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IPOI'PAMHMIA KOMITET
VIII Ykpaincbkoro 3°izay 3 enekrpoximii Ta VI HaykoBo-npakTu4HOro ceminapy
CTY/IeHTIB, aciipaHTiB i Mosoaux yuyeHux «IIpuxkiaagni acnekTu eJleKTpoOXiMiuHOro
a”aJizy», npucBsyenux 100-piuuro HanionaasHoi akagemii Hayk Ykpainu

Cnigzonoeu:

Omeabuyk A. O. — [ucmumym 3acanvrnoi ma meopeaniunoi ximii im. B. 1. Bepnao-
cvkoeo Hayionanvnoi akademii nayk Yxpainu, m. Kuis; T'nagumeBcbkuii P. €. — Jlbgis-
coKull Hayionanvhull yuigepcumem imeni leana @panxa, m. Jlveis; Pemernsik O. B. —
JIvgigcvruti nayionanvuul ynigepcumem imeni leana @panka, m. Jlva6is.

Ynenu komimemy:

AxcimentbeBa Q. L. — Jlvgiecoruil nayionanvuuil ynisepcumem imeni leana @panka,
M. Jlveis; Anapiiiko O. O. — Hayionanvnuu mexniynuti ynieepcumem Yxpainu "Kuig-
cokutl norimexuiunuil incmumym imeni leops Cikopcvroeo”, m. Kuig; baiipaunuii b. 1. —
Hayionanvuuii mexniunuu ynigepcumem "Xapriecokuii nonimexuiunuu incmumym”,
M. Xapxkis;, BapcykoB B. 3. — Kuiscokuii nHayionanvhuil yHigepcumem mexHONO2iU ma
ousatiny, m. Kuis; BepcipoBa O.JI. — [ucmumym 3acanvnoi ma neopeaniunoi ximii
im. B.I. Bepnaocwvrkoeo Hayionanenoi axademii nayk Yrpainu, m. Kuig; Bimoye A. T'. —
Tucmumym 3aeanvnoi ma meopeawniynoi ximii im. B.l. Bepnaocvkoco Hayionanvhoi axa-
Oemii Hayxk Vkpainu, m. Kuig, Bapramok B. ®. — /[uinposcoxuil HayionaibHuii yHigep-
cumem imeni Onecs [onuapa, m. [uinpo;, Benb M. B. — Hayionanvuuii mexuiunui
yuigepcumem "Xapxiecokuti noaimexuivnuu incmumym', m. Xapxis, Bejidenko O. B. —
Yrpainucoruii deporcasnuii ximiko-mexuonoziunui ynisepcumem, m. /[ninpo; T'amoce 3. —
Bapmaschkuii yHiBepcurer, M. Bapmasa, Iombma; dammnoB ®. WM. — Vipaincokuii
deporcagnull XiMiko-mexHono2iunull yrHigepcumem, M. [uinpo;, J13enzepebkuii B. O. —
Tuemumym mpancnopmuux cucmem i mexuonoeiu Hayionanvnoi axademii nayk Ykpainu
"Tpancmae", m. [quinpo; Hdikycap A. L. — Incmumym npuxnaonoi gizuxu Axademii Hayk
Monoosu, m. Kuwunie, Mondosa, €nnosmki II. — YuiBepcurer Kapomns Ecrtepxasi,
M. Erep, Yropmuna; 3inuenko B. ®. — Dizuxo-ximiunuil incmumym imeni O. B. boeam-
cvko2o Hayionanvuoi axaoemii mayk Ykpainu, m. Odeca; Inpicei A. — Vwuigepcumem
m. Jlinno 1, @panyis; Kazpodin K. O. — [ncmumym 3acanvuoi ma neopeaniunoi Ximii
im. B.I. Bepnadcvkoeo Hayionanenoi axademii nayxk Vipainu, m. Kuig; Kaxyrin O. M. —
Xapxiscokuii Hayionanvnuil yuigepcumem imeni B. H. Kapaszina, m. Xapxis, Kupui-
JaoB C. O. — MixsigomMue BifJIJIEHHsI €1eKTpOXiMiuHOT eHepreTnku HamioHansHOT aka-
nemii Hayk Ykpainu, M. Kuis; Konbéaco I'. 5I. — Incmumym 3acanvnoi ma neopeaniunoi
ximii im. B.l Bepraocvkoco Hayionanonoi axademii nayx Ykpainu, m. Kuis;, Komiesxn
M. 1. — Vipainucoxuil Oeporcagnuil XiMiKO-meXHONIO2iuHULl YHIgepcumem, M. JIHInpo,
Komeuko B.T. — Incturyt ¢izuunoi ximii iMm. JI. B. ITucapxeBcbkoro HamionanbHoi
akazemii Hayk Ykpainu, M. Kui; Ky0nanoBebkuit B. C. — [ucmumym saeanvnoi ma
Heopeaniunoi ximii im. B.1. Bepnadcvkozo Hayionanenoi akademii nayx Yxpainu, m. Kuis;
Jlapin B. . — Xapxiscokuii nayionanvruii ynieepcumem imeni B. H. Kapasina, m. Xapxis,;
JlinwowoBa O.B. — Hayionanvnuuii mexuiunuii ynieepcumem Yxpainu "Kuiscbkuii
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nonimexuiynuti incmumym imeni Ileopa Cikopcvkoeo", m. Kuig;, Manerin 10. A. —
IacturyT copbuii Ta mpoGiem ennoexonorii Hayionanvnoi axademii nayx Ykpainu,
M. KuiB; MuensioB-Ilerpocsin M. O. — Xapxiscokuii nayionanvHuil yHigepcumem imeHi
B. H. Kapasina, m. Xapxis, llanos E. B. — Incmumym 3azanvnoi ma neopeaniunoi ximii
im. B.I. Bepnaocekoco Hayionanvnoi axademii nayx Ykpainu, m. Kuig; Ilipebkuii FO. K.
— Incmumym 3aecanvuoi ma meopeaniynoi ximii im. B.I. Bepnaocvxozo HayionanvHoi
axaoemii nayx Yrpainu, m. Kuig, Tloxmypebkuii B. 1. — @izuxo-mexaniunuii incmumym
im. I B. Kapnenxa Hayionanvuoi axaoemii nayk Yxpainu, m.Jlveie; Myn O. A. —
Inemumym 6ioopeaniunoi ximii ma nagpmoximii Hayionanvroi axademii nayx Yxpainu,
M. Kuig; Caxuenxko M. . — Hayionanvnuii mexuiunuii ynisepcumem "Xapxigcokuii no-
nimexuiunuil incmumym", m. Xapxis; Ceiironen A. I — Ecole normale supérieure Paris,
m. apuoe, @panyia; Tarimsini I'. — Toinicexuii deporcagrutl ynisepcumem imeni learne
Ircasaxiwesini, m. Toinici, Tpysia;, Tyaveskmit I'. I'. — Hayionanvruii mexniunuil yHi-
sepcumem "Xapxiecokuii nonimexuiunuu incmumym", m. Xapxie; Xoma M. C. — ®Dizuko-
mexaniunuti incmumym im. I. B. Kapnenxa Hayionanvuoi axademii uayk Yxpaiuu,
M. JIvgis; Moabn ®. — YaiBepcureT M. 'paridcBansa, Himeuunna.

OPIAHIBALIMHUM KOMITET
Cnigzonosu:
Omenbuyk A. O. — Incmumym 3aeanvHoi ma ueopeawniynoi ximii im. B. 1. Bepnao-
cvkoeo Hayionanvnoi axademii nayk Yxpainu, m. Kuis, Pemernsik O. B. — Jlvgiscokui
HayioHanvHull ynigepcumem imeni leana @panxa, m. Jlvsis.

3acmynnuku 2on06u:

AxkciMenTbeBa O. L., lybencbka JI. O. — Jlvgigcokuii nHayionanvnuii ynieepcumem
imeni leana @panka, m. Jlveis.

Buenuit cexpemap:

Faymaxk T. C. — Incmumym 3azanvhoi ma neopeaniunoi ximii im. B. I. Bepnadcwroeo
Hayionanvnoi akademii nayx Yrpainu, m. Kuis.

Ynenu opzanizayiitnozo Komimemy:

boaakoscbka 0. B., boituummun JI. M., I'epuuxk O. M., I'opbenxo 1O. 1O.,
Janunak M.-O. M., JImutpis I'. C., yrka B. C., Kak O. B., Kaauuak 5. M.,
Kopanmnmmn f. C., Kooy M. C., Kynrnii O. 1., Makoron B. M., Ocranosn4
b. b., llepeBep3eBa T. I'., Puaguyk II. B., Contuc M. M., Creuis 0. A., Tumomyxk O.
C., Xoma M. C., Yepsincbka H. P., Aummmun M. M.
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Ipuna IJIPYYHA, Beniamin COJIOBHOB, Temana KY3HEI[OBA,
JIoomuna COJIAHUK

PECYPCO3BEPIT'AIOUYI CTIIOCOBU NEPEPOBKU BI/IXOAIB TBEPUX
CILVIABIB KAPBIJI BOJIb®PAMY-KOBAJIBT

Tonmascokuii HayionanvHuti mexuiynuil yHieepcumem imeni IOpia Konopamioka,
kagheopa izuxu, npocn. Ilepuwiompasnesuii, 24, 3601 1m. [lonmasa, Yxpaina,
e-mail: KZT7@ukr.net

TBepai crimaBu kap6in BobPpaMy — K0OambT Oy MEPIIMMU METaJIOKepaMiTHUMHU
tBepauMu crutaBamu (TC), sIKi OTpUMay MMPOMHUCIOBE 3aCTOCYBaHHS. 3HAYCHHS iX HE
ciabmiae JUIsl Cy4acHO! TEeXHIKH. 3 METOI0 MOBEPHEHHS y BUPOOHUIITBO ITIHHUX KOMIIO-
HeHTiB TC HEoOXigHO BHIIYKYBaTH MOXJIHMBICTH BTOPHHHOI NMEpepoOKU BIIXOIB, L0
MICTSTh i KoMmoneHTH. 111 BupoOuuirtBa TC sk Taki MOKYTh OyTH BUKOPHUCTAHI MaT-
pHILi BiANPalboBaHOTO OYPOBOTO 1 PiXKy4Oro iHCTPYMEHTY, JIOM. Y 3B'SI3KY 3 AedinuTom
BOJIb()paMy i KOOAJIBTy OCTaHHIM YacOM MHUTAHHS PO3POOKH HOBHUX METOMIB MEepepoOKu
KyCKOBHX BIJIXOJIiB TBEPHX CIUIABIB JIyXKe aKTyaJIbHi.

IcHyroui Metonu BuaineHHst koMroHeHTiB TC Bigpi3HSIOTBCS ONMH BiJ OHOTO HE
TITBKH peXKUMOM OOpOOKH, a ¥ MPHPOIOI0 3aCTOCOBYBAHMX XIMIYHHX pearcHTiB. Tomy
aKTyaJbHHM € PO3pOOKa METOMIB SKi JO3BOIIATH NPH MepepoOIli BigXOMiB TBEpIUX
CIUIaBiB Kap0ix Bob(PpaMy-KoOaIbTaTy OTPUMYBATH Ha BUXO1 BUCOKHIA BiIcOTOK WOj;.

ExcniepuMeHTanbHO OyJI0 BCTAHOBICHO ONTUMAlbHI CKIaJH PO3IUIABY 3 MAKCHMAIb-
HOIO e(heKTHBHICTIO BUIIy4YeHHs BoJbdpamy (y Burisaai WO;) 3 rajoreHimTHo-BoiIbppa-
MatHoi (a3m [2] 1 oro BiAmieHHS BiX OKCHIIB 3aii3a i Mapraito. Konmenrparii NaCl,
Na,SiO;, (Fe,Mn)WQO, nnst oAty IBOX PIAVH, IO 3MIIIYIOIOTHCS 00paHi BiAMOBIIHO 10
pexomenpauiit [1]. Ha puc. 1 Ta 2 npencrasieHi pe3ybTaTH BUBYEHHS BIUIMBY KOHIICH-
Tpaiiid XJIOpuay HaTpito B iHTepBai 35—60 mac.% Ta MeTacuiIiKaTy HaTPilO B IHTEPBAJi
10-40 mac.% [3,5].

Cryninb ekctpakuii WO; 1o 99% i HaiiBuiii Koe(illieHTH pO3MOJiLy OTpHUMaHi B
postuiagi, mo Mictuth 45 mac. % NaCl, 20 mac. % Na,SiO; i 35 mac.% (Fe,Mn)WOy,.
Ximiunuii cknax a3 i po3noalT OCHOBHUX KOMIOHEHTIB Mix Humu miciisi BTCE (Buco-
KOTeMIIepaTypHa CeJIeKTHBHA eKCTPaKIIisl) IpeACTaBIIeHi B Ta0u. 1

Tabaunsl. Ximiuauii cknazg ¢a3 Ta po3rmoail OCHOBHUX KOMITOHEHTIB (% Mac) MK HUMHU

Table 1. Chemical compositions of phases and the distribution of major components

between them
Haitverysarms pasu KommonenTn, mac. %

WOj; FeO MnO

XimMiuHUH CKIaMd:
lanorenigHa dasa 31,20 0,21 0,33
CuikatHa dasza 0,35 10,31 27,70

Posmoin:

laoreninHa ¢asa 99,61 7,32 3,65
CuutikatHa ¢asa 0,39 92,68 96,35
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Puc. 1. BB konnentpanii NaCl Ha xoedinient moginy (K) (1,2) i crynins excrpakuii WO; (3) B
rajioreHi qHy ¢azy

Fig. 1. Effect of the concentrations of NaCl on (1, 2) separation ratio k and (3) efficiency W of
WO; extraction into the halide phase

K W, %
. ]
11G0
4Y
3t 190
| ]
180
1 -
0
40 S0 €0 C(NaCl), mac. %

Puc. 2 - Bruus konuenrpaii Na,SiO; Ha koedinient noziny (K) (1,2) i cryninb excrpakuii WOs5 (3)
B raJIoreHi IHy dazy

Fig. 2. Effect of the concentrations of Na,SiO; on (1, 2) separation ratio k and (3) efficiency W of
WO; extraction into the halide phase

Bucoka texnonoriuaicte BTCE 00yMoBiieHa, 04eBHIHO, TBOMA 00CTaBUHAMMU:
1) 3matHicTIO BONB(paMaTy HATPi0 3MINIyBaTHCSA 3 XJIOPHAOM HATPil0 B OyAb-SKHX
CIiBBiTHOIIICHHSX [5, 6];
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2) He3MilIyBaHICTIO CHIIIKAaTHOI (a3u, 0 Mae TeMIeparypy miasieHHs Hwkde 1000°C,
3 TaJloTeHi JHO-BOJIb(PPaMaTHOIO.

Haii0inpim edexTuBHUI crmocid mepepoOKH IMICENTOBUX KOHIICHTPATIB ITOJATAE B
BTCE iioro cymimri 3 Bonb(pamiToMm B criBBigHOMEHHAX Bix 1:4 1o 2:1. 3actocyBaHHS
ux cymimei nossosnse 3aiticaroBatr npouec BTCE 6e3 BBeneHHs ¢urtociB (3a3BHUail y
BUTIIAAL (PTOPHIIB JTy’)KHO3EMEIBHUX METAJiB Ta OKCHAY aJIOMIHIiO, III0 HEOOXITHO MpH
00po01Ii 1reeniTy. BukopucTtanHs cywilie# y BUIIEBKa3aHUX MPOMOPIISX T03BOJISIE BH-
TAryBaTH OubIe 96% WO; B rajoreHiqHO-BoIb(PpamMaTHy dasy.

TakuM YMHOM, NMPHUBEACHHH METOJ BUCOKOTEMIIEPATYPHOI CEIEKTUBHOI eKCTpaKii
BIZIXOJIB TBEPIMX CIUIABIB KapOia Bob(paMy-KOOalIbTaTy M03BOJSE OTPHUMYBAaTH Ha
Buxoxi Bix 96% mo 99% WO;.

1. Camconos I'.B., Ynaoxaa I'Ill., Hewnop B.C. ®usmueckoe MaTepualoBecHUEe KapOUIOB. -
K.: Hayk. nymxa, 1986. — 456 c.

2. Malyshev V.V., Pisanenko A.D., Soloviev V.V. Electrodeposition of tungsten and molybdenum
carbide onto the surfaces of disperse dielectric and semiconductor materials // Materials
Science and Engineering Technology. — 2014. — Vol. 45, No. 1. — P. 51.

3. Conosves B.B., I'ab A.HU., Manviwes B.B. PecypcocOeperarommuii cmocod mnepepadoTKu
OTXOJIOB TBEPIBIX CIUIABOB KapOuI HHOOMsI-KOOanbTa B pacTBopax (ocdopHOl KHUCIOTHI //
Hogeie TexHomoruu. — 2003. — Ne 2 (3). — C. 92-95.

4. Onischenko V., Soloviev V., Solianyk L. Okologiche und ressourcenschonende Methode zum
Recycling von Wolframschrott. Niob-Kobaltkarbid Cermets und Extraktion von Wolfram und
Niob sus Konzentraten / Materials Science & Engineering Technology. — 2016. — No. 9. — P.
852-857.

5. Makhosoev M.V., Alekseev F.P., Lutsyk V.I. State Diagrams of Molybdenum and Tungsten
Systems. — Novosibirsk: Nauka, 1978. (in Russian).

6. Masloboeva S.M., Lebedev V.N., Arutunjan L.G. Extraction processing ftoridnosernokislyh
decomposition solutions the plumbomicrolits concentrate // Vestnik MGU. — 2010. — Vol. 13.
— P.902.

Irina Pidruhna, Veniamin Soloviev, Tatiana Kuznetsova, Lyudmila Solianyk

RESOURCE-SAVING METHODS OF WASTE PROCESSING HARD ALLOY TUNGSTEN
CARBIDE-COBALT

Yuriy Kondratyuk Poltava National Technical University, avenue Pershotravnevyi , 24,
36011 Poltava, Ukraine, e-mail:KZT7@ukr.net

It is shown that tungsten ores and concentrates are decomposed at temperatures of 1050 to 1100°C in
sodium chloride—sodium metasilicate melts to form two immiscible phases: halide—tungstate, which contains
96 to 99%, and silicate, which contains 90% of the ore components. The high technological effectiveness of
the high temperature selective extraction may be attributed to the capability of sodium tungstate to mix with
sodium chloride in any proportions and immiscibility of the silicate phase having a melting point lower than
1000°C with the halide—tungstate phase.

Key words: high-temperature selective extraction, tungsten, sodium chloride—sodium metasilicate melts
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Anacmacia KOBAJTHK, Auna FOPEIlb, Oxcana TAHAHAHKO

BOJBTAMIIEPOMETPUYHI XAPAKTEPUCTHUKHU
IINTAHAPHUX BYTJIENEBUX EJJEKTPO/IB,
MOJUPIKOBAHUX OKCHJIOM MAHI'AHY(IV)

Kuiscoxuii nayionanvnuil ynisepcumem imeni Tapaca Illesuenka
Kagedpa ananimuunoi ximii, 8yn. Bonooumupceka, 64/13, 01601 Kuis, Yxpaina
anastasiiakovalyk@ukr.net

CydacHUM Ta MEPCIEKTUBHUM HaIpsKOM aHANITHYHOI XiMii € po3poOKka amrepoMeT-
pudHUX OiOCEHCOpPIB I aHaMi3y OIOJOTiYHMX PIAWH Ta MPOAYKTIB XapuyBaHHA. Sk
YYTJIINBAN €JIEMEHT BUKOPHUCTOBYIOTh HOKPHUTTSA 3 iMMOOLTI30BaHUM (DepMEeHTOM, Ha-
MPUKITaZ, KiIacy oKCHaopenykTa3. PepMEeHTaTHBHA peakilisl 3a0e3nedye BHCOKY CEIeK-
TUBHICTB. PeecTpyeTbcs aHAMITHYHMH BIATYK MPOAYKTY peakiii, B JaHOMY BHUIAIKY
rizporeH nmepokcuay. Hemomikom Bxe po3poOIeHUX CEHCOPIB € HeIOCTATHS IyTIUBICTH
Ta BUOIpKOBicTh Bu3HaueHHS H,0,. 3aans ycyHeHHs NpoOJIEeMH NEPCIEKTHBHUM €
3aCTOCYBaHHS TiOpPUIHUX MOKPUTTIB HA OCHOBI HAHOYACTOYOK OKCHJIB IEPEXiTHUX Me-
taniB. Bigomo, mo yactoukun MnQO, MposIBISIOTH €NeKTPOKATAIITHYHI BIACTHBOCTI MPH
OKHMCHEHHI TiJIporeH nepokcuay. KaramiTnyHa akTHBHICTh YaCTUHOK 3POCTAE MPH Tepe-
XOJI1 BiJl MAKPO- 10 HAHOPO3MIpiB.

Meroro pobotu Oyia po3poOka YyTIMBOTO €IEMEHTY BOJIaMIICPOMETPHYHOTO CCH-
copa Ha OCHOBI IuTaHapHUX ByrieneBux enekrpoxiB ([IBE), momudikoBaHnx dyacTuH-
KaMU JiOKCHIy MaHTaHy i miiBkoio SiO,.

CunTe3 vactHOK MnO, Oymo npoBezieHo 1BoMa criocobamu. Ilepmmit Mmetox — ria-
poritTruHe ocamkeHHs 3 po3unHiB MnC,04-2H,0 ta MnSO,. [Jo po3unHy mpHKaIryBaiu
NaOH npwu marpiBani. OTpuManuii ocax GUIBTPYBaIH Ta MPOKAPIOBAIN Y My(henbHil
nedi. [pyruit Meton — enekTpodopeTHIHe OCaHKEHHS 3 BOAHOTO po3uuHy MnSO, Ta
CH;COOK nHa moBepxHi IJIaHAPHOTO BYTJICHEBOTO E€JIEKTPOAY TPH HaKIaJaHHI TO3H-
TUBHOTO MoTeHIiany npoTsaroM 10 cexyrn. CTpyKTypy OIepiKaHHUX YACTHHOK JOCITIIKY-
BaJI METOJIOM CKaHYIOUOi eJIEKTPOHHOI MiKpockorii. YacTHHKH, 1110 OTpUMaHi 3a rixpo-
TEepMaIbHUM METOAOM, Maju (opMy LMIIHIpa, TX cepeaHiil niamerp cranoBuB 50-550
HM, yacTHHKH MnO,, oJiepkaHi METOJIOM eleKTPO(OPETUUHOTO OCaKEeHHsI, Manu (op-
My KyJi, cepeaHiii niamerp 190-250 HM 1 OynM piBHOMIpPHO PO3TalIOBaHi MO MOBEPXHI
CJIEKTPOLY.

['iOpuHe MOKPUTTS HA OCHOBI OKCHJY CHIIILIIIO OAEP)KYBAJIN METOJIOM EJIEKTPOTreHe-
poBaHoro karaiizaropa [1]. Ha oxun 3 nocnimkennx [IBE HaHOCHIN cyMilll OTpUMaHUX
TiIPOTEpPMANEHUM METOJOM YacTHHOK MnQO, i 3omo SiO,, Haklajanu HEraTUBHUH I10-
tennian. OxepxyBaiu enekTpon, MomudikoBannii mwiiBkoo [IBE-MnO,-SiO,. dpyruii
€JIEKTPO/I, Ha TIOBEPXHi SKOr0 OYJIH elIeKTpoocakeHl YacTHHKH MnO,, MOKpUBaIK mIa-
poM Si0O, 3a METOIOM eNeKTpoocaKeHHs 1 oTpuMyBaiu enekrpon [IBE/MnO,/SiO,,

Enextpomu mocimimKyBaau METOIOM IUKIIYHOI BombTamiiepometpii (LIBA), B miama-
30Hi morexmianiB 0 — 1,0 B, mBuakicts ckanysanus 0,1 B/c, y docharnomy Oydepi
pH 8, y mpucyrtHocti Ta 3a BigcytHocti HyO,. Ha IIBE-MnO,-SiO, y Oydepnomy
po3unHi miKiB OKUCHEHHA-BimHOBIEHHS MnO, He cnoctepiranocsa. Ha mogudikoBanomy
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I[MBE/MnO,/Si0, eneKTpoJli CIIOCTEPIracThcsl MosiBa MiKiB OKUCHEHHS - BiIHOBIICHHS
Mn(IV)/Mn(II) npu E=0,4 B. ¥ nprcyTHOCTI T'iIporeH nepoKcumy, CTpyM OKMCHEHHS Ha
I[NBE/MnO,/SiO, nmpu E=0,4 B 3HauHO 3poOcTae, MO CBITYUTH PO HOTO KATATITUIHY
npupoxny. Ha IIBE-MnO,-SiO, y npucyraocti H,O, ciocTepiraerbcss aHOIHUH MK MIPH
E = +1,0 B, ananmoriuno nHemomudikosanomy IIBE. Jliniitauii mianazon (JII) Bu3Ha-
4yeHHs TiaporeH nepokcuay Ha [IBE/MnO,/SiO;: 1-110° - 1:107 M, Mexa BHUSABJICHHS
(MB): 0,8:10° M, st [IBE-MnO,-SiO, JII: 1:107° - 1:10* M, MB: 0,910 M. st He-
moxudikoaroro IIBE JIJI: 1:10 — 5-10* M, MB: 5-10° M. Ilpu Busnadenni 0,5 MM
H,0, moxu6bka mis I[IBE, i [IBE/MnQO,/SiO, cranosuna 22 i 2% BiamoBiaHo.

JlocitimpKeHO BIUIMB 3aBa)Kal0OUMX PEYOBHUH, a caMe: aCKOpOiHOBOT KHCIIOTH, CEUOBUHH
Ta Tioce4yoBUHU. [IpM TOpIBHSAHHI IUKIIYHUX Bojbrammeporpam mius [IBE Ta
I[IBE/MnO, cnoctepiraeTbCs 3Ha4HE 3MEHIICHHS 3aBa)KalO4Oro BILUIMBY BiJIHOBHHKIB,
0co0MBO 3 60Ky ackopOiHOBOI KMCIIOTH Ta TioceuoBUHHM Ipu 3actocyBanHi [IBE/MnO,.
Busnauennio H,O, 3a momomororo enektpona [IBE/MnO, 3aBaxkaroTh €KBIMOJISPHI
KUTBKOCTI acKOpOiHOBOT KUCITOTH. [Ipy 3MeHIIEHH] KOHIIEHTpAIlil acKOPOiHOBOI KHCIOTH
y 10 pas3iB 1i 3aBaxkarounii BiomiB 3HUKae. Ha HemoaudixoBanomy I1BE ta [IBE-MnO,-
Si0O, Bu3Hauenns H,O, B mpuCyTHOCTI BiIHOBHUKIB, HABEJCHNX BHIIE, HEMOXKIIHBE.

Takum guHOM, YacTHHKA MnO,, OTprMaHi METOJIOM eIeKTPOGOPETHIHOTO OCAIKECH-
HSl, IPOSABIISAIOTH €IEKTPOKATAIITHYHI BIACTUBOCTI 1O BigHOMIeHHIO 10 H,0,, Ha BiAMIHY
BiJl YaCTHMHOK, CHHTE30BaHHMX TiIPOTEPMalbHIUM METOJOM. 3pOOJIEHO BHCHOBKH IIPO
MEePCIEeKTUBHICTh 3aCTOCYBaHHS IUIAHAPHHUX BYIJICLEBHX EJIEKTPOAIB, MOIAM(DIKOBAHUX
MnQO, 3a METOIOM €JIEKTPO(OPETHUHOTO OCAIPKEHHS Ta TUTiBKOI0 Si0,, T OTPUMAaHHHS
YyTJIMBHUX €JIEMEHTIB aMIIEPOMETPUYHUX CEHCOPIB 3 BUKOPHCTaHHSIM IMMOOLITI30BaHUX
OKCHIA3HUX (PEPMEHTIB.

1. Nadzhafova O., M. Etienne M. and Walcarius A. Direct electrochemistry of hemoglobin and
glucose oxidase in electrodeposited sol-gel silica thin films on glassy carbon. // Electrochem.
Comm.- 2007. — Vol. 9. — P. 1189-1195.

Anastasiia Kovalyk, Anna Borets, Oksana Tananaiko

VOLTAMPEROMETRIC CHARACTERISTICS OF CARBON SCREEN PRINTED ELECTRODES
MODIFIED BY MANGANESE (IV) OXIDE

Kyiv Natiomal Taras Shevchenko University, Department of Analytical Chemistry
Volodymirska street 64, Kyiv 01601, Ukraine, e-mail: anastasiiakovalyk@ukr.net

A simple and novel hydrogen peroxide sensor based on hybride of MnO, particles and SiO, film on the
carbon screen printed electrodes was developed. Manganese dioxide particles were synthesized by two
methods. The first method was hydrolytic precipitation of MnO, from the solutions of MnC,0,4 and MnSOy,
after addition of NaOH following by heating of the precipitate. The second method included electrodeposition
of MnO, particles on the surface of carbon screen printed electrode from MnSO,/CH;COOK solution. The
morphology of the MnO, particles was compared by scanning electron microscopy. MnO, particles were
covered by silica film obtained by electro-assisted deposition process onto the electrode surface. The carbon
screen printed electrodes modified by electrodeposited MnO, particles demonstrated stable intensive
electrocatalytic current in the presence of H,O, at pH 8.0. The detection limit for the H,O, on the developed
electrode was found 8-107° M.

Key words: voltamperometry, carbon screen printed electrodes, MnO,
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BIIJINB TPUJIOHY b HA TPOHECH EJJEKTPOBIJHOBJIEHHSA
B HU3bKOKOHIEHTPOBAHUX PO3YNHAX Cu(NO;),

Xaprxiecokuil nayionanvnull ynieepcumem imeri B. H. Kapasina,
HayKo80-0ocaionuu incmumym ximii, m. Ceoboou, 4, 61022 Xapxis, Yxpaina
e-mail: aopravda@karazin.ua

BaxxnuBuME npo0ieMaMu Cy4acHO! TalbBaHOTEXHIKU € 3[CLICBICHHS SICKTPOJIITIB,
3HIKCHHSI TOKCHYHOCTI TallbBaHIYHOTO BHPOOHHIITBA i OTPUMAaHHS MOKPHUTTIB i3 3aja-
HUMH (YHKIIOHATEHHMH BJIACTUBOCTSAMH. 30KpeMa, aKTyalbHOIO € 33a7a4a BUKIIOUCHHS
i3 cepr BUPOOHHUIITBA IiaHITHUX E€IEKTPOIITIB. BupimeHns mux 3amad Ipu3BOIUTH 0
HEOOXITHOCTI CTBOPEHHS €JEKTPOJIITIB HOBOTO TMOKOJIHHI — HH3bKOKOHIICHTPOBAHHX
po3unHiB. HOBI TeXHOJIOTI{ MO3BOJISAIOTh 3HU3UTH CHEPTOBKHUTOK, MATePiaJOMiCTKICTh,
3a0py/JHEHHsS HABKOJIMIIHBOTO CEPEAOBHIA, 3a0e3Meuyloud NpU LBOMY 30epexeHHs
SIKOCTi TIOKPUTTIB.

OTpUMaHHS MIIHHX TMOKPHUTTIB 13 HU3BKOKOHLEHTpoBaHMX po3uuHiB Cu(NO;), €
MEPCICKTUBHUM. JIOCHiTHUKAMK MOMIYEHO, M0 JOOABKU IOHIB HITpPAaTy MOKPAIIyHOTh
PO3IIOIN MeTally Ha KaTo[i, a X 3[aTHICTh JIETKO BIJTHOBIIIOBATHCS A€ 3MOTY PO3IIHU-
PUTH MEXi JTOIMyCTUMOI HIITFHOCTI CTPYMY IIPH €JICKTPOOCaKeHHI MeTamiB [1, 2]. Ame
peakuii BIAHOBJICHHS IMX i0HIB, mo nepebiraioTs B po3unHi Cu(NOs), mnapanensHo 3
PO3pAIOM KYTIPO-iOHIB, MOPYIIYIOTE Iporec enekTpokpuctamizamii mifi [3]. Kpim Toro,
IpU KOHTaKTi MeTaneBoi Miai 3 BogHHM po3unHOoM Cu(NOs), BiZOyBaeThCS peaKiis
ytBopenHst Cu' (Lie MiATBEPIKYIOTh pe3y/IbTaTH aHaJi3y PO3UUHIB MIC/s eNeKTPOmizy):

Cu’+ Cu*" & 2Cu". (1)

JucnponopuionyBanHs ioHiB Cu’ MPUBOANTE 10 YTBOPEHHS HA KaTOJHOMY OCaii

HAIBOTY Yy BHUIJLIAI TOPOIIKY Mixi. IIpucKOpeHHS peakiii AWCIpPONOpPLHiOHYBaHHS
BiIOYBA€ETHCS IIiJ1 TI€I0 10HIB HITpATY:

NO; +2Cu"+3 H — HNO, + 2 Cu*" + H,0. 2)

[epebir 1ux MPOIECiB € MPUYMHOK BUAUICHHS METAaly B OKHUCICHOMY BHIJISAII 3
HAJIBOTOM JIPIOHOMUCIIEPCHOTO MOPOIIKY Mimi. OYEeBHIHO, IO OTPUMAHHS IIUTBHUX
mapiB mini 3 pozunHiB Cu(NO;3), € MOXINBUM 332 YMOBH YCYHEHHs BHILEBKa3aHUX
peakuiii. 1[poro MokHa MOCSATTH NPH BHKOPUCTaHHI 100aBOK, IO aJcOpOYIOThCS Ha
KaToJli, YTBOPIOIOYH 3 KYIIPO-i0HAMH KOMILIEKCHI CIIOyKH, i BUTICHSFOTH 10HH HITPaTy 3
MOJBIHHOTO €NeKTpUYHOro Imapy. Mera nanoi pob6oTu — BUBYCHHS BILIMBY Tpuinony b
Ha MIPOLIECH eJIEKTPOBIHOBICHHS B HU3bKOKOHIIEHTPOBAHNX HITPATHUX PO3UHHAX.

Tpunon b € ogauM i3 nirasaiB, HAA3BHYANHO CXMIFHUX 0 KOMIUIEKCOYTBOPCHHS 3
MeTanamMu. BiH MoXke TpOSIBISTH BHUCOKI 3HAYCHHS KOOPIWHATHBHOI €MHOCTI — 3a
pPaxyHOK NPUKPIIUIEHHS 0 aTOMY MeTaly YOTHPbOX KapOOKCHIBHHUX aTOMIB KHCHIO Ta
JIBOX aToMiB a30Ty. OcTaHHs BJIaCTHBICTh y MOEJHAHHI 3 TOCTATHHOIO CTIHKICTIO KOMII-
JIEKCIiB POOUTH 1110 A00aBKYy I[IHHUM PEarcHTOM JJIsl CTBOPEHHS PO3UYHUHIB i3 TIPAKTUYHO
MOCTIHHOIO KOHIIEHTPAIII€I0 10HIB I[LOTO METAJY, IO € OCOOJIMBO aKTyalbHUM JJIsl HAIIO]
cucTeMu. PO3paxyHKH piBHOBAXKHOTrO CKJIagy HiTpaTHOro po3umay 3 0,005 Momb/mm’
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Tpunony b nokazanu, mo KoHIeHTpauis mpotoHoBaHoro komiiekcy CuHL™ e mosoui
CYTT€EBOIO: 1,18~10'3 MOJIB/ M. e cBimunTth mpo Te, Mo anacopOIis J00aBKHA Ha KaTOII
BiIOYBA€ThCSA y BUTJIANI KOMIUIEKCY. BUXonmsum i3 Cy4acHHWX YSBJICHb MPO MEXaHI3M
CJIEKTPOJHHX MPOIIECiB, MOKHA TPHITYCTUTH, IO aJCOPOOBaHI KOMIUICKCH Mimi TpHii-
MAaIOTh Y9aCTh Y €IEKTPOOCAHKCHHI MiJIi.

PagioMeTpudHi JOCTIKEHHS MiTHAX IOKPHUTTIB, OTpUMaHuX i3 po3uuny Cu(NO;), 3
Tpunonom b, miaTBepaumm BKIFOYEHHS TOCTiIKYBaHOI T0OABKHU B MapH Mifi. SIK BHIHO
3 Tabn. 1, KiTBKICTh BKIIFOUEHB 3aJISKUTH Bill KATOJHOI IIUTBHOCTI cTpyMy (3pasku 1-8):
31 30UIBIIEHHSIM j, KUIBKICTh BKIIFOUEHOT 100aBKH 3MeHIIyeThes. [IpUCyTHICTh MOBEpX-
HeBO-akTUBHOT pedoBrHU OIl-7 y po3umHi 3011bLIy€E IBUAKICTh OCAJDKEHHSI MiJi Ta iH-
TeHcudikye BkiatoueHHs: Tpuinony b B mokputts (3pasku 9-12). Lleit dakT minTBepaxye
YTBOPCHHS KOMILJICKCIB MiJli 3 T00OaBKOIO B 00’ €Mi pO3UMHY, a HE Ha TIOBEPXHI KaToy.

Ta6auns 1. 3anexuicts kinbkocti Brmouens Tpmony B Bix ji i cxagy posunny (Moms/am’):
0,125 Cu(NOs), + 0,25 HNOs + 0,005 Tp. b (1-8);
0,125 Cu(NO;), + 0,25 HNO; + 0,005 Tp. B + 0,1 r/am’ OI1-7 (9-12)
Table 1. Dependence of the number of inclusions of Trilon B on j, and the composition of the
solution (mol/dm®): 0,125 Cu(NO3), + 0,25 HNO; + 0,005 Trilon B (1-8); 0,125 Cu(NO3), + 0,25
HNO; + 0,005 Trilon B + 0,1 r/am’ OP-7 (9-12)

. KinpKicTb BKIIOYEHD IIBuakicTs
3pa3ok Jro 5 BC.Cu, , Tpuiony b B ocani OCaKEHHs Mii
A/mm % MKM 5 ’ PR
MI/CM MI/XB*CM

1 1 452 2,5 0,333 0,075
2 1 46,1 5,1 0,513 0,077
3 1 47,3 7,8 0,676 0,078
4 1 48,1 10,6 0,742 0,080
5 2 41,7 2,3 0,234 0,140
6 2 429 4,8 0,405 0,150
7 2 43,2 7,2 0,531 0,150
8 2 43,8 9,7 0,622 0,150
9 2 50,6 2,8 0,404 0,170
10 2 47,9 5,4 0,598 0,160
11 2 50,2 8,5 0,775 0,170
12 2 50,9 11,0 0,852 0,170

3 MeTor0 OULTBII NIETaTbHOTO BUBYCHHS MEXaHi3My CIICKTPOBIIHOBICHHS Milli B HIT-
paTtHuX po3uuHax 3 TpuiaoHoM b Oylio mpoBeieHO XPOHONOTEHLIOMETPUYHI TOCIin-
skeHHs. Ha BigMiHy Bim kapOOHOBHX KHCIOT [4] 30iIbIIeHHS KOHIEHTpamii TpuioHy b
TIPUBOINTE 10 3MiHK KyTa Haxwiy jz’’°,j-3anexnocteit. Leit GakT cBiT4uTh Mpo Te, mo B
HiTpaTHOMY po3unHi 3 TpmioHoMm b yTBopeHHS KOMILIEKCIB Mifi BizOyBaeThCs B 00’ eMi
po3umnHYy 1 iX po3psaa BitOyBaeThCA 3 aACOPOOBAHOTO CTAHY.

CriekTpo()OTOMETPHYHI TOCHI/PKEHHSI €KCTPAKTIB MIIHUX ITOKPUTTIB, OTPUMAHUX 13
06a30BOro po3unHy i po3umHy 3 TpuioHoMm b, mokaszamu, IO Iapu Mifi, oJIepcaHi B
MPUCYTHOCTI 0OABKH HE MICTSTh BKIIOYEHb 10HIB HITpaTy i HITPUTY, a KiJIbKICTh 10HIB
aMOHIIO € Ha MOPSIOK OUIBIIO0, HIX 3 0Ca/iB, BUIUICHHUX i3 0a30BOr0 PO34HHY.
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Takum uymHoM, TpminoH b 3MiHIOE MeXaHI3M €JEKTPOOCA/UKEHHsI Mili 3 KHCIIOTO
HU3BKOKOHIIEHTpoBaHOro po3unHy Cu(NO;), BHACIIZOK YTBOPEHHsS KOMILIEKCIB Miai B
00’emMi po3unHy. Lle mposBIs€THCA Y 3MEHIICHHI KUTBKOCTI MIPOAYKTIB BiAHOBICHHS i0-
HIB HITpaTy B pO3YHHI MICIIS €JICKTPOIi3y; BIACYTHOCTI 10HIB HITpPATy i HITPUTY B mapax
Mifi; 3pOCTaHHI KaTogHOTo BUXOMy Mini 3a ctpymoMm (BC, Cu) 3 18+20 % mo 45+50 %;
BHUIEHH]I MiAl y BUTJIAAI OMMCKYYHX IIapiB Pi3HOTO BiATIHKY 3aJIe)KHO BiJ] TOBIIUHH
TOKPHTTSL.
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Alla Pravda, Vasil Larin, Serghiy Shapovalov

TRILON B INFLUENCE ON ELECTROREDUCTION PROCESSES IN LOW
CONCENTRATED Cu(NO;); SOLUTIONS

V. N. Karazin National University of Kharkiv, Research Institute of Chemistry,
Svoboda Sq., 4, 61022 Kharkiv, Ukraine, e-mail: aopravda@karazin.ua

The effect of Trilon B on the electroreduction of copper and nitrate ions in acidic low-concentrated
solutions of Cu(NOs), has been studied. Complexes of copper with Trilon B displace ions of nitrate from the
double electrical layer and partially eliminate side reactions. This is evidenced by a decrease in the number of
nitrite and ammonium ions that are formed during the electrolysis of the solutions under study. In order to
clarify the role of the additive in the electroreduction of copper, a radiometric determination of the amount of
the additive is carried out, which is included in the copper coating as an impurity and affects the characteristics
of the coating. Studies have shown that copper coatings contain varying amounts of additive. This depends on
the composition of the electrolyte and ji. The results of the studies indicate that copper complexes with Trilon
B are formed in the volume of the nitrate solution and they are directly involved in the electrochemical copper
precipitation process.

Key words: electrodeposition of copper, Trilon B, copper complexes, low concentrated solutions
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VK 543.553.4
Mapuna MAH3IOK, Temana AB/JIIEHKO, Mukona HIKOJIEHKO

NEPCNEKTUBUA BUKOPUCTAHHS BIAMIIEPOMETPII
B AHAJIT3I BJIATOPOJHUX METAJIIB

Leporcasnuil suwuii HaguarbHUUl 3aK1A0 « YKpaiHCbKUll 0epocasHul
XIMIKO-MeXHOI02TYHULL YHIgepcumemy, Kapeopa anarimuyHoi Ximii i
XiMiyHOT mexnonoeii xapuoeux 000a8oK ma KOCMemMU4HUX 3acoois,
np. I'azapina, 8, 49005, m. Juinpo, Yrpaina, e-mail: manzyuk.marina@gmail.com

OIHUM 3 TEPCIEKTHBHUX (Pi3UKO-XIMIYHUX METOJIB B aHANTI31 OJArOpOTHIX METAIIB
€ aMIepOMETPUYHE THTPYBaHHS 3 JABOMAa IUIATHHOBUMHM eleKTpojamu (Oiammepomer-
pUYHE TUTPYBAHHS), OCKUIBKM BIH Ma€ psiji TEpeBar: MpocToTa arnapaTypHOro ogopm-
JICHHA, YiTKICTh (hiKcallil TOUKM eKBiBaleHTHOCTi. OCOOIMBICTIO METOLy € MOXIIUBICTh
MOKpAIIeHHs YyTIMBOCTI 32 PaxyHOK 301BIICHHS MOBEepXHi enekrpoxiB. [Ipu 1mpomy,
SIKIIIO B PO3YMHI € OOOPOTHI CHCTEMH, BTpaT PCUOBHHH, IO BH3HAYAETHCS, B IPOLEC]
eneKTpoaizy He Oyae. OCKUTbKY 301IBIIECHHS PO3MIPY €IEKTPOiB MPUBOIUTE 0 OLIBMI
pi3K0 BHpaKeHOI KiHIIEBOI TOYKM TUTPYBaHHS, TO TAaKUM MPHIOMOM 3a3BHYail KOpHC-
TYIOTBCSI TIpH POOOTI 3 po30aBieHUMMHU po3urHaMu. Llel MeTox BOJIOJIE TaKOX PAAOM
nepeBar Inepej 3BUYaiiHUM aMIEPOMETPUYHUM TUTPYBAHHSM 3 OJHHUM IHIUKATOPHUM
€JIEKTPOJIOM: BIJICYTHICTh KaJIOMEIBHOTO ENEKTPOAY; CBoepinHa Qopma KpuBUX
TUTPYBAHHS Ja€ MOXIIUBICTh TUPEPEHINIHHOTO BU3HAYCHHS JICKUTPKOX KOMITOHCHTIB, SIKi
NIPUCYTHI y PO3YHMHI cyMicHO. [{o mepeBar MeToay Tpeba BiHECTH i TOH (akT, 110 pizKa
3MiHa CHJIM CTPYMY B KiHIII THTPYBaHHS CTBOPIOE YMOBH JJIsl aBTOMAaTH3alii Iporecy.

