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COPBLUMOHHAA OYNCTKA 3AIPA3HEHHbIX TEXHOJNTIOMMYECKNX
XWOKOCTEU C NPUMEHEHUEM NPUPOOHBLIX LLEOJINTOB

K.B. Kouemkoea', A.A. JlykbsiHos, P.P. ®au3oe’, A.B. Lllapanoea’,
10.C. Escesuyesa’, M.B. By3aesa’, 0.A. [lasbidoea’, E.C. Knumoe',
H.A. ByHakoe?, [.B. Koznog?

" YrbsiHo8CKUL 20Cy0apCcmeeHHbIU MexXHUYecKull yHusepcumem, 2. YbsHO8CK
2 YnbsiHoscKull 20cydapcmeeHHsbIll yHusepcumem, 2. YibsHO8CK

HccnenoBana oyucTKa 0TpaboOTaHHBIX MPOTHBOOOIEACHUTEIHHBIX KUIKOCTEH copOIneit
Ha neonurax. OnpeelieHbl ONTHMANIBHBIE TapaMeTphbl HpoleccoB o4ucTKH. [lokazaHa BO3-
MOYHOCTh HCIIOJIb30BaHMsSI MPHUPOJAHBIX IICOJUTOB JUIS YTHIM3ALUK IIPOTHBOOOICICHUTEIb-
HBIX JXHIKOCTEH C IOJy4eHHEM BOJHBIX PACTBOPOB IJIUKOJICH.

Kouesvie cnosa: npomugoobnedenumensvHule HCUOKOCMU, OYUCKA, COPOYUsL, RPUPOO-
Hble Yeonumsl.

Beenenne

BoapIMIMHCTBO COBPEMEHHBIX MPOU3BOJCTBEHHBIX MPOLIECCOB CBA3aHO C MPUMEHEHUEM TEXHOJO-
THYECKUX JKUIAKOCTEH. 3HAYMTEIbHOE MECTO CPelM HUX 3aHUMAIOT IMPOTHBOOOJIECACHUTEIbHBIC KU/~
koctu (ITIOXK). IIOXK mpumensiercss npu 006paboTKe MOBEPXHOCTH BO3AYIIHBIX CyAOB. VX OCHOBHOI
(GyHKIMEH SIBISIETCS] MOHKEHUE TOUYKH 3aMEP3aHus 0CaJIKOB, KOTOpBIE MOMajaoT Ha camonet. O0pa-
6otka [1OX npensaTcTByeT HAaKOIUICHHUIO JIbJ1a, CHETA CISIKOTH WMJIH JICASHOTO HajleTa Ha KPUTHUECKUX
MOBEPXHOCTSIX.

ITOX xapaxtepusyrotcs kak xxunkoctd I, I, III u IV tuma [1]. OcHoBHEIME KOoMmoHeHTaMHu [1OK
SIBIIIOTCA TJIMKONU (3TUJICHIJIMKONb, JTUATHICHTINKONb, MPOMUICHIIINKOIb MM UX CMECH C BOJOH).
Hnst npunanust 110X HeoOXOAUMBIX TEXHOJOTMYECKHX CBOMCTB B HUX A00ABISIIOTCS Pa3IUYHBIC MPH-
CaJIKN: MPOTUBOKOPPO3UOHHBIE (OEH30TPHA30JIbl), IPOTUBONIEHHBIE MPHUCAIKU (TTOJUINMETUIICHIOKCA-
Hbl), [IAB (okTriheHoNbI), KpacuTeNb (AHTPAXUHOHOBBIN 3€JICHBIH), MOJMMEPHBIC 3aryCTUTEH (TIOJTHU-
aKpuJIaThl HATPHs), KOMILIEKCOOOpa3oBaTesn (COIM 3TUICHANAMUHTETPAYKCYCHONW KUCIIOTHI), KATHOHBI
METaJIJIOB U APYTUE KOMIIOHEHTHI [2].

B ycnoBusax skcruryatammu [1OXK 3arpsA3HsAioTcs XUMHUYECKHMH U MEXaHHMYECKUMH MPHUMECSMHU.
Otpabortannsie [IOX oOpa3yrorcss B OOMBIINX KOJIMYECTBAX M ABISIOTCA OTXOAAaMH 3 Kjacca OHacHO-
CTH, YTO CBSI3aHO B NIEPBYIO OYEPEAb C BEICOKOM TOKCHYHOCTBIO INIHMKOJEH, BXOAAIMX B UX COCTaB. Bo-
Mpoc 00 YTHIIM3ALKU 3TUX OMACHBIX OTXOJI0OB CTOMT Hauboee ocTpo.

Jns yrunuszaruu [1OXK garie Bcero ucmonb3yror ciieAyromnryto cxemy (kommnanus EnviroChemie
GmbH): MexaHndeckasi OUUCTKa — yJaJICHHE TTOJIMMEPHBIX U MIPOTHUBOKOPPO3HMOHHBIX NMPHCATIOK M Kpa-
cutenelt yapTpaduibTpalell — U3BJICUCHUE COJICH METalIOB HA HOHOOOMEHHBIX CMOJIaX — yIapHBaHHUE
KUIKOCTH' . VTHIIM3ALMS TEXHONOTHYECKH CJIOXKHA, CONCPKHUT LEbIH Pl omepauuii ¢ 06pa3oBaHHeM
HOBBIX 9KOJIOTHYECKH OMACHBIX OTXOAOB. [loiydeHHas cMech STUIIEHIIMKOIS, PONMIICHIIINKONSA U BO-
Ibl TIOCJIE BBEACHUSI HEOOXOAMMBIX 100aBOK MOXKET OBITh UCIIOJIb30BaHa MOBTOPHO B Ka4E€CTBE TEILIO- U
XJIQJIOHOCHUTENS JUIsl CHCTEM OTOIUICHHWS, B KayecTBE aBTOMOOWIBHBIX aHTU(PU30B, KaK KOMITOHEHT
TOPMO3HBIX M TUAPABIMYECKUX HKUIKOCTEM.

[Ipumenenne merona ynprpaduiabTpauuu odecneunBaet 6onee 99 % OYMCTKM OT KPYHHBIX Opra-
HUYECKUX MOJEKyJ, sABistommmMucsa npucaaxkamu 10X, HO mpu 3TOoM 00namaeT psaoM HEIOCTAaTKOB.
Hcnonb3oBanue JaBiieHUsE B HECKOJIBKO aTMocdep TpedyeT crienuaabHOro 000pyIOBaHUS U BBHICOKHX
sHepro3arpar. [Ipu ourcTke OT HOMMMEPHBIX 3aryCTUTENEH Ha MOBEPXHOCTH MEMOpaHbI MOXKET 00pazo-

! Taxapnos C.II. Pereneparus npoTuBooGeaeHnTenbHBIX xKiKocTeit. URL: http:/enviro-npz. livejournal.com
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BBIBATKCS CIIOW T'eITMEBOTO OCA/IKa, KOTOPBIN 3aTPyAHSET NATbHEHITYI0 GUIBTPALINIO, B CBSI3M C YEM He-
O6XO}Z[I/IM3 TOHKAasA HpeIIBapI/ITeJIBHaH MEXaHUYCCKass OYUCTKA )KXUJIKOCTHU.

OcHoBHas 3anaua yrunuzanuu [10XK 3akntovyaercss B KOMIUIEKCHOM YAAJICHUH MPUCATIOK U 3arpss-
HEHUU U3 OCHOBHBIX KOMIIOHEHTOB CMECH — IJIMKOJIEH U BOABL. JlJisl 3TUX LieNed NMepCneKTUBHBIM SIBIISI-
€TCSl MCIOJIb30BaHUE NMPUPOIHBIX MUHEPAJIOB, CPEIU KOTOPHIX 0CO00€ BHUMAHUE YACIACTCS LCOIUTY
[3]. LleomuT criocoOeH M3BIEKaTh TAKKE BEIIECTBA, KAK HEOpPraHUYECKHe COJIH, (DeHOIbI, (hOpMaNbIIETH]I,
KpPaCUTENH, IECTULIUIbI, XJIOPAMUHBI U XJIOPOPTaHUYECKUE BEILIECTBA, 4 TAKXKE MOBEPXHOCTHO-AKTUBHBIE
BEII[ECTBa HOHOTCHHOTO XapaKTepa H OPraHNnIECKUEe KHUCIOTHI.

enpto HacTOSIICH pabOTHI SBUJIOCH HMCCIEAOBAHHE BO3MOXKHOCTH OYHCTKU IPOTHBOOOIIEICHU-
TEJBHBIX KUAKOCTEH HA IPUPOAHBIX LICOTUTAX.

JKCcnepUMeHTAIILHAS YaCTh

B pabote ucnons3oBanu neonaut HOmaHcKoro MecTopoxaeHusl YIbsTHOBCKON oOnactu. MuHepai,
OUHIIICHHBIN OT MEXaHUYECKHX IPUMEceH, moaBepraau Tepmooopadotke mpu 350 °C B Teuenue 1 4 s
yIaneHus afcopOMpOBaHHON Ha MOBEPXHOCTH U KPUCTAIUIM3aLMOHHON BoAbl. [l uccnenoBanuii Opanu
¢pakunio 1-3 mm. CopOunOHHBIE CBOIICTBA MUHEPAJIOB ONPENEISIIN CTATHYECKUM MeToaoM. B cratu-
YECKHX YCIOBHUSX B KOJIOY C 3arps3HEHHBIM PacTBOPOM BHOCHIIM HAaBECKY COPOCHTa B MacCOBOM COOT-
Homenuu T : K =1 : 10, cmech nepememmBany B Tederne 20 MUH, 3aTeM OTCTaWBaJIHl B TEUEHHE CYTOK.
CopOeHT OoTHUILTPOBBIBAIM, B (UIBTPATEe ONPEACSIISIM OCTATOYHYIO KOHIICHTPALIMIO 3arpsA3HSAIONINX
BEIIIECTB.

Jnst W3ydeHWs] MpPOIIECCOB OYHMCTKU HCIIONB30BAJIM MPOTUBOOOIENECHUTENBEHYIO YKHIKOCTh
Maxflight 04', cogepxaryro 80 % nponuineHrukos (1,2-npomnanauosa), Boay ¥ 0Koyo 2 % mprcajok.
Kunematuueckyro Bsi3kocTh xkuakoctd onpegensiyd no 'OCT 33 ¢ nomouisto BuckozuMmerpa BIDK-2
(I'OCT 10028).

Pentrenoda3zopblii ananu3 BeimonHsuM Ha audpakromerpe Bruker AXS D2 Phaser. Mcnonb3oBa-
nocs Cu — Ko u3nyueHne co COMHTHUSIIMOHHBIM CYETYHKOM. TepMOrpaBUMETpUYECKUN aHAU3 MPO-
Boxwin Ha aHanu3atope TGA/SGTA 851 e. YcnoBus mpoBefeHus SKCIEpUMeEHTa: aTMocdepa — BO3ayX,
20 MJ1/MUH; CKOpOCTh HarpeBa — 8 rpaj./MuH; HaBecka noporka — 10 mr. UK-criekTpbl peructpupoBanu
Ha cniekrpodoromeTpe IRAffinity-1. O0pasiiel roToBrIM B TabmeTkax KBr. HMccinenoBanus mo XxuMude-
ckomy coctaBy 110X nposoaunu Ha razoBom xpomarorpade «Kpucramn 5000.2» ¢ macc-ceIeKTHBHBIM
netektopoM ¢pupmbl Thermo ISQ ¢ noHM3anKEH 3JEKTPOHHBIM YIapOM.

Pe3yabTaThl M 00cyxIeHHE

LeomuTs! («KHITATIIE KAMHWY») — YHUKAIIbHAS TPYIIa IPUPOIHBIX MUHEPAJIOB, I KOTOPBIX Xapak-
TEPHO HAJIUYKE TPEXMEPHOTO aTFOMOKPEMHEKHCIIOPOIHOTO KapKaca, 00pa3yoIlero CUCTEMbI TIOIOCTEH
Y KaHAJIOB, B KOTOPBIX PACIIONIOKEHBI MIEIOYHbIE, MIeT0YHO3eMeNbHbIE KATHOHBI U MOJEKYJbI BOJKL. B
o0I1eM BHJIe XUMUIECKHIA COCTaB IIEOUTOB ONMUCKIBaeTcs hopmynoit Me,,O - Al,Os - xSiO, - yH,O, rre
1 — BAJICHTHOCTh KaTHOHA MeTalIa, X — MOJibHOE oTHOIIeHUEe Si0y/Al,Os, y — uncio moneit Boabl. 1le-
JIOYHBIC KaTHOHBI U BOJA CJIa00 CBS3aHBbI C KapKacoM M MOT'YT ObITh 3aMEIICHBI WM YIAJICHBI IMyTeM
MOHHOTO OOMEHA W JIerupatanuu 06e3 pa3pyluieHns Kapkaca rneonura. Kapkac meomuToB 3apskeH OTpH-
[ATEeNLHO, BCJICJCTBHE YEr0 KOMIIGHCHPYIOIIHNE 3apsi/l MPOTUBOMOHBI MOTYT 3aMEIaThCs Ha MPOTOHBI
IpY TeMIepaTypHOi 00paboTKe B MPUCYTCTBHU COJIel MeTaIIOB (puc. 1).

+

Na’ Na™ MeOH™" H

@) O 0) O 0) @) O 0
AR WA T A a AN
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1 —_— Al
P uh FR

Puc. 1. Ancopbuus noHOB MeTansoB Ha Kapkace Leonura

CyMMapHBIi 00beM MOJIOCTEH M KAaHAIOB B LIEOJUTAX cocTaBiseT okoio 50 % obbema, 4To crnoco0-
CTBYET acopOLMHU Ha cOPOEHTE KaK MOHOB METAJUIOB, TAK M MOJISIPHBIX OPraHWYECKUX YaCTHII, B 4aCT-
HOCTH HE(TETPOAYKTOB, CIIUPTOB, APYTHX OPraHUYECKUX COCTMHEHMH [4].

6 Bulletin of the South Ural State University. Ser. Chemistry.
2016, vol. 8, no. 1, pp. 5-12
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CopOLMOHHBIC CBOWCTBA MPHUPOHBIX MUHEPATIOB OMPEICNSIOTCS UX XUMHUECKHUM U (ha30BBIM CO-
CTaBOM, TEPMOCTAOMIHHOCTBIO, MEXaHUYCCKOW MPOYHOCTHIO, YCTOMYMBOCTBIO K XMMUYCCKUM pearcH-
Tam. J{JIs MpakTHYecKoro mpuMeHeHus 1eonnTa FOmanckoro MeCTOpOKICH S B Ka4eCTBE COPOIIOHHO-
ro Marepuasia HaMu U3y4eHbl (PUIUKO-XUMHUECKUE XapaKTEPUCTUKH MUHEpaa.

OCHOBHYIO 4aCTh OKCHJIOB B IICOJIMTE MPEACTABISIOT OKCHIBI KpeMHUs U amomMunus (6onee 80 %),
B MEHbIIIEH CTENEHH — OKCHJIBI Apyrux Metawios (% macc.): SiO, — 69,89; Al,O; — 11,32; CaO — 3,22;
K,0 - 3,08; Fe,05— 1,04; MgO —1,03; Na,O — 0,91; TiO, — 0,10; MnO — 0,06; P,Os— 0,21.

ITo maHHBIM PEHTreHO(PA30BOr0 aHANM3A [IEOTHT MPEACTABISACT COO0H ATIOMOCHIMKATHBIN COPOCHT
C BKJIIOUCHHEM B aMop(HYyIo a3y KpucTauinueckux (as: KBapil, KIMHONTHIONUT, MOJCBOH IITAT, KPH-
crobamut (puc. 2).

l/lI-lT(;‘l'ilelBHOCTI:.t OTH. €1.

0,4+

0,2 i‘||

UJW|MW\MIMM K J\ W T

U T T ’ I : T i T f T T
10 20 30 40 50 60 70
20(9)

Puc. 2. Andpakrorpamma Leonura KOLwaHCKOro MecTopoXaeHusl nocrie Tepmoo6paboTkm

MeTomoM TepMOrpaBUMETPUIECKOT0 aHanu3a (aTMocdepa — BO3ayX) H3ydeHa TepMUIecKasl yCTOM-
YUBOCTH LleonuTa. B untepBane remneparyp 50-250 °C otmenmseTcst copOupoBaHHasi Ha TOBEPXHOCTH
Y B MOpPax BOJa U KpUCTALTHU3aMOHHas Bosa (rmotepst Maccel 10 %). B urtepBane 400—-460 °C otmern-
nsiercss CO, u3 npumeceil kapooHatoB (moreps Maccel 6 %). Csoime 700 °C HaunMHaeTcsl pasiIoKeHUe
neosmta ¢ morepeit maceol 20 %. Takum 06pa3zoM, UIsi COXpaHEHUS! CTPYKTYPHI MUHEpalia B CiIydae Iie-
OJIUTa TeMIepaTypa TepMooOpaboTku He AorkHa npeBbimaTs 400 °C.

CopOuroHHbIE CBOMCTBa MUHEPAIOB B 3HAYUTEIBHON Mepe OMpeNesIoTCs HAIMYUEM Ha WX TI0-
BepxHOCTH Xxapaktepuctuueckux rpynm: O—-H; Al-O; Si—O-Si. Ilosockl NOMIOIIEHUs TaKUX TPYIII
duxcupyrotes B MK-cniektpax (puc. 3). MHTeHCcHBHAs monoca mornomenns npu 1035 cM™' cootseTct-
BYET BAJICHTHBIM KojieGanusaM cBssu v(Si—O-Si). ITonoca mpu 792 cM™' MOXKeET GbITh CBA3aHA C BAJICHT-
HbIMU KonieOaHussMu V(AI-O). Hannuune B 1ieonnTe BOABI TOATBEPKAACTCS [TOJIOCAMH MTOTJIOIIEHHS: TIPH
3629 cm ™' rugpoxcunbHbIX rpym V(OH), CBA3aHHBIX BOJOPOIHOM CBA3BIO C ATOMAMH KHCIOPOJA Kap-
Kxaca ((Si—O—-Si); npu 3444 cv ™' — koneGanus n3omupoBaHHEX rpym V(OH).

AHanu3 AaHHBIX TOKa3bIBaeT, YTO 1eonuT OmaHcKoro mMectopoxieHus YIbSHOBCKOM o0iacTu
COOTBETCTBYET THIIOBBIM XapaKTEPHCTHKAM JAPYTMX MECTOPOXKACHUH U MOXeT OBbITh NPUMEHEH B
KauecTBE COPOIMOHHOTO MaTepuaa.

[Ipu HazemHO#1 06pabOTKE BO3AYLIHBIX CY0B, B COOTBETCTBHHU C KIMMAaTHIECKUMH YCIOBHAMH, UC-
xoxnas [1IOXK pazbasnsiercst BOOOH cOriaacHO HOPMAaTUBHOM JOKYMEHTAIIHU.
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[Mosromy ans mpoBenenus skcrnepuMmeHToB ¢ [IOXK mo u3BneueHHIo MpuUMecei HCIOIb30BaIH
cmech ucxonuoi IT0XK ¢ auctunnupoBanHoi Boaoi B cooTHomeHud (1 : 2) u (1 : 4). [ sxcnepumen-
ToB ¢ orpaboranHbiMu [1OX ucmonp30Bany XKUAKOCTH, OUMIIEHHBIE OT MEXaHHYECKUX NMpUMEceH Ha
thunbTpe.

1,04

0,87

0,64

ITormomieHHe, OTH. €.

0,44

0,2

0,0 S

LI L P
4000 3000

T ——r
1000
BomHOBOE YHCIIO, M1

—
2000
Puc. 3. UK-cnekTp ueonura KOWaHCKOro MeCcTopoXaeHuUs

[Tocne 00pabOTKKM COPOSHTOM M OTCTAMBaHUS JKUIKOCTH OTICIISIM M ONPEACISUIN €€ KMHEMaTHue-
CKYIO BSI3KOCTh (CM. Ta0nuity). BsS3KOCTh SBISCTCS OJHUM M3 OCHOBHBIX MOKA3aTeJIeH YUCTOTHI JKUIKO-
cti. [1o M3MEeHEeHNIO BA3KOCTH MOYKHO CYJTUTh 00 yAaJNeHUH MTPUCAIOK U 3aTyCTUTEINEH.

KuHemaTuueckas BaskocTb MOX

Kunemaruyeckas BsI3KOCTb V, Kunemarnueckas BI3KOCTH
Obpaszen 2 2
MM~/C II0CJIE OYKCTKH V, MM /C
Ucxonnasg ITOXK 9,74 -
Paz6asnennas [1OX (1:2) 8,14 1,44
Pasz0asnennas [1OX (1:4) 6,45 1,37

[Tocne ounctku [1IOXK Ha 11€0mUTE BSI3KOCTH OUMIIaeMOi xkuakoctu (1:2) yMmeHsImiach B 5,6 pasa;
utst pazoaenenus (1:4) — B 4,7 paza. ITO CBUIETENBCTBYET O MPAKTHUECKH MOJTHOM U3BJIICUCHUU 3aryc-
TUTEJIEH U IPYTUX MPUCAIOK U3 KHUIKOCTH.

[TonyueHHBIE Pe3yIbTaThl OATBEPKAAIOTCS METOJIOM XPOMAaTO-Macc-criekrpoMerpuu (puc. 4). O6-
paboTka Macc-CreKTPaIbHBIX IaHHBIX TIOKA3bIBAET, YTO B OUMIICHHBIX Ha neonute [IOXK npucyTcTByroT
TONBKO THMKH 57, 61, 77 m/z, cooTBeTcTBYIoUIME 1,2-mponmieHraukomo. [Ipumecn nprucagok He oOHa-
PYKHBaOTCSI.

[Nony4eHHble pe3ynbTaThl OBUTH WCTIONB30BAHBI ISl Pa3paOOTKH SKOJOTHUECKU MPHUEMIIEMOH TeX-
Hojoruu yrunuzanuu [IOX (puc. 5).

