ISSN 1563-0331
NMHAOEKC 75879; 25879

O/1-PAPABU aTbiHaafbl KASAK YITTbIK YHUBEPCUTETI

Ka3¥y XABAPLUbICDI

XUMUA CEPUACHI

KA3AXCKUN HALIMOHANBHBIN YHUBEPCUTET umern AJlb-dAPABM

BECTHUK KasHY

CEPNA XMMWUYECKAA

CHEMICAL BULLETIN

OF KAZAKH NATIONAL UNIVERSITY

No 4(87)

Anmarbl
"Kasak yHuBepcuteTi"
2017



OcHosaH 22.04.1992 a.
PezucmpayuoHHoe caudemenscmao Ne 766
Beixodum 4 pasa 8 200

[7IABHbIV PEJAKTOP CEPUN «BECTHUK KA3HY»

Akademuk MymaHoe laneimkaup Myma+Hosu4
pexkmop KazHY um. anb-®apabu, Anmamel, KazaxcmaH

PEAAKLIMOHHAA KOJIJIETUA MYPHAJIA « BECTHUK KA3HY. CEPUA XUMMUYECKAA»

HAYYHbIA PEAAKTOP

Kenecoe bynam HypnaHosuy

KaHOudam xumu4ecKux Hayk, npogeccop

LieHmp ¢hu3uKo-xumuyecKux memodos ucciedo8aHus u aHanusza, Aamamel, Kazaxcmax
bkenessov@cfhma.kz

OTBETCTBEHHbIE CEKPETAPU

lFaneesa AnuHa KynbaesHa

KaHOUOam XUMUYECKUX HayK

LleHmp husuko-xumuydeckux Mmemodos uccnedosaHus u aHanusa, Anmamel, Kasaxcma+
editor@bulletin.chemistry.kz

HAYYHbIE PE4AKTOPbI

Ypakaes ®apum XucamymouHosuy

00KMOp XUMUYECKUX HaYK, Mpogeccop

MHcmumym 2eonozuu u muHepanoauu um. B.C. Cobonesa

Cubupckozo omoeneHus Poccutickoli akademuu Hayk, Hosocubupck, Poccus

LLiImakos Cepeeli Hukonaesu4
KaHOUOam XUMUYECKUX HayK
YHusepcumem KoHHekmuKyma, CLUA

Carlsen Lars
dokmop Hayk, npogeccop
Awareness Center, Pockunsde, JaHus

Djenizian Thierry
PhD, npogeccop
Center of Microelectronics in Provence, MINES Saint-Etienne, PpaHyua

Turdean Graziella
PhD, accoyuuposaHHbiii npogeccop
University "Babes-Bolyai", Cluj-Napoca, PymbiHusa

3AMECTUTE/Ib HAYYHOIO PEAKTOPA

Bbypkumbaes Myxambekmanu Meip3abaesuy
QOKMOp XUMUYeCcKux Hayk, npogeccop
KazHY um. ane-Papabu, Aamamel, KazaxcmaH

Adunvbekosa Akboma OpazbakeesHa
KaHOUOam Xumu4ecKux Hayk, doyeHm
KazHY um. ane-®apabu, Aamamesl, KazaxcmaH

Ypanbekos bonam Mypamosuy

KaHOUOGM XUMUYECKUX HaYK, dCCOYUUPOBAHHBIL npogeccop
LleHmp ¢husuko-xumudeckux Memodos uccnedo8aHUA U GHANU3A,
KazHY um. ane-®apabu, Aamamesl, KazaxcmaH

Koziel Jacek
PhD, npogpeccop
YHusepcumem wmama Aliosa, CLUA

CelinxaHosa 'ynb3us AmaHeenb0uesHa
O0KMOpP XUMUYECKUX HayK, doyeHm
KasHY um. ane-®apabu, Anmamel, KasaxcmaH

KopynbkuH Amumpuli Opbesuy
00KMOpP XUMUYECKUX HaYK, Mpogheccop
KazHY um. ane-®apabu, Aamamesl, KazaxcmaH

OHeapbaes Epdoc Kanumynnaysnel
00KMOpP XUMUYECKUX HayK, npogeccop
KasHY um. ane-®apabu, Anmamel, KazaxcmaH

BECTHUK KA3HY
CEPUA XMMUNYECKAA

Ne 4(87)

Penaktopbl: Adunsberosa A.O., laneesa A.K., KeHecos b.H.

Wb N212018

MNoanucaHo B neyats 30.12.2017. Gopmat 60x84 /.
0O6bem 8.08 n.n. bymara odcetHas. Meyatb unudposas.
3aka3 N2295. Tupax 500 ak3. LleHa gorosopHas.
W3patensckuii Aom «Kasak yHuBepcuteTi»
KasaxcKoro HauWOHaNbHOrO YHUBEPCUTETa UMEHN anb-Papabu.
050040, r. Anmartsl, np. anb-Papabu, 71, KasHY.
OTneyataHo B TMNOrpadum U3AaTesIbekoro Aoma «Kasak yHuBepcuTeTi».

© KasHY vm. anb-Papabu, 2017

© KazsHY um.

Wb N212018

bacyfa 30.12.2017 »blnbl KON KOWbINAbI.

Miwimi 60x84 1/8. Kenemi 8.08 6.1. OdceTTi Karas. CaHAbIK Bacbisbic.
Tancbipbic Ne295. Tapanbimbl 500 aaHa. baFacel kenicimg,.
on-dapabu atbiHAaFbl Ka3aK yATTbIK YHUBEPCUTETIHIH,
«Kasak yHusepcuteTi» 6acna yiti.

050040, Anmarbl K., a1-Papabu gaxfbinbl, 71.

«Kasak yHuBepcuTeTi» bacna yiiHiH 6acnaxaHacbiHaa bacbiigpl.

© 9n-Papabu atbiHaafbl Kasyy, 2017

anb-Papabu, 2017






CuHTe3 moandpunumpoBaHHbIX
monnbaeHom u Bonbppamom
KOMMNO3ULMOHHbIX CUCTEM

Ha ocHoBe 6ucopbeHTa U3
pucosoi wenyxum

Kambic6aes A1.X., Cepukbaes b.A.,
Apbys I.C.*

KasaxcKuii HauMoHaNbHbIM YyHUBEPCUTET
M. anb-Papabu, Aamatbl, KazaxcraH
*E-mail: zubra-s@mail.ru

B paHHOM paboTe npuBendeHbl pe3ynbTaTbl CMHTE3@ HOBOMO MOAMGUUMPOBAHHOMO
NONNBANEHTHBIMM MeTaslaMi KOMMNO3UTHOTO MaTtepuana. B KayecTBe cbipbA AN NOAYyYEHMUA
HocuTens — bucopbeHTa, cocToslero M3 yrepoda M amopdHOro oKucuAa KpemHus, bbina
BblbpaHa pucoBas wwenyxa. MoNyYyeHHbId M3 MNPOAYKTOB TEPMMUYECKOTO Pas/ioKeHWA PUCOBOM
Wenyxm copbuMOoHHbIA MaTepuan 6bin MoaMULMPOBAH AMMOHUMAHBIMU CONAMU MONMBAEHA U
sonbpama: (NH,).;Mo.0,,-4H,0 u (NH,),0:-12WO0,-5H,0 B cooTHoweHuax Mo/W: 5/5 macc. %,
10/5macc. % MBOCCTaHOB/EH NPV HAarpeBe BTOKE BOA0POAaA. PerncTpaums BobTaMnepoMeTpUYecknx
KpuBbIX B cpeae 1l-metun-4-nunepuaoHa NPOBOAMAACL B Pas3/IMUHbIX GOHOBBIX INEKTPO/UTAX:
0,2 M Li,SO, , pH = 6,36 1 B 0,1 M KOH, pH = 13, 2,5:10° M K,HPO, + 2,5-10° M NaH,PO,,
pH=6,86. [poaHanusnpoBaHbl AaubdepeHUManbHble BOSbTAMNEPOMETPUYECKME  KPUBbBIE.
BbifiBNEHA 3N1EKTPOXMMMYECKAs aKTUBHOCTb MOJYYEHHbIX MOAUGULMPOBAHHBIX KOMMO3WUTOB B
AManasoHe noteHumanos ot -1,2 B go 0,5 B. M3yyeH mexaHW3M MPOTEKAOLLMX 31eKTPOXMMUYECKUX
NPOLECCOB Ha AaHHbIX MOAUPULMPOBAHHBIX 3NEKTPOAHbLIX MaTepuanax. MoKkazaHa BO3MOXHOCTb
AanbHeNLWwero NPUMeHeHUA CUHTE3MPOBAHHbBIX KOMMO3ULMOHHBIX CUCTEM HA ocHoBe BucopbeHTa
13 PUCOBOW LUENYXM ANS SNEKTPOXMMMUYECKOTo BOCCTaHOBNAEHNA 1-meTun-4-nunepuaoHa.

KnioueBble cnoBa: pucosas Wwenyxa; bucopbeHT; monnbaeH; sonbdppam; MoanduLMpoBaHHbIe
anekTpoApl; 1-meTnn-4-nunepuaoH.

Synthesis of molybdenum
and tungsten modified
composite systems based on
bisorbent from rice husk

Kamysbayev D.H., Serikbayev B.A.,
Arbuz G.S.*

Al-Farabi Kazakh National University,
Almaty, Kazakhstan
*E-mail: zubra-s@mail.ru

The article presents results of the synthesis of a new composite material modified with
polyvalent metals. Rice husk was chosen as a raw material for obtaining a carrier — a bisorbent
consisting of carbon and amorphous silicon oxide. The sorption material was obtained from the
products of thermal decomposition of rice husks. Further it was modified with ammonium salts
of molybdenum and tungsten: (NH,).Mo,0O,,-4H,0 and (NH,),0-12WO,-5H,0 in Mo/W ratios:
5/5 wt. %, 10/5 wt. % and reducted 4by heating in a stream ofzhydrogen. The registration of the
voltammetric curves in the medium of 1-methyl-4-piperidone was carried out in various background
electrolytes: 0.2 M Li,SO,, pH =6.36 and 0.1 M KOH, pH =13, 2.5-10”M K,HPO, + 2.5-10°M NaH,PO,,
pH = 6.86. Differential voltammetric curves were analyzed. The electrochemical activity of the
obtained modified composites in the potential range from -1.2 V to 0.5 V was determinated. The
mechanism of the proceeding electrochemical processes on these modified electrode materials has
been studied. The possibility of further use of synthesized composite systems based on bisorbents
from the rice husk for the electrochemical reduction of 1-methyl-4-piperidone was shown.

Keywords: rice husk; bisorbent; molybdenum; tungsten; modified electrodes; 1-methyl-4-
piperidone.

Kypiw Kaybi3bIHbIH,
Heri3iHgeri monnbaeH
’K9He BosbppammeH
moguduKaumuanaHFaH
KOMMO3ULUANDIK,
JKynenepaiH cuHresi

Kambic6aes A1.X., Cepukbaes B.A.,
Apby3 I.C.*

on-dapabu atbiHAaFbl Kasak yaTTbIK
yHuBepcuteTi, Animatbl, KasakctaH
*E-mail: zubra-s@mail.ru
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Byn »KymbiCTa MOAMBaNEHTTI MeTangapmeH moaudUKauMANaHFaH KaHa KOMMNO3ULMUANBIK,
3N1eKTPOATbIK MaTepuan CUHTE3IHIH, HaTUKenepi KenTipinreH. KemipTek »KaHe KpemMHWUIt oKcuaiHeH
TypaTbiH 6BUcOpbEHT-MaTPULACLIH any YWiH WKKI3aT peTiHae Kypilw Kaybi3blHbl TaH4anabl. Kypiw
KaybI3blHbIH, TEPMUANBIK blAbIpAay ©HIMAEPIHEH anblHFAaH COpPOUMANBIK MaTepuan mMonaubaeH
)KaHe BONbPaMHbIH, aMMOHUANBIK Ty3AapbiIMeH MoaudUKaLMAnaHabl: (NH4)6M07024-4HZO MeH
(NHA)ZO-IZWOS-SHZOMO/W: 5/5 macc. %, 10/5 macc. % KaTblHacblHAA, aHe fe Kbi3ablpyMmeH
cyTeri opTacbiHAA@ TOTbIKCbI3AAHABIPbIIAbI. 1-MeTuA-4-NunepuaoH opTacbiHAA BOAbTAMMEPAiK
KMCbIKTapAbl TipKey TYpAi GOHApIK aneKTponnTTepae )yprisinai:0,2 M Li,SO, , pH = 6,36, 0,1 M KOH,
pH = 13, 2,5:102%M K,HPO, + 2,5:102M NaH,PO,, pH = 6,86. OnddepeHumanabl BonbTamnepnik
KWUCbIKTap TangayaaH eTTi. AfbIHFaH moauduKaunanaHFaH KOMNo3uTTepaiH -1,2 B 6actan 0,5 B geliiH
NnoTeHLMan AnanasoHblHAA 3NEKTPOXUMUANBIK BenceHainiri aHbikTanapl. Ocbl MOAUPUKaLMANAHFAH
3NEKTPOATbIK MaTepuangapaa KypeTiH 3/1eKTPOXUMUANBIK NPOLECCTePiHiH, MeXaHU3MI 3epTTengi.
Kypiw KaybI3blHaH »KacanfaH OMCOPOEHT HerisiHAe CUHTEe3LeNreH KOMMO3ULMANBIK KyWenepaiy,
Kenecige 1-meTun-4-NnUNEpPUAOHHbLIH,  3NEKTPOXMMUANBIK TOTbIKCbI3AAHABIPYbl YLWiH KOAAAHY
MYMKIHAIr KepceTinreH.

