHYDROGENATION OF METHYLCYCLOHEXANOL TO
METHYLCYCLOHEXANONE OVER MODIFIED CLINOPTILOLITE
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Abstract

The catalytic activity of modified natural clinptilolite zeolite has been studied in
the oxidative dehydrogenation of methylcyclohexanol to methylcyclohexanone.
On the basic of experimental studies it was found that natural clinoptilolite
modified with Cu?* and Pd* cations exhibit high activity and selectivity in the
reaction under con-sideration. Clinoptilolite containing 0.15 wt.% Pd* and 0.5
wt.% Cu® is the most ac-tive for the studied reaction. It was studied the kinetic

Keywords:
Methylcyclohexanol;
Methylcyclohexanone;
Oxidation;

Zeolite;

Mechanism;

Kinetic model.

regularities of the reaction over the selected catalyst. Based on literature material

and own experimental data was suggested the stage scheme of the mechanism of

the reaction and developed theoretically based kinetic model of the process.

Methylcyclohexanone is widely used as
a solvent for cellulose nitrates and acetates,
fats, waxes, natural resins, polyvinyl chloride,
etc. Also, methylcyclohexanone is the main
raw material in the asymmetric synthesis of
optically active substances, plasticizers and
enanthic acid.

For the first time, the production of
methylcyclohexanone was realized by alkylation
of cyclohexanone [1]. The resulting dimethyl
derivatives reduce the efficiency of the process
Methylcyclohexanone is obtained by oxidation
of available 2-methylcyclohexanol, which is
obtained by hydrogenation of o-cresol. The
process is carried out in the liquid phase at
relatively high pressures in the presence of
homogeneous catalysts - soluble cobalt salts,
and air oxygen is used as an oxidizing agent
[2]. The main disadvantage of liquid-phase
processes is the difficulty of separating the
catalyst from the liquid catalyzate, therefore,
on an industrial scale, gas-phase processes are
mainly used for the oxidative dehydrogenation
of methylcyclohexanol to methylcyclohexanone
using metals such as nickel, cobalt, iron,
copper, zinc, chromium, ruthenium, rhodium
as a catalyst. The process of oxidative
dehydrogenation on these catalysts proceeds in
the temperature range of 220-550 °C [3]. The most

E-mail: zumrudshabanova82@gmail.com
http://dx.doi.org/10.54787/CCC LLC 20220400023

effective of the proposed catalysts is activated
carbon containing 1.0 wt.% Pt or 2.0 wt.% Pd [4].
The process proceeds at a temperature of 200-
230 °C with the participation of hydrogen. In this
case, the conversion of methylcyclohexanol is
55.0%. The participation of hydrogen reduces the
efficiency of the process.

In the present work, the results of studying
the reaction of oxidative dehydrogenation of
4-methylcyclohexanol to4-methylcyclohexanone
on a highly efficient metal zeolite catalyst,
natural clinoptilolite, containing 0.5 wt.% Cu?*
and 0.15 wt.% Pd?*, are presented.

Experimental part

The natural clinoptilolite with a silicate
module, A=8.68 of the Azerbaijan deposit, has
been used. The catalysts were synthesized by
ion exchange in aqueous solutions of CuCl, and
[Pd(NH,),]Cl, followed by drying (80-120 °C, 5 h)
and calcination in an air stream at a temperature
of 300 °C, space velocity 2400 h! for 30 min.

Studies of the catalytic activity of synthesized
catalysts were performed in a flow reactor,
the U-shape. The catalyst loading was 2 ml
graining 0.4-0.63 mm. The reactor was placed
in an electric furnace, the temperature of
which was measured with a thermocouple and
recorded with a microelectronic thermostat
«MICROMAX». Feed raw material is carried
out automatically. The evaporation of raw
materials took place in temperature-controlled
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Table 1
The results of experiments to determine the active composition
of the cata-lytic system, clinoptilolite - Pd* - Cu*

Content of catalyst,

weight % I oC Space ve-  Molar ratio Conversion of Yield of methyl-

methylcyclo- cyclohexanone,

1 -1 0 .
IOCItY’ h n alcohol * nair

Cu® Pd* hexanol, % %
1 0.5 - 210 1590 0.36:2.64 62.0 62.0
2 0.5 0.1 210 1590 0.36:2.64 97.0 97.0
3 0.5 0.15 210 1590 0.36:2.64 100 100
4 0.5 0.15 200 1590 0.36:2.64 98.0 98.0
5 0.5 0.15 180 1590 0.36:2.64 93.0 93.0
6 0.5 0.15 190 1590 0.36:2.64 95.0 95.0
7 0.5 0.15 210 3000 0.36:5.18 96.0 96.0
8 0.5 0.15 230 3000 0.36:5.18 98.0 98.0
9 0.5 0.15 200 2000 0.36:3.88 97.0 97.0
10 0.5 0.15 210 2000 0.36:3.88 98.0 98.0
11 0.5 0.15 210 3500 0.36:5.21 97.0 97.0
12 0.5 0.15 220 3500 0.36:5.21 98.2 98.2
13 0.5 0.15 210 1000 0.36:2.45 100 100
14 0.5 0.15 230 3500 0.36:5.21 97.5 97.5
15 0.5 0.15 210 1500 0.36:2.56 98.2 98.2

cabinet. Temperature stability is maintained in Table 2

an incubator with a contact thermometer. The
temperature in the middle of the catalyst bed
was measured and recorded by a thermocouple
potentiometer. The reaction products together
with unreacted raw materials received in a cooled
receiver. The separation of the reaction products
were carried out in columns packed Paropak - T,

The results of studying the kinetics of the
reaction of oxidative dehydrogenation
of methyl-cyclohexanol on a catalyst,
clinoptilolite (0.5% Cu*, 0.15% Pd*)

Ne V,h* T,°C P, atm P,,atm Yield, %

in a linear programmed rise of temperature up 1 | 1000 | 180 0.06 0.17 89.1
50 to 200 °C. Analysis of the reaction products is 2 | 1500 | 180 0.09 0.17 89.9
also carried out on the apparatus GC Agilent 7890 Z 5288 128 8% 8%; g;é
with Agilent 5975 MS detector using a column : : :
acked with HP-5-MS (length 30 m) 5 | 3000 | 180 | 0.20 017 1| 95.1
p & ' 6 | 3500 | 180 0.25 0.17 91.2
Resuls and discussion 2| 000 201000 o)
In order to determine the active composition "9 [ 2900 | 200 0.12 0.16 95.6
of the catalytic system and the range of [197 2500 | 200 0.12 0.20 9.1
variation of technological parameters, a series of [ 11 [ 3000 | 200 0.12 0.25 90.6
experiments was carried out. The results of this | 12 | 3500 | 200 0.06 0.12 915
study are presented in table. 1. As can be seen | 13| 1000 210 0.09 0.12 935
from the results, clinoptilolite containing 0.15 |14 | 1500 | 210 0.15 0.12 91.7
wt.% Pd*and 0.5 wt.% Cu?® is the most active |15 | 2000 | 210 0.20 0.12 91.5
composition in all studied technological regimes. | 16 | 2500 | 210 0.25 0.12 94.1
The reaction proceeds with a selectivity of 100%. |17 | 3000 | 210 0.18 0.06 93.8
The reaction kinetics was studied in the [18] 3500 | 210 0.18 0.12 94.1
temperature range 180+230 °C, space velocities 19 | 1000 | 230 0.18 0.18 96.8
1500-3000 h' and partial pressures of reagents 20 | 1500 | 230 0.18 0.20 98.5
=0.05-0.25 atm, under conditions that ensure 21 | 2000 230 0.18 0.25 99.7
the reaction proceeds in the kinetic region over 22 | 2500 | 230 0.18 0.30 100
: - . o 23 | 3000 | 230 0.18 0.35 100
the CuPd-clinoptilolite, containing 0.15 wt.% 241 3000 | 260 0.18 035 95.6
Pd* and 0.5 wt.% Cu®. The results of kinetic |, 3500 | 230 0.18 012 95.4

experiments are shown in table 2.

Influence of temperature and space velocity increasing temperature from 180 to 230 °C the
on the reaction rate was studied under optimal yield of methylcyclohexanone increases and
Pono @and Po,. From table 2, it follows that with reaches a maximum (100%) and and further
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raising the temperature to 260 °C reduces yield
95.6%). Conversion of alcohol in the whole
studied temperature range is continuously
growing.