Ortpaborannsie [10XK, ounieHHble OT MEXaHMYECKUX MPUMECEH, MOCTYNAIOT B PEakTop 2, B KOTO-
pHBIN TToaeTcs pacueTHoe KoaumdecTtBo Ieonuta w3 emkoct / (T : K =1: 10 wm 1 : 20). CycneHzuro
TIEPEMEIINBAIOT C IIEOJUTOM B TeueHue 1 4. Pa3nenenue m oTcTanBaHue MOJYyYEHHON CYCIEH3UH IMPO-
BOJSIT B T€UCHHUE CYTOK. JKHIKOCTh OTHENSAIOT OT COPOCHTA, HAPABIISIOT B eMKOCTh 4 U Jajiee Ha YTH-
JU3AIHUIO JJ1s1 BTOPHYHOTO UCIOIb30BaHusl. OTpaboTaHHBIH COPOCHT TOCTYNAeT B eMKOCTh 5 U Jlajiee Ha
YTUIU3AIUI0 WIH TEPMHUECKYI0 pereHepanuio. [lomyueHHas cMech MPONMMUICHIIIMKONS U BOIBI MOXET
OBITH UCTIOJIb30BaHa NOBTOPHO B KaYeCTBE aHTU(PHU3a.

st u3ydeHus: BO3SMOXKHOCTH MHOTOKPAaTHOT'O IMPUMEHEHHsI LIEOJIUTa IJIsl OYMCTKU Ha OAHOM Iop-
MM copOeHTa MPOBOIWIN H3BjieueHue mpumeceit 3 3 mopruit 110X, pazbaBnennoit B 2 paza. Ilpu
TPEXKPaTHOM HCIIOJIb30BaHUH 1IEOJIMTa HAOJ0Jaach BHICOKAs CTETICHb M3BJIeYeHUs npumMeceil. Kune-
MaTHYeCKas BA3KOCTh B OYHMINEHHBIX 00pasmax coctapmna: 1,44; 1,42; 1,48 Mm/c.
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> 4
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OtpaboTaHHEBIE *
IO CmMech TIHKONA H BOJEL
R Ha YTHIIH3AIMHIO HIH PETeHEPallHio

-

5

OtpadoTaHHEIH copGeHT
Ha YTHIH3AIMIO WIH PereHepariiio

Puc. 5. CTpyKTypHasi TexHOJ&iormyeckasi cxema YyTUNIu3auum nNpoOTUBOOGNeAeHUTENbHbIX XUAKOCTEN
C ucnonb3oBaHueM LeonuTa: 1 — eMKOCTb ANSl XpaHEeHUsl LleoNnuTa; 2 — peakTop ANA nepemMellMBaHuUs
n orctamBaHusa cycneH3um MOX; 3 — Hacoc; 4 — eMKOCTb ANA OYMLLEHHOro pacTBopa; 5 — eMKOCTb

Aans oTpaboTtaHHoro cop6eHTa
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C menpro OleHKH (PUTOTOKCUYECKOH OMACHOCTH OTXOJI0B, 00OPa3yIONIMXCsl TIOCIE U3BIICUEHHS TIPH-
CaJIoK U3 MPOTHUBOOOJICACHUTEIBHOM KUAKOCTH, ObLIT HCCISIOBAH 1IEOJIUT, HachimeHHbIH [TOXK.

B cooTBercTBMM C METOAMKON YCTaHOBJICHHE KJacca OMAaCHOCTH OTXOAa MO (PUTOTOKCHUECKOMY
JIEHCTBUIO OCYILIECTBISIETCS 1O MapameTpaM (PUTOTOKCHYHOCTH: cpenHe-3gdexTruBHOMY (ER5)) 11 mopo-
rosomy (LimR) pa3BeneHnsIM SKCTpaKTa, BHI3BIBAIONIMMH HHTHOMPOBAaHUE pOCTa KOpHEH ceMsH ((puTo-
a¢dexr) Ha 50 u 20 % B cpaBHEHUH ¢ KOHTpoJeM [5]. Beruucnenue napaMeTpoB NpOBOAMUTCS C UCHOIb-
30BaHMEM MAaTEMaTU4eCKOW MOJEIH, OMMCHIBAIOIICH B3aMMOCBSA3b Pa3BEeICHHS HKCTPAKTa OTXO/a C Be-
TuuHOHM PuTOddheEKTa B BUIE pErPECCHOHHOTO YPABHEHHS:

lgR=-mE} +b,

rae Er— ¢urodddekr, ycTaHOBICHHBIN B 9KCIIEpUMEHTE; R — pa3BelleHHe SKCTpaKTa OTXO0Ja; m — KO-
3¢ GUIHEHT, COOTBETCTBYIOIINH KaxKaoMy 3HaueHHto putodddekra; b — KoapPuImueHT perpeccuu.

B onbitax ¢ neonurom, HacsimeHHbIM [1OXK, dutosddext HaGmroqanCcsa 4711 HCXOIHOTO SKCTPAKTa
u pasBeneHuid B 5 u 10 pa3. 3aBuUcUMOCTb BenUUuHB! HUTOd(GEKTa OT pa3BeJeHUsI SKCTPAKTa Mpea-

CTaBJICHA Ha puC. 6.
IgR | lgR =-0,02E, + 1,3.

[lo ypaBHeHMIO perpeccu OBLIM pacCUMTaHbl Clie-
IYIOIIME TMOKa3aTeNu: cpeaHedh(EKTUBHOE pPa3BeACHUE
ERsp = 2,34, 4TOo cCOTjIacHO METOJHUKE COOTBETCTBYET
3 kJaccy OmacHOCTH (YMEPEHHO OIAcHBIE OTXO.BI); MU-
HUMAaJBHO JeicTBytomee pa3BeaeHne LimR = 9,3, koto-
0.5 ] pOe 03HAYaeT, YTO MCXOIHBIA IKCTPAKT, Pa3BeIeHHBIH 00-

nee yeM B 9,3 pasa, CTaHOBUTCS O€30MaCHBIM JUTS BBICILINX
pacTeHu.
0 o0 40 60 80 Er % Takum 06pa3oM, 10 MOKa3aTeasaM (PUTOTOKCUYHOCTH
0oTpaboOTaHHBIM COPOEHT SBISETCS OTXOJIOM 3 KJlacca
Puc. 6. 3aBucumoctb cpmutoachcekra

OTACHOCTH W TIepe]l pasMElICHUEM Ha TOJHMIoOHaX Tpedy-
OT pasBefeHUs IKCTPpaKTa Ans OTpaGOTaHHOFO
LeonuTa €TCsI ero TepMuYeckas oopadboTKa.

1,0 -

BriBoabI

1. YcranoBieHa BbICOKass COPOLMOHHAsL CIIOCOOHOCTH LIEOIHTA MO OTHOIIEHHUIO K IIMPOKOMY CIIEK-
TPY OPraHMYCCKUX W HCOPraHMYCCKUX KOMIIOHCHTOB, BXOAANIUX B COCTaB HpOTI/IBOOGJIeI[eHI/ITeHBHBIX
KHUIKOCTEH B Ka4eCTBE MPUCAOK U MPUMECEH, YTO TO3BOJISICT OUMIIATH KUIKOCTH OT 3arps3HEHUH, He
3aTparuBas B 1IJIOM OCHOBHBIC KOMITOHEHTHI.

2. Pa3paboTaHa TeXHOJOrHYEeCKas cxemMa COPOIMOHHOW OYMCTKH OTPaOOTaHHBIX MPOTHUBOOOIE/IE-
HUTCJIIBHBIX )KPII[KOCTeﬁ C IIPUMECHCHUEM LICOJIUTA.

3. OtpaboTaHHBII COPOCHT SBISETCS OTXOIOM 3 KJIacca OMAacHOCTU U Iepe pa3MeIleHHEM Ha I10-
JUTOHAX TpeOyeTcst ero TepMudeckas 00padoTKa.
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MCCINEOOBAHUE O-NPOU3BOAOHbIX
5,7-ANBPOM-8-OKCUXUHOJIUHA
METOAOM XPOMATOMACC-CNEKTPOMETPUN

A.r. Kum', A.B. Bacunenko', A.5. Menenmbee?
" fOxHO-Ypanbckuli 2ocydapcmeeHHbill yHugepcumem, 2. YensbuHck,
2 YenabuHckoe obriacmHoe 610po cydebHO-MeAUUUHCKOU 3Kcrnepmusbl, 2. YensabuHck

VYCTaHOBIICHO, YTO B YCIOBHAX XPOMATOMAaCC-CHEKTPOMETPHYCCKOTO HCCIICIOBAHHS
8-ammnokcu-5,7-IMOPOMXUHOMMH H 5,7-THOpOM-8-METaNTMIIOKCUXUHOIMH TT0IBEPTar0TCs
Pa3I0KEHHUIO C 00pa30BaHUEM 7-aJUTHII-5-0pOM-8-THIPOKCUXUHOIHHA U 5-0pOM-7-MeTallITHII-
8-TUIPOKCUXMHOIMHA COOTBETCTBEHHO.

Knrouesvie cnoea: 5, 7-0ubpom-8-annun(memaniun) OKCUXUHOTUH, 5-opom-7-
annun(memannun)-8-euOpoKCUXUHONUH, 3, 7-OUOPOM-8-MeMUL(IMUL)OKCUXUHOUH, 5, 7-OUbpom-
8-nponapaunokcuxuHoaUH XpoMamomacc-CneKmpomempusl, mepmuyecKkas peaKyus.

Beenenue

Lenblii psii pOU3BOJAHBIX 8-OKCUXUHONIKMHA 00J1aJaI0T aHTHOAKTEPUAILHON, TPOTUBOTPHOKOBOH 1
MIPOTUBOMAPA3UTAPHON aKTHBHOCTHIO, UX MPUMEHSIOT B Ka4eCTBE XMMHOTEPANIeBTHUECKUX W aHTHUCETI-
TUYECKUX BellecTB. B KauecTBe mepopanbHBIX aHTUOAKTEPUANBHBIX U aHTUIPOTO30HHBIX MPENapaToB
HIMPOKO HCTIONB3YIOTCS COSTUHEHUS STOW IPYIIIBI, COAepKallire TaJouIHbIe 3aMEeCTUTENH (XJI0p, OpoMm,
MOJT) B TIOJIOKEHUH 5 M 7 XHHOMUHOBOTO sizipa [1,2]. Taxke npon3BoHbIe §8-OKCUXUHONMHA 001aJaf0T
MIPOTUBOPAKOBOM aKTMBHOCTHIO [3]. B murepaType MMEI0TCA JaHHBIE O CHHTE3aX HEKOTOPBIX MTPOU3BOJ-
HBIX 5,7-mnOpoM-8-okcuxuHOIMHA [4, 5], B TO K€ BpeMsi MPaKTUYECKH OTCYTCTBYIOT CBEJCHHUSI 00 UX
Macc-criektpax. B 6a3e manapix NIST nmeetcs nmumib Macc-ClieKTp 8-0KCUXHHOIMHA.

Lenpro maHHO pabOTHI SIBIAETCS WcclenoBanue 5,7-nuopom-8-okcuxunonuna (1), 5,7-nnopom-8-
aTWIIOKCuXuHomHa  (2),  5,7-muOpom-8-merammwiokcuxunonuia  (3), 5,7-muOpom-8-riponaprui-
okcuxuHonuHa (4), 5,7-mubpom-8-meTokcuxuHoauHA (5) U 5,7-1MOpOM-8-3TOKCUXUHONMMHA (6) MeTo-
J0M xpomaromacc-crekrpomerpud (XMC).

JKcnepUMeHTAIbHASA YacTh

Macc-creKTpsl 3J1eKTPOHHOT0 yaapa cHiIThl MeTogoM [ X/MC:

1. T'azoBbIit xpomarorpad 6890 ¢ aBrocammuiepom 7683B 1 Macc-ceneKTUBHBIM AeTeKTopoM 5975B
¢upmer Agilent Technologies. YcnoBust ananuza: xoiaonka HP-5MS mmnoit 30 M, BHYTpEeHHUM Jua-
MeTpoM 0,25 MM, ¢ TOJIIUHON IJIEHKH HEMOABWXHOU (a3l 0,25 MKM, HauasbHasi TeMIIEpaTypa KOJIOH-
ku — 80 °C, BbepkKa | MUHYTY, YBEJIIMUEHUE TeMIIEpaTypbl co ckopocThio 40 rpag/mun o 200 °C u
JanbpHeIIee yBeIHUeHHE TEMIIEPaTypbl co ckopocThio 12,5 rpan/mun 1o 300 °C ¢ BeIaepKKOH NpHU KO-
HeuHOU Temmeparype 6 MuHyT. I'a3-Hocutens renuil. Pexxum nmoctosiHHOro motoka “Constant flow” —
1,3 mn/mun. Temneparypa umxekTopa 260 °C, ycrpoiictBa comnpsbkenus ¢ aerekropom 280 °C. Beon
npoObl 0e3 pasneseHust IOTOKa co cOpocoM M30bITKa uepe3 | MUHYTY B OTHOLIEHHWH MoTokoB 1:100
(Split). YcnoBusi neTeKTUpOBaHUSA: PEXUM CKaHUPOBaHUS MOHOB B mHTepBasie 40—400 aT. ex. Macchl.
3anuch XpoMaTorpamMMBbl CITyCTsI 3 MHHYTHI TTOCTIE BBOJA MPOOHI.

O-IlpousBoausie 5,7-nubpom-8-okcuxuHonuHa 2-6 (cxema 1) moiaydeHsl o Metony [6].
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Br Br Br Br
G G Z G
Br N Br N Br N Br N
. OH 5 o\/\ 3 O/Y ) 0. L
Br Br Br Br
X | X X X
= G
Br N/ Br N/ / N N
5 OCHs 6 OCHs 7 OH g OH

CxeMa 1. CTpyKTypHble popMyribl UCCriefyeMbIX COeANHEHUA

O0cy:xneHue pe3yjbTATOB

[Ipu uccnemoBannu MeTOIOM XpomaTomacc-criekrpomeTpun (XMC) BemecTBo MoaBepraeTcs Tep-
MuueckoMy BozaericTeuio pu 200-250 °C. [Ipu 3TuX TeMiiepatypax B aJIMJIaPHIOBBIX d(hHUpax IMpouc-
XoIuT neperpynnuposka Kisitzena [7].

[Ipu uccnemoBanuu 5,7-a1uOpOM-8-aITmIOKCUXUHOMMHA MeTogoM XMC HaMHM HEOXUAAHHO, IIO-
MHUMO COEJHMHEHHS 2, OOHApYKEHO BEIIEeCTBO, CojepiKaliee OJUH aToM OpoMa W COOTBETCTBYIOIICE
5-Opom-7-annuin-8-TuAPOKCUXUHOIIHHY.

OO0 5TOM CBUJICTENBCTBYIOT IIMKH M30TOIMHBIX MOJIEKYJISIPHBIX HOHOB € 11/z=265 1 263 o1nHAKOBOM
MHTEHCHBHOCTH, MUK noHa [M-CO]" u muk nona [M-HCO]", xapakrepHsie mis enomnos [7].

AHJIOTUYHO TPU MCCIEIOBAaHUU S,7-AUOpOM-8-METaNIMOKCUXUHOIMHA (pHC. 1) HaMKu OOHapYKeH
5-6pom-7-MeTaIuTHI-8-THAPOKCUXUHONIUH ¢ m/z=279 u 277 (puc. 2).

356
1 114 276

40 80 120 160 200 240 280 320 m/z

Puc. 1. Macc-cnekTp 5,7-AM6pom-8-meTannMnoKCUXMHOMNMHA
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UccnedoesaHue o-npou3eodHbIX 5,7-0ubpom-8-0oKCUXUHOIUHA
MemodoM xpomamomacc-criekmpomempuu

1, %

50

3 77 91102

70 %0 110 130 150 170

262

129 182 279

190 210 230 250 270 m/z

Puc. 2. Macc-cnekTp 5-6pom-7-meTannun-8-ruApoKCUXUHONMHA

[lo-Buarmomy, BHavasne u3 sa¢upa 2 odbpasyercs 5,7-1udpoM-7-aminn-7,8-Auruapo-8-xuHoioH (9),
KOTOPBII mpeBpaluaercs B 5-6pom-7-ami-8-6pomokcuxutonud (10), u ganee, no AeHCTBHEM IPOTO-

HOCOIePIKAIIHX

pacTtBopuUTenen

(Boma, 2-mpomaHoOs) TpeBpamaeTrcs B - S-OpoM-7-ayutmi-8-

TUAPOKCUXUHOIMH (cxema 2).

Br

Br N

Br Br

\

Cxewma 2. MNeperpynnupoBka 5,7-4u6pomM-8-oKCUXMHONUHA

B ommume ot 5,7-muOpom-8-anIuIOKCUXMHOMUMHA U 5,7-AMOPOM-8-METaNTMOKCUXUHOIMHA,

5,7-1nOpOoM-8-METOKCUXUHOJIUH,

5,7-muOpOM-8-3TOKCUXUHOJIMH W 5,7-mubpoM-8-mpornaprui-

OKCUXUHOJIMH, HE COJIeprKalllie aJUTHIIbHYIO TPYIITy, HE AAal0T NMPH HccaenoBaHuu MeronoM XMC MoHO-
OpOMIIPOM3BOHBIE 8-THAPOKCUXUHOIMHA.
Macc-cieKTpoMeTpryecKie JaHHbIC IPUBEICHBI B TaONHIIE.

[laHHble Macc-CNeKTPOB UCCNeAoBaHHbIX COeAMHEHUN

(C12H9NOBr2)

CoeanHeHne XapaKTepUCTHKH HOHOB: m/z (I, %)
1 305 (51), 303 (100), 301 (51) [M]", 275 [M-CO]" (15), 195 [CsHsNBr]" (31), 143 [M-
(CoHsNOBI,) Br,]" (10), 115 (33), 87 (13)
345 (5), 343 (10), 341 (5) [M]", 342 [M-H] (34), 328 [M-CH;]" (20), 326 [M-OH]"
2 (40), 314 [M-CHO]" (61), 287 [CoHsNBr,] " (20), 274 [CsH,NBr,]" (66), 262 [M-Br]"

(31), 249 [C,,H,NBr]" (47), 236 [CIO0H6NOBr]" (11), 208 (39), 195 [CsHsNBr]" (25),
182 [C1,HgNOT" (14), 166 (14), 154 [C; HgNT™ (31), 127 (29), 114 (100), 87 (46), 74
(17), 63 (44), 41 (39)

3
(C 1 3H9NOBI'2)

359 (9), 357 (18), 355 (9) [M]", 356 [M-H]' (78), 342 [M-CH;]" (77), 340 [M-OH]"
(100), 287 [CoHsNBr,]" (32), 276 [M-CsHsO]" (78), 207 [CoHsBr]™ (66), 195
[CsHsNBr]" (38), 167 (10), 143 (10), 127 (28), 114 (100), 99 (12), 87 (41), 63 (28), 55
(50)

4
(Ci2H;NOBT,)

343 (10), 341 (18), 339 (10) [M]", 340 [M-H] (19), 312 [M-CHO]" (35), 287 [M-
C3H;0]" (34), 274 [M-C,H;0]" (54), 261 [M-Br]" (35), 232 [C,,HNBr]™ (14), 207
[CoHsBr]" (30), 195 [CsHsNBr]™ (28), 154 [M-C,H;sBr]" (26), 127 (20), 114 (100), 87
(39), 74 (11), 63 (33), 50 (10), 39 (35)

BecTHuk HOYpIY. Cepus «<Xumusa». 15

2016.T. 8, Ne 1. C. 13-19



OpraHu4yeckasa xumus

OKOHYaHu1e Tabnuubl

CoennHeHue XapaktepucTuku HOHOB: m/z (I, %)
5 319 (18), 317 (33), 315 (18) [M]", 289 [M-CO]" (32), 287 [M-CH,O0]" (65), 236 [M-
(C1oH;NOBTr3,) Br]" (13), 207 [CoHsBr]" (64), 195 [CsHsNBr]™ (15), 143 (14), 128 (47), 114 (85), 104
(33),87 (46), 74 (28), 63 (100), 50 (37), 40 (21)
6 333 (2), 331 (4), 329 (2) [M]", 316 [M-CH;]" (100), 303 [M-CO]" (35), 301 [M-
(C11HyNOBT,) C,Hs]™ (35), 275 [CsHsNBr,]™ (15), 206 [CoHsBr]™ (22), 194 [CsHsNBr]™ (20), 114
(23), 87 (11)
7 265 (28), 263 (33) [M]", 249 [M-CH;]" (17), 248 [M-OH]" (100), 236 [M-C,H.]"
(C1,H(NOBr) (13), 182 [C,HgNO]" (16), 166 [C1,HoN]™ (19), 154 [M-C,HsBr]" (26), 129 (22), 102
(15), 77 (13)
8 279 (26), 277 (27) [M]", 262 [M-CH;]" (100), 237 [M-C;Hs]" (17), 198 (33), 182
(C13H(NOBr) [C1,HgNO]' (38), 128 (21), 91 (14), 77 (24), 50 (14)

*YKa3aHbl MMKU C UHTEHCUBHOCTAMH BbilIe 10 %, 3a HCKIIFOYEHHEM ITHKOB MOJIEKYJIIPHBIX HOHOB.

B macc-cniekTpax Bcex uccienyeMbix coequHeHni 1-8, mprucyTCTBYIOT MHKU MOJIEKYJISPHBIX HOHOB
[M]". B cnektpax coemunenuii 2, 3, 7 u 8, nabmopaercs curnansl nona [M-H]', u uona [M-CH;]". uto
CBSI3aHO C 00pa30BaHKEM YCTOWYMBBIX THA3UHOXUHOJMMHUEBBIX cucteM 11 u 12 (cxema 3).

Br Br Br

/]
/
2
Y4

R

Cxewma 3. ®parmeHTauus 5,7-au6pom-8-annmnoKCUXMHONNHa
n 5-6pom-7-annun-8-ruapoKCUXMHONNHA

B macc-criektpe 5,7-1u6poM-8-TponapriuioKCUXMHOMMHEA Takke uMeercs muk [M-H]™, uto, Ha
HAIll B3TJIs1/1, CBSA3aHO ¢ 00pa30oBaHWEM YCTOMYUBOM OKCOMUPHUIOXUHONMHUEBON crcTeMbl 13 (cxema 4).

