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AX. }KaKI/IHal, I'T. BaﬁKeHOBa2, M. ]5213ap6aeB3 , A K. HlaﬁBIM6eTOBa3,
C.M. I[IOCGHOB3, AA. AﬁTKeHOBa3, n.K. AK)I(yHYCOBa4, J1.P. Caaukosa’

' Hucmumym opeanuueckozo cunmesa u yenexumuu PK, Kapacanoa;
Kapazanounckuii sxonomuyeckuii ynusepcumem Kaznompe6coiosa,
3 Kasaxckuil Hayuno-uccnedoeamensekiuii 6emepunapyolii uHcmumym, Aimamei,
*Kapazanouncruii 20cydapcmeentbiii MeQUWUHCKUTI YHUGEPCUmMem
(E-mail: bazarbaev48@mail.ru)

CuHTe3 M TY0epKYJI0CTATHYECKAS AKTUBHOCTH
N-3-(2-(2-ruapoxcude H30 U1 ruAPa3uHUI)-3-(0OKCONP O )-
H30HMKOTHHOTUAPAa3uaa u 3-(2-(2-ruApoKcuOeH30MJI)-THAP A3HHIII)-
nponuoHuI-(Mop¢poann-4)-1uTHOKapdamMaTa

B craTbe npuBeeHbI pe3yabTaThl UCTIBITAHHSA TYOEPKYJIOCTaTHUECKOI aKTHBHOCTH XMMHUYECKUX COEIUHEHNUIT
N-3-(2-(2-ruapokcudeH30mI)ruApasuHmII)-3-(0OKCONpoIuI)-u30HuKoTuHOruapasuaa (IKA-45) u 3-(2-(2-
THPOKCHOSH30MII)-THAPAa3HHIL)-IIPONMOHII-(MopdonmH-4)-mutnokapbamata (I7KA-47) mo oTHOmEHMIO K
mramMmaM: M.bovis-8 (aTanorHsIi mramm), M.bovis (anmm3ootmdaeckuii mramm), M.Scrofulaceum n M. Phlei
(arumuyHbIe ITAMMEL). Y cTaHOBIEHO, 4To coenuHenne [0KA-45 nposBmino TyOepKyIocTaTHIeCcKylo aKTHB-
HOCTB TI0 OTHOIIEHHIO K 3TaJIOHHOMY IITaMMy M. bovis-8, aH300THYECKOMY IITaMMy M. bovis 1 aTUITTIHOMY
mrammy M. scrofulaceum, a IJKA-47 — 10 OTHOLIEHHIO K 3MU300THUECKOMY IITaMMy M.bovis, a Takke K
aTUNUYHBIM wTammaMm M. phleiu u M. scrofulaceum. Tlonyuennsle pe3ynbTarhl nokaszaiu, uto [DKA-45 u
['KA-47 aBnsioTCS EPCHEKTUBHBIMU COCMHEHUSMH B IIJIaHE CO3JaHUS MPOTUBOTYOEPKYJIE3HBIX Mpemnapa-
TOB U CITy’)KaT OCHOBOH ISl JaJbHEHIIIEro N3y4eHUs 3alUTHON 3 (HEKTHBHOCTH 3THX COSTUHEHHUH.

Kniouesvie cnosa: N-3-(2-(2-ruapoxkcnbeH30m1)ruapa3uHuI)-3-(OKCONPONMI)-U30HUKOTUHOTUApasus, 3-(2-
(2-runpoxcuOeH30MI)-THAPA3UHIIT)-IPOIHOHIT)~(MOp(HOMHH-4)-TuTHOKapbaMar, TyOepKyJocTaTHIecKast aK-
THBHOCTb, MUKOOAKTEPHUH.

Beeoenue

Pa3paboTka HOBBIX M HEIOPOTUX JIEKAPCTBEHHBIX CPEJICTB OTEYSCTBEHHOTO POM3BOJICTRA JIJIS JICUCHUS
MHOTHX 3a00JICBaHUI Ha CETOMHANTHUIN JeHb B PecnyOnmke Kazaxcran ocraercs akryaiapHOW. Cpemu MHO-
TOYHNCIIEHHBIX COEIWHEHHUN, 00NafaroInX Pa3InIHBIMU MTPOTHBOBOCHANUTEIBHBIMH, >KapOITOHIDKAIOIIIMH,
AHAITEI'e3UPYIOMIMMH, TPOTHBOMUKPOOHBIMU, aHTUCENTHYSCKUMHU U MPOTUBOTYOCPKYIIC3HEIMU CBONCTBAMH,
CaJIMIIMIIOBAs KUCJIOTA U €€ MIPOU3BOJAHBIC B HACTOSAIICE BpeMsl IPUBJICKAIOT BHUMAHUE UCCIeI0BaTeNeH Bce-
ro mupa [1-8].

IlenecooOpa3HOCTh M3YyYEHUS CBOMCTB MOIU(MUITUPOBAHHBIX TPOU3BOJHBIX CAJTHIIMIOBONH KHCIIOTHI
00yCIIOBJICHA ITUPOKUMH TIEPCIICKTUBAMH, KOTOPHIE OTKPBIBAIOT TPAHUIIBI ISl TATbHEHUINCH peann3aiuu mo-
TEHIIUATBHBIX BO3MOXXHOCTEH XMMHUYECKON Moau(uKammy, 3alI0KEHHBIX B CaMOMl CTPYKType 3THX HOBBIX
(hapMakoOpPHBIX TPYIIT, 3a4aCTYIO MIPUBOASANIMX K BOSHUKHOBEHUIO HOBOM BBICOKOH (YM3UOJIOrHYECKOH ak-
TUBHOCTU U CHMYKEHUIO TOKCUYHOCTH.

3Kcnepumeﬂmaﬂbﬂa;z yacmo

B IIPOAOJIKEHUE TTOUCKa HOBBIX OMOJIOTUYECKU aKTHBHBIX COCIMHEHHH U YCTAaHOBJICHHS 3aBUCUMOCTHU
(CTPYKTYPA—aKTUBHOCTH» CpCAU TPOU3BOJHBIX CAIIMIIUIIOBOM KHUCIIOTHI OCYHICCTBJICH CHUHTC3 aMHUHOIIPO-
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MUOHUIBHOTO TPOU3BOJHOTO CATHIUIOBON KHCIOTHI N-3-(2-(2-TUApOKCHOCH30MII)THIPA3HHIN )-3-0KCO-
TIPOTTHIT )-H30HUKOTHHOTHIPa3uia B3aUMOICHCTBHEM CaJHIIMIIOBON KHCIIOTHI C XJIOPAHTUAPUAOM aKPHIIOBOU
KHCIIOTHI B IPUCYTCTBUH TPUAITUIIAMHHA — aKILENTOpa raJor€HOBOIOPO/Ia B CPee TNOKCaHa C JalbHEHIIINM
obpazoBanneM N-akpuiIouiI-2-THIAPOKCHOeH30ruaApasna ¢ Bexogaom 82 %. Janee N-akpuinoun-2-ruipoKcu-
OeH30TuIpa3u MOIBEPIIN HYKICO(PMIEHOMY MPUCOSTUHEHHUIO C THAPA3UI0M M30HHKOTHHOBOW KHCIOTHI B
CIIUPTOBOH cpeae ¢ oOpazoBanmeM N-3-(2-(2-THAPOKCHOCH30MI ) THAPA3HHILT)-3-0KCOPOIIII )-N30HUKOTH-
HOTUAPAa3H/a ¢ BEIXOAOM 56 %:

OH : OH
0  (CH)N Q
0 ’ —— 0 \ )
A _ g + N/
N At %C\cl -(CoHs)N - HCI < H H r — N
HN-NH, HN=N—C-C=CH,  H,N-NH

Cunre3upoBanHoe coeuHeHUE N-3-(2-(2-THIPOKCHOCH3OMI ) I UAPA3HHILI )-3 -OKCOTPOIINI )-N30HUKOTH-
vorunpasun (I 7KA-45) npencraBiseT co00¥ KpUCTAIUTMUSCKUN MPOAYKT, PACTBOPUMBIA B IMOJISPHBIX Opra-
Huueckux pactsopureisix. B UK-cnekrpe cuntesupoBanHoro coeaunenus [ 2KA-45 nabmogaercst ucuezHo-
BEHHE M0JI0C MOTJIONIeHHs, XapakTepubix amst C=C mpu 1635-1625 cm™', mposBisoTest moocs! aehopMari-
onnbix konebanuit C—H B o6mactu 14701350 cM ', a TakKe NPHCYTCTBYIOT MOJIOCH Hormommenus st C=0
rpynmel B obmactu 1697-1680 cm ', anms NH u OH rpynm — 3320-3260 cm . Beruncneno, %: C 55,97,
H 4,99; N 20,40; O 18,64. Haiineno, %: C 55,94; H 4,90; N 20,37; O 18,67.

B mensx n3y4eHns BO3MOKHOCTH UCTIOIB30BAHUS CHHTE3UPOBAHHOTO COCTMHEHHS B ITPAKTHKE JICUCHHS
Pa3NuYHBIX 3a00JIeBaHUN MPOBEICHO HCCIEJOBaHUE HA TYOEPKYJIOCTATUYECKYIO aKTUBHOCTH COECIUHEHUS
N-3-(2-(2-ruapoKcuOCH30MIT ) TUAPAZUHIIN ) -3 -OKCOTIPOIIIIT ) -H30HUKOTHHOT U IPA3HIa.

OrmpeneneHne TyOepKyJIOCTaTHIECKOW aKTUBHOCTH N-3-(2-(2-ruapokcrOeH30M)Iuapa3uHII)-3-0KCO-
MIPOTTHIT)-M30HUKOTHHOTHApa3uaa npoBoawnn B (umnane «KaparanawmHckas HayYHO-HCCIIETOBATENbCKAS
BerepuHapHas cTaHmusy» TOO «Kazaxckuil HaydyHO-HCCIEAOBATEIbCKUN BETEPUHAPHBIN HUHCTUTYT» C HC-
TI0JTh30BAaHUEM MOIUGDHUITNPOBAHHON MUTATEIHHOM cpenbl ['enpoepra-M (HMunoBarmonnsri mareHt Ne 23875
o1 21.09.2009 r.).

Hanee nutarensHyo cpeny ['enpbepra-M ans mpoBeIeHHUs OMBITA C COACP)KAHHEM HCIBITYEMOTO CO-
enunaenus ([7KA-45) B cootHomennn 1:2500 roroswm o b.51. Xaiikuny (1988). [MonyueHHy0 cMech BHO-
CHJIM B CTEPHIIbHBIC KOJIOBI ¢ OycamMH M TINATEIHHO MEePEMENTUBAIN, PA3IUBA B MIPOOHUPKHU 10 5—6 cM> U
cBepTHIBaNIK Iipu TeMnepatype 85 °C B TedeHne ogHoTo yaca. B3Bech MUKOOAaKTEpHid TOTOBIIN Ha (PU3HOIIO-
THYECKOM DPacTBOpE XJIOpHIa HAaTpHi MO CTaHAAPTy MYTHOCTH [ OCylapCTBEHHOTO HaydHO-HCCIEIO0Ba-
TEJIbCKOr0 MHCTUTYTA CTaHIAPTU3aLMU U KOHTposia uM. ipod. JI.A. TapaceBuya u3 pacdyera 500 MIH M.K.
B cM>. B KaKIyro IpoOUpPKY O Cpemoit ¢ COOMIOACHNEM CTEPHIILHOCTH Ipou3Beny mocessl mo 0,1 cm® OakTe-
puanbHO# B3BecH. [ kaxkaoro mramma Opaiu mo Tpu npodupku cpenst ¢ [0KA-45. TIpoOupku BeIIepKH-
BaJIi B TEUEHHUE TPEX YACOB B TOPU3OHTAILHOM mojoxeHuu npu Temneparype 37 °C. [locne yero ux nome-
IIaJTM B TEPMOCTAT, T/Ie MHKyOHpoBanu B TeueHue 30 mHEi.

Jlist cpaBHEHHMSI pe3yJIbTATOB UCIIBITAHUS TYOSPKYIOCTATHYECKON aKTHBHOCTH M3YYaeMbIX XUMHUECKUX
COeAMHEHHUH OTHOBPEMEHHO OBUIH MPOU3BEAEHBI MOceBHl B3Becu MukobakTepuit (MT) Ha cpeny ['ensbepra-
M 6e3 no06aBIeHUS XUMHUIECCKIX COCTMHEHHUH (KOHTPOILHBIN OIIBIT).

TybepkynocTaTHIecKyl0 aKTHBHOCTh N-3-(2-(2-THIpOKCHOCH3OMI ) UAPA3HHILI)-3-0KCOIPOTIHIT )-H30-
HUKOTHHOTHIPA3UAa B OMBITaX OMPEACIIUIN MO OTHOMICHHUIO K KYJIBTypaM 3TalOHHOro mramma M. bovis-§,
AMU300THYECKUX MTaMMOB: M.bovis, M. phlei u M. scrofulaceum. JlanHaple, XapakTEepU3YIOIIHNE TYOSPKYIO-
CTaTUIECKYI0 aKTUBHOCTH coenwHEeHHS [JKA-45 1Mo OTHONMICHHWIO K Pa3IUYHBIM IITaMMaM MHUKOOAKTEpHH,
MpeICTaBICHEI B Ta0muie 1 u Ha pucyHke 1.
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Tabnuma 1

Pe3yabTaThl ncnbITaHus Ty0epKyJocTaTu4yeckoii akTuBHocTH I'7KA-45
M0 OTHOLIECHMIO K Pa3JIM4YHbIM mTammam MT

Cpena 'ensbepra-M
JlH1 HaOII0IeHUS
Ne mpoGupxn 5 | 7 [ 10 [ 12 [ 15 [ 20 [ 25 [ 30
OTtanonHsli mramMmm M. bovis-8
1 _ _ _ _ _ _ _ _
2 _ _ _ _ _ _ _ _
3
Dnuzootrueckuit M. bovis
1 _ _ _ _ _ _ _ _
2 _ _ _ _ _ _ _ _
3 _ _ _ _ _ _ _
M. phlei

1 — — — - - — + ++
2 — — - - - - + +
3 — — — - - — ++ ++

M. scrofulaceum
1 _ _ _ _ _ _ _ _
2 _ _ _ _ _ _ _ _
3 _ _ _ _ _ _ _ _

Ipumeuanue. + — ot 10 no 20 xononuit; ++ — ot 20 10 50 KONTOHHUH.

Kax Bugno u3 tabmunps! 1, coenunenne [ 7KA-45 mposBuino TyOepKyI0CTaTHIECKYIO0 aKTUBHOCTD IO OT-
HOIIICHUIO K mTammaM M. bovis-8, M. bovis u M. scrofulaceum, Tak Kax B THU HAOIIOICHUI Ha TOBEPXHOCTH
nutatenabHou cpenbl ¢ I KA-45 He oTMedancs pocT KOJOHUM Ha3BaHHBIX MITAMMOB. MeXAy TeM SIU300TH-
yeckuil mtamm M. phlei o0naman HEKOTOPOH YCTOMYMBOCTBIO K HUCHBITyeMoMy coenuHeHnio 1 KA-45, u
20-25 cyTkaMm Ha MOBEPXHOCTH MHUTATENLHON cpeibl HabOronanochk noseienue ot 20 mo 50 xonoHWid Ha-
3BaHHOTO IITAMMaA.

r2KA - 45
M. phiei
Adama noceeasa

M2KA - 45
M.scrofulaceum
dama noceaa
07.08.14.

IF2KA - 45
M.bovis-8
dama noceea
07.08.74.

r>KA - 45
M. Gervdsu
dama noceea

07.08.14.

07.08.74.

6 2

a

Pucynox 1. Pe3ynpraTsl ncnibiTanus TydepkynocTatnaeckoii akrusHoct [ 0KA-45
10 OTHOIICHHIO K Pa3INYHBIM IITaMMaM MHKOOaKTepHi

Ha pucynke la, 6, 2 BUTHO OTCYTCTBHE Ha MOBEPXHOCTH MHUTATEIBHOMN CPEbl C UCIIBITYEMBIM COCAHHE-
Huem [KA-45 xapaktepHOro pocra KyJabTyp Kak JTaloHHOTO (M. bovis-§), Tak W 3MHU300THYECKUX
(M. bovis, M. scrofulaceum) mraMMoB, 4TO yKa3bIBaeT Ha TyOEPKYJIOCTATUYECKYIO0 aKTHBHOCTH HCIIBITYyEeMO-
T0 COCIUHEHUS N0 OTHOIICHHIO K YKa3aHHBIM IITaMMaM. MeXIy TeM Ha MOBEPXHOCTH MUTATEILHON Cpelbl
¢ ucheITyeMbIM coeauHeHueM [JKA-45 mHaOmiomaeTcss pocT XapaKTepHBIX MEJKHX, HEXKHBIX CBETIIO-
KpPEMOBOTO I[BETa KOJOHUH KyIbTYypHI ITamma M. phlei.
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Pe3ynbpTaThl KOHTPONBHOTO ONBITA MPOUJUTIOCTPUPOBAHBI Ha PUCYHKE 2, TIIe BUACH XapaKTepHBIH POCT
KYJIbTYp aTHIAYHBIX ITaMMOB: M. scrofulaceum v M. phlei (31M300THYECKHE IITAMMBI), a Takke M. bovis-8
(oTasioHHBIN mTaMM) U M. bovis (3Mu3ooTHYECKH mMTaMM) Ha cpeje ['enpbepra-M 6e3 100aBICHUS UCTIBI-
TyeMoro xumudeckoro coequHerns [ 7)KA-45.

a — aTunuvHbie MukoOakrepuu M. scrofulaceum;
6 — mTaMMbl Ob19bero Buaa M. bovis-8 (3TanoHHBIN WTaMM) U M. bovis (3NU300THYECKHH ITaMM)

Pucynok 2. XapakTepHbIil pOCT KYIbTYp Pa3IHIHBIX IITAMMOB MUKOOAKTEpHI
Ha cpene I'enbbepra-M 6e3 I 0KA-45

Kaxk n3BecTHO, pemmaromiee BIUSIHIE HA (PU3HOJIOTHYECKYI0 aKTUBHOCTh COSTMHEHHS OKa3bIBAET COEP-
’KaHUe Pa3IMIHBIX GapMako(OOHBIX TPYIII B CTPYKTYpEe COeITMHEHHS. B mpogomkeHne uccieaoBanus 3aBy-
CUMOCTH «CTPYKTYpa—aKTHBHOCTb)» CPEAX MPOU3BOJHBIX CATULUIOBON KUCIOTHI OCYIIECTBICH CHHTE3 3-(2-
(2-runpoxcubeH3on)-ruapazuHuI )-npornuonmi-(Mopponua-4)-nutuokapobamata (I7KA-47). Cunres co-
equaeHust [7KA-47 ocymecTBisin B3auMozeiicTBueM MOpQOJIHUHA C CEPOYyrIepoIoM B Cpele JUOKCaHa
B IIPUCYTCTBUH TPUATWIAMHHA O€3 BBIACICHHS MPOMEKYTOYHOTO COCAMHEHUS M3 PEaKIMOHHOW Cpesl C
JAIbHEHITNM B3aMMOJICHCTBUEM C XJIOPAHTUAPHIOM aKpPHIOBOH KMUCIOTHL. BhImaBmmii ocajok rHIApOXIOpH-
Ja TprdTHIaMuHa oThwibTpoBand. K dunbrpary nobGaBuiay THIpa3u]] CaIUIMIOBONH KUCIOTHL. BhimaBmmii
0CaJiOK OTQUWIHTPOBAIH H TMEPEKPUCTALIM30BAIN U3 ATHIOBOTrO criuprta. [lomydeHHbId nponykt 3-(2-(2-
THIPOKCHUOEH30MIT)-TUAPA3HHII )-IPONHOHII-(MOpOINH-4)-IuTHOKapObaMaT TpeAcTaBiIsieT co0oi  KpH-
CTAJIITNYECKOE BEILIECTBO C BBIXOA0M 64 %.

. oH . , Ho
/" \ o) /N \

g N—C//\ H N & —d N—C/\S b i 1 N\,}? )
\ / S-C—C=CH, AN-NH, ”

B HK-cnektpe cuntesupoBanHoro coenunerus [ KA-47 nHabGmroqar0TCsi MOMOCH MOTIOMICHHS IS
C=0 rpymms! B obmact 1695-1710 cm ', xapakrepusie mms C=S mpu 1250-1320 cm ', ams NH u OH
rpynn — 3420-3260 cm'. Beruncineno, %: C 48,77; H 5,18; N 11,37; O 17,32; S 17,36. Haiineno %:
C 48,70; H 5,10; N 11,35; O 17,20; S 17,35.

Ty0Oepkynoctatnueckass akTUBHOCTb coeanHenns [JKA-47 no oTHomeHHIo K KynbTypam M. bovis-§,
M. bovis, M. phlei u M. scrofulaceum Obliia U3y4eHa Mo METOJUKE, KOTOPasi HCIOIb30BaIaCh MPU U3YUYCHHN
TyOepKyJIocTaTHUECKOH akTHBHOCTH coenuHenus: [ KA-45. Pesynbprarel ucnbitanus coequaenus [KA-47
MpUBEICHBI B TaOnuue 2.

W3 naHHBIX TaOMUIEI 2 BUJIHO, YTO HA MIOBEPXHOCTH MUTATEIBHOM cpebl ¢ coenqunenueM [ 7KA-47 nep-
BUYHBII POCT KyNIbTypsl M. bovis-8 Habmonancs Ha 15-e CyTKH ¢ MOCIEeaYIOIUM IIepexo10M B (a3y HHTEH-
cuBHOro pocra Ha 25-30-e¢ cytku. Mcneityemoe coennnenne 1KA-47 HecKoNbKO 3aAepKUBAIO CPOKH TO-
SIBJICHUSI TIEPBUYHOIO POCTa KYJIBTYP 3MU300THUECKOTO ITamMMa M. bovis 1 aTUMWYHBIX [TaMMOB M. phlei n
M. scrofulaceum, Tine emMHAYHBIN POCT KOJIOHHUN OTMEUAJICS TOJLKO Ha 25-¢ CYTKH.
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Tabnuma 2

Tyb6epkyaocraTudyeckasi akTuBHOCTh I'7KA-47 o oTHOIIEHHIO K pPa3Ju4YHbIM mTammam MT

Cpena 'ensbepra—M
Ne npobupku Jlau HaOromeHust
s [ 71 1o ] 12 ] a5 ] 20 | 25 | 30
DTanoHukIi mramm M. bovis-8
1 — — - - + ++ +++ ++++
2 — - - - + +++ +H+ ++++
3 — - - - - +++ ++++ A+t
DnuzooTuueckuil mramm M. bovis
1 — — — — — — €.K. +++
2 — — — — — — €.K. €.K.
3 — — — — — — e.K. e.K.
M. phlei
1 — — — - - — ++ ++
2 — — — - - — ++ ++
3 — — - - - — ++++ 4+
M. scrofulaceum
1 _ _ _ _ _ _ _ _
2 €.K. €.K.
3 _ _ _ _ _ _ _ _

Ilpumeuanue. e.x. — egUHUYHBIE KOJOHNH; + — OT 10 mo 20 xonouwmii; ++ — ot 20 xo 50 xononuit; +++ — Gomnee 100 komo-
HUH; ++++ — CIUIOIIHOM pOCT.

Ha pucyHnke 3 mponsumiocTppoOBaH XapakTep pocTa KyJAbTyp Pa3IHYHBIX IITAMMOB MHUKOOAKTEpH Ha
MTOBEPXHOCTH MUTATENBHOM Cpeibl ¢ XUMUYecKUM coenuHeHneM [ KA -47.

KA - 47
—— M. philei

KA - 47 A - 47 Aama noceea
M. GsrvysLr

Adama noceeaea
O7.08.74.

2 6A - 47
M.scrofulaceurmnm
Adama nmoceaa

M. bovis-8
Aama noceeaa
O7.08.7T4.

O7.08.74.
O07.08.74.

Pucynox 3. Pe3ynpraTs! HcnibiTaHus TyOepKynocTaTnaeckoii aktuBHocTH [ 0KA-47
IO OTHOIICHHIO K IITaMMaM MuKobakrepuit M.bovis-8, M. bovis, M. phlei n M. scrofulaceum

Ha pucynke 3a BugeH xapakTepHBI POCT KyJIbTYp 3TaIOHHOTO mTamMma M. bovis-8 (kornoHuHM S-Tuma ¢
MPUNIOTHSITHIM, MYTOBYATHIM LIEHTPOM, CBETIO-KEITOBATHIM OTTEHKOM). Ha pucyHke 36 3amMeTeH pocT KyJib-
TypaTUNUYHOrO mTamMMa M. phlei (KOJTOHMHM MENKO3EpHHUCTHIE S-THMA, ¢ 6€10BaTO-KpeMOBBIM 11BeTOM). Ha
pHucyHKe 36, 2 HAOIIOMaeTCs OTCYTCTBUE POCTa KYJIBTYp mTaMMoB M. bovis u M. scrofulaceum, 4to ykasbl-
BaeT Ha TyOEpKyJOCTaTUYECKYIO aKTHBHOCTh UCTIBITyeMoro coequaeHus [ JKA-47 mo oTHOIICHUIO K Ha3BaH-
HBIM ILITaMMaM.

Baxnouenue

Takum o00pa3om, pe3yibTaThl HCCIENOBAaHUS IOKA3bIBAalOT, 4TO coeamHeHne N-3-(2-(2-ruppokcu-
OEH30MI)TUIPa3UHII)-3-(OKCOIPOIINIT)-U30HUKOTHHOTUAPA3UT TPOSBUIO TyOEpKYJIOCTATHYECKYIO aKTHB-
HOCTB TI0 OTHOIIEHUIO K mTamMmaM M. bovis-8 (3TanoHHbIN mTamMM), M. bovis (3MMM300THIECKUHN IITAMM) U
M. scrofulaceum (atunmuHblil mTamMMm), a 3-(2-(2-TUAPOKCHOEH3OMI)-TUAPAZUHII )-IPOTHOHMI-(MOpPhO-
TNH-4)-TUTHOKapOaMaT — IO OTHOIICHHUIO K 3MU300THYECKOMY mTaMMmy M. bovis, a Takke K aTHITUYHBIM
mrammam M. phleiu v M. scrofulaceum.
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[Tonyuennsle pesynpraThl nokazanu, uro [7KA-45 u I7KA-47 sBndrorcd NepceKTUBHBIMU COEIMHE-
HUSIMM B IUIaHE CO3JaHMsI IPOTHBOTYOEPKYJIE3HBIX IPENapaToB U CIIy>KaT OCHOBOM IS JaJbHEWIIEro u3y-
YCHHS 3aITUTHON 3PPEKTHBHOCTH ITUX COCITUHCHUIM,
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sKkoHe 3-(2-(2-ruapoxkcudeH3011)-ruAPa3uHII)-NPONUOHWI-(Mopdoann-4)-
AUTHOKAPOAMAT XUMUSJIBIK KOCHAJIAPBIH CUHTE3/1ey KIHe 0JIap/IbIH
Ty0epPKYJ0CTATHKAJIBIK 0eJICeHiIiri

Maxkanana N-3-(2-(2-ruapokcruOeH30MI)THAPa3HHIII)-3-(OKCONPOIIIT ) -H30HUKOTUHOTHAPA3U L koHe 3-(2-(2-
THPOKCHOCH30MI)-THAPA3HHII)-TIPONUOHII-(MOP(oIHH-4)-TuTHOKapOaMaT ~ XUMUSUIBIK — KOCHAJIapBIHBIH
MHUKOOaKTeprsuapabiy, M. bovis-8 (3Tanonaslk mramm), M. bovis (SUM300THSUIBIK IITaMM) IITaMMIapblHa
JKOHE 1€ aTHNTI MHuKoOakrepwsuiapiasiH M. phlei sxone M. scrofulaceum mraMmpaapbslHa Kapchl TyOepKy-
JIOCTAaTHKAJIBIK OEJICEHIUIITIH aHBIKTAy OaFBITHIH/A XKYPTi3UIreH 3epTTeyiep KOPBITEIHABICHH KeNTipUIreH.