TyiiiH ce3pep: Kypiw Kaybi3bl; 6ucopbeHT; monmbaeH; sonbdpam; mogudukaumuanaHFaH
anekTpoaTap; 1-metun-4-nunepuaoH.
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CuHTe3 moandULMPOBaAHHDbIX MoIUMbAEeHOM 1 Bosibdpamom
KOMMO3ULMUOHHbIX CUCTEM HA OCHOBe bucopbeHTa n3 pucosomn

LEeNyxu

Kambicbaes [O.X., Cepukbaes b.A., Apby3 I'.C.*

Kasaxckuii HauMoHaNbHbIN YHUBEPCUTET UM. anb-Papabu, Anmatbl, KasaxcTaH

*E-mail: zubra-s@mail.ru

1. BeegeHue

LLinpokoe pacnpocTpaHeHWe XMMUYEecKoe MOAUPULMPO-
BaHMe 3/1EKTPOAOB NOAYUYMA0 B Npou3BoacTee XMUT (XMMUUYECcKnx
MCTOYHMKOB TOKa), B Pa3/IMYHOrO POAa 31EKTPOKATaIUTUHECKUX
NpoLieccax CMHTe3a COeAMHEHUI KaK OPraHMYecKoro, Tak U He-
OpraHMYeCcKoro xapakrepa, 3N1eKTPOXMMUYECKMX CEHCOPOB U T. .
Xumunyeckoe mognduLMpoBaHMe NOBEPXHOCTM 3NEKTPoaa Npu-
[AaeT eit ocobble cBoicTBa. MPKU 3TOM NOABAAETCA BO3MOMKHOCTb
[06aBUTb 3N1EKTPOAHOMN NOBEPXHOCTU HOBbIE GYHKLMOHANbHbIE
BO3MOMHOCTM, KOTOPblE MOBbIWAOT M3BMpPaTENbHYIO U peaKLm-
OHHYI0 CNOCOBHOCTM MOANDULMPOBAHHOIO 3NEKTPOAaA.

DNeKTpoAbl M3 YrNepoAHbIX KOMMO3UTHbLIX MaTepuasnos
MCNONb3YIOTCA BO MHOMMX 3/IEKTPOKATAIMTUYECKMX MPoLLeccax,
Hampumep, MpPU OYUCTKE CTOYHbIX BOZA, CUHTE3E Pa3/IUYHOro
POAA XMMMYECKMX NMPOAYKTOB U T.4. TaKKe BeCbMa aKTyabHbIM
ABNAETCA CcUHTE3 3PDEKTUBHBIX KaTaUTUYECKMX CUCTEM Ha
OCHOBE HaHOMAaTepWanoB, COAEPKALLMX MOAMBANEHTHbIE
MeTaNNbl N UX OKCWZAbl, MOCPEACTBOM CTabUAM3ALMMN MX HA
Pa3NYHbIX  COPBLMOHHBIX NOMYYEHHbIX U3
pacTuTenbHoro cbipbs [1-3].

MCTOYHMKaMM Nog06HbIX COPBLIMOHHBIX MaTepManoB ABNSA-
KOMMIEKCHOE MCMo/Ab30BaHUe

maTepuanax,

0TCA pacTUTENbHble OTXOAbl,
KOTOPbIX MMEEeT BarkHOe 3HayeHue. B faHHoM paboTe B KayecTse
AN CUHTE3a 3N1EeKTPOLHOTO KOMMO3ULMOHHOIO MaTepuana C Le-
b0 €ero JanbHeinlwero moavduuMpoBaHna aBTopy Bbibpanau
pucosyto wenyxy (PLU), asnstowytocs nepcnekTnBHbIM, obnasa-
IOLLLMM HU3KOWM CTOMMOCTbIO, BO30OHOBAAEMbIM PacTUTENbHbIM
cbipbeM KasaxcTaHa ¢ Xopownmn copbLMOHHBIMM CBOMCTBAMM.
MocpeacTBom Tepmuyeckoit 06paboTkm 13 PLL nonyyatoT Hocu-
TeAb  ANS JanbHeuwero  MoguMouUMpOBaHMA  CONAMM
NOSIMBANEHTHbIX MeTannoB — bucopbeHT (BC), cogeprkalymnin asa

a4COPOUMOHHO-aKTUBHbBIX KOMMOHEHTA: yrnepos U amopdHbIn
OKCUA, KPEMHUA. ABTOPAMM HACTOALLErO UccieaoBaHUA bbln Bbl-
6bpaH meTod, MNPOMWUTKM, Kak Haumbonee npoctor u
addeKkTnBHbLIN [4-8].

Becbma akTyasbHbIM B MUpe OCTAeTCA MOUCK HOBbIX BUAOB
NIeKapCTBEHHbIX npenapaTtos. lpu 3TOM, NPOM3BOAHbBIM HaCbl-
LLLEHHbIX a30TUCTbIX FrETEPOLMKIOB, OCOBEHHO NUNEPUAMHA, Bbl-
[enaeTca OTAeNlbHOe MeCTO B CBA3W C TeM, YTO OHW ABAAIOTCA
CTPYKTYPHOW OCHOBOW A1 pAAa TaKMX NPUPOAHbBIX COAUHEHW,
KaK HEMPOTOKCMHbI, ankanouabl v T.n. Mogo6HbIN MHTEpeC K Xu-
MWW HACbIWEHHbIX a30LMKANYECKUX COeAMHEHUN obycnosneH
MX MPUCYTCTBMEM B COCTaBe HO/IbLIOrO KOMYECTBa CUHTETUYe-
CKUX M MPUPOAHBIX JIEKAPCTBEHHbIX CPEACTB, MU 3a4acTylo AaH-
HbleXMMUYeCKne coeanHeHua onpeaensatoT GapMaKkonormyeckyto
AKTMBHOCTb 3TUX MpenapaTos.

Ha xummnyeckom oakrynbtete KasHY um. anb-®apabu, a
TakXe B WHCTUTYTEe XMMMYeCcKMX HayK wmm. bektyposa A.b.,
nabopaTopun XMMUKM NIeKapCTBEHHbIX BeLLecTB A0CTaTOYHO
[ABHO BeAyTCA LieNeHanpaB/ieHHble Hay4YHble UCcCciefoBaHuA ¢
LeNblo CUHTE3a HOBbIX BbICOKOIQPEKTUBHBIX, Oe3BpesHbIX
NIEKapCTBEHHbIX  MpenapaTtoB Ha OCHOBE  3aMeLyeHHbIX
4-nunepngoHoB. Takum o6pa3om, co3gaHbl NEKapCTBEHHbIe
CpefCcTBa C BbICOKMMM MOKA3aTeIAMU MeCTHOaHeCTe3npytoLLen
4 aHa/breTMyecKom npesocxoadiyme
™Ry AencTBuA

aKTUBHOCTbIO,

NPUMEHSAEMbIe  HbIHE aHaNOTU4YHble MO

NleKapcTBeHHble npenapatbl [9 — 12].
NHTepec K 3/1eKTPOXMMUYECKMM NMpeobpa3oBaHUAM UCXO4-

obycnosneH

BO3MOXHOCTbH OCYLLEeCTBNEHNA CTepeo- U Perno-ceNekTuBHOro

HbIX MUNEPUAMHOBBLIX COEAMHEHUIN  TaKKe
3/1EKTPOXMMMUYECKOTO CUHTE3a pAfda LEHHbIX dapmauesTuye-
CKMX npenapaToB. COOTBETCTBEHHO 3TOMY, aBTOPamMW AaHHOM

paboTbl Ana nccnefosaHuA BblIbpaH 1-meTua-4-nunepuaocH c ue-

© 2017 Al-Farabi Kazakh National University



6 CUHTE3 MOANPULMPOBAHHbBIX MOANBAEHOM U BOSIbOPAMOM KOMMO3ULMOHHbBIX CUCTEM ...

/Ibl0  BblABNEHNA BO3MOXXHOCTU €ero 3/1IeKTPOXMMUNYECKOro
BOCCTAaHOB/1EHMA Ha HOBbIX MO,CI,M(])VILI,VIpOBaHHbIX nonnBaneHT-

HbIMM MeTaNlaMM KOMNOo3nTax Ha ocHose bC 13 PLL.
2. JKCcnepumeHT

C uenbto cuHTe3a 13 PLU bucopbeHTa Hpanu onpenenex-
HYIO HaBeCKy WCXOAHOro CbipbfA, MPOMbIBaZM OAMH pas
NMPOTOYHOW BOAOM U 3 pasa AUCTUNIMPOBAHHOMN, Aanee oToUNb-
TPOBbIBA/IM U BbICYLUMBAAN CblPbe A0 MOSHOMO yAaNEHUA BAaru
npu KOMHaTHOM TemnepaType. Ha cnepytowem stane PLU kapbo-
HWM30Ba/IM B UHEPTHOW cpeae aproHa Npu cneayoLWwmx yCaoBUAX:
Temnepatypa — 500°C, BpemA BbIAEPKKWU CbipbA B peakTope
neun —2 v [6].

MogamnonumposaHMe KOMNO3ULIMOHHBIX MaTepUanos 6bino
npoBeAeHoO MeToAoM NPOnUTKKU. [nsa sToro HaBecky BC nponu-
TbIBaAW 3apaHee MPUrOTOBNEHHbIM PAcTBOPOM CO/M MOAUBA-
NeHTHoro metanna. [ina cospaHua obpasuos coctasa Mo/W 8
KavectBe MoaudMKaTOpoB 6blIM MUCMOMb30BaHbI Cleaylolime
CONMN  MONIUBANEHTHbIX (NH,),M0,0,,-4H.0 1
(NH,),0-12WO0,-5H,0. CogepraHue moandurkatopos B obpasue
BC coctansano 5 u 10 macc.%. bbino cuHTesmposaHo 2 obpasua
MoaUGULMPOBAHHbIX KOMMO3MTOB B COOTHOLEHUAX
Mo/W: 5/5 macc.%, 10/5 macc.%. Nocae nponutku npobbl Bbi-
CYWMBANUCb NPU KOMHATHOM TemnepaTtype B TeyeHune 48 u. Bbl-
CyweHHble Npobbl BblNM BOCCTaHOB/EHbI B TOKe Bogopoaa. Ha
pucyHKe 1 npuBeseHa cxema COOTBETCTBYHOLLEN YCTaHOBKMU ANA
BOCCTAaHOBNEHUA.

B peakTop M3 KBapueBoW TpybKM nomewaetca npoba
MoanduLmMpoBaHHOro 0bpasua. CocTaBHble YacTM YCTAHOBKM
[OMNONHWUTENIBHO ~ OBMaTbIBAOTCA  FEPMETUYHOM  MJIEHKOM

MeTannos:

«parafilm». C nomolyblo NnepexogHMKa K peakTopy nogBoaaTca
co3paHua

aproH  ana MHEepPTHOM cpeabl W  BOAOPOA,

HenocpeacTBEHHO NpeAHa3HaAYeHHbIM A1Aa BOCCTAHOBAEHMUSA
06pasuoB. C 06paTHOW CTOPOHbI peakTopa Yyepes nepexoaHuK
noABoOAMTCA Tepmomnapa Xpomesb-antomenb M Tpybka ans
0TBOAA ra3os.

BHauyane npousBogunacb NpoayBKa peakTopa MHEPTHbIM
razom 15 muH, 3aTem nogasanca BogopoOs B TeHEeHWe Yaca npu
3aZlaHHOM TemnepaType A1 BOCCTAaHOBAEHMA NPob, nocne Yyero
06pasLbl BbITACKMBAAM U3 peakTopa M NOMeLLann B IKCUKATOP.
O6pasubl KomMno3utTos, moaudbuumposaHHble W 1 Mo, 6bian
BOCCTaHOBMEHbI Npu Temnepatype 400°C (P = 0,04 MMNa) B
TeyeHue 1,5 4 gns nonyyeHMUa BoccTaHOBAEHHbIX popm W 1 Mo
M UX OKCMIO0B.

Mopdonorna noBepxHOCTU MNOAyYEHHOTO MoandULMpO-
matepuana 6blna  u3ydyeHa B HaumoHanbHoWM
HAHOTEXHO/IOTMYecKo nabopatopumn OTKpbIToro Tvna KasHY

BaHHOrIO

UM. anb-®apabu Npu NOMOLLM CKAHUPYIOWEro 3N1EKTPOHHOTO
MUKpockona Quanta 200i 3D co BCTPOEHHOW CUCTEMOW 3Hepro-
OUCNEPCUOHHOTO M1KpoaHanmsa (EDAX) u aHanmsa CTpyKTypbl 1
TEKCTYpbl MaTepManos.
DNeKTPOXMMUYECKME  UCCNeAOoBaHWMA  BbIMONHAAM  Ha
norteHuuocrtaTte-ranbaHoctate Autolab 302N ¢ nporpammHbImM
obecneyeHnem «Novay. Mpu npoBeseHUN IKCNePUMEHTANbHbIX
pabot AYEenKy  co
CTeKkNoyrnepoaHbiM pabounm anektpogom (CY3) u yronbHo-
MMMPErHMpoBaHHbIM
CUHTE3MPOBAHHbIM ~ MOAUDULMPOBAHHBIM  KOMMO3UTOM. B
KauyecTBe 3/1eKTPOAA CPaBHEHMA BbICTYMAn  HACbIWEHHbIV
xnopcepebpsaHbii  anekTpon (XC3), a BcnomoraTesbHOro
3neKTposa — rpaduTOBbIN CTep)KeHb. M3mepeHusa nposoauan
npM KOMHaATHOM TemnepaTtype, [AManasoH MOTEHLMaNoB
-1,2 B + 0,5B, Haya/bHbI/A MOTEHLMaN COOTBETCTBOBaN €ro

CTaUuMOHAPHOMY 3Ha4Y€eHUIO.

ncnosibsosanu TPEX-3NEKTPOAHYIO

nacToBbimMm 3/IEKTPOAOM,

TEHEPATOP BOJJOPOJA JIATP

BOJBTMETP

PucyHOK 1 — Cxema yCTaHOBKM 4/19 BOCCTAHOBNEHMA BO4OPOAOM
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PucyHok 2 — Mopdonorusa nosepxHoctn HemoambuumposaHHoro 5C n moanduumposaHHbix o6pasuos Mo/W (5/5) Mo/W (10/5) ¢
AaHHbIMK EDAX
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3. Pe3ynbTatbl M 06CyKAEHME

Ha pucyHke 2 un306parkeHbl f[aHHble CKaHWpyloLLen
3N1EKTPOHHOW MUKPOCKOMMU 1 SHEProAMCNepCUOHHOMo aHaAn3a
06pasuos moandUUMpoBaHHbIX Komno3utos Mo/W (5/5) u
Mo/W (10/5), a Takxke HemoguduumposaHHoro BC [7], koTopble
noatsepxaatoT ¢akt mogmouumposaHma BC Ha ocHose PLLU
NoANBaNEHTHbIMKM MeTannamu. oBepxHOCTb HeoAHOPOAHasA,
yactuupl mopuoukaTopoB cHOpMUMpPOBaHbI B aromeparsbl
pasmepom 2 — 10 MKMm.