Br Br Br Br
+,
X X X H X
s e | —
= = = =
Br N Br N* Br N* Br N*
o) H
0;_ L) / H o G
4 g y 13

Cxema 4. PparmeHTauums 5,7-au6pom-8-nponaprunokCUXMHONMHA
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Meneumbee A.B. MemodoM xpomamomacc-criekmpomempuu

Bo Bcex coeanHeHMSX, 32 UCKIIOYEHHEM 5,7-TUOPOM-8-OKCUXHUHOJIMHA, UMEIOTCS MTUKH, COOTBET-
CTBYIOIIKE pa3pbiBaM anndaTudeckoil u apomatuyeckoi cesizeit C-O. ns coequnennii 1, S u 6 xapak-
Tepen curuai uona [M-CO]" ¢ m/z=275, m/z=289 u m/z=303 cOOTBETCTBEHHO.

B cnekrtpax coemuHenuii 2, 3 u 7 mpucyTcTByeT curHan umona [M-OH]™ (m/z=326, m/z=340 u
m/z=248 COOTBETCTBEHHO), KOTOPBIE CBHICTEIBCTBYIOT 00 00pa30BaHNH MUPHUIOXUHOIHMHAEBBIX CUCTEM
14 a-b (cxema 5). [l 5,7-1u0poM-8-aJTTHIIOKCUXMHOJIMH U 5,7-TUOPOM-8-MeTAITMIIOKCUXUHOJIMHA 3TH

IINKHU MaKCHUMaJIbHBI.
Br Br
—_— —
G = =
R R N* R Y N*
A)

N
0\/\ 0
Br Br /
X -'OH AN
4—
> G
R N R v N*
\ Ho/\)
14 a-c
R=H, Br

Cxema 5. d)parmeHTau,MM C AIIMMUHUPOBAaHNEM rMOapPoKCUIIbHOro pagukana

B cnektpax coenuHenuii 2, 3, 4 u 8 umeercs curaan nona [M-OCH;]" o6ycnosinenHoe o6pa3opa-
HueM muppoo| 3,2, 1-ij|xuHonnHueBIX cucteM 15 a-d (cxema 6).

/

Br Br Br

Br
+
X X Y oon, X
YL . . ;
P = Y > /
R N R N* R Y N* R N* R N*
Ry Ry

2

o] Hy C\O 42
R4

Ry

R=H, Br; Ry = H, CH3

Cxema 6. dearmeHTauvm C AIJIMMUHUPOBaHUEM METOKCUINTbHOIo paaukana

3akioueHue

Haiineno, uto 5,7-1u0poM-8-aITUIIOKCUXHHOIMH U 5,7-TUOPOM-8-METAITMOKCUXMHOIMH B YCIIO-
BUAX XpOMAaTOMAacC-CIEKTPOMETPHYECKUX HCCIEJAOBaHUI TpeBpamaiTcs B S5-Opom-7-ammui-8-
THAPOKCUXUHOIMH U 5-OpoM-7-MeTaUTHII-8-TUAPOKCUXUHOINH COOTBETCTBEHHO. Y CTaHOBJEHO, YTO
coenuHenus 4, 5 u 6, He comepxKalIKe AJUTUIBHYIO TPYIIY, HE MPETEPIIECBAIOT B aHATOTUYHBIX YCIOBUSIX
MpPEBPAICHUMN.
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It has been found that under conditions of gas chromatography-mass spectrometry study
both 8-allyloxy-5,7-dibromoquinoline and 5,7-dibromo-8-methallyloxyquinoline are decom-
posed to form  7-allyl-5-bromo-8-hydroxyquinoline and 5-bromo-7-methallyl-8-
hydroxyquinoline, respectively.

Keywords: 5,7-dibromo-8-allyl(methallyl)hydroxyquinoline, 5-bromo-7-allyl(methallyl)-8-
hydroxyquinoline, 5,7-dibromo-8-methyl(ethyl)hydroxyquinoline, 5,7-dibromo-8-propargyl-
oxyquinoline, chromatography-mass spectrometry, thermal reaction.
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Butyl methacrylate copolymers with vinyl alkyl ethers and styrene have been obtained
by compensate polymerization method. The properties of copolymers have been determined
with the use of gel-penetration chromatography, IR- and 1H NMR-spectroscopy.
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Introduction

The most commonly encountered industrial method to obtain copolymers is by radical initiation.
In spite of diversity of the modern molecular design methods, such as complex-radical processes, pseu-
do-living radical polymerization, etc. [1-3], the problem of characteristics modification for polymer ma-
terials using development of copolymer synthesis without additives, with classical radical initiators, is of
as great importance as before. One of such methods is compensate copolymerization, which involves
fractional introduction of one of the monomers into the reaction sphere. In this way it is possible to ob-
tain copolymers differing in composition from the monomer mixture, therefore, possessing new charac-
teristic features. In the series of papers [4—7] the results were presented, concerning application of the
compensate copolymerization method to obtain structurally uniform copolymers of vinyl alkyl ethers
(VAE) with alkyl(meth)acrylates (AMA). The advantages of the chosen method were shown compared
to synthesis from a monomer mixture, enabling the synthesis of gradient copolymers. Butyl acrylate
(BA) was mostly used as the model monomer couple in order to study the synthesis features.

The aim of the present paper is the investigation of compensate radical copolymerization of vinyl
monomers demonstrated by the example of monomer couples including butyl methacrylate (BMA), spe-
cifically, BMA — vinyl butyl ether (VBE), BMA — vinyl isobutyl ether (ViBE), BMA — styrene.

Experimental

Commercial reagents were used throughout.

In order to determine relative reactivity of comonomers BMA—VBE and BMA-ViBE the synthesis
of copolymers from a monomer mixture was performed in vacuumed ampoules. During the experiment
monomer mixtures with various ratios were used: from 5 to 95 % (mol) VAE. The copolymers were iso-
lated at 5—7 % conversion. Relative reactivities were calculated by Kelen-Tudos method [8].

In order to synthesize copolymers in ampoules the exact amounts of monomers and initiator were
placed into glass ampoules, freed from oxygen by freezing the reaction mixture in liquid nitrogen and
pumping out to residual pressure < 1.3 Pa. The ampoules were glass-sealed, then polymerization was
carried out at strictly determined temperature. For that an ampoule was placed into a thermostat for pre-
set time, after which the ampoule was taken out and frozen in liquid nitrogen to stop polymerization.
The copolymer was isolated by recrystallization from solution [4]. Monomer conversion was gravimetr-
ically determined.

The synthesis of copolymers by compensate polymerization method was performed in a four-
necked flask with a reflux condenser, a paddle-type agitator, a thermocouple, and an outlet for reagent
injection, placed in a thermostat. An exactly weighed sample of one monomer or its solution was placed
into the flask, the mixture was brought to boil while stirring. Through the outlet for reagent injection a
solution of exactly weighed sample of another monomer was measured in doses with the use of a drop-
ping funnel. After preset synthesis time the flask was cooled in water bath (40 °C). (Unreacted mono-
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mers were pumped out at low pressure (to 0.5 mm of mercury). Under vacuumization conditions the po-
lymer was dried in the flask to constant weight at T=20-25 °C.

Molar masses and molecular mass distribution of the copolymers were determined at the set
of 5 styrogel columns with pore diameters 10°, 3-10%, 10*, 10°, and 250 A (Waters, USA). Detection was
performed by differential refractometer R-403 and UV-detector UV-101 (Waters). Tetrahydrofuran was
used as the eluent. Calibration was carried out with the use of narrow-dispersed polystyrene (PST) stan-
dards [9].

The calculation of molar masses for styrene copolymers was carried out in conformity with PST
standards, while for AMA copolymers it was accomplished by the standard formula (1) using Kuhn—
Mark—Houwink constants for AMA and styrene.

1+ a(PST)
1+ a(PAMA)

) 1 < log K(PST)

log M (copolymer) = xlog M (PST)+
gM (copolymer) 8 ( 1+ a(PAMA) gK(PAMA)

(D

IR spectra of the synthesized copolymers were recorded on the Fourier-transform IR spectrome-
ter Shimadzu FTIR-8400S in KBr cuvettes with pathlength 0.26 mm in chloroform solution. The range
of wavenumbers was 5500-550 cm ', determination error did not exceed +0.05 cm'. The copolymer
composition was determined with the use of calibrating curve by characteristic peak area. The analytical
bands were the following: the band at 1727 cm ' for carbonyl group (acrylate fraction); the band at
1100 cm™' for C—-O—C group of ether (VAE fraction); the band at 1600 cm ' for C=C vibrations of sty-
rene aromatic ring (styrene fraction).

'H NMR spectra were recorded on the Agilent DD2 400 spectrometer (solutions in CDCls), at oper-
ating frequency 400 MHz. Chemical shifts are given in ppm in relation to the solvent residual signal
(chloroform: 7.26 ppm). All spectra are recorded at temperature 25 °C.

Results and Discussion

According to the radical copolymerization theory [10], the copolymer composition at radical initia-
tion is determined by relative reactivity of monomers. In the case of greatly different relative reactivi-
ties— which is true in the case of AMA and VAE copolymerization — high rate of polymer formation
from a monomer mixture is observed at the excess of the reactive monomer, and the formed copolymer
is richer in the reactive monomer. The method using uniform introduction of the reactive monomer
(compensate copolymerization) at any moment provides conditions of yielding a polymer with greater
VAE content from the couple "reactive monomer — non-reactive monomer": due to its high reactivity the
introduced AMA leaves the reaction sphere, forming copolymerization product, while VAE is in signifi-
cant excess again. The formed copolymer, e.g. BA-VBE [4, 5, 7], has high degree of structural unifor-
mity, which is ensured, among other things, by VAE inability for homopolymerization at the radical init-
iation conditions. It has been considered interesting to obtain copolymer of BMA and VAE at the similar
conditions.

For monomer couples BMA—VBE and BMA-ViBE the values of relative reactivities are not de-
scribed in the literature, it was necessary to find them experimentally. Table 1 shows the ratios of mo-
nomer mixtures BMA (M;) with VBE and ViBE (M,), as well as copolymers (m) obtained from the giv-
en monomer mixture at low conversion.

Data on copolymer composition in relation to monomer mixture composition for BMA-VBE and BMA-ViBE Tebled

[M:] [(M,] [m;] [m]

1 2 3 4
ViBE-BMA

5 95 0.9 99.1

20 80 2.2 97.8

35 65 5.1 94.9

50 50 114 88.6

60 40 14.2 85.8
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Table 1 (end)

1 2 3 4
70 30 22.1 77.9
80 20 26.8 73.2
90 10 33.1 66.9
95 5 35.2 64.8

VBE-BMA

5 95 1.1 98.9
20 80 5.7 94.3
35 65 12.0 88.0
50 50 14.7 85.3
60 40 223 717.7
70 30 27.4 72.6
80 20 35.2 64.8
90 10 40.6 59.4
95 5 42.7 57.3

The calculation has given values for comonomers BMA-ViBE r= 7.8 and =~ 0; BMA—VBE r=4.1
and r= 0. If the obtained values are compared to those for BA (BA-ViBE ri= 5.2 and r= 0;
BA-VBE r;= 1.43 and ry= 0), it is obvious that the tendency of BMA for addition of its monomer is
much higher than such of BA. This difference cannot but be reflected in experimental data at copolime-
rization. Indeed, compensate copolymerization of BMA with VAE (at comparable conditions for BA)
leads to lower conversion, and the formed copolymer is characterized by slightly higher acrylate content
(Table 2, rows 1, 2 and 4, 5, respectively). Nevertheless, there are strong grounds for affirmation that —
unlike the copolymerization from a monomer mixture, leading to structurally nonuniform gradient copo-
lymer [10] — formation of predominantly structurally uniform copolymer, nearing equimolar composi-
tion, takes place.

Table 2
Composition of copolymers synthesized by compensate polymerization
Copolvmer vield Content of acrylate units, mol %,
Second | AMA dosing POLymer y according to data
AMA . . In reactive i
monomer time, min o . IR spectro- HNMR
monomer, % gravimetry
scopy spectroscopy
1 VBE 74 57 54 56
2 | BMA ViBE 53 68 68 65
3 styrene 20-30 ~50 - 39 41
4 BA VBE* ~100 52 52 51
5 ViBE ~100 64 70 61
* Data [4].

In the case of the couple BMA—styrene, as well as BA—styrene, as opposed to compositions BA-
VAE, BMA-VAE, both monomers have similar relative reactivities: BMA—styrene 0.64-0.54 [10] and
BA-—styrene 0.20-0.88 [11]. At initial monomer mole ratio 1:1 the polymerization proceeds at high rate
due to gel effect, at that the copolymer composition at deep conversion stages is practically the same as
the initial one, and by the example of BA—styrene it has been shown that mostly the structurally uniform
copolymer is formed [11]. In the present study compensate copolymerization method has been used in
the first stage of BMA—styrene copolymerization (Table 2), lest the polymerized mixture would be in-
tensively heated due to gel effect. Toluene has been chosen with the intent of dissolving the formed co-
polymer; heptane has been used in order to maintain the synthesis temperature close to the VBE boiling
point, for the purpose of nearing the polymerization conditions to the previous studies, carried out at the
VBE boiling point. (VBE Ty, = 94 °C; heptane Ty, = 94 °C; it does not form any azeotrope mixture with
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toluene.) In the dosing time ~30 min the conversion amounts to ~8 %, and after the following stirring
during 2.5 h the copolymerization proceeds to conversion ~50 %, at that the polymerization process runs
smoothly without gel effect. It can be seen (Table 2, row 3) that the formed copolymer is near to equi-
molar composition.

Table 3
Data on composition of acrylate and styrene copolymers and their molecular mass characteristics
Content of acrylate
Monomer Monomer units, mol %,
No. in the reaction mixture | in the doser according to data My, Da | My, Da | My/M,
IR NMR
1 BA Styrene 48 47 15000 | 28300 1.9
2 Styrene BA 53 54 13400 | 29600 2.2
3 Styrene BMA 39 40 21200 | 54400 2.6
4 Styrene EHA* 35 — 18100 | 37900 2.1

*The sample is shown for comparison, EHA — ethylhexyl acrylate.

The study of the molecular mass characteristics of the newly synthesized copolymers BMA-VAE
and BMA-styrene has shown that curves of molecular mass distribution are unimodal for all samples.
As in the case of BA-VAE copolymers, molar masses are greater for BMA—ViBE than for BMA-VBE
(Table 3, rows 1, 2 and 4, 5, respectively).

Table 4
Molecular mass characteristics of the copolymers obtained by compensate polymerization method
No. Monomer couple M., kDa M, kDa M, /M,
1 BMA-VBE 35 77 2.2
2 BMA-ViBE 38 130 2.8
3 BMA-—styrene 21 54 2.6
4 BA-VBE 18 55 2.9
5 BA-ViBE 21 93 4.3
Conclusions

Butyl methacrylate copolymers with vinyl alkyl ethers and styrene have been obtained by compen-
sate polymerization method. The properties of copolymers have been characterized with the use of gel-
penetration chromatography, IR- and 'H NMR-spectroscopy. The values of relative reactivity have been
found for the couples BMA-VBE and BMA-ViBE.
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ComnonrMepbl OyTHIMETAKpUIIaTa ¢ BHHUIAIKWIOBBIMH d(HUPAMU U CTHPOJIOM IOJTY4EHBI
C MCIOJIb30BaHUEM KOMIIEHCAIMOHHOTO criocoba. CBOKWCTBA COMOIMMEPOB ONpPEETIeHbI C UC-
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SYNTHESIS OF COPOLYMERS OF METHYL METHACRYLATE
AND BUTYL VINYL ETHER IN THE PRESENCE OF THE SYSTEM
TRIBUTYLBORON - 2,5-DI-TERT-BUTYL-P-BENZOQUINONE
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N.A. Abramova, naticabr@yandex.ru
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The synthesis of copolymers of methyl methacrylate and butyl vinyl ether using the sys-
tem tributylboron — 2,5-di-tert-butil-p-benzoquinone has been carried out. This system does
not influence the reactivity ratios of these monomers. Predominantly, the terminal unit of
butyl vinyl ether reacts with p-quinone. Controlled radical polymerization is realized along
with the conventional process.

Keywords: methyl methacrylate, butyl vinyl ether, azobisisobutyronitrile, tri-n-
butylboron , 2,5-di-tert-butyl-p-benzoquinone, UV spectroscopy, controlled radical polymeri-
zation.

Introduction
p-Quinones are inhibitors of radical polymerization. The inhibitory action is based upon acceptance
of propagation radicals by the p-quinone molecule at C=O or C=C bonds, which leads to formation of

stable radicals (Sheme 1) [1]:
Direction 1
— X
P, + O=</;>=O — ] b

X

Di ion 2
irection . A\

Scheme 1

The direction of reaction (1) is determined by the structure of a monomer and p-quinone [2-5].
Thus, polystyrene propagation radicals are added to the p-quinone molecule only at the C=0 bond
(Scheme 1, direction 1) [2], independently of its structure. Both directions (Scheme 1) are realized for
methyl methacrylate (MMA), the ratio of the products is determined by electronic and steric
characteristics of p-quinone substituents X [3, 6].

Introduction to the polymerization of styrene, MMA, vinyl acetate trialkyl boron in combination
with p-quinone removes the inhibitory action of the latter, as oxygen-centered radicals (Scheme 1) enter
Sg2-substitution reaction at the boron atom of the trialkyl boron molecule with high rate constant
(Sheme 2,3) [7]:

Pn—o@o- + RB —> Pn—O@OBRz IR-

X X

Scheme 2
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Scheme 3

The macromolecules that are formed in compliance with Scheme 2, are macroinitiators, they are
instrumental in re-initiation of the polymerization according to the reversible inhibition mechanism
(Sheme 4) [4, 8]:

Pn—O@OBRZ

X

M
p: 4 'O‘@*OBRQ
X

Statistical and block copolymerization of (meth)acrylates and styrene [9, 10] in the presence of the
system tributylboron — p-quinone is performed by the mechanism of "living" chains subject to the
condition that the interaction of the propagation radical with p-quinone is carried out at the C=0 bond
(Scheme 1, direction 1).

The aim of the present study is the investigation of MMA copolymerization with butyl vinyl ether
(BVE) in the presence of the system tributylboron (TBB) — 2,5-di-tert-butyl-p-benzoquinone (2,5-DTBBQ).
The use of BVE as comonomer is caused by the fact that it does not form the homopolymer during
radical polymerization, and its reactivity in copolymerization rgyg = 0 [11]. Besides, the polymer
products obtained on its basis are bio-compatible [12], which opens up strong possibilities for creation
of materials with biomedical purpose.

Scheme 4

Experimental

Organic solvents were purified by commonly accepted procedures [13]. MMA was washed free
from the inhibitor by 10 % aqueous solution of alkali, then by distilled water until neutral pH of
washings was reached; it was dried over sodium sulfate and distillated at reduced pressure; the fraction
with boiling point 25 °C / 2.93 kPa was collected. BVE of the analytical grade was used without
prerefining. Azobisisobutyronitrile (AIBN)was recrystallized from methyl ferz-butyl ether and dried to
constant weight. TBB was obtained by interaction of boron trifluoride etherate with n-butyl magnesium
bromide in ether [14] and distillated at reduced pressure (90 °C/1.07 kPa). 2,5-DTBBQ was synthesized
by oxidizing of the corresponding hydroquinone, then it was purified by recrystallization from light
petroleum. Purity of the used substances was controlled by NMR spectroscopy.

For (co)polymerization of MMA and BVE the solution of AIBN and 2,5-DTBBQ in the monomer
mixture was placed into an ampoule, degassed by triple freezing until residual pressure 0.13 Pa, then
0.8 % mol. of TBB was added by means of a dosing unit. The ampoule was unsealed and placed into a
thermostat at temperature 60 °C. When the desired conversion was achieved, the ampoules were
removed from the thermostat and cooled in liquid nitrogen. The obtained polymers were purified by
double repricipitation by isopropyl alcohol from the chloroform solution and dried under vacuum at
room temperature until constant weight was reached. Monomer conversion was determined
gravimetrically. To ensure post-polymerization the macroinitiator solution (5 % m/m) in the monomer
was poured into the ampoule, degassed and kept at temperature 60 °C for the preset time interval.

Analysis of molecular weight characteristics of the polymers was performed by gel permeation
chromatography in THF at 40 °C on the liquid chromatograph "Shimadzu" with the columns filled by
polystyrene gel with pore size 1-10° and 1-10° A. The differential refractometer was used for detection.
The chromatograms were treated by the software routine "LCsolution". Narrow-disperce polymethyl
methacrylate (PMMA) standards were used for calibration.

The UV spectra of the solutions of (co)polymers MMA and BVE in chloroform were registered on
the spectrometer "Shimadzu UV-1800" at wavelengths from 190 to 900 nm.
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The 'H NMR spectra were registered on the spectrometer "Agilent DD2 400" in CDCl; at
400.13 MHz. Chemical shifts are presented in the delta scale (J, ppm) in relation to Me4Si. The content
of poly(butyl vinyl ether) (PBVE) in its copolymer with PMMA was calculated according to the
formula:

F ICHZ—CH—O

PVBE — 1 1 >
c2-cu-o T lveo

where Icup.cno and Iveo are peak areas of the -CH,-CH-O- group in PBVE and the methoxy group in
PMMA, respectively.

Results and Discussion

Copolymerization of MMA and BVE has been studied at 60 °C, with AIBN as initiator, in the
presence of TBB and 2,5-DTBBQ. On the strength of the experimental data the copolymer composition
curve has been plotted (Fig. 1, curve 2), which is nearing the MMA and BVE copolymer composition
curve, presented in paper [11] (Fig. 1, curve 1), therefore the introduction of TBB and 2,5-DTBBQ into
copolymerization does not influence the reactivity constants of the given monomer pair.