A .Kh. Zhakina, G.G. Baikenova, M. Bazarbaev, A.K. Shaiymbetova,
S.M. Dyusenov, A.A. Aitkenova, LK. Akzhunusova, D.R. Sadikova

Synthesis and tuberculostatic activity N-3-(2-(2-hydroxybenzoyl)hydrazinyl)-
3-(oxopropyl)-isonicotinehydrazide and 3-(2-(2-hydroxybenzoyl)-hydrazinyl)-
propionyl-(morpholine-4)-dithiocarbamate

In the article authors provide the results of tuberculostatic activity research of the following chemical com-
pounds: N-3-(2-(2-hydroxybenzoyl)hydrazinyl)-3-(oxopropyl)-isonicotinehydrazide and 3-(2-(2-hydroxy-
benzoyl)-hydrazinyl)-propionyl-(morpholine-4)-dithiocarbamate as related to strains: M. bovis-8 (reference
strain), M. bovis (epizootic strain) and M. scrofulaceum, M. phlei (atypical strains).
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CuHre3 u uccjiegoBaHue NOJMPYHKINOHAIbHBIX NPOU3BOAHBIX IJIMKOJIyPHJIa

B crarbe n3ydena gyHkIpoHanmM3anus ONIUKINIECKOH OMCMOUEBHHBI — TIIMKOJIYPHIIA U €0 METHIIONBHBIX
TIPOM3BOHBIX C IIEJIBI0 CHHTE3a HOBBIX a3areTepoOIUKIOB. BriepBrie OCyIEecTBICHO ITepeaMuIIpOBaHUE TET-
PadTHIAMAMUJIO-TPeT-OyTHiI(ochHTa MIMKOTYPHIOM ¢ 00pa3oBaHUEM TNIMKOJIYPHI3aMEIIEHHOTO AM3THIIA-
MHIO-TpeT-OyTHidochuTa; mogo6paHsl ONTUMANBHBIC YCIOBUS peakiuu. Takke BHepBble MpoBeneHo doc-
(dopunpoBanue Terpa-N-METHIONMIUKOIYPHIA Pa3IMYHbIMU peareHTaMu. CTpyKTypa BCeX HOBBIX CHHTE-
3UpPOBAHHBIX MPOMU3BOJHBIX IIMKOJIYpHJIa YCTAaHOBJIEHA U MOATBEpXkAeHA NaHHbIMU SIMP 'H-, BC- u *'P-
criekTpoB, VIK-criekTpoB, pU3NKO-XUMHIECKUMU KOHCTAHTAMH.

Kniouesvie cnosa: ounuriimaeckue OUCMOYEBUHEI, TIIMKOIYPHI, TETpa-N-METHIONTINKOIYPHI, TETPadTHII-
quamuno-Tper-oyrundocur, mepeamuauponanue, Gochopunarposanue.

B HacTosiee BpeMsi XUMUSI OUIMKIIMIECKAX OMCMOYECBHH SIBISICTCS OJTHON M3 MEPCIICKTUBHBIX M WH-
TEHCUBHO Pa3BUBAIOIIMXCS 00JaCTel COBPEMEHHON XMMUHU TETEPOIMKINICCKUX COSAMHCHUN U OXBATHIBACT
MHOKECTBO HAIPaBJICHUH, OCHOBHBIE ACTICKThI KOTOPHIX OTPAXKEHBI B Psjie 0030pOB M MHOTOYHUCIICHHBIX TIE-
PHOAMYECKHX ITyOIMKAIUSIX OTEUECTBEHHBIX U 3apyOSKHBIX CIICIIUATHCTOB.

I'mukonypun (2,4,6,8-rerpaazabuninkio|3.3.0.]okran-3,7-muon) (I) sBiAsSeTcs Ype3BBIYAiHO TPUBIICKA-
TEJIbHBIM OWIUKIMYECKAM COEAMHEHUEM JUUIS Pa3HOOOPA3HBIX peakiui ero (PyHKIMOHATH3AIUMH C IIENBI0
CHHTE3a U WCCIICIOBAHNS HOBBIX a3areTEPOIMKIOB. XUMHUSI TIUKOIYPUIOB HAXOIUTCS JIUIIL HA CTAPTE CBO-
€ro pa3BUTHA U UMEET MHOXKECTBO MEPCIIeKTUB [1].

0]

He” Sy—H
H—C—Cl—H + NH,CONH, 22058 ) {

I NN
0 H/T\H
O

)

[IpenMeroM MaHHBIX WUCCIIEAOBAHUH SIBIAIOTCA COCTUHEHHS Psia TIUKONypUia, KOTOphIE, KaK M3BECT-
HO, UMCIOT OTPOMHOE 3HAYCHUE Ui (hapMaleBTUYESCKOTO MMPOU3BOJICTBA, OMOXUMUH, TEXHUKHU, CEIBCKOTO
X034iCTBa, KIIMHUYECKON U IKCTIEpUMEHTAIBLHON MeAUIIMHbI. HexoTopbie MpOrU3BOHbIE MITMKOIYpUia 3aHs-
JIU BaXKHOE MECTO B KauecCTBE MPOMEKYTOUYHBIX MPOJAYKTOB JJISi CHHTE3a MOIOILINX CPEACTB, TOBEPXHOCTHO-
aKTHUBHBIX BEIECTB. Takxke CleyeT OTMETHTh (hapMaKOJIOTHUECKYIO 3HAYUMOCTh COSIMHEHUH psijia TIHKO-
JypuIia, KOTOPhIE IMIUPOKO MPUMEHSIOTCS B MEUIIMHE B KAYECTBE IMCUXOTPOIHBIX, HOOTPOITHBIX BEIIECTB U
TPaHKBUJIM3ATOPOB HOBOTO MIOKOJIECHHSI.

[IpyarMas BO BHUMaHHE MHOTOTPAHHBIC IOJIC3HBIC CBOWCTBA OWIUKIMYECKUX MOUYEBUH, HAMH OBUIH
CHUHTE3UPOBAHBI HEKOTOPBIE COCTUHEHHS 3TOTO Ki1acca JUIsS UCCIIECOBAHUS XUMUYECKUX CBOWCTB U MPOTHO3a
OMOJIOTUYECKOH aKTUBHOCTH [2].

Kak mokasbiBaeT aHalu3 JIUTEPATYPHBIX JAHHBIX, CBEJEHUS O B3aUMOJICUCTBUU COEJIMHEHUN TpeXBa-
JIEHTHOTO (ocopa ¢ TIUKOIYPUIOM WIHA €ro MPOU3BOIHBIMU MPAKTHYECKHA OTCYTCTBYIOT. HecoMHEHHO,
MPUHIUITHANBHOE OTIMYUE B PEAKIIMOHHOW CIIOCOOHOCTH COEAMHEHWH TpexBaleHTHOTO (ocdopa menaer
pe3ynbTaT B3aMMOZAEHCTBYS He 04eBUAHBIM. OHAKO IPOM3BOIHbIE TIIMKOIYpUia, COAEPKAIINe aTOM TpeX-
BaJICHTHOTO (pochopa, MOTYT OBITh OKHCIICHBI IO MPOU3BOHBIX ISITHBAJICHTHOTO (ocdopa, 4To Ienaer ux
YVHHUKQJIBHBIMA CHHTOHAMU JIJIS NATBHEUIITNX XUMUYECKUX TPEBpaIlCHUH.

W3BecTHO, YTO B psAay COSAMHEHHI TpexBajieHTHOro ¢docdopa sdpupoaMuabl HOCHOPUCTBIX KUCIOT
MPENICTABISIFOT 0COoObIN MHTEepec. OHU TIOCTATOYHO JIETKO OOMEHHBAIOT aMUJIOTPYIITY MO JACUCTBUEM CITHUD-
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TOB, aMHHOB U (heHoNIOB. [10700HBIN CITOCOO OYCHb YAOOCH NI TOMYYCHHS TPYIHOJOCTYITHBIX B MPSMOM
cunreze amuaodocduron [3]. C aToi 1e/IbI0 HAaMH ObljIa MCCIICA0BAaHA PEaKns MepeaMHuINPOBaHUs TETPa-
STHIIMAMHJIO-TPET-OYTHI(POCHUTA TIIMKOIYPHIIOM, IPUBOJIAINAS K 00Pa30BaHHIO TIIHKOIYPUII3aAMEIIEHHOTO

IUSTHIIAMHIO-TpEeT-OyTriadochura.

Peaknuio mpoBoAMIN HarpeBaHWEM B COOTHOLIEHHHM 1:2 Macchl TIIMKOIYPWIAa M TETPadTHIIHAMHUJIO-
TpeT-OyTnndochura B cpene 3THIALETATA C OJHOBPEMEHHOW OTIOHKOH BBIACIAIONIErOCS IUATHIAMHUHA,
UACHTH(QHULIMPOBAHHOTO B BHJE THAPOXJIopHuIa. KonndecTBO BBIAEIHUBLIETOCS AUATHIAMUHA CBHIACTEIBCTBY-

€T O INOJHOTC IMPOTCKAHU pCAKIIHHU.
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Ob6pazoBaBimiicss d3¢pupoamMua GochOpUCTON KUCIOTHI, OYUIICHHBINH MEpEeKpUCTAIIM3aLNEeH U3 STHII-
arerara, IpeAcTaBIsieT coboit Oeroe KPUCTAUINIECKOe BEIIECTBO, PACTBOPUMOE B TIOJISIPHBIX U HEMOJISPHBIX
OpPraHWYECKUX PACTBOPUTEISX U B BOJIE.

CTpyKkTypa MOJYYEeHHOTO COEOUHEHHUs Au-2,6-N-mustunamuno-2,4,6,8-terpa-azoounmkio[3.3.0.]-
oktan-3,7-muondocdonokcuna (II) mocroBepHo mokaseiBaercst manabiME SIMP 'H-, C- u *'P-criexrpos.
CHHTE3UPOBAHHOE COCTUHEHUE HEOOBIYHON CTPYKTYPHI MPEICTABISAET COO0W Macionomo0HOe COeTUHEHHE,
KOTOPOE KPUCTATU3YETCsl MpH IMTEIbHOM CTOSHUHM. CTPYKTypa COCIOMHEHHS TakkKe MOATBEP)KIAcTCS
KOMILJIEKCOM (PH3UKO-XUMHYECKUX KOHCTAHT.

Takum 00pa3om, B pe3yJIbTaTe peakiuy NepeaMuIMpPOBaAHS TETPAdTHIIIUAMUIO-TpeT-0yTridocdurom
TJIMKOJTYpHJIA TTOYYEHbI Pe3yabTaThl, KOTOPhIE MOKA3bIBAIOT 3aBUCHMOCTH HAIIpPaBIIEHHUS MPOTEKAHUS Peak-
UM OT YCJIOBUM NMPOBEICHHUS M COOTHOIIEHHS peareHTOB. Tak, MpOBEACHHE PEaKUUU MPH COOTHOLICHUU
peareHToB 1:1 IPUBOAUT K TIEpeaMHUIMPOBAHKIO 110 OAHON BTOPUYHON aMHHOTPYIITIE (TIOJIOKEHUE 2).

IIpu cootHomIeHUH peareHToB 2:1, T.e. 1Ba 3KBUBajJCHTa TpeT-OyTuiadochuTa Ha OJUH SKBHUBAJICHT
TIIMKONypHJIa, AOCTHIAeTCsl JKelaeMblil pe3ynbTaT. Takoe COOTHOIIEHHE MO3BOJIAECT CKOOPAWHHPOBATHCS
IBYM MOJIeKyJlaM TpeT-OyTundocdura K AByM amuHOrpymmnam (monoxenus 2, 6). [Ipu sTom coxpansercs
BaJICHTHOCTh atoMa (ochopa, 4TO BBI3BIBACT 3HAYMTENLHBIA UHTEPEC K JAHHOMY MPOAYKTY JUIS JalbHEH-
LIMX UCCIICAOBAHUH.

U3BecTHO, 4TO peaknuu N-TUIPOKCHAIKHINPOBAHUS SIBISIOTCS yIOOHBIM TpUEMOM IS (yHKIIMOHA-
TMU3aIU TIEPBUYHBIX U BTOPUYHBIX a30THCTHIX OCHOBAaHWH Oiiarogaps BBICOKOW pEeaKIIMOHHON CITIOCOOHOCTH
[IEJIEBBIX WJIM TPOMEXYTOUHBIX N-THAPOKCHANKMITPON3BOAHBIX. OMHOCTAAMUHBIA BapHUaHT BBITIOTHEHUS
TaKOTO THIIAa IPEBPAIICHUH H3BECTCH KaK peakius MaHHuXa.

I'mukoIrypust, SIBISSICH TIO CBOCH MPUPOE OUITMKITHISCKON OMCMOYEBUHOMN, MOYKET BCTYIATh IO aHAJIO-
T C MOYCBHHOW B CXOJIHBIN MPOIECcC TONUKOHIEHCAITUH ¢ (hOpMATBACTHIIOM, JaBasi B IMOCIEIYIOMEM BbI-
COKOMOJIEKYJISIpHbIE MPOAYKTHl. Ho, B OT/IMYME OT MOYEBHHBI, TIUKOIYPWI MOIU(PYHKIMOHATICH U TIpe.-
cTaBJsieT co0o0il KapkacHoe coeanHenue. CieqoBaTeNbHO, OH OyJeT aBaTh MOJUMEPH ¢ MPUHIUIIHAAIEHO
HOBBIMH CBOWCTBaMH, M3Y4YE€HHE KOTOPHIX MOXKET MPUBECTH K CO3AAHHUIO HOBOTO ITOKOJICHUSI MaKPOMOJIEKY-
JISIPHBIX COCTMHEHHM.

B nHacrosiiee BpeMsi HauMeHee H3y4eHbl OMIUKINYEeCKUe OMCMOUYEBUHBI, KOTOPHIE B CBOCH CTPYKTYype
cofiepkaT N-METHIIONbHBIE TPYHIBI. N-METHIONTPON3BOAHBIE OUIIMKINIECKHX ONCMOUYEBHH TPEXKIE BCETO
MIPHUBIIEKATEIBHBI TEM, YTO OIaroaps BHICOKOW PEaKIOHHONW CITOCOOHOCTH OHU MOTYT BBICTYIIATh, C OJHON
CTOPOHBI, CHHTOHAMH JUISI HOBBIX T€TEPOLUKIMYECKHX CUCTEM, a C IPYTOil — MPEBOCXOAHBIMH MOHOMEPAMHU
JUTSL HOBBIX TIOJIMMEPOB.

Ha cerognsimauii 1eHb, HECMOTPSI HA OTHOCUTENBHYIO TOCTYITHOCTh, CPABHUTEIBHO MaJI0 H3YYEHHBIMHU
SIBIISIIOTCS. METHIIONIBHBIE TIPOU3BOAHBIC TIIMKOIYPHIIA, KOTOPBIE MOTYT MPEACTABIATh CAMOCTOSATEBHBINA UH-
Tepec sl MPaKTUIECKOTO IPUMEHEHHSL.

N-TUAPOKCHMETHITIIHKOIYPHIT JIETKO 00pa3yeTcs B3anMOJISHCTBUEM TIIMKONypria u GopMalibaeruia B
menouHoi cpene. MccmemoBaTenn moOKa3aid, YTO TIIHMKOJIYPHJ TPH B3auMoAeWcTBUU ¢ 40-pOLEHTHBIM
BOJHBIM pacTBOpoM ¢opmanuHa npu temmeparype 50 °C B mpucyrctBun NaOH 10 ycranoBneHus mokazaTe-
ns pH 9-10 u mepememinBaHNy B T€YEHHUE 2 9 C IOCTATOYHO BBICOKUM BBIX0o0M (70 %) oOpasyeT TeTpame-
trgmonrukoypui (111).

o 0
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Heob6xomumMo 0TMETHTB, 4TO TeTpa-N-METHUIONTIIHKOIYPHI SIBIISIETCS BOJJOPACTBOPUMBIM, YTO OTJIMYA-
€T €ro OT OOJIBIIMHCTBA MTPOU3BOAHBIX 2,4,6,8—TeTpaa3zabunukiio[3.3.0.]Jokran-3,7-a10Ha, HO IJI0XO PacTBO-
pPHUM B OOJIBIIIMHCTBE OPTaHMYECKIX PACTBOPUTEIICH.
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Panee [4] HamMu Obuta MoKa3aHa BO3MOKHOCTB (OCHOPHIMPOBaHUS 2-aMHHO-4-()EeHIITHA30JIa PeaKLIU-
eil mepeaMHIUPOBAHUS TETPAITUIIUAMUIO-TpeT-OyTuindocdurom. IlpoBeneHre aHanOrnIHON peakuuu Ie-
peaMuaMpoBaHus ¢ TeTpa-N-METWIONTTIMKOIYPUIOM IPEACTaBIsIO 3HAuYMTENbHBIN uHTepec. Peakiuto
¢dochopunmpoBanus TeTpa-N-METWIONTIUKOIYpHIa TETPadTHIANAMHUIO-TPET-0yTHIAPOCHUTOM MPOBOIMIN
B CpeJie ITUJIalleTaTa ¢ OJHOBPEMEHHOM OTTOHKOM quaTHiIaMHuHA. B Xone peakiuy HaMu ObUIM YCTaHOBIICHBI
ycioBus (ochopuarpoBaHus. BelieneHHBIH B ponecce MOMyYeHNs TUITWIAMUH ObUT HACHTH(UINPOBAH C
nomonipto npomyckanus cyxoro HCI. IomyueHHBIH THAPOXIOPUA JUATUIAMHHA COOTBETCTBYET CTEXHOMET-
pHH peakuuy. DTO 3HAYUT, YTO peakiyst GocGOopuIMpoBaHs IPOTEKAET C yIaCTHEM JBYX aTOMOB BOAOPOA.
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B pesymbrare OBUT BBIIEIECH MACISHUCTBIA TPOAYKT 2,6-mu-(N-mudtunamumgoMetuinoidocdaro)-
2,4,6,8-terpaazodurnkiio[3.3.0.Jokran-3.7-quon (IV). B xome moaOopku pacTBOPHUTENS I KPUCTAILTA3A-
UK ObLTa MCTIONB30BaHA CMECh dTHJIAIeTaTa M STHIOBOro cnupta B cootHoumenuu 1:1. B UK-cnektpe co-
€/IMHEHHS TOJTy4EHHOTO BEIECTBA IPHUCYTCTBYIOT HONOCH HOrIomeHus B o6mact 1100 cm™ u 1274 em™,
9TO COOTBEeTCTBYeT BajeHTHBIM Kojiebanmsim C—O—C u P=0 cBszeit cooTBeTcTBeHHO. [lomoca mormomeHus
C=0 nposisiercs B obmactu 1700 cv', momoca mornomenust P-H cBsisu — B o6nactu 2573 oM™ . Koneba-
HusM N—H CBSI3M COOTBETCTBYET MoJI0ca Toriomenus B oomacti 3109 cv'. Temneparypa IIaBIeHHs Holy-
YEeHHOTO coefnHeHus coctanisier 168 °C.

Peakiuu 3amenieHust Hauboliee XapaKTEePHBI IS XJIOPAHTHIPUIOB KUCIOT TpexBalleHTHOTo (hocdopa.
OTH peakuuy 4Ype3BBIYaHO JIETKO MPOTEKAIOT ¢ OONBUIMHCTBOM OOBIYHBIX HYKJICO(PHIBHBIX PEarcHTOB:
CIHMPTOB, MEPKANTaHOB, (PeHOTI0B 1 aMUHOB. He00X0IMMO OTMETUTB, YTO B3aMMOJICHCTBUE XJIOPAaHTHAPHIOB
KHCJIOT TpeXBajieHTHOro ¢ocdopa u coemuueHuit tuna P-3 (rme 3 = N, O, S) umeeT npoTUBONOIOKHBIE
3aBUCHUMOCTH JIETKOCTH MPOTEKaHUs OT HYKJICO(UIbHOCTH pearcHra.

C 1enplo JanbHEHIIET0 N3yYeHUsT peaKMOHHON CrIOCOOHOCTH TeTpa-N-MeTHIIONTIUKOIypriIa B peak-
nusax pochoprrpoBaHus MIPOBEICHO B3aUMOICHCTBHE HCXOMHOTO BEIIECTBA C TPEXXIOPHUCTHIM (HochopoM.
docdopunrpoBaHue TPOBOAMIOCH B JIOCTATOYHO MSTKHX YCIOBUSIX B Cpelie TeKcaHa IMpU HarpeBaHHU.
B xozme peakuuy ObLT 3aMEUYEH HE3HAUUTENLHBIN AK30-3QQeKT. Peakuuio mpoBoauiau A0 MOJHOTO PacTBOpE-
HUS TIOJTYYEHHOTO BEIIIECTBA B TEKCaHE.
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Kontponpe peakumu Benmu metogom TCX. B UK-cnektpe monydenHoro BemiectBa (V) MPHCYTCTBYET
T0I0Ca TOTJIOMEH)s B 061acTu 1242 cM', 4To COOTBETCTBYeT BalneHTHEIM KoneGanusam P=0. ITomoca mo-
riorenust B obmacti 1700 cm™' cBumeTenseTByet o npucyterBun C=0 cBszu. B o6mactu 2250 cm™ o6Hapy-
YKUBAETCSI 110JIOCA MOTJIOMICHNSI, OTHECEHHAs K KosieOaHmsm P—H.

Bonee neranbHbIi oAX0 K TOAOOPKE YCIOBUI peakMy MO3BOIMI HaM MPOBECTH PEAKIHIO B TCUCHHUE
IBYX HeJesb. B0 BBIACICHO KPUCTAUIMYECKOE BEIISCTBO XKeaToro nsera 2,6-au-(N-meruinxiaopdocdaro)-
4,8-xnopmerni-2,4,6,8-terpaazoounnkiio[3.3.0. Jokran-7-nuodn  (V), TemmepaTypa ILIaBJICHUS KOTOPOIO
240 °C.

Takum 00pa3om, MPOBEICHHBIE UCCIICAOBAHUS MIPUBEIIN K CHHTE3Y HOBBIX HOJIU(PYHKIIMOHAIBHBIX TPO-
W3BOJIHBIX TJIMKOIYpHIIA, IOA00paHBI ONTHMAIbHbBIC YCIOBUS peakiuil nepeaMuanpoBanus u (Gocdopunm-
pOBaHUs, TIIONyYCHHbIC COCIWHEHHSI OXapaKTepPH30BaHBI C TIPUBJIICYCHUEM COBPEMEHHBIX (DH3HKO-
XMUMUYECKUX METOI0B HCCIICAOBAHHUS.

3KC}’l€puM€HmaJlea}l yacmo

Cunres 2,4,6,8-Terpaazadbunukiio|3.3.0.Jokran-3,7-1uona (raukoaypui) (I). B tpexropmyto xonby
BMecTUMOCTBIO 500 M1, cHaOKEHHYIO0 MEIIAIKOHM, KaneJbHOH BOPOHKOW M 0OpaTHBIM XOJOAMIBHUKOM, 3a-
rpy3wn 60 r (1 Monbs) ModeBHHEI, 60 T BOJIBI, IEPEeMEIIHBAIIN 0 pacTBopeHus. [Ipu nepemenmBanuu 106a-
B 5,4 mi (0,1 Monb) KOHIIEHTpUpOBaHHOW cepHOl kucnoThl (d=1,840) u 58 r 40 %-HOro BOJAHOTO pac-
TBOpa rauokcas (0,4 mons). Harpenu no kxumenust u kunatuiy 20 MuH. PeakiMoHHYI0 Maccy OXJIaIuiii 10
KOMHATHOH TEMIIEpaTyphl, OCAJ0K OT(UIBTPOBAIHN, MpoMbLIH 60 M Bozbl, BeICymau. [lomyummm 48,4 r
0eoro KpUCTAIITMIECKOTO TMOPOIIKa, YTO COCTABIsAET 85 % THMKOIypHia OT TEOPETHUECKOTO IO TIHUOKCa-
mo. T. . 360 °C, MK-criextp (KBr), v, cv™': 3330 (NH), 1690 (C=0). Criextp SIMP 'H (IMCO-dy), 8, Mm.1.:
5,45 (CH).

Cunre3 au-2,6-N-mumdyTHwiamuao-2,4,6,8-rerpaazodounuxiio]3.3.0.Joxran-3,7-muondocdonoxcuna (II).
K 7,78 r (0,028 moip) TeTpasTmiauaMuno-TpeT-oyrmindochura qodasumu 2,0 T (0,015 Moas) rmkomypuia
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B 500 My sTHNaneraTta. PeakimoHHYI0 cMech HAarpeBajii [0 TMOJHOW OTTOHKH BBIAEISIOMICIOCs JHITHIAMH-
Ha, KOJIMYECTBO KOTOPOTO COOTBETCTBYET crexuomeTpuu peakmun 3,08 T (93 %). Beinensrommiics quaTria-
MUH OBLI UACHTUGHUIMPOBAH B BUIC TMAPOXJIOPHAA TUATWIaAMHHA ¢ T. 1. 222 °C (cmpaB. JaHHBIC: T. IUL.
221 °C). CBOGORHBI AMITHIAMUH C T. KuM. 54-55 °C, n,/'=1,3894 MOJIYYHJIA HEUTpanu3anuen meaoybio
(crpaB. maHHBIe: T. KHIL 55,5 °C, ng’=1,3873). [Toay4eHHOE BELIECTBO OUMINATH MEPEKPHCTATIIH3AIICH U3
6ensona. Berxox mpoaykra cocrasui 1,6 T (80 %), T. ur. 193 °C.

Cunre3 2,4,6,8-rerpamernsion-2,4,6,8-rerpaazadunnkino|3.3.0.Jokran-3,7-nuona(rerpa-N-meTu-
goarauxoaypui) (III). A) Terpa-N-MeTHIONATTHUKOIYpHI MONyYaId NPH B3aMMOACHCTBUU TIIMKOIYpHIIA
¢ 40 %-HpIM BogHBIM pacTBOpoM (hopmanmna npu temmeparype 50 °C B npucyrctsun NaOH no ycranose-
Hus nokazatens pH 9-10 u nmepememmBanuu B TedeHue 2 4. [Ipu 3ToOM ¢ 10CTaTOYHO BBICOKUM BBIXOJIOM
(70 %) obpazyetcs 2,4,6,8-rerpameruinon-2,4,6,8-terpaazadurukino|3.3.0.]Jokran-3,7-11M0H (TETpaMETHIION-
TJIMKOJTYPHJT), KOTOPBIN BEIIEIISCTCS U3 PEAKIIMOHHOM Cpebl OTTOHKOM BOJIEI.

b) K cycnensun 28,4 r (0,2 monp) rmukonypuia u 80 r 40 %-Horo pactBopa Gopmansaernaa 1o0aBis-
mu 20 %-HbIll pacTBOp TMAPOKCHIA HAaTpHs A0 yCTaHOBJIeHMA mokaszaTtens pH 9-10, 3aTem peaknuoHHYIO
cMech BelIepkuBanu npu Temmneparype 50 °C u nepeMermnBany B TeueHue 2 4. VI3 pacTBopa BBIIEIHUIIHN TET-
pa-N-ruapoxcumernarmukonypui. Beixox 26,2 T (50 %), 1. mn. 136,5 °C, UK-cnextp (KBr), v, em™: 1718,31
(C=0), 3337,39 (OH). Cnextp SIMP 'H (JIMCO-d), 8, m.11.: 5,68 (N-CH), 4,8 (N-CH,), 4,93 (HO-CH,).