Based on the analysis of literary materials it
has been suggest the probable stage mechanism
for the formation of methylcyclohexanone. A
simplified diagram of the staging mechanism is
as follows:

k
0, +2Z—15270

ZO+ CH3C6H100HL>zo(CH3C6H100H)

zo-(CH3C6H100H)L>Z+ CH,C,H,0+H,0

[— »—nl\)lv—a

%02 +CH,C,H,,OH = CH,C,H,0 +H,0
Assuming simplicity of these stages, we find
the following expressions for the rates of stages:
n=k-R-6, =k P06,

=k, -0, (1)

In steady-state conditions:

rH=r2=73 (2)
Based on these equations and the constancy
of the total number of surface areas of
formations, the reaction rate of the formation of
4-methylcyclohexanone can be represented as a
function of the concentration of reagents:

0:+60,+605=1 (3)
k
k-PB-6:=k-P-6, , 0= W Bo
.P.O*=Fk. . k- 2
ki-F-07 =k 93, 0, = 16’

Substituting the expressions 01 and 03 into
equation (3), we obtain:

k-R k -P 0 +0,-0
kP k3
—1+\/1+4(1 +k1 ]
0 - (4)
S kR,
kz B k3

Taking into account the expression 0, we
obtain the following equation for the rate of
formation of 4-methylcyclohexanone:

—1+\/l+4(kp klPl]
_k3ﬁ02—kp— k&

2

5
A TN
k2 P2 k3

Thereaction proceeds selectively on the studied
catalyst, without the formation of by-products, the
stoichiometric equation of the gross mechanism
of formation of 4-methylcyclohexanone can be
represented as follows:

CH;CeH,,0OH+0.50,=CH,CsHsO+H,O (6)

Using the stoichiometric equation, the yield
of the target product (A) and the initial molar
amounts of the reagents, the current molar
amounts of the ingredients can be determined by
the following expressions:

A
n=n°—n°-—;
1 1 1 100
R .
> 100’

1 A
n,=ny ——n -—;
% 27 100’

nd =nd, +0.21- 2V31

n,=n,,

231

where A - is the yield of methylcyclohexanone;

n,, Ny, Ny, 1, U Ny, are the current molar amounts
of methylcyclohexanol, methylcyclohexanone,
oxygen, water, and nitrogen;

b, P, P, P,u P, are the partial pressures of
the substances;

V.;, - volumetric air consumption.

The partial pressures of the components are

determined as follows:

ni
ReSiP

where P is the total pressure equal to 1 atm.

Equations (5) and (7) constitute the kinetic
model of this process. The indicated kinetic model
of the reaction was subjected to statistical analysis
based on the kinetic data given in table 2 [5].

The numerical values of the constants of the
kinetic model are presented in table. 3. For these
numerical values of the kinetic parameters, the
relative error of the experimental and calculated
data does not exceed 3%.

(8)
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Table 3
Numerical values of the constants of the kinetic model

Ln Kk’ E, kkal/mole

Ln k% 10.5 E, 7.2

Ln K, 1.2 E, 3.6

Ln k% 65.6 E, 6.8
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Kunernuka pPeakOguM OKMNCANTEAbHOTIO ACTUAPNPOBaAHNSI
MEeTUAINIMKAOTeKCaHOl1a B MeTNAIIMKAOTIeKCaHOH
Ha MOAI/I(I)I/II_H/IPOBaHHOM KAMHOIITNAOANUTE
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Pedepar

MCCAQ,ZI,OBaHa KaTaauTmyeckas aKTUBHOCTDb MOAI/ICI)I/II_U/IPOBaHHOFO npmpoAHOIro KAUH-
OTNAO0AUTa Je0ANTa B peaKuulM OKNCAUTEABHOIO ACTUAPUPOBaHM METUALINMKAOTEKCa-HOAa
B MeTUAIIMKAOTEeKCaHOH. Ha ocHose DKCIIepMMEHTaAbHBIX UccAeA0BaHU yCcra-HOBAEHO, YTO
HPUPOAHBIN KAMHOOTUAOAUT, codepxkamuit 0.15 mac.% Pd* u 0.5 mac.% Cu?*, nauboaee
aKTIBEH B I/ICCAe,ZI,yeMOIZ peaxknum. M3y‘IeHbI KMHEeT4YeCKNe 3aKOHOMEPHOCTN peaKnuy Ha
BI)I6paHHOM KaTaAansarope. Ha ocHoBanumn ANTEepaTypPHBIX MaTepnal0B 1 COOCTBEHHBIX DKC-
IepUMeHTaAbHBIX AaHHBIX ITpeAA0>KeHa CTadUliHas cXxeMa MeXaHM3Ma peaKInu U paspabdo-
TaHa TeOpeTUYeckyr 06OCHOBaHHAs KMHeTHYecKas MoAeab IIpolecca.

Katouesvie caosa: METUAINUMKAOTEeKCaHOA; MEeTUAIMKAOTEeKCaHOH; OKNCAeHHMe,; IIeo-
AT, MeXaHUu3M,; KnmHeTn4Yeckasa MogeAab.

Metiltsikloheksanolun metiltsikloheksanona
oksidlasdirici dehidrogenlosmasi
reaksiyasinin kinetikasi

A.M.Bliyev’, M.Q.Oliyeva’, G.A.Oli-zads', Z.A.Sabanova?
'Azarbaycan MEA M.F.Nagiyev adina Kataliz vo
Qeyri-tizvi Kimya Institutu, Baki, Azarbaycan
2«Neftqazelmitadgiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Xiilasa

Metilsikloheksanolun metilsikloheksanona oksidlesdirici dehidrogenlosdirilmosi
reaksiyasinda modifikasiya olunmus tebii klinptilolit seolitin katalitik aktivliyi tadqiq
edilmigdir. Eksperimental tadqiqatlar asasinda miisyyean edilmisdir ki, 0.15 kiitls % Pd** va
0.5 kiitls % Cu* olan klinoptilolit seoliti todqiq olunan reaksiyada yiiksok aktivlik gostarir.
Secilmis katalizator {izarinde reaksiyanin kinetik qanunauygunluqlari tadqiq edilmisdir.
Odobiyyat materialt vo tocriibi naticelor asasinda reaksiya mexanizminin moarhals sxemi
toklif edilmis vo prosesin nazori cohoatdon asaslandirilmis kinetik modeli hazirlanmisdar.

Acgar sozlar: metilsikloheksanol; metilsikloheksanon; oksidlosma; seolit; mexanizm;
kinetik model.
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ANALYSIS OF POLYMER DESTRUCTION PROCESSES

Kh.Sh.Hajiahmedzadeh®, E.T.Bagirova, I.V.Ahmadova
Institute of Catalysis and Inorganic Chemistry named after
M.Nagiyev National Academy of Sciences of Azerbaijan, Baku, Azerbaijan

Abstract

Destruction reactions are one of the most important reactions for high molecular
weight compounds. They are also used to study the structure of high-
molecular compounds, as well as to obtain low-molecular compounds from
natural polymers (for example, glucose from cellulose and starch). During the
destruction reactions, a decrease in the molecular weight is observed due to the
breakdown (breaking) of the molecular chain without changing the chemical
composition of the polymer. In this case, the functional groups located at the end

of the macromolecule are not taken into account.

Introduction

Sometimes destructive reactions are used to
facilitate the processing of a polymer or its use
for practical purposes. For example, solutions of
products obtained in the production of varnishes
based oncellulose estershave a very high viscosity,
so it is important to pre-destroy the original pulp.
By partially destroying natural rubber, the rubber
can be made easier to obtain. In addition, it is
possible to obtain a new polymer due to the free
macroradicals obtained during the destruction
processes. In addition to all this, the destruction
of polymers is considered as an unpleasant
intermediate reaction that occurs during their
chemical transformation, processing and
operation. As a result of studying the mechanism
of destructive reactions and their conformity
to the basic laws, it is possible to regulate
(increase or decrease) them in accordance with
any process. Destruction of polymers reactions
can occur under the influence of chemical agents
(water, acid, alcohol, oxygen, etc.) or certain
physical factors (heat, light, ionizing radiation,
mechanical energy, etc.) [3,6].

The experimental part

Chemical destructionisevenmore characteristic
for heterozygous polymers. Thus, in this case,
the destruction occurs by breaking the carbon-
heteroatomic bond in the chain, and the initial
monomer is obtained as the final product of the
reaction. C-C bonds in carbon-chain polymers
are more resistant to chemical agents than in

*E-mail: heyat_mm@mail.ru
http://dx.doi.org/10.54787/CCC LLC 20220400024

Keywords:
Lewis acid;
Polyolefin;
Cation;
Destruction;
Free radical;
Alkyl- radical;
Carbocation.

heterocyclic polymers. They can be chemically
destroyed only under harsh conditions or in the
presence of side groups (losses) in the polymer
chain that can weaken the strength of C-C bonds.
The process of destruction of the polymer as a
result of mechanical action and its mechanism
have been widely studied in recen years. The
results show that the destruction processes that
occur under the influence of different types of
energy are very close in their mechanisms.

Many types of physical destruction, such
as mechanical and high-energy particles, are
widely used in engineering. Just as a reaction
in a polymerization process is characterized by
a degree of polymerization, so a reaction in a
destruction process is characterized by a degree
of destruction:

R=a/n
Were: R - the degree of destruction;
a - the number of broken valence bonds in
the main chain;
n - is the total number of valence bonds.

As it was mentioned earlier, chemical
destruction involves the destruction of various
agents: water, oxygen, acids, amines, alcohols,
and so on. may occur under the influence of [1,2].