OKpiM MPaKTHIHOTO 3aCTOCYBAHHS IS AaHANITHYHUX LiJIeH, OiaMIIepoMeTpUIHE THT-
PYBaHHS MOXe OyTH BUKOPHCTAHO 1 SIK METOJ JIOCHI/PKCHHS, OCKUIBKH METOJI TIOEHYE y
co0i eNeKTPOXiMiyHi SBUINA, SKi MPOTIKAIOTh HA €JIEKTPOIi, 3 YHCTO XIMIYHUMH, SIKi
MPOTIKAIOTh B 00’ €Mi pO34HHY, 0 THTPYEThcA. CriocTepeskeHHs 3a 3MIHOIO CHIIU CTPY-
MY Ha IUIATHHOBHX €JIEKTPOJIax J03BOJISIE POOMTH BUCHOBKH TIPO CTaH JOCIIJKYBaHOTO
i0OHY y PO34HHI, THTPAHTY, IO3BOJISIE Y s/l BUMAJKIB OLIBII TTHOOKO TOCHTIUTH peaKiii
KOMIUIEKCOYTBOPEHHSI, OKUCIICHHSI-BiTHOBJICHHSI, OCAJKEHHS; CYJUTH TIPO CKJIaJ OCa/IiB,
IO yTBOPIOIOTHCS, IX PO3YMHHICTB; NOCHIAMTH KIHETHKY TPOLECIB, IO IMPOTIKAIOTh.
Po3rmsinaroun 1i nuTaHHSA MOTPIOHO MaTH Ha yBasi, IO IUIATHHOBI €JEKTPOAU € TOCUTH
YyTJIMBHM IHCTPYMEHTOM Ta BioOpaXkye He JIMIIE Ti SBHIIA, SKi 00YMOBJIEHI CKJIaJOM
pO34MHY, ajie i 3aJIeKaTh Bijl CTaHy iX MOBEpPXHi, MOIApH3alii Ta iHIIKX (HaKTOPIB.

Sk TuTpanTH y OlaMIepOMETPUYHOMY THTPYBAaHHI BHKOPHCTOBYIOTH OpraHidHi Ta
HEOpTaHIYHI pearcHTH, SKi YTBOPIOIOTH EIEKTPOXIMIYHO OOOpPOTHY Mapy B Iporeci
TUTpyBaHHA. Tak, Kajiil TpuiHoann, KU MICTHTH y CBOEMY CKIIaAi 0OOPOTHY OKHCHO-
BimHOBHY mapy I,/2I, Oyno BuKopmcTaHO B aHami3i Takux MetainiB, K pryTh(l, II),
cpibmo(l), mamanin(Il), 3omoro(Ill), mmatura(IV). Ilpu npomy, O6maropomHi MeTaau B
peakuii 3 KI; Mo>kHa pO3/iUTH Ha BI TPYINH:

I2pyna — ionn Hg,”", Hg®', Ag’, siki yTBOpIOIOTH MATOpO3UMHHI OCamy HOMHIB
i fionatis (peakuii 1 12.1);

I zpyna — ionn PACl*, AuCly ", PtCls™, siki YTBOPIOIOTH OCaiH TLTBKH 3 HOTHI-
ioHaMHu 1 He pearyroTh 3 ioHamu 103" (peakmii 11 2.2):
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Me™ + ml > Mel,,/, )
6 Me™ +3m I, + 3 H,O < 5 Mel,,| + Me(I0;)] + 6 H, 2.1
a6o 5Me™ +3m 1, + 3 HyO <> 5 Mel,,| + mIO; + 6 H'. (2.2)

[Mposeneni nocnimkenns st peakuii Pt(IV) 3 kanii Tpuiioquaom meronom Giamie-
POMETPUYHOTO TUTPYBAHHS I03BOJIMJIM BCTAaHOBHTH, IO y CyJIb(AaTHOKUCIOMY cepe-
JIOBUILI peakIlisi MPOTiKae Ay>ke MOBUIBHO (TIOCTiiiHE 3HAYEHHS CHJIM CTPYMYy BCTAHOB-
JIFOETHCS. MPOTATOM 2—3 XB.), TP I[bOMY BHTpaTa THTPAHTy y TOYII CKBiBaJICHTHOCTI
BiJINIOBiJJa€ 3aMiIICHHIO JTUIIIE OJHOTO XJIOPUA-ioHY. [I0BiIbHE 3aMilICHHS XJIOPHA-iOHIB
yCKITagHIOE BUKOpUCTaHHs peaktii B3aemonii Pt(IV) 3 KI; B anamnisi, ane ¢popma xpuBoi
TUTPYBaHHSA [JO3BOJIIE BHKOPHCTOBYBATH ITI0 peakIifo s (ikcalii TOYKH EKBiBa-
JICHTHOCTI OLJIBII IIBUAKUX PEaKIIiii.

[epesipeno, mo Pd(II) i Au(Ill) KinbKICHO THTPYIOTHCS Kalid TPUAOIUAOM HE JTUIIIE
B OILITOBOKHCIIOMY, aji¢ 1 Y Cy/iIb(aTHOKHCIOMY cepenoBuiii. 1le 103BoNuiIo 3aiiCHUTH
TUTPYBaHHS [IUX METAJIB y pi3HUX OiHapHUX crionydeHHsx 3 Pt(IV). 3minu 3abapBieHHs
po3umny, ski ¢ikcyBanucs npu BuBuYeHHI B3aemonil cymimi Pt(IV)-Au(lll) 3 xamiii
TPUHOAMIOM, BUKOPHCTAHO IpU po3podii Metonuky BusHaueHHs Au(Ill) y mpucytHOCTI
Pt(IV) 3 BizyanbHOIO (hiKCalli€I0 TOYKH EKBIBAJICHTHOCTI.

Jocnimkeno ymoBu enextporurpuMerprynoro BusHaueHus Hg(I) 1 Hg(Il) 3 Buxo-
puctanHsaM sk THTpanTy Kl;. SIk ()OHOBI €IEeKTPOIIITH BUKOPUCTOBYBAIN alleTaTHI Po3-
ynHA. YTBOpeHHs mpoxnykriB peakuii Hg(Il) 3 Kl; — #iogunis Ta #omatiB pryti(Il) —
MPOTIKa€ 3 YTBOPCHHSAM MPOMDKHHX PI3HOJITaHAHUX alleTaTHUX KOMIUICKCIB, MO Mif-
TBepKeHO [Y-CeKTpOCKOMIYHIMY TOCHIPKEHHAMH.

[IpoBexneHi mocmimKeHHS JO3BOIMIN BCTAHOBUTH 3aKOHOMIPHOCTI Ta 1HIWBIAyalbHI
0COOIMBOCTI B3a€EMOMI{ OIaropoAHUX METalliB 3 Kallili TpuitoanaoM. Broepmre excnepu-
MEHTAJIBHO JI0Ka3aHO, IO AWUCIIPONOPLIOHYBaHHS HOMY, fKE 3a3BHUail CrocTepiraeThes
y Jy)KHUX CEPeAOBHIIAX, IPOXOAUTH I B KHCIIOMY CEpPEIOBHILI BHACIIIOK 3CyBY piBHO-
Bary peailii mpy yTBOPEHHI MaIopo3dnHumX ocaxis Mel,, Ta Me(I0;),, s ionis Hg,™,
Hg>" i Ag’, ta ocamy Mel,, s ionis PACL,*", AuCl, i PtClg* .

Jlist 6iaMIepoMeTpUYHOrO THUTPYBAaHHS BHKOPUCTOBYIOTH 1 CIPKOBMICHI OpraHiyHi
CHOJIyKH, BUKOPHCTAHHS SIKMX 3HAYHO PO3LIMPHIIO MOXKIMBOCTI 3aCTOCYBaHHS METOY.
BinpnricTe CipKOBMICHUX peareHTIB, HAPUKIAM, TUETWIANTIOKapOaMiHar, 8-MepKanTo-
XIHOJIH Ta iHIII, YTBOPIOIOTh Y BOJAHUX PO3YHHAX “3MIIIaHI” €ICKTPOXIMIYHO 3BOPOTHI
napu O, pozunaHUil y HyO/RSH. Cucremu RS-SR/2RSH enexTpoxiMiYHO HE3BOPOTHI.

Jlns BU3HA4YEHHS pALy OnaropoJHWX METaliB B yMOBaxX €JIEKTPOTHUTPUMETPIi BHS-
BISIIOCH TIEPCIICKTUBHIM BHKOPHCTaHHS SIK pEarcHTY OCH30JIANTIOKapOOKCHIIaTy TeTpa-
erinamonito (BJITK TEA) B poii KOMIUIEKCOYTBOPIOIOYOTO JliraHaa ado BiIHOBHHUKA.
AHalti3 BOJIbTaMIEPHUX KPUBUX IOKAa3aB, M0 OCH30JIUTIOKapOOKCHIIAT YTBOPIOE CIIO-
Jy4eHy eNeKTPOXIMIYHO 3BOPOTHIO Mapy 3 PO3YMHEHHM y BOZI KHCHeM. ToMmy peareHT
MOJKHA PEKOMECHIYBAaTH 1 JJIsi BUKOPHUCTaHHS B OlaMIIEPOMETPHUYHOMY METOAL. 3poc-
TaHHS TOKY IICJII MOMEHTY €KBIBJIECHTHOCT] y OLIBLIOCTI BUIA/IKIB O0YMOBIECHHH “po-
6oTor0” 3Mimnanoi napu pozunneHui O,/Hammuiok bBJITK TEA.

Bukopucranns BJATK TEA sk peareHTy D03BOJHMIO PO3POOMTH METOIUKH Olamrie-
POMETPHUYHOTO BHW3HAYCHHA TaKWUX ONaropogHuX MetaniB, sk cpiomo(l), mamamii(Il),
sonoto(IIl), ipunit(IV), pyreniit(VI), ocmiit(VI). Ilokazano, mo Pd(Il) yrBoproe 3 pea-
TeHTOM MilHI Manopo3unHHI KomrmiekcHi crionyku 3 BAATK TEA. JIns 3onota(Ill) Bu-
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SBJICHO (OPMYBaHHS, y IPHCYTHOCTI XJIOPUIA-IOHIB, PI3HONIraHAHOTO KOMIIIEKCY
AuCI(BATK),. Ipuniii(IV) okucmrorors OeH3onauTiokapOokcinar no aum- abo Terpa-
cynediny, npu oMy npoaykT peakmii Ir(Ill) He yTBOprOE KOMILIEKCIB 3 THTPAHTOM.
Pyreniit(VI) ta ocmiii(VI) xinmekicHo THTpytoThCs BATK TEA y consHOKHCIHX pO3-
YHHAX y Pi3HUX CHiBBiAHOmMEHHAX — 2:1 Ta 1:4 BignoBigHO.

Brnepme BJITK TEA Bukopucranuii Ijsi aHagiTHUHOTO BH3HadeHHs cpibdma(l). B
3aJIeXKHOCTI BiJi IpUpo (POHOBOTO ejeKkTpoliTy MojbHe chiBBinHomeHHs Ag(l):BATK
y TOUYIll €KBIBAJICHTHOCTI pi3He: 1:1 is cipyaHO-, CONISHO-, OI[TOBOKHCIMX CEPEIOBHIII;
2:1 s pofaHigy aMOHIIO Ta aleTaTHOro Oy(epHOro po3unHy. 3HAHACHO ONTHMAJbHI
YMOBH 1 JOIYCTUMI CITIBBIZIHOLIEHHS METaTIB Uil AUGEPEHLINHNX TUTPYBaHb CHCTEM:
Ag(D)-Ru(VI); Ag(D)-Ir(IV).

[TpoBeneHi noCHiIPKEHHST TO3BOJIMIM BCTAHOBUTH XiMI3M IPOLECIB B3aEMOIIT psIIy
MeTarno-ioHiB 3 BJITK TEA mpu BHKOpHCTaHHI Pi3HHX ITO MPHUPOI Ta KHCIOTHOCTI (o-
HOBHUX EJIEKTPOJITIB. 3HA/ICHO ONTHMalIbHI YMOBH BH3HAUCHHS OJIAarOpOAHUX METAIIIB
Ta ix cnony4eHs peareaToM bBJITK TEA metonom GiaMriepoMeTpUIHOTO TUTPYBAHHS.

TakuM 9WHOM, 3aBISKH BHUKOPHUCTAHHIO 0iaMIIEPOMETHYHOTO METOAY, PO3MINPEHO
B1IOMOCTI PO B3a€EMOJIit0 O1aropoaHux MeTamiB 3 kanid TpuioaumoMm Ta BJATK TEA.
AHali3 BiIOMEX JITepaTypHHX MaHWX Ta MPOBEICHHUX IOCHTIHKEHBb MTOKa3aB, IO IepC-
MEKTHBU PO3BUTKY BUKOPHCTAHHS 0iaMIIEPOMETPUYHOrO METO/Y B aHali3i OJ1aropoaHux
METaJiB NOB’si3aHi 3 PO3POOKOI0 OLTBII YYTIMBHUX Ta CEJIEKTHBHUX METOJMK, SIKI MOE-
HYIOTh €KCIIPECHICTh Ta MOXKJIMBICTh aBTOMATHU3ALlii.

Maryna Manzyuk, Tetyana Avdienko, Mykola Nikolenko
PERSPECTIVES OF THE USE OF BIAMPEROMETRY IN ANALYSIS OF NOBLE METALS

Ukrainian State University of Chemical Technology, Department of Analytical Chemistry and
Chemical Technology of Nutritional Supplements and Cosmetics
8 Gagarin Ave., 49005 Dnipro, Ukraine, e-mail: manzyuk.marina@gmail.com

Biamperometric titration is a promising method in the analysis of noble metals using inorganic and organic
titrants, which form an electrochemically reversible pair in the titration process. The advantages of using
potassium triiodide as a titrant in analytical practice for the determination of metals forming poorly soluble
compounds studied using the biamperometric method for fixing the equivalence point. For the first time,
BDTK TEA used as a complexing ligand or reducing agent in the biamperometric determination of a number
of noble metals.

Keywords: electrochemical methods; biamperometric titration; noble metals; benzodithiocarboxylate
tetracthylammonium; potassium triiodide
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KOPO3IMHO-EJEKTPOXIMIYHI BJACTUBOCTI TA HABOJJTHIOBAHHS
CTAJIEX PI3HOI CTPYKTYPH B XJIOPUJTHO-AIIETATHUX PO3YMHAX
3A HASIBHOCTI CYJb®IJIBMICHUX IIJIIBOK

Disuxo-mexaniynuii incmumym im. I'. B. Kapnenka HAH Yxpainu
eyn. Hayxrosa, 5, 79601 Jlveis, Yxpaina, e-mail: khomams@gmail.com

Beryn. PyiinyBaHHS MaTepianiB, sIKi IPaLIOIOTh B KOHTAKTI 3 CIPKOBOAHEBUMH Cepe-
JTOBHIIIAMH, BiIOYBa€ThCS BHACIIIOK KOPO3ii Ta HABOJHIOBaHHS ctane [1-3]. Po3Burok
[UX TPOLECIB 3aJICKUTH BiJl XIMIYHOTO CKJIAIy Ta CTPYKTYPH CTalli, a TAKOXK MPOIYKTIiB
Kopo3ii, mo (opMyroThCs Ha iX moBepxHi. Bimomo, mo Ha cransx B cepeloBHINAX 3
CIPKOBOJIHEM YTBOPIOIOTHCA CYJIb(IMN i OKCHIN 3ajli3a y MOCIiZoBHOCTI: cTtaib — Fe;0y
— FeixS — FeS;«[4]. 3i 30impmenHsM KoHIeHTpamii cipkoBomHio i pH posumny B
mpoxaykrax Koposii nmepeBaxkatots miput (FeS,) , tpoimrt (FeS) i xamsur (FeySg). Ha
apPMKO 3aJIi3i MPHT 1 TPOIUTIT 3MEHITYIOTh, a KaH3UT 301IBIIy€e IMBUAKICT KOpo3ii [5, 6].
OpHak, BIUTMB IIUX CIIOJIYK Ha HABOJHIOBaHHS CTaJeil HEe JOCTiIKEHO.

CXHIBHICTD 10 BOJHEBOI'O OKPUXYEHHS BYIJICIIEBUX CTaJIeH 3aJIE)KUTh B OCHOBHOMY
BiZl TepMOOOpOOKHU Ta BMicTy Byreio [7, 8]. Tomy mMeroro poOoTu OyjI0 BCTAaHOBUTH
CyMICHY Ziro cyib(diniB 3ami3a, sKki OyZyTh BU3HAYATH IIBUJKICTH EJIEKTPOJHUX TPOLIE-
CiB 1 XIMIYHOTO CKJIaJy Ta CTPYKTYPH CTaieH, Bil AKHX Oyzae 3aJle)kaTH CTYMiHb HBOTO
BILUIUBY.

MeTtoauka excrnepuMeHTy. JlocmiukyBanu apMKo 3aiizo, crami Y8 i 45. Pobouy
YaCTHHY 3pa3KiB cTaii i apMko 3amiza (S = 0,79 sm”) 3a4uIant HAKIAKOBUM MAepOM
P1200. Cynedinn 3amiza FeS,, FeS FeySg dopMmyBanu aHomaHOIO MONISpU3alli€lo BiArmmo-
BiTHO 3a KOHIeHTpariii cipkoBoxuio 1, 10 i 100 mr/m y po3umnax 3 pH3,2; 7,2; 11,2
npotsroM oxaHiel roguHu [5]. [ToTiM 3pa3ku MPOMHUBAIN TUCTHIHOBAHOIO BOJIOKO 1 3HE-
KHMPIOBAJIM alleTOHOM. BoybTammepHi JOCIIKEHHS CTali BUKOHYBanu y po3uuHi 0,5%
CH;COOH + 5% NaCl 3a temneparypu 18+2°C. BukopucroBysanu notenmiocrat [PC-
Pro 3 Tpuenexrpoanoro komipkoto. [lIBuakicTs po3roptku notenuiany 20 mV/s, ocKiib-
K 32 TaKUX YMOB NpHpoja cynbgiaHoi utiBky Ta ii Mopdoorist He 3MiHIOIOThCA. Enex-
TPOJIHI NOTEHIIaJI BUMIPIOBAIN BiJTHOCHO HACHUYEHOT'O XJIOPHJICPIOHOTO eIeKTpoJa Mo-
PIBHSHHS 1 IlepepaxoByBali 3a BOJHEBUM. [lONOMDKHUN enekTpo] — miatuHa. HaBon-
HIOBaJIM 3pa3Ku y BibHOaepoBaHoMy po3umHi 0,5% CH;COOH + 5% NaCl 3a ognako-
Boi mepenarnpyru ~400 MB mpotsarom omniei roguman. KoHreHTtpamiro abcopOoBaHOTO
METaJIOM BOIHIO BH3HAYall BaKyyMHO-€KCTPAKIiHHMM METOAOM 3a Temmeparypu 200
°C (C p). 32 TakuX yMOB BW3HAYAIOTh BMICT IH(Y3IHHO-PYXIIMBOIO BOIHIO, SIKW HAHOLTBIIIE
BIUTMBAE HA CXWIBHICTB CTAJIEH JI0 KOPO3IHHOTO PO3TPICKYBaHHSL.

PesyabTaTn nocaigxenb. EnexTpoximMivHi JOCTIHKEHHS KOPO31HHOI TPHUBKOCTI JT0C-
JKYBaHUX 3pasKiB MOKa3aid, M0 e(pEeKTUBHICTh KOPO3IHHHUX MPOLECIB 3aJCKHUTh Bil
XIMIYHOTO CKJIaJy CTajli: KOpPO3is apMKO 3aji3a MepeTiKae 3a KaTOJHOTO KOHTPOIIO,
cram Y8 3a 3mimranoro, a craii 45 3a anoxuoro 3i msuakoctamu 0,042, 0,083 ta 0,218
MA/cM® BinnoBiguo (puc. 1). Tlepenanpyra kaTomHUX peakiiii 3a ctpymy | MA/cM” Ha
crani Y8— ~174 mMB, a Ha apmko 3amisi i cram 45 € menmor Ha ~ 70 Ta 80 MB Bin-
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i, MAJCM 1 15 C,, ppm
0,34
2 A
0,2- 1,0
3
2 2 4 4
0,14 2 1 2 0,5+
,
apmko 3anizo crant Y8 crans 45 apmMKo 3anizo cranb Y8 cTans 45
Puc. 1. HIBunkicts katoguux (1) i Puc. 2.Konuenrpauis abcop6boBaHOTO
a"oHMX (2) mpoueciB y po3unHi 0,5% BOJIHIO apMKO 3aii3a, craneif Y8145 3a
CH;COOH + 5%NaCl na apmko 3aii3i i HasIBHOCTI Ha TIOBEPXHi CyIbdifiB 3amiza: / —
cramsax Y8145 0e3 Bk ; 2 — FeS,; 3 — FeS; 4 — FegSg
Fig. 1. The rate of cathode (/) and anode Fig. 2.Concentration of absorbed hydrogen
(2) processes in a solution of of armco iron, 0.8%C and 0.45%C steels in the
0.5% CH;3;COOH + 5% NaCl on armco iron  presence of iron sulfide on the surface: / — no
and 0.8%C and 0.45%C steels film; 2 — FeS,; 3 — FeS; 4 — FeySg

noBifgHo. OTXKe, epeHanpyra BOJHIO Ha HEpIITI € Maike B JiBa PU3M BUILOK, HIXK Ha
¢epuri. Ha crani 45 ii Bu3Hauae sikpa3 HasBHICTh (epUTHOI CKiIanoBoi. KibkicTh ab-
copOOBaHOTO MeTaloM BOJIHIO HaiimeHma B crani Y8 (0,34 ppm), a B apMKo 3aii3i i
craii 45 e Maibxke BTpudi OUIBIION (pHUC. 2).

3a ¢opMyBaHHS Ha MMOBEPXHi cTasli Y8 mipuTy i1 IIBUIKICTH KOPO3ii 3MEHIIYETHCS B
~4,0, Tpoinity ~7,5, a KaH3UTy ~2,2 pa3u. 3a HassBHOCTI Ha MOBEpXHi cTaii ¥ 8 cynbdinis
IIBUIKICTh KOPO3ii BU3HAYAIOTH MEPEBaXHO aHOMHI MPOIECH, AKi YIOBLUTBHIOIOTHCS, Y
TOW Wac sK KaroxHi mpumBuAmIyroThes. Cymbdimm 3amiza chopMoBaHI Ha TOBEpXHi
craii 45 30iMBIIYIOTE MBUAKICTE 11 KOpo3ii : miput B ~1,5, Tpoimit ~1,3, a xam3ur ~1,1
pasu. Enextpon Cramp 45-FeS, xopoxye 3a xaromnoro koutpomo, Crame 45-FeS —
3mimanoro, a Crans 45— FeoSg aHomHOrO.

Ha apmko 3aii3i mpyT 1 TPOLTIT 3MEHIIIYIOTh, @ KAH3UT 30UIbIIY€E KUTBbKICTh a0cop0o-
BaHOro BojHIO [7]. 3a karogHol mossipu3auii cTaigh Y8 3 IUIIBKOIO MIpUTY MOTJIMHAE
~0,55 ppm BojaHrO, a ctanb 45 maibke BaBivi Ounbine. Tpoimit Ha crani 45 He3HAYHO

Ta6auus 1. [1IBUAKICTE OKHCHO-BITHOBHHUX MPOIIECiB Ha cTasX Y8 145 3a HAsIBHOCTI Ha iX
MOBEepXHi CynbdiniB 3amiza
Table 1. The rate of oxidation-reducing processes on 0.8% C and 0.45%(C steels in the
presence of iron sulfide on their surface

. Cranp Y8 | Craib 45
Cynbdinna ; - 7
. [IBuKICTh KATOIHHUX Ta aHOJIHUX IPOLECiB, MA/cM
IuTiBKa

Katon. AnHox. Katon. Amnog.
Mipur 0,101 0,021 0,330 0,928
Tpoimit 0,097 0,011 0,293 0,394
Kanzut 0,096 0,037 0,778 0,247
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3MEHIIIy€ KOHIICHTPAIiF0 a0COPOOBAHOTO METAIOM BOJIHIO, a Ha cTalli Y8 HOro KiJbKIiCTh
3poctae B ~4,4 pasu. Kansut Ha crani Y8 30imbIye KijgbKicTh aOCOpOOBaHOTO METaIOM
BOJHIO Ha ~68 %, a Ha ctaii 45 Horo 3MeHmIye Ha ~42%.

Takum 9nHOM, Cynb(]iTHI IITIBKH BIDTMBAIOTH HA €()EKTHBHICTh KATOIHUX W aHOTHIX
TIpoIIeCiB, 30KpeMa Ha TIepeHANPyTy BOAHEBOI ACTONApH3aLlii 1 BiAIOBIAHO Ha KiJIBKICThH
BHIIJIEHOT'O BOJTHIO TIPH KOPO3ii, a CTPYKTypa CTalli BU3HAYAE CTYIIIHb {1 HABOTHIOBAHHS.

BucHOBKH. APMKO 31130 KOPOJZy€ 32 KaTOAHOTO KOHTPOJIO, CTaib 45 — aHOAHOTO, a
KOpo3ist ctani Y8 BiiOyBaeThCsl 3a 3MilIAHOTO KOHTpoIto. PopMyBaHHS Ha TX MOBEPXHI
cynbdiniB 3amiza nepeBakHO MPU3BOIUTH 0 3MIHH MPUPOJIH JIMITYI0UOI cTafii Kopo3ii.
BoHu Takox MOXXyTh BIUIMBATH Ha PEaKIil0 KaTATITHYHOI a00 eJIeKTPOXiMiuHOT peKkoMOi-
HAIli1 aTOMiB BOJHIO 3MiHIOKOUH 1X MOBEPXHEBY KOHIEHTPAIiIO. 1i 3pOCTAHHS TeX MOXKe
CIIPUSITH HaBOJHIOBAHHIO METAJIIB, CXHMJIBHICTB JI0 SIKOTO Oy/ie BU3HAYATUCS TX CTPYKTYPOIO.
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CORROSION-ELECTROCHEMICAL PROPERTIES AND DIFFERENT STRUCTURES OF
STEELS IN CHLORIDE-ACETATE SOLUTIONS UNDER THE PRESENCE OF SULPHIDES
FILMS

H.V. Karpenko Physico-Mechanical Institute of the National Academy of Sciences of Ukraine
5, Naukova Str., Lviv 79060, Ukraine, e-mail: khomams@gmail.com

The influence of chemical composition and steel structure on the rate of oxidation-reducing processes was
investigated. The rate of corrosion increases in the row armko iron, 0.8%C steel, 0.45%C steel was established.
The amount of metal absorbed by hydrogen is greatest in 0.45%C steel. The influence of sulfide films on
electrode processes and flooding in a chloride-acetate solution determines not only their chemical composition,
but also the structure of steels on the surface of which they are formed.

Key words: steel, structure, corrosion, overvoltage, hydrogenation, sulfides
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JESAKI ACHIEKTH BUBYEHHS EJJEKTPOXIMII
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3a COTHI THCSY POKIB CBOTO iCHYBAHHS JIOJICTBO BCE LIMPIIE BUKOPHCTOBYE JIOCST-
HeHHs XiMii Ta ¢izukn. CpOrojHI BENUKY MOMYJISIPHICTD 3100yHM NMPHUCTPOT, SKi JKUB-
JATHCS BiJl aBTOHOMHHUX 1 MajorabapuTHHX JDKEpeNl CTPyMy: aBTOMOOLTI, eIeKTpOiHC-
TPYMEHTH, TPAH3UCTOPHI MpHUiiMayi, TIXTapUKH, TOAWHHUKH, Teae()OHH, KOMI IOTepHA
TEXHIKa TOIIO.

CrnoBo “Oarapeiika” Bimome yciMm. [IpoTe, maneko He KOXKEH KOPUCTYBad 3HAE TIPHH-
U pOOOTH TaKUX OaTapeiox.

Hapuansaa nmporpama 3 xiMmii nependayae BUB4eHHS y 9 kimaci TemMu “XiMidHi peak-
mwii” [1]. Y Hilf po3rJsLAAI0Th CYyTh CICKTPOIITHYHOT AUCOLIAIli KUCIOT, OCHOB, COJICH y
BOJIHMX PO3YMHaX, peakiii oOMiHy MiX pO3YMHAMH EJEKTPOJITIB W YMOBH iXHBOTO
nepeOiry, BUBUAIOTh OKHCHO-BIJJTHOBHI IIPOLIECH.

[[lo0 3amikaBUTH YYHIB BHBUCHHSIM OKHUCHO-BIIHOBHHMX pEaKIlii Ta OMOMOITH
3pO3yMITH CYTh LIOTO TPOIECY, OKA3aTH IXHE 3HAUYCHHS Y JKUTTI JIIOAMHU, NPUPOII 1
TEXHilll Ta 3B’s3aTH AaHUH MaTtepial 3 (i3uKoI0 uu OGionoriero, He0OXiJHO MO0 y4HI 3Ha-
JIM, 110 PeasIbHO IIEPEHECEHHs eJIEKTPOHIB BiJl BITHOBHUKA 0 OKHCHHKA MOXHA CIIOCTe-
piraté B XiMiYHHX [DKepellaX CTpPyMy — TallbBaHIYHUX CJIEMEHTaX i aKyMynsaTopax. Y
Temi 2 “Enextpuudi sumia. Exexrpuanuii ctpym” (¢iznka, 8 Krac) BUBYAOTh Kepera
CJICKTPUYHOTO CTPYMY, aKyMyJSTOPH, TallbBaHIuHI eleMeHTH [2]. Y MOBCAKICHHOMY
KHUTTI MU 31€01IBIIION0 MAaEMO CIIPaBY 3 XIMIYHHMH JDKEPETIaMH eJIEKTPUIHOTO CTPYyMY.
Tema 3 “Ximiuni peakuii” (ximis, 11 knac, piBeHb cTaHIapTy) nependavyac BUBUCHHS
MOHATTS MPO T'aJbBAHIYHKI CIEMEHT K XIMIYHE HKEPEIIO ISKTPHYHOTo cTpymy [3].

Binpuricte KOpUCTyBa4iB HE PO3yMi€ MPUHIMIOBOI Pi3HHUII MK pOOOTOIO rajbBa-
HIYHOTO eJIeMEHTa il aKyMyJjsiTopa: MepIIMid OJHOPAa30BHH y BUKOPHCTaHHI, Apyruil —
Oararopa3oBuii, 34aTHUH HAKOMMYYBaTH E€HEPril0 LUKIIYHO, BUKOPHCTOBYE O0OPOTHY
eJIEKTPOXiMiuHy peakuito. ToMy, Ha Hally TyMKY, Ha MDKITPEAMETHIH OCHOBI 3 (hi3UKOIO
HEOOXIZHO MOSCHIOBATH MUTAHHS, IO TIOB’S3aHi 31 B3a€EMHUMH IEPETBOPCHHAMH
XIMIYHOT Ta eJTeKTPUIHOI (POpM CHEepTii.

VY OUIBIIOCTI MIKIMBHUX MiIPYYHHKIB 3 XiMii Il MTUTaHHS BHCBITICHO HEIOCTaTHHO
a0o0 B3arajii He BHCBITJICHO. Y minpy4HHKax [4, 5] KOPOTKO ONMHCaHO MPUHIMII POOOTH
OaTapeiiku, 3rajaHo Tpo TabBaHIYHI €IEMEHTH, OJHAK HeMa€e KOMHOI iHpopMarltii mpo
BIUIMB BiJIpaIibOBaHUX JDKEpEN CTPyMy, Ha IOBKUIISA, HE 3pOOJIEHO HArojoc Ha Bax-
JIMBOCTI TXHBOT yTHIIi3allii, [0 TAaKOXK Ma€ BEJIMKE 3HAYCHHsI JJISI €KOJOTIYHOTO BHXO-
BaHHS YYHIB.

Mu BBa)XaeMo, II0 OKpEMi MUTAHHS €JICKTPOXiMii y IMIKITBHOMY KypCi MOXHA Po3-
IJISLIATH T1iJ] 9ac BUKOHAHHS MDKIPEJIMETHUX HaBUAJIBHHMX NpoekTiB. Hanpukiaa, Hero-
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raHOI0 UIIOCTpalielo poOOTH TallbBaHIYHUX EJIEMEHTIB OysAe IXHE BHIOTOBJIECHHS B
JIOMAITHIX YMOBaX 3 OBOYIB (KapTOILIi, OTipKiB, muOyIi) Ta (PyKTiB (JINMOHIB, SONYK,
ameNbCUHIB), MITHOTO APOTY (MOHETH) i 3aJli3HOTO IBAXa. Takuil eKCIepruMeHTaTbEHIHA
MPOEKT 3aBXKIM MOXKHA BUKOHATHU i HArJsA0M OaThKiB, BiH € JOCTaTHHO OC3MEYHUM,
He 3aiimae OaraTo "acy, Hegoporuil. Lle cripusatnme moranOIeHHIO 3HaHb YUHIB, popMy-
BaHHIO KJIFOYOBHX KOMIIETEHTHOCTEH Ta Mi3HaBAJIBHOTO 1IHTEPECY A0 BUBUEHHS XiMil.

1. Xiwmisg. 7-9 kmacu: mporpama jisi 3aralbHOOCBITHIX HaBYQJIbHHX 3aK/IaiB (OHOBJICHA), 3aTBEP/I-
xeHa HakazoM MOH VYkpaiuu Big 07.06.2017 Ne 804.

2. @izuka. 7-9 xiacu: mporpama JUisl 3aralbHOOCBITHIX HaBYAJbHIX 3aKJIa/iB (OHOBJIEHA), 3aTBEPAb-
xeHa HakazoM MOH Ykpainu Bix 07.06.2017 Ne 804.

3. Xiwmis. 10-11 kmacu: piBeHb craHmapty. HaBuaneHa mporpama Iuist 3aKiajiiB 3araibHOi cepe-
HB0i ocBiTH. (Haka3 MOH Ykpaiau Ne 1407 Bix 23.10.2017 p.).

4. Tpueoposuu O. B. Ximis: minpyd. Jast 9 KIJI. 3araibHOOCBIT. HaBY. 3aKi. — XapkiB: PaHOK,
2017.-256c.

5. IHonenv I1. I1., Kpuxna JI. C. Ximist: niapyd. ais 9 KJI. 3arajibHOOCBIT. HaBd. 3aKil.. — KHiB:
Axkanemis, 2017. — 240 c.
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SOME ASPECTS OF THE STUDY ELECTROCHEMISTRY
IN THE SCHOOL COURSE OF CHEMISTRY
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Some aspects of the study of electrochemical processes in the course of chemistry of high school are
described. The programs of school courses of chemistry and physics are analyzed.

The principles of the operation of galvanic elements and accumulators can be presented during realization
of interdisciplinary educational projects.

Key words: electrochemistry, school courses of chemistry
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Oco0nrBOCTI TIPOIIecy MOPCHKOI KOPO3ii MOJATAIOTh Y BUCOKIM arpecHBHOCTI cepe-
JIOBHIIA: K CaMOi BOIH, TaK 1 HABKONMIIHBOI atMoctepn. Ckirag MOpChKOI BOAM iHOMI
MOJKe 3irpaTH JOCUTH BEIHKY POJIb B PO3BHUTKY Kopo3ii. Hanpukian, mpucyTHICT y Boai
CIPKOBOZIHIO TIOJIETIIYE TIepeOdir sIKk KaTOJHOTo, Tak 1 aHOJHOTo mpoleciB Kopo3sii. Ha
MOBEPXHI METay YTBOPIOIOTHCS BaXKKOPO3UMHHI CyJIb(]iH, KPiM TOTO Hae MiAKUCICHHS
cepenoBuiia. lonn xiopy, Opomy, foay HaBiTh MpU AyXe MaJOMy iX BMICTi TeX HpH-
CKOPIOIOTH TIPOIIEC MOPCHKOI KOpo3ii MeTaiiB. Pyx BogHHMX Mac BIUIMBA€E Ha LIBHIKICTH
mudysii kucHo. [Ipu iHTEHCHBHOMY INepeMilllyBaHHI BOJM HPOLEC MPOXOIUTH Iepe-
Ba)KHO 3 KIHETHYHUM KOHTPOJIEM, a MPHU HEpyXoMil Boxi — 3 qudysiitaum. lyxe gacto B
MOPCBKHX YMOBAaX MOCHIIIOETHCSI KOHTAKTHA KOPO3is METalliB, 10 3yMOBJIEHO BHCOKOIO
€JIEKTPOIIPOBIAHICTIO MOPChKOi Boam. Jlyxke OaraTto MeTaliB, 3HAXOASYNCh B MOPCHKIH
BOJIi, CTalOTh KaTOJaMH TI0 BiJHOIICHHIO 0 cTaii. Mopcbka KOpo3is ToOIu3y BaTepIiHii
3aB)KAM HOCUTH MTOCWICHUH xapakrep [1-3].

OmHUM 3 METOJIIB 3aXUCTY KOPO31HHO-HECTIMKUX METaJliB (BYTJICNEBl CTajl) € HaHe-
CeHHS Ha 1X MOBEPXHIO IIapy iHIIOT0 METally, IO BOJIOJi€ MEHIIOIO IIBUAKICTIO KOPO3ii
B JJAHOMY CEpeIOBHIII (XpOMyBaHHs a00 HIKEITIOBaHHS), a00 3yMOBIIOE€ IPOTEKTOPHUI
3aXHUCT MeTaly (IMHKYBAaHHS).

JInsi BCTaHOBJIGHHS MOMJIMBOCTI 3aXHCTy CTajicil BiJl CipKOBOJHEBOI KOpO3ii Ta
KOpO31HHOT0 PO3TPiCKyBaHHS JOCIIIXKEHO [IMHKOBI MOKPUTTSI HaHECEHE 3 PO3ILIABY.

Mera poOOTH — IOCITIKEHHST KOPO3iHHO-ENIEKTPOXIMIYHUX BIACTUBOCTEH IMHKO-
BOTO TIOKPUTTS, JJISi MOKJIMBOTO 3aXKCTY Bijl CIPKOBOIHEBOT KOPO3il

Marepiaam Ta METOOIUKH A0CTizKeHb. JlOCIIIKYBaIN IIMHKOBE MOKPUTTS, HaHE-
CeHe LUIIXOM 3aHypeHHs 3paskiB 3i crami 20 B po3IuiaB HMHKY 3a Temmeparypu 590°C.
Tomaa nokputTs — 100 MKM.

JlocnimKeHHs TPOBOAMIN Yy MOAENbHII Mopcebkiit Boai (MBB) 3%-uit pozunH Mop-
cekoi cori: (NaCl < 86,5%; Ca > < 1,5%; Mg *" < 2,0%; HeposduuHi y BOAi pedoBHHH <
3,0%), 6e3 CIpKOBOIHIO Ta 3 Pi3HUM Horo BMIicTOM : 15 mr/a; 75 mr/a; 150 mr/i; 2,8r/m.

EnexkTpoxiMiuHi JOCIIIKESHHsI BUKOHAHI 3@ 3arajbHOMPUHHATHMA METOAUKAMU 3 BH-
kopuctanHsaMm noteHuiocrary [1M-2MK-10A. EnexktponoM MOpiBHSHHS CIy)KHUB HacH-
YEeHUH XJIOPHUICPIOHUIT eNeKTpoA, a JONOMDKHMM — IUIaTHHOBUIL apit. [lomspuzaniiini
KPHBI 3HIMAJIH 13 IIBUAKICTIO PO3ropTKH norenuiany 1,0 mB/c.

PesyabTaTn gocaimkens Ta ix odropopeHHsi. ®opma nosspu3aniiHUX aHOIHUX
KPUBHUX Y MOPCBHKiH BOMI 3 CipKkOBOJHEM Ta 0e3 Hboro (puc. 2, a, kpusi 1’—6’) mpak-
TUYHO OJJHAKOBA, III0 BKAa3y€ Ha HEICTOTHHUH BIUIMB CIPKOBOJIHIO Ha aHOAHI npouecu. Ot-
K€ IIMHKY Ccynb(il He MACUBYE MOBEXHIO IIMHKY B IIMX po3uMHAaX. BiH MoXe yTBOpIOBa-
THCH Y TIPHETICKTPOTHOMY IIapi, ab0 Ha TMOBEPXHi eJIeKTpoja aje BHACIIZOK HEUIib-
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HOCTI Ta moraHoi ajresii 3 METaJoM Ha aHOJHIM KpHBIiH Il HE BioOpakaeThCcs. YTBO-
peHHS cynb(diny IUHKY CIIOCTEPIraeThCs Bi3yalbHO 1 BiH JIETKO MEXaHIYHO 3HIMAEThCA 3
noBepxHi. ITporec, mepeBaxHO, MPOXOAUTH 3a peakuiero Zn°™ + H,S = ZnS + 2H",
OckinbkH 3a pH 4 Bech CipKOBOJEHB 3HAXOANTHCS NMEPEBAKHO Y MOJICKYJIIPHOMY CTaHi.
Ockinpku ZnS Ta Zn(OH), Bi3yaidpHO MPAKTHYHO HE BiIPi3HAIOTHCS, BUCHOBOK IIPO T€,
mo 3a pH 4 y MopceKili BOAi, HACHYEHIH CiIpKOBOIHEM, YTBOPIOETHCS CaMe IIMHKY CYJIb-
¢bix 3pobsieHo Ha ocHOBI miarpamu Ilyp6e [4]. 3rimHo 3 Hero B Mexxax pH 2...5,5 y pos-
YMHI MOXXYTh 3HAXOIAWTUCh 10HU IHMHKY, a 32 pH > 5,5 Mmoxke yrBoproBatuchk Zn(OH)j,.
OTxe, 3a pH 4 cTiiikuM € nume ZnS, sKuii € MpoayKTOM KOpO3ii.

OTXe HIBHAKICTH KOpO3ii Y MOPCHKii BOJI HAaCHYEHIN CipkoBOJHEM Ta 0e3 HBOTrO
BU3HAYAETHCS MPUPOJIOIO Ta IIBUAKOCTSIMH KaTOJAHUX MPOIIECIB, AKi 3anexats Bij pH ce-
penoBuina (KOHIEHTpaLii CIPKOBOIHIO) Ta HAsABHICTIO abO BiJCYTHICTIO PO3YMHEHOTO
KHCHIO.

im.,..sl.-\,fl:sl2
00074 |\
0,005
0,003
1 1 |H;S], mrin
-0.4 T T T T T 0,001 T T T T T T T
0,001 0,01 0,1 1 10 0 1000 2000 3000

i,mA/em’

Puc. 1. ITonsipu3aniiiHi KpUBi rapsgoro UHKOBOTO MOKPUTTSI Y MOPCHKii BOAI ieaepoBaHiii aproHOM
(1 1”) mpupoxmno aeposaHiii (2 2”); 1 MOPCBKil BOJI 3 CipKOBOJHEM KOHIEHTpauiero (Mr/n): 15 (3 3%);
75 (4 4°); 150 (5, 5%); 2,8 /1 (6, 6°) (@) Ta KpuBa 3MiHH IIBUIKOCTI KOPO3ii 3aJICKHO Bif
KOHILICHTpaIlii CipKOBOJHIO (6)

Fig. 1. Polarization curves of hot zinc coating in sea water deaerated with argon (1, 1) naturally
aerated (2 2”); and seawater with hydrogen sulfide at concentration (mg/1): 15 (3 3°); 75 (4 4°); 150
(5,5%);2,8 g/l (6, 6) (a) and the curve of changing rate of corrosion depending on the
concentration of hydrogen sulfide (b)

Lle miaTBepAKYIOTh AOCIIUKEHHS Y MOPCHKIH BOJI, HACHUYEHIH aproHOM. 3a BiJCYT-
HOCTI KHCHIO CYTTEBO 3HMKYEThCS MIBUIKICTH KaTOTHOTO Tporecy (puc. 2, a, kpua 1) i
MIBUIKICTE Kopo3ii cranoButb ~0,0020 MA/cM?. 1IBHAKICTE aHOTHHX MPOIIECiB TIpHU
IbOMY NPAKTUYHO HE 3MIHIOIOTHCS, IO MIATBEPIUKYE MONIEPEIHIH BUCHOBOK.

EnextpoxiMidHi TOCTiKEHHS B MOPCBHKiH BOJII 3 PI3HIM BMiCTOM CipKOBOJHIO TTOKa-
3aJIH IO 32 He3HAYHOI KOHIIEHTpAIii CipkoBOAHIO (15 MI/) y MOPCHKIii BOZI IIBUAKICTH
Kopo3ii 3pocTae maibke y 4 pasu (puc. 2, 6). Lle 3ymoBieno 3menmensasam pH po3unny
Bix 6,4 10 5,2 1 BIAMOBIAHO 3pOCTaHHAM KiJIbKOCTI JICMOJsipu3aTopa 3a paxyHok H,S.

[Monanbme 30iNbIIEHHS KOHLEHTPAL] CIPKOBOJIHIO CYNPOBOKYETHCS 3MEHIIICHHIM
pH po3unHy, npu HOMY 3MEHIIYETHCS 1 MBUIKICTh KOPO3ii IMHKOBOTO MOKpUTTA. Lle
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MOX€ OYTH 3yMOBJIEHO 3pPOCTaHHSM KIUJIBKOCTI ZnS B INPUENICKTPOJHOMY ILapi, SIKHA
OJIOKYIOUH ITOBEPXHIO, 3MEHIITY€ IIBUIKICTh BOJHEBOI AETIOISpH3aLlii.