Ona M3YYEHUs  SNEKTPOKATAIMTUYECKUX
CUHTE3MPOBAHHbLIX MOAUPUUMPOBAHHbBIX KOMMNO3UTOB 6Oblia
BblbpaHa peakuuMs BOCCTaHOBNEeHWA 1-meTun-4-nunepuaoHa
(MM-4) (pucyHok 3).

cBOWCTB

0 OH
s

N N

| |

CH, CH,

PucyHok 3 — dnekTpoBoccTtaHoBNeHne MI1-4

MpoBeneHbl 3NEKTPOXMMUYECKME WUCCefoBaHUA 06pas-
LOB KOMMNO3ULMOHHbIX MaTepuanos Mo/W (5/5) u Mo/W (10/5)
METOAO0M LMKINYECKOIN BONbTaMMEPOMETPUM C UCMO/b30BAHU-
em CYD wn VYMN3 pnsa ycTaHOBNEHWUA pPenoKC-CBOWCTE U
3N1eKTPOKaTAIMTUYECKOro BOoCCTaHOBNAEHUA MI-4 1 BO3MOXKHO-
CTU WX Xemocopbumm Ha NOBEPXHOCTU BbIOPAHHbLIX ANA
ncenesoBaHUA KOMNO3ULMOHHBIX CUCTEM.

-0.005 AR

0015F L ]
2 P

-002

E. B
1
05

a—¢oH: 0,2 M Li,SO,, pH=6,35,1a—-C
16-C, ,=0,26-C, =10"M

Mn-4

Ha pucyHKax 4a, 46 nokasaHbl pe3ynbTaTbl LUKANYECKMX
BO/IbTAMMNEPOMETPUYECKMX KPUBbIX B AnddepeHumpoBaHHOM
BUAE, NoMyYyeHHbIX Ha YD Ha obpasue Mo/W (5/5), cHATbIX Ha
¢doHe 0,2 M Li,SO,, pH = 6,35 (pncyHok 4a) 1 0,1 M KOH, pH =13
(pucyHoKk 46).
HauYMHaNacb CO CTaLMOHAPHOro NOTEHLMANA, COOTBETCTBYHOLLErO

Peructpaums Kpuebix ana oboux cnyyaes

3/1EeKTPOANTY, B KaTOAHY0 061acTb A0 NOTEeHLMaNa HaKonAeHUa
—-1,2 B v yaepxuBanacb npu Hem 1 MuH, nocae Yyero CHUManNCA
OAMH UMKN B Anana3oHe noTeHuuanos —-1,2 B + 0,5 B co
CKOpOCTbio pa3sepTkn 10 mB/c.

PoHoBan KpMBaa la xapaKkTepusyeTca manbiMy1 aHOAHbIMMU
nukamu npu noteHumanax—0,4 Bu—0,2 BHa anddepeHumnansHom
KPWUBOM, KOTOPbIE, NO-BUANUMOMY, NMOKa3bIBAOT OKUCUTEbHbIE
npespaueHus  monubaaTtos/BonbdpamatoB B CTPYKType
KOMMO3WTa, KaToAHAaA BETBb NpoLecca Xxapaktepusyetca b6onee
BbIpaXeHHbIM MUKoMm npu -0,75 B,
COOTBETCTBYIOLWMIA  BOCCTAHOBNEHUIO dopm
monubaeHa. Mpu KoHueHTpauun B ¢oHoBom pacteope 0,01 M

noTeHuunane
OKUCNEHHbIX

MTIM-4 noTeHUManbl BbIABNEHHbIX MPOLLECCOB Ha KPUBOM 2a nNpu
TEX Ke YyC/0BUAX caBuratoTcs B H6onee aHoAHyt 061acTb U
CTaHOBATCA 6onee BbIpaXKEHHbIMW, NPOABAAIOTCA MUKW NpPU
noteHuuane +0,15 B Ha aHO4HOM M KaToAHOM BETBAX NpoLecca,
TaKXe Ha KaToAHOW BETBU MPOABAAETCA XOPOLIO BblparKeHHan

BOAHA npu noTteHumane —0,2B, npeanonoxutenbHo
YKa3blBaloWaa Ha BAWAHME NPUCYTCTBUA Mosekynbl MIM-4 Ha
3NEKTPOXMMUYECKME BOCCTAHOB/NIEHUA  OKUCAEHHbIX  popm

Mpn 6onee BbICOKUX
—-0,5B Takxe

bumeTanInyecknx MoandUKaTopos.
3HAYEHMAX KaTOAHbIX MNOTEHLUMANoB Bbille
npossanetcs Auddy3noHHaA BONHA BOCCTAHOBEHWUA aKTUBHbIX
yacTMy, B KOMMNO3WTHOM maTtepuane (Mo, W). 3ameTHasn
3a/lep)KKa TOKOB B KaToAHOM o06/1acT NOTEHLManos npwu
BblLLeyKa3aHHbIX BO3MOMHYHO
agcopbumto monekyn MIM-4, KoTopble B HEKOTOPOWN CTeneHu

3Ha4YeHMAX YyKa3blBaeT Ha

0.012
001
0.008 |
0006
0.004
0002 [

0002L "
0004
0006 F -
0008 |

E.B |

001 T ‘ i ,
1 08 06 04 02 0 02 04

[
1

=0,2a-C,,, = 10°M MM-4; 6 — dpoH: 0,1 M KOH pH = 13,

PucyHok 4 — nddepeHumanbHble BosbTammepHble Kpueble 0bpasua Mo/W (5/5) Ha YN B pasnnyHbix GOHOBbIX pacTBopax M npu
pobasneHun MMN-4
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WMHIMBMpYOT peakuum BOCCTQHOB/IEHUA MmonnbaeH-
BONbdpamoBoi cuctembl. [lanbHelwee cmeLleHWe NoTeHunana
B OTpMLATeNbHYO 061acTb NPUBOANUT K 3aMETHOMY YCKOPEHUIO
NPOLLeccoB BOCCTAHOB/IEHUSA, YTO MOXKET ABNATLCA CAeACTBUEM
BO3MOMHOTO  y4yacTMa  MoneKkyn  cybcTpaTta,  KoTopble
npeaBapuTeslbHO KOHLEHTPUPOBAHbI HA MOBEPXHOCTU Mpu
MeHee OTpMLATeNbHbIX 3HAYeHUAX noTeHumanos (aacopbuma
MN-4). HarnsagHOCTb NpoueccoB Aaenonspusaunm bavke K
noTeHumManam BblAesieHUA BOAOPOAA NO CPaBHEHUIO C pOHOM
XOpOLO COrnacyeTcA C W3BECTHbIM (aKTOM npoTeKkaHuA
COBMECTHOrO pa3pafa. BnonHe ecTecTBeHHbIM ABAAETCA
npeanofioXeHne o 3/1EKTPOXMMUYECKOM
BOCCTaHoB/eHUn MMM-4 B 0bnacTn paspasa Bogoposa. He meHee
Ba)XHbIM, Ha Hall B3rnaf4, ABAAETCA OXWAAHME BO3MOXKHOCTU
nonyyeHus 6onee HarnAGHOWM KapTUHbI ANA CAyYas U3MEHEeHUs
pH B WwWenoyHyto obnacTb.

Ha pucyHke 46 anddepeHumanbHble
BO/IbTamnepomeTpuyeckue (ABA) KpmBble, NoNyyeHHble NPU TeX
JKe YCNOBMAX 33 WMCKAOYEeHMeM CMeHbl GOHOBOro pactBopa
(kpuBble 16 u 26). CpaBHeHMe KpuBbix 16 M 26 nokasbiBaeT
3HAYMTENbHbIM MOABEM TOKAa C MAKCMMymom B obnactu
noteHumanos —0,5 B + —0,8 B. [daHHbli1 $aKT yKasbiBaeT Ha
BO3MOXHOE 3NeKTpoKaTauTU4ecKkoe BOCCTAHOB/IEHME
aacopbupoBaHHbIX  MOJIEKYN MIM-4 Ha  NOBEpPXHOCTU
6MMeTaNIMYecKkoro KomnosuTta. M3BecTHo, YTO pefoKC-CUCTEMbI
ANA monmbaeH- n BonbdpamcomepKawnx matepuanos bonee
YCTOMYMBbI B LLENOYHbIX CPefax W, B HEKOTOPbIX CAy4asX, B
cpepax C MNPUCYTCTBMEM aHWMOHOB, C KOTOpbIMM 06pasyloT
TPYAHOPACTBOPUMbIE COeANHEHNA (5042’, P043’).

B xoAe  NOCTaHOBKM 3KCNEPUMEHTOB MO W3yYEeHUIo
BAMAHUA PA3/INYHbBIX 06PA3LLOB KOMNO3ULMOHHbBIX MaTepManos
c bumeTananyeckumm cuctemamm Ha YN 6bi1o 06HapyKeHo
HEKOTOPOE CHUMKEHNE UHTEHCUBHOCTM M YETKOCTM MOAy4YaeMblxX
CUrHanoB B Gopme NONAPU3ALMUOHHBIX BOJH, YTO MO3BO/IUIO
Ham 06paTUTb BHMMAHME Ha CO34aHHbIE HaMW YC/OBUA,
KOTOpble  BbIpa)Ka/MCb B YMEHbLUEHUM  KOHLeHTpauuu
COAEP’KaHUA aKTUBHbIX TPYyNn B WMCXOAHOM Komnosute. 3To
CHUXeHMe npoucxoaunno B uenax noBsbIWeHnA
3N1EKTPONPOBOAHOCTM Yro/IbHOMACTOBOrO 3/71eKTPOAA NyTem
npubasneHna  onpeseneHHoro Ko/AMYecTBa  CNEeKTpasbHO
yuctoro rpaduta B nNpuroTaBaMBaemyto nacty. Ha 3tom
OCHOBAHWW HaMK NPOBeAEHbI 3N1EKTPOXUMUYECKNE N3MEPEHUA
Ha CTEKNOYrNepofHOM 3/1eKTpoAe C MMMODOWUANN30BAHHbBIM
ob6pasuom Mo/W (10/5).

Ha pwcyHke 5 npuBegeHbl AaHHble 3KCMepuMeHTa, B
KOTOpOM nccnenoBanochb nosegeHune du3nyecku
MMobuansosaHHoro komnosuta Mo/W (10/5). na storo 6bina
nonyyeHa BA B 061acTi NOTEHLMANOB OT CTALMOHAPHOrO ANA
cuctembl ao —1 B, doHOBbIM pacTBOpomM cayxun dochaTtHbIn
6ydep (pH = 6,86), ckopocTb pa3BepTku noTeHumana 20 mB/c. Bo
BCEX MCMO/Ib3YeMbIX B IKCNepUMeHTe GOHOBbIX INEKTPONNTAX B
3N1EKTPOXMMUYECKOM  MoBeAeHMM  BblbpaHHbIX  06pasLoB
3HaYUTENbHbIX U3MEHEHUI He HabaogaeTcs.