Cunre3 2,6-1u(N-mmyTuiaamuaomeruioiadocdaro)-2,4,6,8-rerpaazooununkio|3.3.0.|okran-3,7-1u-
ona (IV). K 3,77 r (0,0152 momb) TeTpastunanaMuiao-TpeT-oyruiadochura nodasmsim 6,0 r (0,0076 mMoib)
terpa-N-Metmwonriukoirypuiia B 500 M1 sTmnamnerara. PeakiimoHHYI0 cMeCh HarpeBaIH 10 TTOJTHOH OTTOHKH
BBIJICJIAIONICTOCS AUATUIAMUHA, KOJIMYECTBO KOTOPOTO COOTBETCTBYET cTexuoMeTpuu peakuuu 1 1 (93 %).
Brinensrornuiics qudTHiIaMAH OBIT MACHTH(HUITMPOBAH B BHUIE THAPOXIOPHIA JUITHIAMUHA ¢ T. L. 222 C
(cnpas. mannbie 221 °C). CBOOOIHBIN TUATHIAMUH TOTYIHIN HERTpATU3aMel menodbto, T. Kutl. 54—55 °C,
n,°=1,3894 (cnpas. manmsre: T. kum. 55,5 °C, n,=1,3873). [lonyueHHOE BEIIECTBO OUHIATH MEPEKPHCTAI-
nu3anueit u3 oensona. Beixon nponykra cocraBuin 2,6 T (80 %), 1. m. 168 °C.

Cunre3 2,6-mu(N-metuinxisopdocdaro)-4,8-xjaopmerni-2,4,6,8-rerpaazoounuxiao [3.3.0.Jokran-
3.7-quona (V). B tpexropnyio koily, cHaO)KEHHYI0O MEXaHHUECKOW MEIIAIKOM, TEpPMOMETPOM, 00paTHBIM
XOJIOAWIBHUKOM U KamleJIbHOH BOPOHKOH, momecTwin 8 r Terpa-N-metwionrmukonypuna (0,007 momnb) u
Hamwm cyxod rekcad. Oxmagmmm ganHyo cycreHsuio oT 0 mo 10 °C m moctenenHo npwmBamm 8,296 T
Tpexxiopuctoro dhocdopa (0,061 Moib). PeakiimoHHYIO CMECh HarpeBak B TCUCHHE yaca MPHU IepeMEIu-
BaHMH. Yepe3 yac, Mmocje TOro Kak TeMIepaTypa PeakLMOHHONW CMECH CTajla COOTBETCTBOBATH KOMHATHOM
TeMIlepaType, Hadajli HarpeBaHue Mpu nepeMermBanni. Peakumro nmpoBoaniu 70 9 10 TOITHOTO pacTBOpe-
HUS MOTyYEeHHOTO MPOIYKTa B TeKcaHe. bbUTo BBIIETIEHO KPUCTAJUIMYECKOE BEI[ECTBO XKEITOTO IBETA, T. T
KoToporo coctaBuia 240 °C.
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MoundyHKHOHAIABI ITHKOJIYPHJ TYBIHABLIAPHI CHHTE3I JK9He 3epTTeyi

Makanana jkaHa a3areTepolMKIACpIi CHHTE3/ey MAKCaThIMEH — TJIMKOJYPWI JKOHE OHBIH METHJIOJIIBI
TYBIHABUIAPBIHBIH OMIUKIAI OMCMOYEBMHAHBIH KBI3METI 3epTTeNl. AJFall peT TeTpasTHIIHAMHI-TPET-
OyTmIOCHUTTIH TINKOIYPHIMEH KalTa aMUATEY PEaKIUsCHl OTIll, TTTMKOIYpPHJI OpBIHOACHUIFaH IUITHII-
aMuI-TpeT-0yTHI(OCHUTTI any koHE peaKUMSHBIH OHTAHIIBI JKaFAainapsl TaHAaIABL. AJFam per Terpa-N-
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METHJIONTIUKOIYPUIAIH Sp Typii peareHTTepMeH (ocdomupieyi xyprizingi. bapibik xaHa cuHTe3/enreH
TJIMKOJIYPUJI TYBIHABUIAPBIHBIH KypbUIblckl SIMP 'H-, BC- xone * 1P-cneKTpnepMeH, VK-crekTpimMeH xoHe
(bU3MKa-XUMUSIIBIK TYPaKThUIBIPBIMEH aHBIKTAJI/IbI KOHE JIQJIEIACHI.

L.K. Salkeeva, Ye.K. Taishibekova, Ye.V. Minaeva, L.M. Sugralina,
B.K. Makin, T.S. Abaidil’din, A.V. Omasheva, F.E. Kumakov

Synthesis and research of polyfunctional derivatives of glycouril

Article deals with functuionalization of bicyclic bisurea, i.e glycoluril and its methylol derivatives for the
purpose of synthesis of novel azaheterocycles. For the first time transamidation of tetraethyldiamino-tert. -
butylphosphite by glycoluril with the formation of glucoluril substituted diethylamido-tert. -butylphosphite
was carried out; optimal conditions for reaction were chosen. Firstly phosphorylation of tetra-N-
methylolglycoluril by various reagents was carried on. The structure of all novel synthesized derivatives of
glycoluril was established and confirmed by NMR 'H-, '*C- u *'P spectra data and physical and chemical
constants.
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DJIeMEeHTHBI, aMHUHO- M dKMPHOKHUCJIOTHBIN COCTaB
Rheum tataricum L. u3 FO:xuoro Ilpubdanxamnbs

Brnepsble uccneoBan Makpo- ¥ MUKPOJJIEMEHTBIA COCTaB, COACPKAHUE aMUHO- U XKHUPHBIX KHCIOT B Haj-
3eMHOH W moj3eMHOIl dacTsix Rheum tataricum L. (cem. Polygonaceae Juss.) m3 Oxuoro Ipnbamxamibs.
DJeMeHTHBII aHaJIN3 HaJ3eMHOI M TTOJI3¢MHOMN YacTeil pacTeHUs IoKa3aa HauOoJblIee cofepkaHne MaKkpo-
anemenToB K u Ca, a u3 MukposneMeHToB Zn. BeiaBneHo 14 aMMHOKHCIOT U § KHPHBIX KUCIOT. V3 BBLAB-
JIEHHBIX aMHMHOKHCJIOT B HAJ3€MHOW 4YacTH NPeoOnafaioT MPONWH, TIUIMH U (QEeHHNaNaHuH, a B MOI3EM-
HOI — THPO3uH, (peHUTanaHuH, TuyH. JKupHble KUCIOTHI MPEICTaBIeHbl IPEUMYIECTBEHHO OJIEMHOBOMH,
CT€apHHOBOW M MalbMHUTHHOBOW KHcioTaMu. IIpencTaBieHbl COBPEMEHHBIE PE3yIbTaThl KOIHYECTBEHHOTO
coziepkaHus (pIaBOHOUIOB U AyOMIIBHBIX BEILECTB B ChIpbe Rheum tataricum, 3arOTOBICHHOM M3 Pa3JIMYHBIX
nomyIsiuit Ha Teppuropun FOxuoro [Tpndanxamsst.

Kurouesvie cnosa: Rheum tataricum, MI/IHepaJIBHblﬁ COCTaB, aMHUHO- U )KUPHOKHUCIIOTHOC COACPIKAHUC.

OcBoeHne JleKapcTBEHHOH (hJIOpPHI ¥ MHTEHCHUBHBIM MOMCK HOBBIX MCTOYHWKOB OMOJIOTHYECKH aKTHB-
HBIX BEHIECTB C IIUPOKHM CIICKTPOM (PapMaKOIIOTUIECKOTO JICHCTBHS BEChMa aKTYaJIbHBI JJIsI Pa3BUTHUS OTE-
YEeCTBEHHOH (hapMarieBTUIEeCKOl MPOMBIIIICHHOCTH. K 4nCiTy NMepCreKTHBHBIX HCTOYHHKOB PAaCTUTEILHOTO
CBHIPBsI OTHOCSITCS TIPEJICTABUTEIH poa peBeHb Rheum L. u3 cemeiicta I peuniasie Polygonaceae Juss.

Tak, MHOrME BHIBI pOJia PEBEHb HCMOJIB3YIOTCA KaK KPOBOOCTaHABIIMBAIOLIEE, BsDKYIIEE, MPOTUBO-
JIMXO0paroyHoe, caaduTeabHOe, IPOTHBOOITYX0JI€BOE, BUTAMUHHOE CPEACTBO, IPUMEHSIOTCS B OQHIHATEHON
1 HapoaHoi Meauruae [1]. Pox HacuuThiBaeT 0koji0 50 BUAOB, U3 HHUX MOJAABJISAIONICE OOIBIIMHCTBO BCTPE-
yaercs B Asuu [2]. Bo dnope Kazaxcrana poa npencraeneH 9 Bumamu [3], u3 KOTOPHIX HE MeHee 7 o0naaa-
10T JICKAPCTBCHHBIMU CBOWcTBaMU [3], nBa u3 Hux Rheum altaicum Losinsk u Rh. Wittrockii Lundstr. 3aHe-
cennl B «KpacHyto kaury Kazaxcranay [4].

Rheum tataricum L., Tyiie )aIbIpaK, peBeHb TaTAPCKUM, — XO3SMCTBEHHO IIEHHBIN BUI, HauboJjee pac-
MPOCTPAHEHHBI HA TEPPUTOPUU PECITyONUKH. 3HAYUTENBHBIC 3amachl €ro ObBUIM BBISBICHBI B 60-¢ TOJBI
npornutoro crosierus B [Ipuapaise [5] u [Ipubanxamise [6]. B pamkax mpoekra 0939/T'® «PecypcHas xapak-
TEPUCTUKAa HEKOTOPBIX XO3SMCTBEHHO-IIEHHBIX pAaCTeHHWH (coioaka, rapmaia, peBeHb) Ilpmbamxamibsn
(20152017 rr.) Ha4yaThl COBpPEMEHHBIE MCCIIEOBAHUS MO BBIABICHUIO PACIPOCTPAHECHUS, YPOKAHHOCTH,
(UTOLIEHOTHYECKOI XapaKTepUCTUKE, CHIPHEBOI 0a3bl peBeHsI TaTapcKoro [7].

OUTOXMMHUYECKUE MCCIETOBaHIS BUAOB pofa Rheum L. IpoBOIUINCh B cepeinHE TMPOIIIOTO CTOMETHS
Ha Kadenpe xumuu TpUPOIHBIX coenauHeHuit KasHY wum. anp-®apabu moj pykKoBOACTBOM M.X.H., TPO-
tdeccopa T.K. Uymbanora [8—12]. JI.C. AnfoKuHON W3Y4YEHO BIIMSHUE CE30HA 3arOTOBKH Ha JOOpOKadyecT-
BEHHOCTb CBIphs. Tak, aBTOp OTMedaeT, YTO B JICTHUH MEPHO B 3aBUCUMOCTH OT BHJA PEBEHS MPOUCXOIUT
CHIDKEHHE JJOOPOKAYECTBEHHOCTH CHIPhsI M HAKOIIJICHUE TaHHUIOB. KpoMe TOro, MoKa3aHo BIHSHUE «TITyOH-
HBI KOIIKH, crioco0a pyOKku, ApoOJIeHUs] KOPHS M YCIOBUM CYIIKM» Ha coaepskaHue TaHHuIoB [13]. YV Rh.
tataricum (4yKphl IECUaHON WJIM PaBHUHHON) B MOJ3EMHON 4aCTH OTMEUYEHO BBICOKOE COAEp)KaHUE IyOnIIb-
HBIX BemecTB — 110 25,7 %, B ctebmax — 2,3 %, B muctesax — 7,7 % [14], B koxype mromoB — 13 % [15].
B.I1. Baiiro3uHoii uccienoBaHa JMHAMUKA HAKOIUICHUS MPOCTHIX (PEHOJIBHBIX COCTUHEHHMA, TyOMIBLHBIX BeE-
IIECTB ¥ aHTPAXWHOHOBBIX KPACHUTENCH, YCTAaHOBJICHA 00paTHasi 3aBUCUMOCTh MEX]Ty HAKOIJICHHEM OpTaHH-
YECKHUX KHUCIIOT U AyOHIBHBIX BemecTB [16].

Bonee coBpeMeHHbIE XUMUYECKHUE UCCIIEIOBAHUS BBHITTOTHEHBI KUTAWCKUMU Hccienosaresmu [17], ko-
TOPBIMH BBIJICIICHBI XPU30(aHOII, SMOINH, (PUCITUOH, AI0e-3MOIUH, 1,3,8-TpUrHapOKCHaHTPAXHHOH, TIFOKO-
MUPAHO3KIBI SMOJIMHA, QUCIIMOHA U XpH30(aHOJa, PEOCMHH, paHee HJCHTU(DUIIMPOBAHHBIC U BBIICICHHBIC
I''M. Hypranuesoii [18]. Kurafickumu uccienoBaTeIsIMi MOKa3aHO WHTHOUpYIOMIEe NEeHCTBUE aHTPAXHHO-
HOB, BBIIEJIEHHBIX U3 KOPHEN peBeHs TaTapckoro, Ha pocT Hela xierok [19].

Lenp Hammx vccnenoBaHU — U3ydeHUE MaKpO- ¥ MUKPOJIEMEHTHOIO COCTaBa, KAYECTBEHHOTO U KO-
JUYECTBEHHOT'O COJICP)KaHHs aMHHO- M YKHPHBIX KUCIOT B ChIphe peBeHs Tartapckoro u3 FOxuoro IMpuban-
Xalllbss — TOTEHIIMAILHOTO UCTOYHHKA CHIPhS IS TIOMYYCHHUS OTCUSCTBEHHBIX (DUTOMPENapaToB.

Cepust «Xumusi». Ne 4(84)/2016 21



XKXK. Kapxaybekosa, H.I'. FemexuneBa

Omnpenensiiu coJepKaHue BOJIBI B KOPHSX B TIEPUOT IIBETCHUS (KOHEI] alpeliss — HAYaJlo Masi), CPETHSS
BIIQXKHOCTH cocTaBmia 69,1 %, Toraa kak mo JuTepaTypHbIM AaHHbIM [13, 15] cpenHsis BIa)KHOCTH TOCTHTA-
na 64,84 %. Hamu mpoBeZieH CpaBHUTENBHBIN aHAIHN3 BOAHO-CIIMPTOBBIX M3BJIEUEHUH HCCenyeMbIx o0pas-
OB, COOpaHHBIX M3 pa3HbIx MecT momyssuui FOxHoro [Ipubanxambs. KadecTBEHHBIMH PEaKIVsIMH C
I3ITHA, XXAK, AICl; u napamu NH; ycTaHOBHIIH, YTO Ka4eCTBEHHBIH COCTaB BEIIECTB (PEHOIBHOIO Xapak-
Tepa B HaJ[3EMHOMN 9acTH MCCIEyeMBIX 00pa3IloB MPAKTHUECKH OJJMHAKOB U COBIAJAET C PaHEE BBIMOIHECH-
HbIMH paboTamu [18].

CopnepkaHre JAyOWJIBHBIX BEIECTB, ONpEICIIEMOE METOJOM IEpMaHTaHATOMETPHH, OOHAPYXCHO B
npenenax 4,9-5,8 %, ¢praBoHOMIOB B epecueTe Ha KBepueTuH — 2,7-3,8 % B Haa3zeMHON 9acTu. B KOpHsIX
pEBeHS TaTapcKoro BhIsBIEHO 2,2—-3,4 % diaBononnos u 4,2—12,3 % myOuIbHBIX BEIIECTB.

B Tabnure 1 BriepBble MPUBOJATCS JaHHBIC [0 MUHEPAIbHOMY COCTaBY HQ/I3¢MHOHN W MOA3EMHON Yac-
Tell peBeHs tarapckoro. Ceippe Rheum tataricum Obuto codpano 28.04.2015 r. B 5,5 KM FOT0-BOCTOYHEE
roc. bypa banxarickoro paiiona ATMaTHHCKOH 00JIacTH.

Taonuma 1
Coaep:xkaHue MAaKpo- U MUKPO03JIEMEHTOB B Hcc/IeqyeMbIX o0pa3uax Rheum tataricum L.

Yactp CopeprkaHie MaKpo- ¥ MUKPORJIEMEHTOB, MI/KT
pacTeHus K Na Mg Ca* Al Fe Zn Cu Ni Cd Cr
Hanzemuas 47,59 10,33 6,28 3,75 14,27 | 4,21 39,8 495 | 245 | 0,02 | 3,34
IonzemHuast 45,8 10,13 10,01 4,23 15,62 | 4,41 32,92 | 4,17 | 0,54 | 0,01 0,53

Ilpumeuanue. Conepxanue Ca B %.

B uccnemyeMbix 4acTsx pacTeHus: HamMu OoOHapyxeHo 11 Makpo- u MukposnemeHToB. HaGmomaercs
BBICOKOE COJICp:KaHHUE Kallud, IMHKA, HATPUSl KaK B HAJ3€MHOM, TaK U B MOA3EMHOM uacTax pactenus. Co-
Jlep’KaHue TaKuX MHUKpPOdJIieMeHTOB, kKak Fe m Cu coBmamaeT B McCelyeMbIX OpraHax pacTeHHA, TOT/Ia Kak
coaepxanue Ni u Cr Ha MMOPSIIOK BBITIE B HAA3EMHOM YaCTH 110 CPABHEHUIO C TTOI3EMHOM.

Hamu npoBoauiocs onpeaeneHne aMMHO- U SKUPHBIX KUCIOT B UCCIEAYEMBIX YaCTAX PEBEHS TaTapCKO-
ro, KOTOPOE MO3BOJIUIO BBISIBUTH 14 aMHUHOKHMCIOT M 8 KUPHBIX KHCIOT (Tadm. 2, 3). M3 14 amuHOKMCIIOT,
HaWJCHHBIX B HAJ[3€MHOM YacTH PEBEHSA TaTapCKOT0, MAaKCHMAIBHBIMH 10 COAEP)KAHUIO SBIISIFOTCS MIPOJIHH,
cyMMa JIeHIIMHA U u3oieinuHa, TpeoHuH, riauiuH (0,352-0,196 %), a Taxke deHWIATaHuH, aJaHiH, BAJIMH
(0,185-0,176 %).

B moazemHoO# wacT cyMMa aMHHOKHCIIOT 3HAYUTEIBHO HIDKE, IPe0o0aialoT THPO3UH, TIIULKH, (eHHII-
amanuH U nponuH (0,157-0,128 %). ConepxaHue OCTadbHBIX OOHApYXEeHHBIX amMuHOKHciIoT HIke 0,1 %
(Tabmn. 2).

Tabnuma 2
Conep:xaHue AMUHOKHCJIOT B PACTHTEILHOM ChIpbe Rheum tataricum L.

Maccosas gois
aMHUHOKHCIOT, %
AMHHOKHCIIOTa v =
B HAJ3EMHOI | B IO3€MHOM
4acTu 4acTu
ApruHux 0,092 0,038
JIm3uua 0,098 0,025
Tuposun 0,117 0,157
denunnanaHua 0,185 0,138
I'ncrugnn 0,117 0,068
Jle#uH + n30aeHITuH 0,215 0,087
MeTtuonuna 0,05 0,077
Banun 0,176 0,051
IIponun 0,352 0,128
Tpeonun 0,205 0,075
Cepun 0,147 0,098
Ananuna 0,185 0,098
I'munua 0,196 0,138

22 BecTHuk KaparaHgmHckoro yHusepcurteTa



OneMeHTHbIN, aMUHO- U XXUPHOKNUCNOTHBIN ...

Omnpe/eieHue CONEpKaHusl KUPHBIX KUCIIOT B PEBEHE TaTapCKOM, IIPOU3PACTAIONIEM Ha TEPPUTOPHH
IO0xHOTO IIpHbanxamss, MPOBOINIOCH HAaMHU BIlepBhIe (Tabm. 3). B uccimemyemom crippe 00HApPYKEHO BO-
CEMb KHPHBIX KUCIOT (Tadi. 3). Pe3ynprarsl comep kaHns HACHIIIEHHBIX JKUPHBIX KUCIOT B HAI3EMHOM Jac-
TH PacTCHUs, TAKUX KaK MaCIISTHOM, KallPOHOBOMW, Kal[PHHOBOW, MUPHCTUHOBOH, cocTaBisitoT MeHee 0,004 %,
TOT/Ja KaK MaJbMUTHHOBOW U cTeaprHOBOX Ha mopsanok Beimie — 0,02—0,05 %. V3 HeHaChIEeHHBIX )KUPHBIX
kucnot oOHapyxeHs! nuHONeBas (0,03 %) u oneunosas (0,05 %).

Tabnuma 3

CopnepkaHue KUPHBIX KUCIOT B Rheum tataricum, coGpanHoM B 5,5 KM 10ro-Bocro4Hee noc. bypa

YacTe pacTeHus Kucnora, *10°
P Cuo Ceo Cioo Ciao Cieo Ciso Cig Cig
Hanzemuas 0,14 0,39 0,15 0,17 4,49 2,14 4,54 3,01
TTonzemuas 0,010 0,027 0,11 0,15 4,93 2,51 9,84 7,75

Ipumeuanue. C,y — macnsanas; Cgo — KanpoHoBast; Cjg.g — kanpuHoBasi; Ci4,0 — MupHCTHHOBaAS; C6. — MAIBMUTHHOBAS;
C,g.0 — creapunoBas; Cg.1 — onenHoBas; C g, — JUHOJIEBASL.

B nmoazeMHoit yacTu pacTeHUs MacisHasg U KalmpoHOBAasi KUCIOTHI COAEpKATCS B Cleax, TOrJa Kak Co-
Iep>kKaHre MUPUCTUHOBOM, MAJILMATHHOBOHN M CTEAPHHOBOM KHCIIOT MPAKTHIECKH OJTMHAKOBO C UX COMeprKa-
HHAEM B HQJI3eMHOM dacTh pacTeHus. OTMEUeHO MpeoliaaHne HEHACHIIICHHBIX KUCIOT B JIBa pa3a B IMOJ-
3€MHOI YacTH 110 CPaBHEHUIO C HAJI3EMHOM YacThiO HCCIeayeMoro o0pasiia. BeisBIeHHbBIE )KUPHBIE KACIOTHI
MPEICTABICHBI HACHIIICHHBIMU KUPHBIMH KUCIIOTAMHU MAJTBMUTHHOBOW U CTEAPUHOBOM, a U3 OOHAPYKCHHBIX
HCHACHIIIIEHHBIX — B OCHOBHOM OJICHHOBOI KHCJIOTOM.

3KcnepuM6HmaﬂbHa}z uacmo

Uccnenyemblie oOpasubl Rh. tataricum Obutn coOpansl B (haze Hayasia IIIOJOHOLICHHUS B KOHIE arlpess —
Hagaine mast 2015 r. B cakcaynpHEKax FOxHoro IIpubanxambs Ha TEPPUTOPHN baaxamckoro agMHUHUCTPA-
THBHOTO paiioHa AJIMaTHHCKON 00IacTH.

3aroToBieHHBIE 00pa3Lbl PEBEHS TATAPCKOTO OTACISUTH 110 OpraHaM, CYIIKY OCYIIECTBIISUIN BO3LyLITHO-
TEHEBBIM CIIOCOOOM, Pa3IOKUB HApE3aHHOE ChIPhE OJHHM CJIOEM, Mepuoaudecku nepememtubas. [lomyden-
HOE CyXO€ ChIph€ M3MeJIbuaiu U npoceuBanu. KonnuecTBeHHbIN aHanu3 uccneayembeix bBAB npoBoaunu mo
oOmenpuHATEIM MeToauKam [20, 21].

KonnuecTBeHHOE ompesieneHrue aMUHO- M JKUPHBIX KUCIOT, MaKpO- U MHUKPO3JIEMEHTOB IMPOBOAMIH B
aKKpeIUTOBAaHHOW HCIBITATeNbHON Naboparopun «llumeBas 60e30macHOCT) AJIMATHHCKOTO TEXHOJOTHYE-
CKOTO YHUBEPCHUTETA.

OmnpeneneHne aMUHOKHMCIOT OCYIIECTBISUIM HA CHCTEME KamwUISIpHOrO siekTpodopesa «Kamens
105 M» (P®) (M-04-38-2009) mocie nmpeaBapuTeILHOTO THAPOIIA3a PACTUTEILHOTO CHIPhS COJISTHON KUCIIO-
toit (1:1) mpu 105 °C B Teuenmne 14—16 1 [22]. KucaoTHEIN ruapom3aT yIapuBaind 10 MHHAMAIEHOTO 00b-
eMa Ha POTOPHOM HCIapuTelie U Aajiee MepeBOAWIN B (EHUIN30THOKapOaMUIbHBIE Mpon3BoaHble. [locne
pa3messid ¥ KOJIMYECTBEHHO ONpEAEIsUIM METOIOM KalMUIAPHOTO 3JekTpodopesa. [leTekTupoBanue mpo-
Bomwm B Y® obnactu nipu 254 HM.

CopnepxaHue JKUPHBIX KUCIOT ONpeAessUTd Ha Ta30-KuIKocTHOM xpoMaTorpade «Kpucramn-4000» (PD)
Mocje MNpPEeABAPUTENBLHOIO H3BICUCHUS JIMIUAOB W3 HMCCIEIyeMOro MaTepuana TeKCaHOM Ha ammapare
Cokckiera B TeueHue 5 9 [23]. DKCTpaKT yrmapuBaiau J0cyXa B KPYIVIOAOHHON KOJIOE HA POTOPHOM HCTapH-
tene rpu Temmeparype 30—40 °C. DtunupoBaHue MPOBOIWIH B cMecH 2 Ml Tekcada, 400 Mk 0,5M stmmara
HaTpHsl B 3TaHoie, 50 MKJI YKCYCHON KHUCIOTHI. [lociie MHTEHCHBHOTO MEpeMEIIMBaHUs B TEUEHHE 2 MUH pe-
aKIMOHHYIO CMECh OTCTaMBaJI HEKOTOpPOE BpeMs U PpuiibTpoBay depe3 OymMaxkHbIil GuibTp. [lomyueHHbIH
pactBop anamm3upoBany Ha [ KX «Kpuctam-4000» ¢ AeTEKTOpOM IIIaMEHHON MOHHU3AITHN W TIPOTPaMMHBIM
obecnieuenuem «NetChrom» [24]. Xpomarorpaduieckoe paszaeieHne MPOBOIMIN IPHU CIEAYIOMINX YCIOBH-
SX: TeMnepaTtypa uHxekropa — 188 °C, temneparypa aerekropa — 230 °C, teMmneparypa TepMocTaTa —
188 °C; comep’rMoe KOJIOHKH: MOMHITIIIeHTTuKombagumuHaT (20 %) Ha nenure-545.