BucHosku

1. HasBHICTb CIpKOBOAHIO Y MOpPCBHKil BOIi NPakTHYHO HE BIUIMBAE HA XapakTep
AQHOJHHX TIPOIIECIB i CYTTEBO 3MiHIOE €(PEKTHBHICTh KaTOJHUX, SIKi i BU3HAYAIOTh IIIBH]-
KiCTh KOpO3ii.

2. I3 3pocTaHHsIM KOHLEHTpALil CIPKOBOJAHIO MIBUAKICTH KOPO3ii 3MEHIIYETHCS, L0
MOXe OYTH 3yMOBJIEHO 3pPOCTaHHSIM KUIBKOCTI ZnS B MPUENIEKTPOJHOMY ILapi, SIKHA
0JIOKYIOUH MTOBEPXHIO, 3MEHIIY€ IBUIKICTh BOJHEBOT JACTOSpH3aLlii.

1. Bacunenxo U.U., Menexos P.K. Koppo3uonnoe pacrpeckuBanue craneil. — K.: Hayk. nymka,
1977.-271 c.

2. 3ammra OT KOPPO3HH, CTAPECHHsI U OMOMOBPEXACHUH MAIllKH, 000PYIOBaHUS U COOPYIKESHHH.
CnpaBouHUK B 2-X ToMax noA. pen. A.A. 'epacumenko. — M.: Mammnoctpoenue, 1987,—688 c.

3. Mopckas kopposus. Cnpasounuk noa. pea. JI.JI. Ulpaiiepa M,: Metamtyprus, 1981. — 632c.

4. CnpaBounuk xumuka: / [ pea. Hukonsckwmii b. I1.] — M.: Xumus, 1965, T 3. — 1004 c.

Mpyroslav Khoma, Bogdan Datsko, Vasyl Ivashkiv

INFLUENCE OF HYDROGEN SULFIDE CONCENTRATION ON THE CORROSION-
ELECTROCHEMICAL PROPERTIES COATING OF ZINC BASIS

Karpenko Physico-Mechanical Institute of the NAS of Ukraine,
Naukova Str., 5, 79060 Lviv, Ukraine, e-mail: vasyl-1@ukr.net

The corrosion-electrochemical properties of zinc coatings deposited from the melt in natural aeration and
deaerated argon in sea water, as well as in seawater with different concentrations of hydrogen sulfide were
studied. It is shown that the rate of corrosion of the investigated coating is determined by the speed of cathode
processes. Also, the rate of corrosion depends on the concentration of hydrogen sulfide and decreases with its
growth.

Key words: corrosion-electrochemical properties, zinc coatings, hydrogen sulfide, rate of corrosion
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COULOMETRIC DETERMINATION OF L-CYSTINE BY OXIDATION
REACTION WITH ELECTROGENERATED CHLORINE
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’Kharkiv State University of Food Technology and Trade,
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L-Cystine is one of the well-known substitutable alpha-amino acids, a stable (oxidi-
zed) form of the amino acid of cysteine. The amino acids of L-Cystine and L-Cysteine
are involved in the formation of peptides (insulin and immunoglobulins) and proteins in
the formation of their structure. The body easily converts them into one another, in the
metabolism they are equivalent. Most of these two amino acids are contained in the
proteins of the human and animal's covering tissues: hair (up to 14%), horns (up to 7%),
and skin. L-Cystine provides elasticity of keratin. Therefore, this substance is included in
the vitamin complexes to improve the appearance (skin and hair), biologically active
additives and shampoos. But this is not the only application of cystine. The spectrum of
drugs is wide and encompasses not only illnesses associated with worsening of the skin,
but also cases of intoxication with heavy metals (due to the ability to form complexes
with metal ions, L-Cystine and Cysteine, were effective in poisoning with copper and
other metal salts, and therefore help to deduce them from an organism). As a food addi-
tive (E921) for the improvement of flour products, sodium and potassium salts of L-cys-
tine are used. A drug with the same name L-Cystine exhibits antioxidant; hepatoprotec-
tive; detoxification immunomodulatory wound healing; mucolytic and expectorant ac-
tions. Often, cystine is used to treat diabetes, Alzheimer's disease, bronchitis and protein
deficiency. This substance is involved in the metabolism and helps with violations of
connective tissues; it is also prescribed during the period of rehabilitation after opera-
tions and in diseases of the joints. The drug has two forms of release: capsules and am-
poules. L-Cystine is also part of other combined medications. Thus, one hypoxic tablet
of the drug "Eltacin" contains as active substances L-Cystine 70 mg, glycine 70 ml,
L-glutamic acid; Excipients: Methylcellulose 7.8 mg, Magnesium stearate 2.2 mg. A
mixture of these substitutable amino acids is metabolic regulators: increase the intra-
cellular concentration of glutathione and the activity of glutathione dependent enzymes,
normalize oxidation-reduction processes and utilization of oxygen in tissues, and there-
fore the drug exhibits antioxidant, antihypoxic, increasing the processes of ATP syn-
thesis, increases efficiency, etc. The European Pharmacopoeia 8.0 [1] for the quantitative
determination of L-Cystine recommends the method of inverse bromometry with visual
fixation of cl. T. However, the interaction with bromine runs long, the interaction time
should be no less than 10 minutes, and there is also a very large spread of the values
obtained. The need for prior standardization of titrant (sodium thiosulfate) leads to an
additional increase in analysis time. In addition, the sensitivity of the recommended
method is limited by a relatively high concentration of titrant (0.05 mol/L). Therefore, a
decision was taken to determine the L-Cystine by electrically generated free chlorine
used the procedure described in [2].
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It was established that L-Cystine interacts with electrically generated Chlorine rapid-
ly and in a ratio of 1 to 5. L-Cystine spend 10 electrons during oxidation. The prelimi-
nary results of the measurements show that optimum determination conditions are the
following: 2 mol/L NaCl in 0.5 mol/L sulfate acid solution. The results obtained are in
agreement with the literature data [3]. The electrogeneration of chlorine was performed
on a platinum electrode under a constant current of 2.5 mA. The end-point of titration
was established potentiometrically with platinum and silver chloride electrodes [2]. The
coefficients of the regression equation, evaluation of precision and accuracy, LOD and
LOQ of the proposed method are given in the Tables 1-3. The proposed method was
applied for the analysis of of L-Cystine in tablets "Eltacin" (Table 4).

Table 1. Regression output (Y=a + b-X)
Ta6muus 1. Koediuientu piBHsHHS perpecii Y=a + b-X

Parameter Data
Range, pg/g 0,8-87,9
Regression equation: Y=a+bX
Slope, b- 0,0402
Intercept, a 0,0005
Regression coefficient, r 0,999
Standard deviation of the analytical signal, Sa 0,0031
LOD, pgl/g 0,25
LOQ, nglg 0,76

Table 2. Results of analysis of model solutions of L-Cystine (n =4, P = (0.95)
Taomuus 2. Pesynbraty aHanizy MogenbHux po3uuniB L-Iuctuny (n =4, P = 0.95)

Amount taken, pg/g Amount found, x+t,'S, ng/g Recovery£RSD, % 0, %
1,99 2,01+0,08 101,0+1,25 +1,00
15,9 16,0+0,8 100,4+1,57 +0,63
59,2 59,7+0,6 100,9+0,32 +0,84
65,9 65,5+0,6 99,5+0,29 -0,61
87,9 87,2+0,7 99,2+0,25 -0,80
Table 3. Evaluation of systematic error by the method of "additives"
Taommus 3. OLiHIOBaHHS CHCTEMATHYHOI IIOXUOKH METOIOM «I00aBOK»
Amount Amount Calculated Total
founded L- amount Recovery
L. added L- amount L- 0, %
Cystine in Cvstine Cvstine found L- +RSD, %
Eltacine, ng y ' M8 y ' HE Cystine, pug
165,1 46,2 211,3 209,7
99,2 46,6 145,8 145,8 99,8740,51 | - 0,13%
333 47,9 81,2 81,4
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Table 4. Results of analysis of L-Cystine in tablets "Eltacin" by the proposed method
(n=4,P=0.95)
Ta6mauus 4. Pesynpraty KijbpkicHoro Bu3HaueHHs L-I{uctuny B mirysnkax «Entamuny
3anpornoHoBaHuM metoaoM (n =4, P =0.95)

Labelled amount, mg | Permissible interval, mg | Amount found, mg | Recovery = RSD, %
70,0 64,7-75,3 71,2+0,4 101,7+0,35

Thus, the method of quantitative determination of L-Cystine in a substance and tab-
lets "Eltacin" is proposed with the help of coulometric titration, which allows obtaining
accurate results with RSD < 1.6%.

1. Counsil of Europe, EDQM. European Pharmacopoeia 8.0. —Strasbourg: Council of Europe,
2013.—-3655 p.

2. Gubsky S. , Nikitin 1., Eviash V., Nemirich O. lodine content determination in dried talli of
laminaria by galvanostatic coulometry // Ukrainian Food Journal. — 2015.— Vol. 4, Is. 2. — P.
320-327.

3. Ciesielski W., Skowron M. Coulometric Titration of Disulfides with Electrogenerated Chlorine.
// Chem. Anal. —2005.— Vol. 50. — P. 47-53.
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KYJOHOMETPUYHE BU3HAYEHHS L-IIUCTUHY 3A PEAKII€IO OKUCHEHHSA
EJIEKTPOTEHEPOBAHUM XJIOPOM
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Hayionanenuii hapmayesmuynuil ynisepcumem, xageopa Qisuunoi ma KonoioHoi ximii,
8yn. Banenmuniscoxa, 4, 61168 Xapxis, Ykpaina, e-mail: blayejowski@ukr.net
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Xapkiecokuil Oepaicagnuil ynigepcumen Xapyuysanis ma mopeieii, kageopa ximii, mikpobionoeii ma
eizienu xapyysanns, eyi. Knouxiscoxa, 333, 61051 Xapxis, Ykpaina

3anporoHOBaHUI HOBHIT METO KIJIbKICHOrO BU3HAYCHHS BMICTY OCHOBHOI peuoBHHH y cyOcranuii L-Iuc-
THHY Ta npemnapati « Earaiuy, KOTpuil IpyHTYEThCs Ha KyJIOHOMETpHYHOMY THTpyBaHHi L-Llnctuny enexrpo-
TEHEPOBAHNM XJIOPOM Y KHCIIOMY cepenoBuiii. OnTuMi30BaHO yMOBH €JIEKTPOreHepaLlii THTpaHTa 3 MiHIMallb-
HOI MOXUOKOIO BU3HAYCHHS: (OHOBUH enekTpouiT - 0,5 Mosb/1 po3uuH cynb(aTHOI KHCIOTH Ta 2,0 MOJB/I
HaTpiil Xnopuny, cuity ctpymy 1=2-3 MA. 3ailicHeHa npoueaypa Bajijanii onpanboBaHOT METOJAUKH 32 TAKUMH
mapaMerpamu: poOOYMH [iala3oH 3 MEXaMH BH3HAYCHHs, IPABWIBHICTH Ta BiATBOPIOBAHICTH, MeEkKa
BUSIBJICHHSI Ta MEXa KUIbKICHOTO BH3Ha4eHHs1. [[0Kka3aHo, 110 3alpOIOHOBAaHa METO/IMKA JI03BOJISIE OTPUMYBATH
JIOCTaTHBO TOYHI (IIPaBUIIbHI Ta BIATBOPIOBaHI) pe3yibTaTd BU3HAueHHs BMicTy L-Iluctuny sk y cybcrammil
L-Iuctuny, Tak i y mirynkax «Exramuny, 3 RSD < 1.6%.

Kmiouosi cnosa: xynonomerpisi, L-Lluctun, xiop, Entanun
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In accordance with modern concepts of electrochemical kinetics, the mechanism of
electrode processes can be limited both by delayed stages of adsorption and (or) dis-
charge-ionization, and by slower stages of supply (removal) of ions to (from) the elec-
trode surface. In this paper, we present the derivation of equations describing the depen-
dence of the parameters of the adsorption impedance, when diffusion limitations are
absent (both at the stage of approach and the removal of ions to (from) the electrode
surface (Zy = 0).

For this we consider the following reaction scheme:

A wme— me® 47 ], > [A] > ke® 4], > 47 +ke, (1)

(x=0) (x=0)

where A ) and A( rfg) both the reduced and oxidized forms, the index x = 0 signifies
the ions in the inner Helmholtz plane, the index ads — signifies the ions in the adsorbed
state, [Aa s ]¢ — a reactive activated complex. For simplicity, we assume that the rate of

the discharge stages - ionization is high, and the adsorption-desorption processes are the
rate determining. In this case, as shown by Frumkin and Melik-Gaikazyan, the equation
[1] is valid:

Y, =—A0’Cy,, [(@® + A*) + jA*C,, o, (@ + A7), Q)
where Y, is adsorption admittance. It follows from (2) that the adsorption process is cha-

racterized by adsorption capacity Cj,-o).
According to the theory of similarity Z=Y . Then the adsorption impedance is:

1/ CypgyA=Jl@Cyy 3)

therefore, the adsorption resistance and the adsorption capacity are:
=1/ Cp A @)
Crtorn) = (aq /0I1), (8T1/GE), 5)

According to [1], A = const and has a negative value, and the value Ci(wm0) for a con-

stant E does not change.

However, both the Frumkin-Melik-Gaikazyan theory and the Armstrong theory, ba-
sed on the theory [1], do not allow us to find the dependence of the adsorption capacity
on the potential. Sotnikov and Esin derived the equation for the C; = f(E) dependence in
the case of the generalized Temkin's isotherm [2]. Therefore, it is the fundamental
interest to find the relationship between Re Z and —Im Z of the adsorption impedance Z
and the potential for systems with adsorption control.
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However, both the Frumkin-Melik-Gaikazyan theory and the Armstrong theory, ba-
sed on the theory [1], do not allow us to find the dependence of the adsorption capacity
on the potential. Sotnikov and Esin derived the equation for the C, = f(E) dependence in
the case of the generalized Temkin's isotherm. Therefore, it is the fundamental interest to
find the relationship between ReZ and —ImZ of the adsorption impedance Z and the
potential for systems with adsorption control.

Since the charge of the metal liner of the DES is written as equation

g=nFI1=nF(,, 6 —I1,}, Q)
and at the edges of the polarization curve for large cathode and anodic polarizations as:
dq/dll =(0q/ 0, ,), =nF 7
and
dq/dll =—(0q/0ll,,), =—-nF, 3
SO
Cioeoy = NFdI1/ dE . ®
According to [2]
C,=x(nF/s)d0/dE (10)

where @ — is the degree of filling of the surface, nF — the amount of electricity con-
sumed for the formation of 1 mole of adsorbate, s is the molar surface of the adsorbate.
In view of the fact that the total filling of the electrode surface

O=U g+l 3/ T, =TT, (11)
the differential of the total degree of filling is
d0=d(l 'y, + T, /T, =dl’'/ T (12)
then (11) can be written as
C,==x(nF /sl )dl'/dE (13)
and finally
C, =*nFdr' | dE . (14)

It is easy to see that equations (9) and (14) are equivalent. Therefore, it becomes obvious
that the theory of Sotnikov and Yesina operates with the adsorption capacity of Frumkin
— Melik-Gaikazyan.

Substituting (14) into (4) we have

R, =-1/A(xnFdl’/ dE (15)

The adsorption isotherms used in this work were taken from the Parsons table given
by Delahay in [3]. We have obtained for all these cases the analytical form of the
components of the adsorption impedance of the reduced potential.

Adsorption impedance for the Langmuir's isotherm

_RT 1 (1+exp(-I", / RT))exp(v) (a)+Ajj‘ (16)
n’F* A, [-1—exp(-I", / RT) +vexp(-I", /R

A
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Adsorption impedance for the Temkin's isotherm

ZA =_2 IZQTZ \/E e*O.SV a)+A] . (17)
n"F° AI', 10}

Adsorption impedance for the generalized Temkin's isotherm

, __RT_f (cn(0.5v) —1+ ch©.25f) o+ ja 18)
YT WFY AL, sh(0.251)ch(0.25f) w
Adsorption impedance for the Frumkin's isotherm
2
[2R7rw —2RIT, ln(ﬂ/l"w)—ﬂ In(g/T, )ZJ
___RT g g o+ A (19)
“TTFE AL, (2r,g + RTI(g/T,)) ==

Consequently, knowing the dependence of C, and R, on the polarizing potential, various
experimental data for V can be explained. It is shown that the /nC, / C i = AE) and
IgC, = f(E) dependences have linear sections with slopes of the inverse dependences
InR,/ R,"" = fE) and InR, = fE).

Conclusions: The mechanism of electrochemical Red-Ox reaction proceeding thro-
ugh two adsorbed states and an activated intermediate reaction complex with a limited
delayed adsorption stage is proposed. A theory has been constructed for the adsorption
mechanism of the reaction, which makes it possible to describe the dependence of the
real and imaginary components of the adsorption impedance on the polarizing potential
in the case of different types of adsorption isotherms. The existence of linear /nR, = f(E)
and InCy = f(E) dependences for the adsorption mechanism of electrode processes is
theoretically established.

1. ®pymxun A.H., Menux—Iaiixazan B.M. OnpeneneHue KUHETHKH aficOpOLUU OPraHUYECKUX
BEIECTB 10 M3MEPEHUSM E€MKOCTH M INPOBOAMMOCTH TPAHUIIBI JIEKTPOX — PacTBOpP Iepe-
menHbIM TOKOM //JIAH CCCP. 1951. —T. 77. — Ne 5. — C. 855 — 858.

2. Commuuxos HH., Ecun O.A., Cumxun H.M. 3aBUCEMOCTb aIcOpOIIMOHHO IICEBIOEMKOCTH OT
MOTEHIHAIA B ClIydae npuMeHuMocTy n3orepmbl Temkuna // JJAH CCCP. 1971. - B. 201. - C.
148 —151.

3. Henaxeii I1. ]IBOIHOI c10H 1 KMHETHKA JIEKTPOIHBIX IpoleccoB. — M.: Mup. — 1967. — 351 c.

Bonooumup /Incenani
IMNEJAHC YIIOBUIBHEHHS CTAIIA AJICOPBITI
61129 Xapkis, Yxpaina, e-mail: vvdgelali@gmail.com

3ampomnoHOBaHO MEXaHi3M eNeKTpoXiMiuHoi Red-Ox peakiii, o mpoTikae yepes ABa aAcopOOBaHUX CTaHA
i aKTHBOBAaHMI1 TIPOMDKHHI KOMIUIEKC 3 JIIMITYIOUOKO CIOBLIBHEHON ajicopOuiiiHoo craniero. ITobynoBana
Teopist IJ1si aACOPOLIHOr0 MexaHi3My peakuil, 10 A€ MOMIHMBICTH OIMHCATH 3aJIKHICTh PEATbHOI 1 ySIBHOT
KOMITOHEHT a/ICOPOLIHHOTO IMIIEIaHCy BiJ HOJISIPU3YOYOro MOTEHIIANy B pa3i Pi3HUX THIIIB i30T€pM aacopo-
nii. TeoperHyHO BCTaHOBIEHO icHyBaHHS JiHiitHuX n Ry = fIE) i In C4 = f(E) 3anexHocTei uist aacopOiii-
HOTO MEXaHi3My eJIEKTPOIHHUX MPOLIECiB.

Knouosi cnosa: enexTpoximisi, aacopOLiiiHMi iMIenaHc, i3oTepma aacopOuil, akTHBOBAHUH KOMILIEKC,
YHOBUIBHEHA CTais
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JTroomuna HUPKOBA

EJEKTPOXIMIUHI TA KOPO3IMHO-MEXAHIYHI BJIACTUBOCTI
TPYBHOI CTAJII PI3HOI KATEIOPIi MIITHOCTI

Incmumym enexmpossapiosanns imeni E.O. Ilamona, 6i00in «36apiosanis
Hagmozazonpogionux mpyoy, eyi. Kasumupa Manesuua, 11, 03150 Kuis, Yxpaina,
e-mail: Inyrkova@gmail.com.

Bukopucranns Tpy0 31 craini migBUIIEHOI MIITHOCTI B TemnepiliHiii yac HaOyBae Bce
O1IBIIOrO PO3MOBCIOJUKEHHS, SIK B BUOOYBHIH MPOMHUCIIOBOCTI, TaK 1 B Ta30 TPAHCIIOPT-
Hilf cuctemi. OfHaK, B yMOBaX KOMIUICKCHOTO IMPOTHKOPO3iHHOIO 3aXHCTY, 30Kpema
€JIEKTPOXIMIYHOTO, CIIOCTEPIraeThCs BTPaTa IUIACTUYHUX BIIACTHBOCTEH CTali THM OiJTb-
me, yuM OinpIna i MimHicTs [1-3].

ToMy MeTa poOoTH ToJsArana y IMOpPiBHAHHI JICKTPOXIMIYHHUX Ta KOpO3iifHO-Mexa-
HIYHAX BIIACTHBOCTEH CTaji Pi3HOTO PiBHS MIIHOCTI, 3 METOIO aHaNi3y MEPCICKTHB 3a-
CTOCYBAaHHSI BHCOKOMIIIHOI CTaJli I MAariCTpalbHUX TPyOOIPOBOAIB B YMOBAaX KOMII-
JIEKCHOT'O IIPOTHKOPO31HHOT0 3aXHUCTY.

JocaimkeHHsT IpOoBOIIUIN Ha 3pa3kax TpyOHoi craini Tamy X70 Ta X80, BUTOTOBIIE-
HUX 3 TpyO niamerpom 1420 MM 3 ToBIIMHOMW cTiHKK 15,7 mM. ['panunmi ix MiHOCTI A0-
piBaroBanu 640 MIla i 691 MIla, BignoBigHO. 3a XIMIYHHM CKJIQJIOM CTaJi BiJPi3HSIIUCS
HEe3HaYHO: MacoBa 4yacTKa ejeMeHTiB (%) mis cram X70 ta X80, BiAMOBIIHO, CTAHOBHIIA
—0,0810,06 C; 1,521 1,64 Mn; 0,036 V (s o6ox craneit); 0,039 1 0,040 Nb; 0,018 i
0,015 Ti; 0,05 1 0,07 Cu; 0,015 1 0,012 Mo; 0,03 Cr (s 060x craneit). JocmimkeHHs
MIPOBOAMIIN Y MOAENbHOMY TIpyHTOBoMY enektpornit (MI'E) ckmamy, r/m: 0,037KCI +
0,559 NaHCO; + 0,008CaCl, + 0,089 MgSO,, pH 8,2, enekrpomposigaicts 0,087
Cwm/cMm. CxunpHicts 10 KPH ominroBamm 3a koedimienToM K, KU OOYHCITIOBATN 3a

bopmyIoro
KT = (prﬂf-l - T3.m.)n/(‘[py17h - Tz.m.)p >

A€ Tpyim, Tsr. — YacC N0 PYHHYBaHHA 3pa3KiB i 4ac 10 3apOJKEHHS TPILMHM y TOAMHAX,
BiINOBiTHO. [HAEKCH 7 1 p BITHOCATHCA 10 TOBITPS Ta PO3YUHY [4].

[MopiBHiotoun MikpocTpykTypy crami X70 ta X80 MokHa BiAMITHTH, puC. 2, IO
MikpocTpykTypa cram X70 depuro-OeiiniTo-nepiiTaa, cran X80 — OeliHiTo-(epHuTHa.
MixkpocTpykTypa ctani X80 Oinbmr npibHO3epHICTA, MopiBHAHO 3 X70, (BeTmduHa 3epHa
nmopiBaIOE 9-11 1 10-12 HOMeEpaMm, BiAMIOBIAHO), Ma€ MEHIIYy CMYyTacTiCTh; OPi€HTYBaHHS
3epeH BIOHOCHO MPOKATy He criocTepiraerbes. 3epHa ¢epury B ctanmi X70 MaroTh modi-
eapudHy ab0 BUTATHYTY Y3IOBX IpoKaty ¢opmy, OeHHITO-TIepiiTHI 3epHa, B OCHOB-
HOMY, BUTATHYTI y370BX mpokary. s crami X80 3epHa ¢deputy i OEHHITY MarOTh, K
OJIU3BKY /10 MOJIEPUYHOI, TaK 1 HEeMPaBWIbHY HOPMY.

Kopoz3is crani 060X kareropiit MilIHOCTI, SIK BUIHO 3 TIOJIIPU3AIIMHUX KPUBHX, PHUC.
2, a, nepeObirae 3 Mudy3iiHIM KOHTpOJIeM; IIBHIKICTh KOpo3ii ctami X80 nemro Bwuiie
HiK X70, npo 1m0 cBi4aTh OLIBLI 3HaYeHHs rpaHUYHUX Mudy3iitHux cTpymis (0,02 i
0,03 A/Mz, BiJIMIOBIJTHO), i 3HAYCHHS MIBUIIKOCTI KOPO3ii, BU3HAYEHI METOJI0M MacOMETpii
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(0,0216 1 0,0227 mm/pik, Bigmo-
BimHO). OOIACTh aKTUBHOTO
AHOJHOTO PO3YMHEHHS CTaji
X70menme (6mm3pko 0,110 B)
Hix g X80 (0,170 B), puc.
2,a, U0 KOpENIoe 3 OUIBIIOI0
MIBUIKICTIO KOpo3il cram X80.
CrocTepexxyBaHa OinbIna
MIBUAKICTH KOpo3ii cram X80
MOXe OyTH 3yMOBJICHA HE3HAU-
HO MEHIIIMM BMICTOM THUTaHY i
MOJIiOIeHy TOpIBHSHO i3 BMic-
TOM [UX JICTYIOUNX CJICMCHTIB B

Puc. 1. Mikpoctpykrypa crani X70 (a) ta X80 (6), X500

. 1 X70.
Fig. 1. Microstructure of X70 (a) and X80 (b) steel, x500 cram
E, B : : [ K. E
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Puc. 2. INomapusaniitai kpusi TpyOHOi ctam X70 (1) ta X80 (2) y MI'E (@) Ta 3anexHicTh
koeimienty cxunpHocTi 10 KPH Bix norenniany (6)

Fig. 2. Polarization curves of pipe steel X70 (1) and X80 (2) in MSE (@) and dependence of
coefficient of inclination to SCC versus potential (b)

[Morenmian mowarky BuauteHHS BoaHko ctaimi X80 Omu3pko Ha 0,1 B meHme 3a
a0COJIFOTHUM 3HAYCHHSM, HiX Ha ctani X70, BigmosinHo, -0,85 B ta -0,95 B, puc. 2, a.
3MeHIIeHHS (32 a0CONIOTHUM 3HAYCHHSM) MOTCHIIAy BUAUICHHS BOIHIO MOXE
CTBOPIOBAaTH YMOBH JUIsI OiJIbIII iHTEHCHBHOTO HAaBOJHIOBaHHS cTaii X80 MOpIiBHIHO i3
X70 mpw iHIIMX OJHAKOBHUX YMOBAX i 9ac eKCIUTyaTarlii.

[NopiBHANBHI OOCTIMKEHHS CXWIBHOCTI TpyOHOI cram kareropii mimHocti X70 Ta
X80 mo KPH B ymoBax 3MIiHHOTO 3MOYyBaHHS 3a Pi3HHUX NOTEHIIATIB ITOKA3alH, IO
CXO0)KMMH pHCaMH B TX TOBEIIHIII [TPH 3MiHI MOTEHINiaMy BiJl HOTEHINATy KOpo3ii 10 Mak-
CHUMaJIBHOTO 3aXHCHOTO (32 aOCOJIIOTHMM 3HAUEHHsIM) € 3MiHA XapakTepy pyWHYBaHHs
BiJl B’SI3KOT0 IO KPUXKOT'O 3 B’SI3KUM jJ0s10MOM. OTHAK, YUCEbHI 3HAUCHHS KOCQII[IEHTY
cxuiabHOCTI 0 KPH mmst X80 3pocrarote Oinbin pisko, Hik it X70, puc. 2, 6, 31 3Mi-
IICHHSAM TOTEHIIIaNy, 0 BKa3ye Ha ii Outhiny cxmibHICTh 10 KPH 3a Takux camux ymoB.
SIx BUNIIMBaE 3 pe3yibTaTiB, i3 30UIBIICHHSM TI'PaHUIl MIITHOCTI Pi3HUIS Yy YyTIHBOCTI
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no KPH nounHae mposiBisiTHCS 32 MIHIMQIBHOTO 3aXHMCHOTO HOTEHIay Ta 3011bLIy-
€ThCS TIPU 3MIMICHH] TOTCHIIANY Y HeTaTUBHUH OiK, puc. 2, 6.

Takum gmHOM, 151 Onbmn MinHOT cTanmi X80 BiacTHBI HemIo OiNbIna MBHIKICTH CY-
LUTHHOT KOPO3ii 1 MMOJIETIIICHHsT BUAUICHHS BOJHIO MOPIBHSIHO i3 MEHII MIITHOKO CTaJUTIO
X70, mo Moxxe OyTH 00yMOBIIEHO MEHIIUM BMICTOM THUTaHY i MOJIONEHY B Hii MOpiB-
HSHO i3 BMICTOM ITHX JIETYIOUHX efleMeHTiB B ctani X70. B ymoBax mpukiageHoro Ha-
MPY>KEHHS Ta KaTOHOTO MOTEHIIANy MPU OJHAKOBIH KOMOiHaIii CTpec-KOpo3iiHUX YHH-
HUKIB cTaib X80 Ol CXUJIbHA 10 PO3BUTKY KPHUXKOTO pylHYBaHHs, Hix X70.

Hoasiku. ABTOp BUCIIOBIIOE MOJSKY criBpoOiTHHKaM Bimtiny Ne 28 «3BaproBaHHS HadTOra3onpoBiIHUX
TpyO» IHcTuTyTy enexrposBaproBanus im. €.0. ITatona HAH VYkpainu — 3aB. rp. Memsanuyky C.JL., M.H.C.
Ocamuyk C.O. 3a yuarh B IPOBEJICHHI JIOCII/UKEHb Ta 0OpOOJIEHHI pe3yJbTaTiB, MPOB. HAYK. CIIIBP., K.T.H.
PubakoBy A.O. — B 00rOBOpPEHHI OTPUMAHHX PE3yJIbTATIB.
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Lyudmila Nyrkova

ELECTROCHEMICAL AND CORROSION-MECHANICAL PROPERTIES OF PIPE STEEL
WITH DIFFERENT STRENGTH CATEGORY

Ye. O. Paton Electric-Welding Institute of the NAS of Ukraine, Department of Welding of gas- and oil pipes
11, Kazimir Malevich Str., 03150 Kyiv, Ukraine, e-mail: Inyrkova@gmail.com

According to results of corrosion and electrochemical studies, it was shown that more high-strength steel
X80 exhibits a slightly higher corrosion activity in the model soil electrolyte than X70 steel (corrosion rate
values equal to 0.0227 mm/year and 0.0216 mm/year, respectively). The relief of hydrogen reduction on that
steel is taking place (the potential of the initiation of hydrogen reduction is about -0.850 V for X80 and -0.950
V for X70), which is favorable to more intensive absorption of hydrogen compared with less strength steel
under other identical conditions during operation.

According to experimental results in conditions of slow rate deformation, it was established that pipe steel
of different strength category at the potential range approaching to maximum protective potential (in
magnitude value) under other identical combination of stress-corrosion factors, shows a different tendency to
SCC, which indicated by difference in time of crack development. Unique feature of destruction of high
strength steel type X80 in that potential range consists in significant decreasing of time development of the
crack due to destruction occurs almost at maximum stress.

Key words: high-strength steel grades, corrosion, polarization, stress corrosion cracking (SCC)
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Cepein JIEB’ATKIH

EJEKTPOXIMIYHHAW CUHTE3 CUJINIIUIAIB TAHTAJY 3
XJTOPUIHO-®TOPUIHUX PO3IIJIABIB

Incmumym 3azanvnoi ma neopeaniunoi ximii im. Bepnaocvkoeo Hayionanvroi Axademii Hayx
Yxpainu , npocn. Ilannaoina 32/34, 03680 Kuis, Ykpaina
e-mail: devyatkin@yahoo.com

Cunituou tanTany: Ta;Si (T,;=2613 K), Ta,Si (T,,,=2783 K), TasSi; (T,;=2833 K) i
TaSi, (Trmn.=2313K) BizHOCATHCS IO TYTOIUIaBKHX CHONYK. Cepen TyromIaBKuX CIOIYK
iX BHIiNsE BUCOKA XIMiYyHA CTIHKICTh NPU BHCOKHUX TeMIlEpaTypax, TOMY CHIIILHIH
3HAMIUIM [IMPOKE 3aCTOCYBaHHS SIK 3aXMCHI Marepiald B XIMiYHIH TPOMHCIOBOCTI.
3aBIsKM HAMIBIPOBITHUKOBUM BJIACTHBOCTSIM 1 TEPMIUHIA CTAOUTBHOCTI CHITIIUAIM
TaHTaIly € MEPCIEKTUBHUM MaTepiajioM JUis 3aMiHU KpeMHilo B Mikpocxemax [1].

Meroj; eneKTpOXiMIiYHOIO CHHTE3Y B pPO3IUIaBax Mae€ psja IepeBar HOPIBHSHO 3
iHITMMH MeTOJaMH CHHTE3Y, IO 3aCTOCOBYIOThCS: 1) Hmskua Temmepatypa (700°C) mo-
piBHAHO 3 MeTogamu mpaMoro cuuTesy (> 1200°C); 2) eKoHOMIUHICTB; 3) MOXKIHBICTH
oJlep>KaHHS MOPOIIKIB 1 IIOKPUTTIB.

Ha BigMiHy Bif mpoliecy CHHTE3y OOpHIIB, €NCKTPOXIMIYHAN CHHTE3 CHIIIHIIB TIe-
PEXiTHUX METaTiB HEIOCTATHRO MOCTIKeHHH. B poboti [2] emekTpoizoM GTOpHIHUX
po3miaBiB Oyiu OTpUMaHi MOKPUTTS CHTINUAIB TaHTamy. CKiIan ofep >KaHOro CHITIULY
TaHTay BapiroBaBcs Bif Ta,Si mo Ta;Si i He 3anexaB Bix ckimangy po3miaBy. MexaHism
mporiecy He OyJI0 BU3HAYCHO.

3aBaHHAM JIAaHOTO JIOCHI/PKEHHSI OYyJI0O BHBUEHHS MPOLECY ENIEKTPOXIMIYHOTO CHH-
Te3y CHIILMAIB TaHTAy 3 XJIOPHUIHO-(PTOPHIHHUX PO3IUIABIB i BU3HAYCHHS CKJIAJy MpO-
IYKTiB €JICKTPOIII3y.

EnexTpoxiMidHI eKCIIEpUMEHTH NPOBOAWIN B F€pPMETHYHINM KBAapLOBii KOMipIi B aT-
Mocepi aprony npu temueparypi 700°C. Bei coui, siki BUKOPHCTOBYBAIH JUTSl JOCII-
JKEeHb, OyJM Mapkd X.4. BonbTammepHi IOCHIKEHHS MPOBOIMIH B CKIOBYTIICLEBOMY
THIJI, SKUHA CIYTyBaB JIOMOMIDKHUM €JICKTPOoIoM. POGOYNM enekTpoaoM OYB CTPIIKEHB 3
ckoByTIeIo (S = 0.4-0.6 cM?), K KBa3ieNEeKTPO/ MOPIBHSIHHS TAKOX BHKOPHCTOBYBAIH
CKJIOBYTJIENb. BosbTammepHi IOCHiKeHHS TPOBOAMINCSA 3 BHKOPHCTAHHSAM ITOTEHLIIO-
crary Elektroflex EF453 (Yropumaa). SIk KaToau mpu eIeKTpOJIi3i BUKOPHCTOBYBAIH
HIKEJIeB] IUIACTHHM, aHOAOM 1 OJHOYACHO €MHICTIO I PO3IUIABY CIyTI'yBaB CKIIOBYTJIC-
ueBuid Turenab. KaTomHWil MPOAYKT aHai3yBald METOJaMHU eJIEKTPOHHOT MIKpOCKOIIii
(JEM-2100F SE, JEOL, SImowist) i pearrerodasoporo ananizy (JJPOH-3m).

TepMoanHaMIYHUI pO3paxyHOK IPOBOJMIM Ha MiJCTaBl JaHMX, HABEACHHUX B JIOBil-
HUKY [3]. Pesynbratn po3paxyHkiB 3BereHi B Ta0n. 1. Ha ix mizcrasi MoxHa 3poOuTH
BHUCHOBOK, L0 HAHOULIBII €NeKTPONO3UTHBHUM € MPOLEC ENEKTPOXIMIYHOTO CHHTE3Y
TaZSi.

EnexrpoximiuHy noBeminky Tantany B po3miai NaCl-KCI-K,TaF; npu Temmeparypi
973 K BUBYEHO B IIIOMY psifi poOiT [4—7] i IpeAcTaBICHO HACTYITHOK CXEMOIO:

Ta(V) + 5e — Ta(0). @)

Taomuus 1. Pe3ynbraté po3paxyHKiB TepMOIMHAMIYHUX XapaKTEepUCTHK peakuii mpu 973 K
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Table 1. Results of calculations of thermodynamic characteristics of reactions at 973 K

Ne Peaxyis ne AG / ke AE /B
1 2Ta,05=4Ta+50, 20 3214.549 -1.666
2 Si0, =Si + O, 4 729.931 -1.891
3 2Ta,0s5 + 2510, = 2Ta,Si + 70, 28 4417.704 -1.635
4 2Ta,0s + 8Si0, = 4TaSi, + 130, 52 8668.569 -1.727
5 10Ta,0;5 + 12Si0, = 4TasSi; + 370, 148 23434.499 -1.640

Koediuient augysii Ta (V) B posmnasi NaCl-KCl-K,TaF;, BusHauenuii B pobori [7],
ckmas (1.3+0.3)x107° cm* / c.

Enexrpoximiuny noBeainky kpemHito B posmiasi NaCl-KCI-K,SiFs npu Temnepa-
Typi 973 K BUBUEeHO B poboTax [8, 9]. [loka3zaHo, 10 10HKW BUILOTO CTYNEHS OKHCIEHHS
KPEMHIIO BiTHOBITIOIOTHCS JABOCTAINHO, 3 AUCIPONOPIMOHYBAHHIM MPOMIKHOI (hopMH
JIBOBAJICHTHOT'O KPEMHIIO:

Si(IV) + 2e — Si(II); ©)
Si(IT) —> Si + Si(IV); 3)
Si(IT) + 2e — Si(0). @)

Koediuient nudysii Si (IV) B posmnasi NaCl-KCI-K,SiFs, Bu3nadenuii B podori [11],
ckmaB (3.240.1)x10™ em? /c.

IMpu nonmaBanni B po3mwiaB NaCl-KCIl-K,TaF; ¢ropcunikaty kamito Ha BOJIBT-
aMIIepHUX KPUBUX peecTpyBanacsi HoBa xBwiis (puc. 1).I1pu criBBiIHOIIEHHI KOHIEPH-
tpamiii Ta i Si B posmiasi 2: 1, 1: 1 abo 1: 2 crocTtepiraBcst OMUH KaTOMHUH MK, STKUH
BiTHOCUTBCS JI0 BIJTHOBJICHHS CHITIIUIY TAHTATY:

2Ta(V)+ Si(IV)+ 14e <> Ta,Si. )
an - limA
Ta-5i' &0
40 -
20 A
i

500 S00 1000
-20 4

E/m'
40

Puc. 1. Ilukniuna Bonpramiepua 3anesxuicts B cucremi NaCl-KCl- K,TaF; (1.6x107 mons/em®) —
K,SiFg (1.2x10° mons/em®) 700°C, v=0.1 B/c, $=0.5 cm?

Fig. 1. Cyclic voltammetric dependence in the NaCl-KCI-K,TaF, system (1.6x10”° mol/cm®) —
K,SiFg (1.2x10™ mol/em®) 700°C, v=0.1 V/s, $=0.5 cm?
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Ha migcraBi TepMOAMHAMIYHUX PO3PaxyHKIB 1 BOJIBTaMIIEPHHUX JOCIIKEHb MOXKHA 3PO-
OWTH BHCHOBOK, IO HAHOUIBII €IEKTPONO3UTUBHUM mpouecoM B posmiasi NaCl-KCl-
K,SiF¢-K,TaF; € mpotiec cMHTE3y CHITIIUAIB TAHTAITy, OTKE, IPOBOIIIH €ICKTPOIIi3 Ja-
HOTO PO3IUIaBY B TalbBAHOCTATHYHOMY PEKHMi, MH MOXKEMO OZAEp>KaTh KaTOJHI Ocaan
CHITIIUIB TAaHTAJY - SK y BUTJIAI OPOIIKIB, TaK 1 TOKPUTTIB.

Enexrpomizom B posmiasi NaCl-KCl-K,SiF¢(2-5 mac.%)-K,TaF; (2-5 mac.%) npu
temmepatypi 973 K (winbHicTs ctpymy 0.1-0.2 A/cm?) Gyim OTpUMaHi KaTomHi ocamm y
BHTJISAZI ITOPOIIKiB, Ta HOKPUTTA Ha Hikemi (IIineHIicTh cTpymy 0.03-0.08 Alend).

Ha migcraBi npoBeIeHHX MOCTIIKCHh MOYXHA 3pOOMTH BHCHOBOK, IO €JICKTPOIII30M
posmmaBy NaCl-KCI-K,SiF¢-K,TaF,; npu Temmeparypi 700°C HesamexHO Bin ymoB
eNeKTPOi3y (UIUIBHICTh CTPYyMY, CKJIal CJICKTPOJITY) MOXXJIHMBE OTPUMAHHS TITBKH
Ta,Siy Burmsi MoKpUTTiB 200 NOPOLIKIB.
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The development of methods for effective destruction of herbicides using "green che-
mistry" technologies based on the synthesis of strong oxidants such as photochemical,
phototoxic and electrochemical are recognized to arose a considerable interest. The latter
methods are quite promising, since they do not require significant costs for their
implementation. It is known that the effectiveness of the electrooxidation of organic pol-
lutants depends, first of all, on the anode material, the electrolyte nature, as well as on
the structure and composition of the toxicant [1]. A notable advantage of PbO, compared
to other oxide systems is the possibility of engineering its bulk and surface properties,
during electro-synthesis in suitable media, in order to meet specific requirements in
terms of composition and physicochemical properties [1—3]. Typical disadvantages are
unsatisfactory mechanical properties and instability of certain functional properties un-
der prolonged or cyclic electrolysis. The latter prevents the development of new advan-
ced technologies of electrochemical energy conversion and electrolysis of aqueous so-
lutions using thick (several millimeters) oxide layers on metal, oxide or carbon-compo-
site polymer matrix.

Electrodeposition conditions are known to significantly affect both the physicoche-
mical properties and the electrocatalytic activity of the resulting deposits [1—3]. Despite
the several dopants, which our group used to investigate [1—3], one of the objects of our
work was to applicate a micromodified system with given electrocatalytic properties in
respect to the quantity of surface adsorbed oxygen species. Concerning the last point,
since the rate of generation of hydroxyl radicals on the Bi**/PbO,, is the highest, which
coincides with the data of kinetic studies of electrochemical oxidation of organic com-
pounds [1], herein, we report further important details on the regularities of degradation
of substituted phenoxyacetic acids on anodes involved.

Lead dioxide anodes were synthesized according to the method described elsewhere
[1-3] by electrochemical deposition of PbO, on a platinized titanium substrate. The
solution contained 0.1 M Pb (CH3S03), and 1 M CH;3;SO;H was used as based electrolyte.
Bi(NOs); was used as an additive to the methanesulfonate electrolyte [1].

The electrooxidation of organic compounds was carried out in thermostatically con-
trolled divided at j,= 50 mA cm™. The volume of anolyte was 160 cm’. Solution, con-
taining phosphate buffer (0.25 M Na,HPO, + 0.1 M KH,PO,) + 2x10™* M organic com-
pound, (pH=6.55) was used as electrolyte. Stainless steel was used as cathode. Lead dio-
xide elzectrodes modified by bismuth were used as anodes. Electrode surface arca was
2.5cm".



Cexyis 1. @ynoamenmanvHi npobiemu eneKmpoximii ma eneKmpoximiuna Kinemuxka 33

Table. The time of conversion of 0.1 mM solution of phenoxyacetic acid and its derivatives
to aliphatic acids
Taomuus. Yac kousepcii 0,1 MM po3unny (peHOKCHOITOBOT KUCIOTH Ta ii MOXiAHUX 10
amdaTAYHUX KUCIOT

Compound formula Abbreviation The conversion time at j;=50 mA cm’
PbO, PbO,—Bi
C¢HsOCH,COOH PAA 2.5 2.0
2,4-C1,CH;0OCH,COOH 2,4-D 3.0 2.0
4-Cl-2-CH;C¢H;0CH,COOH MCPA 3.0 2.0
2,4,5-C1;C¢H,0CH,COOH 2,4,5-T 4.0 2.5
2,4-Br,C¢H;0CH,COOH - 3.0 2.0
2,4,6-BT3C6H20CH2COOH - 4.0 2.5
4-BrCsH,OCH,COOH 4-BPA 2.0 1.5
4-NO,C¢H,OCH,COOH 4-NPA 4.0 3.0

Semi-quantitative measurements of the influence of the anodic material nature and
the organic pollutant on the conversion time of initial compounds into their aliphatic
derivatives were carried out. The results of investigations of electrochemical oxidation of
a number of phenoxyacetic acids on modified and nonmodified PbO, anodes with are
summarized in Table.