Kak cneayeT u3 pucyHKa 5, Ha KpuBoi 1, oTHocsAwelca
TONIbKO K KOMMNO3UTY, NPOABAAIOTCA aHOAHbIW U KaTOAHbIW MUKW

BO3MOXXHOM

NOKasaHbl

ISSN 1563-0331

0.04
003F o~ .
002

0.01

-0.01

-0.02

-0.03

E,B
1 09 08 07 06 -05 04 03

1- oH: 2,5:10? M K,HPO, + 2,5:102M NaH,PO,; 2 - C,,, =
2:10°M;3-C,,,,=410°M; pH = 6,86, V= 20 mB/c

PucyHok 5 — inddepeHumanbHble BoSIbTaMMNepPHbIe KpMBble
o6pasua Mo/W (10/5) Ha CY-noa/ioxKe npm pasinyHbIX
KOHUeHTpauuax MIM-4

-0,65 B,
BOCCTQHOBUTE/IbHbIMW NPOLECCAMN AKTUBHbIX KOMMOHEHTOB.
Mpn KoHueHTpaumu B pacteope MM-4 0,002 M (kpuBas 2) Ha-
6atoaatoTca NMKK ¢ noteHumanamm —0,75 B Ha KaTogHOM BETBU U
—0,85 B Ha aHogHoM BeTBM [BA. MNpn AanbHenwem noBbIWEHUM
KOHLeHTpaumn MI-4 B pactBope (KpuBas 3) NposiB/ieHNe NUKOB
nponagzaet, Ho CTaHOBUTCA Bosiee 3amMeTHbIM 06LLMI POCT TOKOB,

npu norteHunane 4YTO CBA3aHO C OKWUCAUTENbHO-

YTO MOXKET rOBOPUTbL 06 3/1EKTPOKATAIUTUYECKUX PeaKUMAX Npwn
BOCCTAHOB/NEHUM U OKUcAeHua MI-4. MNopobHbie M3MeHeHUs
BO3MOMHbI 61arogapa CTPyKType NnoslydeHHbIX KOMNO3UTOB

4. 3aknoueHue

ABTOpPbl  J@HHOrO  UCCNefoBaHMA Ha ocHose  PLU
CUHTE3MpoBann bucopbeHT coctasa Si02/C, KoTopbIl ABASETCA
NPUroAHbIM ana 6umeTannmyeckoro moandpuumposanms. N3 6C
nony4YeHbl HOBble KOMMNO3MUTbl, MOANDULMPOBAHHbIE
Bofbdpamom n monnbaeHom — Mo/W (10/5), Mo/W (5/5).
CoBpeMEHHbIMM METO4AMU aHaAu3a u3lydyeHa mopdosorua
a TaKXKe onpeaeneH 3/EeMEHTHbI COCTaB
uccnegyemblx obpasyos. OnpeneneHa 3N1eKTPOXMMUYecKas
aKTUBHOCTb CUHTE3MPOBAHHbIX KOMMO3ULMOHHbIX cuctem Mo/W
B obsactn pabounx noteHumanos -1,2 B + 0,5 B B npucyTtctemm
1-meTun-4-nunepuaoHa, 4To npeanonaraetT BO3MOMHOCTb WX

NOBEPXHOCTH,

MUCNONIb30BaHNABKAYECTBE KaTaIM3aTOPOB B3/IEKTPOXMMUYECKUX
npoueccax BOCCTaHOBNIEHUA 1-MeTVI}1-4-I'IVII'IepVI,D,OHa.
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U3yueHune BanaHmna
NOBEPXHOCTHO-AaKTUBHDbIX
Bel,ecTs Ha Ha4ya/ibHYIO
CTAaAMUIO 3/IEKTPOOCAXKAEHUA
meau

[an6an6aii A.*, Hepepos A.H.,
HypmaHosga P.A., Haypbiz6aes M.K.

KasaxcKuit HaunoHaAbHbIM YHUBEPCUTET
um. anb-Papabu, UOXMA,

Anmartbl, KazaxctaH
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B faHHO paboTe MccnefoBaHO BAUAHUE NOBEPXHOCTHO-aKTUBHbIX BewecTs (KMLU, u ALY) Ha
3N1EKTPO/IU3 MEeAM C MOMOLLBIO LIUKANYECKOW BONbTAMMEPOMETPUM U XPOHOAMMNEPOMETPUYECKOTO
meTof0B. PabouMm  3N1EeKTPOAOM  CAYXKWA  CTEKNOYrNepoaHbli  anekTpod. WMccneposaHua
MOKa3blBatoT, YTO B KUCAOM pacTeope cyibdata meam (102 M CusO, + 0,5 M H,SO ) TpexmepHoe
9/1eKTPOXMMUYECKOE OCaXKAEHWE MeAW MPOUCXOAUT MO MeXaHU3My MIHOBEHHOW HyK/Jeauuwu.
[lobaBneHHble MOBEPXHOCTHO-aKTUBHbIE BELLECTBA BAMAIOT Ha NpoLEecc paspafa MOHM3aLuUM,
CTAHAAPTHbIM MOTEHUMAN 31eKTPOBOCCTAHOB/IEHUA CMELLAeTCA B OTPULLATE/IbHYIO CTOPOHY.
[obasnerHve ALY npuBOAMT K YMEHbLUEHWUIO MWKA KaTogHOro Toka, a KML, - ysennumsaer. MNpu
noTeHLUManax ocaxkaeHnA, COOTBETCTBYHOLLMX 061acTAM 4,0 MMKOBOTO TOKA LIMKI0BOIbaMNeporpaMmm
(34ecb BCe elle cMellaHHanA KMHETUKA SNEKTPOOCAKAEHUA), YUCNO 0Bpasylowmxca 3apoaplieit
60/1bLUe A1A YNCTOrO PacTBOPA, HO NPU NOTEHLMaNax cnaja Toka, rae umeet Mecto AUdPY3MOHHbIN
PeXunm, NAOTHOCTb pacnpeneneHuna sapogbiweli (MP3) Bbiwe ana pactsopos c MAB. Hanbonee
CUNbHOE AeiCcTBME B JAHHOM Cyvae OKasbiBaeT fobaska LY. B ciyvae obaBieHMA CMeLLaHHbIX
[06aBOK 3HaueHuA NP3 6an3KuM K TakoBbiM ¢ KMLL, 4To 04eBUAHO YKa3biBaeT Ha NPENMYLLECTBEHHYIO
apcopbumnio KMU, Torpga kak ALY B BMAE KOMNAEKCOB C MOHAaMWM MeAM Haxoautca bauke K
NpPW3NEeKTPOAHOM 06acTu.

KnioueBble €NOBa: 3/1E€KTPOKPUCTANINZAUNA; MeAb; MOBEPXHOCTHO-aKTUBHbIE BELLECTBA;
KML,; ALLY; xpoHoamnepomeTpuA.

Study of the influence of
surface-active substances on
the initial stage of copper
electrodeposition

Dalbanbay A.*, Nefedov A.N.,
Nurmanova R.A., Nauryzbayev M.K.

Al-Farabi Kazakh National University,
Almaty, Kazakhstan
*E-mail: amantay.d@gmail.com

In this research, the effect of surface-active substances (CMC and DFP) on the electrolysis of
copper by cyclic voltammetry (CVA) and chronoamperometric methods was studied. The working
electrode was a glassy carbon electrode. Studies show that in the acid solution of copper sulfate (10
M CuSO, + 0.5 M H,SO,), the three-dimensional electrochemical deposition of copper occurs by the
mechanism of instantaneous nucleation. The added surface active substances affect the discharge-
ionization process, the standard electroreduction potential is shifted to the negative side. The
added DFP reduces the cathodic peak current, and the addition of CMC results in its increase. At the
deposition potentials corresponding to the regions up to the CVA peak current (here, still, the mixed
electrodeposition kinetics), the number of nuclei formed is greater for a pure solution, but at current
decay potentials, where the diffusion regime takes place, the nuclei population density (NPD) is
higher for solutions with surfactants. The most powerful effect here is caused by the addition of DFP.
In the case of mixed additives, the NPD values are close to those of the CMC, obviously indicating
the preferential adsorption of CMC, whereas the DFP as complexes with copper ions is closer to the
near-electrode region.

Keywords: electrocrystallization; copper; CMC; DFP; surfactants; chronoampermetry.

MbICTbIH, 91€KTPOTYHYbIHbIH,
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© 2017 Al-Farabi Kazakh National University

Byn skymbicta KMLL skaHe ALY Koc 6eTTiK aKTUBTI 3aTTblH, MbICTbIH, 3IEKTPOTOTbIKCbI3AAHYbIHA
acepi LMKAAbIK BONbTaMMEPOMETPUA KIHEe XPOHOaMMNepoMeTpua dicTepi apKblabl 3epTTengi.
KymbIClbl  9N1€KTPOA,  peTiHAEe  LWbIHbIKOMIPTEK 3/71eKTPOoAbl  aNblHAbl, 3epTTey  HaTuXkeci
KepceTKeHAE! MbIC CyNbdaTbiHbIH KbIWKbINABIK epiTiHgiciHae 102 M CuSO, + 0,5 M H,SO, MbiCTbIH,
YW enwemMai 3N1eKTPOXUMUANBIK TYHYbI 1e3/iK HyK/eaLuna mexaHn3mi 60MbIHLLIA KYPETiHIH KepceTTi.
KocbinfaH 6eTTiK akTUBTI 3aTTap MbICTbIH, Pa3pAA-MOHMU3ALLMA MEXaHU3MbIHA acCep eTefi, MbICTbIH,
TOTbIKCbI3AAHY MOTEHLMANbIH aHafypAbiM Tepic BaFblTKa KblkKbiTagbl. ALY KaToATbIK TOKTbI
kemitce, KML, KepiciHwe apTTbipagbl.

TysinreH YpbIKTap CaHblHbIH, Lamachl, TYHABIPY noTeHUManaapbiHbIH,
LMK/I0BO/IbTaMMNepPOrpaMmanapaarbl KaTOATbIK WbIHFA AeWiHr MaHAepiHAe (MyHAa 3/1eKTPOTYHY
apanac KMHEeTUKafa CaliKec Kenegj), Tasa anekTponutrepge BA3 KocbliFaHAapbiHa KapafaHaa
apTbifblpak. bipak, TOKTbIH Kynaplpay aymasbiHAa — AUdOY3UANbIK pPexMM  OpHbIKKaHAA,
YPbIKTApAbIH, Tapany TbiFbi3ablFbl (YTT) BA3 KocbinfaH epiTiHAinep ywiH xofapbl. MyHaanaa ALY
KOCMacbIHbIH, dcepi KywwTi. Apanac Kocnanap ywiH ¥TT maHaepi KML, KocbinFaHaafbiFa XakblH, byn
KML, agcopbumacbiHbiH, 6acbim 6onybiHa HycKanapl, an ALY mbic MOHAApbIMEH KOMMAEKC Ty3in
971eKTPOA MaHbIHa XaKblH ayaaHaa 6onaapl.

TyiiH ce3gep: 6eTTiK  aKkTUBTI
XPOHOAMMNepoMeTpus.

3/1eKTPOKPUCTANIN3ALNA;  MbIC; 3atrap; KMLU; AUY;
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M3Y‘-IeHVIe BANAHUNA NOBEPXHOCTHO-aKTUBHbIX Belw,eCTB Ha
HA4Yad/1bHYIO CTa4UI0 I/IEKTPOOCaXKA4eHNAa meau
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1. BeegeHue

HaHo- u ynbTpagmcnepcHble MOPOWKM Mean Hawaum
wnpokoe npumeHeHune B MeTannypruu,
HAHO3/1EKTPOHUKEe, meguunHe U MHOTUX APYrnmx coBpemeHHbIX

NMOpPOLLKOBOM
TexHosornAx. HaHOMOPOLWKM Meau MOAYyYaloT Pas/iMYHbIMK
cnocobamu, cpefm KOTOPbIX 3/EKTPOOCAXKAEHWE MOPOLLKOB
obnafaeT pALOM MNPEUMMyLLecTB, Tak WX fierye BHeAPATb B
npoBoAAwMe  MaTpULLbl, BbICOKO3EKTHBHbIE
KaTanusatopbl [1,2].

Pasmepbl M CTPYKTYPYy HAHOOBHEKTOB MOXKHO PerynmpoBaThb
M  aBTOMaTU3MpPOBaTb napameTpamm
3/1eKTPONN3a, HanpsXeHuWe, WMMyaAbC W
TemnepaTtypa, HO U cogeprKaHnem KomnaekcoobpasosaTesiei 1
(MAB) B anekTpoauTe.
DNEeKTPOKPUCTaNAN3ALUMA HAHOOBHEKTOB B OCHOBHOM COCTOMUT

nony4yaTtb

He TOMbKO TaKMMM
KaK cuia TOKa,
NMOBEPXHOCTHO-aKTUBHbIX  BELLLECTB
M3 ABYX CTyneHew: HyKneauumn u pocTa. MAB BO3aeiCTBYIOT Ha

HyKNeaumo afcopbupysacb Ha  MOBEPXHOCTU
AKTVBHbIX LLEHTPOB, MOBLILAOT NepeHanpaKeHMe U Bbi3blBalOT

Hanpsamyto,

3apOXKAEHME HOBbIX AKTMBHbIX LEHTPOB, @ TaKXe KOCBEHHO
NpPenaTcTBYIOT POCTY KpUcTannos [3-6].

M3BecTHbl Ny6AMKaLMM O BO3LAEWCTBUMM OpPraHUYecKux
[o6aBoK  Ha pPasANYHbIX
anekTpogax [7-10]. B pabote Qibao Zhang u coTpygHuKoB

3/IEKTPOHYK/I€aLMIo  Meaum  Ha

NOKas3aHo, YTo B KMCAOM pacTBope cyabdata megun fobasneHme
rmapocynbdaTta rmgpocynbdaTa
TeTpabyTMNaMMOHUA MPUBOLUT K USMEHEHMIO TUNA TPEXMEPHOM

TeTPasaTUuIaMMOHUA nnun

HYK/JeaLumMm OT MIHOBEHHOW Ha MPOrpeccMBHYO U OKasblBaeT
cyuiecTBeHHoe BNVAHME Ha Kpuctannorpadpuyeckyro
OpueHTaumio, yBeAuuMBaA  KOMMYECTBO  KPUCTa//IoOB  C
opueHTaumeit (220) [11].