One of the most common types of chemical
destruction is oxidative destruction by oxygen
and ozone. Oxidation destruction is activated
by heat, light rays and mechanical energy, and
the types of thermal, photo and mechanical
oxidation of destruction are known, respectively.
As a result of these destructive reactions, the
composition and structure of the polymer
change, ie it «ages». Aging of a polymer means
a change in its physicochemical, physical and
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mechanical properties during operation. The
fastest oxidative destruction of polymers occurs
by the chain mechanism (with free radicals), as
in low-molecular hydrocarbons. The oxidation
process of polymers without double bonds in the
chains is weak, and the formation of peroxide
groups is not always observed in them. This
process consists of three stages (formation of the
active center, lengthening and breaking of the
chain). It is known that oxidation begins with the
formation of peroxides. The active centers are
obtained by the decomposition of peroxides.

Depending on the structure of the polymers,
different products can be obtained at the end of
the reaction as a result of changes in the rate of
oxidation destruction. For example, unsaturated
high- molecular hydrocarbons are more oxidized
by oxygen than saturated hydrocarbons. This
difference in the rate of oxidation reactions is
due to the fact that unsaturated compounds
form peroxide compounds quite easily. For this
reason, the rate of formation of active centers is
high [3,4,8].

The reason for the intensive development
in the field of polymer destruction is explained
by the fact that research on destruction leads to
the longevity of polymer construction and the
creation of a scientific basis for their stabilization.

Destruction as a method is invaluable in
the field of recycling of polymers, use of waste
and giving them new properties. At present,
destruction is widely used in the field of
modification of polymers, which leads to the
expansion of the synthetic potential of polymers.

There are many methods of destruction, and
the following can be noted:

1. Destruction of polymers with the help
of radical initiators is more widespread. In
many cases, synthetic polymers cause molecular
cleavage during operation. This is a free-
radical chain mechanism. The source of radical
centers are the polymers themselves. Thus, they
create destruction by breaking the C — H and
C - C bonds. The discovery of the nature of
these transformations is due to the study of
the mechanism of disintegration, its kinetics is
associated with structural changes and plays an
important role in determining their longevity.

Alkyl radicals formed in the process of
destruction are involved in the free radical
transformation of polymers, which ultimately
determines not only their molecular weight but
also their structure. It should be noted that the
radical chain destruction of polyolefins saturated
with alkyl radicals or the removal of hydrogen
from the polymer:

X'+RH - XH+~R’

or initiates its bonding to the final double bond

of the polymer.
X +H,C = CH~ - XCH,- C'H~

Here: X" alkyl is a radical;
~RH is a polymer.

Kinetic studies of the alkyl radical hexyl
reaction show that the activity energy (for the
first reaction) is 50 kC/mol (temperature 363-
383 K).

2. Thermal destruction occurs most often
as a result of thermal and thermo oxidative
decomposition during the operation of polymers.

It has been found that the rate of destruction
and activity energy of polyolefins depends on the
structure and molecular weight of the polymer.

The rate of destruction of a branched polymer
is higher than that of a linear polymer, but
the activity energy of the destruction of a
branched polymer is lower than that of a
line. The dependence on the molecular mass
is as follows: as the molecular mass of a linear
polymer increases, the activity energy of its
destruction also increases, but the rate of
destruction decreases [8,11].

The mechanism of radiation decomposition
of polymers consists of the stages of absorption
of radiant energy, transfer of excitation energy
to areas where chemical bonds are more likely
to break, and the formation of free valence as a
result of breaking chemical bonds. The formed
free radicals can reunite to restore the bond or
stabilize and complete the cleavage process.

One of the interesting aspects of the destruction
process is full understanding the «chemistry» of
catalytic destruction.

The reaction of catalytic destruction of
polyolefins by Lewis acids can be considered as a
cationic process. This is similar to the reactions of
organic compounds with Lewis acids. According
to accepted assumptions, the catalytic destruction
of polyolefins is carried out by the following two
mechanisms.

However, it should be noted that as the order
of destruction of carboxylic polymers decreases,
for example, during the complex MXn reaction or
the inclusion of radical acceptors in the reaction
mixture (J,, methylstyrene), the destruction of
polymers is determined by a radical mechanism.
The fact that the destruction has been carried out
by a radical mechanism can also be confirmed by
the fact that the order of destruction is increased
by photo shopping of the system.

MtX, + H,O H* [MtXnOH]

.I—I2

hydride
transition

~CH,~CH,~CH,~+H*—~CH,~CH,~CH,~

H H
—~CH,-CH*-CH,~—cation fragmentation

1)
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~CH=CH,+H*—>C"H-CHj cation fragmentation (2)
Based on these indicators, the existence of an
alternative mechanism of catalytic destruction of
polyolefins under the influence of Lewis acids
(radical-chain mechanism) is confirmed. [10].

The results: Thus, it can be concluded that
the continuation of research on the mechanism
of catalytic destruction can reveal the existence
of new alternative routes for the detection of
fragmentation of macromolecules [9].

The solution of theoretical problems of
catalytic destruction under the influence of Lewis
acids can lead to the creation of a scientific basis
for the processes of processing and modification
of polymers.

From the analysis of the literature it can
be concluded that the reactions of catalytic
destruction of polymers under the influence of
Lewis acids are less studied than the destruction
of free radicals. Given the high catalytic activity
of Lewis acids and their occurrence in various
reactions (eg, isomerization, cracking, destruction,
alkylation, complex formation, polymerization,
etc.), it is important to study their interaction
with different polymers in nature. .

The formation of active centers has been
also confirmed by the EPR method, and free
macroradicals has been detected and their density
has beens determined.
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AHaam3 IIpomeccoB pa3pylIeHNs MOAMMEPOB

X.II.I'adxuaxmedsade, D.T.bazuposa, VI.B.Axmedosa
MucTtutyT KaTtaamusa M HEOpTaHUYECKOM XUMUNU
um.M.®.Harnesa HAH Aszep0Oaitaxana, baky, Azep0Oaitaxan

Pedepar

Peaxnuu gecTpyknum ABASIOTCS OAHMMU M3 HanmboOAee Ba>KHBIX peaKIUil 445 BBICOKO-
MOAEKYASPHBIX COeAMHeHUN. VIX NPUMEeHSIOT A4S M3y4eHUs CTPOEHMS BBICOKOMOAEKY-
ASIPHBIX COeAMHEHN, a TaKXKe A4S IIOAy4YeHNs HU3KOMOAEKYASPHBIX COeAMHEeHUI U3 IPpU-
POAHBIX II0AMMEPOB (HaIlpuMep, IAI0KO3Bl U3 1eA410403b U Kpaxmadaa). B xoae peaxnuii
AeCTpyKIuuu HabAI0AaeTcs yMeHbIIeHIe MOAeKYASPHON MacChl 3a cueT paspbiBa (pa3phl-
Ba) MOAEKyAsAPHOI Henn 0e3 M3MeHeHUs XUMUYIecKoTo cocTasa rnoaumepa. Ilpu sTom He
YUMUTBIBAIOTCSA (PYHKI[MOHAAbHbIE TPYIIIIE, PACIIOAO0XKEeHHbIe Ha KOHITe MaKPOMOAEKYABL.

Katouegsvte caosa: xmcaora /pionca; nmoanoaedpuH; KaTMoH; AeCTPYKIN; CBOOOAHBIN
pa,Zl,I/IKa/l,' aAKI/IA-pa,Zl,I/IKa/l,' Kap6OKCI/I/U/IpOBaHI/Ie.

Polimerlarin destruksiyasi proseslarinin analizi

X.S.Haciohmoadzada, E.T.Bagirova, 1.V.Ohmadova
Azoarbaycan MEA M.F.Nagiyev adina Kataliz ve
Qeyri-iizvi Kimya Institutu, Baki, Azarbaycan

Xiilasa

Destruksiyareaksiyalari yliksokmolekullubirlosmoalarii¢iin on miihiim reaksiyalardan
biri hesab olunur. Onlardan yiiksekmolekullu birlasmalarin qurulusunu Syranmak
hamginin, tobii polimerdan asagi molekullu birloagsmalari almaq (mosalan, selliillozanin
va nigsastadan qliikoza- almaq) ugun istifads olunur. Destruksiya reaksiyalar: zamani
polimerin kimyovi tarkibi deyismaden molekulyar zangirin pargalanmasi (qirilmasi)
hesabina molekul kiitlosinin azalmasi musahidea olunur. Bu zamam makromolekulun
sonunda yerlasan funksional qruplar nazars alinmir.