Spectral data indicate that a complete conversion of 2,4-D to aliphatic products oc-
curs on unmodified anodes in 3 hours. The use of bismuth-modified lead dioxide anode
leads to a reduction in the conversion time of the herbicide, which ends in 2 hours. The
initial solution of 2,4-D is characterized by absorption maxima at 230 and 280 nm. At
the beginning of electrolysis, we see a decrease in the absorbance at 230 nm, and the
formation of an intermediate oxidation product — benzoquinone, as evidenced by the
appearance of the plateau at 250-270 nm. Benzoquinone is the main intermediate com-
pound formed by the oxidation of phenoxyacetic acids, regardless of the nature of the
substituents in the aromatic nucleus, however the time required for its accumulation
depends on the anode material. Thus, in the case of oxidation on the PbO,-anode 2,4-D,
benzoquinone appears after 1.5 hours, and in the case of PbO,-Bi-anodes, after 0.5 hours.
Further oxidation of the herbicide leads to the disappearance of peaks at 230 and 280 nm
and the absence of absorption in the region of 250-270 nm, which indicates a complete
conversion of 2,4-D and aromatic products of its oxidation to aliphatic acids after 2—3
hours of electrolysis, respectively. Comparison of the data on oxidation of 2,4-D and
PAA proves that in both cases, benzoquinone is the main intermediate product, the
formation of which consumes most of the conversion time.

The conversion of the trihalogenosubstituted aryloxycarboxylic acids (2,4,5-T and
2,4,6-tribromophenoxyacetic acid) on PbO,-anodes ends in 4 hours, regardless of the
nature of the halogen and its location in the aromatic ring.

The degradation of MCPA on bismuth-doped anodes results in 2 hours, which we
observed in the case of 2,4-dichloro-and 2,4-dibromo-phenoxyacetic acids. As a result of
the ipso-substitution of the side chain in the MCPA, we recorded the formation of
4-chloro-o-cresol and glycolic acid, which coincides with the literature data [4]. Further
attack of the OH radical on the C4-position of 4-chloro-o-cresol leads to the formation of
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methylhydroquinone, which is rapidly oxidized to methyl-p-benzoquinone, as evidenced
by the appearance of a plateau at 260-280 nm on the UV spectra.

It is noteworthy that a quite rapid conversion in this case is accompanied by the
appearance of an intense brown coloration of the solution due to the formation of stable
intermediate products, but an increase in electrolysis time leads to the decoloration of the
solution. Maleic acid and stoichiometric NO;” were identified in the solution by high-
performance liquid chromatography. The main aromatic intermediate product, in this
case, was also 1,4-benzoquinone.
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JlocnipKeHo eNeKTpOXiMiuHEe OKHCJICHHS Pi3HO3aMIIEHHX (DEHOKCHOLTOBHX KHCJIOT Ha MiKpomoaudi-
KOBaHUX O0iCMyTOM NiOKCHIHOCBHHIEBHX aHOJaX. BCTaHOBIEHO, IO HOJSPHICTh 3aMICHUKIB y ()EHOKCH-
OLITOBUX KHCJIOTaX HE BIUIMBAE HAa S(QEKTHBHICTH NPOLECY TiJAPOKCHIIOBAHHS; €JIEKTPOHHO-AaKIENTOpHI 3a-
MICHUKH, SIK 1 JJOHOPU EJIEKTPOHIB CIPSIMOBYIOTh aTaKy TiJIPOKCWIBHHX PAJMKAJIiB B Iapa-MOJIOKEHHS.
OKHCHEHHSI BiIOyBa€ThCS 3TiHO 3 paJUKAIbHIM MEXaHi3MOM iNCO-3aMIl[eHHsI B apOMAaTHYHHX CIIONyKaX 3a
ataku OH-paaukainiB i poTikae yepe3 yTBOPEHHS BiANOBITHOIO (heHOITY, MOAANbIIE OKHCHEHHS IPHBOIHUTD J10
YTBOPEHHS BIANOBIAHUX OCH30XIHOHIB uepe3 TiJPOXIHOHHM, W0 OyJIO MiATBEPIXKEHO METOAOM BHCOKO
edexTuBHOI piquHHOI XpoMartorpadii. [Tomanbire TiAPOKCUIIOBAHHS APOMATHYHOTO KiJIBIS CYIPOBOMKY€ETHCS
HOro po3MIeIUIeHHM 1 yTBOPEHHAM aiaTHYHMX KapOOHOBHMX KHCIOT, sIKi JaJli MOBHICTIO MiHEpalli3yloThCs
a0 COz i Hzo

Kmiouosi  cnosa: TIOMOYM HIOKCHZA, METaHCYJIb(DOHATHUI ENEeKTPOJIT, MOrIHOICHe OKHUCHEHHS,
(heHOKCHTepOILMaN, OYNCTKA BOAU
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Ha cporonui, ¢apmaris, sk HEBiJ’€MHA YaCTHHA MEAMIMHH, IPOJOBKYE IHTEHCUBHO
PO3BHBATHUCS, 3’ IBISETHCS BCE OUTBIIE JIIKiB Ta MEAMYHIX MPENapaTiB, IO MICTAThH IPHU-
poxaHi 106aBKU 3 aMiHOKHCIOT. Cepexn BiTOMUX aMiHOKHCIIOT OCOOINBY yBary BUKJINKAE
apoMaTH4Ha anb(a-aMiHOKUCIIOTa - THPO3UH (0-aMiHO-PB-(TI-T1IpoKCH(EHIT) MPOTiOHOBA
kucnota. [1,2]. Tupo3uH € MUKIIIHOI0 aMiHOKHCIIOTOO, SIKa BITUBAE Ha (DYHKITIT IIATO-
BHJIHOT Ta HaTHUPKOBOI 3a7103. HemocTada THPO3WHY MPU3BOJIUTE A0 HU3BKOTO apTepi-
aJBPHOTO THUCKY, TEMIIEpaTypH TiJia, IOYYTTS TSHKKOCTI B M’si3aX, CIIPHUMHSE JCTPECIIO,
XPOHIUHY BTOMY. 3 1HIIOTO OOKY, HAIJIMINOK aMiHOKHCIIOT Ma€ TOKCHUYHY IO 1 3yMOB-
JIFOE BAIlHYBaHHsI CyJUH KpoBooOiry. ToMy Ba)XJIMBHM € MPOBEICHHS KUJIBKICHOTO BU3-
HAueHHsl aMIHOKHCIIOT, 30KpeMa, 3 BUKOPUCTAHHSM EJISKTPOXIMIYHUX METOJIB aHaji3y
[1-3]. dnst enexTpoXiMiYHOTO CEHCOpa THPO3MHY HEOOX1THO BUKOPUCTATH TaKy PEaKIIito,
ska O naBaya cTaOLIBHUM eJIEKTPOXIMIYHUI BiTYK, @ TAKOXK MOXIIUBICT KOHTPOJIIOBATH
KOHLICHTPALIO 1HIINM, HE3aJICKHUM METOIOM, 30KPEMa, CIIEKTPO(OTOMETPUIHO.

OKHCHO-BITHOBHI TIpoliecH, SKi MOB’si3aHi 3 MeTaboJi3MOM THPO3MHY B OpraHi3Mi
JIOMHM TIPOXOJATH B CIA0OKUCIOMY cepenoBuili. ToMy MeTor0 maHOi poOOTH cTayio
BOJIbTAMIIEPOMETPUYHE JOCII/DKEHHS TPOLECy OKHCHEHHSI THPO3WHY Ha IIATHHOBOMY
€JIEKTPOIi B KHCIIOMY CEpEIOBHIIII 3 BUKOPHUCTAHHAM areTaTHoro 0ydeproro Gony.

ExcriepuMeHTaIbHO BCTAHOBIIEHO, 10 THPO3UH MiJA€THCSI OKUCHEHHIO Ha MIIATHHO-
BOMY eJIeKTpo.li y po3unnax 3 pH Bix 1+2,5 Ha ¢oHni aneraTHOro 0ydepHoro po3unHy Ta
arieraTHoi kucinotd. Ha aHomHUX IisHKaX BojbTamieporpam, (puc. 1, a) Ha BiaAMiHY Bix
(hOHOBOT KPHBOT, CIIOCTEPIraloThCS YiTKO BUPAKEHUH MaKCUMYM CTPyMY B JiaIa3oHi mo-
tennianiB £ = 1,09 + 1,21 B (BinHocHo Ag/AgCl), BucoTa SIKUX JIIHIHHO 3aJIC)KUTH Bij
KOHLIEHTpALl Jiernosipu3aTopa B po3unHi (puc. 1, 6) mpy NpakTUYHO OJTHAKOBOMY 3Ha-
YeHHI nmoTeHniany HamiBxBwii (£, = 0,95 + 1,0 B). Taka 3anexHICTh Ja€ 3MOT'Y IPOBO-
IUTH KUTbKICHI BH3HAYCHHS THPO3UHY METOAAMHU BOJBTAMIIEPOMETPIl 3 JIHIHHOIO PO3-
TOPTKOIO ToTeHmiany. [IpucyTHIiCTh nemossipu3aTropa B AOCIIKYBaHOMY DPO3UMHI HE
BIUIMBA€E Ha MOTEHIIIa] pO3psiLy CepeaoBHIa, IO OyI0 XapaKTepHUM JUIsl IHIINX aMiHO-
kucior [3].

Ha nponiec oxrCHEHHS aMiHOKHCIIOT BIUIMBAE MIBUAKICTh HAKIAQAAHHS HOTEHIIATY (V)
Ha pobounii enexrpon. ITo mipi 3pocTaHHS L 3pOCTae HE JUIIE IHTEHCHBHICTH PO3PSIIY
aMIHOKHCJIOTH (3pOCTae CTPyM aHOIHHUX MIKiB, I,), a i BinOyBa€eThcsl 3MILICHHS MMOTEH-
LiasiB po3psay aenoiisipu3aropa B OiK MO3WTHBHUX 3Ha4YeHb. 3MiHA IIBUAKOCTI HaKJa-
nmaHHs nmoTeHniany B Mmexax 0,01— 0,2 B/c Bene 10 3pocTaHHs EPEHANIPYTH MPOIECY Ha
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Puc. 1. (a) BonbramnepHi KpiBi OKHCHEHHS THPO3UHY Ha (OHI aneraTHOro 0ydepHoro
po3uuny(pH=1,7, v = 0,05 B/c). 1.®on; 2. 0,005 M; 3.0,0075 M; 4. 0,01 M; 5. 0,02 M;
(6) 3anexKHICTH CTPYMY aHOTHOTO MAKCUMYMY BiJl KOHIICHTpALi] AETIONApHU3aTOpa B PO3UUHI
Fig. 1. (a) Voltammetric curves of tyrosine oxidation against the background of acetate
buffer solution (pH = 1.7, v =0.05 V / ¢). 1. Phon; 2. 0,005 M; 3. 0.0075 M; 4. 0.01 M; 5. 0,02 M;
(b) dependence of the anode peak current on the depolarizer concentration in solution

140 mB. Taka moBenmiHKa IemoIsIpU3aTOpa IOB’sS3aHA 13 3HAYHOIO HOTO aicopOyrodoro
3maTHiCTIO [2 ]. BigCyTHICTD KaTOMHUX MIKiB CTPYMY Ha IUKIIYHUX BOJIBTaMIIEpOTpaMax,
SIK 1 MEHIIIMK 32 OAWHMINIO AiarHocTHIHMA kputepiit Cemepano (X, = 0,5), po3paxoBa-
HUIA 3rifiHOo [4], BKa3y0Th Ha HEOOOPOTHICTh MPOLECY OKUCHEHHSI TUPO3UHY, OTXKE, MPO-
JIYKT peakiii eJeKTpOXiMIYHO HEaKTHBHHUI B [iarna3oHi MOTEHIIialiB 3BOPOTHOI poO3-
roptku [3].

[psiMoiHiiiHA 3aJIe)KHICTh TOTCHIIATY OKHCHEHHS BiJ Jorapudma MIBHIKOCTI PO3-
TOPTKHU CBIIYUTH NMPO YCKIAIHEHHS AaHOI TeTepOreHHOI peakiii aJcopOLiel0 THPO3HHY
[5]. Orxe, orpuMaHi 3aKOHOMIPHOCTI JO3BOJIIIOTH 3aCTOCYBaTH JUIS PO3PaXyHKY
KiIHeTHYHUX MapaMeTpiB MpoLeCy eNeKTPOOKUCHEHHS JICTIONIIprU3aTopa piBHAHHS HE000-
POTHHUX Ta KBa3i00OPOTHHUX €NEKTPOXIMITHUX MPOIIECIB.

Po3paxoBaHi Ha mifcTaBi aHaxi3y BONBTAMIICPOMETHYHHUX KPUBUX €(EKTHBHA KOHC-
TaHTa WIBUIKOCTI IE€TEPOTEHHOr0 NepeHeceH s 3apsany k, = (1,68+0,12)-107 cm-c” xa-
pakTepHa IS HEOOOPOTHHX 1 KBa3i0OOPOTHHX MPOIECiB,a BH3HAYCHUH 32 PiBHIHHSIM
Penpnca-llleBunka mns HeoOOpOTHHX peakmii [5] kxoedimienT mngysii CTaHOBUTH
D=(4,4iO,2)-10'8 CMZ/C, o 100pe y3rOMKyeThCs i3 3HAYCHHSMH, HABEICHUMH B JIiTe-
partypi [uis IHIIMX aMIHOKHCIOT [6].

Po3paxoBana 3a HamiBiorapupMiuHO 3aiexkHIcTIO In [, — 1/T ysiBHa eHepris akTH-
Ballii eJIeKTPOOKUCHEHHS TUPO3HHY CTaHOBUTH AE,= 39,49 + 0,2 xJ[»/MoIb, 0 MeHIIIe

TIOPIBHSHO 3 CHEPTi€l0 aKTHBAIii XiMIYHHX IPOIECIB 1 MOXKe BKa3yBaTH Ha CYTTEBHH
BIUTMB JU(Y3iHHUX 0OMexeHb [7].

MakcuMyM CBITJIONOTTTUHAHHS AJIsl PO3YMHY TUPO3HMHY CIIOCTEPIraBCsl MPU TOBKHHI
xBwi A =260 uwm. Ilicns mpoBeneHHs NpenapaTHBHOTO €JIEKTPOJi3y ONTHYHA T'yCTHHA
PO34YHMHY 3MEHILYETHCS, NPH LILOMY IOJIOXKEHHS IMiKy MOTJIMHAHHS 3aJIMIIAETHCS CTa-
OinbHKMM. Taka 3aKOHOMIPHICTH 3MIHM ONTHYHOI TYCTHHH MOXE CBIUUTH, IO INPOIEC
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OKHMCHEHHS TUPO3HMHY HE CYNPOBOUKYEThCS pyHHYBaHHSAM OCH30JIBHOTO KiNbLS. 3TiIHO
MPOBEACHUX KBAHTOBO-XIMIYHHAX PO3PAXYHKIB Ta imeHTH(IKALIi MPOMYKTIB EIEKTPO-
OKHCHEHHS IICJIS TPEIIapaTHBHOTO ENEKTPOIIi3y MOYKHA IPHITYCTUTH, 110 OKHCHEHHS TH-
PO3HHY B KHCIIOMY CepelIoBHINI Ha (oHi areTaTHOTO O0y(hepHOTo po34rHY BiIOyBa€eThCI
SIK 32 YYaCTIO TIAPOKCHIIBHUX, TaK 1 MPOTOHOBAHUX aMiHOTPYII.
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The method of voltammetry with linear and cyclic scanning of potential has been used for investigation
of the process of oxidation of tyrosine in the back ground of acetate buffer solution in the range of pH 1+2,5
has been established that the electrooxidation process occurs in the potential region 1,09 + 1,21 V (versus
Ag/AgCl) while the height of the anode peak is linearly dependent on the concentration of tyrosine. From the
obtained regularities, the kinetic parameters of the electrooxidation of tyrosine in the acidic medium are
calculated and the activation energy of the process is determined. On the basis of electrochemical studies,
quantum-chemical calculations, and the identification of products of electrooxidation, a mechanism of the
oxidation of tyrosine on platinum in an acidic medium against the back ground of acetate buffer solution is
proposed.

Keywords: voltammetry, tyrosine, depolarizer, half-wave potential, adsorption
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[TpoananizoBaHo 3aKOHOMIPHOCTI H OCOOJMBOCTI €IEKTPOXIMIUHOI MOBEIIHKH PO3-
IUTABIICHUX CHCTEM 3 HOHHO-EIEKTPOHHOI0 MPOBIIHICTIO, SKHUMH € CyTb(QiIH METamiB.
BaxnnBoro XxapaKTepHCTHKOIO TaKOTO POy CUCTEM € HOHHA yacTka (V;) MpoBiHOCTI (0),
TOOTO

_9i_ L > (1)

o o,to,

Iie G;, G, — BIMOBIHO, HOHHA Ta €NEKTPOHHA CKJIAJOBi 3arajibHO1 MpoBimHOCTI. Yepes
HAsBHICTh HOHHOT CKJIAJI0BOT 3aJICXKHOCTI G BiJl TEMIIEpaTypu y KOOpAMHATaX AppeHiyca
BIIXUWJISIFOTHCS Bifl IPSIMOJTIHIAHUX.

Po3risiHyTO MeXxaHi3MU TPOLECIB y HAACIA0KUX EJICKTPUYHUX MOJISIX Ha MEXI po3-
ITy eICKTPOI—OHHO-CICKTPOHHUH MPOBiTHUK. BCTaHOBICHO, IO Yepe3 MOEIHAHHS B
OCTaHHBOMY PHC SIK €JIEKTPOJITY (HOHHA MPOBIIHICTE) Ta €IEKTPOAY (EIEKTPOHHA MPO-
BiJTHICTB) 3BHYHI CIICKTPOXIMIYHI METOIU JOCITIJKCHHS HE 3aBXIHW W Y HEMOBHIN Mipi
MOXYTh OYTH 3aCTOCOBaHi IS 3'ACYBaHHS IPOIIECIB, IO BiIOYBArOThCA 3 MOXIOHUMHU
CHUCTEMaMH SIK y TOCTIHHOMY, Tak i y 3MiHHOMY €JIeKTpUYHUX mojsix. IlokazaHo, mo
MOBE/IHKA TAKUX CHCTEM y CHIIBHOMY ¥ C1abKOMy TOJISIX € CYTTEBO BiIMIHHUMH OJHA
Bix ogHOI. Tak, AKIIO Mif i€I0 CTPYMY BETHUKOI CHIIHM BiIOYBAETHCS MPOIIEC EIEKTPOII3y
3 BUAUICHHAM MeTaily (Ha Katofi) abo cipku (Ha aHOAi), TO y clabKoMy IO CIoCTepi-
raeThCsl KOHLEHTPALIIHUI 3CYB 3 YTBOPEHHSM PO3YMHY METay y HOTo pO3ILIaBICHOMY
cynbdimi. TakuM YHHOM, YTBOPIOETHCS CBOEPIAHUN KOHIICHTPAI[IMHUN €ICMEHT amasib-
TaMHOTO THILY, 1[0 XapaKTePH3y€ETHCSI IEBHOIO HATIPYTOIO:

L RT ay, @
"zF ay

Ae v; — HOHHA YacTKa HPOBIIHOCTI, a) — AKTHBHICTb MeTaly y HOro PO3ILIABICHOMY

cynmbdifi, M0 BU3HAYAETHCSA TCPMIYHOIO MILHICTIO CYJIb(ioy METany y po3IIIaBICHOMY
CTaHi, TEMIIEPATyPOIO PO3IUIABY Ta NApLialbHAM THCKOM CIPKH; a ~— aKTHUBHICTH Me-

Taxy y HOro po34mHi-po3IUIaBi micis Aii cTpyMy, K mokazaHo paxime [1]. IIpu He3Hau-
HOMY dYaci Aii CTpyMy Ha po3IDIaB Cyibdiay, BMIMIEHHH y Kamiigp KOHICHTPALiHHIHA
3CyB JIOKali30BaHWU y TMpHUKaTomHii obmacti. [Ipote, 3 mumHOM Hacy mii cTpymMy Mae
BimOyBaTHCA "PO3MHUTTS" MEXi MK IPUKAaTOTHOIO OOJIACTIO Ta BUXITHUM PO3ILIABOM.
BcraHoBIeHO, 110 HAsBHICTD 3HAUHOI €IEKTPOHHOI CKIATOBOI (Gep, ~ Gj) Y PO3MIaBi
MPU3BOUTH JO MPAKTHYHO MOBHOT'O 3HUKHCHHS SBUINA €JICKTPOAHOI mosspu3aitii. [Ipu
3poctaHHi v; 10 90% ¥ BHIE €ICKTPOXIMiUHA MOBEIIHKA PO3IUIABY CTAE SKICHO MOJi0-
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HOIO JI0 3BUYHOI ISl COJIbOBUX po3IuIaBiB. [IpoTe XapakTepHOIO pHUCOIO € BUCOKHUH pi-
BCHB 3aJIMIIKOBUX CTPYMiB Ha MOJIIPU3ALIIHUX KPUBUX — K KATOJHHUX, TaK i aHOTHUX.

[oBepTarounch 10 €ACKTPOII3y PO3IUIABIB 3 HOHHO-ENEKTPOHHOIO TIPOBITHICTIO, CITiJT
3a3HAYMTH, IO BiH € MOXJIMBHUM 33 YMOB, IIIO0 BEJMYHMHA V; CATAE NOCTATHBO BHCOKHX
3HaueHb (moHag 50%). [Ipukaagom Takoro posmiasy € pinkuii Sb,S;, 3HaUEeHHS V; TKOTO
mo0NMH3y TeMIepaTypu TOIUIEHHS CTaHOBHUTH MoHA] 60%, criamaroud 3 IMigBUILECHHIM
temmnepatypu. [Ipu #ioro enekrposnisi Ha KaTol, SIK 3a3BUYald, BUIUISETHCS PO3ILIABIIC-
Huii Metai (Sb), a Ha aHoni — HemeTa (S) y ra3yBaToMy BHIIIsAL. [IpOMI>KHEMU ITPOIYyK-
TaMHM eNeKTpoi3y posiuiaBy Sb,S; e Hectiliki crionyku — SbS (Ha karoni) Ta Sb,Ss (Ha
aHOJI).

VY pob6ori [1] BUBeaeHO KiHETUYHE PIBHSHHS, LIO 3B'A3y€ 3MiHY BUXOIY 32 CTPYMOM
(1) 3 HOHHOIO YaCTKOIO MPOBIAHOCTI BUX1THOTO PO3TOITY Ta MTapaMeTpaMH CTPyMY:

o b
n=vta, 3)

Jo
Jle a — Tapamerp, IO TMOB'S3aHUH 13 PO3YMHHICTIO MeTany y posmiasi (Sb,S;) Ta ii
BIUIMBOM Ha HOHHY 4acTKy HpoBimHOCTI (3a3Buyaii a<(), b — mapaMeTpu KOMIpKH, j —
T'YCTHHA CTPYMY, T — 4ac. TaKuM YHHOM, 3 YaCOM BHXIJ 3a CTPyMOM Ma€ 3pocTatH (IIpo-
I[eC XapaKTepU3YEThCS TIEBHAM 1HAYKIIHHAM 1iepiooM). OCKIJIBKH 3 i IBUIICHHIM TEM-
nepaTypH HOHHA YacTKa MPOBIIHOCTI pO3IUIaBy 3MEHINYETHCS, @ POSYMHHICTh METally y
HBOMY 3pOCTa€, TO CINiJl OYiKyBaTH HAa IOMITHE 1 HaBITh BHUIIEPEKAIOUE MTaJiHHSI BUXOILY
3a crpymMoM. Tak, mpu 3pocranHi Temmeparypu Big 650°C mo 750°C 3HaueHHS V; po3-
iaBy Sb,S; 3HmKyeThes Bin 58 nmo 48%, y Toi ke uwac m mazxae Bix 29 o 15%. 3a-
3HaYeHI OCOOJMBOCTI CJIiJl BPAaXOBYBAaTH NPH EJIEKTPOXIMIYHIN mepepoOi cynbhiaHux

pyAa.

1. 3inyenxo B.®. EnexTpoxiMiuHi MPOIECH y PO3TONAX 3 HOHHO-EIEKTPOHHOIO MPOBIIHICTIO //
Bomnpocsr xumun u xuM. Texnonorud. — 2011.— Ned (1). — C. 205-207.

Viktor Zinchenko

PECULIARITIES OF THE ELECTROCHEMISTRY OF THE MOLTEN
SYSTEMS WITH ION-ELECTRON CONDUCTIVITY

O. V. Bogatsky Physico-Chemical Institute of NAS of Ukraine,
Department of Chemistry of Functional Inorganic Materials,
eyn. Lustdorfska Jlocmoopgcvka road, 86, 65080 Oodeca, Yrpaina, e-mail: vfzinchenko@ukr.net

The effect of the relationship between the ionic and electronic components of conductivity on the
electrochemical behaviors of the melt under the action of the constant electrical field is established. Kinetic and
thermodynamic regularities of electrochemical behaviors of the ionic-electronic melts in the systems of
galvanic cells, at the electrode polarization and in the electrolysis cell are analyzed. The paths of the governing
the electrochemical behaviors due to the changing of the conductivity mechanism under the action of the
admixtures with the sufficiently higher level of ionicity of metal-non-metal bonds have been discussed. The
effect of the chemical interaction between components and altering polarisity of melt medium on the
mechanism of transformation of the nature of conductivity and electrochemical behaviors is being established.

Key words: melts, ionic-electronic conductivity, electrochemical behaviors
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ZXapKiBCbKuL? HayionanvHuil ynigepcumem im. B.H. Kapasina,
nn. Ceoboou, 4, 61022 Xapxis, Yrpaina

Cucrema KCI-SrCl, npuBeprae 3Ha4Hy yBary MaTepiajao3HaBLiB, IO MMPAIIOIOTH Hal
CTBOPEHHSIM HOBHX CIMHTHJIATOPIB, aKTMBOBAHMX nojaBaHHaM Eu’’. V miii cucremi,
3rifHo 3 maHuMH [1], yTBOpIOIOTBCS ABI KOHTpyeHTHI cmomykn ckiamiB K,SrCly i
KSr,Cls 3 nocTraTHRO HEBUCOKMMH TeMIIepaTypaMu IuiaBieHHs - 602 i 675°C. JlockoHa-
nwit i3omopdism iowie Sr** i Eu®” (kpucTamoximiumi pafiycm s KOOpAMHAL{HHOTO
grcna 6 ckinamaiots 0,132 1 0,131 uM, BiamosixHO [2]) mojernrye BXOIKEHHS aKTHBa-
TOpa B MATPHUILIO 1 CHpUsE MIJBUIICHHIO COMHTWIALINHAX XapaKTEPUCTHK OJCP:KaHUX
MatepianiB. [IpoTe QyHKIIOHANBHI XapaKTEPUCTUKA aKTHBOBAHUX TaJOTCHIIHUX Mare-
piaJiiB CyTTEBO 3aJIeXaTh BiJl KOHIEHTpAIl B POCTOBUX PO3TOMNAX JOMIILOK, 1, B MEpIIy
4epry, OKCUI'€HBMICHUX, BIUIMB SIKMX € HEraTUBHUM. /711 BUAJIEHHS OKCHI'€HBMICHHUX
JIOMIIIIOK 3 PO3TOMIB iX 3a3BHYail 0OPOOJSAIOTH ra30MOAIOHMMH TalOreHyIOUUMH areH-
Tamu (00poOKa y peaKTHBHOMY T'a30BOMY CEPEHAOBHILI), HAIPUKIIA/I:

CCl, T +20* - CO, T +4Cl~ (xapGoxiopyBaHHus). (1)

EdeKxTHBHICTS TaKOTO TPOIIECY 3AICKUTH BiJl CIIOPIAHEHOCTI KaTIOHHOT OCHOBH POC-
TOBOTO PO3TONY 10 OKCHA-i0HIB (KuciOTHIiCTIO 3a Jlykcom-®mynom). B cucremi KCl-
SrCl, HAMGUIBII KMCIOTHUM KATIOHOM € Sr°', BMICTOM SIKOTO i BU3HAYAKOTHCS KUCIIOTHI
BJIACTUBOCTI PO3TOIIIB:

Sr + 07 > Sr0.

VY naniit poboTi OyJ0 MPOBEACHO MOTEHIIIOMETPHYHE TOCIKCHHS Iepediry mpo-
recy (1) y posromnax cknaniB K,SrCly i KSr,Cls mpu 973 K, 06poOKy IpOBOIMIN TTAPOIO
TeTpaxyiopmerany (HacnueHoro npu 293 K) 3 BUKOpUCTaHHSM Yy SKOCTI rasy-HocCisl ap-
rony. [lepeGir nporecy KOHTPOJIIOBAIN, BUXOJISYM 3 MOTOYHOI KOHLIEHTPALil OKCH-10-
HIB y PO3TOMi, SIKy BH3HAYaJId 32 JIOIIOMOTOIO MOTEHLIOMETPHUYHOTO KOJla 3 BHKOpPHC-
TaHHAM MEMOPaHHOTO OKCUTeHOBOTO enekTpoay Pt(0,)|ZrO,(Y,0;).

IMponec kapOOXJIOPYBaHHS € CKIAJHUM, OCKUIBKH BKIIIOYA€E NEKIbKA CTaliil: po34u-
uHenas CCly y xmopugHOMyY po3Tolti, XiMiuHy peakmito (1) y po3Tori i BUIaJeHHs Ta3o-
MOMIOHUX TPOIYKTiB 3 piakoi dasm. [Iporec mepebirae B yMOBax MOCTIHHOTO 3a0pyn-
HEHHSI PO3TOINy OKCHUTE€HBMICHHMH JTOMIIIKaMH 3 KOHCTPYKIIHHHX MaTepiamiB (alyHI,
Marepian MeMOpaHHOTO eJeKTPOIy, AOMILIKK BOAM 1 KuCHIO B aproHi). [TokazaHo, 1o
OCHOBHHMM JDKEPEIIOM 3a0pYyIHEHHS IOCTIKCHHUX XJIOPHIHHX PO3TOMiB € atMocdepa
HaJl PO3TOIIOM.



Cexyis 1. @ynoamenmanvHi npobiemu eneKmpoximii ma eneKmpoximiuna Kinemuxka 41

3a ponomororo rpadiyHoro merony (nobynosa 3anekHocTed «Inm . - yac», Ta
«1/m,, - 4ac») BCTAHOBJIEHO, WO XiMiyHa peakuis (1) B 000X HOCITIKEHNX po3TONax

HIANOPSIIKOBY€EThCS KiHeTHLi 11 mopsiaKy mo BiHOLIEHHIO 10 OKCHI-iOHIB. B Mipy 3poc-
TaHHS y PO3TONAaxX KOHIICHTpAIIil 10HiB Sr?" WIBUAKICTH OYMCTKY BiJl OKCHUI-IOHIB 3HU-
KyeTbest Big 4,4-10° kr-moms ' xB™' y posromi K,SrCly 10 1,8:10° kr-mons “xB™' y pos-
tomi KSr,Cls.

OpHovacHUH mepedir mporeciB KapOOXJIOpyBaHHS 1 3a0pyAHEHHS OKCHA-IOHAMHU
NPUBOJUTE 10 TOro, o micns 30-40 xB 0OpoOKM 3HAUCHHS KOHIEHTpALll OKCHI-10HIB

(m,, ) y po3Tonax CTarTh NOCTIHHUMH: 2,63-10™ mompkr™ ( pO=-lgm,, =758)y

posroni K,SrCly i 1,65-107 monpkr (p0O=6,78) y posromi KSr,Cls. Takum unHOM,
36inbIIeHHs BMiCTY KatioHy Sr°° y xmopumnnx posromax cucremu KCI-SrCly sHimkye
e(hEeKTUBHICTD OYMCTKH BIIIOBITHUX PO3TOIIB Bil OKCUI'CHBMICHUX JIOMIIIIOK.

OpHak 3 ypaXxyBaHHSIM 3Ha4eHb IIEPBHHHOTO eeKTy cepeaoBHia (iHAEKCIB OKCOOC-

HOBHOCTI pl, =—lg )/gz, ) mist posromie K,SrCly (p1;=2,39) i KSr,Cls (pI;=3,31) moxHa

3pOOUTH BUCHOBOK, 1110 B 000X pO3TOIaX NPOLEC OUUCTKU 3aKIHUYETHCS TIPH IPAKTUYHO
OJTHAKOBHMX 3HAUCHHAX 3arajbHOi ocHOBHOCTI 2 ( Q= pl, + pO): 9,97 nna posromy

K,SrCly 1 10,09 mns KSr,Cls. Lle minTBepmkye mpaBWio, M0 y BHIAAKY TITHOOKOL
OUYHMCTKU PEYOBHH I'PAaHUYHA MEXKa OYMCTKH BU3HAYAETHCS IIBHIKICTIO 11 3a0pyIHEHHS 3
KOHCTPYKIIHHUX MaTepiajiB i atmochepu.

1. [locwinaiixo B.H., Anexceeséa E.A., Bacuna H.A. u Op. JlnarpaMmbl IJIaBKOCTH COJIEBBIX CHC-
tem. Y. II. JIBoiinble cuctemsl ¢ obummM annoHoMm [or KBHy-LiBHy no ZnCly-ZrCly]. Copa-
BOYHUK. - M. : Mertamnyprus, 1979. - 204 c.

2. http://abulafia.mt.ic.ac.uk/shannon/radius.php (nepesipero 21 mrororo 2018).
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POTENTIOMETRIC INVESTIGATION OF THE COURSE OF DEOXIDIZATION PROCESS IN
MELTS BASED ON POTASSIUM AND STRONTIUM CHLORIDES IN REACTIVE GAS MEDIUM

!Institute for Scintillation Materials of National Academy of Sciences of Ukraine,
Nauky ave., 60, , 61072 Kharkiv, Ukraine, e-mail: v_cherginets@ukr.net

’V.N. Karazin Kharkiv National University, Svobody Sq., 4, 61022 Kharkiv, Ukraine

The course of the process of K,SrCly and KSr,Cls melts treatment with CCly vapor at 973 K was studied
by a potentiometric method with the use of a membrane oxygen electrode as reversible to oxide ions. The

chemical reaction CCI, T+20* — CO, T +4CI~ (carbochlorination) in melts undergoes kinetics of 2" order

with respect to oxide ion. The increase of Sr*" concentration in the melts results in the decrease of the rate
constant of the carbochlorination process from 4.4-10° kg'mol-min™ (in K,SrCl,) to 1.8:10° kg:mol-min™ (in
KSr,Cls) and the purification efficiency also decreases that can be seen from the increase of the residual
concentration of oxide ions in melts after the carbochlorination from 2.63-10° mol-kg'1 for molten K,SrCl, to
1.65-10” mol-kg™ for molten KSr,Cls. These results agree with the predictions based on primary medium
effect of O” in the studied melts. The residual concentration of oxide ion after the treatment is dependent on
the rate of melt contamination (from the constructional materials, atmosphere over the melt).

Key words: potentiometry, strontium chloride, potassium chloride, melts, oxide ion, carbochlorination
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EnexTposiTiuHe ra30BUAUICHHS IIUPOKO MOIIUPEHE B €JIEKTPOXIMIYHMX TEXHOJIOT-
risix. [Ipu 1pomy, po3mipu OynbOalok, siki BUAUISIOTHCS, BIUTMBAIOTH Ha MacollepeHe-
CeHHSl JI0 EJIEKTPOJiB, TA30HATIOBHEHHS EJEKTPONITY 1 MaJiHHSA Halpyr'd B HBOMY.
[puiiHATO BBaXKATH, IO BiPUBHUI JiamMeTp OyIbOAIKK 3aJICKUTh Bl BEIMYHHU CHIH
Apximena i cuiy IPUIIMIIAHHS, a IX CIiBBIIHOIIEHHS BU3HAYaeThesl hopmyiioro @pirna

o
d, =0,020, %,
gp
ne dp — niaMeTp mys3upsi, p — TYCTHHA PiIMHM, g — IPUCKOPEHHS CHJIM TSDKIHHS, Oy —
NIOBEPXHEBUH Hatsr. 3 piBHsHHSA IOHTa

cos® = 21—k

Orx
BUIUTUBAE, 1110 B PIBHOB&KHUX YMOBAaX BEJIMUMHA KPAHOBOTO KyTa 3aJIeKUTh TIIBKH BiX
CHIBBITHOIIEHHSI TIOBEPXHEBHX HATSATIB HA KOPJOHI po3ziny ¢a3. B mporeci 3pocranHs
OynbOaIIKy B OHOMY 1 TOMY K €JIEKTPOJITI II€ CIiBBIIHOIIECHHS 3aJMIIAETHCS MTOCTIH-
HUM, TIOCTIfHAM TOBHHEH OYTH 1 KpaHoBHH KyT 3MouyBaHHSA. To0TO, OynpOamku mo-
BUHHI POCTH IIPH MOCTIHHOMY 30UIbIIEHH] TUTOMMHY KpitueHHs. OxHak B [1-3] Oyo mo-
Ka3aHo, III0 B TPOILECci pocTy Oynmp0aIok KpaoBi KyTH 3MIHIOIOTECS. MeTOr0 JaHoi po-
6otu Oyno BW3HA4YCHHA (DaKTOpiB, IO BILTMBAIOTh HA BEIWYHHY BIAPHBHHUX PO3MIpiB
Oymnp0arIox.

Po3mipu Oynp0amiok, mo BUAUISIOTECS P SJIEKTPOITi3i BOAHM, BU3HAYAIN METOAAMU
CTaTUCTUYHOTO MiKpo(oToaHali3y. SIk eNeKTpOoIiTH BUKOPUCTOBYBAIN PO3UUHH TiPOK-
CHJly HaTpil0 KOHIEHTpali€elo Bijg 2 10 16 MOb/J1, TYCTHHY CTPYMY 3MIHIOBAJIM B MEXax
Bin 100 1o 1000 A/m>. Byno mokasaHo, 1110 MpH KOHIEHTpaIlii, HanmpuKiag, 16 M, npu
36inbIIeHHi rycTuHN cTpyMy Big 100 10 1000 A/M* po3mipy Gyas0amIok 30iIbIIyIOTECS
Bix 50 10 250 MKM. A npu mocTiiiHii rycTuni crpymy 500 A/M%, 3i 3GiIbIICHHSIM KOH-
neHtpamii po3mipu OympOamok 3pocratoth Big 35 mo 240 MxkM. Y 1pbOMy Jdiana3oHi
KOHIIEHTpalill TYyCTHHH Po3unHy 30inbimyeTses Bin 1,078 1o 1,461 r/em’ (8 1,35 pasm), a
moBepxHeBUH HaTaT Bix 76,5 no 108 mH/M (B 1,4 pa3u). ToOTo, niamerpu Oymp6amok 3a
¢dopmyoro @piTia MOBHHHI 3NIMIIATUCS IPHOIM3HO ogHaKOBUMH. KpiM Toro, popmya
Opitra B3arani He nependavae 3MiHy po3MipiB Oynb0ammoK 3 pOCTOM T'YCTHHH CTPYyMY
€JIEKTPOJIi3y, 10 BKa3ye Ha ii 00MeKeHy IPHUAATHICTb.

Hamu 15t aHasi3y AnHaMiky 3pocTaHHs Oyab0aliok i 3MiHM X apaMeTpiB BUKOPHUC-
TOBYBaJIaCsl TEOPisl TUIOCKOTO 3apojKa. BiAmoBinHO 10 11i€l Teopii, mpu exeKkTpoti3i Bo-
HUX PO3YMHIB B IPUEJICKTPOJHOMY IIE€PEHACHYEHOMY IIapi yTBOPIOETHCS 3aPOJIOK 3 I10-
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BEpXHEI0 po3auTy (a3 ra3 / piauHa mapaieabHO MOBEpxHi enekTpona. [1i giero MacoBuX,
CJIEKTPUYHHUX 1 MOBEPXHEBUX CHJI MOBEPXHIO PO3AUILY (a3 3aMHUKAEThCS Ha EJIEKTPO/I,
YTBOPIOIOYH 3apPOJOK OYIBOAIIKH, TiaMeTp SIKOTO JOPiBHIOE

32065° ,

eg,(Ap) +2p5° gh

e 880=8,8><10_12 — HieTeKTpUYHA TIPOHUKHICTH Tas3iB, 8=6x10"" — ToBmMHA MIOCKOTO
3apoaka; A@ — pi3HHIS IOTEHIalliB MOBEPXOHb po3ainy (a3 emekrpon-raz, h —
TOBIIMHA LIApy piAMHM Haj enekTpojoM. lled 3apogok B MoJanbIIOMy € OCHOBOIO
3pocTaHHs OynpOamku. Po3paxyHKH mokasaiy, M0 3 POCTOM I'yCTHHH CTPyMy JiaMeTp
IUIOCKOTO 3apojika 301JbIIYETHCS, IO IMOBHHHO IIPUBECTH A0 3POCTaHHS pPO3MIipiB
Oyp0aIIoK, 1o BiApHUBAIOTHCS 1 BIIIIOBIA€ 3aI€KHOCTI, SIKa CIIOCTEPITa€ThCA.

[Ticng 3ropTaHHS IUTOCKOTO 3apoiKa 1 3aMHUKaHHS HOTro Ha MMOBEPXHI eNeKTpPoda yT-
BOPIOEThCS OyJb0allKa, y AKil KpaloBMil KyT 3MouyBaHHs Onusbkuii g0 180° (puc. 1).
OCKUIBKH 1Iel KyT HE BIANOBIZa€ TEPMOAWHAMIYHOMY CITiBBIJJHOILICHHIO MMOBEPXHEBUX
HATSATIB Ui 00pe 3MOUYBaHHUX €JIEKTPOJAHUX NOBEPXOHb, OyJIb0aIlKa 3pOCTaE Ha OHIN
1 TIH camill TUIOIIMHY KPIIUICHHS, ajle P IIOCTIHHOMY 3MEHIIEHHI KpPaloOBHUX KYTiB 3MO-
yyBaHHs (¢pa3u A - B). Take 3pocTaHHSI €NEKTPONITHYHO TeHEPYEMUX ra3oBux Oyib0a-
IOK BifzHaueHo B [2, 3]. [lounHatoun 3 NMEBHUX BEIMYUH KYyTiB, IOYWHAIOTH 3MCHIIY-
BaTHUCS 1 TlaMEeTPH MPHUKPIIDICHHS OYyIB0AIIOK 10 SNEKTPOAa, aX 0 BiqpuBYy OyIH0amok

(pazu I'-10).

A B B r A
© o) GEO ® ®
7 A 77 A Lk A 77 A £

d

dy, =

Puc. 1. 3miHa BeITMYNHM KpaeBUX KyTiB 3MOYYBaHHS Ta JiaMeTpiB IUIOIIMHHU KPIIUICHHS
OyJIB0anIoK B MPOIIEci IX POCTY i3 CTaHy IUIOCKOTO 3apojka: A—B — 3pocTaHHs Ha OCTiHHII
IUTOIMHY KPIIUICHHS IIPY 3MEHIIeHHI KpaloBHUX KyTiB 3MouyBaHHs; =] — 3pocTanHs npn
3MEHIIEHHI KpaifoBHX KyTiB 3MOUYYBaHHS 1 JliaMeTPiB INIOINHHN KPiIIeHHs OyIp0anku
Fig. 1. Changing of the value of limiting wetting angle and the diameters of the bubble mounting
plane in the process of their growth from the state of a flat embryo: A—C — growth on a constant
fixing plane with decreasing of the limiting wetting angles; D—E — growth with decreasing of
limiting wetting angle and diameters of the bubble mounting plane

3poctaHHs Oyip0OAlIOK HA TOCTIHHIA IUTONIMHA KPIIJICHHS TPUBAE A0 NOCATHEHHS
TEPMOJMHAMIYHO PIBHOBAKHMX KyTiB 3MO4yBaHHs, Big 12 1o 18°. ITicas 1poro 3pocTan-
Hs Oynb0amoK TpuBa€ Mpy 3MEHIIEHHI KpaHOBHX KYTiB 3MOUYYBAHHS 1 TIPW 3MCHIICHHI
niameTpa IuIOmMHE KpimeHss, ¢as3u I, [[. 3amexHocTi po3mipiB miacTaB OynbOamox
BiJl KpallOBHUX KYTiB 3MOUYYBaHHS ITOKa3aHi Ha pUC. 2.
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Puc. 2. 3mina pagiycy IuIonMHE KPiMUICHHS, 3pOCTaHHs Oyab0alIKy Bil KpaifOBUX KYTiB 3MOUY-
BaHHA: @) T'YCTHHA CTPYMY, A1 — 100, 2 — 300, 3 — 500, 4 — 700; xoHIIeHTpaLlis po3unHy 8M;
6) KOHLEHTpaLis po3unHy, M: 1 — 8,2 — 10,3 — 12, 4 — 14, 5 — 16, ryctuna ctpymy 500 A/m’
Fig. 2. Change of the radius of the mounting plane, the growth of the bubble from the marginal
angles of the wetting: a) current density, A/m% 1 =100, 2 — 300, 3 — 500, 4 — 700; concentration
of solution 8M; b) concentration of the solution, M: 1 — 8,2 - 10,3 — 12,4 — 14, 5 — 16; current
density is 500 A/m’

1. Hecuc E.M. O mexaHu3Me OTpbIBa Iy3bIpell OT HECMauMBAaEMOH TOPU30HTAIBHON IOBEPX-
Hoctu // JAH CCCP. — 1965. — T. 165, Ne 4. — C. 871-873.