05 T

04

0.3

0.2

Fpypg, mole fraction

0.1

0 0.2 0.4 0.6 0.8 1
fyve, mole fraction

Fig. 1. The copolymer composition curve of PBVE — PMMA, synthesized
in the presence of 0.6 % mol. AIBN [11] (1) and 0.1 % mol. AIBN, 0.8 % mol.
TBB and 0.25 % mol. 2,5-DTBBQ (2)

Copolymerization of MMA and BVE in the presence of the system TBB — 2,5-DTBBQ is accom-
panied by decolorization of the polymerized mixture as early as the initial stages of the polymerization.
The color change is related to the interaction of the propagation radical at the C=O bond (Scheme 1, di-
rection 1) and the following Sg2 substitution (Scheme 2), owing to it the quinoid structure is transformed
into the aromatic one. The UV spectra of MMA and BVE copolymers are represented on Fig. 2. In the
spectra of the copolymers there is the absorption band with the maximum at 292 nm (Fig. 2, curves 3
and 4), which can be related to the adjoint carbonyl group, distinct from the carbonyl group of 2,5-
DTBBQ (Fig. 2, curve 1). The similar absorption band is present in the spectrum of PMMA homopoly-
mer, synthesized under the same conditions (Fig. 2, curve 5). The absorption band shift suggests the
rearrangement of the carbonyl group surroundings, which is possible if p-quinone is incorporated into
the chain according to Scheme 1 (direction 2). The absence of the absorption band with the maximum at
292 nm in the BVE homopolymer spectrum (Fig. 2, curve 2) shows that the quinone incorporation into
the polymer chains is carried out according to Scheme 1 (direction 1). When the BVE content in the po-
lymerized mix increases, the absorption band (Fig. 2, curve 4), that is related to the incorporated quinoid
structure, is transformed into a shoulder (Fig. 2, curve 3). Such a change in the spectrum is explained by
the fact that basically the poly(butyl vinyl) macroradical reacts with p-quinone according to Scheme 1
(direction 1).
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Fig. 2. UV spectra of chloroform solutions of 2,5-DTBBQ (1) and (co)polymers synthesized in the presence
of 0.1% mol. AIBN, 0.8 % mol. TBB and 0.25 % mol. 2,5-DTBBQ: BVE homopolymer (2); the copolymer
obtained from the monomer mixture 85 % mol. BVE and 15 % mol. MMA (3); the copolymer obtained

from the monomer mixture 40 % mol. BVE and 60 % mol. MMA (4); MMA homopolymer (5)

As can be seen from Fig. 3, the BVE-MMA copolymerization rate (Fig. 3, curve 2) is significantly
lower than the MMA homopolymerization (Fig. 3, curve 1) at the same conditions. The completion of
copolymerization at 65 % conversion is due to the fact that BVE does not form the homopolymer in the
radical way, and at this conversion practically entire MMA comes to an end. According to NMR
spectroscopy data, the PBVE content in the copolymer equals 6.4 %. Appearance of gel effect is related to
depletion of TBB and 2,5-DTBBQ, which furnish chain-transfer (Schemes 1-3), therefore, beginning from
20 % conversion, the indicators of the conventional radical polymerization appear, namely gel effect. The
fraction of controlled radical polymerization is low, as the formation of the macroinitiator predominantly
occurs if the BVE terminal unit participates. To prove the abovementioned suggestions the molecular weight

characteristics of initial copolymerization and post-polymerization have been studied.
P, %
80

60

40

20

10

time, h

Fig. 3. Kinetic curves of MMA homopolymerization (1) and copolymerization
of 40 % mol. BVE, 60 % mol. MMA (2) at 60 °C in the presence of 0.1 % mol. AIBN,
0.85 % mol. TBB, 0.25 % mol. 2,5-DTBBQ
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L Evolution of molecular weight

distribution (MWD) of the copolymers
with increasing conversion level is
represented in Fig. 4. At the initial stages
of the process the uniform displacement
of MWD mode in the direction of greater
molecular weights is observed (Fig. 4,
curves 1, 2); beginning from 29.3 %
(Fig. 4, curve 3) MWD broadens and the
second mode appears (Fig. 4, curve 4).
We believe that up to ~20 % conversion
the macroinitiator is formed according to
Schemes 1 and 2, then it becomes a
source of radicals, favoring appearance

2.5 3.5 4.5 5.5 6.5 .. ..
0 1gMM of the additional mode. The similar
dependence is revealed during the MMA
Fig. 4. The MWD curves of the copolymers obtained at 60 °C homopolymerization in the presence of
from the monomer mixture composed of 60 % mol. MMA, the studied system [15]. Concurrently,

40 % mol. BVE, in the presence of 0.1 % mol. AIBN, 0.8 % mol. TBB, th 1 izati d di
0.25 % mol. 2,5-DTBBQ at conversion level 14.0 % (1), 22.9 % (2), ¢ copolymerization proceeds according
29.3 % (3), 63.5 % (4) to Scheme 1 (direction 2) and Scheme 3,

as the result the macroinitiator is not

formed, while the chain transfer occurs
through allyl radicals, which lead the polymer chain and promote the conventional radical
polymerization. As is well known, the classic radical polymerization favors the characteristic gel effect
and the sharp increase of molecular weight, observed in the present study (Fig. 3, curve 2 and Fig. 4,
curve 4).

The MWD change in the process of BVE post-polymerization within 12 hours is moderate (Fig. 5, a),
but is narrows, while M, increases, as for conversion percent, it increases by the factor 1.2 only. The MMA
post-polymerization in the presence of this macroinitiator (Fig. 5, b) proceeds at greater rate; it is characte-
rized by significant MWD change: the second high molecular mode appears (Fig. 5, b, curve 2) related to
PMMA obtained due to the spontaneous MMA polymerization (Fig. 5, b, curve 3). These results demon-
strate weak initiating activity of the formed copolymers. We suppose that the preferential interaction of the
poly(vinyl butyl ether) propagation radical with p-quinone causes fast release of the sufficiently reactive
polymer radical, which hinders dissociation of the terminal fragment (Scheme 4).

IgMM

a) b)

Fig. 5. The MWD curves: a) the macroinitiator synthesized from the monomer mixture of 60 % mol. MMA, 40 % mol. BVE,
in the presence of 0.1 % mol. AIBN, 0.8 % mol. TBB, 0.25 % mol. 2,5-DTBBQ (1); the products of BVE post-polymerization (2);
b) the macroinitiator synthesized from the monomer mixture of 60 % mol. MMA, 40% mol. BVE, in the presence
of 0.1 % mol. AIBN, 0.8 % mol. TBB, 0.25 % mol. 2,5-DTBBQ (1); the products of MMA post-polymerization (2); the MMA
homopolymer obtained due to spontaneous polymerization at 60 °C (3). The macroinitiator concentration is 5 % m/m
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Conclusion

Hence, the system TBB — 2,5-DTBBQ does not influence the MMA and BVE copolymerization
constants. The process is carried out according to Schemes 1-4. At that p-quinone reacts basically with
the terminal unit of BVE, which leads to synthesis of the macroinitiator, as the preferential direction of
interaction for such macroradicals is at the C=0 bond of quinone. However, such macroinitiator has low
efficiency (Scheme 4) because of high reactivity of the corresponding propagation radicals. This results
in the fact that the conventional radical polymerization with effective chain transfer according to
Schemes 1-3 remains the main process.
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CUHTE3 CONMOJIMMEPOB METUIIMETAKPUJIATA
U BUHUINIBYTUNOBOIO 3®UPA B NPUCYTCTBUN CUCTEMBDI
TPUBYTUNBOP - 2,5-AU-TPET-BYTWUI-N-BEH30XWUHOH

KO.J1. Ky3Heyoea, H.A. A6pamoea, [.B. JlyOuH
Huxxeaopodckuli 2ocydapcmeeHHnbll yHugsepcumem um. H.U. Jlobayesckoeo, a. HuxHul Hoszopod

OcylecTBiIeH CUHTE3 COIOJMMEPOB METHIMETaKpuiiaTa U BUHHJIOYTHUIIOBOTO 3dupa ¢
HCTIONBb30BaHUEM CHUCTEMBI TPHOYTUIOOp — 2,5-AUTpeTOyTHi-n-0eH30XNHOH. JlaHHas cucte-
Ma HE OKa3blBaeT BIIMSHHE HA KOHCTAHTHI COMOJIMMEPH3ALMH YKA3aHHBIX MOHOMEPOB.
C n-XMHOHOM pearupyeT NperMYIIeCTBEHHO KOHIIEBOE 3BEHO BHHUIIOYTHIIOBOTO 3dupa. Ha-
Py € TPaAMIMOHHON pean3yeTcs KOHTPOJIUpYyeMasl paauKaibHasi COMOIUMEPH3aIHSL.

Kniouegvle cnosa: memuimemaxpuiam, GUHUIOYMULOGLLL dQuUp, OUHUMPUL A30UZOMAC-
JISIHOU KUCAOMbl, Mpu-H-0ymunoop, 2,5-ou-mpem-6ymun-n-xuton, Y D-cnekmpockonus, KOH-
MPOIUPYeMAst pAOUKATLHASL NOAUMEPUZAYU.
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Combined approach to analysis of 2-allylthioquinoline and 2-ethylthioquinoline solu-
tions has been performed on the basis of UV-Vis spectroscopy. Experimental and calculated
electronic absorption spectra of these compounds in various solvents: acetone, benzene, car-
bon tetrachloride, dichloromethane, ethanol have been considered. The negative solvatoch-
romic effect has been observed. The results of our calculations have revealed that the spectra
of various conformers of 2-allylthioquinoline differ more essentially than the spectra of 2-
ethylthioquinoline conformers. It has been shown that the location of A,,x band doesn’t dras-
tically depend on allyl or alkyl substitution at the sulfur atom.

Keywords: electronic absorption spectra, substituted 2-thioquinolines, solvatochromic
effect, TD DFT calculation.

Introduction

The studies of theoretical electronic spectra of organic heterocycles with the use of TD-DFT method [1,
2] are widely used at present. For example, in [3] the spectra of azoalkanes were observed, attempts to im-
prove initial conditions of calculations and to explain differences in theoretical and experimental data were
made. In work [4] along with comprehensive experimental research of benzodithiazol derivatives the calcu-
lations of electron density were performed, as well as of spectra and reaction activity of the synthesized sub-
stances, which proved to be consistent with the measured data. In [5] with the help of calculations the
changing of fluorescence ability of phosphonate derivatives of 8-oxyquinoline and their complexes with
zinc was explained. It should be noted that functional B3LYP [6, 7] and all-electron basis sets of 6-311G
family [8, 9] are most frequently used at present for characterization of organic molecules.

As a rule, in order to account for medium (solvent) influence on features of electronic spectra of the in-
vestigated compounds, refining models are used; in them the different types of interactions of a solvate and
a solvent are considered [10]. The precise numerical continual polarization model (PCM) [11, 12] has been
developed in the past decade. The widespread usage of PCM model is related to speed of electron state cal-
culation in an environment of solvent molecules, which is somewhat slower in comparison with gas phase
calculations. In such a case theoretical results and tendencies in the change of compound spectra, obtained
with use of a given model, most adequately correlate with experimental spectra of these compounds in solu-
tions and explain their features, the fact that was noted by many researchers [3]. In particular, the results of
experimental investigation of 2-amino-5-bromobenzoic acid were in good approximation to calculations of
the Raman activities and UV spectra in solutions [13], and the authors explained some features with due
regard for conformers’ existence and differences of their energy characteristics.

It is obviously important to study the spectral characteristics of S-substituted thioquinolines as the
initial compounds for halocyclization reaction leading to biologically active compounds. The prime aim
of the work is the research of the characteristic features of alkenyl- and alkyl-substituted 2-thioquinoline
with the use of UV-Vis spectra, both experimental and calculated. For this purpose, the following objec-
tive points have been achieved:

— The analysis of the experimental UV-Vis spectra of 2-allylthioquinoline and 2-ethylthioquinoline
solutions in various solvents has been carried out.
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— The modeling of 2-allylthioquinoline and 2-ethylthioquinoline conformers has been carried out.
— The comparison of calculated wavelengths corresponding to the basic electronic transitions and
experimental UV-Vis characteristics has been made under solvent change conditions.

Experimental

2-Allylthioquinoline and 2-ethylthioquinoline compounds were synthesized according to [14, 15] in
order to investigate their spectral properties. Dichloromethane, carbon tetrachloride, benzene, acetone,
ethanol (analytical grade) were used as solvents. Concentration of solution of the compounds was 10 M.
UV-Vis spectra of the prepared solutions were registered by means of the Shimadzu UV-2700 spectro-
photometer in the range of 220-850 nm at the recording speed of 450 nm/min.

Calculations

It is mentioned above that the functional B3LYP [6, 7] in a combination with basis sets of 6-311G
family [8, 9] is most frequently used at present. However, comparative calculations of electronic spectra
were also carried out [16, 17] with the use of functional PBEO [18] and similar basis sets. Thus, the cal-
culated lines, obtained at level B3LYP, reproduce the experimental absorption bands of phenothiazine in
the best way, and the lines, obtained at level PBEO, reproduce the absorption bands of halogen-
substituted azo-compounds. Also, we have previously noted [19] that the electronic spectra, calculated
with the use of functional B3LYP, better correspond to experimental spectra of 2- and §-thioquinoline,
in comparison with the spectra, calculated on level PBE0O. So we have carried out the optimization of
structure geometry of 2-allylthioquinoline and 2-ethylthioquinoline at level B3LYP/6-311G(d,p). These
compounds were considered as several conformation isomers. Optimization of structure was performed
in necessary number of steps up to the stationary point with the greatest magnitude of the energy gra-
dient, not more than 1E-5 (in Hartree/Bohr units). In such case there were no imaginary frequencies in
the Hessian obtained for all structures.

We took account of the solvent influence with the use of model D-PCM (dielectric PCM) [11, 12]
in its basic variant with the following parameters: the same coefficient for all tesserae of a cavity, with-
out calculation of energies of cavitation, repulsion and dispersion, at standard temperature 298 K. Van
der Waals radii of atoms were taken in [20].

Energies of excited states and the corresponding electronic spectra of the optimized structures were
obtained by method TD-DFT [1, 2] at the same level, also with allowance made for solvent influence.
We carried out such calculation for 10-30 excited states with the necessary number of iterations and the
convergence criteria in energy for each state (not more than 3E-5 in Hartree/Bohr units), so that the
spectrum range had the lower boundary of 250 nm.

All the calculations of the optimized structures and their energy characteristics were made with
software package Firefly v.8 [21]. Graphical representation of molecular structures was obtained with
the use of software package Chemcraft [22].

Discussion

The influence of interaction of the investigated compounds with a solvent has made itself evident in
the common shift trend of the solution absorption bands and absorption lines in the calculated spectra to
the long-wave side as the polarity of a solvent decreases. The negative solvatochromic effect is ob-
served. The data for experimental spectra and the data for calculations are listed in Tables 1 and 2, cor-
respondingly. The experimental spectra of 2-allylthioquinoline solutions are shown on Fig. 1 and the
calculated spectra of the different stable conformers of 2-allylthioquinoline in benzene, dichloromethane
and ethanol are performed on Fig. 2. According to experimental UV-Vis spectra the shift in the range
310...390 nm equals 4-5 nm for A.,y; for the lines in the range 230...300 nm the shift is 11-22 nm. The
calculated absorption lines have exhibited a similar shift with the experimental absorption lines, but they
are less pronounced — an average of 3 nm for lines within stated ranges.

Solvatochromic effect was described in detail in [23]; the dipole moments in solvent media essen-
tially increased at molecule transition from the ground state into the first excited state for most com-
pounds described by the authors. As a rule, such a change of dipole moments causes the positive solva-
tochromic effect. For 2-allyl and 2-ethylthioquinoline we can note, that possible development of the pos-
itive solvatochromic effect (as the calculated dipole moments of molecules increase at excitation) is neu-
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tralized by influence of other factors. Effect of stabilization of the ground state at solvation by the polar
solvents can manifest more efficiently. It can be the result of steric difficulties or direction change of the
dipole moment in a complex with a solvent. It is supposed that the influence of proton solvents and for-
mation of hydrogen bonds with a solvent is inessential in this case, as the spectra in ethanol medium are
consistent with the common trend.

Table 1
Absorption maxima in the experimental spectra of solutions of the compounds in various solvents, nm
Solvent Dichloro- Carbon
Compound Acetone Ethanol methane Benzene tetrachloride
S 3375 339 339 342
2-allylthioquinoline 326'5 328 328 328 -
) 255.5 257 277.5
339.5 343 343
2-ethylthioquinoline - 329 - 330
255.5 257 266
Table 2
Most intensive absorption lines in the calculated spectra in various solvents, nm (oscillator strength is in the brackets)
Solvent Dichloro- Carbon
Compound Acetone Ethanol methane Benzene tetrachloride
318.5(0.098) | 319.5(0.098) 3214 (0.094) | 321.4(0.094)
2-allylthioquinoline 253.8 (0.098)
(conformer “A”) 246.3 (0.390) | 245.6 (0.365) - 251.7(0.237) | 251.7(0.238)
241.0 (0.277) | 241.0 (0.278)
2-allylthioquinoline 314.7(0.115) | 315.5(0.117) | 315.4(0.115) | 318.5(0.115) | 318.7(0.115)
(conformer “B”) 248.6 (0.483) 248.8 (0.518) 248.9 (0.496) | 250.2 (0.530) 250.4 (0.530)
. r 316.9 (0.109) 316.7 (0.109) 316.9(0.108) | 318.3(0.106) 318.3 (0.106)
Z-cthylthioquinoline 248.4 (0.516) | 248.3(0.517) | 2483 (0.517) | 248.7(0.516) | 248.7 (0.516)

D,5 255
] 3—C,H.OH
4.0 2—CH/CI,
3.5—2 1—C.H,
3.0 ]

2.5 ]

220 240 260 280 300 320 340 360
Wavelength, nm

Fig. 1. Electronic absorption spectra of 2-allylthioquinoline solutions
in benzene, dichloromethane, ethanol

Calculated spectra of various 2-ethylthioquinoline conformers are shown to be identical to each oth-
er, with the shift of absorption lines to one side or another by 1-10 nm. Thus, the bathochromic shift 1-6
nm of absorption line A, for conformer with the smaller total energy was observed. The calculated
spectra of various 2-allylthioquinoline conformers differ more essentially (Table 2). Such features can
provide possible explanations of experimentally observable spread of absorption bands.
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Fig. 2. Calculated electronic spectra of 2-allylthioquinoline: (a) conformer “A” in ethanol and benzene solutions;
(b) conformer “B” in ethanol, dichloromethane and benzene solutions

Calculated absorption lines A, for all solutions of 2-ethylthioquinoline and 2-allylthioquinoline are
within the limits of experimental absorption band 310...350 nm. The width of all these bands is similar
for all experimental spectra. As a whole, it can be stated that both the calculated spectra and the spectra
of solutions of studied compounds are similar and do not significantly depend on the character of a subs-
tituent at the sulfur atom, within limits of observable absorption bands.

Comparing of the electron transitions between molecular orbitals (MO) that define the excited states
of a molecule and the corresponding absorption lines in UV-Vis spectra, we can conclude the following.
The calculated value Ay, which always determined by transition HOMO-LUMO for the presented
compounds, is within the narrow range 315...325 nm. We classify the given transition as n—n*, which
affects interaction of the lone electron pairs of the sulfur atom with the delocalized electrons of the qui-
noline heterocycle conjugated with the sulfur atom. It explains the fact that the A, value is very weakly
influenced by the alkyl substituent at the sulfur atom changing into alkenyl group. The calculations con-
firm (Table 3) that AEyomo.Lumo for the presented compounds varies not more than 0.1 eV, if the allyl
group was replaced by the ethyl group. This value does not exceed the range of AEyomo.Lumo for various
conformers of the same compound.

Table 3
Calculated energy characteristics of HOMO-LUMO electron transitions in various solvents, eV
Solvent Ethanol Dichloromethane Benzene
Compound Enomo | Erumo AE Enomo | Eumo | AE | Enwomo | Ewumo | AE
2-allylthioquinoline | ¢3¢ | _j goq | 4422 - —6.155 | —1.761 | 4.394

(conformer “A”)

Z-allylthioquinoline | 2,0 |y 50 | 4474 | 6335 | —1.850 | 4476 | —6.174 | -1.739 | 4.435
(conformer “B”)

2-ethylthioquinoline —6.272 | —1.820 | 4.452 | —6.240 | —-1.793 | 4.447 | —6.120 | -1.690 | 4.43

For the calculated structure of 2-allylthioquinoline (in benzene media) it has been established that
the distance between the nitrogen atom and the double bonded atoms of the allyl group in different con-
formers varies slightly. However, while for conformer “A” (Fig. 2) in the range 240...260 nm the calcu-
lated spectrum shows two intensive absorption lines, in the spectrum of conformer “B” there is only one
intensive line. It is caused by sharp decreasing of oscillator strength (A=241 nm) associated with the
electron transition HOMO-3—LUMO, in which the orbitals of m-bond of the allyl group and the quino-
line ring are involved. Thus, the influence of the spatial arrangement of the double bond of allyl substi-
tuent on changing atomic contributions into some electron transitions is shown. In such a case for con-
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former “A” the increasing media polarity promotes the change of the basic contribution into HOMO-3
from the allyl group carbon to the orbitals of nitrogen and carbon in the quinoline. This modification
also decreases the oscillator strength A=241 nm. For conformer “B” no active contributions to electron
transitions depend on a solvent, and all calculated spectra are virtually the same.

The typical experimental and calculated electronic spectra of 2-ethylthioquinoline are shown in
Fig. 3. Apparently absent effect of solvent polarity on the set of active contributions into MO is ob-
served for 2-ethylthioquinoline. The contributions into MO of various conformers are identical for polar
and nonpolar media, and the patterns of absorption lines are practically identical. Thus, the spectral cha-
racteristics of 2-allylthioquinoline depend on conformational variety and polarity of a solvent greater,
than the spectra of 2-ethylthioquinoline, as follows from the calculation data.