CopnepxaHue Makpo- U MHUKPOAJIEMEHTHOTO COCTaBa OMPENENsiIM METOJOM aTOMHO-a0COpOLIMOHHOM
CHEKTPOCKOIMY Ha CHEKTpOMETpe ¢ dekTpudeckor aromusaruein «KKBAHT-Z.OTA-T» (P®), ¢ mporpamm-
HbIM oOecniedueHueM. [1oroToBKa 1 mpoBeneHne aTOMHO-a0COPOIIMOHHBIX U3MEPEHNUH MaKpo- M MUKPOJJIe-
MEHTOB TIPOM3BOIUIIN COTJIACHO HOPMAaTUBHON JOKYMEHTaIuu [25, 26].

B pesynbrate BBIOJHEHHBIX (UTOXMMHUYECKMX aHAJM30B YCTAHOBIEHO KAueCTBEHHOEC M KOJIH-
YECTBEHHOE COJIepKaHrue HEKOTOphIX Ipymn BAB, npoBeieH Makpo- 1 MUKPORJIEMEHTHBIN aHalu3, ONpese-
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JICHBI aMUHO- ¥ )KHPHBIC KUCJIOTHI B HAJ[3EMHOW U MOJI3EMHOM YacTsIX PEBEHS TaTapcKOro, COOPaHHOTO B (a-
3¢ IIOIOHOIICHHUS BO BpeMs DKCIICTUITHOHHOT0 obcnenoBanms B 2015 romy cakcayinsaukoB FOxuOTO IlpH-
Oanxalbs B npejeiax baaxarickoro aiMMHACTPATUBHOTO paiioHa AJIMaTHHCKON 00J1acTH.

Conepxanve (praBOHOUAOB U TyOUIHHBIX BEIIECTB Y Rheum tataricum B HaJI3EMHOW YaCTH BapbUPYyET
B npenenax 2,7-3,8 % u 4,9-5,8 %, B xopusix — 2,2-3,4 % u 4,2-12,3 % COOTBETCTBEHHO. DJICMEHTHBIN
aHaJIM3 TI0Ka3all, YTO B MCCIIEOBAHHBIX YacTAX pacTeHus Habmomaercs Hakoruienue K, Zn, Ca ¢ 3aMeTHBIM
npeobnaganneM K u Zn 1o cpaBHEHUIO ¢ ApyrumMu 3nmeMeHTamu. OnpeesiecH aMHHO- B KUPHOKUCIOTHBIN
coctaB B Rheum tataricum, BBIABICHO 14 aMUHOKHCIIOT U 8 )KUPHBIX KUCIOT. VI3 BBISIBJICHHBIX aMUHOKHCIIOT
HaJ3€MHON YacTH MPeoOIaaroT MPOJIUH, TINIKH 1 ()eHWIaJaHuH, TOT/Ia KaK B MOJI3eMHON — THPO3UH, (e-
HWIANaHWH, TIUIUH. JKUpHBIE KHUCIOTHI NMPEACTaBICHBI NMPEUMYIIECTBEHHO OJIEMHOBOW, CTEAPHHOBON WU
MaJTbMUTUHOBON KACIOTaMH.

Hccnedosanus nposoounuce 6 pamxax npoexkma 0939/'®@ «Pecypchas xapakmepucmuka HeKOmopblx
XO35UCMBEHHO-YEHHBIX pacmeHull (CoN00Ka, eapmana, peseis) Ipudbarxawwvsay (2015-2017 22.).
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K.K. Kapxaybekosa, H.I'. 'ememxueBa

Onrycrik bankamrbin Rheum tataricum L. TYKbIMIACBIHBIH 3JIEMEHTTIK,
AMMH KOHe Mail KbIIKbLIIAPbIHBIH KYPAMBIH 3€pPTTEy

Maxkanana Onrycrik banxamra ecetin Polygonaceae Juss. TyKpiMmacelHbiH Rheum tataricum L. xep ycri
JKOHE JKep acThl OeJIKTepiHAe aMUH KOHe Mall KBIIKBUIBL, COHJal-aK MakKpo- XOHE MHKPOIJIEMEHT
KypamIapbl ajFaml peT 3epTTenmi. OCIMIIKTIH JKepYCTi KOHE XepacThl OeJiriHe »KacajafaH dSJIEMEHTTI
Tanpaynan MakposiaemeHntrepaeH K sxome Ca, an MHKpodnneMeHTTeH Zn Oipmiama >XOorapbl KepCEeTKill
KepceTTi. 14 aMHMHKBINIKBULAAD MEH 8 Mal KBINIKbUIZAphl alKeiHpamasl. JKepycri GesiriHeH adKbIHAanFaH
AMUHKBIIIKBUIAAPbIHAH TPOJIMH, TIUIMH XXoHe (heHUITANAHUH, all )KepacThl OeTiriHeH THPO3HH, (peHMIaIaHnH
JKOHE INIMIMH OachIMIBUIBIK KepceTTi. Mail KbIIIKbULIAphl ILIIHEH OJISWH, CTEApPUH JKOHE IaJbMUTHH
KBILIKBULIAPbI apTHIKUIBLIBIFBIMEH epekiienenni. Ourycrik banxam aiimarbiHaH opTYpili MOMYJISLUSACHIHAH
naiibiHpanFan Rheum tataricum L. mukisaTbiHAa (QIaBOHOMA KOHE MUK 3aTTAPbIHBIH CAHIBIK KYPAMbIHBIH
3aMaHayH HOTHXKenepi Oepiirex.

Zh.Zh. Karzhaubekova, N.G. Gemejiyeva

The elements, amino- and fatty acids composition of Rheum tataricum L.
from Southern Peri-Balkhash region

For the first time macro- and microelements, amino and fatty acids constituents are investigated on the aerial
and underground parts of Rheum tataricum L. (Polygonaceae Juss.) from the Southern Peri-Balkhash. Ele-
ment analysis show high amount such macroelements as K and Ca and from microelements Zn. There were
found 14 amino- and 8 fatty acids. From evaluated aminoacids in the aerial part prevails such as proline, gly-
cine and phenylalanine as in underground part tyrosine, phenylalanine and glycine found. Fatty acids essen-
tially presented as oleic, stearic and palmitic acids. This paper shows the contemporary results of the quantita-
tive analysis of flavonoids and tannins in Rheum tataricum from different populations in the Southern Peri-
Balkhash area.
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OUSUKATIBIK XKOHE AHAJTIUTUKAJIbIK XUMUA
OUSNYECKAA U AHATIUTUYHECKAA XUMUA
PHYSICAL AND ANALYTICAL CHEMISTRY

UDC 541.515

A.S. Masalimov, M.N. Kobelkova, A.S. Rachimzhanova,
A.A. Tur, [.A. Pustolaikina, S.N. Nikolskiy

Ye.A. Buketov Karaganda State University
(E-mail: masalimov-as@mail.ru)

The investigations of acid-base properties of the several small molecules
by quantum chemical methods

The values of ionization potentials calculated for several hydrides and fluorides were obtained by UHF 3-21,
UHF 3-21+G and UHF 3-21++G ab initio methods. Quantum chemical calculations show that protonation
reactions of the four-atomic hydrides of nitrogen subgroup elements give cations with tetrahedron geometry.
Protonation reaction of molecules of the boron subgroup elements follow form with undefined structure.

Key words: proton transfer, acid-base system, intermolecular hydrogen bond, electron transfer, ionization po-
tentials, electron affinity.

There is generally known, the elementary proton transfer in acid-base system with intermolecular hy-
drogen bonds runs in accordance with scheme:

H+

_|_
XH + 7 == XH...Z = X...HZ (D
A B C

Here are: XH — H-acid; Z — base; B — molecular complex with hydrogen bond (MCHB) and C — re-
action product; salt or ion pair — ionic complex with hydrogen bond (ICHB). But our EPR-investigations have
showed that for formation salt C base Z has to the appropriate ionization potential. For example: the stable par-
amagnetic H-acid semiquinone radical 3,6-di-tert.buthyl-2-oxyphenoxyl (I) is formed with the very strong pro-
ton-acceptor as hexametapol only MCHB. The ionic pair C or ICHB is generated by addition donors of elec-
tron: alkaline metals, amines to | — hexametapol mixture. On the basis of available data and acid-base theory
of MLI. Usanovitch may be suppose the next alternative scheme of the proton transfer reaction [1, 2]:

(S H
/\ _/—\+ _ +
XH +Z == XH...Z === XH...Z == X...HZ )
A B B C

In according to this scheme (2) the quantum transfer of electron from base molecule to acid provokes
the fast decoupling and transfer of hydrogen atom and formation ICHB C.
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Figure 1. Calculating model for water-sodium system
corresponding to reactionary atom-molecular distance Ron, = 2,4 A

The MO-computing of the potential curve for simple acid-base model system as H,O — Na, presented
on Figure 1, shows the accurate division of charge in reaction. The separate MO-calculations of dissociation
for different particles type of XHand HZ" demonstrated the energy profitability of homolytic decoupling of
hydrogen atoms. This data were early obtained by us with using semi-empirical UHF PM3 method of quan-
tum chemical program package MOPAC 7 presented on Figure 2 [3]. The artifact of this calculating method
is the demonstration of one-electron giving of sodium atom to water molecule begins already at large dis-
tance between reactants more than Roy, = SA. This quantum chemical data show that such properties of mol-
ecules as ionization potentials are the fundamental parameters ruling the direction of passing for red-ox or
acid-base chemical reactions.
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Figure 2. Dependencies of total energy and charges on reference atoms for acid-base reaction
between sodium atom and water molecule, obtained by UHF AM1 quantum chemical method

In this work we investigated the values of ionization potentials for a certain simple molecules with
known Bronsted — Lewis acid and base properties by using ab initio calculating methods of quantum chem-
ical program package «Gaussian-2009» [4]. The counting parameters of adiabatic (IP,) and vertical (IP,) ion-
ization potentials presented in Table 1. You see here the values of molecular electron affinities obtained also
by UHF 3-21G non-empirical methods. It was interested to analyse the changes of these physical parameters
and protonation specificities under transition from molecules of simple Bronsted bases to Lewis acids.

For counting of adiabatic ionization potential values of the molecules (M) the known formula was used:

IPa = Et(M) - Et(MJr)» (3)
where E(M) is the full optimized value of total energy for molecule M, obtained by mentioned ab initio
quantum chemical method and E(M") is the analogous parameters for this ionized molecule. Calculation of
vertical ionization potentials is carried out without optimization of total energy of cation M.

The expression for determination of electron affinity values has the next form:

EA =E (M) - E (M). “)
Here E(M)) is the quantum-chemical optimized value of total energy for corresponding anion.
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Table 1
The values of ionization potentials for several hydrides and fluorides
obtained by UHF 3-21 ab initio method
Molecule | IP-a, eV | IP-v, eV | EA, eV
Subgroup of nitrogen
NH; —8,053123362 —8,735889041 —6,541158517
PH; —8,713114230 —8,350384801 —3,596868282
AsHj —6,990082772 —6,967110130 —1,924056298
SbH;3 —6,556301450 —6,548478273 —0,930385627
NF; —12,42701180 —11,60640836 —0,375076602
PF; —8,426575135 —8,167906843 2,463388614
AsF; —8,497538045 —8,754888187 1,950047568
SbF; —8,288269057 —8,431184304 1,918899080
Subgroup of boron
BH; —11,58105657 —12,69066778 —1,408854495
AlH; —9,262907927 —10,78132855 —0,520527191
GaH; —9,635543068 —-10,61045814 —0,551374986
InHj; - —9,801563752 —0,331320794
BF; —16,54787898 —16,40642148 —3,763387490
AlF; —12,37690471 —14,66207541 —1,901988455
GaF; —12,01797489 —12,45765061 —1,437478526
InF, - - —0,575937626

It is known that derivatives of nitrogen subgroup elements have Bronsted basicity connected with pro-
ton-accepted properties of the lone-electron pairs of corresponding atoms. Compounds of boron subgroup
elements own the Lewis acids nature and are the strong oxidizers. It was interested to see the influence of
existence or absence of lone-electron pairs in investigated model acid-base molecules on character their red-
ox properties and protonations.

The calculated values of ionization potentials and electron affinities presented in Table 1 show that they
for all molecules vary depending on central atomic radius and decrease with growth of the molecular mass
values of concerned compounds. This data demonstrate also that presented in Table 1 four-atomic Lewis acid
molecules have more large values of ionization potentials then analogous Bronsted bases — four-atomic
compounds of nitrogen subgroup elements.

c d e

a — NHj; b — PH3; ¢ — AsH;; d — SbH3; e — BiH;

Figure 3. The electronic structure of HOMO of the molecules,
obtained by UHF 3-21G ab initio method

The Figure 3 illustrates the spatial structure and wave function of higher occupied molecular orbital
(HOMO) with lone-electron pairs for hydrides of nitrogen subgroup elements. We can see that if molecules
of ammonia and phosphine have pyramidal structure while the molecules of arsinestibine and bismuthine are
plane triangle. The disappearance of lone-electron pairs in these molecules is determined by property of As-,
Sb- and Bi-atoms which valence s-electron promote to higher-level p- and d-orbitals and make their hydrides
structural like to analogous molecules of boron subgroup elements [5]. It is interesting to note that all fluo-
rides of these compounds have planar structure except the nitrogen derivative (see Fig. 4).
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a b
a — NF;; b — PF;; ¢ — AsF3; d — SbF3; e — BiF;

Figure 4. The electronic structure of HOMO of the fluorides of nitrogen subgroup element,
obtained by UHF 3-21G ab initio method

The data of Table 1 show that the values of ionization potentials for boron subgroup element hydrides
and fluorides larger then for analogous compounds of nitrogen subgroup elements. The Figures 5 and 6 show
that all of these molecules have planar geometric structure since their central atoms have not lone-electron
pairs as correspondent compounds of nitrogen subgroup elements.

a b

a— BHj; b — AlH;; ¢ — GaHj; d — InH;,

Figure 5. The electronic structure of HOMO of the hydrides of boron subgroup elements,
obtained by UHF 3-21G ab initio method

a — BF;; b — AlF;; ¢ — GaF;; d — InF;

Figure 6. The electronic structure of HOMO of the fluorides of boron subgroup elements,
obtained by UHF 3-21G ab initio method

It is known the free proton is most strong H-acid and our quantum chemical calculations show that pro-
tonation reactions of all represented in Table 1 the four-atomic hydrides of the nitrogen subgroup elements
give cations with tetrahedron geometry. Protonation reaction of analogous molecules of boron subgroup el-
ements follow form with undefined structure. The such effect obtained in the investigated molecules of the
fluorides.

In the Tables 2 and 3 similar parameters for above shown molecules are presented but obtained by UHF
ab initio method with accounting of diffuse functions in basis sets 3-21+G and 3-21++G of quantum chemi-
cal calculations [4].

Table 2
The values of ionization potentials for several hydrides and fluorides
obtained by UHF 3-21+G ab initio method
Molecule IP-a, eV IP-v, eV EA, eV
1 2 3 4
Subgroup of nitrogen
NH; —8,500638036 —9,129992274 —2,971613532
PH,4 —8,581889802 —8,276219311 —1,665882720
AsH; —7,192469029 —7,164029223 —1,328474329
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1 2 3 4

SbH3 — — —

NF; —12,58624445 —12,02901834 -

PF; —12,63763350 —11,56198259 0,437208129
AsF; —10,37844455 —10,28899761 4,093003997
SbF3 — — —

Subgroup of boron

BH; —11,29320096 —12,57223680 —0,739783799
AlH; — -10,82773099 —0,246205740
GaH; -9,203207520 —10,77361912 —0,212760287
IIlH3 — — —

BF; —17,07865230 —17,08566565 —1,719291713
AlF; —16,07819768 —15,79191629 0,065521054
GaF; —12,46018976 —13,61590734 0,665290405
InF; — - -

Table 3
The values of ionization potentials for several hydrides and fluorides
obtained by UHF 3-21++G ab initio method
Molecule | IP-a, eV | IP-v, eV | EA, eV
Subgroup of nitrogen

NH; —8,495280265 —9,128818348 —1,19460462
PH,4 —8,578321493 —8,271293395 —1,07699436
AsH; —7,178162592 —7,147352349 —-1,26907407
SbH3 — — —

NF; —12,58624445 —12,02901834 -

PF; —12,63763350 —11,56198259 0,437208129
AsF; —10,37844455 —10,28899761 4,093003997
SbF3 — - —

Subgroup of boron

BH; —11,28893222 —12,56792125 —0,73660979
AlH; — —10,81909935 —0,23378237
GaHj; —9,806925877 —10,76245294 —0,19892543
InH; — - -

BF; —17,07865230 —17,08566565 —-1,719291710
AlF, —16,07819768 —15,79191629 0,065521054
GaF; —-12,46018976 —13,61590734 0,665290405
IIlF3 — — —

The mark «—» in the Tables 1-3 means impossibility of calculations connected with quantum chemical
instability of corresponding ionic structures indicated in formulas 3 and 4.

In summary we can say that the presented in this work quantum chemical data, that described such
physical molecules property as ionization potential are the most principal parameters which determine their
basic or acid behavior in correspondent bimolecular reactions. As a rule the molecules of bases have more
less values of ionization potentials then acids molecules and they can lose our one electron, for example, in
the first elementary step of protolytic reaction with acids molecule, which will play here the role of oxidizing
agent.
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KBaHTTHI-XMMHSAJIBIK JAiCTEPMeH KilIiripiMm MoJieKyJ1aaapabIH
KbIIIKbUI-HETI3iK KacHeTTepiH 3epTTey

Maxkanana ab-initio onicimen UHF xysixraybiasy 3—21, UHF 3-217 sxone UHF 3-217" Gasuctepinze xei6ip
ruApuATep MeH (TOPMATEPIIH MOHIAaHY MOTEHLHMAnbl ecenTenni. KBaHTTBI-XUMUSIBIK €cenTeyiep a3oT
TOIIIACKIHBIH AJIEMEHTTEPl MPOTOHAAY KE3iHAE TEeTPadAPIiK reOMETPHSIIbl THMAPHI-KaTHOHAAp OepeTiHAiriH
KepceTTi. Bop TommackHBIH 37€MEHTTEpi NPOTOHAAY Ke3iHAE HAKTHl KYPBUIBICHI JKOK MOJIEKyJauap
TY3€TiHAIr aHBIKTAJIBL.

A.C. Macanmumos, M.H. Kob6enbkoBa, A.C. Paxumikanosa,
A.A. Typ, M. A. Ilycronaiikuna, C.H. Hukonbckuii

HUccaenoBanue KHCJI0THO-OCHOBHBIX CBOMCTB HEKOTOPLIX He0O0JIbIINX MOJICKYJI
KBAaHTOBO-XMUMHNYE€CKUMH METOJAMHU

Ab-initio metonom B ipubmmxenuu UHF ¢ 6asucamu 3-21, UHF 3-217u UHF 3-21"" paccunrans! 3HaueHus
TIOTSHIUAJIOB HOHU3AUK JUISI HEKOTOPBIX THAPHIOB U (TOpHI0B. KBaHTOBO-XMMUYECKHE PACUCTHI ITOKA3bI-
BAaIOT, YTO PEAKLMU NIPOTOHUPOBAHMS HJIEMEHTOB IOATPYIIILl a30Ta JAK0T MMAPUA-KATHOHBI C TETpajdapude-
CKOIf reomeTpueit. Peakiys mpoTOHUPOBaHUS 3JI€MEHTOB MOATPYIBI O0pa MPUBOIUT K 0OPa30BAHUIO MOJIe-
KYJI C HEOIIPEAEIEHHON CTPYKTYPOH.
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Quantum-chemical study of aminoacetic acid cyclic dimers

Cyclic dimers of aminoacetic acid were investigated by ab initio UHF 3-21G method using the Gaussian-
2009 program. Four types of aminoacetic acid cyclic dimers were registered by quantum-chemical method.
Comparative analysis of geometry, charge and energy parameters of aminoacetic acid dimers and individual
molecule was performed. Complexation energy of studied dimers was estimated.

Key words: quantum chemical calculations, ab initio UHF 3-21G, hydrogen bond, aminoacetic acid, glycine,
dimers, associates, cyclic complexes by hydrogen bonding, geometric and energy parameters, charge distribu-
tion, complexation energy, hydrogen bond energy.

It is known that in real conditions a number of oxygen- and nitrogen-containing compounds forms di-
mers with different intermolecular interaction mechanism. Carboxylic acids, water, ammonia and other sub-
stances with a hydrogen bond refer to them [1]. As a result, between the interacting particles complexes by
hydrogen bonding, geometrical parameters and energy characteristics of which influence on the acid-base
properties of initial molecule are formed.

Amino acids are known to possess both acidic and basic properties.Acidic properties are attached by
carboxyl group, basic ones are given by amino group [2]. Aminoacetic acid or glycine is the simplest of ami-
no acids. In a separate molecule of glycine amino and carboxyl groups neutralize each other mutually form-
ing bipolar ions [3]:

v /O + -
HN—CH—CZ T HN-CH=CT _ + =0
: * ~o—H = S or H3N_CH2_CQ;;-'O

The aim of this work is to study the geometric, charge and energy characteristics of hydrogen bonding
cyclic complexes of aminoacetic acid by quantum chemical methods.

Quantum chemical calculations of aminoacetic acid individual molecules were carried out primarily us-
ing the program Gaussian-2009 [4]. The full optimization of the geometry was carried out in a split-valence
basis set 3-21G, one of the most popular and cost-effective basis set where atomic orbitals of inner shells
electrons are approximated by three Gaussian functions of the valence shell orbitals and described by the two
(N =2) and the one (P = 2) of the Gaussian function conformably [5].

The existence a minimum of two glycine rotamers can be assumed due to the possibility of hydroxyl
group rotation around of the C-C bond (Fig. 1) [6].

9

Rotamer 1 Rotamer 2
Ewi= —281.2475 A.U. Ewoi= —281.2440 A.U.

Figure 1. Rotamers of aminoacetic acid

Quantum chemical estimation of the total energies of these glycine rotamers was showed that rotamer 1
(Eiow=—281.2475 A.U.) is thermodynamically more stable in comparison with rotamer 2
(Etora= —281.2440 A.U.). Further calculations were performed for the rotamer 1. Geometric parameters and
charge distribution for rotamer 1of aminoacetic acid are shown in Figure 2.
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Figure 2. Geometric parameters and charge distribution for Rotamer 1of aminoacetic acid

As the Figure 2 demonstrates the charge distribution of the hydrogen atoms depends on its position in
the molecule and varies depending on the functional group they belong to: the hydrogen carboxyl group has
the highest positive charge (q = 0.413) over the hydrogen amino group (q=0.312).

The similar charges on hydrogen related to nitrogen should be drawn to the fact indicating their equal
and symmetrical structure. The dipole moment of the molecule according to UHF 3-21G calculations is
u=1.1634 Debay. A molecule with a nonzero dipole moment is known to be called polar.

It was interested to study by quantum chemical methods the ability of aminoacetic acid for complex
formation by hydrogen bonds in dimeric molecules and identify the most thermodynamic stable complexes.

Figure 3 shows the cyclic complexes by hydrogen bond formed by hydroxyl groups oriented to each
other (Fig. 3a, b) and with participation of the amino groups (Fig. 3¢, d).

Z <1524

Eomi= —562.538 A.U. Eomi=—562.501 A.U.
a) Dimer 1 b) Dimer 2

g* @
112,215°

122,775°

E o= —562.503 A.U. E o= —562.522 A.U.
¢) Dimer 3 d) Dimer 4

Figure 3. Geometric and energy parameters of aminoacetic acid cyclic dimers

Data on the Figure 3 show that Dimer 1 is thermodynamically more stable in comparison with other
structures. It was interesting to compare the complexation energy of discussed dimers.

The complexation energy of the dimer can be estimated by quantum chemical methods as the difference
between total energy of two individual molecules and total energy of the complex:

AEcompiex=2 Eorai(Rotamer 1) — Eq(Dimer) =2-(—281.2475) — Eyy(Dimer) = 562.495 — Eo(Dimer).

Original and calculated data are presented in Table 1.
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Table 1

Energy characteristics of aminoacetic acid and its dimers. Calculation method — UHF 3-21G

_Elotala AU. AEC mplex
Ne | Caleulated structure 15— Tt 1) | Eug(Dimer) | AU, | klmol*
1 Dimer 1 562.495 562.538 0.043 | 112.897
2 Dimer 2 562.495 562.501 0.006 | 15.753
3 Dimer 3 562.495 562.503 0.008 | 21.004
4 Dimer 4 562.495 562.522 0.027 | 70.889

*1 A.U.=2625.5 kl/mol.

Table 1 shows that the maximum energy of complexation is fixed for Dimer 1. It is also the most ther-
modynamically stable dimer. It should be noted the specific structure of the Dimer 1, which reminds chelate
geometry and involves two hydrogen bonds formed by hydroxyl groups of both aminoacetic acid molecules.
Structure of Dimer 1 is differs by planarity and symmetry against other associates.

Complexation energy of glycine dimers varies from 15.752 kJ/mol to 112.897 kJ/mol. This value is
comparable with the experimental data of hydrogen bond energy, which is varies widely from 1 to
160 kJ/mole, but generally hydrogen bonds are much weaker than covalent bonds [7].

The difference in the relative position of two identical aminoacetic acid molecules affects strongly the
values and geometric characteristics of the considered complexes. It was interesting to see how change the
dimers geometrical characteristics according to mutual orientation of the glycine molecules. Geometric char-
acteristics of aminoacetic acid and its dimers are shown in Table 2.

Table 2
Geometric characteristics of aminoacetic acid and its dimers
Characteristic Aminoacetic acid Dimer 1 Dimer 2 Dimer 3 Dimer 4
R(O8HY), A 0.9690 0.999 0.971 0.969 0.969
R(08C4), A 1.357 1.318 1.354 1.357 1.352
R(07C4), A 2.202 1.224 1.201 1.202 1.201
R(C3N1), A 1.453 1.451 1.452 1.454 1.466
R(C3N1), A 1.003 1.00338 1.00378 1.00443 1.007
Z(C408H9), ° 112.261 114971 113.81 112.215 112.576
Z£(07C408), ° 122.974 124.029 122.65 122.775 123.376

Evidently in Figure 2 the involvement in the formation of cyclic complex by hydrogen bond of the car-
boxyl group integrally (Dimer 1) leads to an increase in the interatomic distances R(O8H9) and R(O12H11)
and bond angles with the atoms involved in the formation of intermolecular hydrogen bonds as opposed to a
single molecule (Table 2). The analysis of the geometric characteristics of dimer 2 where only OH-groups of
carboxyl groups were involved also shows their increase and might be inerpreted in favor of dimer structures
stability.

While comparing geometric characteristics of dimers peak value belongs to structure 1. Similar depend-
ence might indicate less strong interatomic reaction in a molecule, and, therefore, stronger intermolecular
reactions in appropriate dimers because of high hydrogen mobility. It was interesting to observe changes in
geometrical parameters of Dimer 4, wherein hydrogen bonds were formed by interaction between carboxyl
group of one molecule and amino group of another molecule. In the «acid» molecule the bonds of OH, C=0
are longer and NH, NC, C-O bonds are shorter in comparison with the «basic» one. Similar relationships can
be traced to the values of valent and dihedral angles.

Table 3 shows charge distribution and dipole moments for studied dimers of aminoacetic acid. Table 3
shows that although the total charge of each structure is equal to 0 the dipole moment is increased from Di-
mer | to Dimer 4. It should be noted a small well-compensated dipole moment of the Dimer 1, that is possi-
ble due to the specific symmetric structure of this cyclic complex.