BosaeiicTBue Ha 3/1€KTPOIU3 Meau MHAMBUAYANbHbIX MTAB
W CMHepreTMyeckoe AencTBue Mx B codeTaHum ¢ apyrumu MNAB
WM @aHMOHAMM MNOKa3aHo B psage pabot [12-14]. B npucyTcTBMM

MAB B pactBope 06pasyloTcs  CaMoOpraHusyoLmecs

© 2017 Al-Farabi Kazakh National University

NOBEPXHOCTHbIE C/I0M, U aacopbums MONEKY/N Ha rpaHuue
paszena ¢pa3 npoTeKaeT no onpeseneHHbIM 3aKOHOMEPHOCTAM.
Tak, coaacopbuma KOMMNIEKCOB aHUOHHOIO MOMMN3IEKTPOIMTA
(KapbOKCUMETUNLLENNI0103bI) U KaTUOHHBIX [AB (4eTBepTUYHbIE
aMMOHMEBbIE COEAMHEHMA) Ha FPaHWLE pasaena Bo3Ayx-BoAa
BbI3blBAaeT CUHepreTuyeckoe cmecn  AB
HabnogaeTcs MeHbllee NOBEPXHOCTHOE HaTAKEeHWe, Yem Ans
VHAMBUAYANbHbIX KOMMOHEHTOB TOW e KOHUEHTpaLuu.
TonwmHa obpasywoleroca aacopbMpoBaHHOTO  MOHOC/OA
OCTaeTcA NMOCTOSAHHOW A0 Tex Mop, NoKa He byaeT AOCTUTHYTa
HeKoTopasa npefenbHas KOHLEHTPauus, Bbille KOTOpOoM
MOHOC/IOM CTAHOBWUTCS HaMHOrO TOJWe, 4YTO npeanonaraer
agcopbunio arperatoB M3 pacTBopa, KOTopble sBAAOTCS Honee
mMapodobHbIMM U3-3a HeWTpanusaumm 3apsaga [15, 16].
Kapbokcunmetunuenntonnosa (KML), uenntonosornuko-
NleBas KMCNOTa, B KOTOPOM KapbOKCMAMETUIbHASA Tpynna coean-
HAETCA TMAPOKCUIbHBIMU TPYMMNAaMM JIIOKO3HbIX MOHOMEPOB U
OTHOCMKTCA K Nosincaxapugam. Tak Kak KucioTa cnabas, To B cpe-
[AX CUNbHbIX MUHEPasbHbIX KMC/IOT OHAa HaxoAMTCS B MOJIEKY-
NIAPHOM COCTOSHWW. M3BECTHO AOBOJIBHO MHOIO MUCCNEeL0BaHWUM
06 ncnonbzosaHnn KML, n ee npon3BogHbIX NPU NOYYEHUN Ha-
HouyacTuy, metannos [17], NpurotToBneHMM ux cycneHsuii [18].

ABneHne — B

Kpome TOro, OHa UCNONb3YyeTCA KakK aHTVIKOppOBVIOHHbIVI NHIN-
6uUTOp AN Meam, UMHKA, CTann U paga apyrmx cnaasos [19,20].
M3-3a BbICOKOW Knetowen cnocobHOCTM ee NCMOob3YoT B Kave-
CTBE perynatopa BA3KOCTU B MPOMbILIEHHOCTU, CBA3YIOLLENO
ANA aHOAHbIX U KaTOAHbIX MaTepnanoB XMMUYECKNX NCTOYHUKOB
TOKa, KaK f06aBKy, TOPMO3SLLYIO BblAE/EHWE BOLOPOAA U Npe-
NATCTBYHOLWYO AeHApuToobpasoBaHunio [21]. OcHOBHble npewu-
mywectea 31oro [AB - 3710 6e€30MacHOCTb AR KUBbIX
OpraHM3MOoB, MPOCTOTa U SKOJOTMYHOCTb NpoM3BoACTBa. [pyras
uccnenoBaHHas B pabote gobaska — LY, npeacTtasastowas co-
601 NPOAYKT B3aMMOAENCTBUA AnUnaHAnaMmaa ¢ GOpMaMHOM
B cpeae
N—(ypewp,OMMMHomeTMn)—nonmmemneHMMMHa N ABNAETCA W3-

YKCYCHOW  KMC/IOTbl, COCTOMT W3  3BEHbeB
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BECTHbIM 3aKpenuTenem TeKCTWUbHbIX KpacuTenen (FOCT
6858- 78), a TaKKe NPUMEHAETCA KaK KaTMOHOAKTUBHOE BeLlle-
CTBO, WHIMOMpYIOLLEe S1EKTPOBOCCTAHOB/IEHWE MeaW BCes-
CTBME KOMMN/IEKCOO6Pa30oBaHUA.

B paborte 6b1/10 UCCNeA0BaHME BANAHME HA 3/1EKTPOBOCCTA-
HOB/MIEHWE WMOHOB MeAM KaKk nHamnsmayanbHbix KML v ALY, Tak n

nx cmecen.
2. JKCcnepumeHT
INeKTPOXMMUYECKME UCCNeA0BaHUA BbINMONHAANCL NpU

KOMHaTHOM Temnepatype (25+1°C) B TPEX3NEKTPOAHOM Aueike
C Hepa3aenéHHbIM KaToAHbIM U aHOAHbIM MPOCTPaHCTBOM. B

KauecTBe paboyero 3/71eKTPOAA MCMNONb30BaHbl  AUCKOBbIN
CTEK/IOYTNepoOaHbIN UM MeaHbI  3neKTpos ¢ paboueit
naowaapto 0,096 cm? u 0,071 cm?, COOTBETCTBEHHO.

BcrnomoraTe/ibHbIM 31€KTPOAOM CAYKU NAAaTUHOBbLIN 3/1EKTPOA,
B BMAE NIACTMHbI MOWaAblo 3 CM?, B KayecTBe 3/1eKTpoaa
CPaBHEHWS WCMO/Mb30BaNM MEAHbIA 3NEKTPOL CpaBHeHuA
Cu/ Cu®, KoTopbIit NpeacTasaneT U3 ceba NPOBOIOKY U3 YNCTOM
mean mapkn MOOK, norpyeHHyto B pabounii pactsop, HO 6e3
MAB, HaxopALWMICA B CTEKNAHHON TpybKe, coeamHAaowWweincs ¢
ncciesyembiM PacTBOPOM 4Yepes Meperopoaky M3 mopucToro
ctekna [22,23]. Bce 3HaueHwus noTeHunanos B pabote
npuBeLeHbl OTHOCUTE/IbHO 3TOrO 3/1EKTPOAa CpaBHeHus. MNepes
KaKAbIM 3KCMEPMMEHTOM MOBEPXHOCTb paboyero 3/1eKkTposa
3aUMWANIM  MeXaHMYeckn, 06e3KMpMBaNM CNUMPTOM, 3aTem
BbIAEPKMBANN B  YNbTPA3BYKOBOW BaHHE, 3ano/IHEHHOM
AUCTUNANPOBAHHOM BOAOW. Bce MCMNoNb30BaHHblE pPeaKTUBbI
6blIM MapPKM «X.4.» WM He NOABEPrasucb AOMNOAHWUTE/IbHON
oumncTKe. PacTBopbl roToBMAM Ha BMAUCTUANIMPOBAHHOW BOAeE,
paboune pacTBopbl 6bIAM  MCMOAb30BaHbl 6e3 MpoayBKM
MHEPTHbIM ra3oM. DNEKTPOXMMMUUYECKME M3MEPEHUA BbIMOJHA-
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Totenman (B)

JIUCb € NOMOLLbIO NoTeHumocTaTta Autolab PGSTAT302N, ynpas-
naemoro yepes nHTepoeric NOVA 1.11.

3. Pe3ynbrathbl U 06CyXKaeHue

Uccneposanne BauvaHua T[MAB Ha 3neKTpoxumuyeckoe
nosegeHne meau BbINOJIHEHO BOCHOBHOM Ha CTEK/IOYT1€pOAHOM
a/1eKTpoAe B BogHOM pacteope 102 M CusO, + 0,5 M H,SO, npu
pasnnyHom cogepaHun KML v JLLY.

[OLY o6pasyeT KOMNAEKCbI C MIOHAMK MeaM, NPW 3TOM pac-
TBOP OCTaeTcA MNpo3payHbiIM MNpW  [OBOJIbHO  BbICOKMX
KoHUeHTpaumax. KMLL npu nosbIWeHHbIX KOHLEHTpaLMAX 13-3a
OernapaTvpyowero 4encTBua MOHOB MeAM KoaryanmpyeT U Bbl-
nagaet B 0CagoK. Takoe e sABneHWe Habawogaetca v npu
coBmecTHOM npucyTtcTeum ALY n KML, B pactBope npu Ux NoBblI-
LWeHHOM cogepaHuu. Moatomy 6bian BbIbPaHbI KOHLEHTPALUK
ana OUY - 5:103%r/n v gna KMLU - 5-10° r/n, a gna cmecu
MAB-2,5-10°r/a ALY + 2,5:10°% r/n KML.. LlnuknosonbTamnepo-
MeTpUYECKME N3MEPEHUA BbINOSIHEHbI NPU CKOPOCTU Pa3BepPTKMU
noteHumana 20 mB/c.

KaTogHbli  MMK  Ha  UMKIOBOAbTaMMNeporpamme B
102 M CuSO, + 0,5 M H,SO, npu nobasneHum MNAB caBuraetcs B
oTpuuaTenbHyto o0bnactb noTeHUManos. Tak, ecau npwu
pobasneHmn ALY casur coctasun 10 mMB m BbicOTa MNuUKa
KaToAHOro ToKa cHm3unacb ot 1,43 mA/cm? go 1,27 mA/cm?, To
npw gobasneHnn KML, casur noteHumana nuka coctasun 20 mB,
a BbICOTA MMKaA HECKO/IbKO yBenuumnacb (1,48 mA/cm?). Ona
cmecn MAB caBur noteHumana nuKa Toka coctasun 15 mB, a
BbICOTa NWKa yBesmuuaace 4o 1,47 mA/cm?. Jnsa Bcex pacTBopos
¢ MAB Habnopaetca yBenvyeHWe nonapu3auMu BblaeNeHus
BOA0POAA (pUCYHOK 1).

Takum obpasom, B cayyae ¢ ALY MOXKHO roBopuTb O

TOPMOXXEeHUn 3/1eKTPOBOCCTAaHOBNEHUA meaun Ha
b
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PucyHok 1 — LInknososibTamneporpaMmmbl MeAm Ha CTEKNOYrNepoAHOM 3/1eKTpoae B pactsope 102 M CuSO, +0,5 M H_SO, npu
CKOPOCTM pa3BepTkM noteHumana 20 mB/c: a- NoaHaa UMKNOBOAbTaMMNEPOrpaMmMa; b — penanka BosibTamneporpammbl B KaTo4HOM
o61acTv NoTeHuManos
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CTEK/IOYTNIepPOAHOM 3NeKTpoae M3-3a agcopbuumn ALY un ero
KOMMJIEKCOB C Me/ibto, Pa3pAs, KOTOPbIX 3aTPyAHEH.

B pactBope ¢ gobaskoit KML, yBennyeHune BbICOTbI TOKa,
no-sMgMmomy, obycnosneHo obpasoBaHuem 6onee pbIXNoro
aACOPOUMOHHOIO CN0A M3-33 INEKTPOHEWTPANIbHOCTU MONEKYA
KMLL. Bo3pacTaHue BbICOTbI MMKA YKa3blBAaeT Ha YCKOPEHMe Kpu-
ctannmsaumn. JobasneHne cmewaHHol gobaskm AUY+KML, ge-
MOHCTPUPYET XapaKTep, MOXOXKMI Ha MPOLEeCcc B NPUCYTCTBUM
KML,. OTmeTum, 4To B cCMeLlaHHOM fobaBKe cogepraHue u ALY,
1 KML, B pacTBope BABOE HUXKE, YEM B PACCMOTPEHHbIX, C Ha/In-
Ynem TONbKO MHAMBMAYaNbHbIX MAB. MogobHoe yckopeHue cKo-
POCTM OCaXKAEHMA Mean HabA[anocb B NPUCYTCTBUM APYIUX
MAB [11,13]. Takum 06pa3om, NpeacTaBAsET UHTEPeC npouecc
KOMBUHMPOBAHMA MasiblX KOMYecTB 3TUX f06aBOK ANA ynpas-
NleHVA CBOMCTBAaMM NOyYaeMbiX OCaZKOB.

Bbinn BbINOAHEHbI NOTEHLMOAMHAMUYECKME U3MEPEHUSA C
NMHeNHOIN pa3BepTKON noTeHuMana co ckopocTbio 1 mB/c, B
KayecTBe paboyero 3NeKTpoaa UCNONb30BaH MeAHbIN 3NEKTPOL,
(p1cyHOK 2). Pe3ynbTaTbl NOTEHUMOAMHAMUYECKMX U3MEPEHUN
COrNacyTcA C LMKAOBONbTAMMEPOMETPUYECKUMWN  AAHHBIMU
(pmcyHoOK 1).

MonyyeHHble TadpeneBckMe KpMBble NPAMOANHENHBI AULWb
Ha HebOo/IbWOM yyacTKe B6/M3UN CTAaLMOHAPHOIO NOTEeHUMaNa u,
cnepoBaTenlbHO, B KaToAHOW 06/11acTM MOTEHUMANoB, rae He
HabalofaeTca 3aBUCMMOCTM TOKA OT MOTeHUMana 31eKTpoaa,
CKOpPOCTbONpeaenatolein cTtagmen ABAAeTCA MacconepeHoc.
CooTBeTCTBYIOWME  KPUBbIE  AEMOHCTPUPYIT, 4YTto KML,
afcopbupyacb Ha MOBEPXHOCTU 3N1EKTPoAa, MOHMMKAeT Kak
KaTOZHbIN, TaK M aHOAHbIN TOKK, T.€. OKa3blBaeT MHTMbMpyloLLee
AelctBMe B uccnefoBaHHOM o06s1acTM noTeHumManos. TaKkoe
OeWcTBME COXpaHAeTCA U 414 CMeLWaHHoM f06aBKM (pUCYHOK 2).