5] 266 051
D ] D 1
4] 0.4
3.] 0.3
] 330 343 ]
2 0.2
1] 0.1
240 280 320 360 400 . '24'-0l o lZéO' o lSéO' o l3é0l o '460
Wavelength, nm Wavelength, nm
a) b)

Fig. 3. (a) Electronic absorption spectrum of 2-ethylthioquinoline solution in tetrachloromethane.
(b) Typical calculated electronic spectrum of 2-ethylthioquinoline (in tetrachloromethane)

Conclusion

Comparative analysis of experimental and calculated electronic absorption spectra of 2-
allylthioquinoline and 2-ethylthioquinoline solutions has been performed. It has been found that in both
cases the absorption band of 310...350 nm corresponds to A, in the calculated spectra. Due to the fact
that only molecular orbitals with contributions of sulfur atom and atoms of the quinoline ring are in-
volved in this electron transition, the replacement of the alkyl group by the alkenyl one does not influ-
ence drastically on the energy characteristics of the considered electron transition. This observation has
been verified in the analysis of various conformational states of the compounds. We have also found that
the decrease of solvent polarity in the series ethanol — dichloromethane — benzene is accompanied by the
negative solvatochromic effect.
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KoMOWHUpOBaHHEI MOAXO0J K AaHAIW3y pACTBOPOB 2-aJUTMITHOXWHOJNMHA M 2-
STHITHOXUHOJMHA BEITIOJIHEH Ha ocHoBe Y ®-Bun cnektpockomuu. PaccMoTpeHsI 3Kciepu-
MEHTAaJbHBIC U PACYETHBIC SJICKTPOHHBIC CIIEKTPHI IMOTJIOMICHUS dTHX COCIUHCHUH B pa3iind-
HBIX PaCTBOPUTEISAX: alleTOHE, OCH30JIe, YETRIPEXXIIOPUCTOM YTIIEpOe, TUXIOpPMETaHe, ITa-
HoJe. HabOmromascst oTpHIaTeNbHBIA COTBBATOXPOMHBIHN A dekT. Pe3ynpraTel Hammmx pacué-
TOB MOKAa3aJk, YTO CHEKTPHI Pa3HBIX KOHGOPMEPOB 2-aITMITHOXUHOJIMHA OTINYAIOTCS OoJjiee
CYIIECTBEHHO, YeM CIIEKTPBI KOHGOPMEPOB 2-3THATHOXHUHOIMHA. [ToKa3aHo, YTO MOJOKCHUE
TIOJIOCHI TTOTJIOMIEHUS Ay, 3HAYMMO HE 3aBHCHUT OT THIA (QLTWIBHOTO WM alKUIBLHOTO) 3a-
MECTHUTEJIS TIPU aTOME CEPBI.
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TOLYLANTIMONY (4-MeCgH,),SbOC¢H,Br;-2,6-(t-Bu)-4
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Penta-p-tolylantimony interaction with 2,6-dibromo(4-tert-butyl)phenol has led to syn-
thesis of the complex tetra-p-tolylantimony 2,6-dibromo(4-tert-butyl)phenoxide, whose struc-
ture has been established by X-ray diffraction. The antimony atom in the molecule
(4-MeC6H4),SbOC¢H,Br,-2,6-(t-Bu)-4 has distorted trigonal-bipyramidal coordination with
the aroxy group in axial position. The bond Sb—O is 2.229(2) A, the axial angle CSbO is
176.82(10)°.

Keywords: tetra-p-tolylantimony 2,6-dibromo(4-tert-butyl)phenoxide, synthesis, molecu-
lar structure, X-ray analysis.

Introduction

It is well known that in antimony derivatives of the general formula R4SbX the coordination poly-
hedron of the central atom and the character of its bonding with the electronegative ligand X is deter-
mined by the nature of this ligand and the organic radicals R. In the vast majority of R4SbX compounds
the antimony atoms have trigonal-bipyramidal coordination in various degrees of distortion. Such com-
pounds are of indisputable interest, as they make it possible to reveal the factors that determine the tran-
sition of SbC, fragment into the tetrahedral structure. The analysis of the published structural data for
aroxy-tetraphenylantimony Phy;SbOAr has shown that the distortion of the central atom coordination
polyhedron in them increases if in aroxy group there are electron-donating substituents [ 1-5].

In continuation of the study how the nature of phenol and aryl radicals at the antimony atom influ-
ences the geometric characteristics of aroxy-tetraarylantimony molecules we have synthesized and es-
tablished the structure of new aroxy-tetra-p-tolylantimony: (4-MeC4sH,),SbOC¢H,Br,-2,6-(-Bu)-4 (1).

Experimental

Synthesis of tetra-p-tolylantimony 2,6-dibromo(4-tert-butyl)phenoxide (1). The mixture of 0.29
g (0.5 mmol) penta-p-tolylantimony, 0.15 g (0.5 mmol) 2,6-dibromo(4-tert-butyl)phenol and 5 mL tolu-
ene was allowed to stand for 24 h at room temperature, then it was reduced to 1 mL and cooled. The
yield was 0.35 g (87 %) of colorless crystals 1 with m.p. 209 °C. IR spectrum (v, cm '): 1592, 1299,
1251, 1212, 1189, 1061, 1015, 866, 830, 797, 729, 575, 553, 486. Found, %: C 57.38; H 5.07; Br 20.05.
Calculated for C33H30OBr,Sb, %: C 57.50; H 4.92; Br 20.18.

IR spectrum was recorded with the use of the IR spectrometer Bruker Tensor 27 in KBr pellet in
the range 4000—400 cm .

X-ray diffraction analysis of the complex 1 crystal was performed on the Bruker D8 QUEST au-
tomatic four-circle diffractometer (Mo K ,-emission, A = 0.71073 A, graphite monochromator). The data
were collected and analyzed, the unit cell parameters were refined, and the absorption correction was
applied using the SMART and SAINT-Plus programs [6]. All calculations for structure determination
and refinement were performed using the SHELXL/PC programs [7,8]. The structure 1 was determined
by the direct method and refined by the least-squares method in the anisotropic approximation for non-
hydrogen atoms. The position of hydrogen atoms was refined according to riding model (U(H) =
1.2U¢(C)). The main crystallographic data and refinement results for structure 1 are listed in Table I,
the geometric characteristics of the antimony atom coordination tetrahedron are given in Table 2.
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Table 1
Crystallographic data and the experimental and structure refinement parameters for compound 1
Parameter Value
Empirical formula C;3H39Br,OSb
Formula weight 793.26
T,K 273(2)
Crystal system Triclinic
Space group P1
a, A 10.7287(17)
b, A 13.0075(18)
c, A 14.446(2)
a, deg 74.905(7)
B, deg 75.639(8)
Y, deg 66.692(7)
v, A’ 1763.5(5)
Z 2
p(caled.), g/en’® 1.494
@, mm 3.075
F(000) 792
Crystal size, mm 0.690 x 0.590 x 0.240
Range of refraction indices —-13<h<13,-14<k<16,-18<1<18
Measured reflections 19747
Independent reflections 5586 (R;, = 0.0345)
Refinement variables 402
GOOF 1.031
R factors for F* > 26(F?) R,=0.0337, wR,=0.0808
R factors for all reflections R,=0.0498, wR,=0.0870
Residual electron d%nsny (min/max), 0.882/-0.658
e/A
Table 2
Selected bond lengths (d) and bond angles (®) in the structure of compound 1
Bond d, A Angle o, deg
Sb(1)-C(1) 2.114(3) C(1)Sb(1)O(31) 176.82(10)
Sb(1)-C(11) 2.112(3) C(11)Sb(1)C(1) 108.58(12)
Sb(1)-C(21) 2.111(3) C21)Sb(1)C(1) 126.19(12)
Sb(1)-C(31) 2.174(3) C(1)Sb(1)C(31) 94.38(12)
Sb(1)-0(1) 2.229(2) C(21)Sb(1)C(11) 123.25(12)
O(1)-C(41) 1.320(4) C(1)Sb(1)O(1) 84.75(10)
C(41)0O(1)Sb(1) 126.96(19)

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the Cam-
bridge Crystallographic Data Centre (CCDC 1048264; deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

Results and Discussion
Aroxy-tetra-p-tolylantimony 1 has been produced via dearylation of penta-p-tolylantimony by 2,6-
dibromo(4-tert-butyl)phenol at mild conditions with 87 % yield:

(4-MCC6H4)5Sb + HOC6H2Br2—2,6—(t—Bu)—4 g (4—MeC6H4)4SbOC6H2Br2—2,6—(t—Bu)—4 + CH3C6H5
1
Compound 1 was crystallized from the toluene solution directly in the process of concentration.
According to X-ray diffraction analysis, in 1 the antimony atom has a distorted trigonal-bipyramidal
coordination, trigonality degree 1=0.84 [9], with the oxygen atom of the aroxy group in axial position

(Fig. 1).
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Fig. 1. The structure of compound 1

The atoms of the tert-butyl group C(48)—C(50) are disordered, they displace two positions with the
ratio 0.62/0.38. The angle between the positions of the disordered fragment is equal to approximately
62° in relation to the bond C(44)—C(47). The axial angle OSbC equals 176.82(10)°, the sum of the angles
CSbC in equatorial plane is equal to 358.0(3)°. The antimony atom deviates from the equatorial plane
[C;] towards the axial carbon atom for 0.172 A, which causes departure of the angle values between axi-
al and equatorial bonds from the theoretical value 90°. The angles OSbC,, and C,SbC,, change within
the range 84.62(10)°—86.83(10)° and 93.46(12)°-96.35(12)°, respectively, the bonds Sb—C,, coincide
within the measurement accuracy and equal 2.111(3)-2.114(3) A. The lengths Sb—C,, [2.174(3) A] are
longer than equatorial ones, which is typical for trigonal-bipyramidal structures. The length Sb—O equals
2.229(2) A, much higher than the sum of covalent radii of antimony and oxygen atoms (2.07 A [10]).

All observed geometrical parameters for the molecule of compound 1 (decrease of the sum of equa-
torial angles, significant deviation of the antimony atom from the equatorial plane, approximation of the
values for axial and equatorial bonds) point at the tendency of the antimony trigonal-bipyramidal coor-
dination to transform into tetrahedral one [11].

It should be noted that unlike compound 1, tetraphenylantimony picrate (2) is an ionic compound.

Changing of the antimony atom coordination polyhedron in the series of tetraarylantimony aroxides
can be explained by consideration of the Sb—O bond nature in respect to the phenolate anion basicity,
which is determined by electron density redistribution in the aroxy group, depending on the substituent
nature in it. The lower is the phenolate anion basicity, the less strong is the coordination bond Sb—0O, and
the structure of the compound Ar,;SbOATr' approaches ionic character to a greater extent. Three nitro
groups in 2, with their negative inductive effect, contribute to stabilization of phenolate anion and de-
crease in its basicity, at that the group Ph,Sb transforms into the stable tetrahedral cation.

Conclusions

To summarize, the distortion of trigonal-bipyramidal configuration of aroxy-tetraarylantimony
compounds and the lengthening of the Sb—O bond are both determined by electron acceptor properties
of the aroxy group, which strengthen with increasing number of electron acceptor substituents in the
aromatic ring.
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CUHTE3 U CTPOEHUE APOKCUIA TETPA-MAPA-TOJIUIICYPbMbI
(4-MeCgH,),SbOC¢H,Br,-2,6-(t-Bu)-4

I1.B. AHdpees’, B.B. lWlapymuH?, O.K. LlapymuHa®
" Huxezaopodckuli 2ocydapcmeeHHniil yHusepcumem, 2. HuxHuli Hos2opod,
2 lOxHO-Ypanbckuli 20cydapcmeeHHbIl yHusepcumem, 2. YensabuHck

B3aumoselicTBueM mneHTa-napa-ToIuicypbMbl ¢ 2,6-n1u0pom(4-TpeT-0yThin)peHoaoM B
TONyOJIe CHHTEe3UpoBaH 2,6-mubOpomM(4-Tper-OyTHin)peHOKCHI —TeTpa-napa-ToJHICYPbMbI,
CTpoeHne KoToporo ycraHoBieHo wmerogoM PCA. Artom Sb B Mmonekyme (4-
MeC¢Hy)4SbOC¢H,Br,-2,6-(t-Bu)-4 mmeeT HCKakeHHYIO TPUTOHAJIBHO-OMITUPaMUAATIBHYIO
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AHdpeee I1.B., LLlapymuH B.B.,
LWlapymuHa O.K.

Cunmes u cmpoeHue apokcuda mempa-napa-moJsiuscypbmbl

(4-Me C6H4)4SbOC6HzBrz-2, 6-(t—BU)-4

KOOPIMHAINIO C apOKCHUTPYIITIOH B aKCHANBHOM mojoxeHui. Cs3b Sb—O pasHa 2.229(2) A,
axcuanbHbIi yron CSbO cocrasisier 176.82(10)°.

Kniouesvie cnosa: 2,6-oubpom(4-mpem-6ymun)@enoxcud mempa-napa-moauicypbmbl,
cunmes, MOAEKYNAPHASL CMPYKMYPA, PeHM2eHOCMPYKMYPHbIIL AHATU3.
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Interaction of silver iodide with triphenylstibine in dimethyl sulfoxide has led to the neu-
tral complex iodotris(triphenylstibine)silver (1), whose structure has been established by X-
ray diffraction analysis. The silver atom has distorted tetrahedral coordination. The angles
SbAgSb and SbAgl equal 106.501(13)°, 109.644(13)°, 111.099(13)° u 103.063(13)°,

111.594(14)°, 114.337(14)°, the bond lengths Ag—Sb and Ag-I equal 2.7291(4), 2.7326(4),
2.8087(4) n 2.7600(4) A.
Keywords: iodotris(triphenylstibine)silver, synthesis, structure, X-ray diffraction analysis.

Introduction

Synthesis and structure of molecular complexes of silver that contain the bonds Sb—Ag and Ag—Hal,
obtained from silver halide and triphenylstibine in water-alcohol solution, are described in the literature
[1-2]. In the present paper the interaction of silver iodide with triphenylstibine in dimethyl sulfoxide has
been studied; the characteristic structural features of the obtained Sb-, I-containing silver complex have
been investigated.

Experimental

Synthesis of iodotris(triphenylstibine)silver (1). The mixture of 0.529 g (1.50 mmol) triphenylsti-
bine, 0.117 g (0.5 mmol) silver iodide and 10 mL dimethyl sulfoxide was stirred for 1 h at room temper-
ature, the volume was reduced to 0.5 mL, then the mixture was cooled. The yield was 0.520 g (80%) of
colorless crystals 1 with decomposition temperature 118 °C. Found, %: C 49.87; H 3.55. Calculated for
Cs4HysSb;Agl, %: C 50.08; H 3.48.

X-ray diffraction analysis of the crystal 1 was performed on the Bruker D8 QUEST automatic
four-circle diffractometer (Mo K, -emission, A = 0.71073 A, graphite monochromator). The data were
collected and analyzed, the unit cell parameters were refined, and the absorption correction was ap-
plied using the SMART and SAINT-Plus programs [3]. All calculations for structure determination
and refinement were performed using the SHELXL/PC programs [4,5]. The structure 1 was deter-
mined by the direct method and refined by the least-squares method in the anisotropic approximation
for non-hydrogen atoms. The position of hydrogen atoms was refined according to the riding model
(Uiso(H) = 1.2U,¢(C)). The main crystallographic data and refinement results for structure 1 are listed
in Table 1, the geometric characteristics of the antimony atom coordination tetrahedron are given in
Table 2.

Table 1
Crystallographic data and the experimental and structure refinement parameters for compound 1
Parameter Value
Empirical formula Cs4HysSbyAgl
Formula weight 1293.92
T,K 296(2)
Crystal system Monoclinic
Space group P2,/n
a, A 17.7497(6)
46 Bulletin of the South Ural State University. Ser. Chemistry.
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Table 1 (end)

Parameter Value
b, A 14.4787(4)
c, A 19.6167(7)
o, deg 90.00
B, deg 98.2820(10)
Y, deg 90.00
v, A’ 4988.8(3)
Z 4
p(caled.), g/em’ 1.723
u, mm”’ 2.646
F(000) 2488
Crystal size, mm 0.52 x0.28 x 0.19
20 Range of data collection, deg 3.449 — 27.189
Range of refraction indices —22<h<22, -18<k<18, -25</<25
Measured reflections 82314
Independent reflections 11060 (R;,; = 0.0294)
Refinement variables 533
GOOF 1.100

R factors for F? > 26(F?)

R,=0.0321, wR,=0.0648

R factors for all reflections

R,=0.0436, wR,=0.0725

Residual electron density (min/max), e/A’

0.824/-0.673

Table 2
Selected bond lengths and bond angles in the structure of compound 1
Bond d, A Angle , deg,

Sb(1)-C(1) 2.132(4) C(1)Sb(1)C(11) 101.16(15)
Sb(1)-C(11) 2.131(4) C(1)Sb(1)C(21) 97.96(16)
Sb(1)-C(21) 2.126(4) C(11)Sb(1)C(21) 101.78(17)
Sb(2)-C(31) 2.128(4) C(1)Sb(1)Ag(1) 122.48(10)
Sb(2)-C(41) 2.129(4) C(11)Sb(1)Ag(1) 117.10(11)
Sb(2)-C(51) 1.140(4) C(21)Sb(1)Ag(1) 112.92(12)
Sb(3)-C(61) 2.137(4) Sb(1)Ag(1)I(1) 111.594(14)
Sb(3)-C(71) 2.143(4) Sb(2)Ag(1)I(1) 114.337(14)
Sb(3)-C(81) 1.125(4) Sb(3)Ag(1)I(1) 103.063(13)
Ag(1)-Sb(1) 2.7291(4) Sb(1)Ag(1)Sb(2) 111.099(13)
Ag(1)-Sb(2) 2.7326(4) Sb(1)Ag(1)Sb(3) 106.501(13)
Ag(1)-Sb(3) 2.8087(4) Sb(2)Ag(1)Sb(3) 109.644(13)
Ag(1)-I(1) 2.7600(4) C(31)Sb(2)Ag(1) 114.86(11)

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the
Cambridge  Crystallographic  Data  Centre (CCDC 1440827,  deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

Results and Discussion

It is known that mixing aqueous solutions of silver halides with the methanol solution of triphenyls-
tibine (1:3 mol) leads to formation of colorless crystals of addition complexes with the general formula
[(Ph;Sb);AgHal] (Hal = Cl, Br, I) [1]. The interaction of silver iodide with triphenylstibine in dimethyl
sulfoxide, a strong n-donor solvent, has not been studied previously. The choice of the solvent is due to
the fact that in the presence of two n-donor ligands in the reaction mixture, containing silver iodide,
competition between them arises together with the possibility of complex formation, in which the coor-
dination sphere of the metal atom would include one of them or both at once.
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We have established that at mixing silver iodide with triphenylstibine in dimethyl sulfoxide the sol-
ven molecules are not coordinated with the metal atom, so the sole product of the reaction is the molecu-
lar complex 1:

Agl + 3Ph;Sb — [(Ph;Sb);Agl].
1

The structure 1 is proven by the X-ray diffraction method. The silver atom in 1 has distorted tetrahedral
coordination (Fig. 1).

Fig. 1. The structure of compound 1

The angles SbAgSb and SbAgI equal 106.501(13)°, 109.644(13)°, 111.099(13)° and 103.063(13)°,
111.594(14)°, 114.337(14)°. The bond lengths Ag—Sb and Ag—I equal 2.7291(4), 2.7326(4), 2.8087(4)
and 2.7600(4) A, which exceed the sums of the covalent radii of atoms Ag, Sb (2.67 A [6]) and Ag, I
(2.58 A [6]). Note that in a similar chlorine-containing complex (Ph;Sb);AgCl the bond lengths Ag—Sb
are smaller (2.720, 2.722, 2.764(4) A) [1]. In the complex of silver iodide with morpholine
[Agl-C,HgNO], in which the coordination sphere is formed by nitrogen and three iodine atoms, the
lengths Ag--I equal 2.824(6), 2.845(6) and 2.908(6) A [7].

The atoms Sb(1,2,3) are tetracoordinated, at that the angles CSb(1)C (97.96(16)°-101.78(17)°),
CSb(2)C (98.20(16)°—102.28(16)°), CSb(3)C (97.22(16)°—99.70(15)°) are less than the ideal values,
while CSb(1)Ag (112.92(12)°—122.48(10)°), CSb(2)Ag (114.18(11)°—124.41(12)°), CSb(3)Ag
(111.91(11)°-128.03(11)°) are greater than them. The lengths Sb—C (2.125(4)-2.143(4) A) are smaller
than in the molecule of free triphenylstibine (2.140(4)-2.168(4) A) [8]).

It is notable that the molecular and crystal structure of complex 1 was discussed previously in [1],
but the experiment was carried out imperfectly.

Conclusions

Hence, the interaction of silver iodide with triphenylstibine in dimethyl sulfoxide solution leads to
formation of iodotris(triphenylstibine)silver; dimethyl sulfoxide does not exhibit the properties of a li-
gand capable of coordination with the silver cation.
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CUHTE3 U CTPOEHUE NOOOTPUC(TPUPEHUINICTUBUH)CEPEBPA
[(PhsSb);Agl]

B.B. WapymuH’, O.K. LLlapymuHa’', B.C. CeH4ypuH’,

A.H. Heydayuna', I1.B. AHOpeeg?

" FOxHO-Ypanbckuli 20cydapcmeeHHbill yHusepcumem, 2. YensabuHck,

2 Huxxeaopodckuti 2ocydapcmeeHHbitl yHusepcumem, . HuxHuli Hoszopod

B3aumoneiictBuem noauaa cepedpa ¢ TpuheHWICTUOMHOM B JUMETUIICYIh(GOKCUIE CHH-
TE3UPOBaH HEUTPAIBbHBIN KOMIUIEKC HOAOTpHUC(TpudeHmIcTuonH)cepedpo (1), ctpoeHue Ko-
TOporo ycraHoBieHo MeToJoM PCA. AToM Ag nMeeT UCKaXEHHYIO TETparoHaJbHYI KOOp-
nmuHarmio. Yriuel SbAgSb u SbAgl cocrasmsror 106,501(13)°, 109,644(13)°, 111,099(13)° u
103,063(13)°, 111,594(14)°, 114,337(14)°, mmns! csa3eit Ag—Sb u Ag—I pasusr 2,7291(4);
2,7326(4); 2,8087(4) u 2,7600(4) A.