2. Eddington, R. I, Kenning, D. B. R. The effect of contact angle on bubble nucleation // Int. J.
Heat Mass Transfer. — 1979. — Vol. 22, Is. 8. — P. 1231-1236.

3. Brussieux C. et al. Controlled electrochemical gas bubble release from electrodes entirely and
partially covered with hydrophobic materials // Electrochim. Acta. — 2011. — Vol. 56, Is. 20. —
P. 7194-7201.

Oleksandr Atapin, Vologymyr Nefedov

ASSESSMENT PARAMETERS GAS BUBBLES RELEASED DURING
THE ELECTROLYSIS OF WATER

! Ukrainian State University of Chemical Technology, Department of technology of electrochemical
manufactures and electrical engineering, 8, Gagarina Ave., 49005 Dnipro, Ukraine

By the method of statistical microphotoanalysis were studied tear-off sizes oxygen bubbles released in the
electrolysis of alkaline solutions with a concentration of 2 to 16 mol/l. It is shown that the formula for cal-
culating by Fritz tear-off diameter bubbles can not describe the increase in the diameter of the electrolytically
generated bubbles with increasing current density. With the help of theoretical calculations have been analyzed
factors affecting the tear-off size of bubbles during the electrolysis. Increasing bubble size with increasing
current density may be due to growth of their attachment to the electrode bases, which follows from the nucle-
us flat theory. Is shown that the bubble growth has two stages: in the first bubbles growing on a permanent
basis with a decrease in contact angles of wetting to the thermodynamic equilibrium; in the second during
bubble growth attachment diameters reduced until detachment. Comparison of the measured and calculated the
size of the bubbles showed that using a flat nucleus theory it is possible to predict with reasonable accuracy the
change size of bubbles under different conditions of electrolysis.

Key words: water electrolysis, bubbles, marginal angles of the wetting, mounting plane
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JTOCJIJKEHHA KATAJTITUYHOI AKTUBHOCTI JOBABOK B PEAKIIIAX
HNEPETBOPEHHA KNCHIO HA KOMITIO3UTHHUX KATOJAX

Incmumym npobnem mamepianosnascmesa imeni 1. M. @panyesuwa HAH Yxpainu
8yn1. Kporcuscanoscovroeo 3, 03142 Kuis, Ykpaina
e-mail: dimapatlun@gmail.com

B octaHHI pokn BUHHKJIA 1]1es1 CTBOPEHHSI HOBOT'O MEPCIIEKTHBHOTO [DKEPENIa CTPYMY
— (OTOCNEKTPOXIMIYHOTO EJIEMEHTY 3 METAITIAPUIHIM EJIEKTPOJIOM, OCHOBHOIO IIepeBa-
TOI0 SIKOTO € HOro KOMITaKTHICTh Ta BHCOKa Oe3meka 30epiranHs BomHo. i1t po3psimy
TaKOTO JDKepelia CTPyMy HaHOIbII IEePCIEKTHBHNM € MOBITPSHUHA e1eKTpo. OCHOBHOIO
mpobaemMoro B cTBopeHHI MH-TIOBITPSHOTO €1eMEeHTY € BiICYTHICTh JeIIeBUX, CTa OiJIb-
HUX Ta e()eKTUBHHUX KaTali3aTOPiB peakIlii BiATHOBICHHS KUCHIO.

Memoio podomu € nOCHiHKEHHs! KaTaliTHYHOT aKTHBHOCTI 100aBOK (KaTasi3aTopis)
B PEAKIIiSX MEPETBOPEHHSI KMCHIO Ha KOMIIO3UTHHX KaTOAAX Y JIY’)KHOMY CJIEKTPOJIITI.

Ilpeomem oOocnidicenns — KOMIIO3UTHI ENEKTPOAM CKJIaly : ByIJielleBa MaTpHIL
(caxxa KS-5) ta 3B's3yroue (IITDE) y cniBBigHowmenHi 3:1, karanizaropu (MnO,, Co;0y,
X cymimi, crioiyku Ag).

Memoou ma 3acobu docnioycennsn. ENeKTpoXiMidHI - TUKIIYHA BOJIBTAMIICPOMET-
pist; Gi3uuHI — peHTreHicbka qudpaktomeTpis. [IBA kpuBi Oyiu 3HATI 3 BUKOPUCTAHHSIM
noteHIioctary-ransBaHoctary PGSTAT4-16 y tpuenexrponHiii komipmi 3 Pt mporu-
€JIEKTPOJIOM 1 PTYTHO-OKCHIHIM €JIEKTPOAOM HOPIBHIHHS.

Pe3ynomamu 0ocnioycenna. JlocnimkeHHs] KIHETUKH MPOTIKaHHSA KaTOXHUX TPOIIe-
CiB Ha IJIATHHOBOMY €JIEKTPO/i TI0Ka3aJo, [0 KOHIIEHTPALis JIy>)KHOTO PO3YHNHY 3HAYHO
BIUIMBa€ Ha peakuito BigHoBieHHs: kucHio (PBK): Ha xaromHoi kpuBiii B 1 M po3uuHi
KOH npucytHi 2 miku, B TOM 4ac sik B 7 M po3umHi — Tinbku onud npu E= -0,20 B
(puc. 1). JliniiiHa 3aJeXHICTh MIKOBOI'O CTPyMYy peakxiiii BiIIHOBJIEHHS BiJ{ IIBUIKOCTI
CKaHyBaHHS BKa3ye Ha MPOTIKaHHS KAaTOAHUX IMPOILECIB MEPEBAXKHO 3 AUGY31HHIUM KOH-
TpoJieM, 3MILlIeHHsI TIOTEHI[IaJiB MaKCUMYMIB He BinOyBaeThcs. 3rifHo 3 [1] B KOHLEpH-
TPOBaHUX JYXHUX po3unHax 1uisix PBK 3cyBaerscs Big nepenocy 4e” 1o 2¢’, BiH BKIIIO-
yae B ce0e nepenady ABOX €JIEKTPOHIB Ha ajcopOOBaHMNA MOJICKYJSIDHUN KHCEHb, SIKHNA
YTBOPIOE TEPOKCHIHI YaCTHHKHU, a MPOMDKHHH MEpOKCH AUPYHAYE B 00 €M JIyKHOTO
€JIEKTPOJITY, Ie BiH MOXKE CTAOUTFHO iICHYBATH, EPEIIKOKAIOYN [TOATBIIOMY BiJTHOB-
neHHo KucHo. JlocmimkenHs noeeninku Pt emexkrpoxa B 7 M KOH, mo mictuts 0,16
Mmac.% H,0,, mokazano 3pocTaHHs BeIWYNH CTPYMIB Maihke Ha TMOPSAAOK B yCiif KaTOJHIN
IUISHIN, a He TUTBKH TpH moTeHmiam miky(puc. 1). Ile Moxe cBiTUnTH PO MPOTIKaHHS
came B IIbOMY MKy 2-eeKTPOHHOI PeaKilii BiTHOBIEHHS MEPOKCUAY, 4, B IMOJATBIIOMY,
NpUETHAHHS 1Ie 2-X eneKTpoHiB 3 yrBopeHHsM OH'. JlocmikeHHs KIHETUKH MPOTiKaH-
HS KaTOJHOTO MpOIlecy Ha ByrjeneBoMmy enekrpomi (caxa KS-5:PTFE)=(1:3) 6e3 mona-
BaHHs Karaii3aTopy Mokasaio, mo B obiacti moteniiamis (0.2 ...-0.5) B karonui ctpy-
MM €J1a00 3MIHIOIOTHCS M HE IEPEBHIIYIOTh 3HAYECHHS 5 MA.
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04 r Puc. 1. Karonni nonsipusaniiiai kpusi

—1 3usti B 7 M KOH st Pt enextpony (1

0.2 r —e—1 — BUXIZHUH PO3YHH, 2 — 3 T0JJaBaHHIM
3 0,16% H,0,) Ta 11st KOMIO3UTHOTO

= 07 enextpony 10% MnO, + 10% Co;0, 3

=) 02 nomasaussm 0,16 % H,0, (3), 5 mVs™!
) Fig 1. ORR curves of Pt electode in
04 7 M KOH solution (1 — original sol,

' 2 — with addition of 0,16 % H,0,) and

-0.6 L L L | composite electrode 10% MnO, +
’ ) -1 0 1 2 10% Co03043 with addition of 0,16 %
Ig I (mA) H,0, (3), 5 mVs™

ITokazaHo, 1110 BUKOPUCTaHHS K KaTalli3aTopa MpOLECY BiAHOBIECHHS KUCHIO y JIyX-
HOMY eneKkTpouiti y-MnO, B koHueHTparii 10 mac.%, epexrusHime, HiXk okcury Co;04
B KoHIeHTpaii 10 40 mac.%.

JocnimkeHo eheKTUBHICTh BUKOPUCTAaHHS Y sIKOCTI KaTamizaropiB PBK cymimii ok-
cuniB MnO, ta Co;0, y cmiBBigHomenHsx(Mac %): (5 : 5)(1), (5 : 10)(2) ta (10: 10)(3).
3 onepxanux aaHux BuaHo (Puc. 2, a), mo pict 000X KOMIIOHEHTIB y CyMillli OKCHJIIB
NIPU3BOJUTE 10 3HaYHOTro npuckopenHs PBK y mupoxkiii o6nacti norenuianis: Bix 0.4 B
o —0.5 B. 36inbmenns Bmicty Co;04 (cyminn 2) MpU3BOANTH IO MOSBU YiTKOTO ITKY
npu E=-0.4B, skiii BiCyTHIN Ha KaTOJHUX KPUBHUX IHAWBIIyaJbHUX OKCHIIB. Bukopuc-
TaHHS CyMimi 3 sK KarajizaTopa MpoLeCy BiJHOBJICHHS KHCHIO HaWOUIbII eeKTHUBHO,
TaK SK NPUIIBUIIIYE BiTHOBJICHHS KUCHIO SIK P IOTEHIIIa]aX BiTHOBJICHHS EPOKCUTY
(mix Ha Pt), a TakoX 1 Mpw MOAAIBIIOMY HOTO BiIHOBIICHHI. BCcTaHOBIEHO, IO MTPH BBE-
JIeHHI 10 JIy>kHOTO enekrponity H,O, moyaTkoBuil MOTEHIIIad KOMIIO3UTHOTO KaToAa 3
karamizatopoMm (10% MnO, + 10% Co;0,), sxi Ha Pt, 3MimyeTrbcs B 00macTp OUTBII
HeraTMBHUX 3HaueHb. JloOGaBka B emektpomit 0,16 mac. % H,O, mpu3BoauTh 10 3MiHU
(opMH KaTOTHOI KPUBOI Ta 3pOCTaHHSA IIBUAKOCTI MPOTiKaHHA mporecy. [TouaTkosi mi-
JISIHKM KaTOJIHHUW KPUBHX, OTPUMAaHUI Ha JaHOMY eJeKTpoli Ta Ha Pt exekrpoai B npu-
cyrHocti H,O, npakruuHo criiBnagaoTts (puc. 1), 110 MOXKe CBIJYUTH PO 1AEHTUYHICTh
MPOTIKAIOYKX peakifiil BimHoBIeHHS. OIHAK, MOJANIbIINC 301IbIICHHS PI3HUII KAaTOIHUX
CTpYMiB (Maibke Ha MOPSJI0K) Ha WX eJIEKTPOAX MPHU IMOJAIBIIOMY 3MEHIICHHIO TOTEH-
LiaJliB, MOKE CBITUUTH Ha KOPUCTH TOTO, II0 BUKOPUCTOBYBaHMH KaTayi3aTop BOJIOIIE
OB BUCOKOIO €(heKTHBHICTIO B PEaKIisiX NOAAIBLIOTO BiJHOBJICHHS IIEPOKCHITY.

Sk kaTayi3aTopH BiIXHOBJIEHHsS KHCHIO OYJIO CHHTE30BaHO Ta JOCHTIKEHO CIOJYKH
Ha OCHOBI cpibma: amopdHMit mepmanranar cpionma AgMnQO, Ta Hikenart cpibma AgNiO,
[2]. Cpibmo cpusie peaizarii mpsMoro 4-x eIeKTPOHHOTO HUIAXY BiTHOBJICHHS KHCHIO,
MTOKa3y€e BHCOKY aKTHUBHICTh B JaHIM peakiii Ta CTaOiIbHICTh B JIY’)KHOMY CEpeIOBHIII
[3]. TopiBHSHHS KaTOMHUX KpWBHX (pHUC 2, 6) €NEKTPOJIB 3 TAKUMHU KaTalizaTopamMHu
CBIYMTH, MO BUKOpHUCTaHHS AgMnO, HaBiTh y KOHIeHTpauii 5% Oiunbine epeKkTHBHO,
Hik AgNiO,, B koHneHtpauii 20 mac. %. Big3Ha4aeMo 30UIbIIEHHS MIKOBOTO CTPYMY
Maibke B 3 pa3u. Takuil eixekTpon BOJOMAIE€ CXHUJIBHICTIO O BIIHOBJICHHS Y IIUPOKIH
o6unacti norennianis ( 0,3...-0,5) B.
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—— 5% AgMnO4
——20% AgNiO2

-0.2 0/b

-0.6 1 1 |
-60 0 -20 I, mA -40 -60

Puc 2. KatoHi KpHBi 3HATI HA KOMIIO3UTHUX €JIEKTPOJIAX, IO MICTATh K KaTali3aTopu
cymit xMnO, + yCo304 (a) Ta crionyku Ag (6), 5 mVs™!
Fig 2. Cathode curves of composite electrodes with xMnO, + yCo;0, mixture (a)
and Ag-material catalysts (b), 5 mVs™

IMonepeaHi ekCIEpUMEHTH NOKa3ajd, IO KOMIIO3UTHHH IOBITPSHUI €JIEKTPO, IO
MmicTuTh Hikenat cpibma (20 mac.%) y sKocTi, MOke OyTH BHKOPHUCTAHMN HPH PO3psiai
BOJICHBBMICTHOTO aHoay 3i cmiaBy LaNi;oCogsctpymo 100 MA/r (cmmaBy), maroun
PO3psAOHy Hanpyry Ha KoMipii piHy 0.95 B.

Bucnoexu. KoMo3utHi enekTpoau, 1o MicTats go6aBku 10% MnO, + 10% Co30y,
AgMnO, Ta AgNiO,y siIKOCTI KaTani3aTopiB BOJOIIIOTh HAWBHUIIOW e(EKTUBHICTh peajti-
3aI1ii KaTOJJHOT'O MPOIIECY.

1. The influence of KOH concentration, oxygen partial pressure and temperature on the oxygen
reduction reaction at Pt electrodes // J. Electroanal. Chem. — 2015. — Vol. 741. — P. 100-108.

2. Pat. 4370395 USA, Toru Nagaura, Takayuki Aita (1981).

3. Neburchilov V., Wang H., Martin J.J., Qu W. A review on air cathodes for zinc—air fuel cells //
J. Power Sources.— 2010. — Vol. 195. " P. 1271-1291.

Dmytro Patlun, Larisa Shcherbakova, Yuriy Solonin

RESERCHING O FTHE CATALYTIC ACTIVITY OFADDITIVES IN OXYGEN CONVERSION
REACTIONS ON THE COMPOSITE CATHODES

1. M. Frantsevych Institute for Problem of Materials Science of National Academy of Sciences of Ukraine,
Krzhizhanovsky str., 3, 03142 Kiyv, Ukraine, e-mail: dimapatlun@gmail.com

In this paper the activity of additive catalysts was researched in the field of potentials ORR on composite
cathodes. It was clarified that the amount of additives and their composition substantially influence the course
of the cathode process. It is shown that the catalysts had presented in the work can provide an efficient
discharge of the MH-anode.

Key words: electrochemistry, electrocatalysts, air electrode
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EJIEKTPOKATAJITUYHE OKUCHEHHA METAHOJIY
HA TEPHAPHHUX CII'TABAX KOBAJIBTY

! Xapriscoxuii nayionansmuti asmomobineHo-00poxcHiil yrieepcumen,
Kagedpa mexHonozii 0oposcHb0-0y0igenvHUX Mamepianie i Ximii,
8yn. Apocaasa Myopoeo, 25, 61002 Xapxie, Yrpaina, e-mail: nenastina@ukr.net
°Hayionanenuti mexniunuii ynisepcumem «Xapkiecokuii notimexuivnuii incmumymy,
HABYANLHO-HAYKOBULL THCMUMYM XIMIUHUX MEXHONIO2I ma iHceHepii,
eyn. Kupnuuosa, 2, 61002 Xapxis, Yxpaina

B ocTtanHI pokHM OTpUMAaIM NMIUPOKHAH PO3BHTOK POOOTH IO JOCHIKCHHIO PEaKIii
aHOJIHOTO OKMCHEHHS Pi3HOMAaHITHHX OPraHIiYHUX PEUOBHH — METAHOIy, eTaHOIy, (hop-
MaJbJeriqy Ta ByriIeBOAHIB. Lli pedoBHHHM OKHCHIOIOTHCS Ha MeTaax IUIATHHOBOI IPYIIH
IIPY TIOPIBHSHO HEBUCOKUX aHOJHHX IMOTEHIIaNaxX i MOXKYTh OYTH BUKOPHCTaHI B MaJIHB-
HUX ejleMeHTaxX. MexaHi3M 1 MPOAYKTH eJIEKTPOKATAIITHYHOTO OKMCHEHHS OpraHiYHUX
CIOJIYK 3aJIe)KaTh BiJl MaTEpialy eJICKTPOIa.

3acTOCYBaHHS JIy’)KHHUX €JIEKTPOJIITIB B €JIEKTPOKATAIITUYHIN peakiii OKUCHEHHS Me-
TAHOJIy J03BOJISIE PO3IIMPHUTH KOJIO METANiB, SIKI MOXKHA BHKOPHUCTOBYBATH JJIsI CTBO-
PEHHS KaTaTITHYHUX cucTeM. Lle 00ymoBIIeHO OibII M'SIKUMH YMOBaMH IIOJ0 KOPO3ii 1
NPUCKOPEHHSAM peaKLil BiJHOBJICHHS KUCHIO 1 POCTUX CIUPTIB y JY)KHHUX CJICKTPOJIITaX
MOPIBHSHO 13 KuciuMu. OOMeXeHe KOJIO JOCTIKCHb OKUCHEHHSI METAaHOIY B ITy)KHOMY
CEPENIOBUIIII MOSICHIOETHCS MMOCTYIIOBOIO KapOoHizariero 3a HasBHOCTI CO, 1 OTpy€eHHSIM
CJICKTPOiB Ha OCHOBI OmaropomHmx MeTaniB. EdekTMBHHMH KaTamizaTopamH, IO
3HIDKYIOTh €(DeKT OTPYEHHS, BUABIIINCS CIUIABH IEPEXiTHUX METaNiB, a TAKOX OKCHIH
Manrany [1, 2]. OTke akTyanbHOIO 3aHINAETLCS 3aMiHA TUIATHHIAIB Ha HEKOIITOBHI
METald Ta CIUIaBH 0€3 BTpaTH CJICKTPOKATATITHYHOI akThBHOCTI. Ha Ham morims,
e(eKTUBHIMH MaTepiajlaMi MOXKYTh CTaTH €JIEKTPOJIITHYHI TEPHAPHI CIUIaBU KOOAJIBTY.

MexaHi3M 1 KIHETUKY OKHCHEHHSI METaHOJIy JIOCHIDKYBaIM Ha EIEKTPOoJIax 3 MOKPUT-
M Co-Mo-W u Co-Mo-Zr. ITokputTs cruiaBaMd HAaHOCHJIM Ha HIAKIAIKH 31 cTaii
Iicis iX MornepeaHboi MOBEPXHEBOI 0OPOOKH 3 KOMIUIEKCHHX AN(OCHaTHO-IUTPATHUX
enekTponiTiB. [IpolecH MpoBOMMIM B ralbBaHOCTATUYHOMY i IMITYJIBCHOMY DPEXKHUMaXx
IIpH BapilOBaHHI TEMIIEPATypH, aMILTITYIH CTPYMY, YaCTOTH 1 IIITAPYBaTOCTI iIMITyIIBCIB.
Ckiax CIDIaBiB BH3HAYald PEHTTCHOMIYOPECHCHTHUM aHANI30M Ha IOPTAaTUBHOMY
cnextpometpi "Crpyt".

EnextpoxiMigyHy MOBEIiHKY el1eKTpoaiB 3 MOKpUTTIMHA Co-Mo-W i Co-Mo-Zr moc-
JKYBaJI METOAOM LUKIiYHOI BoibTaMmepomerpii (LIBA) 3 BUKOpHCTaHHAM IOTEHIII-
ocrara [11-50-1.1 i nporpamaropa I1P-8 B crannapTHiii TpuenekrponHii komipui CE-2.
Pesynbratn 1IBA npu mBuakocTi po3roptku norteHmiany s = 0,002...0,05 B/c anai-
3yBaJI BiJIOBITHO 70 po3pobiieHoro y [3] anroputmy. Enexrpomnit cknany 1 M CH;OH
+ 0,25 M NaOH rotyBainu 3 peakTHBIB 4.11.a. Ha TUCTAIBOBAHIN BOJIH.

[ToBHMIA po1Iec OKMCHEHHSI METaHOJTY BKIIFOUA€E PeaKIlii, sIKi MO)KHA HaJaTH HACTYII-
HOIO TIOCIIIIOBHICTIO:
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CHOH;—(axcop6oBani npomixai mpoayktn)—»HCHO, HCOOH—CO,4—CO,

Ha anonniif rimmi HIBA cmmasiB Co-Mo-W (at%: Co — 69; Mo — 24; W — 7) ta Co-Mo-
Zr (at%: Co — 78,5; Mo — 19,0; W — 2.,5) y pozumni 1 M CH;0H + 0,25 M NaOH
(puc. 1) criocTepiraerbCst OfHA XBWIISL 3 YITKO BUPKEHHM IIKOM I'DAaHUYHOTO CTPYMY,
sIKa BIJIIIOBI/Ia€ IHTEpBay IMOTEHIIATIB OKUCHEHHs MeTaHoiy. 3 LIBA BcraHOBIEHO, 1110
aktuBHICTh Co-Mo-W ta Co-Mo-Zr MOKpHUTTIB BiJHOCHO OKMCHEHHSI METaHOJIy 3HA4YHO
BUILIE TOPIBHSHO 13 miiatuHoro. [Ipudomy i nokputrs Co-Mo-Zr Bucora miky y 2...2,5
pas3u nepeBuinye nei mokasHuk st Co-Mo-W. Taka mifBuIlieHa aKTHBHICTH €JIEKTPO
IIiB Ha OCHOBI TEPHApPHUX CIUIABIB MOKE OyTH IMOSICHEHA CHHEPTi3MOM CILIABOTBIpHHUX
MeTaliB. KaramiThyai BIacCTUBOCTI JTOCIIKEHUX CIDIaBiB OOYMOBJICHI, B IEPIIy Yepry,
BMICTOM €JICMEHTIB, SIKi MalOTh BiIMIHHY CIIOPITHEHICTH JO OKCUTEHY 1 3[JaTHI YTBOPIO-
BaTH sK cTexioMeTpudHi (Zr), Tak i HectexiomerpuuHi (Co, Mo) okcuan [4]. [Hmmvu, He
MEHIII BOKIMBAMHU YHHHUKAMH, CIIiZl BBAYKaTH MOP(OJIOTiI0 MMOBEPXHi 1 KOPO3iiiHy CTili-
KiCTh TEPHAPHUX CIIIaBiB KOOAIBTY [5].
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Puc. 1. [lukiivyai BOIbTaMEPOTrpaMH eIEKTPOOKHCICHHSI METaHONTy Ha eNEKTPOax 3 HOKPUTTIMHU
Co-Mo-Zr (1), Co-Mo-W (2) (a) i Pt (6)

Fig. 1. Cyclic voltammograms of methanol electrooxidation on electrodes coated with
Co-Mo-Zr (1) Co-Mo-W (2) (a) and on Pt (b)

BcraHoBineHa JiiHIHHA 3QJI€KHICTh CTPYMY HIKY BiJl KOpeHsI KBaJIPaTHOT'O 3 ILBUJIKO-
CT1 PO3rOPTKH MOTEHI[iady BKa3ye, 0 OKUCHeHHs meTaHony Ha Co-Mo-Zr i Co-Mo-W
MOKPHUTTSIX € 0OOPOTHUM MPOLIECOM 1 KOHTpOJroeThes audysieto. Cimij 3a3HaYMTH, IO
IIBUJIKICTh MOJSApHU3aIlii BIUIMBAE HA MOTCHIIIANH ITIKIiB 1 HAIMIBITIKIB OKUCHCHHS / BiJTHOB-
JICHHSI METaHOIy, IPUYOMY 31 30LIBLIEHHSIM IIBUIKOCTI CKaHYBaHHS ITOTEHIIaNy Li Ia-
pameTpu 30JMKYIOThCsA. BHCOTa aHOTHOrO MIKY j, 3MEHIIYETHCS 31 3pOCTAHHSIM YHCIIA
OUKITIB mosipu3anii (Tadn. 1), a 000poTHOTO TIKY j,0, HABIIAKH, — JACIIO 3pocTae. Bera-
HOBIICHO, IIO MICJIA BOCEMOTO IHKIY TOTCHIIamH i cTpymu mikiB Ha [IBA TepHapHHUX
MOKPUTTIB MPAKTHIHO HE 3MIHIOIOTHCS.
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Ta6auus 1. Brums uncna DUKIIB Ha CTPYM MKy OKHCHEHHS / BIJHOBIICHHS METaHOITY

Table 1. Influence of cycle number on the peak current of methanol oxidation / reduction

Ne mukmy 1 2 3 4 5 6 7 8
Ju» MA/cm® 46,5 30,0 26,2 24,0 21,0 19,4 17,0 16,0
05 MA/cM? 5,2 5,3 5,6 5,9 6,2 6,5 6,8 7,1

OTpuMaHi pe3yJbTaTH CBIIYaTh MPO BHCOKY €JIEKTPOKATANITHYHY aKTHBHICTH Tep-
HapHHX CIUIaBiB Ha OCHOBI KOOQJIBTY y peaklii OKUCHEHHsI METaHOIly, Cepell SKUX CIil
ocobnuBo BifzHauntH Co-Mo-Zr.
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The electrocatalytic properties of electrodes coated with Co-Mo-W and Co-Mo-Zr in the processes of
methanol oxidation in alkali solutions were studied by cyclic voltammetry. The methanol oxidation is
established to be equilibrium reaction with diffusion limiting step. It was established the efficiency of the
Cobalt ternary alloys as a catalytic coating for electrodes in methanol electrooxidation is outperformed
platinum. The advantage of catalytic activity is associated with content of transition metals that have different
affinity for oxygen and can form both stoichiometric (Zr) and non-stoichiometric (Co, Mo) oxides; with alloys’
developed surface and high corrosion resistance in alkali media.

Key words: ternary cobalt alloy, electrocatalysis, methanol oxidation, alkaline medium, cyclic
voltammetry
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The basic principle of "green" electrochemistry is the using and generation of safe or
low-toxic substances. The traditional technologies of "green" electrochemistry include
the replacement of chemical technologies of organic synthesis by electrosynthesis [1, 2],
electromembrane methods for purification and separation of electrolytes, high-rate
electrolysis for the extraction of metals from wastewater and wastes [3].

The current priority of technology development is the extraction of energy from
biomass [4]. Here the research is devoted to the synthesis of electrodes and electrocata-
lysts from natural plants. The best results for electrodes of supercapacitors were obtained
by the pyrolysis of numerous fibers —up to 1 A g', e.g, for rice husk, the high quality
nanostructured silica for a Li battery was obtained [5].

The native fungi laccase enzyme, is used in a pacemaker [6]. Significant progress has
been achieved in the redox biosensorics [7]. Nevertheless, for many years of research,
the use of metals, conductive polymers, the introduction of quantum dots and many other
ideas, small current responses have been obtained, of the order of nano- or micro-ampere.

Two approaches to creating heterostructures (GS) for energy conversion exist. In the
first, the majority of the work on the immobilization of pure enzymes is devoted to bin-
ding on the surface of various carbon materials (graphens, nanotubes) to increase elec-
trical conductivity. The second approach - use of inorganic materials, mainly silicates
and organic polymers, to create highly sensitive biosensors and biocatalysts - is rarely
used. There are no any studies about heterostructures using native enzymatic agents.

Design principles for electrocatalytic biocomposites is the trend for the new
generation of energy storage technologies. Smart behavior of plant enzymes enhances
charge transport and catalytic activity of electrodes. It results in multirate increasing of
current exchange. Plant enzymes are renewable sources due to reproduction, therefore
they represent significant interest as components of biosensors and supercapacitors.
Advantages of such biocomposites are caused by high activity and selectivity regarding
the substrate which influences on the activity of redox enzymes, as well as ability to
immobilization on the surface of inorganic carriers. Such properties result in change both
of the surface area of the initial carrier, and form ability to a specific division of charges
on the interface composite/electrolyte forming own DL and conditions for charge
transfer. It simplifies energy converter design, as the catalyst could be entered into the
system as mixture that increase efficiency, too, and enables device miniaturization.

Authors propose quite novel approach to the design of energy storage devices with
the usage of composite materials of inorganic carrier — “green” substances [8]. The study
was carried out with number of silicates (bentonite and its H" form, kaolin, fumed silica
or aerosil) and immobilized native enzyme preparations, isolated from the root of black
horseradish and cabbage (sum of enzymes).
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The revealed differences in the behavior of heterostructures enzyme/carrier are cau-
sed by differences in the mechanisms of binding of the enzyme preparation with the
inorganic carrier. The determining factor is the nature and acid-base properties of the
surface of the formed heterostructure. The selectivity of binding of oxidoreductases with
different structure (peroxidases and superoxide dismutases) is found as a function of the
concentration of hydroxyl groups on the carrier surface. Thus the increasing number of
acidic centers on the surface of the inorganic material loses selectivity of enzymes
binding. As a result, the amount of bound enzyme is reduced by the competitive binding
of other classes of oxidoreductases.

The main influence on the functional properties of heterostructures has not a surface
area and the amount of acidic and basic centers on the surface of the carrier (fig. 1). In-
creasing the amount of acid centers causes various nonselective binding of oxidoreduc-
tase, which results in a sharp increase in charge current and assumes a significant impact
on the electrochemical properties of synergism of systems studied (kaolin, aerosil). In-
creasing the number of basic centers on the surface of inorganic carriers causes selective
binding (bentonite and its treated form).

The possibility of formation of structures capable for charge storage in inorganic sys-
tems with aerosil-300 or kaolin, immobilized enzyme and graphene, allows to implement
them in a redox transformations. In contrary, systems containing graphene with bento-
nite and its treated form manifest pronounced non-specific sensor activity with the
participation of H,O,. The efficiency and prospects of use of synthesized heterostruc-
tures based on bentonite and its modified form as the platforms for biosensor on glucose
determination with high output signal is shown. Heterostructures based on kaolin and
aerosil-300 could be promising materials in devices for energy conversion (supercapa-
citors) with capacities up to 95 F/g. Storage of obtained materials save obtained property
to store the charge (fig. 2). The spatial binding of polysaccharides is supposed to get
better order what yields better conductivity.

Thus, proposed materials could be promising in the design of “green” electro-
chemical devices.
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—Vol. 73, Is. 8. — P. 1305-1308.
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Fig. 2. CVA of heterostructures containing enzyme preparation from black radish
immobilized on: 1 — modified bentonite, 2 — aerosil, 3 — bentonite, 4 — kaolin; potential
swee prate: 50 mV/s, electrolyte - saturated of KCI, Sy = 1.5 cm?, batch of
heterostructure — 3 mg/cm’. A — fresh sample, B — aged for 18 month

Puc. 2. I[IBA retepocTpyKTyp, IO MICTUTh ()EPMEHTHHIA TIPEapar 3 YOPHOI pelIbKH,
iMMOOiTi30BaHmit Ha: 1 — MoanGikoBaHUiT GEHTOHITI, 2 - aepocuii, 3 - OEHTOHITI, 4 - KAOJiHi;
HIBHJKICTh CKaHyBaHHS moteHmiany: 50 mB/c, enekrpomit - Hacuuenuit KCI, S = 1,5 oM,
HABAXKA TETEPOCTPYKTYPH — 3 MI/cM>. A — CBiXHIA 3pasok, B — uepes 18 micsis
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Kommoszuru Ni-TiO, MaloTh psi HIHHUX €KCIUTyaTaliiHUX BIaCTHBOCTEH, TaKHUX 5K
BHCOKA aHTHUKOpPO3iiiHa CTIHKICTh, TapHI MEXaHIYHI XapaKTEPUCTUKH, (poTOKaTaIiTHIHA
akTHBHICTb. IlepcriekTuBHOIO ceporo 3actocyBaHHs kommo3utiB Ni-TiO, € ¢orokara-
JITHYHA AECTPYKLIS 3a0pYAHIOIOUNX PEUOBUH. YIIbTpadioneToBe OMPOMIHEHHS IHIYKY€E
Ha TIOBEpPXHI THTaH IHOKCUIY YTBOPEHHS €IeKTPOHHO-AiIpKoBUX map. Hocii 3apsny pea-
TYIOTh 3 MOJIEKYJaMH BOAM 3 YTBOPEHHSM TiApokcuibHuX paaukaiis (OH') i amiowis
nepokcuanux pagukaiis (O,7), ki 6epyTh y9acTh B PO3KJIAMaHHI OPraHiYHUX MOJIEKYJT
Ha noBepxHi Ti0,. HaitbinpIm mommpeHnM MEeTO0M OTPUMAaHHS KOMIIO3HIIIHHUX eJIeK-
TPOXIMIYHHUX IMOKPUTTIB € OCAKCHHS X 3 CYCIIEH3IHHHUX €JICKTPOJITIB, IO MICTSITh HO-
pomok TiO,. Illomo ocamkeHHS TaKWX MOKPUTTIB 13 iCTHHHHX PO3YHMHIB, JiTEpaTypHi
JlaHi BiICYTHI. YTBOpPEHHS AUCIEPCHOI (pa3u B iCTHHHOMY PO34MHI MOXe BifOyBaTHCs y
MIPUENISKTPOHOMY ILapi 3a y4yacTi BOJOPO3YMHHUX IPEKYypCOpPIB Ta TiJPOKCH/-IOHIB,
HAJUIMIIOK SIKMX Ma€ Miclie MpH Iepediry mapajieiabHoi elIeKTpoXiMiuHOI peakiii BHIi-
nenHs BogHwoo. CkianHicts GopmyBanHs komio3uty Ni-TiO, i3 iCTHHHOTO pO3YMHY TO-
Jsira€e y HaATO HU3BKKUX 3HaueHHsX pH rinparoyrBopenus turaH(IV), npu skux Buxin 3a
CTPYMOM EJEKTPOOCAHKEHHS HIKENIO 13 TPAAUIIHUX eJICKTPOJITIB HIKEIFOBAHHS TIPaK-
THUYHO JIOPiBHIOE HYJIIO. 3 OTJISAY Ha 1€, MEPCIeKTHBHUM € BUKOPHCTaHHS METHIICYJIb-
(hOHATHOTO ENEeKTPOIITYy, TPAaHUYHI 3Ha4eHHS pH Oca/KeHHS HIKEIIO B SKOMY CYTTEBO
HIDKY1, HDXK JUIS 1HIIAX €IeKTPOJIITIB.

VY nawniit po6oti komnoszutu Ni-TiO, omepkyBanu i3 cycreH3iHHOTO METHICYTB(O-
HATHOTO EJIEKTPOJIITY, 0 MICTHB HAHOTIOPOIIOK THUTaH AHOKcuay Mapku P25 (Degussa)
Ta 3 ICTHHHOTO PO3YHHY, 10 MICTHB y sikocTi npekypcopy tutan(IV) xmopun. Kommo-
3ULIHHI TOKPUTTS HAHOCWJIM Ha MiJHY TulacTuHy. [lyist 301IbIICHHS ICTHHHOI MOBEPXHI
3pa3KiB KOMIIO3UILIHHI MMOKPUTTS HAHOCHJIM Ha IOIEPEHbO OCAJHKEHY HIKEJEeBY MaT-
punto. IIpyu npoMy, Ha MifHY IUIACTHHY CIIOYaTKy HAHOCHJIM HIKEJEBE IMOKPHUTTS i3
MeTwiIcyiab(poHaTHOTO enekTpoiiry. Ilicias mporo ocappkyBanM HIKEJIEBY MaTpHLIO 3
PO3BHHEHOIO TOBEPXHEIO 13 METUIICYIb(OHATHOTO EJIEKTPOJITY, 110 MICTHB KapOOHLUIb-
HU HikeneBui mopomok. Ha dinansHOMY eTarri Ha cOopMOBaHY MATPHUIEO OCAIKyBaJH
HaHOKOMITO3UT Ni-Ti0,. ®oTokaramitTnaHy akTuBHICTH Ni-TiO, omiHIOBaNH 3a pe3yib-
TaTaMH KIHETHYHHX IOCHTIIPKEHb (DOTOAECTPYKII METHIIOBOTO OpPAH)KEBOTO Tl €0
yIbTPadioIeTOBOTO BUITPOMiHIOBAHHS.

BcranoBieHo, 1m0 3i 301bIIEHHSIM KOHIIEHTPAIil THTaH TUOKCUIY B CyCHECH3IIHOMY
EJIEKTPOJIITI 3pocTae (oToKaraniTiuHa akTHBHICTh Komno3utiB Ni-TiO, (puc. 1). Oue-
BUJIHO, 301JIbILICHHS] KOHIICHTPAIIl TUTaH IMOKCULY B €IEKTPOJITI MPU3BOIUTD 10 301JIb-
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LIEHHs BMICTy AucrepcHoi ¢a3u B komnosurax. [Ipore, npu xonnentpauii TiO, nonan
7 T/1 cKiaj KOMIIO3UTIB 3MIHIOEThCS HE CYTTEBO 1 cIlocTepekeHe 30iipmieHHs (oTo-
KaTaTiTHYHOI aKTUBHOCTI € HE3HAYHUM.

—+— Or/n Puc. 1. Yacosa 3anexHicTs GoTomeCTPyKLil
—s— 21/n OapBHuKa Ha oBepxHi Ni-TiO,, ogepkaHoro i3
e— 7rin METHJICYJIB()OHATHOTO EJIEKTPOIIITY, 0 MiCTHB

—— 10rfn 3MiHHY KoHIeHTpamio TiO,

Fig. 1. The time dependence of the
photodegradation of the dye on the surface of
Ni-TiO, obtained from the methanesulfonate
0 60 120 180 240 300 electrolyte containing the variable TiO,

T, XB. concentration

6 .
C-10", Mmonw/n

ITpu enexrpoocamkenni komrno3utiB Ni-TiO, i3 enekTposiTy, IO MICTHUTH BOJO-
po3uunHy cinb Tutany(IV) B ocan norparuise 3Ha4HO MeHIIA KiTbKicTh TiO, TOPIBHIHO
13 mokpurTsamu Ni-TiO,, ocaKCHUMU 13 CYCICH31IHOTO METHIICYTE()OHATHOTO CIICKTPO-
mity. Ilpote, mpu pi3HHII BMICTYy muctepcHol (asm Maibke B AecATh pa3iB ¢oTokara-
JTAYHA aKTUBHICTh X MOKPHUTTIB MoIiOHA (puc. 2).

10,00 % mac.
6.0 I ez ) 34 Y% Mmac.

mmm ()29 % mac.

C-10°, monw/a
LA

Puc. 2. Konnentparis 6apsauka micist 280 XBuIiH 06poOku yibTpadioneToM po3duHy,
B SIKOMY OYJIM IPUCYTHI 3pa3Ku 3 HOKPUTTSIMH, OCaJPKCHIMH 13: 1 — (JOHOBOTO CIICKTPOIIITY;
2 — CyCIeH31HHOro eNeKTPOIiT, Mo MicTUB mopomok TiO,; 3 — iCTHHHOTO PO34HHY, 110 MiCTHB
BOJZIOPO34YMHHY ciiib TUTaHy (IV)

Fig. 2. The concentration of the dye of UV treatment of the solution, in which samples were
present with coatings deposited from: 1 — background electrolyte; 2 — suspension electrolyte
containing powder TiO,; 3 — a true solution containing a water-soluble salt of titanium (IV); (time
destruction, T =280 min)

OaHuM 13 croco0iB 301IbIICHHS (POTOKATATITUIHOT AKTUBHOCTI KOMIIO3UTIB € 301J1b-
HIeHHs Horo mutomoi moBepxHi. JlificHo, kommosutu Ni-TiO,, oca/pkeHi Ha HiKEJIEBY
MaTpHLIO JIEMOHCTPYIOTh CYTTEBO BHIIMK (POTOE(PEKT MOPIBHIHO 13 IIIaJAEHBKOIO
MMOBEPXHEIO OCHOBH (pHuC. 3).

Crin 3a3HaumTH, IO JaHWH eeKT Mae MicIe He 3aJeXKHO BiJl crioco0y oJepiKaHHs
komro3uty Ni-TiO,. IIpoTe, Uil KOMIIO3UTIB, OCAPKCHUX 13 CYCIICH31HHOTO €JIeKTpPO-
JTYy PO3BHHEHHS IMOBEPXHI IPU3BENO 1O OLIBII BiMYYTHOTO MiABHINCHHS (OTOKATA-
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| — cycrensis
| icTuHHHIT po3unn Puc. 3. DoTopecTpyKilis METUIOBOIO OPAHKEBOTO
mix zieto ynpTpadioneTy B 3aeXHOCTI BiJl THITY
MOBEPXHI KOMMO3UTY: 1, 3 — rajicHbKa OCHOBA; 2, 4
— MaTpuLy; (dac gectpykuii, T =280 xB)

Fig. 3. Photodegradation of methyl orange under
the influence of UV light, depending on the type of
surface of the composite: 1, 3 —a smooth sample; 2,

4 — matrix; (time destruction, T = 280 min)

C-10°, momu/n

TiTHYHOI akTUBHOCTI. L{e Moke OyTH OB’ A3aHO 13 TUM, [0 3MiHA ICTUHHOI KaTOJHOI HO-
BEPXHI 1, BIJITIOBIIHO, TYCTHHY CTPYMY B JaHOMY BHIaJKY BiJlirpae 3Ha4HO MEHIIY POJIib,
HIXK TP eJIEKTPOIi3i ICTHHHOTO po3unHy. JluciepcHa (a3a B OCTAHHBOMY YTBOPIOETHCS
B [IPHUEJICKTPOTHOMY IIapi BHACIIIOK MiABUIICHHS pH, sike CyPOBOIKYE PEAKIIIO €ICK-
TPOXIMIYHOTO BHIUICHHS BOJHIO. Takuii MeXaHi3M YTBOPCHHs IUCHEpcHOI dasm, ode-
BUJIHO, TTepeadayae iCTOTHY 3aJIeKHICTh BiJl KATOIHOI T'YCTHHHU CTPYMY.

Oleksandra SAVCHUK, Irina SKNAR, Yuriy SKNAR, Felix DANILOV

PHOTOCATALYTIC ACTIVITY OF Ni-TiO, COMPOSITES

Ukrainian State University of Chemical Technology, Research Institute of Galvanochemistry,
Gagarin Ave., 8, 49005 Dnipro, Ukraine, e-mail: savchuk120816@gmail.com

The photocatalytic activity of Ni-TiO, composites obtained from a methanesulfonate electrolyte in the
presence titanium dioxide and a water-soluble salt of titanium was studied. It was established that photo-
catalytic activity of composites is determined by the available surface area of titanium dioxide in the composite.
It was shown that the photocatalytic activity of Ni-TiO, composites obtained from the true solution is
manifested at significantly lower mass TiO, content than in the composites deposited from the suspension
electrolyte. This work presents a new method for increasing the photocatalytic activity of the Ni-TiO, compo-
site. It was proposed to apply a photocatalyst to a preformed nickel extended surface matrix. The effect of
increasing the specific surface area of the matrix is achieved by nickel electrodeposition from a suspension
electrolyte containing carbonyl nickel powder as a dispersed phase. Composite Ni-TiO, coatings, deposited on
an extended surface matrix, have a higher photocatalytic activity than those obtained on a smooth sample. It
was shown that when electrodeposition of Ni-TiO, composites from the true solution to the matrix should be
taken into account the change of the true surface when choosing a current.