Acar sozlar: Lyuis tursusu; poliolefin; kation; destruksiya; sorbest radikal; alkil-
radikal; karbokation.
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H-MORDENIT SEQLITI UZORINDO TOLUOLUN BENZOL
VO KSILOLLARA DiISMUTASIYASI
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The Dismutation of Toluene to Benzene and Xylenes Over H-Mordenite Zeolite

V.Sh.Aghayev

Institute of Catalysis and Inorganic Chemistry named after
M.Nagiyev National Academy of Sciences of Azerbaijan, Baku, Azerbaijan

Abstract

Synthetic and natural mordenite zeolites were decationized (DC) and
dealuminized (DA) with different concentrations of HCI, and the catalyst
samples were subjected to X-ray phase analysis. Over the samples of the
catalyst was carried out the dismutation of toluene to benzene and xylene in
the temperature range of 300-380 °C. It has been established that H-mordenite
catalysts in the range SiO,/Al,O, = 17-20 are more active and selective in the

Keywords:
Dismutation;
Xylenes,;
Benzene;
Zeolite;
Mordenite;
Space velocity.

reaction under study conditions. It has been shown that synthetic mordenite

zeolite has a higher activity than natural mordenite zeolite.

Benzol sintetik kaucuklarin, stini liflorin,
yuyucu vasitelorin, etilbenzolun, malein
anhidridinin ve boyalarin alinmasinda ve elace
do senayedas hoalledici kimi istifade olunur [1].

Ksilollarin {i¢ izomerlarindon on shomiyyotlisi
p-ksilol hesab olunur ki, o da dimetiltereftalat
vo tereftalat tursusunun alinmasinda istifado
olunur. Onlar da 6z névbasinda, poliefir liflarinin
(lavsan) va plastik kiitlalarin kiitlovi istehsalinda
totbiq olunur [1].

Senayedo toluol, benzol vo ksilollara nisbaton
daha ¢ox alindigindan va toluolun istifads sahasi
daha mahdud oldugundan onun dismutasiya
metodu ilo benzol ve ksilollara ¢evrilmasiboyiik
shamiyyot kasb edir [2].

Benzol va ksilollarin esas alinma manbayi
benzin fraksiyasinin katalitik riformingi ve neftin
pirolizidir.Bu {tsullarla benzol ve ksilollarin
¢ixim1 metoddan asli olaraq miixtolif nisboatlorda
doyisir vo onlara olan telabat 6denilmir [3].
Odur ki, benzol vo ksilollara olan telabat ilden
ilo artdigr {i¢lin onun yeni metodla istehsalina
diqqot artirilir.

Son illar toluolu dismutasiya reaksiyasinda
katalizator kimi miixtalif tip seolitlorden (X,
Y, mordenit, ZSM) istifads olunur. Teadqiq

E-mail: aqayevvusall@gmail.com
http://dx.doi.org/10.54787/CCC LLC 20220400025

olunmus seolitlor igorisinde mordenit diger
seolitlors nisbaten aktivlik ve selektivliklari ile
secilir [4,5]. Digor terafden toluolun dismutasiya
reaksiyasinda silikat modulun (5iO,/Al,0,=a)
mordenitin tarkibinds dayismasinin onun
katalitik aktivliyinin tesiri az Oyranilmisdir.

[sin osas mogsadi toluolun dismutasiya
reaksiyasinda miixtalif silikat modullu sintetik vo
tobii mordenit seolitlerinin miiqayisali katalitik
aktivliklarinin dyranilmasidir.

Tacriibi hissa

Miieyyoan miqdarda qranullasdirilmis
donavorlarinin o6lgiisti 3 mm (agiq ¢ohrayi)
sintetik Na-Mordenit (5i0,/A1,0,=10) seoliti
narinlagdirilaraq 180-200 °C temperaturda
quruducu skafda qurudulur sonra litrlik
yumrudibli kolbaya yerlasdirarak onun tizarine
0.IN HCI mahlulu slave edilir ve bu qarisig
90-95 °C temperaturda 2 saat miiddatindas
qgarisdirilir. Alinan ¢okiintii maye fazadan
ayrilir va yeniden 0.1N HCI mahlulu ils proses
2 dofe tokrar olunur. Proses basa catdigdan
sonra alinan ¢okiintiinii yeniden 90-95 °C
temperaturda 2 saat miiddatinde 1N NH,NO,
(yaxud NH,Cl) mahlulu ils qarigdirilir, ¢okiintii
stiziiliir ve distille suyu ila xlor ionlarindan
yuyulur, 80-120 °C temperaturda quruducu
skafda qurudulur, sonra 350 °C-do 3 saat,
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550-550 °C temperaturda ise 2 saat termiki
emal olunur. Diger niimunsler 0.5, 1.0, 2.0 va
3.0N HCIl mahlulu ile igladiloarak hazirlanir.
Eyni metodla Nax¢ivan MR-nnin Cananab
yataginin tobii mordenit (a=9.6) seolitini hom
dekationlasdirilmis (0.1N HCI mahlulu ila) hom
ds, dealiiminiumlasdirilmis (2N HCI moahlulu
ilo, a=19) formalar1 sintez edilmisdir. Ilkin tebii
mordenit seolitinin kristallik deracasi 72-74%
oldugu halda, dealiiminiumlasmis formasinin
kristallik deracosi 62-63% olmusdur.

Alinan katalizator nitimunoalari Rentgen
difraktometr (Bruker-D2 Phaser, Germany) cihaz1
vasitasilo rentgen faza analizi olunur. Katalizator
niimunoaloarinin silikat modullar1 (a) vo kristallik
doracesi Cadval 1-do gostorilmisdir.

Niimunalarin rentgen analizlarindan
miioyyon olunmusdur ki, H-Mordenit seolitinin
silikat modulunun artmasi ilo kristallik
doracesinin azalmasi miisahide olunur
(codval 1). Bu da HCI tursusunun istirak:
ilo seolit niimunasinin dekationlasdirilmasi
vo dealiiminimlagsdirilmasi zamani kristal
qurulusun miieayyon daracode dagilmasina
asaslanir. Alinmis katalizator niimunalari
preslonir, sonra denavoarlerinin oOlglisii 0.25-
0.60 mm olan fraksiyalara ayrilir.

ProsesU formali axin tipli reaktorda, 300 -
380 °C temperatur intervalinda, hoacmi siirat
3 saat?!, H,: CH(toluol) = 3:1 mol nisbati
soraitinde atmosfer teazyiqinds aparilir.
Reaktora doldurulmus katalizator niimunasinin
hocmi 3 sm3, donaciklorin 06l¢tisti iso 0.25-
0.63 mm toagkil edir. Reaktor elektrik spirali
vasitasile qizdirilan ve ventilyatorla tachiz
olunmus termostata yerlosdirilir ve katalizator
arqon (yaxud azot) miihitinde (axini siirati
1.0 I/saat) 350 °C-da, 3 saat miiddatinda
aktivlesdirildikden sonratempraturreaksiyanin
aparilma tempraturuna qadoar asag: salinir ve
miloyyan hocmi siiretla toluol verilir. Toluol
NE-1600 mikrodozatoru vasitasilo elektrik
spirallar1 ile qizdirilantermostatik gskafda
yerlosdirilmis tempraturu XMDT-6000 markali
termotanzimlayici ile nizamlanan qarisdiriciya
verilir. Qarisdiriciya hidrogen ayrica xott
vasitasile daxil olur. Reaktorun yerlasdiyi
termostatda stabil tempratur MICROMAX

markali mikroelektrotermotanzimlayici
vasitasilo nizamlanir. Qarisdiricida toluol
vo hidrogen goriisdiikden sonra tamamils
buxar halina kegir ve toluol-hidrogen qarisig:
reaktorun giris qolu vasitesile  reaksiya
zonasina daxil olur.

Reaksiya moahsullar1 ve reaksiyaya daxil
olmayan xammal har 20 daqigaden bir reaksiya
zonasindan nimunagétiiriicii ilgok yerlason
altiyollu kranlaaxin siirati 1.0 ml/daq qazdasiyic
(He) vasitesilo birbasa «DB-624» kolonkalar:
ilo tachiz edilmis «Agilent 7820A» markali qaz
xromotoqrafina verilorak analiz olunur.

Naticalarin miizakirasi

[lkin olaraq dismutasiya reaksiyasinda 300-
380 °C temperatur intervalinda, v=3.0saat-1
hacmi  siiratds, H,:CH=3:1 garaitindos
silikat modulun sintetik H-Mordenit seolit
niimunssinin  katalitik aktivliyine tasiri
Oyronilmisdir (sokil 1). $okil 1-den goriiniir
ki, totbiq olunan temperaturda H-Mordenit
seolitinin tarkibinda silikat modulu (a) 10-dan
20-o godar artmasi benzol ve ksilollarin birge
¢iximinin - va reaksiyanin konversiyasinin
artmasina sobob olur. Belo ki, a=10 olan
H-Mordenit seolitinde 380 °C temperaturda,
3.0 saat!' hacmi siiretde reaksiyanin
konversiyas1 32.0%, benzol ve ksilollarin
birge c¢iximi 29.1% oldugu halda (prosesin
selektivliyi 90.9%), a=18 olan halda H-Mordenit
niimunoasinds homin seraitde 32.4% konversiya
ilo benzol ve ksilollarin birge ¢iximi1 35.3%
(prosesin selektivliyi 94.3%) toskil edir.