Kouesvie cnosa: uooompuc(mpugpenuncmudbun)cepebpo, cunmes, cmpoenue, peHmee-
HOCIMPYKMYPHbIU AHAIU3.
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DECOMPOSITION OF TRIPHENYLBISMUTH DICROTONATE IN LIGHT
IN THE PRESENCE OF 2-METHYL-2-NITROSOPROPANE
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O.S. Kalistratova', olga.kalistratova@yandex.ru

A.l. Maleeva', AlevtinaMaleeva@mail.ru
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! Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russian Federation

2 G.A. Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences, Nizhni
Novgorod, Russian Federation

Triphenylbismuth dicrotonate Ph;Bi(O,CCH=CHCHj3;), in benzene solution in the pres-
ence of 2-methyl-2-nitrosopropane decomposes in light. The phenyl radicals formed as the re-
sult of Ph;Bi(O,CCH=CHCH3), decomposition are confirmed by the spin-trapping method;
they can initiate the methylmethacrylate polymerization at room temperature. In the absence
of light the decomposition has not been observed.

Keywords: electron paramagnetic resonance, triphenylbismuth dicrotonate, 2-methyl-2-
nitrosopropane.

Introduction

Previously, polymethylmethacrylate (PMMA) with addition of various Bi(V) organometallic
compounds was obtained with the use of radical polymerization in the presence of initiators [1, 2]. It
was established that Bi(V) acrylates accelerated the polymerization reaction. It was suggested that the
acceleration was caused by decomposition of organometallic compounds on exposure to diffused light,
as the polymerization slowed in the dark. The character of the process was not studied. When various
diacyl derivatives of triphenylbismuth were used, no significant change in polymerization rate or molar
mass was observed, indicating the predominant role of the Ph;Bi(V) fragment. Besides, the previous
study of the photo-induced cation polymerization of oxiranes and vinyl monomers was carried out with
triaryl(1-pyrenyl)bismuth salts as initiators [3, 4]. When such compounds were irradiated by visible
light, the homolysis of Bi—C(pyrene) bond occured with the formation of pyrenyl radical and cation
radical of triarylbismuth, which subsequently initiated polymerization. It is also known that
organometallic compounds of bismuth(IIl) can cause the controlled living radical polymerization [5, 6].

In this connection it seems interesting to study decomposition of Bi(V) compounds by the example
of triphenylbismuth dicrotonate (TPBDCr) in diffused light by the spin-trapping method, as well as
formation of metal-containing PMMA, with the use of this compound in the role of initiator. The
structure of TPBDCr and other acyl derivatives of triphenylbismuth has recently been described in the
literature [7, 8].

Experimental

Purification of solvents and reagents. Benzene, Et,0 and THF were dried over anhydrous calcium
chloride, then distilled and kept over sodium wire. Chloroform was dried over anhydrous calcium
chloride and distilled. Petroleum spirit was used without previous purification. Anhydrous BiCl; was
purified by sublimation (350 °C, 0.5 torr).

Synthesis of Phs;Bi. Triphenylbismuth was synthesized according to conventional procedure [9] from
BiCl; and PhMgBr with the use of the benzene and THF (1:2) mixture as the solvent.

Synthesis of Ph;Bi(O,CCH=CHCHj3),. The synthesis of triphenylbismuth dicrotonate was carried
out according to conventional procedure [10] by the oxidative addition reaction at room temperature in
Et,0O from triphenylbismuth, crotonic acid and fert-butylhydroperoxide (reagent ratio 1:2:1). The
product was purified by recrystallization from the medium petroleum spirit — chloroform (4:1). The
yield of the purified reaction product equaled 73 %, melting point 153 °C.
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Synthesis of 2-methyl-2-nitrosopropane (MNP). MNP was synthesized by oxidation of fert-
butylamine by 20 % aqueous solution of hydrogen peroxide in the presence of sodium tungstate as a
catalyst [11].

Polymerization of MMA in the presence of TPBDCr. Solutions of TPBDCr (1-5 % m/m) were
prepared in methylmethacrylate (MMA) without an initiator. The polymerization was carried out in
degassed vacuumed ampoules both in diffused light and in the dark at temperature 19—24 °C.

Photodecomposition of TPBDCr in the presence of MNP. The solutions for investigation of
TPBDCr decomposition in diffused light were prepared as follows: in one elbow of H-ampoule for EPR
a sample of MNP (0.2 mol/L) was placed, while the other elbow was filled by the benzene solution of
TPBDCr. The ampoule was degassed, sealed, and after mixing the EPR spectrum was registered.

EPR spectra were registered on the Bruker ER200D-SRC apparatus with the operating frequency
9.5 GHz in degassed tubes.

Results and Discussion

We have investigated the decomposition of triphenylbismuth dicrotonate Ph;Bi(O,CCH=CHCHj;),
in benzene in the presence of MNP by EPR method. The choice of the solvent is due to its low activity
in radical reactions at the chosen conditions. The concentrations of TPBDCr and MNP are 0.2 mol/L,
the reaction has been carried out in light in a sealed and degassed ampoule.

The reaction has resulted in addition compounds of phenyl radicals formed by decomposition of
triphenylbismuth dicrotonate, with the spin trap PhN(O<)Bu-z, as well as in di-fert-butylnitroxyl radicals
t-BuN(O¢)Bu-f formed byr decomposition of the spin trap itself, according to the following scheme:

Ph;Bi(O,CCH=CHCH3;), — 2 Phe + PhBi(O,CCHCH=CHCH3,),

Phe + #-BuN=0 — PhN(O*)Bu-¢

t-BuN=0 — ¢-Bu* + NO

t-Bue + -BuN=0 — ¢-BuN(O*)Bu-¢

The EPR spectrum of triphenylbismuth dicrotonate in benzene (with MNP as the spin trap) is shown
in Fig. 1.
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Fig. 1. The EPR spectrum of triphenylbismuth dicrotonate in benzene, the spin trap is MNP
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For the addition compound PhN(O<)Bu-¢ the values of hyperfine interaction constants have been
determined: ay=12.3 Oe, ay; = 1.8 Oe, a, = 0.85 Oe, g = 2.0056, which are in agreement with the literature
data for the addition compound generated in benzene by photolysis of Ph;Bi (ay = 12.0 Oe, ag; = 1.8 Oe,
amp = 1.0 Oe), Ph3Sb (ax = 11.9 Oe, ay; = 1.8 Oe, ay = 0.9 Oe), PhzAs (ay = 11.8 Oe, ay; = 1.8 Oe,
am = 0.9 Oe) [12], as well as with the data obtained for other sources of phenyl radical in benzene
(an=12.3 Oe, ay; = 2.0 Oe, ayp = 0.9 Oe) [13]. For the addition compound #-BuN(O¢)Bu-¢ the values
ay = 15.4 Oe, g = 2.0061, which are also in agreement with the literature data for the corresponding
addition compound generated in benzene by decomposition of a-isopropylazide (ay = 154 Oe,
g=2.0061) [14] and by photolysis of 2-methyl-2-nitrosopropane (axy= 15.4 Oe, g =2.0057) [15].

Formation of phenyl radicals can also be confirmed by thermodynamic and X-ray diffraction data. It
is known that the dissociation energy of the Bi—C(Ph) bond equals 46.2 kcal/mol for triphenylbismuth
[16], while the dissociation energy of the Bi—O bond equals 80.6 kcal/mol for bismuth monoxide [17].
The X-ray diffraction analysis points at the bidentate character of acyl ligands binding with a bismuth
atom; though the bond length of Bi—O is somewhat greater, the breaking occurs to the Bi—C bonds [5].

The fact of free radical formation was used by us to obtain PMMA. The polymerization of MMA,
with various content of dissolved TPBDCr as an initiator, was carried out in diffused light at room
temperature. Formation of the solid block was observed in less than 20 h. After storage of the ampoule
for 30 days the obtained samples were yellow and opaque, practically insoluble in organic solvents,
which indicated additional linking of macromolecules. Low solubility significantly hampered the
subsequent analysis of such polymers. It is necessary to emphasize that storage of TPBDCr in
methymethacrylate at similar conditions, but in the absence of light, did not lead to polymerization.
Solidification of the solution was not observed even in 2 weeks. At present the study is on for
production of transparent polymer samples, containing triphenylbismuth diacylates, at similar
conditions.

Conclusions

1. Decomposition of triphenylbismuth dicrotonate in diffused light in benzene solution in the
presence of 2-methyl-2-nitrosopropane leads to formation of phenyl radicals that are registered in the
form of the addition compound PhN(O¢)Bu-t.

2. Polymerization of methylmethacrylate with addition of triphenylbismuth dicrotonate (1-5 % m/m)
as a radical initiator is carried out in diffused light at room temperature with formation of yellow-colored
opaque polymethylmethacrylate blocks that are insoluble in organic solvents. In the absence of light the
polymerization does not occur.

The research was supported by the Russian Foundation for Basic Research (Agreement No. 14-03-31625
mol_a).
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PACNAAQ AMKPOTOHATA TPUDEHUINIBUCMYTA HA CBETY
B MPUCYTCTBUUN 2-METWUN-2-HUTPO3OINPOIAHA

A.B. Mywur’, 0.C. Kanucmpamoea', A.1N. Maneeea’, B.A. Kyponamoe?

" Huxezopodckuli 2ocydapcmeeHHnitl yHusepcumem um. H.U. Jlobauesckozo,

2. HuxHutl Hoezopod

2 YIHemumym memannoopaaHudeckoil xumuu PAH um. [ A. Pa3syeaesa, 2. HuxHuii Hoezopod

Jukportonar Ttpudenmnsucmyra Ph;Bi(O,CCH=CHCHj;), B mpucyrctBun 2-meTui-2-
HHUTPO30IIpOIIaHa Ha CBETY pacmanaercsa B Oenzose. OOpasyroniuecs: B pe3ysbTaTe pacrazia
Ph;Bi(O,CCH=CHCHj;), ¢enunbpHble paauKanbl MOATBEPKACHBI METOIOM CIHHOBBIX
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Maneeea A.U., Kyponamoe B.A. e npucymcmeuu 2-Mmemurs-2-Humpo3oripornaHa

JIOBYIIEK M CIIOCOOHBI MHUIMUPOBATH MOJIMMEPHU3ALNI0 METHIMETaKpHIaTa P KOMHATHOH
TemriepaType. B oTcyTcTBHE cBeTa pacnazna He HaOIIOKAeTCsl.
Kniouegvie crnosa: JI1P, ouxpomonam mpupenunsucmyma, 2-memui-2-Humpo3onpona.
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SYNTHESIS AND STRUCTURE
OF BIS(4-BROMOPHENOXY)TRIPHENYLANTIMONY

V.V. Sharutin, vvsharutin@rambler.ru
O.K. Sharutina, sharutinao@mail.ru
South Ural State University, Chelyabinsk, Russian Federation

Interaction of triphenylantimony with 4-bromophenol in the presence of tert-
butylhydroperoxide @ in  ether has led to  the  synthesis of  bis(4-
bromophenoxy)triphenylantimony, whose structure has been established by X-ray diffraction
analysis. The antimony atom has distorted trigonal-bipyramidal coordination with aroxy
groups in axial positions. The bond lengths equal: 2.094(4), 2.108(5), 2.109(5) A for Sb—C;
2.062(4) and 2.066(3) A for Sb—O. The axial angle OSbO equals 172.41(1)°.

Keywords: bis(4-bromophenoxy)triphenylantimony, synthesis, molecular structure,
X-ray analysis.

Introduction

It is known that reactions of triarylantimony with phenols in the presence of hydrogen peroxide lead
to formation of triarylantimony diaroxide [1, 2]. Oxidative addition reactions with the participation of
phenols and some other oxidizing agent were not studied previously. In the present paper bis(4-
bromophenoxy)triphenylantimony (1) has been obtained by way of the oxidative addition reaction with
the use of tert-butylhydroperoxide as the oxidizing agent; its molecular and crystal structure has been
investigated.

Experimental

Synthesis of bis(4-bromophenoxy)triphenylantimony (1). The mixture of 0.353 g (1.00 mmol)
triphenylantimony, 0.346 g (2.00 mmol) 4-bromophenol and 0.128 g 70% aqueous solution of fert-
butylhydroperoxide (1.00 mmol) in 10 mL ether was kept at room temperature for 24 h. The crystals
formed were recrystallized from toluene. The yield was 0.391 g (85%) of compound 1 with m.p. 148 °C.
IR spectrum (v, cm'): 1577, 1484, 1436, 1278, 1243, 1166, 1098, 1071, 1023, 998, 845, 830, 745, 731,
693, 643, 625, 519, 482, 461. Found, %: C 51.53, H 3.65, Br 22.59. Calculated for C;,H»;Br,0,Sb, %: C
51.65, H 3.30, Br 22.95.

IR spectrum of compound 1 was recorded by the Bruker Tensor 27 IR spectrometer in paraffin oil
between KBr pellets in the range 4000-400 cm ™.

X-ray diffraction analysis of the crystal 1 was performed on the Bruker D8 QUEST automatic
four-circle diffractometer (Mo K,-emission, A = 0.71073 A, graphite monochromator). The data were
collected and analyzed, the unit cell parameters were refined, and the absorption correction was applied
using the SMART and SAINT-Plus programs [3]. All calculations for structure determination and re-
finement were performed using the SHELXL/PC programs [4]. The structures were determined by the di-
rect method and refined by the least-squares method in the anisotropic approximation for non-hydrogen
atoms. The position of hydrogen atoms was refined according to the riding model (Uio(H) = 1.2U¢(C)).
The main crystallographic data and refinement results for structure 1 are listed in Table 1, the geometric
characteristics of the antimony atom coordination polyhedron are given in Table 2.

Table 1
Crystallographic data and the experimental and structure refinement parameters for compound 1
Parameter Value
Empirical formula C30H,30,Br1,Sb
Formula weight 697.05
T,K 296(2)
Crystal system Monoclinic
Space group P2,/c
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Table 1 (end)

Parameter Value
a, A 15.5926(8)
b, A 9.1094(4)
c, A 20.5019(10)
o, deg 90.00
B, deg 111.894(2)
Y, deg 90.00
v, A’ 2702.0(2)
Z 4
p(caled.), g/em’ 1.713
g, mm’! 4.004
F(000) 1360.0
Crystal size, mm 0.29 x 0.28 x 0.05
20 Range of data collection, deg 6.08 — 52.78°
Range of refraction indices -19<h<19, -11<k<11, -25<1<25
Measured reflections 36895
Independent reflections 0.0920
Rin 5523
Refinement variables 316
GOOF 1.045
R factors for F*> 26(F) R, =0.0484, wR, =0.1019
R factors for all reflections R, =0.0839, wR,=0.1177
Residual electron density (min/max), e/A’ 0.92/—-0.66
Table 2
Selected bond lengths and bond angles in the structure of compound 1
Bond d A Angle w, deg
Sb(1)-0O(1) 2.062(4) O(1)Sb(1)0O(2) 172.41(15)
Sb(1)-0(2) 2.066(4) O(1)Sb(1)C(1) 94.96(19)
Sb(1)-C(1) 2.109(5) O(1)Sb(1)C(11) 82.85(17)
Sb(1)-C(11) 2.108(5) O(2)Sb(1)C(11) 90.24(17)
Sb(1)-C(21) 2.094(5) O(2)Sb(1)C(21) 87.78(18)
Br(1)-C(34) 1.907(6) C(11)Sb(1)C(1) 122.9(2)
Br(2)-C(44) 1.903(6) C(21)Sb(1)C(1) 112.4(2)
O(1)-C(31) 1.355(6) C(21)Sb(1)C(11) 124.7(2)
0(2)-C(41) 1.341(6) C(31)0(1)Sb(1) 135.1(3)

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the

Cambridge
http://www.ccdc.cam.ac.uk).

Results and Discussion

Crystallographic ~ Data  Centre (CCDC  1043441;

deposit@ccdc.cam.ac.uk;

Compound 1 has been obtained from triphenylantimony and 4-bromophenol in the presence of tert-
butylhydroperoxide (mole ratio 1:2:1, respectively) in ether (20 °C, 18 h).

Ph;Sb + 2 HOC¢H4Br-4 + t-BuOOH—Ph;Sb(OC¢H4Br-4), + +-BuOOH + H,0O

In order to get monocrystals that are suitable for X-ray structure investigation, compound 1 has

been recrystallized from toluene.

According to X-ray diffraction analysis data, the antimony atom in 1 has distorted trigonal-
bipyramidal coordination with the oxygen atoms of phenolate ligands in axial positions (Fig. 1).
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Br(2)

Fig. 1. The structure of compound 1

The axial angle OSbO equals 172.41(15)°. Three equatorial phenyl groups exist in the least sterical-
ly hindered propeller twist conformation. The antimony atom deviates from the equatorial plane [C;] by
0.007 A. The sum of angles CSbC in the equatorial plane equal 360°, at that the values of individual
equatorial angles (112.4(2)°, 122.9(2)°, and 124.7(2)°) differ noticeably. The planes of aroxy groups
[C(31)—C(36)] and [C(41)—C(46)] make angles 81.45° and 53.22° with the equatorial plane [C;], respec-
tively.

The bond lengths Sb—C(1,11,21) equal 2.109(5), 2.108(5), 2.094(5) A; they approach the observed
values of the equatorial bonds in the bis(2,4,6-tribromophenoxy)triphenylantimony molecule (2.095(6),
2.105(4), 2.106(4) A [1]). The lengths Sb—O(1,2) (2.062(4) and 2.066(4) A) are less than the similar
bonds in bis(2,4,6-tribromophenoxy)triphenylantimony (2.091(6), 2.099(4) A [1]), but more than those
in bis(phenoxy)triphenylantimony (2.046(6), 2.056(4) A [5]). Note that the sum of the covalent radii of
the O and Sb atoms comprises 2.07 A [6]. The distances O(1)-C(31) and O(2)-C(41) in 1 equal
1.355(6) and 1.341(5) A. In the bis(phenoxy)triphenylantimony and  bis(2,4,6-
tribromophenoxy)triphenylantimony molecules the similar bonds measure 1.353(2), 1.336(2) A and
1.333(5), 1.334(5) A, respectively.

Conclusions

Hence, the distortion of trigonal-bipyramidal coordination of the central atom in molecule 1 mani-
fests itself in the noticeable deviation of axial and equatorial angles from their theoretical values, which
is probably caused not by existence of intramolecular interactions, but by peculiarities of crystal ar-
rangement. In the series of compounds bis(phenoxy)triphenylantimony, bis(4-bromophenoxy)-
triphenylantimony, bis(2,4,6-tribromophenoxy)triphenylantimony the lengthening of the Sb—O bonds is
observed, at that the expected regular shortening of the Sb—O bonds does not occur.

BecTHuk HOYpIY. Cepus «Xumusa». 59
2016.T. 8, Ne 1. C. 57-61



Xnmusa anemMeHToopraHM4eCcKMx coeaguHeHUn

References

1. Sharutin V.V., Pakusina A.P., Pushilin M.A., Subacheva O.V., Bukvetskii B.V., Popov D.Yu.
Synthesis and Structure of Bis(2,4,6-Tribromophenoxy)triphenylantimony. Russ. J. Coord. Chem., 2002,
vol. 28, no. 6, pp. 380—383.

2. Sharutin V.V., Senchurin V.S., Sharutina O.K., Chagarova O.V. Synthesis and structure of tris(4-
N,N-dimethylaminophenyl) antimony(V) dicarboxylates and diaroxides. Russ. J. Inorg. Chem., 2011,
vol. 56, no. 7. pp. 1064—1070. DOI: 10.1134/S0036023611070254.

3. Bruker (1998). SMART and SAINT-Plus. Versions 5.0. Data Collection and Processing Soft-
ware for the SMART System. Bruker AXS Inc., Madison, Wisconsin, USA.

4. Bruker (1998). SHELXTL/PC. Versions 5.10. An Integrated System for Solving, Refining and
Displaying Crystal Structures From Diffraction Data. Bruker AXS Inc., Madison, Wisconsin, USA.

5. Sharutin V.V., Pakusina A.P., Subacheva O.V., Sharutina O. K., Gerasimenko A. V. Synthesis
and Structure of Diphenoxytriphenylantimony. Russ. J. Coord. Chem., 2003, vol. 29, no. 6,
pp. 390-394.

6. Batsanov S.S. [Atomic Radii of the Elements]. Zhurn. Neorgan. Khimii [Russian Journal of In-
organic Chemistry/, 1991, vol. 36, no. 12, pp. 3015-3037. (in Russ.)

Received 12 December 2015

YOK 546.865+547.53.024+547.563.4+548.312.5 DOI: 10.14529/chem160109

CUHTE3 U CTPOEHUE
BNC(4-BPOM®DEHOKCWU) TPUPEHUNIICYPbMbI

B.B. WapymuH, O.K. llapymuHa
FOxHO-Yparnbckul 2ocyOapcmeeHHbIlU yHusepcumem, 2. YenssibuHck

BsanmogeiictBuem TpudeHmwICypeMbl ¢ 4-OpoMdeHONIOM B IIPUCYTCTBHH mpem-
OyTmiruaporepokcuaa B d¢upe cuHTEe3MpoBaHa 6Ouc(4-OpoMbeHOKCH)TpUPECHUICYPhMA,
CTpOCHHE KOTOpPOH ycTaHOBICHO MeToroM PCA. AToM Sb mMeeT HCKaXCHHYIO TPHUT'OHAIb-
HO-OMNHMPaMUNATEHYI0 KOOPJMHAIMIO ¢ apOKCUTPYNIIaMU B aKCHAIIbHBIX MOJOKEHHAX. -
bl cBsizelt Sb—C 2.094(4), 2.108(5), 2.109(5); Sb-O 2.062(4) u 2.066(3) A. AxcuanbHbiii
yroia OSbO cocrasnsier 172.41(1)°.