Keywords: Ni-TiO, composite, photocatalytic activity, extended surface matrix, methanesulfonate
electrolyte
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IOHHUI TA MOJEKYJISIPHUA CKJIAJI EJJEKTPOJIITHAX PO3UMHIB
A JITIM-IOHHUX J7KEPEJI CTPYMY

Misceioomue 6i0dinenns enekmpoximiunoi enepeemuxu HAH Yxpainu,
6ynv8. Beprnaocwvkoeo, 384, 03142 Kuis-142, Ykpaina, e-mail: margarytagorobets@gmail.com

OnHMM 3 HaWBaKITUBIIMIKMX MPUKIAJHUX ACTIEKTIB XiMii HCBOJAHUX PO3YHHIB € 3aCTO-
CYBaHHS COJIEH JITiIO B JUIOJSPHUX aNpOTOHHHX PO3YMHHHMKAX SK €JEKTPOJITIB JUIs
JITIH-10HHUX JDKepen cTpyMy [1] 3aBIsiku 1X 37aTHOCTI 10 MTEpeHOCy 3apsay MK JBOMa
enekrpogamu. HeoOXimHICTh AETANEHOTO BHUBYCHHS CKIAAY CJICKTPOJITHUX PO3UYHHIB
00yMoOBIIeHA Horo Oe3mocepeIHIM BIUTMBOM Ha e()eKTUBHICT POOOTH JITIEBHX XIMIYHAX
JDKepell cTpyMy. [IpakTHyHe BUKOPUCTaHHS €JIEKTPOIITHHX CHCTEM B XIMIYHHX JKepe-
Jax CTpyMy BHMarae IIepll 3a Bce OTPHMAaHHS PO3YMHIB 3 Hamepel 3aJaHUMH BIACTH-
BocTAMH. OTXe, TOYHI 3HAHHS IIPO B3a€MOJIl B PO3UMHAX € NMEPCIICKTUBHUMH ISl CTBO-
PECHHA HOBHX ONTHMAJBHHUX EJICKTPOJIITHUX CHCTEM, L0 BHKOPUCTOBYIOTBHCS B aKy-
MyJIsITOpax 3 OUIbII BHCOKMMH HOTY)KHOCTSIMH, OUIBLI TPUBAIUM TEPMIHOM CIyXOH,
MEHIIMM BILIMBOM Ha HABKOJIMIIIHE CEPEIOBHIIE Ta 1H.

KonuBanbHa CHEKTPOCKOISI € BaKJIMBUM IHCTPYMEHTOM, IO JO3BOJISE€ BU3HAYUTH
1OHHO-MOJICKYJSIDHMI CKJIaJl PO3YMHIB, a caMe pO3Ii3HaTH COJIbBAaTOBaHI KaTiOHHW,
COJIbBATOBAHI aHIOHM 1 pi3HI BHAM 1OHHMX Map, BKIIOYAIOYM PO3JUICHI PO3UMHHHUKOM
(ITTPP) i xonraktHi ionHi mapu (KIIT) [2]. BukoprucTanHs OCHOBHUX IPHHIMIIIB TEOpil
MHOKHH JIOTIOMO>X€ BU3HAYHUTH iOHHUI Ta MOJICKYJIIPHUN CKJIaJ Ta B3a€EMOJIi MiX CKI1a-
IOBAMHU YaCTHHAMH EJEKTPOJITHUX PO3YHHIB, SIKI MICTSATH Cib JITIIO Ta ampOTOHHUI
JOUIOSIPHUNA PO3YMHHHUK 13 3aCTOCYBaHHSM [aHUX MLIONO CONbBaTAlil Ta YTBOPCHHS
10HHUX TIap Pi3HOTO THITYy B €NEKTPOJIiTaX 3aJIEXKHO BiJl TUIYy aHiOHA, THITy PO3YMHHUKA
Ta KOHIIEHTparlii. Teopist MHOXHH 3aCTOCOBYEThCA B AEIKHX OCHOBHUX OOJIACTSIX HAYKH 1

Po3risiHyTO CrieKTpH KOMOIHAI[IHOTO PpO3CIIOBaHHS €JIEKTPOJIITHUX CHCTEM JUIs
JITIH-10HHUX aKyMYJISITOPIB, IO MICTATh CUIB JIITIIO 1 alPOTOHHUN AUTIOJISIPHUIN PO3YHH-
HUK B IHTEpBaJli KOHIEHTpALIH BiJl pO3BEIEHUX PO3UMHIB JI0 CiJIb-COJIBBATIB 1 JAaji — 0
PO3YMHIB COJIEH y Cib-cosibBaTax. 3a JaHUMH CHEKTPOCKOMIYHUX EKCIIEPUMEHTIB OTpH-
MaHO BiJIOMOCTI IIPO 10HHMH Ta MOJIEKYJIAPHUI CKJIaJl €JIeKTPOJIITHUX PO3UYMHIB, a caMme,
BUSBJIICHO COJIEBATOBAHI KaTiOHH, CONEBATOBaHI aHiOHW, pi3Hi TumH ioHHHX map (ITIPP,
KIIT) i Bu3Ha4yeHo ix KoHIEHTpalii (puc. 1). Bctanosneno, mo B po3unHax LiClO, B mu-
Metmincyiabokenai (AMCO) cepenHe 9ncino coibBaTallii KaTiOHIB MMOCTIHHO Ta OJIM3BKO
1o mBox. Ha BinmMiHY BiJ KaTiOHIB, CEpeIHE YHCIIO CONBbBATALlil aHIOHIB 3MEHIIYIOTHCS 31
30UTBIIICHHAM BMICTY COMi 1 HAOMIDKAIOTRCS 1O ABOX Yy KOHIICHTPOBAHUX po3dyMHAX [4].
Busnageno, mo B cucremi LiClO4-JIMCO npucyTHi conbpBaTOBaHI i0HHM, 1OHHI Hapw,
pozaineni pozunHaukoM (ITTPP) ta xonTaktHi ionni mapu (KIIT) [5].

3a I0MOMOToI0 TeOopii MHOKHH 3alIPOIIOHOBAHO AJITOPUTM PO3PaXyHKY CKJIaJy dac-
TUHOK y 10HHUX PO3YMHAX 3 ypaxyBaHHsM YCiX piBHOBar y HUX (puc. 2), BU3HAYCHO
CKJIaJ 1 KUTbKICTh YACTHHOK MPHUCYTHIX B CHCTEMI 1 TOOYJOBAaHO PO3MOALT MOJIEKYJ PO3-
YHHHWKA 32 THIIAMH YaCTUHOK, NpucyTHIX B cucteMi LiClO4-IMCO (puc. 3).
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Puc. 1. KonneHnrpariiiHi 3a1eXKHOCTI KUIBKOCTI BCIiX THITIB YaCTHHOK Ta CEPEIHI YHCIIa MOJIEKYIT
PO3YMHHUKA, 3B'I3aHUX 3 KATiIOHOM 1 aHioHOM B po3unHax LiClO, B IMCO
Fig. 1. Concentration dependences of the amounts of solution entities and mean number of the
solvent molecules bonded to cations and to anions in LiClO, solutions in DMSO

n=3

09 my AMCO

0.6 o H-pimemi 0.3 mu. H-ss'mar

0.12mu.
E Cxatami
¥aTIOKIOT
CONBEATIE

Puc. 2. Cxema airoputMy po3paxyHKy CKJIaay YaCTHHOK y I0HHHUX PO3UHMHAX

Fig. 2. Scheme of the algorithm for calculating the composition of solution entities

1. Xu K. Electrolytes and Interphases in Li-lon Batteries and Beyond // Chem. Rev. — 2014. —
Vol. 114, Is. 23. - P. 11503-11618.

2. Alia J M. Raman spectroscopic studies of ion-ion interactions in aqueous and nonaqueous
electrolyte solutions / Handbook of Raman spectroscopy: From the research laboratory to the
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Puc. 3. Po3nofin Mosiekys1 po3uMHHIKA 32 THIIAMU YaCTHHOK, MPUCYTHIX B cucTeMi LiCl0,-
JIMCO: 1 — BinbHi Mmonexynu IMCO; 2 — mumepu IMCO; 3 — consBatu Li(ZIMCO),;
4 — compBaroBani aHioHH ClO4(AMCO),; 5 — IITPP Li(/IMCO),ClO4AMCO), ;
6 — KIIT (IMCO),LiClO4(AMCO),

Fig. 3. The distribution of solvent molecules by the types of particles present in the LiC1O,-DMSO
system: 1 — free DMSO molecules; 2 — dimers of DMSO; 3 — solvates Li(DMSO),; 4 - solvated
anions ClO4(DMSO),; 5 — SSIPs Li(DMSO0),ClO4DMSO0),; 6 — CIPs (DMSO),LiCl04DMSO0),

process line / L.R. Lewis, H.G.M. Erwards (Eds) // New York — Basel: Marcel Dekker, 2001. —
P. 612-677.

3. Rouvray D.H. Fuzzy Logic in Chemistry / Academic Press, 1997.

4. Gorobets M.1, Ataev M.B., Gafurov M.M. et al. Raman study of solvation in solutions of
lithium salts in dimethyl sulfoxide, propylene carbonate and dimethyl carbonate // J. Mol. Liq.
—2015.-Vol. 205. - P. 98-109.

5. Kirillov S.A., Gafurov M.M., Gorobets M.1. et al., Raman study of ion pairing in solutions of
lithium salts in dimethyl sulfoxide, propylene carbonate and dimethyl carbonate // J. Mol. Liq.
—2014.-Vol. 199. - P. 167-174.

Margaryta Gorobets, Sviatoslav Kirillov

SPECIATION IN ELECTROLYTE SOLUTIONS FOR LITHIUM-ION BATTERIES
FROM THE SET THEORY

Joint Department of Electrochemical Energy Systems of NAS of Ukraine
384 Vernadsky Ave., 03142, Kyiv, Ukraine, e-mail: margarytagorobets@gmail.com

An analysis of the Raman spectra of the LiClO, solutions in dimethylsulfoxide in a concentration range
from diluted solutions to the mixtures of molten solvates with salts has been performed. Information on the
ionic and molecular composition of electrolyte solutions has been obtained, namely, solvated cations, solvated
anions, various types of ion pairs (SSIP, CIP) were detected and their concentrations were determined. The
composition of solution entities was determined using the set theory.

Key words: Raman spectra, solvation, ion pairs, set theory
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OCOBJIMBOCTI EJIEKTPOBIJIHOBJIEHHA TNBOJb®PAMAT-AHIOHA I
JIOKCHUAY BYTJIEIIO B XJIOPUTHOMY PO3IIJIABI

ITnemumym 3azanvhoi ma neopeaniunoi ximii im. B.1. Bepnaocvkoco HAH Yxpainu,
npocn. akademixa Ilannadina, 32/34, 03680 Kuis, Yxpaina
e-mail: sergivkuleshov@gmail.com

Bucokoremneparyphuuii enekrpoximiunuii cuare3 (BEC) B conboBux po3miaBax J10-
3BOJISIE CHHTE3YBaTH MIMPOKE KOJIO I[IKaBUX B MPUKIIAIHOMY IUIaHI TyTrOIUIABKUX CIIONYK:
Kap6iaum, 6opunm, cuninuau Metaiis [V-VI rpyn I1/C. Ha croroaninHiii jeHs kapOian
BOJIb()paMy B HAHOPO3MIPHOMY CTaHi OOTPYHTOBAHO PO3IISJAIOTHCS SIK AbTEPHATHBA
JIOPOTUX TUIATMHOBHX KaTalli3aTOpPiB 3aBASKH KOMIUIEKCY YHIKQJIbHUX BIIACTUBOCTEH.
BaxnuBoro ymoBoro ycminmiHoi peanizanii eixekrpoximiuHoro cuntesy WC e crijbHe
€JIEKTPOBITHOBJICHHS HOTO KOMIIOHEHTIB — CIIOJIYK BOJIb()paMy 1 BYIJIEHIO 3 MOJaJIbIIO0
B3a€EMOJIIEI0 TIPOAYKTIB BiAHOBIEHHS. SIK MpeKypcop BOIB()PAMOBOTO KOMIIOHEHTA
MOXYTh BHUCTYIIaTH MOHO- i TONiBONb(pamMaTd ITyKHHX 1 Jy)KHO3EMEIBbHHX METaliB
MgWO0O,, Na,WO,, Na,W,0;, Li,WO,), a ByrieneBoro KOMIIOHEHTy — KapOoHaTu
(Li,CO3, CaCO;, MgCOs), abo miokcun Byriemnto. IIposeneHo TepMOgMHAMIYHAN aHATIi3
HOTeHIianiB po3kinagaHas (E,) mpeKkypcopis B iHTepBani Temmepatyp 900-1000 K, skwuit
JI03BOJIUB BUOpATH MOXIIUBY Napy KOMIIOHEeHTIB aisi cuntesy WC, a came — Na,W,0; (-
1,05 B)-CO,(-1,03 B) (po3paxosani £, npu 1000 K).

Meroto faHoi poOOTH € BOJIBTAMIIEPOMETPUYHE JIOCHIPKEHHS NaplialbHOIO 1 CIiJIb-
HOTO BiJIHOBJICHHS BYTJICIIO 1 Bonb(pamy B cuctemi Na,K|Cl-Na,W,0,—CO,, BuBucHHS
MEXaHi3MiB KaTOAHHUX IIPOIECiB 1 MOXJIMBOCTI iX BHkopuctaHHs miusi BEC xapOiny
BoNIb(hpamy.

Ha puc. 1 HaBegeHo nukiigHi BonpTammneporpamu posmraBy Na,K|Cl-Na,W,0; na
Pt enexTponi (@) mpu noTeHmianax 3Bopoty E;,= —1,1, —2,2 B, ta mBuakoctsx V= 0,1 i
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Puc. 1. BA cucremu Na,K|Cl-Na,W,07 (@) Ta rpadik 3anexHOCTi i, Bill KOHLEHTpaii (6)
Fig. 1. CV of system Na,K|Cl-Na,W,0; (a) and plots of i, against concentration (b)
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)

ioMASCu

Puc. 2. BA posmiaBy Na,K|CI(1:1)-CO, (a) Ha Pt enexTpoai nmpu pisHOMY THCKY Ta3y, atM: (1) 0;
(2) 1;(3) 2.5; (4) 5; (5) 7.55(6) 10; (7) 12.5; (8) 15; (9) 17; V=5 B/c; (6) — Na,K|Cl (1); i3
Na,W,0; 2:10™* moms/cm® (2), mpu Trcky CO,: (3) 10, (4) 12,5, (5) 15 atm; V= 0,1 B/c
Fig. 2. CV of Na,K|CI(1:1)-CO, melt (a) on Pt electrode at various gas pressures, atm: (1) 0; (2) 1;
(3) 2.5; (4) 5; (5) 7.5;(6) 10; (7) 12.34(®) 15; (9) 17; V = 5 V/s; (b) — Na,K|CIq1)? and with
Na,W,0; 2:10™* mol/cm® (2), at pressure of CO,: (3) 10, (4) 12,5, (5) 15 atm; V'=0,1 V/s

0,05 B/c Ta rpadik 3aneXHOCTI CHIIU CTpyMy KaToaHoi XBuUI A (i,) BiJ KOHUEHTpaLii Je-
nonsipuzatopa Na,W,0; (6). Ha mukmorpaMax crocTepiraeTsCsi OHa KaToJHA XBUIA A
(~-0,9 B) i omun aHOMHMI MK B Ha 3BOPOTHROMY XOJi IpH moTeHnianax ~ -0,25...0,4 B
BiIHOCHO TUIATHHOBOTO €JIEKTpoJia MOpiBHAHHA. [0 3HAYCHHSIM PI3HHMIN MiX MOTEHIIia-
JIAMH KaToJHOro i anoxHoro mikiB (~0,5 B) Ta HamiBumpuHi karoguoro mika (~0,12 B)
MOYKHa 3pOOMTH BUCHOBOK IIPO HE3BOPOTHICTh €JIEKTPOIHOr0 mporecy. Crnocrepiraerh-
cs JIiHIIHA 3aJIeKHICTh CTPYMY XBWIII 4 BiJl KOHLEHTpalil renonspusaropa. Lle o3nauvae,
110 eJIEKTPOXIMIYHUI MPOIIeC, 3a CBOEIO MPUPOIot0, Mae nudys3iitHuit xapakrep. [Ipose-
JICHO MOTEHIIOCTATUYHUH EJIEKTPOJIi3 TPUBANICTIO 2 TOA IpHU noTeHmiam -1,1 B, sxuit ax
IPOJIYKT J1aB HAHOCTPYKTYpHHH Bosib(paM. Buxoxsum i3 mux pesynbTaTiB MOKHA 3a-
MIPOTIOHYBATH HACTYIIHY PEaKIliio eJICKTPOBIJHOBICHHS TUBOIb(pamary:
[W,0,1* + 68 — W + [WO,]* + 30", (1)
BuBuenHs mapmiansHOTO enekTpoBigHoBiIeHHs CO, Ha Pt-, Au-, CB-enexrponax ae-
TaJbHO omucano B poboTi [1]. Bomprammeporpamu mis cuctemu Na,K|CI(1:1)-CO, npu
THCKax ra3zy 1-15 atm. HaBegeHO Ha puc. 2, a. JlocmimKeHHs TOKa3alH, U0 eIeKTPOXia-
HoBieHH CQO, pO3YMHEHOTO B XJOPHIHOMY pPO3IIaBi MiJ HAAMIPHUM THCKOM IIpH
mBHAKOCTAX monspu3anii (V) Bume 0,2 B/c mpoxoauts B OfHY CTalio, eIeKTPOTHIHA
MPOLIEC KOHTPOJIIOETHCS IBHJKICTIO TIEPEHOCY 3apsaiy Ta IuQy3ilo razy A0 MOBEpXHi
enekrpoaa. KaToaHuii mpoayKT — HAHOMIOPOIIKH BYIJICIIO Pi3HOT CTPYKTYpH Ta Mopdo-
norii. ITpu V Hmxue 0,1 B/c enextponuuii npouec npotikae 3a ECE (electrochemical-
chemical-electrochemical) mexanizmom:

CO, +28 — [CO.J”; )
[CO. )« CO+0™; 3)
CO+2& —C+0". 4)

HagmipHuii THCK BYTJIEKHCIOTH B CUCTeMi HEOOXiTHMHN IS 301TBIICHHS PO3YHHHO-
cri CO, B po3ruiasi i s 3B'A3yBaHHsS okcua-aHiony O, SKuil BUBIIGHAETHCS B HPH-
KaTOJHOMY IIapi, B KapOOHAT aHiOH:
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CO, + 0% = CO,™. (5)
TakuM YMHOM, CyMapHa peaxmis:
3CO, +4& — C+2C05™". (6)
Ha puc. 2,6 300pakeHO BOJBTaMIEPOTpaMH TPH CIUTBHOMY EIEKTPOBHIUICHHIO
Byriaento 3 CO, i Bonbdpamy 3 auBonbdpamary B cuctemi Na,K|Cl-Na, W,0,—~CO, mpu
pI3HUX THCKaxX BYIJIEKHCIIOTO ra3dy. BBeJeHHS BYIVIEKHCIIOrO ra3y B CHUCTEMY INIPH3BO-
JWTH 10 3POCTAHHS CHIIM CTPYMy XBHJI enextposimoBienus [W,0;]. IIposemeno
€JIEKTPOJIi3 B IMOTEHLIOCTATUYHOMY Ta TalbBAaHOCTAaTHYHOMY PEXKHMaxX JJIsl CHCTEMHU
Na,K|Cl-Na,W,0,—CO, mnpu pisnux 3HaueHHsx Tucky CO,. B pesyibrati omepxaHo
MOKPHUTTSI TEMHOT'O KOJIbOPY Ha €JIEKTPOJIi Ta YOPHHI MTOPOIIOK Ha JIHI 3aCTUTJIOTO ILIa-
By. P® ananiz oTpuMaHOro NpoyKra Ipy TUCKY 15 aTM i po3paxyHOK napaMeTpiB Kpuc-
TAJIIYHOI I'PaTKM MPUBOANUTH O BHCHOBKY, II0 OTPHMAHHUN MPOAYKT — reKcaroHaJIbHUH
xap6in Bomsppamy WC (a = 2,9079 A; ¢ = 2,8225 A). BeranoBiieHo, 110 B 3aI€KHOCTI
Bix Tcky CO, MokHa oTpuMaTu ocagu pizHoro ckiaxy (W, W,C, WC Ta ix cymimi).
CymapHy peakililfo YyTBOPEHHA KapOimxy Bomb(pamMy MOKHA MPEICTABUTH HACTYITHHM
YHHOM:
[W,0,]* +3CO, + 108 — WC + [WO,]* +2CO5* + 307 (7)
CuHTe30BaHI HAaHOPO3MIpHI KapOiau BosibGpaMy MaroTh LiKaBy MOPQOJIOTiio sKa
nmociimkena metogamu [IEM ta PEM. Enekrponitnunuit WC ckiamaeTbes 3 HAHOPO3-
MIpHHUX TOJYacTUX CTPYKTYP, sIKi 00 €IHYIOTbCS B KOHIJIOMEPATH. 3BEpXy Il YaCTHHKU
BKPHTI BYTJICLIEBOIO «IIy0OI0».
Tox B pe3ymbTaTi JOCTIKEHb BCTaHOBIEHO, mo wmeromom BEC i3 cuctemu
Na,K|Cl-Na,W,0;—CO, M0oxHa OTpHMAaTH YIbTPaTUCIIEPCHI KOMIIO3UTHI MaTepiaiu Ha
OCHOBI Kap0iniB Bombhpamy.

1. Novoselova I.A., Kuleshov S.V, Volkov S.V., Bykov V.N. Electrochemical synthesis, morpho-
logical and structural characteristics of carbon nanomaterials produced in molten salts //
Electrochim. Acta. —2016. — Vol. 211. — P. 343-355.

Serhii Kuleshov, Inessa Novoselova, Olena Fedoryshena

THE FEATURES OF ELECTROREDUCTION OF DITUNGSTATE- ANION AND CARBON
DIOXIDE IN CHLORIDE MELT

V.I. Vernadskii Institute of General and Inorganic Chemistry,
Palladina avenue, 32/34, Kyiv 03680, Ukraine, e-mail: sergiykuleshov@gmail.com

The peculiarities of partial and joint electrochemical reduction of carbon and tungsten in the system
Na,K|Cl-Na,W,0,~CO, were studied by cyclic voltammetry, the electrode reactions and processes mechanism
were established. It has been found that partial cathodic reactions of both processes are controlled both by the
stage of charge transfer and by the stage of diffusion of the depolarizers to the surface of the electrodes. The
products of the electrolysis of the partial processes are determined — nano-sized powders of tungsten and
carbon. The conditions for the co-deposition of tungsten and carbon with the formation of tungsten carbide are
established. The products of different composition (W, C, W,C, WC and their mixtures) can be obtained
depending on CO, pressure.

Key words: molten salts, electroreduction, electrochemical synthesis, nanosized powders of tungsten
carbides, electrode reactions
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EJIEKTPOBITHOBJIEHHS KUCHIO HA OBOJIOHKOBUX
HAHOKOMIIO3UTAX FeFe,0,&Ag"

! Tnemumym 3azanvnoi ma neopeaniunoi ximii in. B.I. Bepnadcwrkozo HAH Yipainu,
npocn. [lannaodina, 32-34, 03680 Kuis, Yxpaina, e-mail: pirsky@ionc.kyiv.ua

2IHcmumym npobaem mamepianosnaecmsa im. .M. @panyesuna HAH Ykpainu,,
eyn. Kporcusicanoeckoeo, 3, 03680 Kuis, Yrpaina

Ha croromgHimHiii IeHb CTPYKTypH HAHOPO3MIPHHX OOOJOHKOBHX KOMIIO3WTIB Ha
OCHOBI MarHeTWTy Ta OJaropoJHMX METaNiB, SKi MOETHYIOTH B CO01 BHCOKI MarHiTHi
XapaKTEPUCTUKU Ta KaTallITHYHY aKTHBHICTh y OIOJIOIIYHMX CHCTEMax, BU3HAHO Mepc-
MEKTHBHOIO CHPOBHHOIO ISl OTPHMAHHS Py MarepiaiiB MeIuKo-0i0J0riYHOro mpH-
3HaueHHs. 3 IHIIOro OOKY, CTPYKTypH THIly "core-shell" MoxyTb OyTH BUKOpHCTaHI IpH
CTBOPEHHI KaTaii3aTopiB, MPU3HAYEHHUX JJIS PO3KIAAaHHs OPraHiYHUX JOMIIIOK MEPOK-
CUJIOM BOJHIO. TaKki CTpyKTYpH MOXYTb OyTH 3aCTOCOBaHI B €JI€KTpOKaTali3i, sl eleK-
TPOBITHOBJIEHHSI KHCHIO B XIMIUHHX JDKEpEsIaX CTPyMy.

MeTa po6GOTH — JOCIiKEHHS BILIMBY 000J10HKH HaHOKOMIO3uTiB FeFe,0,&Ag’, sixa
Oyna yTBOpeHa B HIMPOKOMY JMialla30Hi BUXITHWX KOHIICHTpAIill apreHTyMy IIiJ 4ac
CHHTE3y YaCTHHOK, Ha MPOIIEC EJIEKTPOBIAHOBICHHS KHCHIO.

Cunre3 HanoxomIito3utiB Ha ocHoBl FeFe,O, Ta Ag0 3MIACHIOBABCSI METOJIOM PO-
TauiiHo-koposiiinoro nucneprysanHs (PKJ). [uck, Burorosnenuit i3 cram 3 (Cr3),
MEXaHIYHO OYHIIYBAJIH Ta aKTUBYBAJIH CipYaHOIO KUCIOTOIO. [linroroBmeHuii nuck Qix-
cyBanu y PK/I npuctpoi Ta mpuBOIMIN y KOHTAKT 3 BOAHUM JMCHEPCIHHUM CEepeIOBH-
mem 3a T = 50 'C, 1e Bin 06epTaBcs BIPOIOBK roauHy. [Tic/s 4oro IucK, 3 yTBOPESHHMH
Ha ¥#oro moBepxHi nepBuHHMMH crpykTypamu Fe(II)-Fe(Ill) mapyBarux mnonBiiHuX
TiIPOKCHAIB, IEPSHOCIITH B apIeHTYMBMICHE JHCIIepciiiHe cepepoBuine. OCTaHHIM CITy-
ryBanu BomHi posuman AgNO; 3 KoHIeHTpamismu cAg B miamasoni Bix 0,5 mo 20,0
mr/iM° 3a 3Hauens pH 6,0-6,5. DOpMyBaHHS YACTHHOK TPUBAIO TofuHy. Ilicis 3aKiH-
YeHHsI MPOLEJypU CHHTE3Y JMCK BUHMAJH i3 IIPUCTPOIO Ta BUCYIIYBAJIM HA IMOBITPI 3a
KiMHaTHOI Temneparypd. OTpHUMaHi YaCTHHKM HAaHOKOMIIO3WTY BHJAJISUIM 3 MOBEPXHI
JIMCKa 32 JOTIOMOT'OI0 MTEH3ITUKA.

CuiBsinnomenHs MetaniB (Fe : Ag) y ckiafi HAHOKOMITO3UTIB BH3HAYAIH METOJIOM
PEeHTreHO(ITyOpECIIEHTHOT CIIEKTPOCKOIIIT 3 BUKopucTaHHIM criekrpomerpa ELVAX, 06-
JIaTHAHOTO THTAHOBMM aHOJOM. 3TifHo 3 nannMu POC, Ha moBepXHi HAHOYACTHHOK, OT-
PUMaHMX 3a HU3bKUX KOHIeHTpaliit cAg’ (0,5-3,0 MI/IM’) BUSIBIICHO SIK aTOMH Cpi0ia,
Tak i aromu 3amiza. [Ipu 301bIIEHH] BUXITHOT KOHLIEHTpALl i0HIB apreHTyMy PO3IOALT
(mac.%) Fe : Ag 3MiHIOETBCS 1 MACOBHI BiICOTOK cpibia moctymoBo 3poctas. Ha puc. 1
HaBEJICHO 3aJIeKHICTh MAaCOBOI YacTKW CpiOia, BIIHOBICHOTO HA TOBEPXHI HAHOKOM-
no3utiB FeFe,0,&Ag’, Bix BuxinHoi KoHuenTpamii Ag' y qucmepciitHoMy cepemoBuii.

[TEM 300pakeHHsS 4aCTHHOK KOMIIO3UTIB HaBeneHO Ha puc. 2. [lokaszoBo, mo 3a
HU3bKOI1 KOHIICHTpAIlii apTeHTyMy YaCTHHKH MarHETHTY MaloTh KyOiuHy (opmy, a cpib-
JIO BIZTHOBITIOETHCS HA TIOBEPXHI Horo rpanei y ¢popmi kiactepis. [Ipu 3pocranni BuXi-
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E 140 - 4 Puc. 1. MacoBa yactka cp16n(:):1 B
190 | ‘:' HAHOKOMIIO3HTaX FeF 92048iAg s
Loa 1 o 3aJIEIKHO BiJ| K(_)flueHTpauﬁ Ag'(C Ag +)

E 0380 | -,x’ y IHMCIEPCiiHOMY CepeoBHILi

£ 050 - ,Jy Fig. 1. Weight part of silver in the

& 040 - R FeFe,0, & Ag’ natlocomposites

< oz | Yook depending on the Ag” concentration
0.0 i : : : . (C ag+) in the dispersion medium

ala o0/b

Puc. 2. 3epua FeFe,0, i Ag’ yropeni npn xonmentparii Ag'(C Ag +) 0,5 mr/ om’ (a) Ta IIEM
306paXKeHHS y CBITIOMY Ta TeMHOMY Toni gacTurok FeFe,0, i Ag’ tnmy core & shell (6)

Fig. 2. Grain of FeFe,0, and Ag” formed at the concentration of Ag'(C Ag+) 0.5 mg/dm? (a)
and the light and dark field TEM images of the core & shell type particles FeFe,0, and Ag’ ()

HOI KOHIIEHTpAL{i apreHTyMmy Gimbine 5 Mmr/am° (pOpMa YaCTHHOK MArHETHTY HaOIH-
KAETHCS 10 ChepHyHOT, a cpibII0 yTBOPIOE HA X OBEPXHI METAIIIYHY O0OOJIOHKY.

EnexTpokaTtaniTiyHy aKTUBHICTh KaTai3aTOPiB AOCIIUKYBaIH 3a JOIIOMOTOIO €JIeK-
TPOXIMIUYHMX BUMIpIOBaHb Ha "TIaBalodoMy" ra3oan@y3iiHOMY €JIeKTpOJi B €JIEeKTPO-
XIMIYHIH KOMIpII 3 PO3IUICHUMH KaTOAHWUM 1 aHOJHHM IPOCTOPAMHU IPH TEeMIepaTypi
20 °C, ma motenmiocrati I11-50-1.1 B poszumnai 1M KOH. Ctpym peectpyBanmu Mifi-
amnepmerpom M2020. Enextpomom mopiBHSHHS BUOPAaHO XJIOPCPIOHU EIEKTPOI.

Haii0inpmmit mo3uTHBHUK 3CYB TOTEHIIANY, ITOPIBHSHO i3 razonndys3iiiHIM enek-
TPOZOM, CIIOCTEPIraBcs y HAHOKOMIIO3UTI, oTpuMaHoMy IpH Cagr = 20 mr/mv’. Kpim To-
ro, Oyno BUSBJICHO Oe3mocepenHii BIUIMB KOHIIEHTpAIlii cpibiia Ha KaTaliTHYHY aKTHB-
HICTh HAHOKOMIO3UTIB (puc. 3, @). BiporisHo, npu Oijbll BUCOKOMY BMICTI cpibiia Ha
nmoBepxHi FeFe,O, yTBOPIOETHCS OUIbIIE YUCIO aKTUBHUX IICHTPIB, Y (HOopMi HaHOKIIAC-
TepiB cpibia, TOCTYMHUX IJIsl peaKiii BiIHOBJICHHS KUCHIO.

Ha nanouactunkax marHerutry FeFe,O, TakoX NMPOXOJUTh peakilisi BiJHOBIICHHS
KHCHIO 4Yepe3 YTBOPEHHS MEPOKCHY BOJHIO, ajle aKTHBHICTb, OTpUMaHa Ha cpilui, BU-
me. HaliMeHII0r0 aKTHBHICTIO y peakiii BiIHOBICHHS KHCHIO xapaKTepmyeTLca HaHo-
KOMIIO3UT, OTPHUMAHMI NpH BUXiaHIH KoHUEeHTpawii Cagr = 0,5 mr/am’ — {Ag(0, Smr/om’)
+ FeFe,04}, B skOMY BMICT cpibia OyB MiHiMansHEM (pHC. 3, 0).
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Puc. 3. 3anexHicTh KaTATITHYHOTO €JIEKTPOBITHOBICHHS KHCHIO Ha IIOBEPXHI HAHOKOMIIO3UTIB
FeFe,0,8&Ag" Bin xonnentparii Ag+ (C Agt) B TIpOLIEC 1X yTBOpeHHs. [lonsapusaniini
norexuiam:1 —E=-0.15V,2 - E =-0.20,3 - E=-0.25 (a) Ta craiioHapHi noTeHIiocTaTiyHi
3aJIeXKHOCT] KATOXHOTO BiXHOBJICHHS KICHIO Ha IIOBEpXHi HaHOKoMmo3uTiB FeFe,0, i Ag’ (6)
Fig. 3. Dependence between the catalytic oxygen electroreduction on the FeFe,04 & Ag’
nanocomposites and Ag" concentration (C Ag+ ) Within their formation. Polarization potentials:
1-E=-0.15V,2-E=-0.20, 3 — E =-0.25 (a) and stationary potentiostatic dependences cathodic
oxygen reduction on the surface of FeFe,0, & Ag® nanocomposites (b)

TakuM 4MHOM, B XO/Ii EKCIICPUMEHTAIIBHOTO JOCIIKEHHS 0YyJI0 MOKA3aHo, 10 Peak-
Iisl BIJIHOBJICHHSI KMCHIO HA TIOBEPXHI HaHOKOMIO3UTIB FeF e204&Ag0 MPOTIKA€E, TOJIOB-
HUM YMHOM, Yepe3 yTBOPEHHS MEPOKCUAY BOJHIO. BeTaHOBIICHO, 1110 MPH YTBOPEHHI Ha
MOBEPXHI MarHeTUTOBOTO sJpa KiacTepiB abo 0OOJIOHKM BiHOBJIEHOrO cpi0ia aKkTHB-
Hicth Hanokommosutie FeFe,0,&Ag’ y peakiii eleKTpOBiIHOBIEHHS KHCHIO CyTTEBO
3pOCTaE.

Yuiy Pirskyy', Oksana Krupennikova', Gennadiy Dolinskyi®, Olena Lavrynenko’
OXYGEN REDUCTION ON THE SURFACE OF FeFe,0, & Ag” NANOCOMPOSITES

'y.I. Vernadskyy Institute of General and Inorganic Chemistry NAS of Ukraine,
32-34 Palladina Avenue, 03680 Kyiv, Ukraine, e-mail: pirsky@jionc.kyiv.ua

’I.M. Frantsevych Institute for Problems of Material Science NAS of Ukraine,
3 Krzhizhanovsky Str., 03680 Kyiv, Ukraine

The electrochemical properties of nanocomposites comprised of magnetite (FeFe,0,) and silver (Ag®), that
was formed on the steel 3 surface contacting with AgNO; water solutions in the open-air system, has been
studied using oxygen electroreduction reactions. Electrochemical and kinetic data suggest that the reaction of
oxygen reduction takes place mainly via the formation of hydrogen peroxide. Thus, potential interference of
the FeFe,0, & Ag’ nanocomposites activity with biological oxidation systems could be presumed. The
presence of silver nanoclusters on the magnetite surface or FeFe,0,&Ag’ core-shell type structures formed on
magnetite surface enhances the oxygen electroreduction activity.

Keywords: Oxygen electroreduction, Core-shell nanocomposites, Argentum ions, Magnetite
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Micnesi anecretnku (MA) Tpynu aMmifiB € MHUPOKO BiIOMUMH peareHTaMu, siKi BH-
KOPHCTOBYIOTBCS SIK CAaMOCTIiiHI mpemapaty Ui 3HEOOTIOBAHHS, TaK 1 y CKJIaai KOMI-
JIEKCHUX (hapMaleBTUYHUX IpenapaTiB B OHKOJIOTII, Xipyprii, JIIKyBaHHI IIKipHUX 3aiiBO-
proBanb, JIOP-oprauis i in. OnHak, yci MA nposBJiIsiioTh TOOI4HI Aii HA OpraHi3M JIoIu-
HH, 30KpeMa CeplLeBO-Cy/AMHHI, HEBPOJIOTIUHI, aJIepriyHi peakiii, HaBiTh aHaiIaKTHY-
Hui ok [1]. Tomy iXHs KiIBKIiCTh CTpOro K03yeThest. [t Bu3HaueHHs BMicTy MA Haii-
YacTile BUKOPUCTOBYIOTH XpoMmarorpadiuni meroau [1, 2]. HegoctynHicTh Ta BHCOKa
BapTicTh 00NaHAHHS, HEOOXITHICTh BUCOKOKBAI(hiKOBAHOTO MIEPCOHANY Ta TPHBAIICTh
aHaNli3y 3MEHIIYE TIepeBard XpoMaTorpaiqyHAX METOMIB 1 CIOHYKAae HAYKOBIIB [0
MOIITYKY abTepPHATUBHUX MPOCTIIINX, JEMIEBIINX i JOCTYMHIMINX METOAIB aHaTizy MA.

Mertoro Hamoi poboTn Oyio po3poOWTH i 3alPONOHYBATH HOBI aJIbTEPHATHBHI IO
xpomartorpadiyHUX 1 IHIIMX METOIB, BOJBTAMIIEPOMETPHUYHI METOIMKH IS KiJIbKic-
HOTo BM3HAa4YeHHA MA y ¢apManeBTHYHUX Ipernaparax Ta JesKUX O0i0JoriuHuX 00’ €k-
TaX. 30KpeMa JIOCHi/PKEHHS TIPOBOJIMIINCS 3 BAKOPUCTAaHHs Takux MA, sk JiiiokaiH, npo-
KaiH, OCH30KalH, TPUMCKATH Ta MeIiBaKaiH.

VY po0OTI BUKOPUCTAHO AEKiJIbKa IMiAXOMIB Ul OTPUMAHHS €JIEKTPOXIMIYHO aKTHB-
HUX aHamiTHYHUX GopM MA. JlocaimmkeHi MA XapakTepH3yIOThCsl HasBHICTIO Y CTPYK-
Typi IXHIX MOJIEKYJ] TPETUHHUX YU IEPBUHHHUX aMiHO TIPYII, SKi HPOSBISIOTH 3/1aTHICTH
JI0 OKHCHEHHSI. Y JiiTepaTypi BiioMi poOOTH 3 BUKOPUCTAHHSIM IPSIMOTO OKHCHEHHS J1esi-
kux MA, 30KpeMa JiokaiHy, Ha enektponi. OgHak, st OLTBIIOCTI HOocTimkeHnX MA
BUKOPHCTAaHHS BOJIBTAMIEPOMETPUIHNX METOIIB € OOMEKEHHM.

[TepciektBHMM € IepeBeneHHS MA y dopMy, sika 3/1aTHA BiTHOBIIIOBATHCS HA PTYT-
HOMY KpaIUIMHHOMY enekTpoai (p.k.e). [lepeBarn BUKOpPHCTaHHA p.K.€. IIMPOKO BimoMi,
30KpeMa, BiH XapaKTepU3YEThCS BHUCOKOIO BiITBOPIOBAHICTIO pe3ynbTariB. [yis oTpH-
MaHHs aHATITHYHUX GopM MA 37aTHUX BIJHOBIIIOBATHCS HAa P.K.C. BUKOPHCTOBYBAJIH
OKHMCHEeHHs1 Kaniii nepokcumoHocynbparom (KIIMC) rta peakuii amiazoramii ta aso-
CHOJIyYEHHSI.
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VY pasi okucHeHHS MA, IKi MiCTSTh TPETUHHHI aMiH, a caMe JIiJJOKaiH, MeIiBaKaiH Ta
TpuMmekaiH, 3 BukopuctaHHsM KIIMC ytBopiotoTbest BigmoBimHi N-oKcHIH, sKi yxe
€JIEKTPOXIMIYHO BiJHOBIIIOIOThCA Ha P.K.€. Ha BodpTammeporpamax peecTpyeThes TUTBKA
onuH nau¢y3iiHUN K. Y pa3i BITHOBICHHS NPOIYKTIB OKHCHEHHS aHECTETHKIB, SIKi Mic-
TATH TUTBKW MEPBHHHY aMiHO-TpyITy (OCH30KaiH) YU JOMATKOBO IIe W TPETUHHHUN aMiH
(mpokaiH), eIeKTPOXiMIYHUI IpoLeC YCKIaIHIOEThCA: peecTpyroThes aBa (P1 ta P2) abo
tpu niku (P1, P2 Ta P3), s 6en3okainy Ta npokainy BinnosigHo. Ha BUXia nmpoaykTiB
XIMIYHOTO OKHMCHEHHsI 1 €JIEKTPOXIMIYHOI'O BiJHOBJICHHs BIUIMBAIOTh YMOBH PCaKIIii:
KOHLICHTpALlisl peareHTiB, MPUPOja IHEPTHOTO elleKTpodiTy, pH po3unHy, Temmneparypa
Ta TPUBAJICTH OKUCHEHHs. B onTUMaibHUX yMOBaxX BH3HAYE€HO METPOJIOTIUHI XapakTep-
PHCTHKH BOJIHTaMIIEPOMETPUYHOTrO BH3HaueHHs MA. VY Tabin. 1 HaBexeHO jesiki aHa-
JITHYHI XapaKTEPUCTUKU BOJIbTaMIIEpOMETPHUYHOTO Bu3HaueHHss MA. Po3pobiieni meto-
JMKH OYyJIM BUKOPHCTAHI /I BOJBTaMIIEPOMETPUYHOTO BU3HAYCHHS YCIX IOCIIKEHUX
MA vy pi3HEX (apMaleBTHYHUX Mpernaparax, a came TaOJleTKax JUIs ropia, BYLIHHUX
KpaIuisixX, pO3YMHAX IS 1H'€KIiN Ta aHTHCENTHYHIN Ma3i.

Tab6auus 1. AHaTITHYHI TapaMeTpH 1S BOJIBTAMIIEPOMETPUYHOTO BU3HAYCHHS
AHECTETHKIB Ha p.K.e

Table 1. Analytical parameters for the voltammetric determination of anesthetic using DME

AHECTETHK pH [Norenmian miky, B | Mexa BusHauenHsi, M | Mexka BusiBinenHs, M
nigoxain 3,0 -0,51 42-10° 1,4-10°
TpUMeKaiH 3,0 -0,48 2,8:10° 9,3-107
MeriBakain | 3,0 -0,41 2,8:10° 9,1-107
GensoKain 4,0 -0,24" 1,010 9,1-107
TIPOKaiH 4,0 -0,51" 1,0-10°° 9,810
" nik P1

AJBTEpHATHBHUM CIIOCOOOM JUIsi OTPUMAHHS €IeKTPOaKTUBHHUX opM MA e peakuii
Mia30TyBaHHS Ta a30CMOaydYeHHs. J[ia30Cc0Imi aHEeCTETHKIB Ta TXHi a30CHOIYKH 3 PE30PIIHU-
HOM JIETKO YTBOPIOIOTHCS 1 BITHOBIIIOIOTHCS Ha P.K.€. B INUPOKHUX Mexxax pH. OxHak po3-
QTbHE BU3HAYCHHS MA € HEMOXKJIMBHM, BHACIIIOK MEPEKPUBAHHS IMIKIB BiIHOBJICHHS
J1ia30CcoIed Y a30CIIONyK BiAMOBIIHUX aHECTETUKIB. MOXKIIMBUM € 30KpeMa BU3HAYECHHS
iXHBOI CyMapHOI KUIbKOCTI. Mexa BHSBIEHHS OKpeMuX MA € Ha TOMY X piBHI, 10 1 y
pasi BiIHOBJIEHHS NPOXYKTiB OkMCcHEeHHS 3 BukopuctanHsM KIIMC. Po3pobiieni meto-
UKW Oy BUKOPUCTaHI AJIsl BOIBTaMIIEPOMETPHYHOIO BH3HAUCHHS OCH30KaiHy Ta Ipo-
KalHy y MOJEJBHHX PO3YHMHAX, SK IHIHMBITyalbHHX CIIONYK, TAaK i IXHBOrO CyMapHOTO
BMICTY.

OpHak, peaxiii Aia30TyBaHHS Ta a30CIONyYeHHS € Hee()eKTUBHIMH IS pO3pOOIIeH-
HSl METOJTUKHM BH3HAYCHHS JifoKaiHy. [Iporec € ckiagHuM i TpUBAJIMM B Yaci, a METPO-
JIOT1YHI XapaKTePUCTUKH BU3HAUCHHS € HEBUCOKUMH.