XpoHOamnepomeTpusa  LIMPOKO  WCMOAb3yeTcs  Kak
3ddeKTUBHbIN MeToz, nccnenoBaHus npouecca
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PucyHOK 2 — TadeneBckune Kpusble AN8 pacTBOPOB C

PasINYHbIMU ,CI,O6aBKaMM OpraHN4eCcKMx NOBepPxXHOCTHO-
AKTUBHbIX BELW,ECTB Ha MeQHOM 3/1eKTpoae
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3NIEKTPOKpUCTaNAM3aLmMn. B 3Tom meToge npu nogaue
HanpsKeHWs Ha 3/71eKTPOL CHayana NPOUCXOAMUT 3apsKeHue
[IBOMHOIO 3/1EKTPUYECKOrO €101, @ 3aTeM HaUMHAeTCs HyKeauus
ueHTpax. Ha LeHTpax BO3HWMKaeT
nonychepuyeckunii snddy3noHHbIN NOTOK, C TEYUEHUEM BPEMEHU
3T1 nonycdepbl NepeKpbIBaOTCA, HA XPOHOAMMNEPOrpamme 3TO
oTpaxkaetcA NWMKom Toka. [lanee anddysna HOCUT NnaHapHbI
XapaKTep, U TOK MOCTENEHHO CHUKAETCA.

[lna uHTepnpeTauum npouecca HyKaeauuu Ucnonb3ytoTea
pasHble cnocobbl MaTeMaTUYECKOro MOAE/NIMPOBAHMA, U3 HUX

Ha  aKTUBHbIX 3TUX

Camblii MPOCTOM M Hambonee 4acto WCMONb3yeMbld, METOZ
Lapudkepa-Xunnca, 6bIn yAa4HO
MOAENNPOBaHNA HyKneaunm meau [23,24]. B cOOTBETCTBUM C

npumeHeH ana

3TOM MOAENbIO HyK/leaLma AeIMTCA Ha ABa BUAA: MTHOBEHHYHO U1
nporpeccuBHyto. Mpn mexaHn3me MrHOBEHHOM HyKneaummn Bce
3apoAblliM HOBOW hasbl BO3HMKAKOT 3@ OTHOCUTE/IbHO KOPOTKUI
NPOMENKYTOK BPEMEHM MO CPaBHEHMIO CO BCEM BpPEMEHEM
npouecca HyK/ieaunu, a Npy NPOrpeccMBHON — LEeHTPbl 6bICTPO
paspacrtaloTcs, Mpouecc MpOoLO/IXKAEeTCA B TeyeHue Bcew
KpUcTannusaumm Ha ¢oHe pocta paHee 06pa3oBaBLIMXCA
3apoablllen.

MaTemaTuyeckme Mogean MrHOBEHHOW U NPOrPeccUBHOM
HyK/eaumu npeacTaBfieHbl ypasHeHuamu (1) u (2) [25]:

e L R 1) R
tm
B =125 exp[-23367 (é)z]}z 2)

tm

rae i vt COOTBETCTBYIOT 3HAUEHMAM NWKa TOKa U BpemeHu. B
ypaBHeHUU (2) yuTeHa noBepxHocTHasA Anddy3ns afaTomos.

Ha rpadwKax, npuvBefeHHbIX HUM¥KEe, 3aBUCUMOCTU «TOK-
Bpema»
npeAcTaBneHbl COOTBETCTBEHHO TOYEUYHbIMU U NPEPbIBUCTbIMMI

Ana MrHOBeHHOro u nporpeccMBHOro MexaHusma

JNIMHUAMMWN.
B Hawem wuccnegoBaHWM  Ha AAHHbIX

LMKNOBONbTaMMNEPOMETPUUECKUX U3MEPEHUI BblAKn BbIGPaHbI

OCHOBaHUU

3HayeHMAa noTeHumanos nonapusaumm -0.09 B, -0,115 B u
-0,30 B. XapaKTtep U3meHeHMA TOKa Ha XpOHoamneporpammmax
COOTBETCTBYET TpexmepHoi (3D) MHOrocTyneH4aTon HyKkieaumm
npu anddysmoHHom KoHTpose (pucyHok 3). Mpu yBenmyeHmm
3HayeHMA 3aJaBaemoro MoTeHUMana yKopayuMBaeTca BpemsA
dbopmurpoBaHUA NKKa.

Mpucytctemne T1AB BpeMeHu
noABAeHUA NUKa ToKa. Ecaun B oTcyTcTBue MAB npu noteHunane

BbI3blBAET M3MEHeHue
nonapusauuu, pasHom -0,09 B otH. Cu/Cu?*, N1k Toka noasasica
npu 1 ¢, To nocne pobasnexusa MAB Bpems NOABAEHMUA MUKA
TOKa nameHsaetca ot 3,5 20 4,5 ¢, Npy 3TOM 3HaYeHMe BeNYNHbI
TOKa nuKa noHwskaetca ot 1,12 mA/cm? po 0,68 mA/cm?.
MoBbiWeHNe 3HaYEeHUA MOTeHLUMana NoaApu3aunm NpUBOANUT K
HUBEIMPOBAHUIO 3TOTO ABAEHUA (pUCYHOK 4). MNpoBepka maTe-
MaTUYECKOW MOAENN Ha COOTBETCTBME 3SKCMNEepMMEHTasIbHbIM
OaHHbIM NPOBOAM/IACH MYTEM MOCTPOEHUA 3aBUCUMOCTEMN jz/jm2
=F( t/tm).
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PucyHok 3 — XpoHoamneporpammbl Ha CTEKNOYrN1epOLHOM
anekTpoge B pacteope 102 M CusO, +0,5M H,S0,
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PucyHoK 4 — XpoHoamneporpammbl Ha
CTEKNOYrNIepoAHOM 3/1eKTpoAe B pacTeope 102 M CuSO, +
0,5M H_SO, B npucytctauum MNAB.

3Ha4yeHue 3agaHHoro noteHumana -0,09 B otH. Cu/Cu?

M3 rpadukoe pacueTHbIX 3aBucumocTeil j°/j > oT t/t_
UTO 3KCMEPUMEHTasIbHbIE [aHHble COOTBETCTBYIOT
MeXaHU3M

cneayer,
maTemaTuyeckom onucbiBatoLwein

MU 3TOT MEeXaHU3IM

moaenu,
MIHOBEHHOW HyKneauuu (pucyHok 5),
coxpaHseTca AN 3HavyeHul noteHumanos -0,115 B 1 -0,30 B. Ha
npeacTaBneHHbIX  rpaduKax — 3KCNepuMeHTanbHas  Kpusas
pacrnono)KeHa BblWe TEeOPeTUYECKM PACCUMTAHHbIX, TaKas
KapTMHA 4acTo BCTpevaeTcs
pasfiMyHoe O6bACHEHUA 3TOro ABNEeHUA. Mo Halemy MHEeHWUto,
Hanbosiee NPUEMINMbBIM ABNAETCA MPENnONOXKeHWe, [aHHOoe
Grujicic D. u Pesic B. o Tom, 4To MoAge/ibHble YypaBHEHUA AaHbI
4NA mpeanbHoOro chepuyeckoro 3apoapllla, Torga Kak mefnb
obpasyeT nupamunganbHboie popmbi [23].

Y Pas3NIUYHbIX aBTOPOB, KakK U“

Mogenb Wapudkepa-Xmunna nossonfeT onpeaenntb naot-
HOCTb pacnpefenieHns 3apoabllleit, NoACTaBAAA COOTBETCTBYHO-
LWe 3Ha4YeHWA | 1t B cnegytoliee ypasHeHue [23]:

1 N2/ nFc, \2
No = 0,065 (sncovm) (imaxtmax) ’ )

34€Cb N — YMCN0 3NEKTPOHOB, YYacTBYHOLWMX B npouecce, F—
noctoaHHas ®Papagen, C —obbemHan KOHLEHTPaLMA mean B
pacTgope, V,_ — MONApHbI 06beM, i 1t , 3HaYeHNA BeNYMHbI
MMKa TOKa U BpeMeHM, COOTBETCTBEHHO.
NAOTHOCTH

3HaveHua BE/INYUH pacnpeneneHus
3apogapiwweti (MP3), paccunTaHHbIe No ypaBHEHWIO (3) U3 AaHHbIX,
NMONYYEHHbIX  ANA  33faHHbIX  3HAYEHUI  MOTeHUManos,
npeacrtasaeHbl B Tabanue 1. Co cABUIrOM 3Ha4YeHUA NoTeHLManNa
B 6onee oTpuuatenbHyto obnactb MP3 gns ynctoro pacteopa
nosbiwaetca npu -0,30 B 1 3aTem BHOBb CHUXAETCA, TOr4a Kak B
pacteopax ¢ NMAB Habntogaetca ysenndyerue NP3 co casurom B
KaTogHyt 06/1acTb. MOCKO/IbKY KONMYECTBO OCAXKAEHHOM mean
O4VHAKOBO, TO MOBMAEMOMY Pasmep 3apoaplllent yMeHbLUAeTca.

Tabnunua 1 — BbluncieHHble 3Ha4YeHUs NIOTHOCTH
pacnpeaeneHus 3apoablweli, 06pa3oBaBLUMXCA NPU Pa3HbIX
NOAAPU3ALMOHHBIX MoTeHLManax oTH. Cu/Cu?

MNOTHOCTb pacnpeaeneHmns 3apoablei,

NAB cm®
-0,09B -0,115B -0,30 B
YucTbii pacteop 4,49-10° 3,97-107 9,91-10°
auy 1,18-10° 1,36-107 2,713-107
KML, 6,21-10° 6,87-10° 1,55-107
AUY+KML, 7,44-10° 7,32:10° 1,66-107
Mpu noTeHuuane ocaxaeHusa -0,09 B, Kotopbli Ha LBA

pacnonoxeH B obnactu o nuka (puc. 1b), gobasneHune MAB
CyLLLECTBEHHO TOPMO3UT 0BpPa3oBaHUE LLEHTPOB KPUCTANNN3ALNN,
noHwuas NP3 HoBOM a3bl N0 NOBEPXHOCTU aNeKTpoaa, aAnsa ALY
B 3,8 pasa, a 4na KML, n cmelwwaHHoM f06aBKU, COOTBETCTBEHHO,
B 7,2 n 6 pa3. [loteHunan -0,115 B pacnonoxkeH Ha nuke LIBA
[O/1A YUNCTOro pPacTBOpa, HO A/1A pacTBOpoB C AobasneHnem MAB
noteHuman -0,30 B cooTBETCTBYET TOUKE HA BOCXOAALLEN BETBM
LIBA, NocKo/ibKy Nonapu3aLMOHHasA KpuBasa cmelleHa K bonee
oTpULATeNbHbIM 3HavyeHuAM. [Ana yuctoro pactesopa lMP3 npwu
noteHumnanax ocaxkgenma -0,09 B n -0,115 B Bbilwe TaKoBbIX ANA
Bcex pacteopos ¢ MAB. CoepleHHO UHaA KaptuHa npu -0,30 B
(Ha HMcxopawel BeTke LIBA), 3gecb NP3 gns umctoro anektTposa
HUXe, yem ana pacteopos c [AB, a ana pacrtsopos ¢ ALY
npesblWaeT ocTajsbHble. TakMm obpasom, Mpu MoTeHLManax
OCaXAEeHWA, COOTBETCTBYIOLWMX 06nacTAM [0 NMWKOBOMO TOKA
cooTBeTcTBYtOWMX LIBA (3mech Bce elle cMellaHHas KMHETUKA
aneKTpooca»(,a,eHmn), yncno  obpasylowmuxca  3apogbiliein
bonblie ANA YMCTOro pacTBOpa, HO MpPW NOTeHLManax cnaja
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PucyHok 5 — 3asucumoctu j?/j * oT t/t_ Ana maTemaTMUecKux Mojenei MrHOBEHHOrO M NPOrpPeccMBHOTO MexaHW3Ma
HYK/leaLmm, paccunTaHHble No ypasHeHuam (1) v (2) n akcnepMmeHTanbHble AaHHble ana noteHumana -0,09 B a) 6e3 MAB b) ALY
¢) KMU, d) ALY+KMLL,

TOKa, rae umeeT mecTo gnuddy3noHHbIin pexum MP3, Bbiwe gnn
pacteopos c MAB. Hanbonee cunbHoe geicTemne TyT OKasblBaeT
aobaska AUY. B cnyyae cmewaHHbIx A06aBOK 3HadveHus MP3
6AM3KkM K TakoBbiM ¢ KML, 4TO, O4YeBMAHO, YyKasbiBaeT Ha
npenmyLLectTBeHHyto agcopbumio KML, Torga kak ALY B suae
KOMMMEKCOB C MOHaMW MeaM  Haxogutca  bamke K
NpuaneKkTpoaHoM obnactu.

4. 3aKkntoyeHue

B pabote nsyyeHo BansHme gobasok KML, u ALY Ha anek-
TPOKPUCTANIM3aLUMIO Megu MeToAaMMU LIMKIO0BO/bTaMnepome-
TpuUn 1 MonyyeHHble pesynbrathbl
YKa3bIBaloT, YTO 3/1EKTPOKPUCTANAN3ALMA MeSMN B CEPHOKUCIOM
pacTBOpe NPOTEKaeT MO MEXaHU3My MIHOBEHHOW TpexmepHol
HyKneauum npu andoysmoHHom KoHTpone. [lobasneHuve MAB
B/IMAET HA MeXaHW3M paspAaga-uoHM3aLMN MOHOB Mean, CABU-
ras NoTeHLMan BOCCTAaHOBNEHMA K Bonee oTpULLATENbHBIM 3Ha-
yeHunam. MNokaszaHo, 4to ALY noHmKaeT MaKCMMyM KaToOAHOro
TOKa, Torga Kak KMLL nosbiwaer ero.