Knioueswvie cnosa: 6uc(4-opomebenoxcu)mpughenuncypoma, cunmes, cmpoexue, peHmee-
HOCMPYKMYPDHBIU AHATU3.
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AHAIU3 NPOAYKTOB MMAOPOTEPMAINbHOW OBPABOTKU
XTNIOPUAA UTTPUS B MPUCYTCTBUW KOMMIIEKCOHA
(MMMOHHOWM KMCNOTbI)

WN.I1. AHHeHKoOB8a, E.I1. KOuHa
FOxHo-Ypanbckuli 2cocydapcmeeHHbIl yHugepcumem, 2. HensabuHck

[IpencraBneHsl pe3ysbTaThl UCCIEAOBAHUS MPOAYKTOB THIPOTEPMAIFHOTO CHHTE3a KH-
CIIOPOJICO/ICPKAIINX COCANHEHNI MTTPHS U3 XJIOPHUIOB UTTPHUS B MPUCYTCTBUM KOMILIEKCO-
obpa3oBatens — TMMOHHOM KUCIOTHI. MeTOZ0M CKaHUPYIOIIEeH 3IEKTPOHHON MUKPOCKOIIMH U
MOPOIIKOBOI PEHTI€HOBCKOW An(pakiuu ObUI0 3a(UKCHPOBaHO 00pa30BaHHE MOPHUCTHIX
chepuueckux HparMeHTOB, UMEIOIINX aMOP(GHYIO CTPYKTYDY.

Kntouesvie cnoea: xnopud ummpus, 2uOpoOmepManbHblll CUHME3, CKAHUPYIOWAs NeK-
MPOHHAS MUKDPOCKORUS, PEHM2eHOCMPYKMYPHbIlL AHAU3.

Beenenue

B Hacrosmee BpeMsa MUpPOBOI PBIHOK COSAMHEHUI, OTYYEHHBIX HA OCHOBE PEIKO3EMEIbHBIX dIe-
MEHTOB, aKTUBHO pa3BUBaeTcs U pacuiupsercs. COeMHEeHNsT UTTPHs, OTIEIBHO U B KOMIUIEKCE C APY-
TUMH PEIKO3EMENbHBIMU 3J€MEHTaMH, BcE Oojiee aKTUBHO HAYMHAIOT HMPUMEHSTHCS MPU HOTYUYCHUH
HaHOKEPAMHUKH, JTIOMHHO(OPOB, CBEPXIPOBOAHUKOB, KAaTalIW3aTOPOB. BRICOKOE KadyecTBO 3TUX MaTe-
pHanoB obecrieurBaeTcs, B IIEPBYIO OYepellb, Pa3BUTON YAETbHOIN MOBEPXHOCTHIO, TOATOMY MHOTHE HC-
CJICZIOBAHMS TTOCBSIIEHBI BOIPOCY CHHTE3a COCAMHEHHN C YCTOWYMBON OJHOPOJHON CTPYKTYpPO#l CcyO-
MHUKPOHHBIX pa3MepOB.

Haunbonee vacto st cuHTE3a MOJOOHBIX COSAMHEHUH WUTTPHS MCIIONB3YIOT HUTPATHI U XJIOPHJIBI
uttpus [ 1-6]. [Ipu 3TOM CHHTE3 MPOBOJIAT KaK B YCIOBUAX OJIM3KHUX K aTMocdepHbiM [1-3], Tak 1 B yc-
JIOBHMSIX THAPOTEPMANBHOTO CHHTE3a MOJ BaKyyMOM IIpW IOBBIMIEHHOW TemmnepaTtype [4-6]. Cnemyet
OTMETHTh, YTO UMEHHO COCAMHEHHMS, MTOMYyUCHHBIC U3 XJIOPHIA UTTPHsL, MPOSBISIIOT TEHACHLIUIO K Gop-
MUPOBAaHUIO YETKOH CTPYKTYphl CYOMUKPOHHBIX pazMepoB [4]. MOXHO MPEONOKUTh, YTO HATHYHE
KOMITJIEKCOHA B PAacTBOPE MOXKET CIOCOOCTBOBATh YCTOHYMBOCTH (OPMHPYIOMIHMXCS (parMeHTOB. B
JaHHOW paboTe MpelNCTaBICHbI PE3yJIbTaThl UCCICAOBAHUS MPOLYKTOB, (POPMHUPYIOLIMXCS B YCIOBUAX
TUAPOTEPMAIIFHOTO CHHTE3a U3 XJIOPHIa UTTPHS IIPH pa3IMyHbIX 3HauUeHusX pH.

JKCNepUMeHTAIbHASA YacTh

st cuHTe3a 00pa3loB MCHOIb30BAIN XJIOPUA UTTpUs ¢ KoHUeHTpauueil 0,1 Monb/1, nomydeHHbIH
pPacTBOPEHHEM OKCHIAa WUTTPHUS B COJSHOW KHUCIIOTE€ ¢ KOHIICHTpamued 3 Moub/J. ['MaponuTHYecKuid
areHT — BOJHBIN pacTBOpP M'MAPOKCHIA HATPUS C KOHUEeHTpauuei 1 Monb/1. CHHTE3 NpOBOAMIN IPHU pa3-
nnyHBIX pH pacTBOpOB ¢ BBeACHHEM JIMMOHHOM KHCJIOTHI IOCJIE BBEAEHHS TMIPOJUTHYECKOTO areHTa.
3uauenne pH cunreza o6pasuoB (8, 9 u 10) Haxoaunock HIKe W BhIle pH TOukM HyneBoro 3apsijaa
MPOAYKTOB THIPOIN3a coel uTTpus, paBHoro 9,2-9.3 en. pH. J{nurensHocTh cuHTE3a — 24 4, Temmepa-
Typa — 180 °C. IIpomecc ocymecTBIsUIM B TEPMOCTATE B aBTOKJIABE C CAMOPETYJINPYIOLIEMCS AABJICHU-
eM, éMkocThio 40 mi ¢ 3anoHeHneM 50 %. O6pasiubl MATHKPATHO OTMBIBAIIN IUCTHJUITMPOBAHHOMN BOJON
(1o oTCYTCTBHS B MPOMBIBHBIX BOJaX MPOTHBOUOHOB), 3aTeM cymmwin npu 50 °C mox BakyyMOM 10 TTO-
CTOSIHHOH Macchl.

PentrenoBckue nudpakrorpaMmbl 3anucany Ha nopoukoBoM nudpakromerpe Rigaku Ultima IV.
SEM-u300paskeHust MOMYYHIIN Ha CKAHUPYIOIIEM JIeKTpoHOM MUKpockorie Jeol JSM-7001F.
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AHHeHkoea WN.I1., FOduHa E.TI. AHanu3s npodykmoe 2uépomepmasibHol o6pabomku
Xsiopuda ummpusi € NPuUcymMcmeuu KOMNJIeKCoHa (JIUMOHHOU Kucs1ombli)

Oo0cy:xxnenne pe3yJbTaToB

Ha puc. 1 npencraBnensl mukpogdororpadguu o0pa3oB, CHHTE3UPOBAHHBIX NPH pa3in4HbIX pH.
OOpa3iibl CHHTE3UPOBAHbI MPHU OJMHAKOBOI TeMIepaType, JAaBICHHHA W BPEMCHH; Pas3iudue COCTOSIIO
TonbKO B 3HaYeHusiX pH. Kak BumHO U3 puc. 1, Ipu JaHHBIX YCIOBUSAX (OPMHPYIOTCS MOJIBIE YACTHIIBI
cepudeckoit GopMEI.

107m  JEOL 10/
ame

WD 10nm

a) 6) B)

Puc. 1. MukpodoTtorpacumu npoaykToB ruapotepmManbHo o6paboTku XxnopuaoB UTTpus,
nonyy4yeHHbIX Npu pa3nuyHbix pH: a) pH=8; 6) pH=9; B) pH=10

OO0pa3syromiuecs: 4aCTHIIBI SBISIOTCS JIOBOJIBHO XPYIKHUMHU U PAaCTPECKUBAIOTCS MTPH HAHECEHWH Ha
MOJUIOKKY Tepel MuKpoaHain3oM. Hanmenbmmii quametp (0K0JI0 5 MKM) HaOmogaeTcs: Al 00pasLos,
nony4eHHbIX pu pH 9. TIpu 3THX yciaoBusaX chepruieckue YacTHIbl HanboJiee YCTOMYMBEI K MEXaHHUe-
CKHAM BO3JICHCTBUSIM H COXPAaHSIOT CBOIO (popMy B mpoliecce MPOOOMOATOTOBKH IS CKaHUPYIOUIETO
3JIEKTPOHHOT0 MUKpockomna. Ha puc. 1 3aMeTHO, yTO 00pasLibl, HOTy4YEHHBIE IPH BCEX UCIOIb30BaHHBIX
3HavYeHusX pH, uMeroT B cBoux cTeHkax nopsl. Ho Tonpko mpu 3HaueHusx pH, OMu3kux K Touke HyJe-
Boro 3apsina (pH 9), o6pa3zyroTcs mopsl HauMeHbIero AuaMerpa (1 MKkM u MeHee).

JudppakrorpaMmbl 00pasiioB, MOMYyYSHHBIX NPU pa3MYHBIX 3HaueHMsX pH, mpencraBieHbl Ha
puc. 2. BuaHo, 4TO NaHHBIE COCAMHEHHS MMEIOT aMOpgHBIH XxapakTep 0e3 BbIpaKEHHBIX MPU3HAKOB
KpUCTATMYHOCTH. CYIIECTBEHHBIX OTIMYUN MEXIY TUPpPaKTOrpaMMaMH, 3alTUCAHHBIMHU JJIsi pa3HBIX
00pas3IoB, He HaOJIFO1aeTCsl.
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NHTEeHCUBHOCTD, OTH. €.

10 20 30 40 50 60 70 80 90
20, rpagycsl
Puc. 2. Pe3ynbTaThbl NOPOLIKOBOW PEHTreHOBCKOW Andpakumm

NpoAyKTOB rmapoTepmarnbHoi 06paboTku xnopuaa UTTpus
npu pasnuyHbIX 3HaYeHusx pH cpeabl

3akinoueHue

B mpucyTcTBHM TUMOHHON KHCIOTHI B KauecTBE KOMILIEKCOOOpa3oBaTelNsi M3 XJOPHIA HUTTPUS
B Ipolecce THAPOTEPMATBHOTO CHHTE3a (POPMHUPYIOTCS MOPUCTBIE (PparMeHTHl CHEpUIecKOr (OPMEL.
Cdepsl HaumenbLIer0 pa3Mepa o0pasyroTcs B oOnactu 3HadeHuil pH, Onm3kux x pH Touku HyneBoro
3apsiia NPOAYKTOB THAPOJIN3a BOJHBIX PACTBOPOB COJIEH UTTpHUsS. METOI0M PEHTTEHOBCKOM TU(paKINy
MOKa3aHo, YTO MOJTYYEeHHBIE MPOIYKTHI UMEIOT aMOp(hHOE CTPOCHHE.

Pabora BpInoJIHeHA B pamMKax nNpoekTHoil yactu ['ocygapcrBenHoro 3axanuss MuHucrepcrsa o0pa3o-
BaHnd ¥ Hayku Poccniickoiit @enepannu (rpant Ne 16.2674.2014/K).
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ANALYSIS OF PRODUCTS FORMED IN HYDROTHERMAL
PROCESSING OF YTTRIUM CHLORIDE IN THE PRESENCE
OF COMPLEXING AGENT (CITRIC ACID)
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The study of yttrium compounds on the result of hydrothermal processing of yt-
trium chloride in the presence of citric acid is presented. Powder X-ray diffraction
analysis and scanning electron microscopy have been used to characterize the proper-
ties of the products. Porous spherical particles with an amorphous structure are
formed.

Keywords: yttrium chloride, hydrothermal synthesis, scanning electron micro-
scopy X-ray diffraction analysis.
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®U3NKO-XUMUYECKUA AHANU3
NMPOAOYKTOB r'mMAPOJIN3A HUTPATA UTTPUA,
NONMYYEHHbIX 30J1b-T'EJlIb METOAOM

K.A. Be3bopodos, E.B. [lempoea, A.B. ®posiosa
FOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHugepcumem, 2. HernsabuHck

Paccmotpeno BiamsHMe pH Ha NMpOAYKTHI THIPOJM3a HUTpaTa UTTPUS €KUM HATPOM
30J1b-T€JIb METOJIOM. Y CTAHOBJIEHO 00pa30BaHUE CIA0OKPUCTAIIMYHBIX IPOTYKTOB T'HIPOIIH-
3a C Pa3sNUYHBIMU (pU3MUYECKUMH XapakTepucTukamu. lIlokazaHno, yto npu pH BeImIe TOYKH
HYJIEBOTO 3apsiaa GOpMUPYIOTCs 00pasiibl, He CoJiepiKallne MOPOBOH BIIATH.

Kniouesvie cnosa: wumpam ummpus, 2uOpoIu3, 307b-2€1b Memoo, pPeHM2eHO-
OUPPaAKYUOHHBII AHAU3, MEPMULECKUL KPUBble, MACC-CREKMPOMEMPUs 2a3000pa3HbIX HPO-
O0YKMOo8 mepMoau3da.

Beenenue

Hcnonp3oBanue coequHEHUI UTTPUSA KaK KaTaJu3aTOPOB ISl CHHTE3a IIHPOKOTO CIEKTpa opra-
HUYeCKUX BemiecTB [1, 2], mpu moiay4yeHUH KepaMuku, ucnonb3yromeiics B UK nuamasone u cBepx-
IPOBOJHUKOB CIIOCOOCTBYET PAa3BUTHUIO UCCIEIOBAHUS STUX COCAMHEHUH, a TAK)KE IIOUCKY HOBBIX Me-
TOIOB cUHTE3a. J{JIs1 MOMydYeHHs] KPUCTAIMYECKOTO OKCHIA UTTPUA C 3aJaHHOM CTPYKTYpOH Kak Ipa-
BUJIO MCTIOJNB3YIOT THAPOKCHUI UTTPHUS B KadecTBe mpekypcopa [3, 5]. Ho npu runponuse coneit ut-
TpHsI TUAPOKCHUJ UTTPHUS B YHCTOM BUJIC MIPAKTHUECKH HE 00pa3yeTcsi B CHITy CKIIOHHOCTH K 00pa3oBa-
HUIO CIIOMCTOM CTPYKTyphl [4]. B 3aBUCHMMOCTH ycnoBuii cUHTE3a (HOPMHUPYIOTCS Pa3IUYHBIC THUIIBI
COCIUHCHHUU, UICHTU(OUIUPOBAHHBIE METOJOM peHTreHomudpaknuonHoro ananmza (XRD):
Y2(OH)s,14(NO;3)o.86-H,O, rexcaronanpupiii Y(OH); u monoknuuubsiii Y4O(OH)o(NO;), kpome ToOTO,
MO>KET 00pa30BHIBATHCA HEOOIBIIOE KOJTHMUECTBO MOHOKIMHHOTO Y (OH); XnoneeBuaHON GOopMBI BME-
cre ¢ Y4O(OH)y(NO3) mmu rexcaronansabiM Y O(OH) mpu OTHOCUTENBEHO BBICOKHX TEMIIEpaTypax U
BBICOKHX 3HaueHusx pH[3].

CucteMaTHYeCKOr0 aHanM3a 3aKOHOMEPHOCTEH sl 30JIb-Tellb MEeToAa O0O0paboTKH coJei UTTPHS
IpU aHajJIM3€ JUTEPaTypbl HAMHU He HalaeHo. PaHee HaMu Mcclae0BaHO CTPYKTypooOpa3oBaHUE OKCH-
TUAPATOB UTTPHS, MONYYEHHBIX U3 HUTPATa UTTPHUS 30Jb-resib MeToqoM [6]. B HacTosmeil pabote mis
TeX K€ KOHIICHTPAIMH COJNIEH M THIPOIUTHYCCKOTO areHTa MOJyYeHbl 00pa3iibl, OJBEPrHYTHIE CO3pe-
BaHUIO U CYyIIKe B Bakyyme npu Temmneparype 70 °C. BrimonHeH TepMOaHAINTHYECKUN aHAJIN3, COBMe-
MIEHHBIA C Macc-CIIEKTPOMETpHEN ra3000pa3HBIX MPOIYKTOB TEPMHUECKOTO Pa3NIOKEHHUS M PEHTI'CHO-
IUQPaKIMOHHbIN aHATN3.

JKcnepUMeHTAIbHAA YacTh

st cuHTe3a 00pa3lioB UCIOJIB30BAIM HUTPAT UTTPHS ¢ KoHIeHTpauuei 0,1 Momnb/1, noaydeHHbII
pPacTBOPEHHEM OKCHJAa WUTTPUS B a30THOW KHCJIOTE C KOHIEHTpaiued 3 Mouyb/a. ['maponuTudeckuii
areHT — BOJHBIM pacTBOp TUAPOKCHIA HATPUS C KOHIeHTpauei 1 Mosb/a1. CHHTE3 MPOBOAWIN TIPU pa3-
mnuHbelXx pH pactBopoB 8,5 u 9,5, uto coorBercTBYeT pH Hike u Beiie pH TOYkM HyneBoro 3aps-
na (pH, ;) OpOIyKTOB rUIposin3a HUTpaTa UTTpuUs, paBHoro 9,2-9.3 en. pH. Bpems cMemienus pearen-
TOB COCTaBMJIO OKOJIO 5 MUHYT. OOpa3Iiibl MATUKPATHO OTMBIBAIM TUCTHJUTMPOBAHHOM BOJON (IO OTCYT-
CTBHA B IPOMBIBHBIX BOJaX NPOTUBOMOHOB), 3aTeM cymmiu npu 70 °C nox BakyymoM (8 MM pT. CT.) 10O
MOCTOSTHHOM Macchl.

PentrenoBckue audpakrorpaMmsbl 3amnucaliy Ha TOpomkoBoM nudpakromerpe Rigaku Ultima IV ¢
ucnosb3oBanneM MeaHol TpyOku (Cu Ko = 1,541 A). TepmoananmuTudeckue KpHBbIE TONYydEHbI HA
tepmoananu3arope Netzsch 449F1 B miaTHHOBBIX THIIIIX B aTMocdepe aproHa (40 Mi/MHH) IpU CKOPO-
ctu HarpeBa 5 K/MHH, Macc-CIIEKTpBI CHATHI Ha Macc-ciekrpoMeTpe AéolosQMS 403C.

66 Bulletin of the South Ural State University. Ser. Chemistry.
2016, vol. 8, no. 1, pp. 66—69



Be3bopodoe K.A., lMempoea E.B., ®du3suko-xumudeckull aHanus
®posioea A.B. npodykmoe a2udposiu3a Humpama ummpus...

Oo0cy:xxnenne pe3yJbTaToB

Ha puc. 1 nokasansl xapakTepHble OUQpPaKTOrpaMMbl 00pa3LoB, CHHTE3UPOBAHHBIX M3 PacTBOPA
HUTpaTa UTTPUS NIPH Pa3IHMYHBIX 3HauYeHUsX pH pacTBopoB. AHanu3 AU(PaAKTOrpaMM MOKA3bIBAET, YTO
B TIpOIIECCe THAPOIN3a HATPATa UTTPHS 30JIb-T'ellb METOAOM 00pa3yroTcs clabOKpUCTAUTNYHBIE COCTHU-

HEHMS TUAPOKCOHUTparta UTTpus. Hamuuue ymmu-

pEeHHs TMKOB MOXET CBUETEIHCTBOBATH O CIIOH-

CTOM CTPyKType MatepuanoB. ClieyeT OTMETHUTh,

pH 8.5 YTO BBICOTA MHMKOB Ha TU(pakTorpamMmax odpas-

______ pH 9.5 1a, noxy4yerHoro 10 pH,,, Beime, yem y odpas-

11a, CHHTE€3UPOBaHHOTO BbIe pH;, ,, 9TO BeposT-

HO, OOYCIIOBJICHO €ro OoJblIei KpHCTAIMYHO-
CTBIO IIPY KOMHATHOH TeMIeparype.

Ha puc. 2 moka3aHbl KpUBbIE TEPMHUYECKOTO
aHanM3a M Macc-CIeKTPhl sl 00pasIoB, TOJY-
YEHHBIX NPU Pa3lMYHBIX 3HaueHUsx pH pactso-
poB. Ananu3 kpuBbix JCK mns momydenHsix 00-
,  pasloB MoOKa3blBaeT Hamuuue dk303hdekra s
70 90  obpa3ua, nomydennoro npu pH 9,5 (Bblie Toukn

20, rpayce! HYJIEBOTO 3apsfa), YTO MOXKET CBUAETENHCTBO-
W/Z  gary, 0 nostBNeHNUNA KpUCTAUTMUECKON (a3l Tpu
Puc. 1. PeHTreHoBCKMe andpakrorpammbl o6pasuos temneparype 250 °C. AHanu3 Macc-CIEKTpOB
MOKAa3bIBaeT HAJIMYUE HEKOTOPOro KOJMYECTBa
HUTpAT- U KapOOHAT-HOHOB, KOTOPBIE BEPOSITHO PACHOIAraloTCsi B MEKCIOMHOM IPOCTPAaHCTBE 0Opa-
3yromuxcs cTpykryp. lpu pH 9,5 o6pasyrorcst coenuHeHus: B KOTOPBIX (PaKTHYECKH OTCYTCTBYET MOPO-
Bas BOJa, O YEM CBHJIETEILCTBYET OTCYTCTBHE ITMKOB Ha Macc-criekTpe B oomactu A0 230 °C. Y nanenue
CBSI3aHHOM BOJIBI JUIS 3TOTO 00pa3iia MPOTeKaeT B JBa JTara, B OTJIMYKE OT 00pasiia, TOIyuYeHHOTO TpH
pH 8,5. IIpu 5TOM yaaneHue CBsI3aHHOW BOJIBI JUIsl 00pasna, moryueHnoro mpu pH 8,5, conpoBoxaaercs
YaCTUYHBIM yJaJI€HUEM HUTPOTPYII, O Y€M CBUAETEILCTBYET MUK Ha Macc-criekTpe it M/Z = 30 mpu
temmepatype 300 °C. U B mepBoM, U BO BTOPOM CJIy4ae yAajieHUE THIPOKCOTPYII COMPOBOMKIACTCS
yaaneHueM u HuTporpymnn B obmactu 510 °C.

MHTEeHCHBHOCTD, OTH. €]1.