Toluolun dismutasiyas: reaksiyasinda
silikat modulun «a=17-20 intervalinda olan
H-Mordenit niimunoaleri diger H-Mordenit
niimunolori ilo miiqayisede yiiksak aktivliya
malikdir (sokil 1)

Silikat moduldan asli olaraq dealiimi-
niumlagsmis mordenit seolitinin katalitik
aktivliyinin farqli olmasi1 mordenitin gafesindon
aliminiumun kenarlasdirilma daracasindan ash
olmas1 ile slagedardar, bu da 6z nodvbesinda
seolit niimunolarinin tursu markeazlorinin sayinin
vo glicliniin azalmasina seboab olur[7].

Sonraki  aragdirmalarda temperaturun
vo hacmi sirstin dekaionlasdirilmis (DK) vo

Cadval 1
Miixtalif qatiliqli HCl mahlulu ils modifikasiya olunmus sintetik
mordenit niitmunslarinin silikat modullar: va kristallik daracalari
Niimuns 1 2 3 4 5 6 7 8
HCL qatiligi N - 0.1 0.5 1.0 2.0 3.0 * *
Silikat modulu, 10.0 10.2 10.9 14.1 17.0 17.8 25.0 50.0
Kristallik darace 76.5 76.1 75.2 73.7 73.1 72.4 71.8 60.5

*7-8 niimunalari [6] isda olan metodla hazirlanmisdir
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20 r r

10

50 60

Soakil 1. Silikat modulunun H-M sintetik seolitinds 300 (A, A)
va 380 °C (M, O) temperaturda toluolun dismutasiyas1
reaksiyasinda Y b+ks — 1n ¢xamina (A) (8, A) va
konversiyasina (X) (O, A) tasiri. V=3.0 saat’ , H,;:CH=3.1

dealiiminiumlasmis (DA) sintetik vo tabii
mordenit seolit niimunoalarinin katalitik
aktivliklorine vo selektivliklorine tosiri
Oyronilmisdir. Alina naticalor cadveal ve sokil
2-do verilmisdir. Cadval 2 vo sokil 2-don goriiniir
ki, dekaionlasdirilmis vo dealiiminiumlasdirilmis
niimunoalorde temperaturun 300 °C-den
350 °C-o yiiksalmasi benzol ve ksilollarin
birge ¢iximinin ve konversiyanin artmasi ile
naticalonir. Lakin temperaturu 380 °C-a qoadoar
artirdigda benzol ve ksilollarin birge ¢iximi
nazars ¢arpmayan deracede artir. Masalan
300 °C temperaturda 3.0 saat' hocmi siirat
soraitinds dekaionlasdirilmis sintetik mordenit
niimunasinda 94.3% selektivlikla benzol ve
ksilollarin birge ¢ixami 29.6% malik oldugu
halda, 350 °C temperaturda uygun olaraq 92.5%

va 28.5%, 380 °C temperaturda isa 90.9%, 29.1%
toskil edir.

Lakin dealiiminiumlasmis sintetik mordenit
niimunoasinda (a=18) 300-350 °C temperaturda,
v=3.0 saat! hocmi siirotda, 96.8-95.3% selektivlikla
eloco da, benzol va ksilollarin birgs ¢iximi 32.8-
34.4% dayisdiyi halda, 380 °C temperaturda ise
prosesin selektivliyinda, benzol ve ksilollarin
birgs ¢iximinda artim tacriibi olaraq miigahida
olunmur.

Hoacmi siiratin 2.0 saat-1-don 4.0 saat’-o
gadar artirilmas1 prosesin konversiyast ve alava
moahsullarin ¢iximinin azalmasi ilo naticalanir.
Bu da hacmi siiretin artdiqca miivafiq olaraq
kontakt miiddatinin azalmas: ile slaqadardir.
Bela qanunauygunluq dekaionlasdirilmis ve
dealtiminiumlasdirilmis tobii mordenitdo da

59 100
56 - L 98
53
50 4 o\*"\o\o L 96
47 D\D\D\D L 04
44 L 92
A 4 A L S
38 90
35 - R N - 88
32 — — L 56
29 4 -—/_.._’——./. - 84
26 -
23 - L 82
20 T T T T T T T T T T 80
290 300 310 320 330 340 350 360 370 380 390 400
T

Sakil 2. DA sintetik (a=17)®, 0) va tabii (a=19) (@, O) mordenit
seolitlarinin iizerinds toluolun dismutasiyasi reaksiyasinda
Yb+ks — 1 ¢caminin (A, §, B) va selektivliyinin (S, 0, O)
temperaturdan asliligi. V=3.0 saat’ , H,:CH=3:1
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Cadval 2

Miixtalif temperatur va hacmi siiratde DK va DA sintetik (S) va tabii (T) mordenit
seolitlarinin toluolun dismutasiyasi reaksiyasinda katalitik aktivliyi.
A-benzol vo ksilollarin birgs ¢iximi, S-benzol vs ksilollara gors selektivlik

o . A A S

¢ Vsa pgsM DKTM DKSM  DKTM  DASM DATM DKSM  DKTM

300 3.0 269 | 205 | 943 92.3 32.8 26.6 96.8 95.7
4.0 227 | 167 | 9.2 95.1 30.6 244 98.7 96.3

350 2.0 3.6 | 248 | 904 89.4 3.7 | 308 94.5 93.9
3.0 285 | 230 | 925 91.5 344 27.8 95.3 94.6
4.0 267 | 219 | 947 | 939 31.2 26.1 97.5 95.6

380 2.0 332 | 256 | 89.1 87.8 377 | 329 93.4 92.6
3.0 29.1 238 | 909 90.2 35.3 28.4 94.3 93.1
4.0 273 | 224 | 932 92.6 32.8 26.2 96.1 94.8

miisahids olunur.

Dealiiminiumlasdirilmis sintetik (a=17) vo
tobii (a=19) mordenit seolitlorinin miixtslif
temperaturlarda benzol vo  ksilollara
gora selektivliyinin dayisikliyi sakil3-da
gostarilmigdir.

Soekil 3-den goriniir ki, dealiiminium-
lasdirilmis sintetik mordenit, dealiminium-

lagdirilmis tobii mordenita nisbaton hom
benzol, hom do ksilollara gore yiiksak
selektivlik gostarir.

Beloaliklo tocriibi naticelar osasinda aydin
olur ki, toluolun dismutasiyas: reaksiyasinda
katalizatorun aktivlik ve selektivliyini seolitin
torkibindaki silikat modulun deyismasi ila
nizamlamaq miimkiindir.

55
A
50 A
S
45
40 T T T T
290 310 330 350 370 390
T

Sakil 3. DA sintetik (a=17) vo tabii (a=19) mordenit seolitlarinin
miixtalif temperaturlarda benzol (8, &) v ksilollara (O, A) géra
selektivliyi. V=3.0 saat”, H,:CH=3.1, (M, O)-sintetik mordenit,
(A, A)-tobii mordenit.
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AucmyTanue Toayoaa ¢ 0eH3040M M KCMA0A0M
Had H-MOpPA4€HUTHBIX IT€0ANTOB

B.III.Azaes
VMHCTUTYT KaTaau3a M HEOPTraHNMYEeCKO XUMUNU
um.M.®.Harnesa HAH Asep0Oaitaxana, baky, Azep0Oaiiaxan

Pegepar

CuHTeTnyeckue UM INpUpPOJHBIE MOPAEHUTOBBIE 11€0AUTH AeKaTuoHuposaan (AK)

n geaaioMuHuposaan (DA) ¢ pasamunsimmu xonnentpanuamMm HCIl, a moaydennsre
o0pasmbl KaTaAM3aTOPOB IIOABepraau peHTTeHo(dazoBoMy aHaamsy. Ha obOpasmax
KaTaAmM3aTopa IPOBOAUAU ANCMYTAIUIO TOAyoAda B OeH304 UM KCUAOABL B MHTepBale
temniepatyp 300-380 °C. YcranosaeHo, yto H-MmopgeHnToBble KaTaau3aToOphsl B AUa-
nasone SiO,/Al,0,=17-20 ©Goaee aKTUBHH U CeAEKTUBHH B ICCAEAYEeMOI peaKINMU.
ITokaszaHo, 4TO CHUHTETMYECKUIL MOPAEHUTOBBI L[€0AUT obaagaer 004ee BBICOKOIL
aKTUBHOCTBIO, YeM IPUPOAHBIN MOPAEHUTOBDIN 11€0ANUT.

Katoueesvte crosa: gucMmyTarins; KCMAOABL; O€H304; 1I€0ANUT; MOPAEHNUT; OObeMHasl CKO-
pOCTb.