XPOHOAMMNEPOMETPHUM.

ISSN 1563-0331

Mpy noTeHumManax oca)KAeHWsA, COOTBETCTBYHOLMX 0b6na-
CTAM [0 NMKOBOIO TOKa cooTseTcTBytowmx LIBA (3aeck Bce elwe
CMeLLaHHasA KMHeTUKA 3NeKTPOOCAKAEHMA) YNC0 0OPa3yIOLLMX-
cA 3apoaplluert 6onblue 417 YUCTOro PacTBOPA, HO NPU NOTEHL M-
anax cnaga Toka, rae umeet mecto Anddy3noHHbIV pexum, NP3
Bblle Ana pacTBopos c MNAB. Haubonee cunbHoe aeincresme TyT
OKasbiBaeT gobaeKa [LLY. B cnyyae cmelaHHbIX 06aBOK 3Have-
HuA NP3 6A13KKM K TakoBbiM ¢ KMLL, 4TO, 04eBMAHO, yKasbiBaeT
Ha NpeumyLLecTBeHHy agcopbumio KML, Torga kak ALY B
BM/e KOMM/IEKCOB C MOHAMM MeaM HaXoAuMTCs BanKe K Npuanek-
TpogHoi obnacTu.

Pe3ynbTtaThl UcCnefo0BaHMI NPEACTAaBAAOT UHTEPEC U Tpe-
6YI0T AanbHENLLEro paclMpPeHHOro UCCNef0BaHUA MeXxaHU3Ma
ana onpegeneHna sananma KMLU v LY, a Takke mexaHM3ma ux
B3aMMOAENCTBUA Ha MOphON0rnio 06pasyoLLMXCA 0CaLKOB.

bnaropapHocTn

PaboTa BbINoNHEHa B paMKax npoekTa Ne217 "Pa3spaboTka
Hay4YHbIX OCHOB 3/1E€KTPOPadUHUPOBAHNA METaNNoB B MPUCYT-
ctBum MAB" Mporpammbl Ne0115PK02488 MOH PK "dyHaameH-
Ta/NbHble 6asupyrowmxca Ha

OCHOBbI npoueccos,

3/1EKTPOXMMMUYECKMX NpeBpaLLeHnsx".
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Smart water-soluble polymers and hydrogels are capable to reversibly react to insignificant
changes of the medium properties (pH, temperature, ionic strength, a presence of some substances,
illumination, electric field). The reacting of a system is visible to the naked eye (the formation of
a new phase in a homogeneous solution, or compression of the hydrogel). The properties of such
polymers and hydrogels are considered. For the first time, the stimuli-responsive polymeric hydrogels
based on N-isopropylacrylamide (NIPAAM), 2-hydroxyethyl acrylate (HEA) and acrylic acid (AA) have
been synthesized by free initiation of radical copolymerization. The purpose of the research is to
obtain stimuli-responsive cross-linked terpolymers based on N-isopropylacrylamide, 2-hydroxyethyl
acrylate and acrylic acid and study their physicochemical properties. The physicochemical methods
such as scanning electron microscopy, differential scanning calorimetry, infrared spectroscopy,
gravimetry, cathetometric and thermogravimetric analyses were used in this study. To determine the
thermal and pH — sensitivity of the modified copolymer, the effect of temperature on the NIPAAM-
HEA-AA nets (in different pH media) was studied. They are characterized by a thermally induced
collapse and a dependence on a medium pH. The interaction of copolymers with drugs such as
lincomycin and gentamicin was studied for using the new copolymers as a drug carrier. To study
the antibacterial properties and the transportation of physiologically active substances of hydrogel,
the elimination of specially prepared bacteria by hydrogels with various medicinal ingredients were
conducted.

Keywords: 2-hydroxyethyl acrylate; N-isopropylacrylamide; acrylic acid; hydrogen bond;
gentamicin; lincomycin; hydrophobic interaction.

Pa3paboTKa TexHonorum
NnosyyYyeHUA HOBbIX
ruaporenesbiXx maTepuanos
Ha OCHOBE aKPUNOBbIX
MOHOMEpPOB

Hypa6aii H.A4., A6ytanaun M.,
Paxmetynnaesa P.K., MyH LA.*

KasaxcKuit HaLMoHaNbHbIN yHUBEPCUTET
M. anb-Papabu, Aamatbl, KazaxctaH
*E-mail: grigoriy.mun@kaznu.kz

YMHble BOZOPaAcTBOPMMble NOMMMEPbI U ruaporenn cnocobHbl 06paTMMO pearMpoBaTtb
Ha He3HauyuTeNbHble U3MEHEHUs CBOMCTB cpeapl (pH, TemnepaTypa, MOHHAA cuna, NPUCYTCTBUE
ONpeAeNeHHbIX BELLECTB, OCBELLEHHOCTb, 3/IEKTPUYECKOE NOJE), MPUYEM PEAKLUA CUCTEMbI JIETKO
BMAHA HEBOOPYKEHHbIM ra3om (06pa3oBaHMe HOBOW $asbl B rOMOreHHOM [0 3TOr0 pacTBope,
peskoe HabyxaHWe uau cxkatue rugporens). CBoicTBa Nogo6HbIX NOAUMEPOB U ruaporenei 6biaun
paccmoTpeHbl B paboTe. Bnepsble 6b111 NOAYYeHbI CTUMYNYYBCTBUTE/NbHBIE MOJIMMEPHbIE TMAPOTrENU
Ha ocHoBe N-uzonponunakpunamuga (HUMAAM), 2-ruapokeuatunakpmnata (MA) n akpunosoi
Kucnotbl (AK) MeTof0oM BeLecTBeHHOTro MHULMUPOBAHUA paguKaabHOM conoimmepumsaumu. Lienbto
AaHHON paboTbl ABNAETCA NOJyYeHUE CTUMYIHYBCTBUTE/IbHBIX CLUMTbIX TEPMOJIMMEPOB Ha OCHOBE
N-u3onponunakpunammaa, 2-rmapoKCUaTUNaKpPUAaTa U akpUNOBOWM KMCNOTbI, U3ydeHUue Ux Gpusmko-
XMMUYECKUX CBOWCTB. B KauecTBe OCHOBHbIX GU3MKO-XMMUYECKUX METOL0B UCCNeA0BaHMA B paboTe
MCMO/Ib30BaHbl: CKaHWPYIOLWAA 3NEKTPOHHAA MUKpocKonua, AuddepeHumanbHaa CKaHMpyloLwan
KanopumeTpusa, UK cnekTpockonus, rpaBuMeTpus, KaTeToMeTpuyeckne, TepmMmorpaBumeTpuyeckmne
aHanusbl. [ins onpeaeneHuns Tepmo- n pH- 4yBCTBUTENIBHOCTU MOAUGULIMPOBAHHOIO CONoAnMmepa
M3y4yanocb BAUAHME TemnepaTtypbl Ha ceTkn HUMAAM-TIA-AK (B pasHbix cpegax pH). Bbuio
onpeaeneHo, YTo ANA HWUX XapaKTepHbl TEPMOWMHAYLMPOBAHHbIA KOANANC M 3aBUCMMOCTb OT
pH cpeagbl. UccnegoBaHo WX B3aMMOAENCTBME C NEKAPCTBEHHLIMU BELLECTBAMM, TaKMMM Kak
JIMHKOMMUUMH W TeHTaMULMH, A4 UCNO/Ib30BaHWA HOBbIX COMOJIMMEPOB B KayecTBe HOCUTeNA
nekapcTBeHHoro cpeactsa. C  uenbilo  wccnefoBaHWA aHTMBAKTepuasnbHOM cnocobHocT W
TpaHcnopTM3auum GuU3nMONOTMYECKM aKTUBHbIX BELWECTB ruaporens, 6biam NnpoBeseHbl UCMbITaHNA
AR YCTPAHEeHWA cneuuanbHO MNOArOTOB/AEHHbIX OaKTepuit rmaporenamuM C  PasanyHbIMU
NIeKapCTBEHHbIMU UHIPEeANEHTaMMU.

Kniouesble cnosa: 2-ruapokcnatunakpunat; N-u3onponunakpunamua; akpuaosas KucioTa;
BOZOPOAHbIE CBA3M; TeHTAMULMH; TMHKOMULMH; rnapodobHble B3aumoaencTeme.
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Cyna epuTiH «akblngbl» MOAMMEpPAep MeH rMAporenbAepaiH iWwiHae OpTaHblH, a3gafaH
e3repictepiHe (pH, TemnepaTypa, MOHAbIK Kyll, apHalibl KOCbINFaH 3aTTap, ¥KapblK, 3NEKTPp epici)
»kayan 6epeTiH rugporengepai alTambi3 KaHe Kyhegeri esrepicTepdi KanbinTbl Kafganaa
na baikayfa 6osnaabl (6actankbl romoreHai epiTiHaige »KaHa dasaHblH, Ty3inyi, KEHeTTeH icCiHy
Hemece rMApoOrenbAiH, CbifblNybl). MymbicTa OCbiHAAW NOAMMEpP MeH ruaporeniH, Kacuerrepi
KapacTblpblnabl. 3aTTblK MHULMUPAEHTEH pPaguKanabl CONOAMMEpNey dAicimeH, anfaw pet
N-uso-nponunakpunamug (HUNAAM), 2-ruapoKkcuaTunakpmunat (FDA) KaHe aKpwa KbIWKbIabI
(AK) HerisiHaeri ctumyncesimtan nosvmepni rugporenbaep anbiHAbl. KyMbICTbIH,  MakcaTbl
— N-usonponunakpunamua, 2-ruapoKCUSTUNAKPUNAT KIHE aKPUA  KblWKbIAbl  HerisiHaeri
CTUMyNCe3iMTan  TOpAbl  Tepnoaumepnepai any, onapablH,  GU3NKA-XMMUANBIK  KacueTTepiH
3epTrey. ymbicTa 3epTTeydiH, Herisri  GU3MKa-XMMUANBIK d4icTepi peTiHAe cKaHepaeyLi
3N1IeKTPOHAbl  MUKpOCKonus, AuddepeHuManabl  cKaHepaeywi Kanopumetp  agici, WK-
CMEeKTPOCKONUA, TPaBUMETPUSA, KaTETOMETPIK, TEPMOrpaBUMETPUANBIK Tangaynap KoaAaHbliabl.
MopuduumpneHreH conoanmepaiH, Tepmo- KaHe pH-ce3imTanapifblH aHbIKTAay MaKcaTbiHAA,
anbiHFaH kaHa HWMNAAM-TOA-AK TopnapbiHa (sp Typni pH opTaga) TemnepaTypaHbiH acepi
3epTTenreH. Onapfa TEPMOUHAYLMPAIK KONNAMNCTbIH, TOH €KeHi aHe opTaHblH, pH-Ha Tayenginiri
aHbIKTangbl. OnapablH, reHTAMULUUH KaHEe NIMHKOMUUMH CUAKTbI A9PiNiK 3aTTapMeH apeKeTTecyi
3epTTengi. KyMbICTbIH NPaKTUKaAblK MaHbI3AblbIFbl, KaHa COMNoAMMepaepai A9pinik 3aTTbl
TacbiMangaylwsl peTiHAe KongaHy. lenbaepain, pusmnonoruansik 6enceHai 3attrapabl Tacbimangay
KoHe baKTepuafa Kapcbl KabineTiH 3epTTey makcaTbiHAA KypamblHA@ TabufaTbl ap TypAi Apinik
3aTbl 6ap ruaporenbaepaiH apHayabl AalbiHAANFaH BaKTEPUANAPAbI YO CbiHAKTapPbl XKYpPrisingi.

TyiiiH ce3gep: 2-r1MAPOKCUITUNAKPUAAT; N-M30MPONUNAKPUAAMUA,; aKPUA KbILWKbIbI; CYTEKTI
6alinaHbIC; reHTaMULUH; IMHKOMUUMH; TnapodobTbl apekeTTecynep.
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1. Introduction

In recent years, so-called “smart materials” (smart or
intelligent materials) attract much attention of researchers.
Under this name, materials that can react to small changes in the
external environment in a preprogrammed manner are
combined [1]. Among the water-soluble polymers and hydrogels,
“intelligent” systems can be named that react reversibly to small
changes in the properties of the medium (pH, temperature, ionic
strength, the presence of certain substances, light, electric field),
the response of the system being easily visible to the naked eye
(the formation of a new phase in a solution homogenous before
this, a sharp swelling or contraction of the hydrogel). Among
synthetic polymers, the polymer systems based on
N-isopropylacrylamide (NIPAAM) having characterized by the
lowest critical dissolution temperature (LCDT) in water are
characterized by thermal sensitivity [2]. Homa- and copolymers
of NIPAAM are readily prepared by radical polymerization in
aqueous or organic solvents [3,4].

Of great interest to researchers are stimuli-sensitive
hydrogels because of their successful application in various
fields, from biomedicine and pharmaceuticals to industrial
applications [5].

Poly-NIPAAM is soluble in acetone, formamide, dioxane,
tetrahydrofuran, lower alcohols, cold water; it forms a separate
phase at a temperature of about 32°C, and the LCDT is almost
independent of the molecular weight (M) [4].The solubility of
poly-N-isopropylacrylamide (PNIPAAM) below 32°C is due to the
availability of hydrophilic functional groups (> NH group), but the
precipitation is higher than the temperature of the LCDT,
indicating that the composition contains hydrophobic functional
groups (isopropyl group) [6].