Moreover, the charges on the atoms participating in creation of hydrogen bond complex are higher than
those untapped in complexation. Hence, the charge on H11 (H9) in Dimer 1 is 0.471 Debay and in Dimer 3
the given characteristic is reduced to 0.413 Debay, and 0.419 Debay in dimer 4. Similarly the charge on
H,(H}o) and Hy(H,o) changes from 0.312 Debay in Dimer 1 to 0.366 Debay in Dimer 4.
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Table 3

Charge distribution and dipole moments for studied dimers of aminoacetic acid

. . Dipole moment
Dimer Atomic charge P ’
Debay
20H(0.312) gH(ofrfl)B 22) 5H(0.271)
19H().312) 6H((.271)
130(-0.691)
16N(-0.772) /0 3%99)
4C(0:889)
1 0.0062
14C(0.889)
15C(-p-299) a/ 1N(\q.772)
70(-0.691) /
18H(0.271) 2H(0/312)
17H(6.271) lzowlﬂw.wl) 10H(0.312)
17H(lk2'79)
70(-0.618) 18H(0.276)
K 15cCpazs) 1 752)
19H{0.323)
20H(0.323)
10H(Q.313) 1C(0:847) DA
2 2H(0,313) S y 1.8168
1N('%-711] BMS) 120(/9.—:»&5) 14€(0,856)
3&%7)
11H(0.464
6H((.261) (O/ 64) 130(\).553)
5H(0.260)
9H(0.413)
80(-0:720)
18H(0,266
(l\ )17}{59.263) GH(0.263)
120(-0.720 D AcH@e6)
},0'\ ) 15C(4.296) 70(:0.605)
3 ' 1.9694
11H(07413) 3C(-1x396) )
14C(0:626) -
f mN}/g@m 10H(0.341) 5H(D.265)
- 1N(\9€02)
(é 20H(0/314) 1910341
130(-0.605) 2HO.314)
17H(B, 262) 120¢ - 7)
18H(9.261) 11H(®.467) 5|-|(e/275)
15c(>£zga) 18H(B.337)
14C(@.837) 1INC- )
4 /W”Z 3ct-8(303) 3.1819
/ 5H(@/281)
16N(-g.77@) \h 2H(@/366)
130(-B.653 4c(@:6838
19H(@<3e8) ¢ ) : )BDE’&.{J.B)
29H(b.3@?) 20( .3{559)
QH(B\.nQ)

Thus cyclic dimers of aminoacetic acid were investigated by ab initio UHF 3-21G method using the
Gaussian-2009 program. Four types of aminoacetic acid cyclic dimers were registered by quantum-chemical
method. Comparative analysis of geometry, charge and energy parameters of aminoacetic acid dimers and

individual molecule was performed. Complexation energy of studied dimers was estimated.

It was shown that complexation energy of glycine dimers varies from 15.753 kJ/mol to 112.897 kJ/mol.
This value is comparable with the hydrogen bond energy. Maximum energy of complexation is fixed for
Dimer 1. It is also the most thermodynamically stable dimer. It was noted the specific structure of the Di-
mer 1, which reminds chelate geometry and involves two hydrogen bonds formed by hydroxyl groups of

both aminoacetic acid molecules.
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K. K. KyrxkanoBa, A.®. Kypmanosa, U.A. Ilycronaiikuna, Kcunrait Cy

AMI/IHCipKe KbIHIKbIJIBIHBIH HI/IK.]'I}_Ii Ill/IMep.]'lepiH KBAHTTbBI-XUMHUSJIBIK 3€PTTCY

Maxkanana Gaussian-2009 6arnapnamansik kemeninin UHF ab initio 3-21G opmici keMeriMeH aMHHCipKe
KBIIIKBUIBIHBIH MKl AUMepiiepi 3epTTenai. AMUHCIpKE KBIIIKBUIBIHBIH UKL JUMEpIICpiHiH TOPT Typi
KBaHTTHI-XUMHSUIBIK, aHBIKTANBL. JlnMepieperi jKoHe jKeKe aMHHCIPKE KBIIIKBUIBIHBIH MOJIEKYJIAaChIHaFbl
3apsATapIblH  TapalyblHA, TCOMETPHSUIBIK JKOHE OJHEPIMSUIBIK OJIIeMAEpiHEe CaIBICTBRIPMAINBl  Tajaay
JKYPri3ini. 3epTTeNin OTEIpFaH JUMEpIICPAIH KEISHTY31Iy SHEeprHsUIaphl OaralaHbl.

K. K. Kyrxkanosa, A.®. Kypmanosa, U.A. Ilycronaiikuna, Kcunrait Cy

KBaHTOBO-XxMMHUYECKOE H3YyYeHHE HUKIUIECKUX JUMEPOB
AMHUHOYKCYCHOM KHUCJIOTBI

B cratee uccnenoBansl HUKIMYECKUe auMmepsl amMmuHOyKkcycHo# kucinotsl UHF ab initio 3-21G metonom ¢
MOMOIIBI0 TIporpaMMHOro Kominiekca Gaussian-2009. KBaHTOBO-XUMHUYECKH WICHTA(DUIIMPOBAHEI YETHIPE
THUTIAa OUKIMYECKUX TUMEPOB aMHHOYKCYCHOM KHCIIOTHI. BEIIOHEH CpaBHUTEIFHBIN aHAIN3 TECOMETPUICCKIX
M SHEPreTUYECKUX NapaMeTpoB, paclpeAeeHUs 3apsI0B B JUMepax U OTACIIbHOM MOJIEKYJIe aMUHOYKCYCHOM
KHCIOTHI. J[JIs HcclelyeMbIX JUMEPOB OIICHEHA DHEPTHSI KOMIDIEKCOOOpa30BaHHUs.
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The concentration of cadmium (II), lead (II) and mercury (I, II) ions
by adsorption on the wood-modified sorbent

This article discusses the results of FT-IR spectroscopy, X-ray diffraction, and sorption properties of activat-
ed carbons from dry pine cones common in relation to of Cd (II), Pb (II), Hg (I, II) ions. The results indicate
the higher efficiency of the sorbent that is based on softwood followed by modification for wastewater treat-
ment from toxic heavy metals such as lead, cadmium and mercury with purity from 90 % to 99 %.

Key words: pine cones, phosphoric acid, iodine adsorption capacity, adsorption, Cd (II), Pb (II), Hg (I, II)
ions.

The problem of water purification from heavy metals continues to be relevant. Experts on environmen-
tal protection allocated priority group among metal-toxicants, it includes cadmium, copper, arsenic, nickel,
mercury, lead, zinc and chromium as the most dangerous to human and animal health. Among them mercury,
lead and cadmium are the most toxic [1-3].

Additional techniques have been successfully applied for wastewater purification can be called sorption
after treatment using porous materials. And recently, the possibility of replacing expensive unconventional
adsorbents of available and cheap materials, both artificial and natural origin, is researched. For such materi-
als, developed specific surface area of the high absorbency pairs, liquids and solutes is characterized; they
can serve as carriers for mounting on the surface of various compounds for their modification. Widespread
sorbents also include activated carbons that may be derived from wood, lignite and coal, etc.

The large share of plant material, growing in the territory of central and northern Kazakhstan and
Siberia (Russia), consists of coniferous trees (pine, spruce, fir), which are waste bark, cones, and others.

The aim of this work is to obtain the carbon-based sorbent softwood and its use in the sorption concen-
tration of cadmium (II), lead (II) and mercury (I, II).

Experimental part

As a raw material it was used crushed mass (0.5—2 mm) obtained on the basis of the dry residue (cones)
of softwood which humidity is 8 % [4], the volatile content is 12.2 % [5].

Modification of the feedstock was carried out by impregnation with a modifier followed by stirring at
constant temperature of 70 °C. The weight ratio of raw material to the modifier is 1:5. As the modifier a so-
lution of phosphoric acid (10 mole-L™") was used. Evaporation leads to the formation of wet residue. Thermal
treatment was carried out at temperatures of 200, 300, 400, 500, 600, 700, 800 °C at a rate of temperature
increase of 10 °C-min™' and holding at final temperature for 60 minutes. After heat treatment, the carbonized
material obtained was washed with distilled water (3 times) and dried at 105 °C.

Investigation of the porous structure and the specific surface was performed on gas adsorption analyzer
TriStar II.

FT-IR spectroscopic analysis of the samples was conducted on the FSM 1201 device.

X-ray diffraction analysis was performed by DRON-2.

Determination of the sorption capacity for iodine were performed by as described [6]. Sorption with
respect to metal ions was carried out under static conditions by the method of [7] based on the method of the
experiment planning [8].

The initial concentration of metal ions was 25, 50, 100 mg-L". Solutions of metal ions were prepared
from the reagents of the brand «analytical grade» in bidistilled water.

Discussion of the results

It has been established that the moisture of adsorbent is 8 % and volatile content is 12.2 %.
FT-IR spectroscopy technique was used for the analysis of samples of the sorbent before and after mod-
ification (Fig. 1) in order to identify the functional groups existing on the surface of the sorbent.
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Figure 1. FT-IR-spectrum of the initial material (a), carbonized modified sorbent ()

In the FT-IR spectra of the modified sorbent absorption bands at 1085, 1571 and 3117 cm™ were regis-
tered. Intense band in the region 1580—-1660 cm™ corresponds to stretching vibrations of C=C bonds of the
aromatic rings, although in this area in some cases olefinic C=C bond included in the linear system of conju-
gation can absorb. Absorption peak at 3117 cm™ can be attributed to the stretching vibrations of aromatic
C—H bonds. Absorption in the 1085 cm™ indicates the presence on the surface of the sorbent inorganic ions
PO,*, HPO, indicating that passage of the modification process sorbent phosphate ions (Fig. 1).

The results of studies of porosity and specific surface. In the case of heat treatment at a sorbent has
elapsed 800 °C specific surface area was 870 m* g, a total pore volume is 0.09 cm’-g”', average pore size is
3.7 nm, hence the sorbent being studied can be classified as a mesoporous one.

XRD analysis of the modified materials showed that treatment of the starting material with phosphoric
acid, followed by carbonization facilitates formation of amorphous carbon, which upon heat treatment forms
a porous carbon material. It can be seen from the wide smooth hillocks 5 to 30° degrees of diffraction, which
is also characteristic of the amorphous material. From this it follows that during the carbonization of cellu-
lose crystal structure, one of the components of wood material, becomes an amorphous, disordered structure,
capable of adsorption (Fig. 2).
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Figure 2. Diffractogram of the modified sorbent

Further the investigation of the sorption properties of the sorbent with respect to iodine was carried out.
The results are shown in Figure 3.

It is established that the most of the sorption capacity of the sorbent has an iodine heat treated at 800 °C.

Adsorption of Pb>", Cd*" ions on carbon sorbents from model solutions. The investigations of sorption
capacity of the sorbent prepared for Pb>", Cd*" ions under static conditions were conducted.
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Figure 3. Dependence of the sorption capacity of the sorbent
with respect to iodine from heat treatment temperature

Experiments to study the sorption under static conditions were carried out by the method of mathemati-
cal planning, the results of which were obtained by the generalized equations of Protodyakonov [8] describ-

ing influence of all factors: pH, contact time of sorbent with solution, initial concentration of metal ions (Ta-
ble 1).

Table 1

Equations of Protodyakonov describing the influence of all factors
(pH, contact time of sorbent with solution, initial concentration of metal ions)

Tons Equations
. (0.01pH* ~0.15pH +5.26)-(—2E - 05C;,, +0.4810>C,, +4.68) y
a—3
Pb2+
y (=0.1107° 77 +0.09T —8.56) - (~1E = 041 +6.110” 1+4.80)
53
- (-1.10107° pH* +0.02pH +4.76)-(7E - 057* =5.210"1+4.92) y
a—3
Cd2+
y (-6E-05C;, +9,10107C,,, +4.56)-(8E - 05T —46.3010" T +11.81)
53
. (24.00107 pH* —0.28 pH +5.66)-(4.10107 +4.72) y
53
Hg2+
y (-4E-05C), +6.40107C,, +4.72)-(-0.5107T” +0.327 —45.03
53
- (5.90107 pH* —0.07 pH +5.13)-(—9E - 057° +0.01t+4.67) y
53
Hg"
y (—2E£-05C, +2,00107C,,, +4.89)-(0.40107° 7> —0.26T +45.35

—3
a
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The above equations are possible to predict the sorption capacity of the sorbent being studied by vary-
ing the above factors. In the table below (Table 2) the optimal conditions for the heavy metal ions and the
value of adsorption at these conditions are presented.

Table

Optimal conditions for the concentration of heavy metals and sorption value

2

Tons pH Contact time, min Cinits mg-L'1 Temperature, K Sorption value, a, mg: g'1
Pb”" 8 30 100 318 10.18
Cd™” 8 30 100 298 4.55
Hg”" 4 30 100 298 3.89
Hg' 4 30 100 298 4.46

As a result of calculations it is established that in the case of the sorption of lead (II) the minimum value
of the degree of purification is 93.14 % under the conditions of pH = 4, the initial concentration of sorbate is
25 mg-L™", a contact time is 60 min and a temperature of 298 K, while the maximum purity (99.11 %) of lead
(I) ions is observed in the adsorption purification process under the following conditions that are pH = 8 and
T =298 K, Ci,=100 mg-L"', T = 60 min.

Analysis of the experimental data obtained by the sorption of cadmium (II) ions on activated carbons
based on the modified softwood, shows that the maximum degree of purification (90.86 %) achieved during
the sorption concentration at pH = 8, the initial concentration of sorbate is 100 mg-L", contact time is 60 min
and a temperature of 298 K.

The maximum purification degree of model solutions of wastes from of mercury (I, II) ions under the
optimal conditions is about 97.50 %.

The sorption capacity of the sorbent with respect to the lead (II) and cadmium (II) ions was studied as a
function of pH under static conditions. With decreasing of pH of solutions in range pH = 4+9 sorption of
ions passes through a minimum, reached a minimum at pH~6 and equal, then increases. Most optimum pH
is 8. Lead (II) ions sorbed in the form of PbOH" at pH > 8. Such ions because of the smaller and larger radius
of charge and the degree of hydration less easily enter the electrostatic interactions and ion exchange with
adsorbent surface in comparison with Pb>" ion [9].

For cadmium (II) ions the sorption capacity of the sorbent increases when acidity of the medium in-
creases. A relatively small degree of sorption in more acidic environments (pH < 5) is caused, presumably,
the fact that in this pH region the sorbent is in the protonated state and adsorption occurs as a result of inter-
action with the coordinating P = O groups. However, these groups are also absorbed protons due to the for-
mation of hydrogen bonds, P = O ¢ * « « H', resulting in the displacement of lead ions. In this pH range of
aqueous solutions of cadmium ions are in the form aqua complexes ([Cd(H,O)n]*"). Thus, the results show
that slightly alkaline pH 8 is the most favorable for the occurrence of the sorption process.

Figure 4 presents a diagram showing the comparative analysis of heavy metal ions on the degree of pu-
rification in the investigated sorbent.
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Figure 4. The comparative analysis of purification degree of heavy metal ions

Cepus «Xumusin. Ne 4(84)/2016 41



Sh.K. Amerkhanova, R.M. Shlyapov et al.

Thus, as a result of experimental study of the adsorption processes occurring at concentration of heavy
metals ions from model solutions, it is found that from all of these metals the investigated sorbent has the
highest sorption capacity with respect to the lead ions.

The integral kinetic curves of sorption are presented on the Figure 5.
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Figure 5. Integral kinetic curves of sorption of metals on wood carbonized sorbent

As seen in Figure 5, the total sorption equilibrium is achieved at all temperatures after 45 minutes of
contact. According to the literature [10], this suggests that several steps determine the rate of the sorption
process. The data were processed by the method of Boyd [11] for determination of sorption process mode
(external or internal diffusion). The convex dependence F — t' also shows that the rate-limiting step of the
sorption of metals is external diffusion.

Next the dependence of —In(1-F) from t is constructed. In our conditions, a linear portion of the entire
time interval at all temperatures is fixed. Thus, the main limiting process is external diffusion. The Boyd
model based on the fact that the ion exchange step occurs substantially instantaneously and can’t control the
speed of the overall process.

To identify the contribution of the chemical stage in the overall speed of the process of sorption kinetic
curves were processed by applying a pseudo-model of the first order. Parameters calculated based on the in-
tegral curve using kinetic models of pseudo-first order, the results are presented in Table 3.

Table 3

Equation of pseudo-first order model of chemical kinetics and the rate constant of adsorption process,
the initial concentration is 100 mg-g™, 298 K

Metal ions Equation a, mg-g” (exp) a, mg-g” (calc) Rate constant k;-10 ~ (min™)
Pb” 11.00 11.16 k,=3.23
Ccd* 4 —a (1_6%,,) 7.00 8.15 k=1.51
Hg' e 6.00 6.48 k,=2.00
Hg™" 5.00 7.06 k,=0.95

From the data presented in Table 3 and in Figure 5 it is seen that in this case the sorption of metals is
well described by the pseudo-first order. It should be noted that the model equation of pseudo-first-order
equation is identical to the diffusion membrane. However, in the case of diffusion rate in the film depends on
the size of the sorbent particles and the film thickness.

Thus, in the case when the kinetics of the process is described by the pseudo-first order, diffusion pre-
cedes sorption.

Thus, the results clearly indicate the higher efficiency of the sorbent that is based on softwood followed
by modification, for wastewater treatment from toxic heavy metals such as lead, cadmium and mercury, with
purity from 90 % to 99 %.
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[II.K. Amepxanosa, P.M. lllnsmos, A.C. Yamu, M.C. TatubaeBa

Kaamnii (IT), kopracsbin (II) :xone chinan (I, IT) nonaapsin TypJieHaipijiren
aram copOeHTiHAeri a1copOLUsCHI APKBLIbI IOFBIPJAHABIPY

Maxkamaga Cd(II), Pb(Il), Hg(I, II) nonmapemsiy KatsickiHna NK-Dypbe-cneKTpoCKONUSUIBIK, PEHTTEHO-
(hazainpIK Tanmay, COHBIMEH KaTap KoIIMIi KaparaiplH Kyprak OypliepiHiH Herizinme OenceHAi KeMipiepai
COpOLMSUTBIK KaCHETTEPiHIH HOTIDKEIIep] TaJIKbUIaHbI. AJIBIHFaH HOTIDKEIEp KaJMHH JKOHE ChIHAII, KOPFAChIH
CHSIKTBI aybIp YBITTI METaJAp/aH arbIHIbI CyJapibl Ta3apTyla KbUIKAH JKallblPaKThl aralllThIH HETi3iHIe
KYPBUIFaH COPOEHTTIH KOFapbl TMIMALIITIH aHBIKTAI, Ta3apTy xopexeci 90-99 % apaibirbiHia KaTaThIHBIH
KOPCETTi.

I.K. Amepxanosa, P.M. lllnsmos, A.C. Yanu, M.C. TatrubaeBa

KonuenrpupoBanue uonos kaamus (1), cemnua (II) u pryru (I, IT)
nyTeM ajcopouuu Ha MoAN(GUIMPOBAHHOM JPEeBECHOM COpOeHTe

B crarse npusenens! pesynprarhl UK-Dyphe-cnekTpockonmueckoro, peHTreHo(a3oBoro aHanmsa, a Takxke
HCCIIE0BaHNN COPOIMOHHBIX CBOMCTB aKTHUBHBIX YIVICH U3 CYXHX IIHIIEK COCHBI OOBIKHOBEHHOH IO OTHO-
menuto k noHam Cd (II), Pb (II), Hg (I, II). Pe3ynbraTel cBHAETENBCTBYIOT O BBICOKOI 3(h(heKTHBHOCTH HC-
MOJIb30BaHMsl COpOEHTA, CO3aHHOTO HAa OCHOBE XBOWHOM JPEBECHHBI C MOCeAyouield MoaubuKaueH, 1is
OYHCTKH CTOYHBIX BOJ{ OT TSDKEJBIX TOKCHYHBIX METAJUIOB, TAKUX KaK CBUHELl, KaJJMUH U PTYTb, CO CTEIICHBIO
ouncTku oT 90 % 110 99 %.
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Bb100p onTHMAJILHBIX CIIOCO00B NMPUTOTOBJIEHUSI KOMIIO3UTHBIX 3JIEKTPOI0B
U U3y4YeHHUe UX (PU3MKO-XUMHUYECKHX CBOMCTB

B crarbe paccMoTpeHO BIMSHHE MaTepHana 3JeKTpo/a Ha SJIEKTPOKATAINTHIECKYI0 aKTHBHOCTh KOMITO3HTA.
Jlnst viccnetoBaHUs BIUSIHASL IPHPOABI TTOJUIOKKH HA HJIEKTPOXHMHUUECKUE CBOMCTBA HUKEIEBOIO KOMIIO3UT-
Horo anekTpona Ni + Al,O; Obutn BEIOpaHBI CTallbHAsi W HUKENICBas CETKH, puieHas IiacTHHKa. bpuia
olpe/eneHa UCTUHHAs HHUKENeBas MOBEPXHOCTh TUX 3JIEKTponoB. Hanbonblee 3HaYe€HUE CTALMOHAPHOTO
TOKa OJIEKTPOBOCCTAHOBJICHHS HHUTpOOeH301a Habmomaercs y Ni + Al,O; KOMIO3UTa, OCAXACHHOTO Ha
CTaJIbHOM CETKe.

Kniouesvie cnosa: 3neKTPOXUMUYECKOE BOCCTAHOBIICHUE, KOMIIO3UTHBIC AJICKTPO/IbI, CTAJbHAS U HUKEIICBas
ceTky, pu(JieHas IUIACTUHKA, UCTUHHAS HHUKEIIEBask MMOBEPXHOCTh, CTAIMOHAPHBIC TOKH, HUTPOOEH30II, aji-
COpOLMOHHAsE CTOCOOHOCTB.

HHTepec K IPUMEHEHHIO DIICKTPONIH3a JUTsl TIOMYyYEHUS IIEHHBIX OPTaHMYEeCKUX COCAMHEHHH 00YyCIIOB-
JIEH TE€M, YTO JaHHBI METOJ HE CBS3aH C PAacCXOJOM JIOPOTHX XUMUYECKUX BOCCTAHOBUTENEH WUIIU OKUCIUTE-
Jie#, o0yazaeT BRICOKOM CEIEKTHUBHOCTBIO, TACT IMPOAYKT XOPOIIEero kadecTra. Ilofgasstomiee OOIbIIHHCTBO
peaKmmii SICKTPOCUHTE3a OPTaHUMYECKUX COCTUHEHUI MPOTEKaeT P OOBIYHBIX TEMIIEpaTypax M HOPMalb-
HBIX JABJICHUSX B 3JCKTPOIU3EpPAX JTOCTATOYHO MPOCTOM KOHCTPYKUMH. OJHUM U3 MPEUMYIIECTB AJIEKTPO-
XUMUYECKOT0 CUHTE3a SIBIISIETCS OTCYTCTBUE OTXO/OB U 3arpsi3HEHUS OKpY»Karolen cpensl [1; 284].

DIIEKTPOXUMHUYECKOE BOCCTAHOBJICHUE OPTaHUYCCKUX COCIWHECHHU JaeT BO3MOXKHOCTh M30eraTh MpH-
MEHEHHSI MPOMBIILICHHOTO BOJOPO/A, MOJYYCHHE KOTOPOTO COMPSHKEHO CO CIOXKHBIM 000pyIOBaHUEM H
0OJBIIMMU MaTepPUATBLHBIMU 3aTpaTamMu. [Ipu HaBS3BIBAHWUU SIEKTPOAY-KaTaIM3aTOPy COOTBETCTBYIOIIETO
KaTOJHOTO ITOTEHITHAIa MOKHO OCTAaHOBHTH IIPOIIECC Ha KemaeMou ctaauu. KpoMe Toro, mporiecc 3IeKTpo-
BOCCTAaHOBJICHHMS ITOJAE€TCS ITOJIHOM aBTOMATU3AIMN U SIBJISETCS DKOHOMUYECKHU BBITOHBIM.

OTMETHM TaKXke, 4TO DICKTPOKATATUTHYIESCKOE BOCCTAHOBJICHUE JIOJDKHO MPOTEKATh ¢ OOJBIIMME CKO-
POCTSIMH TI0 CPaBHCHHIO ¢ XUMHUICCKUM BOCCTAHOBJICHHEM BCJICIICTBHE TOTO, YTO XMMHUYECKHH MPOIIECC CO-
CTOHUT W3 ABYX COMNPSDKEHHBIX CTaIMil: aIcopOIHUH BOJAOPOAA U €r0 JUCCOIMAIMHA U B3aUMOJCHCTBHSI Opra-
HUYECKOTO BEIEeCTBA C aTOMapHBIM BogopooM. [lepBas craaus sBisgeTcs Oosee MEAJICHHON U ONpeaeisieT
KHHETUKY Tporecca. [Ipy 31eKTpoKaTaIMTHYECKOM IPOIEcce CTaJuu aacopOluu BOJOPOJa U €ro JIUCCO-
[AAIANA UCKITIOYAIOTCS M KMHETHKA PEaKITNH OMPEIEIAETCS TOIBKO CKOPOCTHIO B3aUMOACHCTBHUS aTOMapHO-
r'0 BOJOPOJA C OPTaHUYECKUM BELIECCTBOM.

OHUM U3 BaXXHBIX MPOIECCOB ANEKTPOCUHTE3a OPraHUUYECKUX COCAMHEHUM SIBISCTCA MOMy4YEeHUE apo-
MaTHYeCKUX aMHHOB. [locieqaue sIBISIFOTCS BeChMa ICHHBIMHA ITPOIYKTaMH JIJISI MHOTHX OTpPAacjeil XuMHUIe-
CKOW MPOMBIIIICHHOCTH. BBICOKas peakMOHHAs CITOCOOHOCTh apOMAaTHIECKUX aMHUHOB IIO3BOJISICT IPHUME-
HATH WX HE TOJBKO JAJISl MOJYYCHUS] CUHTETUYECKUX KpacuTesel, HO U B MPOU3BOACTBE CUHTETUYECKUX Jie-
KapCTBEHHBIX MIPEIapaToB, B3PIBYATHIX BEIICCTB, MHCEKTHIIU/IOB, TEPOUIIUIIOB, aHTUCENTHKOB [ 1; 284].

Bnusiare MaTepuana dIeKTpoaa Ha X0 SJIEKTPOXUMHIECKON PEaKITnd — OIMH M3 CAMBIX CIIOJKHBIX BO-
MIPOCOB JIEKTPOXUMUN OPTAaHUYCCKUX COCTUHEHMA. TedueHue 3MeKTPOIHOTrO IpoIiecca ONpeAesoT hu3nde-
CKOE€ COCTOSIHHE U MPEIBICTOPUS MIPUTOTOBICHUS AIIEKTPOAA, €T0 MPUPOJA U KaTATUTHUYECKUE CBOMCTBA, af-
COpOMPYEeMOCTh OPTaHUIECKOTO COSAMHEHMS Ha AJICKTPO/IC U BEIMUNHA TTePECHANPSIKCHUS BBIICIICHUS BOJIO-
poma. borpinue MEpCIeKTHBEI IS DJIEKTPOCHHTE3a OPTaHUYECKUX COCIWHEHHWH OTKPBIBAIOTCS Oyraromaps
MIPUMEHEHHUIO0 KOMITIO3UTHBIX JIEKTPOJO0B [2].