I, % ATT, %/K IOCK, Br/r  TI, % JTT, %/K JCK, Br/r
1001 - = 0.00 70.0 100 0.00 70.3
95 0.02 95T 192

o -0.05 0.1
90 f -0.04 90 10.0
1 -0.10 7-0.1
851 -0.067-0.2 gs | 102
-0.15 7-0.3
L -0.08 L
80 103 80 1-04
-0.10 -0.20 7-0.5
5T 75T
0.127-0.4 06
70 b e e 70 + -0.25 7-0.7
-0.14 1-0.8
65 , , , , , , , . 105 65 . , , . , , . , 109
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
Temneparypa, °C Temnepatypa, °C
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
Temmeparypa, °C Temnepatypa, °C
a) 6)

Puc. 2. TepmoaHanuTuyeckue KpuBble U Macc-cnekTpbl Ans obpasua, nonyyeHHoro npu pH = 8,5 (a) n pH = 9,5 (6)
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3axioueHue

YcraHoBneHo, 4To 00pa3iibl, moidy4deHHble npu pH Bbime u Hike pH, ; ; CYIIECTBEHHO pa3invatoTcs
no (pU3MKO-XMMHUYECKUM CBOWCTBaM. B uactHocTH, mya obOpasua, moiyueHHoro npu pH 9,5 (Bbime
pH..,) HaOmomaercss OTCYTCTBHE MOPOBOW BOIBI, a Takxke 3k303(dexr Ha kpuBoil ICK B obmactu
250 °C. ®opmupytromuecss OOBEKTbI, BEPOSATHO, SIBISIOTCS CIOMCTBIMH MaTepualaMd, B KOTOPBIX
MPOTUBOMOHBI BXOJISIT B CTPYKTYPY MaTPHIIBI U HE yIANISIOTCS IPH OTMBIBKE BOJIOM.

Pabora BpInoJIHeHA B pamMKax nNpoekTHo#l yactu ['ocygapcrBenHoro 3axanuss MuHucTepersa o0paso-
BaHnd ¥ Hayku Poccniickoiit @enepannu (rpant Ne 16.2674.2014/K).
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PHYSICAL AND CHEMICAL ANALYSIS
OF THE HYDROLYSIS PRODUCT OF YTTRIUM NITRATE,
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Influence of pH on hydrolysis products of yttrium nitrate with sodium hydroxide
using sol- gel methodwas discussed. The formation of weakly crystallinity hydrolysis
products with different physical characteristics was found. It is shown that at a pH
above the zero charge point are formed samples which do not contain pore water.

Keywords: yttrium nitrate, hydrolysis, a sol-gel method, XRD analysis, thermal
curves, mass spectrometry of the gaseous products of thermolysis.
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AHAIN3 NPOOYKTOB r’MAaPOJIN3A CYJIb®ATA UTTPUA
30J1b-T'EJ1lb METOAOM C PA3JINYHBIMU
rMMAPOJNIMTUYECKAMU ATEHTAMU

K.A. TpyHoea, B.B. AeOuH
FOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHugepcumem, 2. HernsabuHck

HccrenoBaHo BIHSIHHE THAPOJUTHYSCKUX areéHTOB HA COCTaB M CBOMCTBa MPOIYKTOB
THIpONH3a CylibhaTa UTTPUSA. YCTAHOBJICHO, YTO THAPOJH3 CYIb(PATOB UTTPHS MPUBOIUT K
(dbopMupoBaHUIO 00pa3lLOB, COAEPXKAIIMX 3HAYUTENbHBIE MpHUMecH Cyib(haroB. IIpoayKThI
THJPOJIM3a TOJHOCTBI0 amop(Hble. [IpuMeHeHne BOMHOrO aMMHaka B Ka4eCTBE T'MAPOIHTH-
YECKOTO areHTa MO3BOJISIET MOJIyYUTh 00pasipbl, CoepKAIINe He3HAYUTEIbHbIE KOINYeCTBa
MIOPOBOM U KPUCTAIIITU3ALIMOHHON BOJIBI.

Kniouegvie cnosa: cynvgham ummpus, euopoau3s, 301b-2eib Memoo, peHmeeHOOUuPDpaxyu-
OHHbLIL AHANU3, MEPMOAHATUMUYECKUE KPUBble, MACC-CReKMPOMempus 2a3000pa3HbIX Npo-
OYKmMO8 mepmonu3d.

Beenenue

Oxcuapl UTTPUS ABJSIOTCS OCHOBOM COBPEMEHHBIX KaTallM3aTOPOB, KEpAaMUYECKUX H3AENU, Mpu-
MEHSEMBIX JUIS pabOThl B MH(PpPaKpaCHOM aMara3oHe u JoMuHOGOopoB [1, 2]. CymecTBeHHOMH npo0dIie-
MOH MPH MOJYYCHNUH AAHHBIX M3JENUHN SBIACTCS HEOOXOAUMOCTh NPUAAHUS OKCUAY UTTPUS TpeOyeMoi
CTPYKTYpbl Ha HaHOpPa3MEPHOM ypoBHE. M3BECTHO, UTO KPUCTAUIMYECKUM HAHOCTPYKTYPUPOBAHHBIN
OKCHJ UTTpHS (POpPMUpPYETCsl TIPU THAPOIU3E €ro coyieli ¢ 00pa3oBaHUEM CIIOMCTOH CTPYKTYpbI [3—6].
Ho Bompoce!l ympaBieHusi cTpyKTypooOpa3oBaHHEM IMPOAYKTOB THUAPOJIM3a COJEH HUTTPHS, BIUSHHA
NPOTHBOMOHA UCXOTHON COJIM Ha COCTAB M CBOICTBA 3TUX MPOIYKTOB OCTAIOTCS] MAIIOM3YYCHHBIMH.

Tunponus cynbdarta UTTPUS MAIOH3YYEH B CHIIY TOTO, YTO CYJIb(AThl UTTPHUSI UMEIOT HEBBICOKYIO
PacTBOPUMOCTD B BOJE, a JTaHHbIE MIPOLIECCH KaK MPaBHIIO MPOBOIAT B BOAHOH cpene. Heckoiabko paboT,
NOCBAIMIEHHBIX TUAPOIHN3Y CYJIb(ATOB UTTPUS, OTHOCATCS K MOIYUYCHHIO CMELIAHHBIX METAJUIOKCHIHBIX
marepuaiuosB [7, 8]. Takum oOpa3oM, U3ydeHHE CBOMCTB MPOAYKTOB THAPOJH3a CylIb(ara UTTPUS SBIIS-
€TCsl aKTyalIlbHOM 3aJ1a4yeil.

JKcnepUMeHTAIbHAA YacTh

st cuHTEe3a 00pa3IoB HCHONB30BANHN CYIb(aT UTTpHA ¢ KoHIeHTparmel 0,1 MOIb/I, oTydeHHbIH
PacTBOPEHHEM OKCH/Ia UTTPHUS B CEPHOM KHUCIIOTE ¢ KOHLeHTpauuei 3 Monb/i1. KoHueHTpauuio pactBopa
cyibdara UTTPUSl yCTaHABIUBAIM TUTPOBAaHUEM CTaHAAPTHHIM pacTBopoM DATA ¢ MHAMKATOPOM KCH-
JICHOJIOBBIM OpPaH)KEBBIM M aMMHAYHO-AIETATHBIM Oy(pepHBIM pacTBOPOM. [ HIpOIUTHYECKHE areHThl —
BOJHBIN PacTBOP THAPOKCHIA HATPUS C KOHIIEHTpanueld | Monb/I ¥ BOOHBIN aMMHUAaK ¢ KOHICHTpaluen
1 mons/n1. Cunte3 mpoBogunu npu pH 9. Bpems cmemienns peareHToB cocTaBUIO OKOJIO 5 MUHYT. O0-
pasibl MATHUKPATHO OTMBIBAIIM JUCTUIUIMPOBAHHON BOJOM (/10 OTCYTCTBUS B MPOMBIBHBIX BOJAX MPOTH-
BOMOHOB), 3aTeM cymmiu npu 70 °C oz BakyyMoM (8 MM PT. CT.) 10 TOCTOSTHHON MacChl.

PentrenoBckue angpakrorpaMmsl 3anucand Ha mopomkoBoM Audpaxromerpe Rigaku Ultima IV c
ucnosb3oBanneM MmeaHol Tpyoku (Cu Ko = 1,541 A). TepmoanamuTuyeckue KpHBblE TONydEHbI HA
tepmoananuzatope Netzsch 449F1 B ruiaTHHOBBIX TUTIISIX B atMocepe aprona (40 Mi/MUH) IpU CKOPO-
ctr HarpeBa SK/MUH, Macc-CIIEKTphI CHATHI Ha Macc-criekTpomeTtpe Aéolos QMS 403C.

O0cy:xneHue pe3yJibTATOB

Ha puc. 1 mokaszanbl xapakTepHbIC TePMOAHATIUTHUECKHAE KPUBBIE, & TAK)KE MacC-CIIEKTPhI Ia3000-
Pa3HBIX MPOIYKTOB TEPMOJIN3A I 00PA3IOB, MOJIYYCHHBIX C PA3HBIMH THIPOJIUTHYCCKIMH areHTaMu.
CornacHO TaHHBIM, TIPEJCTaBICHHBIM B paboTe [5], Macc-crekTp /Uit MaccoBoro uucia M/Z = 18 coot-
BETCTBYET BBIJICIICHHUIO MApOB BOJBL, Aisi M/Z = 44 — yriekucinomy razy. O4eBUIHO, YTO MACC-CIIEKTP
st M/Z = 64 cootBetcTByeT SO,, TO €CTh XapaKTepHU3yeT pasjioKeHHE CyIb(aToB.
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[Ipu ucnonp30BaHUU B KAUECTBE THIPOJIUTHYECKUX areHTOB KaK THAPOKCUAA HATPHsI, TaK U BOAHO-
ro aMMHaKa MPOAYKTHI THIPOIN3a COIEPkAT 3HAYUTENbHBIE IPUMECH CYNIb(ATOB, pa3pylIeHHEe KOTO-
pBIX TporcxoauT npu temreparype okoio 1100 °C. [Ipumecu kapOoHATOB B 000X BUAAX 00pasioB
HEe3Ha4YHUTeIbHbIE, HO MPU MCIOJIH30BAaHUM B KayeCTBE THAPOJIMTHYECKOIO areHTa €JKOro HaTpa yrie-
KHCIIBIA Ta3 BBIAEIAETCS B TPU 3Tana — npu remieparype okoiuo 400, 700 u 1100 °C, a npu npuMeHeHHN
BOJTHOTO aMMHaKa — TOJIBKO Mpu Temmeparype okoio 400 °C.

T, % JITT, %/K  JICK, Br/r T, % IITT, %/K  JICK, Br/r
100 e 0.00 0.5 100—v=s - o —rerr0.00 71
ECl — bt 0.25 10,0 S S b 025 ]
90 | i 90 - ;
o5 | ; 4-0.504-0.5 g5 | ; -0.50 | 1
£ i -
80 | ¢ 4-0.754-1.0 80 ! -0.75
E é {2
» Ne  100q-1s » {1100
70 - i\ 701 1 1
65l | -1.254-2.0 65| 1 -125773
1.50--2.5 ; ; ; : ‘ 1 504 _
60 50 60 200 400 600 800 1000 1200 0 -4

200 400 600 800 1000 1200
Temnepatypa, °C Temneparypa, °C

D s S

. T Sy | M T I
200 400 600 800 000 1200 200 400 600 800 1000 1200
Temmeparypa, °C Temneparypa, °C
a) 6)

Puc. 1. TepmoaHanuTMyecKkme U Macc-CneKTpoMeTpUUYeCcKue Kp1Bble NPOAYKTOB rmaponusa cynbgara uttpust
Nnpu NomMoLM egKoro HaTpa (a) M1 BogHoro ammuaka (6)

Herunparanus B oOpasiax, MOIYyYEHHBIX C UCIIONb30BAaHUEM PAa3HBIX TMIPOIUTHYECKUX arcHTOB,
TaKXKe MPOTEKaeT Mo-pa3HoMy. B 00pasiax, MmomydeHHbIX ¢ UCTIOJNIb30BaHHEM THAPOKCH A HATPHUS, Tpe-
BaJIPYeT BOJIA, yAAIIOMIAsICs pu Temmeparype okosio 200 °C, a B 00pa3iax, CHHTE3UPOBAHHBIX C HC-
MOJIb30BaHUEM BOJHOTO aMMHUaka — BoJa, oopasyromasicsi mpu temneparype okoino 400 °C. Kpome toro,
B TIOCJICJTHEM clTydae 00pasibl IPAKTHUECKH HE CO/ICPKAT MOPOBOM U KPUCTAILTU3AIMOHHON BOIBL.

Ecnu npeneOpeus HEOONBIIMM KOJTMYECTBOM COJIEpIKAIIMXCS B 00pa3iax KapOOHATOB, TO IPH HC-

MOJIb30BAHUU THUAPOKCHUAA HATPHUA HpHMepHBIﬁ
HHTGHCI/IBHOCTB, OTH. €.

OpyTTO-CcOCTaB MPOIYKTOB TUAPOIH3A
Y1053,17H,0-0,6180,, a npu ucnons3oBaHAN —— ruaponuTryeckuii arenr NaOH
BOOHOro ammmuaka — Y,0s3'3,35H,0-0,83S04. To | [} ------ ruaponuTideckuii arenT NH; BoaH.

€CTb IpU NPHUMEHEHWH BOAHOTO aMMHaKa IIpO-
JOYKTBI TUAPOJH3a COJepKaT OOJbIe W BOABI, U
cynbdaroB. Kpome Toro, B mociemHem ciydae
npu Temnepatype okomno 1000 °C nabmogaercs
9K303¢G(dEKT, HE COMPOBOXNMAIOIIUICS TOTEpel
Macchl, 1 BO3MOXHO COOTBETCTBYIOLIUI 00pa3o-
BaHUIO KPUCTAJUTHYECKOr0 MPOIYKTA.

AHanu3 pEeHTIeHOBCKUX AH(pakTorpaMm

1

10 20 30 40 50 60 70 80 90

(puc. 2) moka3pIBaeT, 4YTO TMpPU THUIPOIU3E 20, rpaychi

cynbara UTTpUs o0Opa3yloTcs amMop@HBIE CO-

CIUHCHUS. Puc. 2. PeHTreHoBCckUue andpakrorpammbl o6pasLoB,
NnoNy4YeHHbIX C pa3HbIMU TMOPOJIUTUYECKMMU areHTaMun
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3aki0ueHue

Y CTaHOBJICHO, YTO THAPOJIHN3 CYJIb()ATOB UTTPHUS MPUBOAUT K (HOPMUPOBAHHUIO 00PA3IIOB, COCPKa-
mux 3HauntenbHble (M0 20 % Macc.) kommyectBa cynb(hartoB. [IpoayKThl Truaponn3a MOIHOCTHIO
amop¢usie. [IpuMeHeHre BOHOTO aMMHaKa B KadeCTBE THAPOIUTHYECKOTO areHTa MO3BOJSET IOITY-
YUTH 00pas3ilbl, COACPKAIINEC HE3HAYMTEIbHBIC KOJHUUSCTBA ITOPOBOM M KPUCTAIIM3ALIMOHHON BOJIbI (HE
bonee 2 % macc.).

PaGora BhIno/iHeHa B paMKax NpoekTHoi 4yactu ['ocyaapcrBenHoro 3aganusi MuHucrepcrBa o6paso-
BaHus M Hayku Poccuiickoii @enepanuu (rpant Ne 16.2674.2014/K).
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ANALYSIS OF THE HYDROLYSIS PRODUCT
OF YTTRIUM SULFATE, OBTAINED BY SOL-GEL METHOD
WITH VARIOUS HYDROLYTIC AGENT
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Influence of hydrolytic agent on composition and properties of hydrolysis prod-
ucts of yttrium sulfate was investigated. It established that the hydrolysis of yttrium
sulfate leads to formation of samples which contain considerable impurity of sulfate
group. The hydrolysis products are completely amorphous. The use of aqueous ammo-
nia as the hydrolytic agent enables to obtain samples containing minor amounts of wa-
ter of crystallization and pore water.

Keywords: yttrium sulfate, hydrolysis, sol-gel method, XRD analysis, thermal
curves, mass spectrometry of the gaseous products of thermolysis.
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CBEJIEHUSA Ob U3JIAHUN

Cepust ocHoBana B 2009 roxy.

CeuperensctBo 0 peructpanun [11 Noe @C 77-57404 Beimano 24 mapta 2014 r. @enepanbHOi CIry)00it
10 HaJ30py B cepe CBsI3HU, HHPOPMAIIMOHHBIX TEXHOJIOTUI U MaCCOBBIX KOMMYHHKALIUIL.

Pemennem Ilpesnamyma Bricmiei aTTecTanmoHHON KoMuccun MUHUCTEpCTBA 00pa30BaHUs U Hay-
ku Poccuiickoii @enepanuu xypHall BKItoueH B «llepedeHs peneH3upyeMbIX HAYUHbIX M3AAHUIM, B KO-
TOPBIX JOJDKHBI OBITH OITyOJMKOBaHBI OCHOBHBIE HAYYHBIE PE3yNbTaThl HA COMCKAHHE YYCHOUW CTENeHH
KaHAMUJIaTa HAyK, HA COUCKAHUE YUYCHOU CTENEHU TOKTOPa HAYKY.

XKypnan BumodeH B PeeparuBuslii sxypHan u baser nanusix BUHUTH. CBenenus o xKypHalle eXero-
HO IYOJMKYIOTCSI B MEKIYHAPOIHOW CHPABOYHOM CHCTEME IO MEPHUOAMYCCKUM M MPONOIDKAIOIINMCS HU3/a-
aisiM «Ulrich’s Periodicals Directory».

[MonmucHoii naaekc 29414 B o0bequHeHHOM Katanore «lIpecca Poccumy.

[TepuonnyHoCTh BBIXOAA — 4 HOMEPA B TO/I.

IIPABWJIA U151 ABTOPOB

Cratbs MPEIOCTABISIETCS] B 3JICKTPOHHON M IedaTHON (hopMe Ha PYCCKOM MJIM aHTJIMHCKOM SI3BIKaX B
¢dopmare penakropa MS Word Bepcun 2000 i 2003 (*.doc umu *.1tf). B TekcT BKITIOYAIOT BCe PUCYHKH U
Tabmuipl. Paiin pykomucu JODKeH conepxkaTh: Y /K, HazBaHue, MHUIMANBI U (aMUIIUK aBTOPOB, aHHOTA-
IIMI0 Ha PYCCKOM U aHINHIHCKOM si3bIkax (He 6omee 1000 cMMBOJIOB Ha KaKJOM S3bIKE) U KIIOUCBBIE CIIO-
Ba/CIIOBOCOYETAHUS HA PYCCKOM M aHTIHMHCKOM si3bIKax (He Ooiee 10 Ha KaKIOM SI3BIKE), CBEACHUS 00 aBTO-
pax: (haMIUTHIO, UMs1, OTYECTBO MMOJHOCTBIO, MECTO PA0OTHI MOTHOCTHIO, JOJDKHOCTD, YUEHAS CTETICHD U yUé-
HOE 3BaHHeE (CCIM €CTh), NEKTPOHHYIO [TOUYTY BCEX aBTOPOB, TEKCT pykonucu. CTPYKTypa CTaThU: BBeJeHHe,
IKCHEPUMEHTATbHAS YACTh I METOOHKA HCCIeI0BAHHA, 00CY:KIeHHEe Pe3yJIbTaTOB, 3aKJII0UYeHHe,
CHHCOK JINTePATypsl. CIIHCOK TUTEPATYPHI OPOPMIISIETCS B TIOPSAKE TUTHPOBaHUS B cooTBeTcTBUH ¢ [[OCT
7.1-2003, Ha3BaHUs CTaTell B IEPUOINICCKUX M3TAHUAX YKa3bIBaTh 00sM3aTeNbHO. JlJIst 37IEKTPOHHOTO pecyp-
ca yKa3bIBaeTcCs MOJHEIHN apec HCTOYHUKA, TOCTATOUHBIH ISl TIONCKa B UHTEpHETE. PHCYHKH JODKHEI OBITH
BCTaBIeHHI B (haitn mokymenta MS Word. ®otorpaduun nomkHel umets paspemenne He Meree 300 dpi u
OBITH IIPUCIAHBI B BUJAE OTACIBHBIX (haiiioB, MM KOTOPBIX COJICPXKUT (haMHUIMIO IIEPBOTO aBTOpa U HOMEP
pUCYHKa B cTaTbe. DJCKTPOHHAS BEPCHS MOXKET OBITh MepelaHa Ha KOMIAKT-IHCKE WM IO 3IEKTPOHHOU
noure. [ledatHast Bepcus (¢ TOIMHICAME BCeX COABTOPOB), a TAKKE aKT SKCIEPTH3HI O BO3MOKHOCTH OITYyOJIH-
KOBAHUS, JIMIICH3MOHHBINA JIOTOBOP, aKT MPUEMKHU-TIEpeaur MPOM3BEICHUS U aHKETy O COIJIacHH Ha obOpa-
0OTKY MMEepPCOHAIBHBIX JaHHBIX — OOBIYHOM MOYTOW WIIH JTHYHO.

[MapameTpsl JOKyMeHTa: MOJS: 3epKAIbHBIC, BEpXHEE U HIDKHEEe — 23 MM, BHYTpH — 22 MM, CHApPYKH —
25 MM. MeskcTpounbiii uHTepBan — onuHapHeiid. IlpudTer: Times New Roman (mns anHOoTanmu Arial),
kerab 11 ot (uist anHoTanuu — 10 nT), ad3amuerit otcetym 0,7 cM, 63 HyMepalun cTpaHull. PexoMeHryeMblit
00BEM cTaTh¥ (BKITIOYAS TAOIHUIIBI M PUCYHKH) 5—10 cTpaHwiI.

Anpec penakiun: 454080, Yensounck, np. M. B.U. Jlenuna, 76, KOxHO-Y panbckuii rocyjapcTBEeHHBIN
YHHUBEpCUTET, XUMHUYECKUH (akynbTeT, Kopruyc la, Apnuny B.B., e-mail: avdin@susu.ru; wik22@inbox.ru.

[lommass Bepcus  mpaBmWI  TOATOTOBKM  PYKONHCEH  HAXOOWTCS HA  caiiTe  JKypHaja:
http://vestnik.susu.ru/chemistry.

[Inara 3a myOIuKannio He B3UMAETCSL.
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