The relevance of the study is due to the fact that the
copolymers obtained on the basis of NIPAAM-GEA-AA can be

used as a promising material in the preparation of a system of a
drug substance separating agent or a macromolecular
therapeutic system as a depot.

Objects of study are triple stimuli-responsive copolymer
based on N-isopropylacrylamide (NIPAAM), 2-hydroxyethyl
acrylate (HEA) and acrylic acid (AA).

The purpose of this work is to obtain the stimuli-responsive
cross-linked terpolymers based on NIPAAM, HEA and AA and
study of their physicochemical properties.

2. Experiment

Methods of investigation: IR spectroscopy (Satellite FTIR
spectrophotometer, Mattson, USA) [7], free radical
copolymerization [8], gravimetric measurements (ISO 9001
analytical  scales, Sartorius, Germany), catethometric
measurements ( cathetometer V-630, Russia), thermogravimetry
(TGA/SDTA851e, METTLER TOLEDO, Switzerland), differential
scanning calorimetry (NETZSCH DSC200 PC model, Perkin elmer,
USA); scanning electron microscopy (Carl-Ziess SMT, Germany).

Crosslinked copolymers based on NIPAAM-GEA-AA were
synthesized by the method of radical copolymerization at a
temperature of 333 K. Copolymerization was carried out in an
ampoule made of molybdenum. For removing oxygen from the
reaction mixture, which was in the ampoule for 20 min, it was
blown with argon gas. As an initiator, ammonium persulfate was
used, and bis-acrylamide was used as the cross-linking agent.
The resulting gels were washed with distilled water for 20 days.

Thermal analysis is a complex of methods for determining
the temperatures at which processes occur, accompanied by the
release of heat (for example, crystallization from a liquid) or its
absorption (e.g., melting, thermal dissociation). Thermal analysis
makes it possible to determine the temperatures of phase
transitions. Heating or cooling the object, measure its
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temperature at small intervals; the measurement results are
plotted graphically, plotting the time along the abscissa axis, and
the temperature along the ordinate axis. The most common type
of thermal analysis is differential thermal analysis (DTA)[9]. We
used the method of thermal analysis, in which the change in the
mass of the sample as a function of temperature is recorded.
Thermogravimetric analysis was carried out using nitrogen gas at
a stable atmospheric pressure at 30-900°C at the rate of
20°C/ min.

Differential Scanning Calorimetry (DSC ) is a method used
to study what happens to polymers upon heating. This method
studies what we call phase transitions of the polymer. Phase
transitions are the changes that occur in the polymer when it is
heated. One example of a phase transition is the melting of a
crystalline polymer. Glassification is also a phase transition. The
glass transition temperature was determined using the DSC
method.

Scanning electron microscopy is a method for analyzing the
surface structure of a solid microobject by means of an electron
microscope, consisting in viewing a reflected “electronic image.”
Scanning electron microscopy allows us to investigate not only
the properties of the sample surface, but also to visualize, as well
as to obtain information about the properties of subsurface
structures buried down to several microns [10].

The reaction of complex formation of copolymers with
drug substances was studied using turbidimetric titration (UV
spectrophotometer, Shimadzu UV/VIS-2401 PC, Japan) at the
wavelength of 400 nm. For this, the same concentrations of
copolymer samples and aqueous solutions of medicinal
substances were used.

The pH value of the solutions was determined on the lon
Meter 3345 (Jenway LTD., UK) to normalize the pH value in the
used solutions of 0.1 n HClI and NaOH, as well as standard
solution buffers.

In the course of the work, in order to study the properties
of the thermal sensitivity of a polymeric network, polymers of a
cylindrical shape with a uniform swelling, with a diameter of
5-7 mm and a height of 2-3 mm, they are placed in a heated cell
with water and kept at a given temperature range.

To determine the degree of swelling of the pH of the
dependent hydrogel, the weight of the polymer was determined
in the time interval. The degree of swelling of the hydrogel was
calculated by this formula:

m, (1)

where: a — the degree of swelling of the hydrogel; m — the
mass of the swollen gel; m — the mass of dry gel.

In order to study the antibacterial ability and the
transportation of physiologically active substances of hydrogel,
tests were conducted to eliminate specially prepared bacteria
with hydrogels with various medicinal ingredients.

The activity of the samples was determined by the degree
of disadaptation of the growth rate of S. aureus IMB 3316

antiseptic inactivation of microorganisms according to the
European standard after antiseptic incubation (European
Standard EN 1040, 1997). Hydrogels and samples with medicinal
substances (lincomycin and gentamicin) were taken as a tablet.

3. Results and Discussion

To determine the physicomechanical properties of a
copolymer of the composition NIPAAM-GEA-AK, a
thermogravimetric analysis method was carried out. In the
composition of the copolymer, the greater number of units of
acrylic acid, the more the intensity line changes. When the initial
monomer mixture (IMM) of acrylic acid is 10% (1), then at a
temperature of 337°C (87.95%) the copolymer loses its initial
weight and completely decomposes.When the initial monomer
of acrylic acid is 20% (2), then at a temperature of 341°C
(88.028%) the copolymer loses its initial weight and completely
decomposes.When the initial monomer of acrylic acid is 30% (3),
then at a temperature of 349°C (86.335%) the copolymer loses
its initial weight and completely decomposes (Figure 1).

The DSC method was performed at a temperature of 30-
400°C and a rate of 20°C/min. If acrylic acid is 10% in the initial
monomer, the glass transition temperature is 154.84°C(1). If the
content of acrylic acid is 20%, Tg=180.14°C (2). And with 30%
acrylic acid, Tg=170.50°C (3).

This means that with the increase in the percentage of
acrylic acid, this copolymer is enriched with them (Figure 2).

The morphology of the obtained copolymer was studied by
scanning electron microscopy. The surface layer of the polymer
is shown in the Figure 3. The photo is given at 20 and 100 um
resolutions. When the mole fraction of acrylic acid in the initial
monomeric mixture is 10% (Figure 3), then on the surface layer
of the copolymer there are many pores, and they are bulky. This
shows that the resulting copolymer is prone to swelling which
confirms the above findings.

It is shown that in the acidic medium (pH 4) (Figure 4a),
when the polymer is swollen in water, depending on the
percentage of acrylic acid, the compression amplitude can be
different. In the composition of IMM, if the volume of acrylic acid
is 10%, then the compression amplitude decreases 6 times; at
20%, the compression amplitude decreases 9 times; at 30% the
lowest compression amplitude was observed. When the volume
of acrylic acid increases in a three-component composition, the
distance of the cross-linking sites is very low, and this is due to
the formation of a very dense cellular structure (Figure 4a).

It was found that at the lower molecular volume of acrylic
acid (10%), the lower number of dissociated groups will be
available. At 30%, it was determined that the carboxyl groups in
the densest grid were only absorbed at the primary temperature
(Fig. 4b, pH =9, curve 3) in the initial temperature range (20-
30°C) because of the ionization capacity of the carboxyl groups.
And 20% is explained by the advantage of electrostatic discharge
(Fig. 4b, pH =9, curve 2).

To use the ternary system as the carrier of the drug sub-
stance, the interaction of the ternary system with drug substanc-
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Figure 1 — Results of the thermogravimetric analysis of the copolymer NIPAAM-HEA-AA
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Figure 2 — Results of the differential scanning calorimetry analysis of the copolymer NIPAAM-HEA-AA
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IMM [NIPAAM-HEA-AA] = 45-45-10 mol%

Figure 3 — Surface layer of a copolymer by scanning electron microscopy

IMM [NIPAAM-HEA-AA] = 45-45-10(1); 40-40-20 (2); 35-35-30 (3) mol%; pH=4(a); pH=9 (b)

Figure 4 —The change in the volume of the NIPAAM-HEA-AA hydrogel as a function of temperature

es was investigated. As drugs lincomycin and gentamicin were
taken. In the study, all polymer samples swell in lincomycin ad-
ditionally, while sodium chloride and gentamicin weakly swelled
(Figure 5). This is due to the ionization of the carboxyl groups in
the polymer due to the additional swelling of the lattice (Figure
5, curve 2) and a decrease in the swelling of the other two due to
the decrease in the polyelectrolytic effect and the formation of a
complex of polyelectrolytes.

IR spectra of a triple system and samples with medicinal
substances were collected. In the composition of the copolymer,
it was found out that the intensity of the band changes with an
increase in the size of the chain of acrylic acid. There are no
double bonds here. As can be seen from the obtained values, it
is proven that in the spectrum of new samples of the band 1660-
1680 cm™ corresponds to the amide group, the bands 3150-
3200 cm™ per NH-group, the band 1720-1725 cm™ corresponds
to the group -COOH acrylic acid (Figure 6), bands corresponding
to lincomycin 2879 cm™ (Figure 7) and gentamycin 2424-2357
cm* were detected (Figure 8). To compare the results, the IR
spectrum table is shown (Table 1).

ISSN 1563-0331
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IMM [NIPAAM-HEA-AA] = 45-45-10 mol%; NaCl (1) 0.9%;
lincomycin (2); gentamicin (3) 0.05 mol%

Figure 5 — Kinetics of swelling of hydrogel NIPAAM-HEA-AA in
different media
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Figure 6 — IR spectrum of hydrogel NIPAAM-HEA-AA
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Figure 8 — IR spectrum of hydrogel NIPAAM-HEA-AAwith medicinal substances
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Hydrogels with a monomeric 10% bond are active, and the
bactericidal zone reached 27 mm (Figure 9). It has been found
that hydrogels that have been combined with lincomycin and
gentamicin solutions exhibit specific antimicrobial activity. It was
found that hydrogels with lincomycin had a higher activity than
with gentamycin, which means that the hydrogel tolerates
lincomycin better than gentamicin (Table 2).

IMM [NIPAAM-HEA-AA]=45-45-10 (Ne 1); 40-40-20 (Ne 2)mol-%;
Growth of the fungus S. aureus IMB 3316(gel samples Ne 1-2
top to bottom)

Figure 9 — The microbial effect with gentamycin on the hydrogel
NIPAAM-HEA-AA

Table 1 — Comparative table of IR spectra

Designation Structural Wave - number cm?
fragments
-OH 3500-3298
INH- 3150-3200
IMM [NIPAAM-HEA-AA] —-C-H 3095-2900
=35-35-30 mol% —NH-
-COOH 1717-1725
-CO-NH2 1646-1680
-OH 3500-3338
INH- 3150-3200
IMM [NIPAAM-HEA-AA] -C-H 3094-2900
= 35-35-30 mol%; comp. —NH-
hentamycin -COOH 1717-1725
-CO-NH2 1645-1680
gentamicin lines 2424-2357
-OH 3408-3300
INH- 3100-3200
IMM [NIPAAM-HEA-AA] —-C-H 3100-2927
= 35-35-30 mol%; comp. —NH-
lincomycin -COOH 1720-1725
-CO-NH2 1641-1680
lincomycin lines 2879
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Table 2 — Antibacterial ability of hydrogels containing medicinal

substances
Ne IMM The amount of  The diameter of the growth
[NIPAAM- drug included in zone of the test organism
HEA-AA], the hydrogel,% (control sample),mm
1%
Mot Staphylococcus aureus IMB
3316
1 45-45-10 gentamicin, 10 52
2 40-40-20 gentamicin, 10 52
3 35-35-30 gentamicin, 10 55
4 45-45-10 gentamicin, 20 55
5 40-40-20 gentamicin, 20 53
6 35-35-30 gentamicin, 20 53
7 45-45-10 lincomycin, 15 Growth completely
eliminated
8 40-40-20 lincomycin, 15 Growth completely
eliminated
9 35-35-30 lincomycin, 15 Growth completely

10 45-45-10

11 40-40-20

12 35-35-30

lincomycin, 30

lincomycin, 30

lincomycin, 30

eliminated

Growth completely
eliminated

Growth completely
eliminated

Growth completely

eliminated
13 45-45-10 distilled water 27
14 40-40-20 distilled water 0
15 35-35-30 distilled water 0

4. Conclusion

For the first time, stimulus-sensitive polymers hydrogels
based on N-isopropylacrylamide (NIPAAM), 2-hydroxyethyl
acrylate (HEA) and acrylic acid (AA) have been synthesized by
free radical copolymerization.

To determine the physicomechanical properties of a
copolymer of the composition NIPAAM-HEA-AK, a
thermogravimetric analysis method was used. The morphology
of the obtained copolymer was studied by scanning electron
microscopy.

To determine the thermo- and pH-sensitivity of the
modified copolymer, the effect of temperature on the net of
hydrogels (in different pH media) of NPAAM-HEA-A was
investigated. New polymer hydrogels are characterized by
thermally induced collapse and it has been found that it depends
on the pH of the medium.

The use of the triple system as a carrier of a drug substance,
its interaction with drugs has been studied. The study found that
all samples of water-soluble polymers additionally swell in
lincomycin, compared with sodium chloride and gentamicin. IR
spectra of a triple system and samples with medicinal substances
were carried out. In the composition of the copolymer, it is found
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that, with an increase in the size of the chain of acrylic acid, the
intensity of the band changes.

The activity of drug-immobilized hydrogels was determined
by the degree of slowing of growth of S. aureus 3316 fungi. It has
been found that hydrogels that have been combined with
lincomycin and gentamicin solutions exhibit specific antimicrobial
activity. It was found that hydrogels with lincomycin had a higher
activity than with gentamicin, which means that the hydrogel
tolerates lincomycin better than gentamicin.
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