KoMITO3UTHBII 3JIEKTPOJ MTPEACTABISIET COO0H CUCTEMY U3 JICKTPOXUMUYCCKH OCAXKICHHOTO HUKEIS C
BKpArUICHUSIMHA TUCTIEPCHON (pa3wl cilaBa WM OKCHAa. B kadecTBe crutaBa ObUTM BEIOpAaHBI HUKETL Penes,
menpb JeBapaa, C-3, KOTOpbIE MIMPOKO UCTIONIB3YIOTCS B KaTallu3€e, a TAK:KE OKCUIBL.

B xomno3ute Mex 1y METaJlIOM M OKCHUJIOM MOTYT BO3HUKAThH JICKTPOHHBIC B3aUMOICHCTBUS (0cOOCH-
HO €CJIM YaCTHIIBl METaJlJIa OY€Hb MaJIbl), KOTOPBIC OKAXYT BIWSHUAC HA €r0 aKTUBHOCTb.
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Bo3M0XHO, 94TO TIOBEPXHOCTh pa3jeiia MeXKAY METAJUIOM H JUCIEPCHON (a30il OKaKeT BIMSHUE Ha
ANEKTPOKATATTUTHYECKYIO peakinio. FI3BecTHO, YTO COCTOSIHUE TTOBEPXHOCTH JJIEKTPO/Ia OTPEEIISET, B CBOIO
ouepeb, SHEPTHIO aICOPOIMH HAYAIbHBIX, KOHEYHBIX U MMPOMEXYTOUYHBIX MPOAYKTOB PEAKIINH, CTEIIEHb 3a-
MTOJTHEHUS TTOBEPXHOCTH AJIEKTPOJIa U TEM CaMbIM MEXaHH3M JJICKTPOKATAIIMTHUECKOrO mmpolecca. B aroi
CBSI3M TIPEJICTABISIET MHTEPEC U3YUHUTh CII0co0 (HhOpPMHUPOBAHUS KOMIIO3UTHOTO MOKPBITHS, MPUPOJIBI METall-
JTUYIECKON TIOVIOKKH U €€ BKJIAJ] B DJIEKTPOKATATUTHIECKYIO aKTHBHOCTh KOMIIO3HTA.

MeTonuka TPUTOTOBICHHSI KOMIIO3UTHOTO AJICKTPOJA IMPEAIONaraeT 3JICKTPOOCAKICHUE HUKENS W3
CMECHU COJIeH HUKENsS Ha METaUTUYECKYyl0 CETKy (IepBO€ MOKPBITUE) M 3aTe€M OCaKICHHUE MOHOB HUKENS B
MPUCYTCTBHU AUCIIEPCHOM (a3bl (BTOPOE MOKPHITHE).

Ha cranpHyro ceTKy mo MeToauke [2] ObUT DJIEKTPOXMMHYECKH OCAKICH METALTHICCKUNA HUKEIh U3
BOJIHOTO pacTBOpa ero cojel. briia mpoBeneHa npeaBapuTeabHas 00padOTKa HUKEJIEBOTO 3JEKTPOa 1Mo Me-
Tomuke [3;1555—-1558].

Ho, xak u cnemoBano oxujath, HaM HE yAainoch HaBa3ath @ = 0 B, Tak Kak mpu pa3MbIKaHUH IIETH T10-
TEHIIMAN JIEKTPOJa CMEIIAJCsS OT HYJIEBOTO 3HAUYEHHS B aHOAHYIO CTOPOHY. II0CKONBKY MOBEPXHOCTH 3MEK-
TpOAa OYEHb Maja, COOTBETCTBYET T'€OMETPUUIECCKOI MMOBEPXHOCTH H, COOTBETCTBEHHO, Ha HEll agcopOnpoBa-
HO Majio Bojopoxaa, To moreHiman ¢ =0 B He HaBsA3bIBaJICA W MOITOMY KpPHBYIO 3apsDKEHHS HE YAalIoCh
CHSTB.

Janee Ha cTalnbHYIO CETKY COBMECTHO OCAKIAJICS HUKENb U3 DJICKTPOJIUTA U TOHKOAUCIIEPCHBII OPO-
mok crutaBa Ni Penes. [lomyueHHBIH KOMIIO3UTHBIA AIIEKTpOJ-KaTamu3aTop BoimenadnBaics 20 %-HbM
pactBopoMm KOH, a moguduiupoanue namiaauemM Ni aekTpoaa u komrno3utHoro Ni + Ni Penes anextpo-
Jla IPOBOJMIIN ITyTEM KPAaTKOBPEMEHHOTO MorpykeHust ux B 1 %-upiii pactsop H,PdCly.

Ilepen ombITOM HM3y4aeMble 3JIEKTPOJBI MOABEPrajiuch MpenaoopadoTke mo Meromuke [4; 348-352, 5;
256-263], xoTopas BKJIIOYaJia CICIYIONTUE CTaIUN:

1) xaTognas nonsapuzauus npu £ =—0,05 B 10 ycTaHOBIEeHHS TOCTOSHHOTO 3HAYCHHUS TOKA;

2) anonmHas noispusanus npu £ = +0,1 B 10 3HaYeHHUs TOKa, MPaKTHYECKU PaBHOTO HYIIIO;

3) xaromHas moispuzanus npu noreHimaie £ = +0,005 B 1o ycTaHOBICHHUS MOCTOSHHOTO 3HAYCHIS
TOKa.

3areM siueiiKy OTKIJIFOYAIH, BBOJMIIM HUTPOOCH30 U (PUKCHPOBAIN U3MEHEHUE MOTEHITUANIA 3JICKTPO/Ia
710 YCTAHOBJICHUS CTAIMOHAPHOTO 3HAYCHMS.

B Tabnwuie 1 npuBeneHbl BETUYWHBI CMEIICHUS MOTEHIMA a B (POHOBOM 3JICKTPOJIUTE M TIPH aJICOPOITUH
HUTpOOEH301a. AICOPOLIMOHHAs CTTIOCOOHOCTH HUTPOOEH30JIa Ha 3TUX AJIEKTPOAAX OLCHUBAIACH IO BEIUYH-
HE CMEIIeHH MOTeHIIHaa 0 CTAIIMOHAPHOTO 3HAYCHMS.

Tabnuma 1

BesnuuHbI cMeleHUs MOTEHIHAIOB HUKeJIEBbIX H KOMIIO3UTHBIX 3JIEKTPO/IOB
B ()OHOBOM 3JIEKTPOJIMTE NPH aJCOPOLUH HUTPOGEH30J1a

E,B
¢, MUH Ni-anekrpon (Ni)Pd-anekrpon Ni + Ni Penest (Ni + Ni Penes)Pd
Don Hurpobenzon ®on Hurtpobenszon| don Hurpobenson don Hurpobenson
1 0,01 0,05 0,01 0,15 0,03 0,52 0,03 0,74
5 0,01 0,07 0,01 0,16 0,03 0,58 0,03 0,75
10 0,01 0,08 0,02 0,17 0,03 0,61 0,04 0,77
20 0,01 0,08 0,02 0,17 0,03 0,63 0,04 0,79
30 0,01 0,08 0,02 0,17 0,03 0,64 0,04 0,80

Kak BuaHO 13 Tabnuibl 1, B JOHOBOM 3JIEKTPOJIMTE CTAIMOHAPHBIN MOTCHIIMAT HUKEIIEBOTO 3JICKTPOIa
pasen 0,015 B, a ma komno3utHom Ni + Ni Penes — 0,035 B. Tlocne BBenmenus nutrpoOen3ona Ha Ni-
anekTpoe noreHIman cmemancs Ha 0,055 B, a va Ni + Ni Penes — nHa 0,525 B.

DIIeKTpOXUMHYECKas aKTHBHOCTD AJIEKTPOJa W KOMITO3UTHOTO 3ekTpona Ni + Ni Penes onenuBanach
IO BEJTMYMHE CTAIIMOHAPHBIX TOKOB 3JICKTPOBOCCTAHOBIICHUS HUTPOOCH30IA.

B Tabnuie 2 nmpuBeneHbl BEMTUYUHBI CTAIIMOHAPHBIX TOKOB JICKTPOBOCCTAHOBIICHHUSI HUTPOOSH30J1a HU-
KEJICBBIX ¥ KOMIIO3UTHBIX JIEKTPOJIOB.
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Tabnuma 2

BeauuuHbI CTAMHOHAPHBIX TOKOB 3JICKTPOBOCCTAHOBJICHUSA HHTpOﬁel—BOJ’la

I, MA
EB Ni-anekrpon (Ni)Pd-anekrpon Ni + Ni Penest (Ni + Ni Penes)Pd
Don Hurpobenzon don Hurtpobenszon| don Hurpobenson Do Hurpobenson
0,8 - - - - - - 0,01 0,03
0,7 - - - - - - 0,08 0,3
0,6 - - - - - 0,03 0,1 1,1
0,5 - - - - 0,08 0,5 0,2 3,3
0,4 0,004 - - — 0,2 2,4 04 10,1
0,3 0,01 0,02 0,04 0,05 0,5 4,3 0,5 28,5
0,2 0,1 0,1 0,2 0,3 1,3 12,2 0,9 70,1
0,1 0,3 0,9 0,4 2,1 2,0 26,0 2,1 100,8
0 0,8 2,2 1,0 6,3 4,6 48,1 6,1 136,5
0,1 1,0 6,1 2,1 13,5 6,7 57,6 11,0 210,2
0,2 1,9 12,5 4,0 28,6 11,2 86,4 20,3 246,0

Kax BugHO M3 TaOMUIBI 2, CTAIIMOHAPHBIA TOK 3JIEKTPOBOCCTAHOBIIEHUSI HUTPOOEH30Ia TPH MTOTEHIIHA-
ne —0,2 B Ha HukeneBoM anekTpoae paBeH 10,6 MA, Torna Kak Ha HUKEIEBOM KOMIIO3UTHOM D3JIEKTPOJIC
Ni+ Ni Penes — 75,2 mA. Moan¢unupoBanue nautagieM YBEIUYHIO 3JICKTPOKATATUTHYECKYIO aKTHB-
HOCThH HUKEJIEBOTO JICKTpoaa B 2 pa3a, a komrosuta Ni + Ni Perest moutu B 3 pasa.

Jns uccrnenoBaHus BIASHUS MPUPOABI TTOIOKKHA Ha AIIEKTPOXUMHYECKHE CBOWCTBA HUKEIEBOTO KOM-
nmo3uTHOro 3ekTpoaa Ni + Al,Os; ObuIH BEIOpAHBI CTATbHAS M HUKENIEBAsk CETKU M HUKeJeBas pucHas Ioia-
ctuaka. KoMITO3uT OBIIT IPUTOTOBJICH IO METOAMKE [2].

B Ttabmuie 3 mpuBeneHbl 3HaUEHUS WCTUHHOW HHUKEJIEBOM IMOBEPXHOCTH HHKEIIEBOTO KOMITO3UTA
Ni + ALLO; Ha pa3IMYHBIX MOJIOKKAX.

Taonuma 3

HN3meHeHNe HCTHHHOI HUKeJIeBOIi MOBEPXHOCTH KOMMO3UTHOrO dJiekTpoaa Ni + Al,O;
HA Pa3jIMYHbIX NOAJI0KKAX B Mpoliecce 3JIeKTPOBOCCTAHOBJIEHUSI HUTPOOeH301a

2

SHCT) M
MaTepHaf 3neKT2po,ua KonnenTpanus autpoden3ona, C- 102 Mons/n
(Sun = 12 ) 1,0 2,5 5,0 7,5
Pudnenas nmactuHka 0,06 0,06 0,04 0,04
CrajpHas ceTKa 0,12 0,10 0,08 0,06
HuxeneBas ceTka 0,10 0,07 0,07 0,05

Uccnenoanus nokasanu (Tadi. 3), 9TO UCTHHHAS HHUKEJIEBask MOBEPXHOCTh KOMITO3UTOB, OCAXKICHHBIX
Ha CeTKe, He3aBHCHMO OT €€ MPHUPOJIbI, HUKEIEBOW MM CTaJbHOW, OIMHAKOBA U B 2 pa3a MPEBHIIIAeT HUKE-
JICBYIO TIOBEPXHOCTh KOMIIO3UTa, C(HOPMHUPOBAHHOTO HAa HUKENECBOH pUDICHON IIIaCTHHKE.

B Tabnuie 4 npuBecHB! 3HAYCHUS CTAI[MOHAPHBIX MOTCHIIUAIOB aJCOPOIIMN KOMITIO3UTHBIX 3JIEKTPO-
JIOB TIPH Pa3IMYHON KOHIIEHTPAIMHA HUTPOOEH30Ia.

Tabnuuma 4

3HaveHHUs CTAIIMOHAPHBIX MOTEHIMAJIOB a1COPOMHA KOMIIO3UTHBIX 3J1eKTPOI0B
NPH PA3JIMYHOI KOHIIEHTPAIMH HUTPOOEH30/1a

E,B
KoMITo3uTHBIH 3J1eKTPOT Konuentparus HuTpoGensona, C-10 > Momb/1
1,0 2,5 5,0 7,5
Ni + AL,O; (HuKeneBas ceTka) 0,64 0,69 0,70 0,71
Ni + AL,O; (cTanbHas ceTka) 0,67 0,70 0,76 0,78
Ni + ALO; (pudieHas miacTHHKA) 0,60 0,63 0,66 0,67

Ha Bcex amekTpomax ¢ pocToM KOHIICHTpAIMH HUTPOOCH30JIa BETUIMHBI CMEIICHHS TTOTCHIIUAIOB ajI-
COpOIMY YBEIMYUBAIOTCS. 3HAYCHHUE CTAIMOHAPHBIX MOTCHIIMATIOB aICOPOIIMKA HUTPOOCH30J1a Ha KOMIIO3HT-
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HBIX JJIGKTPOJIaX HM3MEHseTcss B HeOonbmoM mpenene — 0,67-0,78 B npu koHIEHTpanuu HUTPOOEH301a
7,5-107 Monw/n. HanGonblee 3HaYeHHWE CTAIMOHAPHOrO MOTCHIHANA HAGIIONACTCS HA KOMIIO3HTE CO
CTaJIbHOM ceTKOoW. Takum oOpa3oM, MpHpoa MOATIOKKH HE OKA3BIBAET 3aMETHOTO BIUSHIS Ha aJCOPOIMOH-
HYIO CIIOCOOHOCTh K HUTPOOCH30ITY.

OT noTteHIMana, yCTaHOBHUBILIETOCS MIPH aJICOPOIIMK HUTPOOEH30J1a, H3MEPSIH CTAIlMOHAPHBIE TOKH €T0
JJIEKTPOBOCCTAHOBJICHHS. BeMUYNHBI YJENbHBIX CTAI[HOHAPHBIX TOKOB AJIEKTPOBOCCTAHOBIICHHUS TMPH pas-
JIMYHOM KOHIIEHTPAIUU HUTPOOCH30J1a Ha KOMIIO3UTHBIX 3JIEKTPOAAX IPUBEACHBI B TA0IHIIE 5.

Taonuma 5

3aBHCHMOCTD BEJIHYHH YACJbHBIX CTAIMOHAPHBIX TOKOB 3JICKTPOBOCCTAHOBJICHUSA
OT MOTCHIIMAJIA KOMITIO3UTHOI'O 3JIEKTpPOaa, NMPH pas.nnqﬂoﬁ KOHICHTpauuu HHTp066H30J13

J, MA/M®
E,B C,s 107 Monb/1
1,0 | 2,5 | 5,0 | 7,5
Ni + AL O; (pudnenas niacTuHKa)
0,6 0,1 0,1 0,2 0,3
0,5 2,1 2,6 3,0 3,2
0,4 6,4 7,5 8,7 9,3
0,3 18,5 20,0 243 29,2
0,2 32,3 38,5 45,8 50,5
0,1 52,0 60,8 70,5 80,8
0 67,3 83,5 98,3 110,5
0,1 80,0 96,8 120,6 130,8
0,2 90,5 110,0 135,5 156,2
Ni + Al,O; (cTampHasl ceTka)
0,7 0,1 0,1 0,2 0,2
0,6 3,2 4,0 4,8 5,0
0,5 9,6 10,2 11,6 12,8
0,4 19,5 20,7 223 25,0
0,3 35,0 45,0 49,5 52,2
0,2 58,5 61,2 70,8 81,5
0,1 70,8 80,6 98,5 112,8
0 81,3 112,5 128.3 125,3
0,1 92,0 130,3 145,3 160,8
0,2 100,8 148,5 160,2 180,3
Ni + AL,O; (HuKeneBas ceTka)
0,7 0,1 0,2 0,1 0,2
0,6 1,0 1,3 1,3 1,4
0,5 4,6 5,3 6,1 6,2
0,4 11,1 16,5 18,2 19,4
0,3 30,2 43,8 49,5 50,5
0,2 49,8 60,1 73,4 83,4
0,1 61,4 80,7 100,9 110,5
0 70,2 100,5 120,3 132,3
0,1 85,0 121,2 140,8 153,1
0,2 96,5 130,8 157,6 169,3

VYaenvHBIE CTallMOHAPHBIE TOKW BOCCTAaHOBJICHHS HUTPOOCH30J1a Ha M3YYCHHBIX KOMITO3UTaX HaOIro-
JIAFOTCS YK€ B TIOJIOKUTEIBHOM 00JIACTH MOTEHINANIOB. BETHYMHBI TOKOB DIIEKTPOBOCCTAHOBJICHHUS 3aMETHO
BO3pacTalOT B 00JIACTH MOTCHIIMAIOB BhIAeneHus Bogopoaa 0-(-0,2) B. Ha Bcex anmekTpojax BenWYuMHA CTa-
IIMOHAPHOT'O TOKA JIEKTPOBOCCTAHOBIICHUSI HUTPOOCH30 14 YBEIIMYMBACTCS C POCTOM KOHIICHTPAIIMA HUTPO-
Ocn3oa. HanbombIee 3HadeHNe TOKA B OTPUIIATEIHLHON 00JaCTH MOTEHITHANIOB Hadmomaercs y Ni + ALO;
KOMITO3HTa, OCAKICHHOTO Ha CTaIbHOM ceTke [6; 161-163].

Takum 00pa3oM, IpUPoJIa MOIOKKH KOMITO3UTHOTO AJICKTPOJIa HE OKa3alla 3aMETHOTO BITUSHUS Ha €T0
aJICOPOIIMOHHYIO CIIOCOOHOCTh ¥ AJIEKTPOKATATUTHYECCKYIO AKTUBHOCTh B PEAKIMH BOCCTAHOBIICHHS HUTPO-
Oenzona. CranmbHas ceTKa CrocoOCcTByeT (hOPMHUPOBAHUIO KOMITO3HUTA C OOJIBINEH TMOBEPXHOCTHIO, YeM JPY-
TY€ U3YYCHHBIC MOJITIOKKH.

Cepusa «Xumunsi». Ne 4(84)/2016 47



A.E. CarnmbaeBa, YK.M. >Kakcubaesa u gp.

Crnucok 1uTepaTypsl

1 Kupuntoc U.B. DneKTpoKaTaTUTHIECKOE THAPUPOBAHIE OPTaHUYECKUX coeinHeHni. — Anma-Ara: Hayka, 1990. — 284 c.
2 Tlarent CIHIA. Ne 4536259; ITarent SImonuu. Ne 2907179.

3 Abpamson O.C., Yepnviwos C.J., [Tuenuunurxos A.I". Y nenpHasi IOBEpXHOCTb U TOKH OOMEHA peaKIUi HOHU3AINN — BBIJIE-
JICHUsI BOJIOPO/a AJIs Pa3INYHbIX HUKEIEBBIX KaTtanu3atopoB // Dnekrpoxumust. — 1986. — T. 27, Bem. 12. — C. 1555-1558.

4  Iempuii O.A., Bacuna C.A., ’Kupnosa M.H. ViccnenoBanne Moau(UINPOBAHHBIX 3JIEKTPOKATaIM3aTOPOB. Bimsiaue amato-
MOB Ha COCTOSIHHE aICOPOMPOBAHHOTO BOJIOPO/Ia Ha IOBEPXHOCTHOM CKEJIETHOM HUKene. — M.: Dnekrpoxumus, 1990. — T. 16. —
C. 348-352.

5 Twenuunuxos A.I'., Kyopasyes 3.1., Bypxanvyesa JI.A., XKyuxosa H.A., Illymunosa H.A. ViccnenoBannue cOCTOSHHUS TIOBEPX-
HOCTH HHMKEJIEBOTO JIEKTPOJIA IMUIICOMETPUUECKUM M NOTEHIIMOAMHAMUYECKUM MeTogamu. — M.: Dnekrpoxumus, 1998. — T. 16.
— C. 256-263.

6 Sagimbaeva A., Nurakhmetova A., Zhaksibayeva Zh., Manapov N. Elecroreduction of nitrobenzene on (Ni + Al,O;)Pd and
Ni + (3 % Pd/Al,05) electrodes-catalysts // Science and Education in XXI century: Intern. Conf. — Bozeman, Montana, USA, 2014.
—P. 161-163.

A.E. CarpimbaeBa, JK.M. XKakcwibaeBa, I'.C. Kamuena, XK.K. )Kymaranuena

DJIEeKTPOA MATEPUAIBIHBIH KOMITO3UTTIH
3JIeKTPKATAJIUTHKAJBIK OejiceHainirine acepi

Makanazia KOMIIO3UTTI IEKTPOATHIH MEKTPKaTaIMTUKAIbBIK OeJICeHAIIriHe IIEKTPO MaTepHalIbIHBIH dcepi
seprrenred. Ni+ Al,O; KOMIO3HUTTI  3JEKTPOIBIHBIH  JJICKTPKATAJIUTHKANBIK KACHETIHE METaIbIK
IUIACTUHKAHBIH OCEPIH aHbIKTAay YIUiH 00JaT, HUKENbIl TOPJIB KOHE PUQIICHIeH IUIACTHHKANAp TaHzan
anbIHIBL. By anexrponrapasiH GeTTiK KabaThl aHBIKTANABI, OApIIBIK JIEKTPOATApAA HATPOOEH3OMIIbI dJIeK-
TPOTOTHIKCHI3IAH/BIPY KE3iHJe CTAalMOHAPIIBI TOKTHIH KOFApFhl MOHI OONAaT INIACTHHKAra OTHIPFBI3BUIFAH
Ni + Al,O; snekTpoasiaaa Oaiikaib!.

A.E. Sagimbayeva, Zh.M.Zhaksibayeva, G.S. Kamieva, Zh.Zh.Zhumagalieva

Influence of a material of an electrode on electrocatalytic activity of a composite

In article influence of a material of an electrode on electrocatalytic activity of a composite is studied. For re-
search of influence of the nature of a substrate on electrochemical properties of nickel composit electrode
Ni + Al,O; have been chosen a steel and nickel corrugated plate. Were defined a true nickel surface of these
electrodes. The greatest value of a stationary current electrorestoration nitrobenzene is observed at Ni + Al,0;
a composite besieged on a steel grid.
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JAucnpo3uii KoC TeJUTypUTTEPiHiH CMHTe3I,
KPHUCTAVIOXUMHUSICHI KIHE KYPbLIbICHI

Maxkanazna KatTsl (azanslk oficrien aucnposuit (I1I), Temtyp (IV) okcunrepi sxoHE CLITUIIK-XKep MeTalIapsl
KapOOHATTAPBIHBIH OPEKETTECYi HOTHXKECIH/AE AWCIPO3MUMIH S-2JIEMEHTTEpIMEH jKaHa KOC TeJUTypUTTepiH
TyABIH MYMKIHIOITT KepcerinreH. P®A omiciMeH TeUTypUTTepIAiH CHHTOHHS TypJiepi, dJIeMeHTap
YALIBIKTAPbIHBIH KOPCETKIIITepi, PEHTIeH K XKOHE MMKHOMETPIIIK THIFBI3ABIKTAphl aHbIKTanFaH. CoHzaaii-ak
P®A xoHE KBAHTTHI-XMMHSUIBIK €CENTEYJIEPiHiH HOTIKECIHAE IUCIPO3HH KOC TEILTYPUTTEPiHIH KYPbUIbIM-
JIBIK MOJICTIb/IEP] YCHIHBIIFaH.

Kinm ce30ep: mucnpo3niiiiH KOC TEJUTypHUTTEpi, peHTTeH(a3albIK Tajalay, CHHTOHUS, KBAaHTTHI-XUMUSIIBIK
ecenreynep, KYPhUIBIMABIK MOJCIIBIEPI.

Temryp *oHe OHBIH KOCBUIBICTAphl OYTIHTI TaHIA JKaHA >KapThUIAl OTKI3TIII KOHE CETHETOIJIEKTPIIIK
MaTepHaiiapasl i3Aeyne MaHbI3Abl pell aTKapaibl. Ocipece Oy1 a3 3epTTeNreH KypJeli OKCOKOCBUIBICTAapFa
KaTBICTBI, aTam alTKaHna, MaHbBI3Abl (U3MKA-XUMISUIBIK ~KacHeTTepi Oap KOCBUIBICTAp pETiHe
OeifopraHuKaNbIK XUMUS KOHE TEXHOJOTHS YIIH TEOPHUSIIBIK KOHE MPAKTUKAJBIK KBI3BIFYIIBUIBIK TYIbIpa
aJIaTBIH S-f-3JIEMEHTTEPiHIH KOC TeJUTypUTTEepi *xKataasl [1, 2].

By KYMBICTBIH MakcaTbl — AMCHPO3UA KOC TEJTYPUTTEPiH CHUHTE3NCY, PEHTTCHOTPa(UsIIBIK JKOHE
KBaHTTHI-XUMHSITBIK 3€PTTEY.

KarTl (asainsik omicrien Garamsl GU3NKa-XHMUSIIBIK KACHETTEepre e xaHa hasamap any yuria M"CO;—
Dy,05-TeO, (M" — cinTinik-ep Merannapsl) yifecinue TY3ileTiH KOCBUIBICTAPIBIH CHHTE3iHE 3epTTey
JKYPTi3uUIi.

Koc TemnypuTTi CHHTE3/CY VINH «XUMESUIBIK Ta3a» MapKajbl CLITUIIK-Kep MeTalaapbl KapOOHATTaphl
KOHE «XUMHSIBIK Taza» aucnposmit (III), Temryp (IV) okcunarepi kKonmmaneinbl. bactamkpl 3aTTapibiy
YIITiIepi eJIIeHII, CTEXUOMETPHSUIBIK MOJIIIePi araT Keiie MyKUAT apaiacThIPhUIBII, ATYHI TUTEIbIACPIHAC
ayajJa CHJIHMTTIK TMemre TepMoeHAenai. TepMmoenaey TeMmeHueri xarmaitmapma kyprisiami: 400 °C
Temrieparypaga 15 car, opi kapait 800 °C-ta 20 car, 1200 °C-ta 23 cafF ycTaiuipl, oJjaH COH TOMEHTI
TeMIeparypaia Typakrhl Kockutbic any ymiH 400 °C-ta 10 caF KbI3OBIPHUINBL. Op CaThlIaH KeHiH KOCHI-
JIBICTAp aratT Kelliie YTiTLIiI, aHAIUTHKAIIBIK Tapa3blia ©JIMICHIT OTHIPIEL.