Ha cporozHi nepcreKTHBHUM MaTepiaioM AJIs eIeKTPOo/Ia € ajiMas3 JeroBaHuH 00poM.
Anmaznuii enekrpon jgeroanuil 6opom (AEJIB) Mae Hu3Ky nepeBar HaJ| iHIIMMHU Mate-
piajamMu s CTalliOHApHHUX €JIeKTPOJiB, 30KpeMa, IIMPOKUI POOOUMiA iara3oH MOTEH-
LiaJiB, HU3bKUH 3JIMIIKOBUI CTPYM Ta ciiabka ajcopOLis peuoBHH Ha €JIEKTPOII.
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Ockitbkn MA MiCTSTh aMiHO TPYITy 3/aTHY /10 OKHCHEHHsI, OyJI0 BUBYEHO €JIEKTpPO-
XimMiuHy moBeniHky MA Ha mpuknani 6eH3okainy, Ha AEJIB y po3unHi pi3HHUX iHEPTHHX
enexTponitis Ta pH. Ha nmkmiganx BosbTaMIeporpaMax 3apeecTpoBaHO JHIIE OJUH He-
obopotHuil audy3iitHmii miK okucHeHH Tpu nmoteHmiani +1,0 B. [Momanemti gocmimkeH-
Hs npoBoxwd mipu pH 4,0 Ha ¢oni yHiBepcambHOi Oydeproi cymimi. [IpoBeneno onrtu-
Mi3alifo mapameTpiB 11 qudepeHiino-immyascHoi (1]) Ta kBagpaTHO-XBHIE0BOI (KX)
BonbTamnepomerpii (BA). [Ipu ontumansHux napamerpax (dac Ta aMIuIiTyna MOy
st JIT BA Ta gacrora i ammuiityaa mis KX BA) otpumano kaniopysanbauii rpadik ta
JIOCITI/PKEHO 3aBa)KAIOUMi BIUIMB JESKUX pedoBUH. Po3pobiieHy MeToanKy ycoimHo Oy-
JIO BUKOPHCTAHO ISl aHAIi3y TaOJeTOK VISl JIIKyBaHHS ropia, Po3duHy JUIS SICEH Ta
JIIOZICBKOI cedi 3 BoMa TIoO0aBKaMU CTaHAAPTHOTO PO3YuHy OeH30KaiHy. Po3pobiieHa mMe-
Tonuka BA Bu3HAUCHHS GeH30KaiHy € H0CTaTHBO YyTIHBOK (Cyiy=8-10-10" M) i 3a uyT-
JUBICTIO CIIIBMIPHOIO 3 IETKUMH XpOMaTorpadigHIMH METOANKaMU BU3HaUCHHS MA.

OTxe, 3ampornoHoBaHi MeToaukd BA BusHaueHHS MA € mpocTHMH, YyTIHBHUMH,
EKCTIPECHUMH 1 MOXYTh KOHKYPYBAaTH 3 IHIIMMH BiJOMHMH METOJAMH iXHBOTO BH3Ha-
YEHHSL.

1. Meyler's Side Effects of Drugs (sixteenth ed.), The International Encyclopedia of Adverse
Drug Reactions and Interactions. — Elsevier Sci., 2016. — P. 858—862.
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It was presented the voltammetric methods for determination of some local anesthetics (LA). In the work
we used lidocaine, mepivacaine, trimecaine, procaine and benzocaine as LA with amino groups in their
structure. Chemical oxidation of LA with KHSOs and further reduction of oxidation products on dropping
mercury electrode (DME) was used as the basis of voltammetric methods. The other way to obtain electroche-
mically active compounds of LA is the reactions of diazotation and azo coupling with resorcinol. The elabo-
rated methods with using these two approaches posses sufficient sensitivity (LOD=n-10"-n-10° M). However,
diazotation and azo coupling with resorcinol is complicated and time-consuming. For comparison also it was
used direct electrochemical oxidation on boron-doped diamond electrode. The elaborated method of benzo-
caine determination is sufficiently more sensitive (LOD=8-10* M)

Key words: polarography, lidocaine, benzocaine, procaine, azo coupling, diazotation
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Metal surface modification for obtaining protective, functional and multifunctional
coatings with improved properties requires determination of the mechanism and main
regularities of the processes that lay in its basis. In our previous works [1-3] it was
shown that decrease in corrosion rate in the presence of amino acids, guanidine
derivatives and some other ligands is caused by phase metalorganic layers formation. It
was discovered, that the thickness of the phase film and its protective properties growth
overtime confer to the parabolic law and obey to the laws of diffusion kinetics. The
structure and morphology of such layers has been characterized using SEM, AFM
studies, IR- and EDX spectroscopy and found to be highly dependent on the ligands
applied, the formation mode and other conditions. Thus, determination of the major
kinetic regularities of the metalorganic layer formation processes under different con-
ditions constitute an essential component for purposeful design and controllable forma-
tion of functional coatings with organic ligands.

In paper [2] was shown that the thickness of the phase film and its protective pro-
perties growth overtime confer to the parabolic law and reaches certain limiting value in
3-6 hours. In present report, analysis of influence of the temperature and pH conditions
on inhibitor efficiency and the phase layer formation dynamics in the presence on amino
acids (cysteine, acetylcysteine, methionine) and guanidine derivatives (polyhexamethy-
leneguanidine, polyhexamethylenebiguanidine) were performed on low carbon steel in
sulfuric acid solutions using polarization measurements.

Fig. 1, a represents the polarization curves of low carbon steel in 0,5 M sulfuric acid
in the blank solution (curve /) and in presence of cysteine (curve 2) at 20°C. The metal
ionization rate on the forward scan of polarization curve in the presence of cysteine is
significantly lower than in blank solution. The anodic polarization imposition leads to
degradation of the protective film formed on metal surface during preexposure time. On
the basis of the curve shape we can conclude that protective film is completely removed
in limiting current area, thus the reverse anodic curve represents metalorganic layer
regeneration.

The current density on the reverse portion of the polarization scan is higher than on
the forward scan (fig. 1, a, curve 2), but still lower than in blank solution, that is eviden-
ce of relatively low film regeneration rate at 20°C. On the reverse portion of the anodic
polarization scan at 40°C (fig. 1, b, curve 2) the metal ionization rate is significantly
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lower than on the forward scan that is evidence of increased rate of the metalorganic
layer regeneration.

Computational studies of complexation process in cysteine-iron system have been
carried out using the combined quantum mechanical and molecular dynamics approach.
Obtained structure of the [Fe(C;H¢NO,S),] complexes has a slightly distorted octahedral
symmetry. According to the proposed structure, the ligand is coordinated to the Fe*" ions
via carboxylate and amino groups. The obtained complex structure and geometry
parameters conform to the results of EPR and IR spectra analysis carried out in [4].

Ig i (A/em’) 1=20°C Igi (Alem’) t=40°C
0 0

L == P00 N s et i~ L

| ARV N
. \\ j/ . W

-6 s -6
03 02 01 0 -0,1 -02 -03 -04 -05 30, .1 -0,1 -0,2 -03 -04 -05
. 0 02 0 0 -0 0,2 -0 0, b, \Q

al/a b/o6
Fig. 1. polarization curves of low carbon steel in: 7 — 0,5 M H,SOy; 2 - 0,5 M H,SO,4 +0.04 M
cysteine at 20°C (a) and 40°C (b)
Puc 1. I[onspuzauiiini kpusi Byrieuesoi crani B: 1 — 0,5 M H,SO,; 2 — 0,5 M H,SO4 + 0,04 M
uucreid mpu 20°C (a) 140°C (6)

The estimation of influence of various pH (0...7) on the inhibition efficiency and
complexation process in presence of amino acids and guanidine derivatives was carried
out. It was discovered that the effective pH range for amino acids is limited to 0...2,
whereas at pH 3...7 amino acids do not reduce the corrosion rate. It can be explained by
fact that the amino acids exist in protonated form in concentrated acidic solutions and in
zwitterion form from pH value of 2.34 and upward. The electron density redistribution in
the second case, caused by deprotonation of (—COOH ) group leads to formation of
carboxylate ion (—COQ"), where the electron is delocalized between two oxygen atoms
with the resonance stabilization. In addition, deprotonation causes significant change of
dipole moment and as consequence can lead to formation of complexes that are unable to
form coordination polymers.

On the other hand, in the case of guanidine derivatives, where complexation process
is limited to interaction between guanidine functional groups and Fe*" ions, the corrosion
rate decrease is observed in wide pH range (0...9). It should be noted, that increase in
pH value leads to a gradual fall of protective efficiency that drops from 92% at pHO to
38% at pH9 that is attributed to a sharp decrease in the concentration of Fe cations.
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Thus, it was shown that the complex conformation has major influence on the ability
to form protective metalorganic layers and inhibition efficiency of organic ligands.

The estimated influence of various pH and temperature conditions on complexation
processes was carried out. The complex conformation depends on pH changes and
influences on their inhibition efficiency. Based on the proposed approach, the optimal
temperature and pH values for the phase protective films formation have been obtained.
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IIpoBeneHo DOCHiKEHHSI KIHETUYHUX 3aKOHOMIPHOCTEH MPOLECiB KOMIUIEKCOYTBOPEHHS 33 y4acTIO PAAy
OpraHiYHUX JiraHAiB pi3HOI MPUPOAHN (aMiHOKHCIIOT: HUCTEiHy, alleTHIIICTEIHy, METIOHIHY; Ta MOXi{HHUX TYy-
a”iauHy: nonirexcameruienryaniguay (II'MIN) ta nonirexcamerunentiryauniauay (II'MB)) B ymoBax Bapito-
BaHHs TemmepaTypu Ta pH cepenosuia. [TokasaHo, mo mBHAKICT GOPMyBaHHS Ta pereHeparii 3aXHCHOTO
METaJOpraHigHoro Mapy CYTTEBO 3pocTae IpH migsuieHHi remnepatypu 3 20°C no 40°C. BeranosieHo, 1o
JIOCIIDKEeHI aMIHOKHMCIIOTH 3HIDKYIOTh IIBHAKICTh i0HI3awii Metany B inTepBani pH 0-2, Toxi sk moxiiHi rya-
HiZIMHY 371aTHI popMyBaTu 3axucHi mapu y inrepsaii pH 0-9, 110 MoB’s3aHO 3 PI3HOIO CTPYKTYPOIO MOXIIMBUX
KOMIUICKCHHX CIOJIYK. Y BHIIaJKy aMiHOKHCIIOT, IIpH HepeBuiieHHi 3HadeHHst pH 2.34 BinOyBaeTscs genpo-
TOHYBaHHSI MOJICKYJI JIIFaHIy Ta iX Mepexii BiJ KaTiOHHOI TO LBITTEPiOHHOI (OpMH, LIO CYNPOBOIIKYETHCS
3MIHOIO €JICKTPOHHOI CTPYKTYPH i IUIOIBHOIO MOMEHTY Ta MOXE IPUBOJUTH JI0 yTBOPEHHS KOMIUICKCIB, He
CXWIBHHX 1O YTBOPEHHs KOOpAMHamiifHux mnoisiMepiB. Toxmi sk HpoTHKOpo3iiiHa ePEeKTUBHICTh MOXiHHX
ryaHifiuHy 30epiraeTbcs y mmpokoMy iHTepsani pH, ofgnak 3i 30inblueHHAM BenuunHu pH moctymnoBo 3HU-
JKY€EThCS, 10 TOB’A3aHO 31 3MEHIIEHHAM KOHIIEHTpanii KaTioHiB ¢epyMy, HEOOXIAHUX I yTBOPEHHS KOMII-
JIeKCiB Ta popMyBaHHS (ha30BOrO 3aXHCHOTO HIapy.

Kniouogi cn106a: KOMILIEKCOYTBOPEHHS, KIHSTHYHI 3aKOHOMIPHOCTI, IOX1/Hi TyaHIIUHY, aMiHOKHCIIOTH
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MOJABIMHUN EJEKTPUUHUAM AP Y BACOKOKOHIIEHTPOBAHUX
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HasBHicte moagiiiHoro enekrpuunoro mapy (ITEI) Ha mexi po3niny ¢a3 cyTTeBoO
BIUIMBA€E HA BIIACTHBOCTI ANUCIIEPCHUX CHCTEM, 30KpEMa BUCOKOIUCIIEPCHUX. SIK Biomo,
MIPOCTOPOBUH po3moAin ioHIB (TIpoTrioHiB Ta koioHiB) y [1EILl 3ymoBneHmiA 1BOMA 3Y-
CTPIYHAMHU TTOTOKAMH 10HIB: €JIEKTPOMITpAIliifHAM, SKUH BUKIAKAHUH TPaTi€HTOM IIO-
TEHI[ialy eNIEKTPUYHOTO IIOJIS, Ta JUQY3IHHAM ITOTOKOM, SIKHM BUHUKA€E BHACIIIOK Tpa-
IIEHTY KOHIIEHTpAIlill i0HiB. B yMOBax piBHOBAar# i MOTOKH i0HIB € PIBHUMH B KOXHIH
touni [TEI. ¥V pa3i HeraTUBHO 3apsKEeHOI TOBEPXHI JJIs MPOTHIOHIB MOXKHA 3aITUCATH

+
e, pdC
dx dx

+

d . . .
ac d—Q) — I'pagl€eHT NOTCHI1Ay CJICKTPUYHOI'O IOJA Ta — I'padl€EHT KOHOCHTpAIll

X dx
NIPOTHiOHIB y HANpPAMI TEpIEHAUKYIAPHOMY 0 MOBepXHi posminy das, U, C', D' —
PYXJIMBICTh B €NEKTPUYHOMY I10JI, KOHIEHTpalis Ta KoedinieHT audysii nmpoTHioHiB,
BIiZINTOBITHO.

Jln1s1 BUCOKOKOHLICHTPOBAHUX CHUCTEM 3 PO3BHHYTOIO TIOBEPXHEIO po3liy ¢a3 HeoO-
XiJJHO BpaxyBaTH TOH (akT, mo y mexax [1EIL 3a yMoBH BHCOKOi KOHIIEHTpaLil NPOTH-
10HIB PyXJIMBICTh MPOTHIOHIB Ta Koe(illieHT iXHBOI qudy3ii He € mocTiitHuMU. Y mep-
oMy HaOJIDKEHHI iXHI 3MiHU 71 POTHIOHIB MOXKHA OTIMCATH PIBHSIHHAMHU

p=p;[1-2| i v=u1-2£]|,
Pos Pos
ne D*, Dy, U", U, — xoediwienT andysii Ta pyxJIMBICTh IPOTHIOHIB B €ICKTPUIHOMY
noni B Mexxax IIEII i mo3a Horo mexamu BIANOBINHO, P, Pys, @, @, — 00 €MHa

YacTKa IPOTUIOHIB Ta HOBEPXHEBHUH eJleKTpUuHUN noTeHIian B Mexxax [1EI Ta Ha mexi
po3niiy ¢as, BiIIOBITHO.

BpaxyBaHHSI 1IMX 3MiH JIO3BOJISIE 3HAWTH 3AJICKHICTH €JIEKTPUYHOTO MOTEHIIay B
mesxax [1EII Bing KoHLIEHTpalii NpoTHiIOHIB B HEOMY y 0e3po3MipHiit hopmi

4
Y=1- 1—2—0[1nC+1<(1—c)],

sIKa CYTTEBO BIJIPI3HAETHCS BiJ KJIACHYHOTO DIBHSHHA, nependadeHoro teopiero 'yi-
Yanmena

‘{’:LlnC ,

0
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P A S . _ s

Pos o Cos kT
npotuioHiB y mexax [IEII, mo3a ioro MexxaMu 1 Ha Mexi po3niny ¢as, BiIMOBIIHO.
3anexHicTh KOHIEHTpalii npoTuioHiB y Mexxax [1EILl Bix moBepXHEBOro eJIeKTpUIHOTO
MOTeHLiaJly TI01aHa Ha puc. 1.

, Z, ,C", C;, C); — KOHLEHTpawis

>

6=

Puc. 1. 3anexHicth KOHIEHTpaLil MpoTHioHiB y Mexxax [1EIL Bix moBepXHEBOro eNeKTPUYHOTO
MOTeHIiany (CyuiibHi JTiHIT — 3aIPONOHOBaHA MOAEIb, IYHKTUPHI — KJIACHYHA MOJICTIb).

Fig 1. The dependence of counter-ions concentration within EDL on the surface electric potential
(solid line — the proposed model, dashed lines — a classic model)

SIK BUHO 3 I[LOTO PUCYHKY 3aIllpOIIOHOBaHA MOJEJb Irependadac 3HAYHO HIKUY
KOHLICHTPAL[II0 POTHIOHIB y TOPIBHSIHHI 13 KJIACUYHOIO MOJICIUTIO SIK BIIPOJIOBXK yCHOTO
IMTEI, Tak i Ha Mexi po3niny ¢asz, komu y =1 (tadu. 1). Lle € BaxxmBIM MOMEHTOM, 60

KJIaCHYHAa MOJIENb TifiCHO mependadae HepeallbHO BHUCOKI 3HAYCHHS IBOTO CITIBBiIHO-
IICHHS 7151 BHCOKUX TTOBEPXHEBHX CNICKTPUIHAX ITOTCHILIAIIB.

Bimomocti mpo mpocTtopoBuit po3nozin npotuioHiB y mexkax [1EII go3BossttoTs ormi-
HUTH Haummok npotuioHiB y IIEIIl y mopiBHSHHI i3 IXHIM BMICTOM mO3a MEXamH
[TEI. Ileii HaanWmIOK MPOTHIOHIB 3aJ€XHTh SK BiJi BETUYMHU TIOBEPXHEBOTO EIIEK-
TPUYHOTO TIOTEHI[IAy, TaK 1 FEOMETPUYHUX XapaKTEPUCTHK JUCIEPCHOI CUCTEMH: TOB-
muau IIEII Ta XapakTepHOro napamerpy AMCIEPCHUX CHCTEM, SIKUH BKa3dye Ha cepe-
JIMHY BiJICTaHI MK TBEPJMMH ITOBEPXHIMH Y TUCTIEPCHUX CUCTEMAX.

OmuintoBanHs Haumiiky npotuioHiB y [IEI mae BaxxivBe MpakTUYHE 3HAYCHHS IS
BHU3HAYCHHS PO3MOJUTY 1OHIB y BHCOKOKOHIICHTPOBAaHUX IHCIIEPCHUX CHUCTEMaX, SIKi
BUHUKAIOTh ITiT9aC BUPOOHUIITBA 0araTh0X HAHOKOMITO3HIIIHHUX MaTepialis.

Tab6auns 1. 3anexHICTh CHIBBIIHOIIEHHS KOHIEHTpAIli MPOTHIOHIB HA MEXi po3aity ¢as
C)s no 06’emuoi konuentpanii C, TPOTHIOHIB Bif BENMYMHW IOBEPXHEBOrO ENEKTPUIHOTO

noteniany [TEIT
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Table 1. Dependency of the ratio of counterions concentration at the interface C,g to the

volume concentration of counterions C;, on the value of the electric surface potential DEL

BigHommeHHs KOHLIEHTpaLlii IPOTHIOHIB Ha
MeXi po3alTy (a3 10 00’ €MHOT KOHIEHTpamii
TloBepxHeBUil eNEKTPUYHHI TOTEHIIIaT +
npotuionis —% = — , suaiineni 3rigHo
Vv
B a0COTIOTHUX B 06€3p03MipHUX 3aMpPONOHOBAHOL .. .
. KJIaCUYHOI Mozeni
BETMYMHAX (),  , MB BEJMYMHAX, Zg MoJieni
10 0,39 1,6 1,5
25 0,97 2,2 2,6
50 1,95 32 7,0
75 2,90 4,5 18,3
100 3,89 6,2 48,9
150 5,84 10,5 342
200 7,78 17,8 2493
300 11,67 50,0 117008

OTpHrMaHi pe3ysbTaTd MOKHa BUKOPHCTATH VISl PEryJIIOBaHHS BIACTUBOCTEH BHCO-
KOKOHIIGHTPOBaHHX JHUCIEPCHUX CHCTEM y TEXHOJIOTIYHMX ITpolecax, 00 IXHi elekTpo-
MIOBEPXHEBI BIACTUBOCTI MAalOTh CYTTE€BHH BIUIMB HAa arperaTuBHY CTaOLIBHICTH AWC-
MEPCHUX CUCTEM Ta PIBHOMIPHICTH PO3IMOJUTY JUCIIEPCHUX YAaCTUHOK B HUX, a BHCOKa
OJHOPIHICTh TEXHOJOTIYHHUX JAUCIIEPCHUX CHUCTEM CIPUSE MOKPAIICHHIO BIACTUBOCTEH
HAaHOKOMITO3UIIITHUX MaTepiaiB.

Roman Petryshyn, Zinoviy Yaremko, Mykhaylo Soltys
THE DOUBLE ELECTRIC LAYER IN HIGH-CONCENTRATED NANODISPERSED SYSTEMS

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: rspetryshyn@gmail.com

The dependence of the potential of double electric layer on electrolyte concentration in high-concentrated
nanodispersed systems has been discussed. The proposed model which uses classical Gouy-Chapman theory,
also takes into account changes in coefficient of ion diffusion and the velocity of their movement in an electric
field within the electrical double layer. The obtained results allow to estimate the counterions excess within the
electrical double layer compared to their number in the volume of a colloidal system. The dependence of
counterions excess in double electric field from the surface electric potential and geometrical characteristics of
disperse systems: the ratio of the volume of electric double layer to the total volume of the colloidal system has
been determined.

Key words: electrical double layer, Gouy-Chapman theory, spatial distribution, diffusion coefficient,
excess of counterion
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AHAJII3 TU®Y3IMHOT O IMIIEJIAHCY BAPBYPI'A ITIPUEJIEKTPO/THOI'O
IAPY OBMEXEHOI TOBIIIUHA

! Incmumym 3azanvnoi ma neopeaniunoi ximii im. B.1. Bepnaocvxkoco HAH Yxpainu, npocn.
Axadewmika Ilannaoina, 32-34, 03680 Kuis, Yxpaina, e-mail: pototskaya@ionc. Kyiv.ua

2 Inemumym ximii nogepxui im. 0.0. Yyiika HAH Ypainu,
eyn. eenepana Haymosa, 17, 03164 Kuis, Ykpaina

CIIeKTpOCKOTIIisl €1eKTPOXIMIYHOTO IMIIEJaHCY € OJHUM i3 OCHOBHHUX METOJIB JOC-
JDKEHHS SJICKTPOXIMIYHUX CHUCTEM. 3a 3BHYAll IMIICIAHCHI CIIEKTPHU IHTEPIPETYIOTh 3a
JIOTIOMOT010 (DI3MYHUX MOJEJICH, MPEICTABICHUX y BUIIAI CKBIBAJICHTHHUX EJICKTPHUK-
HUX cxeM, a0 MaTeMaTHYHWX Mojejel, OTpUMaHuX 13 3aKOHIB KIHETMKH Ta Maco-
nepeHocy. Y 3araJbHOMY BUIIAJKY B IMIIEIaHC €EKTPOXIMIYHOI CHCTEMU BHOCSATH BKJIaJ
yci mporiecy, MO BKIIOYCHI B MEPEHOC 3apsmy depe3 MikK(asHy MOBEpXHIO €IEKTPO.I-
EJIEKTPOJIIT, HANPUKIIA, KOHICHTpAIIifHA MOJSIPU3aLlis, 0 KOHTPOIIOETHCS TU(Y3IErO.
IBunkicte andy3ii peareHTIB Ta NPOJAYKTIB BIUIMBAE Ha peajbHU aAndy3idiHUN
iMnenanc BapOypra. TeoperuuHa inTepnperaiis imnenancy BapOypra 3anuiiaerbes of-
Hi€l0 3 BigKpUTHX mpobsieM enektpoximii [3]. Moaeni audysiiiHoro immenancy Bap-
Oypra mpHeIeKTPOTHOrO apy OOMEKEHOT TOBIIMHE MOXHA 3HaiTu B podoTax [1,2]. B
OCHOBY pO3paxyHKiB audysiiiHoro immnenaHcy BapOypra Oyna moxmageHa nudysiiiHa
MoJenb HepHera npy npunyeHHi, oo TpaHCIopT BiIOYyBa€eThCsl BUKIIIOYHO AU(DY3i€r0 y
mapi eJIeKTpoIiTy ToBIIKHOO d 3 KoedinienToM andysii D. Ha choronHi aktyansHIMU €
nmociimkerHs qudy3iitHoro iMnenancy BapOypra B maiuBHUX eIEMEHTax Ta B NEKTPOX-
IMIYHHX CHCTEMaXx 3 IUTIBKOBHMH €JIEKTPOJIaMHU.

MeToro naHOTO TOBIIOMIICHHS € aHaji3 BIUIMBY TOBUIMHHU Audy3iHOTrO mapy Hepr-
cra Ha audysifiHmi iMmenanc BapOypra Ta BCTaHOBJIEHHS MPHPOIHM 3CYBY (a3 Mixk
3MIHHUM CTPYMOM 1 ITOBEpXHEBOIO KOHIIEHTPAIIEIO E€JIEKTPOAKTUBHUX YAaCTHHOK, SKa
0e310CepeHBO 3ATICKUTH Bl HBOTO.

Mugpysiinuii imneoanc. Ha puc. 1 nmokasana niarpama Haiiksicta mis d =2-107 cm.
IMpn @ =0 nudy3iliHuA iMOeTaHc BiAIIOBIIA€ aKTHUBHOMY OIOPY CHCTEMH, a 3cyB (a3
MDK CTPYMOM Ta NOTEHLIAJIOM JOpiBHIOE HyJ0. EdekTnBHA TOBIIMHA OCIMIIIOIOYOTO
mudy3iiiHOrO mapy, Ha Ky PO3IOBCIOJDKYETHCS BIUIMB IPAHMYHUX YMOB, BU3HAUA€THCS

popmynoro d, =vD/w. SIxkmo d, >>d , TO yMOBU NOJAPH3alii TOBEPXHi EIEKTPOIY
3MIHIOIOTBCSl TIOBUJIBHO, B CHCTEMi BCTAHOBIIOETHCA KBasziCTalliOHapHHUN Iudy3idHMHA
PEXHM 1 MacolepeHOC BCTHTAE€ pearyBaTH Ha iXHi 3MiHH. [oHHM MeTaiy, IO YTBOPIO-
FOTHCS i Yac aHOJHOTO Mepioay, MOXYTh JOCSTaTH TPAHHUI CTaliOHAPHOro audy-
sifinoro mapy Hepucra. Touka 1 Binmosinae 3HadenHio A=d/d, =1. Yactora B 1iif
TOYIIl JIOPIBHIOE XapaKTePUCTHUHIN 4acTOTi CUCTEMU @, = D/d*. Y naHOMy BUIIAJIKy Xa-

PaKTEpPUCTHYHA YacTOTa — II€ YaCTOTa, NPH SIKil TOBIIMHA OCLMIIIOI0YOTO IU(Y3iHHOTO
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mapy CHiBIaJae 3 TOBHIMHOW nudysiiiHoro mapy Hepucra. Ilpu yacrorax, OinbImmx 3a
XapaKTepUCTHYHY (BJIiBO BiJf TOUKH A =1), TOBIIMHA OCIFIIIOIOYOTO Au(y3iiHOrO mapy
3MEHIIYEThCS, 1 B 00JIaCTI 4YacTOT 3HAYHO OUIBIIMX 33 XapaKTepUCTHYHY YacTOTY
® >> w; TPaHWYHI YMOBHU HeE BIUIMBAIOTH HA iMnenanc. Touka 2 BiINOBiZaE MakcUMallb-
HOMY 3HAUCHHIO YSBHOI YaCTHHH JUQY31HHOTO IMIEIAHCY Ta JOPIBHIOE pajliycy MmiBKOJIa
Ha miarpami Haiiksicra. Touka 3 BiAmoBinae MakKCHMAIEHOMY 3HAUYCHHIO ()a30BOTO KyTa.
[Ticnsa mpoxomkeHHs TOYKH 3 (a30Bwii KyT ¢ = 45° 1 OLbIe HEe 3MIHIOETHCA, a B 00JIACTi
BHCOKHX YaCTOT CIIOCTEPIraeThCs KIIACHYHA 3aJICKHICTH iMIleqancy BapOypra Bix dac-
Totd. [Ipn @ —> o nmudysiHAN iMIeqaHc MepexoAnTh B KIACHYHUI iMremaHc Bap-
Oypra. [Ipu 3aaHuX TPAHUYHUX YMOBAX (ha30BHU KyT 3pOCTAE 31 30UIBIICHHIM YaCTOTH
BiJl HYJISl 10 MAKCUMAJIBHOTO 3Ha4YeHHS ¢ = 46,6° IOTIM 3MEHIIy€eThesl 1 HaOyBae 1mocTiii-
HOTO 3HA4YeHHS, SK 1 y BUNAAKY KJIacHYHOro iMrenancy BapOypra. Monymns HOpMO-
BaHoro audysiiiHoro iMnenancy BapOypra npsmye 10 Hyis Opu o > 10* pan/c. B obna-
CTi 9acToT @ >10* pan/c nudy3is eneKTpPOAaKTHBHUX YaCTOK MPAKTHYHO HE BIUIMBA€E HA
HIBUAKICTB eNeKTpoaHol peakiii. OAHUM i3 JOKa3iB TOTO, IO MPH YacTOTax OLIbIINX 32
1-10* pax ¢ audysiiiamii iMmenanc TOpIiBHIOE HYIIO € Pe3yIbTAaTH JOCTIIKCHb 3
€JIEKTPOXIMIYHOTO MOJTIPYBaHHS Ha 3MIHHOMY CTPYMi.
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Puc. 1. [liarpama HaiixBicta nudysiiitHoro imnenancy BapOypra, HOpMOBaHOTO Ha KOHCTaHTY
Bap6ypra, Z = Z /o, , /0I5l pi3HUX 3HaYeHb 1 = dl/d,:1-1,2-1.594,3-2.78 npu d=2-10"cm

Fig. 1. Nyquist diagram of the finite-length Warburg diffusion impedance normalized on the
Warburg constant, Z=27/ oy , for different A=d/d, :1-1,2-1.594,3-2.78 at d=2-10"cm

Ilosepxnesi konuyenmpayii npu nonapusayii sminnum cmpymom. udysisa 3yMoB-
JIFOE 3alli3HEeHHs 10 (a3i BiIHOCHO CTPyMy 3MiHM KOHLIEHTPAL(l €JIeKTPOAKTUBHHUX Yac-
TOK Ha MTOBEPXHI CICKTPOIY.

®azoBuil KyT 6 3aJISKUTH BiJl YACTOTH 3MIHHOTO CTPYMY @ , TOBLIMHU An(Y31HHOTO
mapy Heprcra d Ta koedimienta anugysii D . B obmacti BHCOKHX 9acToOT, SK i UIA
BUIIAJKy HariBoOMexeHoi audysii, 6= 45°.
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TakuM YMHOM B IPHUEIEKTPOJHOMY Iapi eNEKTPOXIMIYHOI CHCTEMH, Jie Ha IUIOCKIN
MOBEPXHi MPOTIKa€ JIMIIEC OJHA EJICKTPOJHA PEaKilis, IBUIKICTh SKOI KOHTPOIHOETHCS
mudysiero, M Ji€0 3MIHHOTO EIEKTPHYHOTO CTPYMY (POPMYETHCS OCIIITIOIYHAN (Y-

31iHUH mIap TOBIIMHOIO d =vD/w . Sdxmo eexTUBHA TOBIIMHA LLOTO Wapy dy Haba-
rato Ginbina 3a ToBIMHY JaudysiiiHoro mapy Hepucra d (d, >>d ), T0 B Takiil cuctemi

BCTAaHOBJIFOEThCS KBa3iCTALlIOHAPHUN AU(Y3IHHUN PEXUM 1 MAacOIIEPEHOC BCTUTAE peary-
BaTH Ha 3MIHH YMOB IOJIAPU3aIlii CIEKTPOAHOI MOBEPXHi. loHM MeTaiy, IO YTBOPIO-
FOTHCS MiJI Yac aHOJHOTO MEPioay, MOXYTh JOCSTaTH TPAaHHUI CTaliOHApHOro mudy-
3iitHOrO MIapy HepHcTa.

1. Orazem M.E., Tribollet B. Electrochemical impedance spectroscopy. — Hoboken; John Wiley
& Sons, 2008.

2. Bisquert J., Compte A. Theory of the electrochemical impedance of anomalous diffusion // J.
Electroanal. Chem. — 2001. — Vol. 499. — P. 112-120.

3. Barbero G. Warburg’s impedance revisited // Phys. Chem. Chem. Phys. — 2016. — Vol. 18,
Is. 42. — P. 29537-29542.

Valentina Pototskaya’, Olga Gichan’, Igor Skryptun’, Anatoliy Omel’chuk’

ANALYSIS OF A FINITE LENGTH WARBURG DIFFUSION IMPEDANCE

'Vernadskii Institute of General & Inorganic Chemistry, National Academy of Sciences of Ukraine,
Palladina prosp. 32-34, 03142 Kyiv, Ukraine, e-mail: pototskaya@jionc.kyiv.ua

?Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine,
Henerala Naumova Str. 17, 03164 Kyiv 164, Ukraine

It is shown that, the impedance of near electrode layer increases with increasing the thickness of the Nernst
diffusion layer. A qualitative estimation of the phase angle of diffusion impedance depending on frequency at
different values of diffusion layer thickness is obtained. It is shown that, diffusion is a reason for a delay in
phase of change in surface concentration of species with respect to current.

Key words: impedance spectroscopy, oscillatory diffusion layer, Nernst diffusion layer, mass transfer,
phase angle, diffusion impedance
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Opiii CEMEHIOK', Opecm Kynmuii’, Ieanna MEPI[AJIO"

KATAJITUYHA AKTUBHICTb HAHOYACTHHOK Pd-Au IIIOJO
EJIEKTPOOKHCHEHHSI METAHOJIY ¥ 0,5 M BOJHOMY PO3YHHI NaOH

Ji . . . . . . .
JIvsiscoruil Hayionanvhuil ynisepcumem imeni Isana ®panka,
xagedpa izuunoi ma xonoionoi ximii, 8yn. Kupuna i Meghoois, 6, 79005 Jlvsis, Yrpaiua,
e-mail: oleksandr.reshetnyak@Inu.edu.ua
2 . . . . . .
Hayionanvnuii ynieepcumem «/Iv8iscoka noaimexmikay,
Kagheopa ximii' i mexnonoeii neopeaniunux pevosun, ni. Cesmozo FOpa, 9, 79012 Jlvsis, Vrpaina

KaramitiuHi BIaCTHBOCTI HAHOYACTHHOK Pd-Au, OKpiM mpupoau 000X KOMIIOHCHTIB,
CYTTEBO 3aJieXaTh BiJ aToMHOTro cmiBBimHOmeHHs Pd:Au, reomerpii Ta cTpyKTypH IO-
BEPXHi HAaHOYACTUHOK. ToMy y Tpiaji «cMHTE3—0y10Ba—BIaCTHBOCTI» MepIinii Gpakrop €
Bu3HavabHUM. CamMe MeTo]] MPUTOoTyBaHHs BU3Ha4yae OyJqoBY Ta MOP(OJIOril0 HaHOMa-
Tepiany i, K pe3yibTaT, Horo BiacTHBOCTi. ToMy po3poOka e(peKTHBHUX METOJIB KOH-
TPOJILOBAHOT'O OCAJKEHHs! HaHOCIIaBy Pd-Au € akTyanpHOIO SIK TEOPETHYHOIO, TaK i
NIPUKIIaIHOI0 IPOOJIEMOIO.

Cepen OaraTboX METOJIB CHHTE3y HaHOCIDIaBY Pd-Au 3 dikcarieto Horo Ha miaKIaa-
Ky HaOumeIm mommpeHi € Ximiuni [1] Ta emexrpoximiuni [2]. OcTaHHI BHUPI3HAIOTHCS
IMIAPOKUMHU MOXIIUBOCTAMH (POPMYBaHHS HAHOCTPYKTYPOBAHOT'O OCay 3aJaHOTO XiMid-
HOTO CcKJamy, Mopdororii (TOHKa IUTiBKAa, HAHOYACTHHKH) Ta TeoMeTpii (momiempwm).
Oco06nrBO 3py4YHHAM Ta HAOIHUM € PO3pOOJIEHHH aBTOpaMH IHOTO MOBIJOMIICHHS iM.-
MTyJIbCHAN PEXUM €JIEKTPOOCAKEHHS 3 OpraHIYHOTO alpOTOHHOTO cepenosuina [2]. To-
My METOI0 JlaHoi poOoTu Oyio TectyBaHHs OiHapHMX HaHocucteM Pd-Au, enextpoxi-
MIYHO OJIepKaHOi 32 METOJHMKOI0 [2], oo ii KaTadiTHYHOI aKTHMBHOCTI B Ipolecax
OKHCHEHHS METaHOJIy Y JIy>)KHOMY cepeloBuIlli. OCHOBHMM METOJIOM JOCIIIPKEHHS eJIeK-
TPOKATATITUYHUX BJIACTHBOCTEH OiMertaneBux Pd-Au HaHoMaTepianiB OyB METOJ IIUK-
JiuHOi BojpTamnepoMerpii. Lukmiyni Bonsramneporpamu (LIBA) peectpyBanu 3a nomno-
Moror Oinorenmiocrata AFCBP1 (Pine Research Instrumentation, Inc.). JocnimkeHHs
3[ifiCHIOBANM 32 KIMHATHOI TEMIIepaTypH, BHKOPHCTOBYIOUM BOJHI JIyXKHI pPO3UMHH
(0,5 M NaOH), sxi mictamu 0,5-2,0 M CH;0H. Sk po6odi enexTpoay BUKOPUCTOBYBa-
mu ckiaorpaditosi aucku (GC) MoBepxHIO SKHX €IEKTPOXiMIYHO Moan(iKyBand, ocal-
Kyroun HaHo9acTUHKHU Pd, Au a6o Pd-Au (cepemniit po3mip 50-350 uMm) [2], momomix-
HHUM €JIEKTPOZOM CJIyTyBaja IIaTHHA, €IEKTPOJOM MOpiBHAHHA — HacumueHnit Ag/AgCl
€JIEKTPOJI, BIIHOCHO SKOTO y POOOTI HaBeIEHO 3HAYCHHS BCiX moTeHImiamiB. [loTeHmian
CcKaHyBalH 3i mBuakictio 50 MB-¢™' Bin piBHOBaskHOTO 3HaueHHs (~+0,1 B) crouarky B
aHoHY obmacTs o +0,8 B, motiM y 3BopoTHOMY HampsMKy 10 —0,8 B, i 3HOBY B aHOIHY
001acTh. 3aleXHO BiJl 3aBIaHHS, KUIbKICTh CKAaHYBaHb 3MiHIOBAJIH Bil oHOTO 110 10.

Ha ocHoBi excniepumenTansHO opepkaHux LIBA Hamun Oyio MOpIBHSHO OKHCHEHHS
MeTaHoiry Ha oBepxHi GC enextpoay MomudpikoBanoro HaHowacTuHKamu Pd, Au i Pd-
Au (puc. 1, a). Popma, BICOTa MAKCUMYMIB CTPYMiB OKHCHEHHS Ta IXHE TIOJIOKEHHS Y
BUIIaJKy OKMCHEHHs MeraHony Ha Pd-Au/GC enekTpoi CyTTEBO BiJpI3HSIIOTHCS MOPIB-
HsHO 3 LIBA, oTpumaHuX Ajist eNeKTpoiB MOIU(IKOBAaHUX HAHOYACTHHKAMH JIMIIE O
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Horo metairy — Pd/GC un Au/GC. Ha LIBA nano-Pd/GC Ta Hano-Au/GC npu npsmMomy
CKaHyBaHHI IMOTEHIIATy MaKCUMYMH CTPYMIB OKHCHEHHs criocTepiratorses 3a E = 0,1
ta +0.3 B, BiAMOBiAHO, TOMI SIK MPU 3BOPOTHOMY HAPsIMi CKaHyBaHHS ITOTCHIlIATy BU-
HUKAIOTh Imiku BigHOBIeHHS pu E = —0,05 ta —0,45 B, BignosigHO.

. 2 ! . -2
is M_A-CM / j» MA-cm " -+ - - Pdg4Ausg
10 .-+ nano-Pd i 6 ~— - PdsgAugy
] - - - HaHo-Au o
94 HaHo-Pd-Au
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-
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Puc. LIBA oxuCHEHHS METaHOIY Ha MOBEPXHi CKIOrPadiTOBOroO eIeKTPOLY MOAN(DIKOBAHOTO
HaHodactuHKamu Pd, Au ta Pd-Au (a) a Takox Pd-Au 3 pi3HUM aTOMapHHM CITiBBiJHOIICHHSM
Pd:Au (6). ®onosuii enexrpomnit — 0,5 M NaOH; C(CH;0H) =2,0 M
Fig. CVA of methanol oxidation on the surface of glassy carbon electrode modified by Pd, Au and
Pd-Au nanoparticles () and Pd-Au with a different atomic ratio Pd:Au (b). Background
electrolyte — 0.5 M NaOH; C(CH;0H) =2.0 M

BonHOYac MBUAKICTH OKMCHEHHS! METAHOITy Ha ITOBEPXHI €IEKTPoLy MO (iKoBaHO-
ro HaHo4acTHHKamMu Pd-Au € y ~1,5 pa3u BuIia NOpiBHAHO 3 €NEKTpOAaMu Mo (iKoBa-
HUMH MOHOMETAaJICeBUMH HaHOpo3MipHUMH ocanamu (Pd um Au). Takwii dhakt cBiZUUTH
PO BHUIY EIIEKTPOKATATITHYHY akTUBHICTh HaHO-Pd-Au/GC enekxtpony. bineme toro,
Ha [IBA Takux enexTpoaiB BiICYTHI MAaKCHMyMH CTPYMiB BiIHOBJIECHHS 3a 3BOPOTHOTO
HampsiMy PO3TOPTKH IMOTEHIIaNy, 1110, OYEBHHO, MOKE OYTH CBIIYEHHSM OUIBII MOB-
Horo okucHeHHss CH3;0H 3 yTBOpeHHsIM enekTpoxiMiuHo HeakTuBHOro CO».

OcobnuBictio 1IBA orpumManux Ha HaHo-Pd-Au/GC enexTpojax € HasBHICTH ABOX
YiTKO BUP2XEHUX MAaKCUMyMIB CTPyMiB OKHCHEHHsI MeTaHoiy, a came mipu E = 0,1 B
(mik I, quB. puc. 1, 6) mig yac NpsIMOTo CKaHYBaHHS MMOTEHLiay (B OiK JOJATHIIINX I10-
tennianiB) Ta npu —0,25 B (mix II) npu 3BOpoTHOMY HampsiMi pO3rOpTKH IOTEHIATYy.
3a3Buyaii B siTeparypi nik II moB’s3y10Th 3 10 OKMCHEHHSM, MiJl 4ac 3BOPOTHOTO CKaHy-
BaHHS, IHTEPMEIIaTIB, SKi YTBOPIOIOTHCS B XOM1 MpsMOi po3ropTku noteHmiany. [Ipore,
BUXOJISTYN 3 METOIUKH BOJBTAMIIEPOMETPUYHHUX OCHIIKeHb, B HALIOMY BHIAJIKy MiX
Yac MEepIIOro LUKy CKaHyBAaHHS OKHCHEHHS METaHONY HE BigOyBasocs, TOMY MOJXKHA
MIPUITYCTUTH, IO CYTTEBA Pi3HUIA MiX mojoxeHHsAMH mikiB I ta II moB’s3ana 3 moser-
IIEHHS TPOLECy OKUCHEHHS IIiJ] 4ac 3BOPOTHOTO CKAHYBAHHS IOPIBHSIHO 3 TNPSIMHUM.
CripaBzi, B CHIIBHO JIY)KHHAX PO3YMHAX METAHOJ YaCTKOBO JACMPOTOHYETHCS

CH;0H + OH™ — CH;0™ + H,0, (1)
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a TOMY Ha HEraTHBHO 3apsJUKEHIH IMOBEPXHI eJIeKTpoaa ajcopOyBaTUMYThCS IIEPEBAKHO
monekymu CH3;OH, Tomi six B 00nacTi BiJ’€MHIIIUX MOTCHINATIB IOBEPXHEBUH aKTHBO-
BaHWH KOMILIEKC yTBOPIOBATUME IIEPEBAKHO aHIOHHA (popMa CIHPTY:

CH;O0 +Me" — [Me-O-CH;]*;  (Me=Pd, Au). ®))
B pesynpTati OUIBIN CHIBHIMIOTO 3B’ A3yBaHHS OKHCHEHHS BiIOYBA€THCS OLIBIN BaKKO, a
3HAYUTh 32 BUIIMX MOTEHIIAIB.

LikaBUM € TaKOXX BIUTMB Ha €IEKTPOKATANITHUHY akTHBHICTh Pd-Au/GC enexrponis
BMICTy KOMIIOHEHTIB y OimMeTaneBoMy ocafi. BusiBumock, mo ans cniBBigHOmeHs Pd:Au
(ar.%) 41:59, 56:44 ta 67:33 (nuB. NO3HAYECHHS HA pUC. 1, 6) MOJOKEHHS MAaKCUMYMIB
OKHCHEHHSI METAHOJTy IPaKTUYHO HE 3MIIILYIOTHCS, TOJI SIK iXHSI BUCOTa CyTTEBO 3MiHIO-
eTbes. 31 30ibmeHHsIM BMicTy Pd cTpymu okucHEHHS, sKi BifmnoBinatots miky I, 3pocra-
10Th, TOJI K BUcoTa Makcumymy I 3menmryerses (puc. 1, 6). Jlanuii ¢akt MoxxHa Hosic-
HUTH 3MIHOIO PO3NOLUIY €IEeKTPOHHOI I'YCTHHHM Y HaHodacTWHKax Pd-Au 3anexHo Binx
ixHporo cknany [3], mo i BU3HAYaTHME TXHIO KaTaliTUYHY akTUBHiCTh. IIpHu 3pocTaHHi
KinpkocTi Pd miku ¢oro-enekTpoHHOI criekTpockomii 11t Au 4f TocTymoBO 3CyBalOThCs
Yy CTOPOHY HW)XKYOI eHeprii 3B’s3yBaHHA. Takuii 3CyB O3Haya€ 3pOCTaHHS EIEKTPOHHOI
TYCTHHHU Ha aTOMaX Au, OY4EBHIIHO B Pe3yJIbTaTi IEPEeXOAy eNeKTPoHiB Bix Pd.