H-mordenit seoliti iizarinds toluolun benzol
v ksilollara dismutasiyasi

V.S5.Agayev
AMEA-nin akad. M.F.Nagiyev adina Kataliz ve
Qeyri-Uzvi Kimya Institutu, Baki, Azarbaycan

Xiilasa
Sintetik ve tebii mordenit seolitlori miixtalif qatilighh HCI tursusu ils
dekationlasdirilmig(DK) va dealiiminiumlagdirilmis (DA), alinan katalizator niimunalari
rentgen faza analizi olunmugdur. Katalizator niimunalari tizerindes 300-380 °C temperatur
intervalinda toluolun benzol vo ksilollara dismutasiyasi reaksiyas: aparilmisdir.Miiayyon
olunmusdur ki, 5iO,/Al,0,=17-20 intervalinda olan H-mordenit katalizatorlar1 tedqiq
olunan reaksiyada daha yiiksok aktivlik vo selektivlik gostorir

Acar sézlar: dismutasiya; ksilollar; benzol; seolit; mordenit; hacmi siirat.
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Abstract

The results of studies on the creation of highly dispersed metal zeolite systems
and the study of their catalytic action in the oxidation of lower olefinic
hydrocarbons (ethylene to acetaldehyde, propylene to acetone) are presented.

Keywords:
Metallzeolite catalysts;
Oxidation;
Hydrocarbons.

It has been established that the selectivity of the action of these catalysts is

determined by the optimal combination of the metal component in them with

the acidity and structure of the zeolite. Based on the results of experimental

studies of the kinetic regularities of the oxidation reactions of lower olefinic

hydrocarbons on the synthesized catalysts, their probable stepwise mechanisms

are presented and kinetic models of the reactions are developed.

Iintroduction

The most important fundamental problem
in the field of catalysis is the dependence of the
catalytic properties from the metal particle size.
Up to now, we studied the effect of dispersion
at >10A variations in particle size, including
several dozen or more metal atoms. Controlled
distribution of the acid sites on the surface of ion-
exchange properties, a large internal surface, the
molecular sieve selectivity in catalysis, shaped
catalyst structure with uniform pores and thermal
stability of zeolites create favorable conditions
for the creation on the basis of the modified ion-
exchanged with metal cations with the known
catalytic properties the highly efficient catalyst
systems for the different reactions. Furthermore,
by reducing cations introduced by ion exchange
on the zeolite surface, hydrogen and oxygen, the
oxidation can also be obtained finely divided
metal oxide and metal zeolite catalyst systems,
respectively. Following, it is noted that some
reactions such as the partial oxidation of aliphatic
alcohols occur with two active sites: metal ions
(reduced metals, and metal oxides) and Bronsted
acid centers of medium strength, which can also
be implemented on the zeolite surface. The study
of such complex catalyst systems using zeolite
carriers, has not only scientific and practical
importance, as this type of catalysts are promising
in several refining and petrochemical processes,

E-mail: fikret.eliyev@gmail.com
http://dx.doi.org/10.54787/CCC LLC 20220400026

in particular - in the process of hydrogenation
refining of petroleum feedstock [1-4].

This paper presents the results of a study on
preparation of highly efficient catalytic systems
by ion exchange on the basis of synthetic and
natural zeolites and metals with known catalytic
properties for the reaction of oxidation of lower
olefinic hydrocarbons to carbonyl compounds.

Experimental part

Samples of the catalyst for the gas phase
oxidation of lower olefinic hydrocarbons to carbonyl
compounds were prepared by ion exchange on
the basis of known redox catalyst system for
liquid-phase of this process, PdCl,-CuCl, and a
synthetic zeolite NaY with SiO,/Al,0;=4.2, which
has a relatively high concentration of medium
strength acid centres. Cu* ions and [Pd (NH;),]*
was introduced by ion exchange from aqueous
solutions of CuCl, and [Pd(NH,),]Cl,, followed
by washing and drying at 120 °C for 5 hours.

Testing of the activity of synthesized
catalyst samples was performed on a flow-
circulation installation with Pyrex reactor; at
flow apparatus with a tubular Pyrex reactor; at
flow apparatus with two-stage quartz reactor
with a stepwise supply of oxygen and flow
apparatus with a quartz reactor, respectively. The
reaction products were analyzed by gas-liquid
chromatography using columns filled polysorb;
separon W, GNH zeolite, NaH and Paropak-T in
a linear programmed temperature rise. Analysis
of the reaction products is also carried out by
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gas chromatography «Agilent 7890» with a mass
detector «Agilent-5975» with HP-5 MS column,
30 m length.

Below are the results of research and discussion
processes: gas phase oxidation of lower olefinic
hydrocarbons to carbonyl compounds and
oxidizing dimerization of methane on zeolite
catalysts modified with metal cations by ion
exchange method.

Results and discussion

For the reaction of gas phase oxidation of
ethylene to acetaldehyde were synthesized
zeolite catalysts containing various CuPdNaY
with palladium and copper. The copper content
ranged from 0.1 to 10.0% and palladium - from
0.025 to 2.5% by weight of zeolite [5, 6]. From
the synthesized catalyst samples showed the
highest activity CuPdNaY, containing 1.5% Pd*
and 6.0% Cu*.

Test samples of catalyst activity was carried
out in the temperature range 105-125 S at
atmospheric pressure at partial pressures:

P, - (0.125 = 0.275) atm.,

Py - (0.125 = 0.275) atm. and

Pey, - (0.125 + 0.175) atm. and

contact time - (0.67 + 2.0) g (cat) - h /1.

Shows the results of an experimental study of
the kinetics of the reaction of gas-phase oxidation
of ethylene to acetaldehyde over the zeolite
catalyst CuPdNaY, containing 1.5 wt.% Pd*, and
6.0 wt.% Cu* (table 1).

Thus, the known redox catalyst system
for liquid-phase oxidation of lower olefinic
hydrocarbons to carbonyl compounds, PdCI,-
CuCl,, when injected into the main components,
Pd* and Cu* by ion exchange on the surface of
the zeolite exhibits high catalytic activity in the
gas phase embodiment this reaction. It have been
prepared catalysts for the gas phase oxidation of
propylene to butylenes acetone and methyl ethyl
ketone by this method, too.

Analysis of the published materials led to the
conclusion that the mechanism of the oxidation
of ethylene to acetaldehyde in the gas phase
heterogenized catalysts similar to the mechanism
that is mounted to the liquid phase reaction of
an embodiment of a catalytic solution of copper
chloride and palladium chloride. Therefore, it
can be assumed that the gas-phase oxidation of
ethylene flows between the same intermediate
complexes that are offered and proved by physical
methods to an embodiment of the liquid phase
of the reaction. On the basis of the well-known
analogy, and we carried out experimental studies

Table 1

Experimental kinetic data for the gas phase oxidation of ethylene to acetaldehyde

0
p H,0

. o
Conversion Yeycno'10

°C g(cat)-h/l atm atm. % mole/g(cat)-hour | mole/g(cat)-hour
105 1.2 0.200 0.1 0.2 14.63 4.9656 0.1110
105 1.2 0.250 0.1 0.2 14.43 4.8580 0.1492
110 1.2 0.150 0.1 0.2 14.93 4.8788 0.3018
110 1.2 0.175 0.1 0.2 18.81 6.1249 0.3921
120 1.2 0.225 0.1 0.2 22.68 7.1829 0.6870
125 1.2 0.275 0.1 0.2 21.68 6.4785 0.9098
110 1.2 0.1 0.2 0.200 19.44 6.2950 0.4549
120 1.2 0.1 0.2 0.150 21.69 6.2082 1.3229
120 1.2 0.1 0.2 0.225 23.64 7.4582 0.7499
125 1.2 0.1 0.2 0.125 19.99 5.0068 1.9340
125 1.2 0.1 0.2 0.200 21.85 6.6125 0.9799
110 1.2 0.2 0.050 0.2 30.06 4.9929 0.2257
110 1.2 0.2 0.100 0.2 19.44 6.2950 0.4548
120 1.2 0.2 0.050 0.2 33.25 5.4217 0.3507
125 1.2 0.2 0.025 0.2 38.26 3.1803 0.1406
125 1.2 0.2 0.100 0.2 21.85 6.6075 0.9791
120 0.67 0.2 0.1 0.2 11.39 6.5625 0.5562
120 0.8 0.2 0.1 0.2 13.14 6.7969 0.6099
120 1.0 0.2 0.1 0.2 18.94 7.1875 0.7042
120 1.2 0.2 0.1 0.2 23.11 7.2464 0.7778
120 2.0 0.2 0.1 0.2 23.37 4.12500 0.743750
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suggested stepwise mechanism of gas-phase
reaction of ethylene oxidation to acetaldehyde on
the catalyst CuPdNaY considering the by-product
- carbon dioxide and reoxidation of palladium.