ATnBIHFaH apajac MeTalnjap TEIUIYPHUTTEPiH KAaTThl (asaiblK OIICIICH CHHTE3ACYIIH XUMUSIIBIK
peaKnMsAIapbIHBIH KUBIHTHIK TEHACYIH Kenecigeld kepceTyre 00aabl:

2Me"CO; + Dy,0; + 2TeO, — 2DyMe''TeO, s + 2CO,1 (Me" — Ca, Sr, Ba)

KoCBhUIBICTBIH KYpPaMbIHBIH OIPTEKTLIINH PeHTreH(a3anblK Tajlgay apKbLUIbl aHbIKTayra OoJajbl.
CuHTe3nenin anblHFaH Kypamaapbl OipTekTi KocwuiblcTapibiH Ty3imyli JAPOH-2,0 ammapatsiama Cuk-
coyneci apkpuiel Ni-cysrimeHn ¢unstpaearen (U = 30 kB, [ = 10 MA, uMmynsC caHayblll IIKaJackl
1000 umri/c, caHayBIIITHIH alHATY JKbULIAMIBIFEI 2 TPal/MUH, YaKbIT TYPAKTHICHI T = 5 ¢, OYPBIII apajbIFbl
20, 10°-tan 90° -ka neiiin) peHTreH(a3aNbIK Talaay 9MiCiMEH 3epPTTEI/Ii.
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TemeHze 1-cypeTTe CHHTE3ICNTEH TEIUTYPUTTEP/iH PeHTIeHOrpaMMaiapbl KepceTuireH. Jnudpaxims-
JIBIK, MaKCHUMYMJIAPbIH KapKbIHIBLUIBIFEL (1-cyp.) Y3 Oa/uimbl IIKaJlaMeH OarajgaHbl. 3€PTTEIIN OThIpFaH
KOCBUTBICTapIBIH PEHTICHOTpaMMAaJIaphIH WHAWIMPIICY TOMOJIOTHS 9ici apKeuTbl xypriziunmi [3]. T'omomor
peTiHIe NEPOBCKUTTIH KYPBUIBIMABIK THIT KOJITaHBLIIBI.
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9) DyBaTeO, s
I-cyper. CHHTE3[IENTCH TEIUTY PUTTEPAIH PEHTICHOrpaMMalaphbl

UHANUEpIeY HOTIDKEICPIHIH IYPBICTEIFEl TOXIpHOETIK JoHE ecenTey apKbuibl anbigran 10%/d”
[IaMaapbIHbIH, COJN CHAKTHI PEHTTEHIIK JKOHE NMHKHOMETPIIK THIFBI3IBIKTAPBIHBIH Oip-OipiHe cail kemyi
apKbUIBI TeKcepinai. 3epTTeneTin (a3aHblH MUKHOMETPIIIK THIFBI3IbIFBIH aHBIKTaYa HHAN(PPEPEHTTI CYHBIK
peTiHAe CHIMBIMIABLIBIFEL 3,0 MJI IIBIHBI MUKHOMETPET] «a.y.T» MapKallbl TeTpadpoOMAITaH KOJaHBLIAbL. Op
YIITiHIH THIFBI3IBIFBI OCITLI 9/licTeMe OOMbIHINA [4] 5 pEeTTEH OMIIeH i,

Keitin 3epTTeneTiH KOCHUIBICTapIbIH VHTAFRIH WHIUITUpIIEY HOTHXenepi kenripinren (1-kecre). OHma
Gepinren ToxipuOenik skone ecenrenren 10%/d” mamanapbIHBIH KaHAFATTaHAPIBIKTAN COHKeC Kemlyi, coi
CUSKTBI 3€PTTENCTIH KOCBUIBICTAPABIH PEHTICHIK JKOHE IHUKHOMETPIIK THIFBI3IBIKTAPBIHBIH YIIeCyi
(2-xecTe), 3epTTENeTiH KOCBUIBICTAPABIH PEHTTEHOPaMMAIAPhIH MHIUITUPIICY HOTHKEICPIHIH JYPHICTHIFBIH
YKOHE JTOJIIITIH KOPCETTi.

l-xecTe
CHHTe3/1eJITeH TUCTPO3Hii KOC TeJTyPUTTEPiHIH PEHTreHOTPaMMAChIH HHAHIUPJICY
I/, % d A 10%/d o hkl 10%/d cen
1 2 3 4 5
DyCaTeO, 5

30 4,733 4464 203 450,8
10 3,371 880,0 322 879,3
62 3,172 993,9 323 9953
74 3,080 1054,1 411 1051,7
100 2,914 1177,7 403 1176,8
16 2,843 12372 413 1237,3
10 2,821 1256,6 117 1257,8
30 2,685 1387,1 414 1399,7
14 2,486 1618,1 227 1620,8
6 2,310 1874,0 009 1879,2
16 2,138 2187,7 219 2181,7
19 2,058 2361,1 229 23632
30 1,919 2715,5 517 2709.8
25 1,882 28233 615 2818,5
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I-KCCTeHiH XKalrachl

1 2 3 4 5
7 1,730 3341,2 007 3340,8
22 1,682 35347 371 35322
9 1,658 3637,7 259 3633,7
12 1,647 3686,5 650 3690,5
21 1,617 3824,5 227 38248
16 1,608 3867,5 080 3872,0
15 1,588 3965,5 548 3965,3
9 1,541 4211,1 368 4207,3
6 1,512 43742 539 4377,0
9 1,455 4723,6 664 47272
10 1,392 5160,9 921 5165,7
6 1,344 5536,1 932 5537,8
8 1,303 58899 941 5891,7
7 1,257 63289 488 63248
7 1,222 6696,6 195 6690,5
8 1,214 6785,2 594 6784,2
8 1,190 7061,6 777 7065,8
DyBaTeOy, s
51 3,492 820,1 215 815,1
60 3,381 874,8 116 865,8
37 3,247 948,5 400 947,5
38 3,124 1024,7 411 1027,5
53 3,035 1085,6 331 1086,7
100 2,960 1141,3 332 1149,0
34 2,784 1290,2 325 12889
26 2,688 1384,0 108 1387,9
32 2,637 1438,1 118 1447,1
23 2,218 2032,7 531 20342
19 2,162 21394 109 21352
31 2,098 2271,9 319 2273,8
14 1,948 2635,3 446 26424
17 1,888 2805,4 219 2808,1
24 1,852 2915,5 071 2922.5
18 1,817 3028,9 537 3030,7
39 1,708 34279 730 34348
14 1,632 3754,6 548 3756,7
14 1,596 39259 812 39323
19 1,517 43454 639 4346,5
17 1,483 4546.,9 285 4546,0
6 1,361 5398,6 757 5399,5
14 1,324 5704,6 829 5708,5

CoHbIMEH Koca KaﬂBHHﬁ—HHCHpOBHﬁ KOC TCHJ’IypI/ITiHiH TCTparoHaJaAbl CHHI'OHHUAAA KPpUCTAJIAaHATBIHbL

AHBIKTAJIIEL.

2-KecTe

DyCaTeOy s TeJUIypUTiHiH CHHTOHHS TYPI 59He 3JIeMEHTAp YANIBIFbIHBIH apaMeTpJiepi

- 3
KochLibIc CHHFOI_“M" Top napamerpiepi, A P A P A3 7 TBIFBI3OBIK, T/CM
TYP1 a C ppeﬂ'r‘ P,

DyCaTeO,s | Terparos. 8,86 16,54 1316,64 164,58 8 8,04 7,95+0,10

2-cyperre ASTM KapTOTeKaChIHIAFsl OacCTAamlKbl 3aTTapIbIH, OOMYBl MYMKIH TEILTyPUTTEPMIH KOHE
cunTesnenren aucnposuii-kanpimii DyCaTeO,4s KOC TEIUTypUTIHIH MTPUXPEHTTCHOTpaMMaapbl KeITipiI-
reH. bynm MomimMeTTepai caibICThIpy CHHTE3AENTeH KOC TEJUTYPHUTTIH IIBIHAAPHl 0ACTamlKbl 3aTTapIbIH KOHE
KaJbIMi MEH AWCIPO3MHA TEUTYPUTTEpiHIH HHUKTEPIHEH e3relle eKeHAIriH kepceTTi. COHBIMEH, KaTThl
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(hazanblK CHHTE3 HOTWXKECIHIE jKaHA AUCTPO3Mi-Kanbiuil Koc Temnyputi DyCaTeO, s ansinapl nen aityra
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Ovcnposun Koc TennypuTTepPIHiH CUHTESI ...

Jluctipo3uii Koc TeUTypUTTEPiHiH KBAHTTHI-XUMUSIIBIK 3epTTeyiepi Gaussian-2003 KBaHTTHI-XHUMHUSLITBIK,
OarJapiaMa KyieciMeH OpBIHIAIIBI, all MUKTOrpaduKanbIK Tanaay rpaduxansik apaiisep Gauss View-2003

KOMETIMEH KYPri3iiii.

3-kectene 3eprrenred DyCaTeOys sxoHe DyBaTeO4s Koc TeTypHTTEpiHiH TYpaKThl KyHiHe colikec

KEJIETIH KYPBUIBIMBIHBIH ~KBAHTTHI-XUMUSUIBIK ~ €CENTEYJIEPiHIH HOTIKeIepi
V3BIHIBIKTAPHI (d), BAICHTTIIIK OYpHIIT MOHIEP (®)).

Kenripinren (GairaHbIC

3-kKecTe

DyCaTeO, s ione DyBaTeO, s KypbLIbIMBIHBIH KBAHTTBI-XUMHSLIBIK €CeNTey HOTHKeaepi

Baiinansic | d, A | BaseHnTTik OyphIIITaphl | o, Tpaj.
DyCaTeO4 5
0O(1)-Te(2) 2,0180 Te(3)-O(1)-Te(2) 109
Te(3)-0(1) 2,0180 0(4)-Te(2)-0(1) 109
0(4)-Te(2) 2,0180 O(7)-Te(2)-O(1) 109
O(7)-Te(2) 2,0180 0(5)-Te(3)-0(1) 109
0(5)-Te(3) 2,0180 0O(8)-Te(3)-0(1) 109
O(8)-Te(5) 2,0180 Ca(6)-0O(4)-Te(2) 109
Ca(6)-O(4) 2,3800 Ca(9)-0O(7)-Te(2) 109
Ca(9)-0(7) 2,3800 0(10)-Te(2)-0(1) 180
0(10)-Te(2) 2,0180 O(11)-Te(3)-O(1) 68
O(11)-Te(3) 2,0180 Dy(12)-0(10)-Te(2) 120
Dy(12)-0(10) 2,4900 Dy(14)-O(11)-Te(3) 120
Dy(14)-O(11) 2,4900 0(13)-Dy(12)-0(10) 180
0(13)-Dy(12) 2,1414 0(15)-Dy(14)-O(11) 180
0(15)-Dy(14) 2,1414
DyBaTeO4 5
0O(1)-Te(3) 2,0180 0(5)-Te(3)-0(1) 109
0(5)-Te(3) 2,0180 0(9)-Te(3)-0(1) 109
0(9)-Te(3) 2,0180 0(13)-Te(3)-O(1) 78
0(13)-Te(3) 2,0180 Dy(14)-0(13)-Te(3) 120
Dy(14)-0(13) 2,4900 Te(2)-O(1)-Te(3) 109
Te(2)-0(1) 2,0180 0(4)-Te(2)-0(1) 109
0(4)-Te(2) 2,0180 O(7)-Te(2)-O(1) 109
O(7)-Te(2) 2,0180 0(10)-Te(2)-0(4) 115
0(10)-Te(2) 2,0180 Dy(11)-0(10)-Te(2) 109
Dy(11)-0(10) 2,4900 Ba(6)-O(5)-Te(3) 109
Ba(6)-0(5) 2,6167 Ba(8)-0(7)-Te(2) 109
Ba(8)-O(7) 2,6200 0(12)-Dy(11)-0(10) 180
0(12)-Dy(11) 2,1414 0(15)-Dy(14)-O(13) 180
0(15)-Dy(14) 2,1414

CI/IHTCB,HCHI‘ CH KOCBUIBICTApJbIH  KYPbUIBICHL

onebu  MamimerTepre

KIOHC

KBAaHTTBI-XUMMUAJIBIK

ecernTeyiepre Heri3/AeNin kacallibl )KoHe OHBIH CYJIOAchIH KeJeci Typae kepceTyre 6onaast (3-cyp.).
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CoHBIMEH, aJFalllKbl peT 3epTTENETiH KOCBUIBICTAPABIH KPHCTAUT KYpPBUIBIMBIHAAFBI OaiinaHbIC
V3BIHIBIFEI MEH BaJICHTTIK OYPHINIBI OOWBIHINA KYPTI3UITeH KBAaHTTHI-XUMUSUIBIK €CeNTeyyep >KaHalaH
AJIBIHFaH KOC TeIUTYPUTTEPIIH KYPBUIBIMIBIK MOICTBACPIH YCHIHYFa MYMKIHIIK Oepi.

Ocbl Makana meHOepiHAe 3epTTey HOTIKeNepl OOHBIHIIA ajFalliKbl PeT KaTThl (ha3asblK TOCUIMEH
JTUCTIPO3UH-CUITIIIK Kep MeTalIaphIHBIH DyMeHTeO4,5 (Me" — Ca, Sr, Ba) Kypamsl KOC TeTypUTTEp]
cuHTe3eal. PeHTrendasanslk aHamm3 9ICIMEH CHHTE3CNTEH TeJUTYPUTTEPIiH KYpaMbl, CHHTOHUS TYpJiepi
KOHE KPHUCTAIBIK TOP MapaMeTpiiepi, PeHTTeHIIK, TMKHOMETPIIIK THIFBI3IBIKTAPhl aHBIKTaIAbl. PDA xoHe
KBaHTTHI-XUMUSUIBIK €CENTeYJIEPiHiH HOTHKECIHIE TUCTIPO3UN-KAIBIIH, AUCIPO3U-0apuii TeJUTypUTTEPiHiH
KYPBUTBIMBIK MOJIEIIbJIEP] YChIHBLIBI.

CuHTe3eNnTeH XaHa TeIUTYPUTTEPIiH KYPBUIBIMBI OYpMaaHFaH MepoBCKUT P,3,, KyphIIBIMBIHA YKCAC
eKeHIr alKpIHAanasl. by jkaHa KOCBUTBICTapAbIH albIpBIKIIA 3IEKTPOUIUKAIBIK KacHeTTepre e OOMybl
MYMKiH JtereH 60ipkaM xKacayra Heri3 6omansl [5].
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K.T. PycrembekoB, A.A. Toiibek, M. Croes

CI/IHTe3, KPUCTAJUIOXUMHUSA U CTPOCHUE IlBOﬁHLIX TCJJIYPUTOB IUCIIPO3UA

B cratbe mokazaHa BO3MOXKHOCTb CHHT€3a TBEPAO(A3HBIM CIOCOOOM HOBBIX [JBOMHBIX TEITYPUTOB
JIUCIIPO3Usl C s-3JeMEHTaMH B3aumozelcTBueM okcunos aucnposus (III), temmypa (IV) ¢ xapbonaramu
LIEJT0YHO3EMENbHBIX MeTanaoB. Merogom PDA omnpezpeneHsl TUI CHHTOHUH, HapaMeTphl 3JIE€MEHTApHOM
SYEHKH, PEHTI€HOBCKUE M MHMKHOMETpUueckue oTHocTH. Ha ocHoBanmu PDA u KBaHTOBO-XMMHUYECKHX
pacyeToB MPEJIOKEHb CTPYKTYPHBIE MOJEIH JBOMHBIX TELUIYPUTOB JUCIPO3USL.

K.T. Rustembekov, A.A. Toibek, M. Stoev

Synthesis, crystal chemistry and the structure of the double dysprosium tellurites

The article shows the possibility of synthesis of new double dysprosium tellurites with s-elements interacted
with dysprosium oxide (III), by the method of solid phase tellurium (IV) and alkali-earth metals. XRFA
method helped to determine the type of syngony, unit cell parameters and radiographic and pycnometrical
density. The structural models of double tellurites dysprosium were proposed with the method of XRFA and
quantum chemical calculations.
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Tellurite HoCaTeO,5: Synthesis and Radiographic Characteristics

The article shows the possibility of synthesizing new double holmium-calcium tellurite by solid phase meth-
od from oxides of holmium (III), tellurium (IV) and calcium carbonate. X-ray analysis shows that tellurite
HoCaTeQy, 5 crystallizes in the tetragonal structure. The parameters of the tellurite’s unit cell, X-ray and
pycnometric densities were determined by X-ray analysis as well.

Key words: holmium tellurite-calcium, X-ray analysis, syngony, unit cell parameters.

The discovery of high-temperature superconductivity in 1986 gave a powerful impetus to the develop-
ment of solid state chemistry. Due to this fact metal oxide systems with a perovskite-like structure are of
great interest.

Compounds of rare earth metal oxides possess a unique combination of electrical, magnetic, thermal,
optical, and other properties due to the peculiarities of the electronic structure of lanthanides and can find
extensive use in modern microelectronics and many fields of new technology to create multi-purpose sys-
tems [1].

Double tellurites, consisting of rare earth elements, alkali and alkaline earth metals, produce some theo-
retical and practical interest [2—4].

In this context the aim of this work is the synthesis and investigation of radiographic characteristics of
tellurite HoCaTeOy 5.

The starting components for the synthesis were oxides of holmium (III), tellurium (IV) and calcium
carbonate («reagent grade») in a stoichiometric ratio. Stoichiometric amounts of starting materials were
thoroughly grinded in an agate mortar. Then material was placed in alundum crucibles and subjected to heat
treatment for the solid-phase interaction in air in the Silit furnace. The following heat treatment regime was
used: annealing for 15 hours at a temperature of 400 °C, 20 hours at a temperature of 800 °C with occasional
grinding in a mortar; and further annealing for 23 hours at a temperature of 1200 °C with periodic grinding of
compounds; final annealing step within 10 hours at a temperature of 400 °C to produce a stable compound at
low temperatures.

Formation of the equilibrium composition of the compound was monitored by X-ray analysis at the
DRON 2.0 using CuK,, that is radiation filtered with Ni-filter (U = 30 kV, I = 10 mA, the range of the pulse
counter 1000 counts/s, rotational speed counter 2°/min, the time constant T = 5, the angular 26 range from 10
to 90°). The roentgenogram of the synthesized tellurite is presented in Figure 1.

Based on data from X-ray diffraction of the compound (Fig. 1), the intensity of the diffraction peaks
was estimated. Indexing of the X-ray picture of the test compound powder was determined by homology [5].

Reliability of indexing was controlled by satisfactory agreement between the experimental and calculat-
ed values (10%d”), as well as the consistency of the values of X-ray and pycnometric densities of the test
compound. Toluene of analytical grade was selected as an indifferent fluid. Toluene is chemically inert to the
test compound and wets an agent reasonably well. Pycnometric density tellurite was measured in a 3-ml
pycnometer. The density of the analyte was measured 5 times by the known procedure [6].

The following operations were performed consistently. The mass of the empty pycnometer M, was de-
termined. Then mass of the pycnometer filled with distilled water M; was found. Further pycnometer was
filled with toluene and its mass M, was determined. Then the test substance was placed in a pycnometer and
its mass M3 was measured. Finally pycnometric liquid was placed in the pycnometer with the powder and its
mass M, was determined.
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Figure 1. X-ray diffraction of the synthesized double- tellurite HoCaTeQOy, s

The density of the test sample is found by the formula
M 3 M 0
Prven. = M-M, M,-M, ’
Pi P2
where p, is density of water at 20°C (0,9971 g/en’); p, is pycnometric density of liquid defined by the for-

mula

_ M 2 M 0
M -M,
) of the test compound was calculated by the formula
_1L,66:M, -Z
Praa. = T
where M, is the molecular weight of the unknown substance; Z is the number of formula units; V° is vol-

P2 1

X-ray density (p

rad.

b

ume of the cell.
The unit cell volume (7°) of the test compound was determined by the syngony:

— for the cubic syngony:

VO — a3 ,
— for the tetragonal syngony:
V'=d’c;
— for the hexagonal syngony:
1’ =0,86a’c;
— for the rhombic syngony:
V® =abc.

Table 1 shows the results of indexing X-ray diffraction of the test compound powder.

56 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Tellurite HoCaTeOs 5: Synthesis ...

Table 1
Indexing of radiographs of synthesized tellurite HoCaTeO, s
1y, % d, A 10%d’ o, hkl 10%d" e
13 4,821 430 004 423
17 4,7 452 212 448
15 4,034 614 030 616
37 3,097 1042 304 1039
100 3,027 1091 400 1095
10 2,897 1191 411 1191
31 2,839 1240 330 1233
17 2,792 1283 305 1277
54 2,636 1439 117 1432
12 2,006 2485 219 2484
33 1,882 2823 319 2826
34 1,846 2935 526 2938
11 1,793 3110 631 3108
19 1,613 3843 714 3847
28 1,585 3980 730 3972
18 1,574 4036 627 4035
12 1,512 4374 716 4375
10 1,317 5765 729 5771

A satisfactory agreement between the experimental and calculated values 10%/d> given in the Table 1,
as well as the consistency of the values of the X-ray and pycnometric densities of the test tellurite (Table 2)
confirms the correctness of the indexing of the X-ray picture of the test compound.

Figure 2 shows the bar radiograph of the synthesized double tellurite HoCaTeO, s and starting materi-
als. Comparison of these data shows that there are no peaks of starting compounds in the tellurite synthe-
sized. Thus, new compound holmium-calcium double tellurite HoCaTeO, s was obtained as a result of solid-
phase synthesis.
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Figure 2. Radiographs of HoCaTeO, s and starting compounds with plane indices (#kl)
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As can be seen from the Table 1, the experimental and calculated values (10%d?), X-ray and
pycnometric densities (Table 2) are in a good agreement with each other, confirming the accuracy and cor-
rectness of the indexing results. Data obtained suggest that the compound HoCaTeQ, 5 crystallizes in a te-
tragonal syngony and has a unit cell parameters which are shown in the Table 2.

Table 2
Type of syngonies and the unit cell parameters of the HoCaTeO, 5

- - 3

Compound A typfa The lattice parameters, A PR3 P A 7 - Density, g/cm
syngonies a c Radiog. Pycnom.

HoCaTeOy4s | The tetrag. 12,08 19,45 2839.92 88,75 32 7,56 7,22+0,34

Thus, new double tellurite of holmium-calcium HoCaTeO, s was synthesized by the solid-phase meth-
od. X-ray diffraction was used to determine the type of its syngony and the unit cell parameters. The X-ray
diffraction investigation shows that the synthesized tellurite crystallized in a structural type of distorted
perovskite P,3.,. It allows to suggest that this compound can possess unique electrophysical properties.

Radiographic features of a new tellurite can be the source of information for basic reference books and
information databases and produce interest for chemical informatics.
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K.T. Pycrem6ekos, E.C. JlazapeBa

HoCaTeO, s TeJurypHTi: CHHTE3i K9He PEHTI€HOrpaUsAIbIK CHIIATTAMAIAPbI

Maxkamana xartel dasansik omicrien romsmuit (III), Temmyp (IV) oxcunrepi MeH Kkanmbnumii KapOOHATHIHBIH
OpeKeTTecyl HOTIKECIHJE d>aHa TOJIbMHUH-KAaJIbIUH KOC TEJUIYPUTIH IyIbIH MYMKIHIIIT KepceTinreH.
Penrrendasansik omicnen HoCaTeO,s TemrypuTiHIH TeTparoHaNbAi CHHTOHHSAIA KpHUCTalJaHATHIHEL,
COHJIali-aK OHBIH JJIEMEHTAp YSIIBIFBIHBIH KOPCETKIIITEP], PEHTICH/IK XKoHEe MHKHOMETPIIK THIFBI3IBIKTaphI
AHBIKTAJIFaH.

K.T. Pycrembekos, E.C. JIazapeBa

Teanypur HoCaTeQO,5s: cuHTe3 U peHTreHorpaguyeckue XapakTepucTHKH

B crarhe mokasaHa BO3MOYKHOCTb CHHTE3a HOBOTO ABOWHOTO TEJUIYPHTa IOJIbMHUSA-KAIbLUS TBEPAOGha3HbIM
cnioco6om u3 okeuznos roasmus (I11), remmypa (IV) u kapOonaTa kanpuus. MeTonom peHTreHo}a3oBoro aHa-
nm3a ompenenero, uro temryput HoCaTeO, s KpucTamIu3yeTcst B TeTparoHaIbHON CHHIOHHH, a TaKXKe ycTa-
HOBJICHBI TAPaMETPHI €0 AIIEMEHTAPHON SUCHKH, PEHTT€HOBCKHE U MMKHOMETPHYECKHUE TNIOTHOCTH.
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Kaabumii XJ10paTbiH CHHTE3EY

Makanaza XJopaTTapisl JEKTPOXUMHUSIIBIK JKOJIMEH CHHTE3Jey OAicTepi KenTipinreH. Xiopibl KalbLUH
epITIHAICIH DJIeKTPOJIM3/ey ApKbUIBI HATPHN XJIOPATHIHBIH OHAIpici OOMBIHINA XJIOPAT-XJIOPH[ KAThIHACKI
JKOFaphl XJIOpaT-XJIOPHJ KaIbIUII epiTiHALIepiH anyra OOJATHIHABIFBI JKOHE XJIOPATTHIH TY3UTy mHporeci
XUMHSUIBIK XKOHE 3JIEKTPOXUMHSIIBIK MEXaHIH3MMEH iCKe acaThIHBI KapaCTHIPBUIFaH.

Kinm ce30ep: xmoparrap, XJIopuf, NeOIHMAHT, 3IEKTPOJNIH3, IEKTPOIHT, aHOJ, DJIEKTPOJ], TpaduT, TOK
TBIFBI3/IBIFBI, KOHIICHTPAIIUSL.

Kampruit xjopartapsl aybul HIapyambUibiKTa AeoiananTTap, HEeJUIIoo3a MEH MaTaHbl arapTy YIIH
KOJIJAHBUIATBIH XJIOPJBIH KOC TOTHIFBIH aly YIIiH, CYABI 3ajlafICBI3JaHbIpy YILUiH, Tarbl Oacka canamapia
KeHiHeH KosgaHbuiaabl. Herizinge Tayapisl XJopaT-MarHudin AedosiaHT peTiHae HaTpuidl XJopaTel MeH
MarHui XJIOPHUAIHIH OAKBITBUIFAH KOCTIACH TaiiaaHbuIa bl XIT0paT-KambIIuiiIl 1edoIMaHTTh 130ec CyTiH
XJIOpJIay apKbUIBI ajajibl, O KAIbIUN XJIOPATHIHBIH €PITIHAICI MEH HATPUH KOHE KalbIIUH XJIOPUATEPIHEH
Typasel. KaTThl Marauii Xopatel ra3gapsl KypraTy MakcaThbIiHa Aa KoIaHbans [1].

Kampruit sxoHe MarHWil xJoparTapbl aybUl I[IapyamrbUIBbIKTa JAeOJTHAHT JKOHE AECHKAHT DETIHIC
KOJIIaHbICKa re. bizaiy enmimizae KanpIui )koHe MarHuil XJIopaTTapbl MakTa KUHAY allbIHAA KabIPAKTaphIH
QJIBIN TacTay YIUiH >KOHE KO3aChbIH KENTipy YIIIH mainaHbuiafbl. Kanbluil skoHe MarHuii XJopaTTapblHBIH
BUTFaJl TAPTKBIIITHIFBIHBIH JKOFAPBUIBIFBI OCBl MaKcaTTapAa MakKTaHBIH JKaHBII KETYiHEH Ypenci3 KolgaHyra
MYMKIHIIUTIK 6epeni. JledomnanTThIH KeHIHCH TapadyblHa OaiIaHBICThI, KAIBIHA XJIOPATHIH Ty KOJIIAPBIH
KapacTBIPBII, OHBIH THIMI1 9iCTepiH 3epTTey OYTiHr1 KYHHIH ©3€KTi Maceneci 00IbIN TaObUIaabI.

XJopaTTapabl 3MEKTPOXUMUSUIBIK, JKOJIMEH OHIpY OAicTepi, XUMUSUIBIK SAICIICH aly >KOJIAapbIMEH
CalBICTRIpFaHAa OipKaTap apTHIKMIBUIBIKTapel Oap. COHOBIKTaH Kazipri Ke3me KeOiHe DIEKTPXUMHUSIIBIK
omictieH anbiHAAbl. 1900 x. mamamen 17,5 MBIH T XJopaT OHIIPUITeH, COHBIH 65 % 3IEKTPOXUMUSIIBIK
omicrieH anbiaFaH. 1940 k. xyopartapasH aneMaik enuipici 150 000 T nen GaramanraH, COHbIH 2/3 Oeuriri
Kanuii xmopaTel Oonran, an 1/3 Harpmii xmopaTeiHa THecini OonFaH. 1967 k. cinrimi sxkep merangap
XJIOpaTeIHBIH ~ aneMAik  eHaipici 300000 ToHHamaH ackaH, OipaKk Kajmuil XJOpPaTBIHBIH OHAIPLIYl
KBICKapTBUIBIIN, HATPUH XJIOpaTHIHBIH OHIIPiyi 6ckeH [2].

XJ0opaTTapabl JIEKTPOIUTTI SJICIIEH alyIbIH OHEPKICINTIK TEXHOIOTUACH albIHFbI 100 >KBUIIBIKTHIH
COHBIHIIA KYPACTHIPBUIGIT, aiFamr peT 1892 k. IlIBerimapusna sxkoHe 1896 k. @paHmusga xioparTapibl
ANEKTPOXUMHUSIIBIK S/TICTIEH ally i1CKE aChIPBIIIBI.

Kanpumii xmopaTsl mamaMeH epiTiHAl TYpiHAE THIFBI3ABIFEI 1,5-TEH TOMEH eMec, XJIOpJbl HaTpHi
OOMBIHINIA KAHBIKKAH, all 0eJIMe TeMIlepaTypachlH/Ia XJIOPaT KoHE KaNbIUK XJIOPHi OOWBIHIIA KaHBIKITAFaH
«XTopaT-xJIOpU] KaTbIUWII Ie(hOTMaHT)» NETeH TayapJIbIK aTIeH IBIFapblIabl.

Tayapiasl xmopaT-XJI0pua KanbLWilli edonuaHT, Hicci3 cyHMbIK 3aT (a3man OYJIBIHFBIP JKOHE OOsuFaH
00yBl MYMKIiH), KypaMbIHIa 00mysl THic (r/1) [3]:

Ca(ClO3)2 — 428i8,
CaCl, — 380 xxoFapsl emec;
NaCl — 45 xorapsl eMec.

Kyprak ty3ra ecenrterenme tyHOara 40 r/m xorapel emec NaCl Ty3iry MyMKiHmIutikrepi Oomafipl.
XJ10par-xJIopH]] KalbLUiI AeOTHaHTTBl TeMip KON LUCTepHAJIapbIHAA TACBIMAJIAMIbI, aFbI3bIl ATy
YKOJIAApBI TOMEHT1 KarbiHAa Oomysl Tric. Kamprmii xmopaTsiH i30ec cyTiH XJopray apkeUibl, JImOux omici
OOWBIHIIIA epTe/ieH OacTam CUITLI MeTanjgap eHIIPiCiHe, dcipece Kaliuil XJIopaThlH KOoJjaHFaH. XJiopiay
yAepici Ti30eKTi peakius OONWBIHIIIA KYPEi:

6Ca(OH), + 6Cl, = Ca(ClOs), + 5CaCl, + 6H,0O

Byn xepae 1 Mok KaJbLUid XJIOpaThiHA 5 MOJb XJIOPUATEH KEJIETiH KaJbIHUK XJI0paThl MEH XJIOPHIIHIH

Kocrachel maiaa 6oxansl. Kanpuuii XJ0paTeIHBIH epiTiHALIEpiH 130ec CYTiH XJIopiay apKblIbl HEMece HeTi3ri
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KaJIbIIUI XJIOpPAaThl MEH XJIOPHJiH 06y apKbUIBl KOHIICHTPJCYIIH HEeMece Ta3apTyIblH KONTEereH JJiCTepi
yeeHbUTFaH. Kanmeluif XJmopaThl MEH XJIOPHIIHIH KOCIACHIHBIH CYJBI CpITIHAUIEpAET]I epiTrimTiriHIg
3epTTeyNIepiHeH OV TY3Hapibl EpITIHAUIEpAEH KPUCTANIHM3AIUIAY apKbUIBl OOl adyIblH ©HEPKICIITe
KOJIIaHyFa el maiaackel xok ekeHirin kepcetti. CaCl, xone NaClO; apacbiHia aleToOHIbI OpTaia aiMacy
PEeaKIISICHIH KYPri3y YCBIHBUIIBI, Oipak Oy omic KoJAaHBICKA Me 0oia anManbl. KanbIumii XmopaThIHBIH
KOHIIEHTPAIMACHIH JKOFAphUIATy VIIH XOHE XJIOpAT: XJOPHI KaThIHACKIH XJIOpaT €ceciHe €CEeUTy YIIiH
Ta3apTYJbIH XUMHUSIIBIK 9JIICTEPi KONIAHBLIAIbI, SFHU KAIBIUNIIH )KapThl OOJITiH cola KOMETriMeH KapOoHaT
TYPiHAE TYHIBIPY apKbUIBI JKy3ere acaasl [4].
CaClz + N32CO3 = CaCO3 + 2NaCl

MyHnpaii karmalia KaJbluii KapOOHAThl *KOHE HATPUH XJIOPUAIHIH KOMakKThl Oejiri TyHOa OOJIbIIM
ty3ineni. TyHOaHbI OeJIin aiFaH COH XJIOPAT-XJIOPU KANBIUNII IeOTMaHT SPITIHIICIH alaibl.

XITOpABl KaJdbITUH EPITIHAICIH DJICKTPONM3ACY apKbUIBI HATPHH XJIOPATHIHBIH OHTIPICI aHAIOTHSICHI
OOMBIHIIIA XJIOPAT-XJIOPHUI KATBIHACKHI JKOFApPhI XJI0PaT-XJIOPU KAIBITUIUT epiTIHAUIepiH anyFa 60mambl.

XJI0pabl KanbLUUi epiTiHAUIEpiH XJOpaTKa AEHiH 3JIEKTPXUMISUIBIK TOTBIKTBIPY Ke3iHIAe KaTonara
MPOILIECTIH KYPYiH KUBIHIATA TYCETiH THAPOTOTHIKTAP TYHOACHI HEMECE KaIbIMK OKCUXIJIOPUATEP] OTHIPAJIBL.
byn TyHOamapaeH Ty3UIyiHE Kemepri jkacay VIINiH, apHaibl Imapajiap JKacalblHybl KaKeT: epiTiHmiaia pH
TOMCHJICTY, VJAaWlbl apajacThIPBII TYPY, SJICKTPOIM3EPAAFbl TOKTHIH JKYPY OaFbITBIH ayBICTBIPBII TYPY
XoHE T.0.

DIIeKTpoIM3 OHIMIEpl KaToaTa — OTTEK, ajl aHOATa XJIOpAT OOJBIN TaOBUIAIBI. DJIEKTP TOTHIHBIH
18 kyaTeIHBIH 12-Ci XJIOpaT TYy3UIyiHE XYMcallaabl, TEK O-ybl FaHAa OTTEK MMaima OOJybIHA >KYMCajaipbl.
Ocbian Tok OoifbIHIIA XJIOpAT TY3UIyiHIH TEOPHSUIBIK IIBIFBIMBEI 66,66 % Kypaiiabl. bipak saexTpomnms
MIPOIIECIHIH JXYPYiHE apHaMbI XKaFaai skacar, TOK OOMBIHIIA MTBIFBEIMIIBI JKOFaphUIaTyFa 00JIabl.

XJTOpaTThIH TY3UTy MPOIECT XUMHUSIIBIK JKOHE ICKTPXUMUSIIBIK MEXaHW3M OOMBIHINA /1a iCKE acaipl.
XUMUSITBIK, MEXaHU3M OOMBIHIIA XIOPATTHIH TY31JTyi SJEKTPOIUTTIH KeJIeMiHle HATPUH TUIIOXJIOPUIIHIH TY3
KBIIIKBIIBIMEH TOTHIFYBI aPKBUIBI KEJIeCl peakIus TeHICYi OOMBIHIIIA KYPEIi:

ClO + 2HCIO = ClO5 + 2H" + 2CI' 3)
Byn peakiusHpl TOK OOWBIHINA MIBIFBIMIIBI KOOCUTY YIIIIH KOJITaHAbI.

XUMUSITBIK MEXaHHM3M apKbUIbl XJIOPATTHl aly Ke3iHAe TOK MIBIFBIMBI OOMBIHIIA OTTEri OemiHyiHiH
IIBIFBIHBI JKOK OOJIFAHABIKTAH, YPAICTI XMMISUIBIK MEXaHW3M OOWBIHINA ICKE achIpyFa KaKeTTi Karmai
JKacayra YVIKEH MOH Oepemi, SFHH DJICKTPONHM3AI OJCI3-KBIIKBUI OPTaza, MKOFaphl TeMIlepaTypasa
xyprizeni [5].

DIeKTpOoNM3AIH KYpyiHE KEeHOip Iopekene AIEKTPOATAPIALIH MaTepHalfapbl ocep eTemi. AHomrap
peTiHAEe DSJIEKTPOJIM3 TIpOIeCiHe OacTamKpia IUIATHHA KOJIAHBUIFAH. Opi Kapaid Mar"etur, Tpadur,
KOPFaChIH JIMOKCUJIiH, TUIATHHJICITEH TUTAH JKOHE PYTCHUH OKCUATEPIMEH KallTalfaH TUTaH KOJIJaHbLIA
Oacraran. ['padut eH ap3aH marepwan OONBII TaOBUIAIBI, BJIEKTPOJM3 MPOIECi KE3iHJE KATThl TO3yFa
VIIBIPAWIBI, 3JCKTPOJIM3 JKaFaaiiblHa OalIaHBICTBl HATPHH XJIOpaThIHBIH Meumiepi 8—10-nan 20-25 kr/t
apanbirbiHAa Oonanbl. EH Oepik mMarepwan — MarHeTUT, MYHIA HATPHil XJIOPATBIHBIH ILIBIFBIHBI 2—3 KI/T
Kypaiabl. MarHeTuTTi aHOATHI KOJIAaHy Ke31HJe MPOLECTi JKOFaphl TeMIIepaTypaja Kyprizyre Oonasl, Oipak
OMJIBIK KeZeprici yJIKeH OOJFaHIBIKTaH, MOHIIAJAFbl KEPHEY >KOFaphuUIall, SHEPTUs IIBIFBIHBIH KeOenTe
Tyceni [6].

EH xapaMpl aHOT — KOPFAChIH MarHETHUTiH rpa(uTTi aHOMAIICH CANBICTBHIPFaH/Ia T TYPAKTHI (HaTpuitl
XJIOPATHIHBIH MBIFBIHBL (0,8—1,0 Kr/T Kypaiisr), >KOFApbl TOK THIFBI3IBIFBIH/A KOHE KOFAPHl TEMIIepaTypaja
’KYMBIC KYprizyre tuimai. Dnmextponu3 60 °C TeMmiepaTypaaa *oHe TOK THIFbI3ABIFEL 1500 A/M> Gonranga
kepHeyl — 3,4-3,6 B, Tok GoiibiHIIa mBFEIMBL 85—-86 % Kypaiinel. by aHoaTap HaTpUil XJIOPHIIHIH TOJBIK
eHJIeNyiHe MYMKIHIITIK Oepeii )KoHe XJIOPATThIH 6Te KOO epITIHAIepiH aimyFa 0oa bl

AHOATapIIBI TOK OTKI30CUTIH TUTAHILI KabaThl 6ap KOPFAChIH MUOKCHIIHIH KabaThiHaH anansl. COHFBI
Ke3Jlep/ie aHOJ| peTiHe PYTeHUI HeMece KOOAIbT OKCHIITEPIMEH KalTalFaH TUTaH aHOATapbIH KOJIaHy Ia.

DJNEKTPONU3 TPOIECIHAEC MYHJIAH aHOATAp TOK OOMBIHIIA XJIOPATTHIH IIBIFBIMBI JKOFaphl OOJyBIHA,
TBIFBI3MIBIFEI, TEMIIEpPATypachl >KOFAphl, aJl MILIFRIHBI a3 OOJybIHA CENTIriH THrizemi. Katom marepuans
petinae OomaTThl (AIEKTPOATAPIBI MOHOTOJSAPILI KOCY KE31HIE), XPOMILI OojaTTapIbl HEMece XpOMIIBI
KabaTneH KanrajiraH OoyiaTTapbl KoJMaaHa el. MyH/ail xaFaaia 3JeKTPOIUTKE XPOM TY3JaphiH KOCY/IbIH
KaXkeTi XKOK [6].

XTOopaTThIH UIBIFBIMBIHA TOKTHIH aHOJITHI )KOHE KOJIEMAIK THIFBI3IBIFBIHBIH YIKEH acepi 6ap. AHOATHIH
THIFBI3JIBIFB] JKOFApJIATy TPOIECTIH WHTCHCHU(HKAIMICHIHA OTE€ MaHBI3IbI OONBIT TaObLIaNbI, dcipece
AHOJITaFbl OTTEK apTHIK Meunmepnae OeliHreH ke3ne. JKoFapbhl TOK THIFBI3NBIFBIH KOJIJIAHY aHOJ PETiHJE
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KOJIJaHbUIATHIH IPaUTTiH WIBIFBIHBIH apTTHIpaasl. MyHnaiina rpadUTTiH IWBIFBIHBIH a3aiTy YIIiH, TpauTTi
15 %-apIK  3BIFBIp MaWbIMEH CiHIpTemi. XJIOpaTTBIH TOK OOMBIHINA IIBIFBIMBIHA TOKTHIH KOJIEMIIIK
TBIFBI3IBIFBIH TOMCHIETY KOJAIIBI 9CepiH TUTi3edi, ce0edl dIMEKTPOIUTTIH KOJIEMiHIH YIKEH OO0Iybl aHOIKA
HaTpUil THIOXJIOPHUTIHIH KETyiH TeXeWmi. byn jkepiae TOK a3aiiblll, TUMOXJIOPUT EPITIHAI KOJIeMIiHIIe
XMMUSUIIBIK TOTBIFyFa YIIBIPAWIbL.

DJEeKTPOIu3 MpOILECiHE AIIEKTPOIUT TeMIIEPaTypachlHbIH MaHBI3BI 30p. Temmeparypa >KorapbliaraH
CailblH XJIOPATTBIH XUMMSIBIK TY3UTyiHIH JKbUIAaMABIFBI apTa Tycedi, Oipak Oyi Ke3ae aHOITapAbIH
TO3FBIITBIFBI  J1a JKOFapeuaiinpl. ['paduTTi aHOATap MEH DJNEKTPOJIU3 IKYPri3TE€HAE JJIEKTPOIUT
temmepartypackiH 40 °C ycran Typajbl, al OKCHATI METaIIapAbIH OeJIceH i KabaThl 6ap KOPFachlH THOKCHII
JKOHE TUTAHIBI aHOITAPMEH KYMBIC XKacaraHa drekTponmsai 80 °C xyprizyre 0orambl.

XJ0paTTapAblH ©HEPKICINTIK eHIipici rpaduTTi aHOATAp KOHE KEHOip METaTOKCHATI aHOATapAbIH
KOJIJAHBUTYbIMEH YHBIMIACTHIPBbUIFaH. ['paduTTi aHOATApABIH €H MaHBI3Abl KEMIUTIKTEePiHiH Oipi — OHBIH
TOK TBIFBI3BIFBIHA, epiTiHAIHIH pH >koHe TeMmepaTypackiHa Kapai Te3 TO3ybl. AHOJ TOK THIFBI3IBIFBIHBIH
0,8—1,0 KA/M> apa KamBIKTBIFBIHAA FPAadUTTIH TO3ybI KYPT KOFapbuTail Tycemi. byn meremimiz 1,6 B Ten
KPUTHKAIBIK TIOTCHIIMATIBIHAH JKOFAphl €KCHIITH OuImipeni. DIIeKTPONHM3AiH Ke3 KEJIreH MIapTTaphIHBIH
e3repyl TpaduTTI aHOATHIH MMOTCHITMAIBIHBIH 1,6 B-Tan Oblmali oH OarbITKa Kapail e3repyl aHOATHIH
TO3YBIHBIH KYLIEHreHin oinaipeni [7].

I'padurti aHoATHIH TO3yHl Temneparypa 4050 °C-tan ackaHza >KoFapbuiail Tyceni. 3bIFbIp MalbIMEH
ciHipinreH rpaduTTi aHOATHIH TO3YHl 3BIFBIP MalbIMEH CIHIpIIMETeH aHOATAPMEH CaJBICTHIPFaHIa 3 ece
kemui. TuiMal skarmaiaa rpaduTTi 3JCKTPOATAPIBIH TO3YbI XJIOPATTHIH 6—8 KI/T Kypaiabl.

Xiopat eHIipiciHAe KOPFAChIH TUOKCHUIIHIH THTAHIBI O6JITiHE SJICKTPJII OTBHIPFBI3BUIFAH aHOATAp
TUIMII OOJIBIN TaObLIaAbl. MyHIal aHOATAPABIH TO3YhI TPAapUTTI aHOATAPABIH TO3YbIHA KaparaHaa OipHere
ece a3 ’)KoHe KypaMbIHAAFb! XI0opaTThiH Memmepi 0,8—1,0 Kr/T Kypailasl.

CoHbBIMEH KaTap IUIaTHHAHBIH >KYKa KabaThIMEH KalTajfaH TUTaHAbl aHOATAapAa KoJmaHbuiagbl. Tok
TBIFBI3ABIFEl AHOATHIH MaTepuanblHa OainmaHbICTRL. ['padurTi aHoATapma TOK THIFBI3ABIFBI KPUTHKAIBIK
TTOTEHITHAIBIHA COIiKeC OOITYHI THIC.

KapkpIHap! TopTinTe XJIOpaTTHIH 3JIEKTPOCUHTE3IH KYPTi3y, SFHH, TOK THIFBI3ABIFBI JKOFAPHI JKarmanaa
KeIl TO30aiThIH aHOATAP.IbI KOJIJIAHFaH JKarmaiaa MyMKiH Oonazs! [8]. Tok OOMBIHINA MIBIFBIMHBIH YKOFAPHI
GOMYBI TOK THIFBI3ABIFB 1,5-3,5 KA/M” GONFaHIa TIATHHATIBI-THTAH B, KOPFACHIH-IMOKCUITI aHOATAapaa 1a
cakTajapl. XJIOpaT TEK ANEKTPOXUMISUIBIK Peakus Ke3iHIe eMeC XUMISUIBIK Peakuus Ke3iHe e Ty3i1eTiH
OOJFaHABIKTaH, MPOILECC TEK JJIEKTPOATHI €MeC, KOJEMIIIK THIFBI3IBIFEIMEH Jie CHUTATTalaabl (HeMece TOK
KOHIICHTPAITUACHI OOMBIHIIA).

TOKTBIH KOJIEMIIK TBHIFBI3IBIFEl 3JEKTPOJIM3EP AapKBUIBI JKYPETIH TOKTBHIH JJIEKTPOJUT KeJeMiHe
KAaThIHACBIMEH TYCIHJipiieni. | MIOXJIOpUT MEeH XJIO0pIbUIay KBIIKBUIBIHBIH XUMUSUIBIK PEaKHUsAChl Ke3iHae
EpITIHII KeJEeMiHJIe KO3/IeITeH OHIM — XJIOPATTHIH TY3UIyiHE OKEJeTiH OOJIFaHIBIKTaH, JICKTPOJIU3EpACTi
epITIHAIHIH Y3aK yaKbIT OONyBbIH KaMTaMachI3AaHABIPY KaXXeT, SIFHU YPIICTI TOK THIFBI3ABIFBIHBIH KeJeMi
TOMEH JKarjaiima *Kyprizy kepek. KeOiHece TOK TBIFBI3IBIFBIHBIH KojieMi 10 A/m Kypaizapl (Hemece ojaH
JKOFapHI).

Epiminoiniy xypamol. DaexTponusre xiOepiieTiH epiTiHaigeri 0acTankbl XJIOPUATIH KOHIEHTPAIHICH
KAaTThl HAaTpUH XJIOpaThIH ajly MaKcaThIHAA JKYPri3ireH 3JIEKTPOMU3ACH KeHiHrl epiTiHAiHIH eHIenyiHe
OalaHpICTBl. ODNEKTPONM3EpIEH INBIFATHIH epiTiHAIHI OynaHAbIpFaHHAH KeHiH HaTpuid XJIOPUIIHIH
koHIeHTpanuscel 280 /1 Kypaiinsl. COHBIMEH KaTap epiTiHAl KypambIHIa KaTThl XJIOpaTThl 06l anFfaHHaH
keiin Kaaran 40-50 r/n HaTpuii XjopaThl OOJIabl )KOHE KATOJTA THMIIOXJIOPUT IEH XJIOPATThl XKOFaJITHAY
YIIiH KOCBUIFaH, TOTBIKChI3AAaHABIPYAaH KeHiH KajiraH Ouxpomar 3—6 r/i1 0osaapl. DIEKTPOIU3/Il EPITIHAIHIH
pH 6,0-6,8 Ten Oosranma xyprizeni xoHe Oy enmeMi pH aymarsiHma OuxpoMarThiH Oydepiik KacHeTiH
KOJIJaHa OTBIPBII, TY3 KbIIIKBUIBIH KOCY apKBUIBI YCTAIl TYPaIbl:

Cr,0;" + H,0 « 2CrO4” + 2H'

Epitinginin twimai pH MOHI THNOXJIOPUTICH XJIOPJBUIAY KBIITKBUIBIHBIH KOHIICHTPAITUSCHIHBIH
KaTbIHAChIHA TeH, OYJI 3aTTap apachIHAAFbl XJIOPAT TY3y PEAKIHSICHIHBIH KbUIAAM/IBIFBI MAKCUMAIIBI OOJIBII
Tabbuianpl. HaTpuil XJOpHAiIHIH KOHIIEHTPAIWSICHl DJEKTPONHM3 COHBIHAA aHOATHIH MaTepHaIblHA
OaiinmanpicTel Oonanel. ['padurTi aHOATApABI KOJJAHFAH Ke3[E€ SIIEKTPOJIM3EpIACH IIBIKKAH epiTiHIiaeri
XJIOPUATIH KOHIIEHTPALMACHl OTTEK O6JiHy Ke3iHIeri TOK MeJIlepi >KOFapblial, aHojd Te3 To30aybl yIIiH
100—120 r/m TemMeH 60ONMAYBI THIC.

OnexTponu3 Ke3iHae Kem To30alThIH MaTepHajiaH jKacalFaH aHOATapAsl KOJJaHFAHAA XJIOPHI
Mmeuttepi 50 r/y-re AeriH a3ar0 MyMKIHZIIT Kepi acep Oepmeiiai. X0paTThiH KOHIEHTpamuschl 350-375 r/n
KYpaupl.
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Kanbuuin xnopaTtbiH CUHTE3aeY

Erep xyopattsl any yiin My3aaty Kaxet Oosca, Oactanksl epitinaiae 200 r/n vatpuit xnopunai, 340 r/n
HaTpuUl XJopathl, 3—8 I/l OUXpOMAT KaKET, DJICKTPOJIM3ACH KEWiH XJoparThiH Meumepi 550-600 r/m
KYpaupl.

OJeKTpOIM3 KYpPrizyre apHajfaH epiTiHAIHIH TeMmIeparypachl aHOITBIH MaTepHaibiHa OaillaHBICTHI.
XJOpaTThIH TY3UTYiHIH XUMHSUIBIK PEaKIMACHIHBIH KBUIaMIBIFBl TEMIEpaTypaHbl JKOFapbUIATKAH CaNbIH
ecemi. bipak rpadutti anHoarapaa anextpoau3i 40 °C sxorapsl TeMIiepaTypaja Kyprizyre 0oamanpl.

A3 TO3FBIII aHOATapAbl KojmaHy Temneparypansl 7080 °C geiiiH >KofapiaTy MYMKIHIIUTITH
Tyabipanael. On AereHiMi3, XJIopar TY3UTyiHIH XMUMHSIIBIK PEAKIUSACHIH JKbUIIAMIATaIbl, JICKTPOIU3EPIeTi
KepHEY/l TOMEHAETEI1, SJIEKTPOIUTTET] KEpHEY TOMEHAECTEH COH YHEPTH HIBIFBIHBI a3as/Ibl JKOHE KaTOATAFbI
CYTEKTIiH KepHeyi Jie TomeHaeini [9].

OJeOneT MOITIMETTEpiH KOPBITHIHABUIAH Kelle, XJIOpaTTapAbl AICKTPXUMHUSIBIK JKOJIMEH OHIIpY
omiCTEpli XUMHSUIBIK OJICIICH ally KOJJApBhIMEH CalbICTBIpFaHza OipKaTap apTHIKIIBUIBIKTapFa He
OOJIFAaHJIBIKTAH, KallbIIMH XJIOPATHIH AJIEKTPOXUMHUSUIBIK OJICIIEH Ay THIMII €KeHi aHBIKTaIIbl. Kambiuii
XJIOPAThIH CHUHTE3/ICy aHOJTHIK MaTepuajFa Tikelleld OalIaHbICTHI. XJIOpAaTTap/bIH KOFaphiga KENTipUIreH
XKarJainapna Tok OOMBIHINA IBIFBIMBI TPAdUTTI aHOATAPABI KonanFanaa — 83—85 %-Ibl ’KoHE a3 TO3FBIII
aHoaTapAbl Kojnanranaa 94-96 %-np1 Kypaiiasl. Tok OOHBIHIIA XJIOPATThIH, IIBIFBIMBI YKOFAPBI, aJ IIbIFIHBI
a3 0oy YIIIiH aHOJI PETiHJIE PYTCHUI HeMece KOOAIbT OKCUATEPIMEH KalTallFaH TUTAH AJICKTPO/IBI, all KaToT
peTiHme XpoMIIbl KaOATICH KalTaiFaH 00JaT 3JICKTPOIbIH KOJIIaHy THIM/II.
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A K. Amup6ekosa, ['.H. XXputpic6aeBa

Cunre3s XJiopara KaJdbluus

B crarbe npuBeneH >IEKTPOXMMHYECKUI METOJ CHHTE3a XJIOpaTOB. DJIEKTPOJIM30M PACTBOPOB XJIOPHUCTOTO
KaJIbL(sl MOXHO II0 QHAJIOTMM C NPOM3BOJCTBOM XJIOpaTa HAaTpHs IOJy4YaTh XJOPAT-XJIOPHA KaJbLUEBbIC
pacTBOPBI C BBICOKMM COOTHOLICHHMEM XJIOpaTa M XJopuaa. Tamke paccMOTpeH Iporecc 00pa3oBaHUs
XJIOPaTOB XMMUYECKUM U JIEKTPOXUMHUUECKUM MEXaHH3MOM.

A K. Amirbekova, G.N. Zhylysbayeva

Synthesis of calcium chlorate

The article provides an electrochemical method for the synthesis of chlorate. Electrolytic solutions of calcium
chloride, can obtain solutions with the production by analogy of sodium chlorate to calcium chlorate-chloride
with a high ratio of chloride and chlorate. Also discussed the formation of chlorate chemical and
electrochemical mechanisms.
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