I
Pd*Z,+H,0 & Pd*(H,0)Z,
II
Pd>(H,0)Z + C,H, & Pd>(H,0)(C,H4)Z,

I
P> (H,0)(C,H4)Z,+ H,O & Pd*(C,H,)(OH)Z+H,0'Z"

v
Pd*(C,H,)(OH)Z + H,0+Z + H,0 &
OHCH,CH,Pd>(H,0)Z-
\%
OHCH,CH,Pd*(H,0)Z% CH,CHO+Pd*+H,0+Z
VI

OHCH,CH,Pd>(H,0)Z" + 5Z-Cu>0- %
2CO, + 2H,0 + Pd’ + H;O*Z" + 5Cu*Z”
VII
Pd° + 2Cu*Z, & Pd*Z,+2Cu+Z,
VIII
& z-curo,
IX
Z-Cu*0, &27-Cu*O-
X
27-Cu?0- & Z-Cu* -O- Cu>Z- +140,
XI
ZCu* -O- Cu¥Z + 2H,0'Z & 2Cu>Z,+ 3H,0

Cu+Z-+ 0,

By using the method of quasi-stationary
concentrations based on the proposed mechanism
can obtain the following equation for the rate of
formation of acetaldehyde:

kK1K2K3K4PH320Pc2H4

For the rate of formation of carbon dioxide
and the current fraction of the surface occupied
by hydronium ions suggested the following
equation: 1

P P,
=k

2
cH,cHoY 0, (2)

co, p?
H,0

0 KB
[H3O+Z‘] = [H3O+Z_] e " (3
where P; - partial pressure of the i-substance;
the k, k, - constant rate of formation of
acetaldehyde and carbon dioxide;
E

0 0 " RT -
k=k'e Rl , k =ke RT;

i

K., K,, K;, K, — constant adsorption equilibrium
elementary stages;
123
K =K ;
Y r ’

k, — empirical coefficient, atm™.
Equations (1), (2) and (3) constitute a kinetic
model of the process.

On the basis of the data presented in table
1 has been checked the compliance of the
proposed mechanism to experimental kinetic
data. It was found that the numerical values of
the constants of kinetic model describes quite
well the experimental data. The relative error of
the experimental and calculated data does not
exceed 6%.

Similar mechanisms occur in the oxidation
reaction of propylene and butylenes in acetone
and methyl ethyl ketone over modified zeolites
[21- 24]. Thus, the ion exchange effective finely

Tenycno = Py
I:Hao Z ](1+K1PH20 +K2PC2H4)+K2K3PH20PC2H4 +K3K4PHZZO

(1)

Table 2
Estimated values of the kinetic model of the reaction of ethylene oxidation constants

T olzl 5 |z : : ; :
R o =S o) - o) - o - ol - )
2] <% | 2 > 2 > 2 = |2 B2
bl S o " ! s S s ] s S| s | 3§
= 2oz 2 2 2 3 g
< ]
0.238:10%|132.25| 0.879-10% (22.33|0.9052-10° [ 16.48 | 0.8071-10% | 17.84 | 0.1556-10°|9.31|0.4601| 1.0 | 0.07993
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synthesized CuPdNaY catalyst system for olefin contains hydrochloric acid); the formation of
gas phase oxidation reactions to lower carbonyl condensation products and organochlorine
compounds that lack the disadvantages of liquid- compounds; a non-refundable rate of the
phase process variants: corrosiveness catalytic palladium and others.

solutions and steam mixtures (catalytic solution
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IIpnMmenenme MOAMPUIIMPOBAaHHBIX [I€OANTOB
B KauecTBe KaTaamn3aTOpOB ra30(pasHOro OKMCAeHM s
04epUHOBBIX yT1€BOAOPOAOB

@.B.Arues
VIHCTUTYT KaTaAM3a ¥ HeOPraHMYeCKO XMMUNI
um.M.®.Harnesa HAH Aszep0aita>xana, baky, Azep0Oaitaxan

Pegepar

[IpeacTaBaensl pe3yabTaThl MCCAeAOBaHUI 11O CO34aHUIO BRICOKOAMCIIEPCHBIX MeTaaAl-
IIEOAUTHBIX CHUCTEM U U3y4eHHe UX KaTaAUTHIeCKOIO AeNCTBUS B PeaKIUM OKMUCAEHIs
HU3INX 01e(pUHOBLIX YI1€BOA0POAOB (dTUAEHA B alleTalbAeTuJ, IPOIAeHa B alleTOH).
YcTaHOBA€HO, YTO CeAeKTUBHOCTH ANCTBUS DTUX KaTaAU3aTOPOB OIIpeleAseTcs ONITH-
Ma/AbHBIM COYeTaHMEeM B HUX MeTaAAMYeCKOrO KOMIIOHEHTa C KMCAOTHOCTBIO U CTPYKTY-
poit 1reoaunta. IlogoOpansl BeIcOKOD(PPEKTUBHBIE KaTaAU3aTOPE! A4 NCCAeAYEeMBIX peak-
uuit. Ha ocHOBe pe3yabTaToB 9KCIIepUMEHTaAbHBIX UCCAeA0BaHN KMHeTUIeCKUX 3aKOHO-
MEpHOCTel IpPOTeKaHUs peakUuil OKMCAEHUs HUBINUX 0Ae(UHOBHIX yTAeBOA0POAOB Ha
CHHTEe3MPOBAHHBIX KaTaAu3aTopax IpeAcTaBAeHbl X BePOsITHBIE CTajUIIHbIe MeXaHM3MBbI
U pa3dpaboOTaHBl KMHETUYIECKMe MOAEAN PeaKIjuii.

Katoueevte croea: MeTaa1e0AUTHBIE KaTaAU3aTOPhI; OKMCAEHNE; YIA€BOA0POABL.

Olefin karbohidrogenlarinin qaz-fazada oksidlasmasi
ticiin katalizator kimi modifikasiya olunmus
seolitlarin tatbiqi

E.V.Oliyev
AMEA-nin akad. M.F.Nagiyev adina Kataliz ve
Qeyri-Uzvi Kimya Institutu, Baki, Azarbaycan

Xiilaso

Yiiksek dispers metal seolit sistemlerinin yaradilmas: ve onlarin olefin
karbohidrogenlorin (etilenin asetaldehids, propilenin asetona) oksidlosmasinde katalitik
tasirinin Oyranilmasina dair tadqiqatlarin naticaleri taqdim olunur. Miiayyan edilmisdir ki,
bu katalizatorlarin tesirinin segiciliyi onlarda olan metal komponentin seolitin tursulugu
va strukturu ils optimal birlasmasindan asilidir. Tedqiq olunan reaksiyalar tiglin segilmis
yiiksok effektiv katalizatorlar {izerinds reaksiyalarin kinetik qanunauygunluqlarinin
eksperimental todqiqatlarinin noticalorine asasen onlarin ehtimal olunan morhalali
mexanizmlari toaqdim edilmis ve reaksiyalarin kinetik modellari hazirlanmisdir.

Acar sézlar: metalseolit katalizatorlari; oksidloasma; karbohidrogenlar.
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MUBOLLIFLOR UCUN

Jurnal korroziya, kimya texnologiyasi, materialsiinasliq va.s aktual problemlori haqqinda maqalalor dorc edir.

Ovwallar darc olunmamis maqalalor qobul olunur. Yalmz konkret eksperimental, nazari va s. kimi naticalari olan masalalor miizakira olunur.
Moqalalar redaksiyaya elektron formada gondarilmalidir. Miiassisada yerina yetirilon islarin naticalorini ohata edon moqalalor miiassisa rahbarliyi
tarafindan imzalanmis moktub ila miisayiat olunmalidir.Maqalalar 3 dilda (azarbaycan. rus, ingilis) dilinda cap olunur.
Maqala Microsoft Word for Windows cap olunmalidir. Maqalonin motni (.doc) va qrafiki materiallar ayri-ayri fayllarla redaksiyanin elektron iinvanina
da gondarilmalidir.

Sohifonin ortast ilo moqalonin adi, onun altinda miialliflarin inisiallar: va familiyalari, familiyalarin altinda moaqaloni taqdim edon institutun
(miiassisanin va s.) tam ads, elekton tinvani verilmalidir (bir interval bos saxlamagqla). Sonra asas matndon bir interval sonra annotasiya, bir interval
sonra agar sozlar verilmalidir. o
Moaqala giris hissani (asaslandirma), igin maqsadini, eksperimentin tasvirini, naticalori, onlarin miizakirasini va xiilasoni ohata etmolidir. GIRIS,
EKSPERIMENTAL HISS© (EKSPERIMENTIN METODIKASI), NOTICOLOR VO ONLARIN MUZAKIROSI bashglari olmalidir. ODOBIYYAT
SIYAHISI.

Riyazi va kimyavi formullar motarizada arab raqamlari ila, kimyavi birlasmalar isa rum raqamloari ila nomralonir. Yalniz matnda istinad verilon formullar
nomralanir.

Riyazi formullar kompiiterda kimyavi formullar Chem Draw program ila kicik va boyiik harflarin aydim farqlanmasi sarti ila yigilmalidir. Indekslar va
daracalar aid olduglart simvollardan ciddi suratda yuxarida, ya da asagida yazilmahidir. Yunan alifbast ila isaralar simvol cadvalindon qoyulmalidir.
Motnda bir kimyavi birlasmonin adi bir dafadon cox xatirlamirsa, birinci dafo onun tam adi va métarizada qisaldilmls adi, daha sonra isa métarizasiz
yalmz qisa adr gostarilmoalidir.
Fiziki 6l¢ii vahidlori g/m?*-saat, kkal/mol, kq m-2saat-1 va s. kimi verilmolidir.

Kimyavi birlasmalarin (alkil — Alk, aril — Ar, heterosikl — Het, Halogen — Hal va s.) va fiziki-kimyavi analiz metodlarinin (NMR — niivo-maqnit
rezonansi, MQX — maye-qaz xromatoqrafiyasi va s.) isaranlonmosi iiciin standart ixtisarlardan istifada etmak olar.
Miiallif tarafindon qobul olunmus qeyri-standart isaralor va ixtisarlar 6zii tarafindan ilk islonma zamani izah olunmahdirlar.

Qrafiki materiallar .jpg formatinda, excel va digor qrafiki proqramlarla hazirlannugsa originaly verilmoalidir. Sakillordoki isaralor va élgulor matna va
sakilalt: yazilara uygun olmalidir.

Coadvallarin adi cadvalin ¢orcivasina qadar ¢cap olunur.

Jurnal korroziyadan miihafiza sahasinda miitoxassislara informasiya dastayi gostaracok va sanayenin miixtalif sahalarinin miitaxassislori arasinda
tacriiba miibadilasinin aparilmasina komak edacak. Nozariniza catdiririg ki, jurnalda elmi maqalalarin dorci pulsuzdur.

GUID FOR AUTHORS

The journal prints articles on current problems of corrosion, chemical technology, materials science, etc.

Accepted work, not published previously. Only those questions on which there are concrete experimental, theoretical, etc. results should be discussed.
The article must be submitted in electronic form. The article describing the results of the work carried out in the institution should have a covering letter
from the head of this institution. Articles are accepted in three languages (Azerbaijani, Russian, English).

The main text of the article, tables and figure captions must be provided in Microsoft Word for Windows format.

In the middle of the sheet are the name of the article, under it the initials and the names of the authors, under the names of the full name of the institution
(organization, etc.) that submitted the article, the email address. Then a brief summary of small type (11 pt), then keywords.

The article should contain the introductory part (justification), the purpose of the work, a description of the experiment, the results and conclusion.
INTRODUCTION, EXPERIENCE AND MENTAL PART (EXPERIMENTAL TECHNIQUE), RESULTS AND THEIR DISCUSSION are
divided into headings. LIST OF LITERATURE.

Mathematical and chemical formulas are numbered in Arabic numerals in parentheses, chemical compounds — Roman. Only formulas referenced in the
text are numbered.
Mathematical formulas should be typed on a computer using MathType or Microsoft equation 3, chemical formulas should be Chem Draw with a clear
distinction between small and large letters. Indices and degrees must be written strictly below, or above the characters to which they relate. Characters
with the Greek alphabet are put from the symbol table.

If a chemical compound is mentioned more than once in the text, its first name is given for the first time, its name is given next in brackets, then only
the symbol without brackets is given.

Dimensions of physical quantities are expressed as: g/m? - hour, kcal / mol, kg m —2 h—1, etc.

Conventional standard abbreviations can be used to denote chemical compounds (alkyl — Alk, aryl — Ar, heterocycle — Het, halogen — Hal, etc.) and
physico-chemical methods of analysis (NMR — nuclear magnetic resonance, GLC — gas-liquid chromatography, etc.).
Non-standard designations and abbreviations accepted by the authors are explained in the text at their first mention.

Graphic materials are provided in .jpg format or in the original, if done with the help of excel programs or other graphic ones.

The name of the table is printed in continuous text from the beginning of the table frame.

The journal will provide information support to specialists of enterprises in the organization of anti-corrosion protection, as well as in the exchange of
experience between specialists in various industries. Publication in the journal for authors of scientific articles is free!

IIPABUAA A45 ABTOPOB
Kyprar newamaem cmamou no axmyaroHoIM npooAEMAM KOPPOSUL, XUMUHECKOTL MeXHOA0ZUL, MATNEPUAL06eIeHUN U T1.0.
Ipurumatomes pabomut, He nydAuKosasuiuecs paree. O0CYx0amoces JOAKHDL MOALKO e 601PoCtl, 10 KOMOPbIM UMEIOMCs KOHKpemHble dkcnepi-
MeHmarvHble, meopemuueckie u m.o. pesyAbmanmot.
Cmamus dorxna Ovimo npedcmasiena 6 aAekmponoi gopme. Cmamos, usAa2arouyas pesyromanuvl pabomvt nposedentot 6 yupexoeruu, JoAKHA
UMeNb CONnposoOUIneAbHoe NUCoMO pYKo60dumeAs amozo yupexdenus. Cmamou npunumaromes Ha mpex asvikax (asep0aildxanciuii, pycckuil,
AHZAUTCKUTL).
OctiosHotl meicn cmamvu, madAuLLbl U nodpucyHouHvie nodnucu Heodxodumo npedocmasasimo 6 popmame Microsoft Word for Windows.
B cepedutie Aucma npugodames Haséarue Cmambvil, 100 HUM UHUUUAALL U AMUAUL ABHOPOS, 1100 PAMUAULMU 1OAHOe HA36AHUe uHCmumyma (npeo-
npusmus u m.o.), npedcmagusuiez0 cmambvio, IAeKmporvlil adpec. Jaree Kpamias, 3amem KA0OUeEble CAOGA.
Cmamuvs dorxna codepkamv 6600HYt0 uacmbv (000cHosaue), yeAb pabomol, onucarue IKcnepumerma, pesyromamot u saxitowerue. BBEAEHWE,
IKCIIEPMMEHTAABHAS YACTb (METOANKA 2KCITEPMMEHTA), PE3YABTATHI M1 X OBCY>KAEHWE. CIIMCOK AMTEPATYPHL
Mamemamuueckue 1 Xumuueckie GOPMYAbl HyMepyomes apadckuMu yudpamu 6 Kpyzavlx ckookax, xumudeckue coedurenus — pumckumu. Hy-
Mepyromces MoAbKO POpMYAbl, HA KOMOPbIe UMEIONICS CCHIAKU 6 TeKcHie.
Mamemamueckue PopmyAvt JOAXKHBL Ovimb HAOPAHDL HA KoMmnblomepe ¢ nomouivio npozpamm MathType uau Microsoft Equation 3, xumuueckue
popmyavl — Chem Draw ¢ AcHbuM pasauduem Marvix u 60Avuux 0yxe. Mudekcvl u cmenetu JOAXHbL ObiMb HANUCANHDL CMPO20 HUXe, AUOO Guilile
CUMBOA06, K KOMOPHIM OHU OMHOCAMCS. 3HAKU C 2peHeckum arpasumom cmassamesl w3 mabAulLbl CUMEOAOE.
B cayuae ynomunanus 6 mexcme Xumueckozo coedurerus 6oaee 001020 pasa npu nepeom YnoMuHanuy npueoduncs ez noAHoe Hasearue, psoom 6
ckobKkax daemcst 0003HaveHUe, daree NPUBOOUNCS MOAbKO 0003HaUeHUe be3 ckoboK.
Pasmeprocmu Gpusuieckux 6eAUtUH gblpaxaromes 6 ude: 2/m*uac, KKar/MoArb u m.o.
Obwenpunsmole cmandapmivle COKPAUEHUS MOKHO UCTIOAD306aMb 0ASL 0003HAeHUs Xumuteckux coeduteruil (arxur — Alk, apur — Ar, zeme-
poyuxa — Het, earozert — Hal u m.n.) u gpusuxo-xumuueckux memodos anarusa (SIMP — adepro-mazrnumuviii pesonaric, [2KX — zaso-kudxocnmnast
xpomamozpagus u m.o.).
Hecmandapmitvie, nputsimuie asmopamu 0003HaueHus u coxpauerus, nosicHaoncs ¢ mexcne npu nepeom ux YynomMuHanuu.
Tpaguueckue mamepuarvt npedocmasrsiomes. 6 popmame .jpg UAU Ke 6 0puIUHANE, eCAL GLINOAHEHDL C NOMOULbI0 npoepamm Excel uiu dpyeux
pagduveckux.
Haseatiue madAu1;ol neuamaenics CHAOULHLIM MeKCHIOM 01 HAYAAL PAMKI MAOAULLL.
JKyprax oxaxem un@Gopmauuoryo noddepxKy cneyuarucmam npednpusmuii 6 0pzanusayuu npomuoKopposUOHHON 3auyumbul, a maxxe 6 oomere
ONBIMOM MEXKOY CHeUUANUCTIAMY PASAULHVLX OMPACALLl POMbIUAEHHOCHILL.
Obpawaem sauie 6HUMAHUE HA M0, WMO NYOAUKAYUS 6 KYPHALE DA A6MOPO6 HAYUHOLLX cmametl becnaamma!
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