1. Wang L.-B., Wang Y.-C., Guo H.-Y. et al. Au-Pd Alloy Octapods with High Electrocatalytic
Activity for the Oxidation of Formic Acid // Part. Part. Syst. Char. —2014. — Vol. 32. — P. 295—
300.

2. Dobrovetska O., Kuntyi O., Saldan I. et al. Nanostructured gold—palladium electrodeposited in
dimethyl sulfoxide solutions // Mater. Lett. — 2015. — Vol. 158. - P. 317-321.

3. Liu C-H., Liu R.-H., Sun Q.-J., et al. Controlled synthesis and synergistic effects of graphene-
supported PdAu bimetallic nanoparticles with tunable catalytic properties // Nanoscale. —
2015.—Vol. 7. - P. 6356-6362.

Oleksandr Reshetnyak’, Oksana Dobrovetskaz, Ivan Saldan’,
Yuriy Semenyuk’, Orest Kuntyi®, Ivanna Mertsalo’

CATALYTIC ACTIVITY OF Pd-Au NANOPARTICLES IN RELATION TO METHANOL
ELECTROOXIDATION IN THE 0.5 M NaOH AQUEOUS SOLUTION

!Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: oleksandr.reshetnyak@/Inu.edu.ua

’Lviv Polytechnic National University , Department of Chemistry and Technology of Inorganic Substances,
Svyatyi Yuriy Sq., 9, 79012 Lviv, Ukraine

The purpose of the work was to test by voltammetry method the modified by electrodeposited Pd-Au
nanoparticles glass-carbon electrode with regards of its catalytic activity during anodic oxidation of methanol
in alkaline medium. It was determined that reaction rate of methanol oxidation on the electrodes surface
modified by Pd-Au nanoparticles was approximately 1.5 times higher than that of electrodes modified by Pd or
Au nanoparticles. Pd-Au-modified electrodes demonstrated a significant peak shift to the region of negative
potentials, which suggested on a facilitating of the oxidation process at both forward and reverse scan. Expe-
rimental results imply on a higher electrocatalytic activity for Pd-Au nanoparticles that might be explained by
their electronic structure.

Key words: electrocatalysis, methanol electrooxidation, palladium-gold nanoparticle.
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BIIJINB ITAP TA NOJIIEJIEKTPOJIITIB HA EJIEKTPOOCAIKEHHS,
CKJAJ TA BJIACTHBOCTI KOMITIO3UIIMHUX MATEPIAJIIB
HA OCHOBI PbO,

JIBH3 « Yxpaincokuil 0eporcasHuil XiMiko-mexHoao2iunuLl yHisepcumemy,
Kagedpa pizuunoi ximii, np. Iacapina, 8, 49005 /[uinpo, Yxpaina,
e-mail: velichenko@ukr.net

Po3poOka MeToiB HalpaBJIEHOrO CHHTE3Y HOBUX MaTepiajiB i3 3aJJaHUMM BIACTH-
BOCTSIMH € OJIHMM 3 NPIOPUTETHUX HANPSIMKIB Cy4acHOI Hayku. 3HaYHMH iHTepec IUIs
JIOCTIIKCHb CTAaHOBJITH KOMIIO3HIIHHI MaTepiaiu Ha ocHOBI rroMOyM(IV) okcuny, mo
MICTSTh B CBOEMY CKJaJi MoBepXxHeBO-akTUBHI pedoBuHH (ITAP) abo momienexrpomnitu
(TIE). ITpu 36epesxenni 6a3zoBux BiactuBocteit PbO, cknax, Gpi3uko-XiMiuHi BIaCTHBOCTI
Ta eJCKTPOKATANITHYHA aKTHBHICTh TAKUX MaTepialiB MOXE 3MIHIOBATHCS B IIMPOKHX
Mekax. Cimif 3a3Ha4YNTH, IO JITepaTypHi JaHi 3 FOTO MATAHHA Maibke BiacyTHI. MoXx-
JUBICTH CIIPSIMOBAHOTO €JIEKTPOXIMIYHOTO CHHTE3Y HOBHX MaTepialliB Ha OCHOBI ILTIOM-
6ym(IV) auokcumy 3Ha4HOIO Mipoio OyZe BU3HAYATHCS PO3BUTKOM YSBIEHB PO OCHOB-
Hi 3aKOHOMIPHOCTI MPOTIKaHHSI MPOLIECIB ENEKTPOOCAKESHHS OKCHY 1 BKJIroueHHs [TAP
ta [1E y mOKpUTTS, BCTAHOBIICHHSM B3a€MO3B'I3KY MiXk CKJIaJI0OM KOMIIO3HTIB, 1X ()i31KO-
XIMIYHUMH BJIACTHBOCTSIMHU 1 KaTAII THYHOIO aKTUBHICTIO.

B oOnacti Hu3pkux nomspuzauiii (obnacte 1) TumoBa mapiianbHa HoOJSpH3aLliiHa
kpuBa (puc. 1, a), noOynosana B TadesneBCbkUX KOOpAMHATAX, Ma€ JIIHIMHUN BUIIIAL,
110 BKa3y€ Ha KIHETHYHMI KOHTPOJIb Tpolecy enekrpoocapkeHHs PbO,. [pu 30iibiien-
Hi aHOAHOI monsapu3anii (o6macte 11) Ha cTamioHapHIN MONsApU3aIiiiHIi KPHUBiH crocTe-
piraeTscst TpaHUYHMN CTPYM ocakeHHs PbO,, 110 3aneXuTh Bijl IIBUIKOCTI 00epTaHHS
enekTpona. B mili obmacTi MOTeHIIaNB MPOIeC KOHTPOIOEThCS AUDY3IHHOI CTamIiero
noctaBkH ioHiB Pb>" 10 moBepxHi enexktpona. OTpuMaHi faHi J03BONAIOTH HPHITYCTHTH,
IO 3allpOIIOHOBAHMH paHille MexaHi3M [l] aZekBaTHO OIMMCYe MPOIEC eIEeKTPOOCas-
xeHHs wioMoymM (IV) auokcuny B mpucytHOCTI 106aBOK ITAP i ITE.

Bynu BH3HaueHI KIHETHYHI MapaMmeTpu JIMITYHOUYOi CTafii NMEepeHeceHHs Ipyroro
€JICKTPOHY B IPUCYTHOCTI J00ABOK B €JICKTPOJITI (YKCIIO €JICKTPOHIB, KOCPIIIEHT Hepe-
HECEHHS 1 TeTepOreHHi KOHCTAHTH MIBUAKOCTI). [Ipy BBEJCHHI B €JIEKTPOJIT OCaPKEHHS
ITAP i I1E uucno enexTpoHiB, 1o OepyTh y4acThb B JIMITYIOUHI cTajii y BCIX BUIagKax
JIOpiBHIOE 1, 110 BKa3ye Ha cTamiiHicTh npouecy. KoediuieHT nepeHeceHHs TPaKTUIHO
He 3MiHIoeThes (o = 0,4). 3HaYeHHS TeTepOreHHOI KOHCTAHTH MIBUAKOCTI 3aJICKUTD BiX
MIPUPOJIN 1 KOHIEHTpaii 100aBKU. BiIbIIICTh 00AaBOK TaIEMYIOTh CTAII0 IIEPCHECCHHS
3apsity, B Toif yac sk mpu BBeaeHHi Nafion® crocrepiraeThes npoTuiieKHuii edex. 3a-
JISKHICTh T€TEPOTreHHOI KOHCTAHTH IIBUAKOCTI CTaii IIEpeHEeCEeHHs APYIroro eIeKTpoHa
Bix konuentpanii Nafion® B enexkTponiti Mae ekcTpeManbHuii xapakrep (puc. 1, 6), 1o
HE XapaKTepHe IS iHIHIX 100aBOK.

Beenenns B enekTpodiT ocamkeHHs 100aBok [TAP i ITE mpu3BOIUTE 10 iX BKIIFOYCH-
HS B TIOKPHUTTS 3 YTBOPEHHSIM KOMIIO3WIIHUX MarepianiB okcua-IIAP ta oxcun-IIE.
Bwmict momimku Bu3Ha4aeThes 11 amcopOuiero Ha okcuai. 30UIbIIeHAS aacopOrii gomi-



82 VIII Ykpaincokuii 3°i30 3 enekmpoximii

0,8
301 A
AN a/a
“515[ Y ob6uacts 11
* Y- 2.4
< VIS
= 041 9% 8 16
— W(Nafion)  *10°, %
{ obmacts I |
0,0 T T ! T T T

1,4 1,6 1,8
E. B

Puc. 1, a. [TaprianbeHi cTamioHapHi nmojsipu3aniiiHi Kpusi eaekrpoocamxenns PbO,, Ha
Pt-enextponi 3 enekrpodiris: 1 — 0,1M HNO; + 0,01M Pb(NOs), (E);
2 — (E) + 0,0001 % Nafion®, 3 — (E) + 0,0001 % ITAT

Fig. 1, a. Partial steady-state polarization curves at Pt-electrode from solutions: 1 — 0,1M HNO; +
0,01M Pb(NO3), (E); 2 — (E) + 0,0001 % Nafion®, 3 — (E) + 0,0001 % PAG

Puc. 1, 6. 3anexnicts KoHCTaHTH MBHAKOCTI (K;) MIMITYrO4O01 cTazii eN1eKTPOOCaIPKEHHS B
koHIeHTparii Nafion™ B eJIEKTPOIITI OcaIKeHHS

Fig. 1, b. Dependence of constant rate (k) of PbO, electrodeposition limiting-stage from Nafion®
concentration in the deposition electrolyte

IIOK 32 PaXxyHOK 3pPOCTaHHs iX KOHIEHTpalii B PO34rHi 1 30UIbIICHHS €IeKTPOCTaTHY-
HOTO HPUTATaHHS (3POCTaHHs aHOJHOT T'YCTHHHU CTPYMY 1 BMICTY KHCJIOTH B €JIEKTPOJIITI
ocamxenHs s anionHux [TAP i T1E) npusBoauTh 10 30aradyeHHs] KOMIO3UIIIHOTO Ma-
Tepialy OpraHivHOIO PEYOBUHOIO.

Ha mincraBi oTpuMaHUX Pe3yJIbTATIB 3alPOINIOHOBAHHIA KOJIOITHO-CIIEKTPOXIMIYHHN
MEXaHi3M YTBOPEHHs KOMITO3MTIB, 3T1/IHO 3 SIKUM IPOLEC NPOTIKA€E B IEKIIbKA CTAIN:

Pb”" + 2H,0 - 2e — PbOyyoy + 4H'; )
PbOswvo1y — PbOs(ur); ()
PbOsvory + R <> PbO,-Rygs (vol; (3)
PbO1-Rags (vol) = PbO2-Rads sur); “4)

Jowmimku ITAP i [1E BrumBaroTe Ha CTpyKTYpy OTpHMaHHX MarepianiB. PakTu4HO,
KOMITO3MLIHI Marepiajii SBJIAIOTH co0ot0 moiyikpuctamiyauii B-PbO,, mo wmictuts
pertrenoamopdry dazy I[TAP ado I1E. [TosBa TiX ab0 iHIIUX KpHCTaTOrpadidHUX Opi-
€HTAIIN 3aJIC)KUTH K BiJ MPUPOIM, TaK 1 BiJl BMICTY TOMIIIKH B KOMIO3HTI. SIK mpaBuIIo,
30UTBIICHAS BMICTY JOMIIIKH B OKCHJI MPU3BOANUTE JO 3HIDKEHHS 1HTEHCHBHOCTI IKiB
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Ha audpakTorpami, M0 BKa3ye Ha 3MEHIICHHS PO3Mipy KpHcTaliB. BriroueHHS noMmi-
mok [TAP i ITE B PbO, npuzBoanTs 10 3Ha4HO{ 3MiHM MOopdoiorii ocamy.

BcraHoBeHO, IO €TEKTPOKATATITUYHA aKTHBHICTH KOMITO3UIIHHUX MaTepialiB, mo
Mictate [TIAP i IIE ictoTHO BimpisHseThcs Binm 0azoBoro PbO,. Ilpm BukopucTaHHi
KOMTIIO3HIIIHHIX aHO/IB CIIOCTEPIraeThCS CENEKTUBHA 3MiHA MIBUIKOCTI IPOIIECiB 3 TIepe-
HECCHHSM OKCHUIeHY, IO IIPOTIKalOTh Yepe3 MOYAaTKOBY CTail0 YTBOPEHHS OKCHCEH-
BMICHHX YaCTOK PaJIMKAIBLHOTO THITY, aicOpOOBaHUX Ha MOBEpXHI einekrpona. Jocuts
MPOCTUM 1 3pYYHUM CIIOCOOOM OIIIHKH €JIEKTPOKATATITUYHOI aKTUBHOCTI €JIEKTPOIAHOTO
Marepiaixy MpH AOCTIKEHHI OKHCHEHHS ()CHOJIB € TepMiH 3HMKHEHHS apOMaTH4YHHUX
MPOMIXXHUX TPOAYKTIB, SIKUA MOKHA BU3HAYUTH 3 Y@ CIIEKTpPiB PO3YHHIB NPH PiZHOMY
TepMiHi enekrponmizy. Citif 3a3HaYUTH, 10 MIPOLECH EJIEKTPOOKHCHEHHS 4-XJI0pdheHory
Ha PbO, i komno3uniiHUX MaTepianax Ha ocHOBI PbO, mpoTikaloTh SKICHO OJHAKOBO i
BiJIPi3HSIOTECS TUTBKH MIBUAKICTIO. KaTamiTHYHA aKTHBHICTH KOMIIO3UIIIHUX €IEKTPO-
KaTali3aTopiB CTOCOBHO PEaKIlii OKUCHEHHS 4-XJ10p(eHOITy 3MIHIOETBCS B PAIY:

[IAT-PbO, > PbO, > C4FoSO;K-PbO, > Nafion®-PbO,.

Ipu Bukopucransi Nafion®-PbO, sk aHoma mBHAKICTH KOHBEpCiT 4-X10pdheHony 36imb-
LIY€ETHCS Y 2 pa3u.

1. Shmychkova O., Luk’yanenko T., Amadelli R., Velichenko A. Electrodeposition of Ni**-doped
PbO, and Physicochemical Properties of the Coating // J. Electroanal. Chem. — 2016. — Vol.
774.—P. 88-94.

2. Knysh V., Luk’yanenko T., Shmychkova O., Amadelli R., Velichenko A. Electrodeposition of
Composite PbO,-TiO, Materials from Colloidal Methanesulfonate Electrolytes // J. Solid State
Electrochem. —2017. — Vol. 21, Is. 2. — P. 537-544.

Oleksandr Velichenko, Tatiana Luk’yanenko

INFLUENCE OF SURFACTANTS AND POLYELECTROLYTES ON ELECTRODEPOSITION,
COMPOSITION AND PROPERTIES OF COMPOSITE MATERIALS BASED ON PbO,

Ukrainian State University of Chemical Technology, Department of Physical Chemistry,
Gagarina Pr., 8, 49005 Dnipro, Ukraine, e-mail: velichenko@ukr.net

Electrodeposition of composite materials based on PbO, in the presence of some surfactants and poly-
electrolytes are reported. The mechanism of electrodeposition is discussed. The amount of additives in the de-
posit depends on the experimental conditions: nature and concentration of additives, current density and charge
of additive species in the plating solution. The physicochemical properties of composite materials are very
different from those of undoped oxide, accounting for the different electrocatalytic activity of the materials.

Key words: Composite; Lead dioxide; Electrodeposition; Oxygen-transfer reactions
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EnexTpoxiMi4HUII CHUHTE3 eNeKTPONpOBIAHMX noniMepiB 1 mnomianininy (ITAH),
30KpeMa, 3IHCHIOITh Ha eleKkTponax 3 Omaropogaux (Au, Pt i Pd), aktueanx (Fe, Cu,
Al, Ni Ta iH.) MeTaJiB Ta CILIaBiB, B OCHOBHOMY, Ha aJllOMiHi€Biii ocHOBI. Enekrpoau 3
AKTHBHUX METAJIB € JICMICBUMH 1 B JISSIKMX BUIAKaX 3 YCIIIXOM 3aMiHIOIOTh €NEKTPOAN
3 OJIArOpOJHUX MeETaTiB. AJIIOMIHIEBI €NEKTPOM, OKPUTI CIIEIiajbHO IMiATOTOBICHO
CJIEKTPOXIMIYHAM aHOAYBaHHIM IUIBKOIO Al,O;, BUKOPHUCTOBYIOTH SIK TEMIUICHTH JUIS
cuHTe3y HaHOCTpyKTypoBaHoro ITAH. Cepen MeTOHdiB €NEKTPOXIMIYHOTO OCAIKEHHS
[TAH HaiiOLTEII BUKOPUCTOBYBAHUM € TOTCHIIOJAWHAMIYHUA METOJl OKHUCHEHHS AH,
SIKMH TO3BOJISIE KOHTPONIOBATH MpoIlec ocaKeHHs IIIBOK IIAH i oTpuMyBatu Horo B
pi3Hux popmax-cranax. Bubip yMOB TakuXx, sIK KOHIIEHTpalliss MOHOMEpa, IIPHPOAA eIIeK-
TPOJNITY Ta HOTO KOHIIEHTPAIlisl, MEXXI Ta MBHUAKICTh PO3TOPTKH MOTEHIIATIB, TOMIO, J0-
3BOJISIIOTH (DOPMYBATH HaHO- Ta MIKPOCTPYKTYpOBaHi IUTiBKH [IAH Ha moBepxHi pobounx
enekrpoxiB (PE) i3 akTuBHUX MeTaniB, 30KpeMa, alFOMiHIIO Ta CIDIaBiB HAa HOTO OCHOBI,
cepen saxux i amop¢pHux cruiasu (AC).

Pobounmu enexktpomamu ciayryBanm: Qoipra amoMiHito (Al-emexkTpom) i 3pa3ok
crpiukoBoro AC cknany Alg;NigY,Dy; (AINiYDy enexrpon) y ¢popMi IIIaCTHHOK poO3-
MipoM 3,5%0,5 cM 3 pobouoto mosepxuero ~1,0 cm’. Topmmua PE ~40 mxm. KoHuepH-
Tpamii: An — 0,25 M, enekrpouita — 0,1, 0,5 1 1,0 M (Bogni po3uunu H,SO,). lIBux-
KicTh po3ropTaHHs moTeHmianmiB — 25, 50 1 75 mB/c, Mexi po3ropTaHHs MOTEHIIATIB -
200 — 1200 mB, uncno nukiiB — 75. Enexrpoximiune ocamxenHs [TAH mpoBoamim 3a
TpHEIeKTPoIHOIO cxeMmoio 3 AgCl enekTpoaoM MOpiBHSHHS, MPOTHEIEKTPOIOM CIYTY-
Bana Al ¢onbra. Ctpykrypy Ta Mopdonorito miiBok [TAH Ha nosepxusx PE, mocumizn-
)kyBamu 3a goromororo [U-®I1 HIIB (NICOLET IS 10) anmami3zy Ta pacTpoBOTO €iek-
TPOHHOTO MiKpocKomna-Mikpoanaiizaropa (PEMMA-102-02).

Ha puc. 1 306paxeno [IBA xpusi Al enexrpona ta AINiYDy-enextpona B 0,25 M
pozuuni AH B 0,5 M H,SO, 3a pi3HuX mIBUAKOCTEW pO3ropTaHHs NOTeHIiany. Sk BUIHO,
s [IBA xpuBHX BIacTHBA BIiIMIHHICTB, SIKa MPOCTEKYETHCS HE TIIBKH 31 3MiHOIO
IIBUAKOCTI PO3rOpTaHHs MOTEHIialy, ane W 3anexurb Bia npupoau PE. 3pocrarounii
XapakTep TYCTHH CTPYMIB 31 30UIBIICHHSM YHWCIA IWKIIB PO3rOPTAaHHS ITOTCHIlIANIB
3aCBIYY€E [IPO YTBOPCHHS CIEKTPOMIPOBIAHOT tuTiBKH [TAH.

[4-®II ciektpu 300paskeHi Ha pUC. 2 BiAIOBINAIOTH MOMiaHLTIHY.

Sk BuiHO 3 puc. 3 moBepXHEBa MOPQOIIOTisi 3MIHIOETHCS 31 3MIHOIO IIBHJIKOCTI PO3-
ropradHs noreHmiany ta npupoaud PE. 3a mBuaxocTell po3ropraHHS mMOTeHIiamy: 25
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MB/c miBku [TAH Ha Al enexTpozi mopucra, yTBOpeHa CTPIIKHSIMHU HPaKTHYHO OJHA-
KoBoro miamerpa ~164 M i momxuHu ~220 HM; 32 mBUAKOCTI 50 MB/c moBepxHs cTae
ry0uYacToro OUTBII KOMIIAKTHORO; a 3a IBUAKOCTI 75 MB/c — HiOM omnasieHorw (puc. 3 a,
6 1 6). [lemmo innry mopdomnorito mae miriBka [IAr Ha AINiYDy enexrponi. Bona € 6inpmr
KOMITaKTHOIO 0€3 YTBOPEHHsI HAHOCTPYIKHIB 32 IIBHJKOCTI PO3rOpTaHHs MOTeHIiany 25
MB/c. JInst iux 1UTiBOK BIacTHBA OLTBIN TUTaBHA 3MiHA MOPGOJIOTii.
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Puc. 1. IIBA kpusi Al (a, 6, 6) Ta AINiYDy (e, 0, €) enekrpona B 0,25 M po3unni Au 8 0,5 M
H,SO, 3a pi3HEX mIBHAKOCTEH pO3ropTaHHs MOTeHLialy, MB/c: a, 2 —25,6,0 5016, e —75.
Fig. 1. CVC curve Al (a, b, ¢) and AINiYDy (d, e, f) electrodes in 0,25 M solutions AH in 0,5 M
H,S0, at different rates of potential scanning, mV/s: a, d — 25, b, e —50 and ¢, f— 75
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Puc. 2. I[4-O®II ciextpu 3paskiB [TAn Ha: Al (a/a) i AINiYDy (6/b) enexrponax. llIBuakicts
po3roptanHs noreHmiany: [ —25, 2 —50, 3 —75.

Fig. 2. FTIR spectra samples of PAn on: Al (@) and AINiYDy (b) electrodes. Rate of potential
scanning, mV/s: [ —25,2-50,3-75



86 VIII Yxpaincoruii 3'i30 3 enekmpoximii

M
v,

s
‘L’f‘

W=14.2mm

WD=15.0mm 20.00kV  x10.0k 5 20.00kV  x10.0k

e/d o/e

Puc. 3 CEM 306paxenHs nosepxoHs 11iBok [1Ax Ha: Al (a, 6, 6) Ta AINiYDy (e, 0, e) enek-
tponax. IIIBUAKiCTH po3ropTaHHs moTeHiany: a, 2 — 25, 6, 0 501 6 , e —75. 306inbirenns x 10000
Fig. 3 SEM images of the surfaces of the PAn films on: Al (a, b, ¢) and AINiYDy (d, e, f)
electrodes. Potential scanning rates, mV/s: a, d — 25, b, e —50 and ¢, f— 75. Magnification x10000

Bcranosneno, mo s nporecy ocapkeHHs iiBok [IAx wHa PE BrnacTuBuié iHIyK-
LiAHWI ITepiof, TPUBAIICTD SKOTO BU3HAYAETHCS MPHUPOJOI0 pobdodoro enekrpoaa. Bera-
HOBJIEHO, 110 npupona PE, koHLEHTpallis eJIeKTPOoIIiTy, SK 1 MBUAKICT PO3TOPTKH I10-
TEHI[ialy CYTTE€BO BIUTMBAE Ha MpoIlec oca/ukeHHA IUTiBOK I[IAH Ha Al emektponi, mo
NposIBISIEThCS Y (popMyBaHHI MiKpO(ppaKTaJIbHUX T4 HAHOPO3MIPHUX CTPUIKHEIIOAIOHUX
CTpYKTYyp moiimepy, a Ha AINiDy-enekrponi BinOyBaeTbcst GopMyBaHHS OiIbII 3riIaj-
sKeHuX cTpykryp. [Y-DII criekTpu minTBepXKyIOTh HasBHICTH Ha moBepxHi PE mtiBok
moJiaHiiHy. B pe3ynpTari mOCHimKeHh BCTAHOBJICHO ONTHMAINBHI IIBHAKOCTI PO3TOp-
TaHHs MOTeHIiay it popmyBaHHs wiiBok [TAH Ha PE 3 pizHoto Mopdonorieto.

Vira Kostiv', Khrystyna Viad', Mykhaylo Yatsyshyn', Roman Serkiz', Olga Yezerskd’,
Nataliya Pandyak’, Oleksandr Reshetnyak’

POLYANILINE DEPOSITIONS IN POTENTIODYNAMIC MODE ON THE ALUMINIUM-BASED
ELECTRODES FROM THE AQUEOUS SOLUTION OF SULFURIC ACID

!Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: kristinavliadl 998@gmail.com

2 Fraunhofer Institute for Manufacturing Technology and Advanced Materials,
Wiener Str. 12, 28359 Bremen, Germany

*National Forestry Engineering University of Ukraine, Generala Chuprynky Str. 105, 79057 Lviv, Ukraine

The influence of the nature of the electrodes and potential scanning rate on the morphology of the
polyaniline films which were deposited on the aluminum and Alg;NisYsDy, amorphous alloy electrodes has
been studied.

Key words: potentiodynamic mode, polyaniline, film, morphologies
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The analysis of drugs is an important area of analytical chemistry undergoing rapid
development and playing the significant role in the cases of drug intoxication or
suspicion of drug intoxication, drug therapy and in anti-drug control [1].

Dipyridamole (DIP), 2,6-bis-(diethanolamino)-4,8-dipiperinopyrimido[5,4-d] pyrimi-
dine, as shown in Fig. 1, is an important vasodilator agent that is widely used for the
treatment of cardiovascular diseases. Unfortunately, it is consumed fraudulently in cer-
tain sports to improve efficiency and decrease tiredness. Nevertheless, the uncontrolled
used of this drug could cause loss of mental power and serious secondary effects which
could cause grave danger for health [2]. Therefore, the development of sensitive and
selective analytical methods and procedures for the determination of DIP in phar-
maceutical and biological samples is necessary.

N CH,CH,0H

y 2

N N

NZ \Y ™ CH,CH,0H

HOCH,CH, R

\ "N =N
N N
llocu!cu:/ N

Fig.1. Chemical structure of dipyridamole
Puc. 1. Ximiuna opmyina qunipuaaMory

Various methods such as high performance liquid chromatography (HPLC), spec-
trophotometry, fluorescence spectrometry, phosphorimetry, fluorimetry and chemilumi-
nescence methods have been reported for the determination of DIP. The conventional
technique applied in the determination of DIP is HPLC method. Although this method
has many advantages, one serious issue for the determination of the analyte consists in
preliminary procedures such as extraction and concentration in organic solvents. Also,



88 VIII Ykpaincokuii 3°i30 3 enekmpoximii

despite the simplicity of the spectrophotometric methods, they are not very sensitive and
often suffer from interferences from other substances present in analyzed solution.
Electrochemical techniques have been used widely for the analysis of pharmaceuticals
due to their portability, simplicity, ease to miniaturization and automation, short analysis
time and satisfactory detection limits .

In this work, a simple, rapid and sensitive electrochemical procedure for the deter-
mination of DIP at a miniaturized thick-film boron-doped diamond electrode (BDDE)
was proposed. The mentioned electrode material has been found as perspective one pro-
viding significant benefits unlike conventional carbon materials. This electrode material
yields distinguished chemical stability (due to sp’ hybridized carbon atoms in diamond
structure), low background current, excellent biocompatibility, the wide potential range
in both aqueous and non-aqueous media and weak adsorption for most types of organic
molecules [3].

Cyclic voltammetry (CV), differential pulse voltammetry (DPV) and square-wave
voltammetry (SWV) were applied for the investigation of electrochemical behaviour of
DIP and evaluation of analytical performance. Cyclic voltammetric studies revealed that
the oxidation of DIP is irreversible with single and well-shaped peak at a potential of
+0.45 V in Britton-Robinson buffer solution at pH 3. Additionally, it was observed that
the peak potential shifts to less positive values with the increase of pH, indicating that
the mechanism of the electrode reaction is dependent on pH. The effects of scan rate on
the electro-oxidation of DIP were examined by CV, manifesting that the oxidation of
DIP on the BDDE is a two-electron diffusion-controlled process. Using the optimal DPV
(modulation amplitude of 50 mV, modulation time of 25 ms) and SWV (frequency of 10
Hz, amplitude of 10 mV) conditions, the linearity was noticed in concentration ranges of
1:107=1-10% and 2:107"— 1-10° mol/L with the achieved limits of detection 6:10"* and
3-10® mol/L for DPV and SWV, respectively. After each measurement, an anodic
pretreatment was carried out in 1 mol/L H,SO,4by applying +2.0 V for 3 min. to get rid
of any impurities on the BDDE surface. The method was successfully applied to the
determination of DIP in pharmaceutical tablets with result similar to value that declared
by the producer.

The proposed methodology with BDDE can represent an effective and alternative
tool instead of commonly used glassy carbon and chemically-modified electrodes for
electrochemical determination of DIP.
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Boepire ociipKeHO eNeKTpoXiMiuHy moBeaiHky aumipumamony (JIIl) Ha apykoBaHOMy aimazsHOMY
enexTpoxi serosanuM 6opom (AEJIB). Ha nukniunaux BosibTammneporpamax 0yJio 3apeecTpoBaHO HEOOOPOTHiM
nik okucHenHs [IIT npu norenmiami +0.45B y cepemoBuiui yHiBepcanbHOI Oydepnoi cymimi 3 pH 3,0.
BcraHoBieHO, 110 OKHCHEHHSI € HEOOOPOTHIM, ABOCNEKTPOHHUM, AU(Y3IHHAM MpouecoM. 3a ONTHMAIbHHX
napameTpiB qudepenuiitno-immyabcHoi BossTammnepometpii (IB) ta kBagparHo-xBuiboBol (KXB) BosbTam-
HepoMeTpii, JTiHiiHA 3aIeXHICT CTPYMy OKHCHEHHS BiJl KOHIIEHTpALil AUIipUIaMoiy 30epiracTbCsi B MexKax
1-107=1-10%12:1077 = 1-10 ™ mons/n , 3 HKHiIMK BU3HAYYBaHMMH Meskamu 6107 i 3-107* mos/n s JIIB Ta
KXB, BigmosigHo. Meroauka Oyia ycmimHo 3actocoBaHa juisi BusHaueHHs [III1 y Tabnerkax, pesysibraTi
J106pe Y3roUKYIOThCS 3 JAHUMH 3a3HAYCHUMH BUPOOHHKOM. J[aHa METO/MKA € HPOCTO, e)eKTHBHOIO, YyT-
JIMBOIO 1 MOYKEe KOHKYPYBATH 3 iCHYIOUMMH METOMKaMH 3 BAKOPUCTAHHSIM CKJIO-BYIJIELEBUX 1 MOAM(IKOBAaHUX
€JIEKTPOIIB.

Kniowosi  cioéa:  OKCUCHEHHs,  JMIipuaamoi, QJIMa3HUH  eJIEKTPOJA  JIeroBaHHd  Gopowm,
BOJIbTAMIIEPOMETPIst
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HaiirmommpeHimmm MaTepiaaom I elIeKTpoKaTallizy Ha ChOTOHI € ruiaTuHa. Buko-
pUCTaHHS IBOTO METaly MOTpeOye BENMKHX MaTepiadbHHUX 3aTpar, TOMY iCHye Heo0-
XiIHICTh 3MEHIIECHHS KUIBKOCTI IJIATHHH, IO BHKOPHCTOBYETHCA B KaTajlizaTopax, abo
3aMiHH i Ha OUIBIN IeTIeBi MaTepiaim.

Kap0bigu nepexigaux meranis, a came Bojbppamy (WC i W,C), € HalbinbIn mepc-
NEKTUBHUMHU MatepiajaMy JUIs KaTallizy 3aBIsSKH TaKMM XapaKTEPUCTHUKaM, SK BHCOKa
€JICKTPOIPOBIIHICTh, KOPO3iiHA CTIHKICTh Ta CTIMKICTh MO OUIBIIOCTI KaTaTiTHYHUX
oTpyT. BpaxoByrouum BiJJHOCHO HM3bKY BapTiCTb METOIIB CHHTE3y, Taki Marepiaiu
MOXYTb OYTH aJbTEepHAaTUBOIO IUIaTHHU. [Ipu 3acTOoCyBaHHI B €l1€KTpOKaTali3i BaXJIHBO,
mo0 Taki MarepiaJii Malud BHCOKY NUTOMY IIOBEPXHIO Ta Mayli pO3MipH 4acTok. B
MIPOMHUCIIOBOCTI KapOiJ BONb(pamMy OTPUMYIOTH METOAOM KapOoHi3aIlil MeTaliqHuX
MTOPOMIKiB BONMb(paMy (HOro OKCHIy) Ta3aMu, IO MICTATh BYTJICIb. AJe OTpPUMaHi Ta-
KM YAHOM TOPOIIKH KapOixy Boilb(paMy MaiOTh ITOCHTH BEIHKI PO3MIpH YaCTOK Ta
IIUTOMY MOBEPXHIO 2—5 M*/r. IcHYe psiJl HeTPaIMUIHHUX METOJiB OTPHMAHHS HOPOLIKIB
Kapbiny Bosmb(dpamy, sIKi JTO3BOJISIOTH OTPUMATH HaHOPO3MipHI dacTku. Cepex Takux
METOJIB JOCHTh MEPCIEKTHBHUM € METO]l BUCOKOTEMIIEPATYPHOTO EIEKTPOXiMIYHOTO
cunresy (BEC) B conpoBux po3muaBax.

Meroto i€l po6oTH Oyi10 AOCIIHKEHHS €JIeKTPOKATATITHYHUX XapaKTePUCTHK eJIeK-
TpoiB Ha ocHOBI mopoiikiB WC B peakilii BUIUICHHS BOJHIO i3 KHCJIMX CJICKTPOJITIB Ta
BIUIMBY Ha HUX DI3HOMaHITHUX (aKTOpiB CHHTE3y HOPOILIKiB, METOAIB 0OpoOKM Ta
J100aBOK.

Merogom PDA BcraHOBIIEHO, IO B 3aJE€XKHOCTI BiJl YMOB Ta IapaMeTpiB CHHTE3Y
MOXJIMBO OTPUMYBAaTH Ha KaTOAl SK KOMITO3MLIHHI cyMimni nopomkiB kap6inis WC Ta
W,C 3 HaHOPO3MIPHMMH BYTJICLIEBUMH CTPYKTypaMH, TaK i OJHO(pa3HHUN I'eKcaroHallb-
Hull kap6ix Bombdpamy a-WC (puc. 1). Po3paxoBani mapamerpu HOTO KpHUCTaIidHOL
pemmitku (a = 2.9081 £ 0.005; ¢ = 2.8211 = 0.01 A) Ta BcTaHOBNEHUIT cepeHiit po3Mip
qacTok (5-10 HM). Metogom BET Bu3HaUeHa [IMTOMA OBEPXHS ITOPOLIKIB 25—30 M/T.

EnexTpoau 1uist 1ociipkeHb rOTYBAJIM HACTYITHUM YHHOM: Ha MiATOTOBJIEHY MOBEPX-
HIO rpadiTOBUX CTepkHIB HaHOCHIU cyMiml nopoimky WC 3 5%-um po3unnom Nafion.
EnexTpoau crioyatky Cymviv 3a KIMHATHOI TeMIEpaTypH MPOTSIroM 24 rojiuH, a MoTiM
1 romuny npu temmeparypi 110 °C. 3a pi3HuIEI0 Bark TOTOBOTO €NeKTpoay Ta rpadirty
0e3 cycrieHsii po3paxoByBaJIM Tak 3BaHE KaTaIITHYHE 3aHypPEHHS EJIEKTPoIy — 25 Mr Ha
1 cM®. [lnst ouiHKM BIUIMBY CKNady Kataii3aTopa Ha ocHoBi WC Ha {0ro akTHBHICTb B
IpoIieci BUAICHHS BOAHIO Oynu BurotosiieHi 3 tumu exekrponiB: WC:Pt, WC:W,C:Pt,
WC:C. Takox, 1y TOPIBHSIHHS, HIDKYE HaBEeICHI KIHCTHYHI XapaKTEPUCTHKH IPOIECY
BHIIICHHS BOJHIO 3 KACIIHX EJICKTPOIITIB 1 VIS TNIATHHOBOTO €IIEKTPOY.
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Puc. 1. [ludpaxrorpamMu enexkpoiTHIHUX KapOifiB Boiabhpamy
Fig. 1. XRD patterns of electrolytic tungsten carbides

JlocmimKeHHsT eNeKTPOKaTaIITHYHOI aKTHBHOCTI €JIEKTPOIB 3/iHCHIOBAIN B CTaH-
IapTHiN enekTpoximivHiA Komipmi. Kamepa poGodoro enmektpomy Oyia BimoKpemiieHa
cKIsHUMHE (inbTpamu. ['eomerpuuna mioma poGodoro emexrpomy — 0,28 v, Sk
€JIEKTPOJ] TIOPIBHAHHA BHKOPHCTOBYBAIM HACHYCHUH XJIOPCPiOHMI enekTpon. Bombt-
ammepHi xapakTepuctuku peectpyBand B 1H po3unni H,SO,4 3a Temmepartypu 18-20 °C
NpU MBHIKOCTI nojisipu3anii 5 MB/c. [lnist mocipkeHb BUKOPUCTOBYBAJIM MTOTEHIIOCTAT
IT1-50-1.1, nporpamarop I1P-8 Ta peecrpyrounii npuctpiit. Pozunn 1H H,SO,4 roryBanu
3 koHueHTpoBanoi H,SO, kBauidikalii X.4. Ta AUCTUILOBAHOI BOIH.

Ha puc. 2 HaBeJeHi BOJIbTAMIEPHI XapaKTEPUCTHKH MPOLECY BHUIUICHHS BOIHIO i3
1 1 H,SO,4 Ha nmocnimkyBaHuX enekrponax. I3 3amexnocredd F—[g(i) po3paxoBaHi KiHe-

NN

Puc. 2. BospTamneporpaMy BUIJICHHS! BOJHIO Ha €JIEKTPOIaX Pi3HOTO CKIIALy
Fig. 2. Voltammograms of hydrogen evolution on electrodes of various composition
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Ta6muusl. Kinetnuni mapaMeTpu npouecy BUAIIEHHS BOIHIO i3 KUCIHX SJIEKTPOJITIB

Table 1. Kinetic parameters of hydrogen evolution from acidic electrolytes

Karon —n*, B |i, MA/eM® | -a, B -b, B
WC:Pt 0,09 1,8 0,2 0,07
WC:W,C:Pt 0,28 3,6 0,84 0,35
WC:C 0,23 0,91 0,4 0,11

Pt 0,08 0.42 0,12 0,035

1*, B — HaBemeHo npu i = 20 MA/cM?

THYHI IIapaMeTpH Tpoliecy Ha enekTpoaax i3 WC pisHoro ckiany (tabi. 1) Ta mokasaHo
BIUIUB YMOB CHHTE3Y Ta J00ABOK Ha eJIEKTPOKATAITH4HI BiacTHBocTi nmopouikis WC. I3
TaOJULi BUIOHO, INO 32 BEJMYMHAMH IMEPCHANPYTH BUAUICHHS BOMHIO Ta 3HAYCHHAMH
KoedirieHTiB y piBHAHHI Tadens qocmimKyBaHi MaTepiald MOYXKHA PO3MICTHTH Y PSIT

WC:W,C:Pt - WC:C - WC:Pt — Pt

0 Mipi 3pOCTaHHS KaTANITHYHOI aKTUBHOCTI.

OTprMaHi BEeTMYUHH CTPYMiB 0OMiHY 7, HE KOPENIOIOTh 3 ITUM psitoM. O4eBHIHO, 1ie
3yMOBJICHO THM, IO IPH PO3pPaxyHKy TYCTHHH CTpyMy BpaxoByBajacs IeOMeTpUYHA
Ijioura €JICKTpoay. Taxum YHUHOM, MO>XKHa 3pO6I/ITI/I BHCHOBOK, IO BBCACHHS IIJIATUHH OO0
cxinany cymimi WC 3Ha4HOIO MipoOrO 301IBIIYE EIEKTPOKATAITHYHY aKTUBHICTH MaTepi-
any Ta HaOnmye ii 0 TUIATMHOBOTO €NEKTPOoJy. 3HAUYHO 3HWKY€E KaTaJiTH4HY aKTHB-
HICTB €JIEKTPOAY HasBHICTh y Horo ckiani W,C.

Serhii Kuleshov, Olena Fedoryshena, Inessa Novoselova

CATALYTIC ACTIVITY OF ELECTROLYTIC TUNGSTEN CARBIDE IN HYDROGEN
EVOLUTION REACTION

V.I. Vernadskii Institute of General and Inorganic Chemistry of NAS of Ukraine,
Palladina Avenue 32/34, Kyiv 03680, Ukraine, e-mail: sergiykuleshov@gmail.com

Electrocatalytic activity of the electrodes based on electrolytic nanosized powders of tungsten carbide in
the processes of hydrogen electroreduction in 1IN H2SO4 has been investigated in order to replace the
expensive platinum catalysts. It has been shown that these electrodes have high corrosion resistance, relatively
low cost of synthesis methods and rather high electrocatalytic activity. The activity of studied electrodes
mainly depends on the synthesis conditions, the composition and the structure of the produced powders and the
presence of platinum in its composition.

Key words: nanosized powders, electrolytical WC, electrocatalysis, kinetic parameters
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VK 544.6:544.653.2/3
bopuc CKIII, imumpo BAB’IOK, Apuna MOTOBHUJ/IIHA

OBPOBKA TA AHAJI3 TAHAX IUKJITYHOT BOJIbTAMITIEPOMETPIT
METOAOM I'OJIOBHUX KOMIIOHEHT

Yepnuiseyvxuil Hayionanvuuil yisepcumem imeni FOpia dedvkosuua,
Kagedpa ximiunoeo ananizy, excnepmusu ma 6es3nexu xapuooi npooyKyii,
syn. Koyrobuncwroeo, 2, 58012 Yepnisyi, Yxpaina, e-mail: b.skip@chnu.edu.ua

[Ipsime BUPOOHHULITBO €NEKTPOCHEPrii 3 (OioMacH), HATIPHUKIIAM, 3 TIFOKO3H UH I[yKpPO-
3W, € KIIOYOBOIO PYIIIfHOIO CHJIOIO 3aIliKaBICHOCTI B IIbOMY HamNpsAMKY. bimemie toro,
notpeda B MiHIaTIOPHHUX €JIEMEHTaX KUBJICHHs Ul METUIMHY Ta BICbKOBOI CIIpaBH 3a-
3HaudaeThes B [1-3]. Binbuiicts npaiib, MPUCBSIYSHHUX €IEKTPOXIMIUHIN MOBEMIHIN pO3-
YHHIB MipyBaTy, IJIFOKO3U CTOCYIOThCS O0JACTi €JIeKTPOJAHUX MOTEHIIaIB, MTO3UTHBHI-
mux 3a +1,2 B (HBE). IIpote, 3ycTpiuatoTbesi TAaKOXK 1 MOOJMHOKI TTOBIIOMIIEHHS, TIPO
OKHMCHEHHS 3a3HAa4EHHX CHOJIYK NP HWKYMX MO3UTHUBHUX, 1 HaBiTh, IPU HEraTHBHUX
3HAYEHHSAX €JIEKTPoAHOro noteHiany [4]. CkianHicTs ZOCTiKYBaHOI eJIeKTPOXiMi4HOT
MOBEAIHKM B 00J1aCTi HEraTUBHUX 1 MaJMX MO3UTHUBHUX 3HAYEHb EIEKTPOIHOTO IOTEH-
Iiajly HE JaJIi MOJIMBOCTI aBTOpaM 3pOONTH OJHO3HAYHI BHCHOBKH. TaKoX CYTTEBOIO
MIPOTAJIMHOO B TOCTIHKCHHSAX € HasIBHICTB ITyOJIiKaIiii 3 pOKycoM yBary Ha MOLIYKY Jli€-
BHAX MEIIaToOpiB, OMHHAIOYH IMUTAHHSA, YOMY 1 SK MEZiaTop MpaIioe B EIEKTPOXiMIdHIHA
cucreMi. JlocmimkenHs maHoi poOOTH CTOCYIOTBCS 3'ACYBaHHS NPHUIATHOCTI MeTHIIe-
HOBOTO OJJAKUTHOTO SIK KOMIIOHEHTa MiKpOOHOTO rajbhbBaHIYHOTO €JIeMEHTa Ha OCHOBI
S. Cerevisiae Ta TIIIOKO3H, a TAKOK MUTAHHIO, YOMY MEIaTOPH EIEKTPOHHOIO EPEHOCY
IHKOJIM BUSIBJISIIOTBCSl Hee(eKTUBHUMU. [lapanenbHo nepeBipseTbesi MOKIMBICTD 3aCTO-
CYBaHHS JUIsS aHali3y pe3yJbTaTiB BOJBTAMIIEpPOMETpii Ta €(EeKTHBHICTh Cy4acHOTO
METOJly aHaJli3y JJaHUX — METOJy TOJIOBHUX KOMIIOHEHT (principal component analysis —
PCA) [5].

3a pesynpraTamu nomnepeanporo anamizy [IBAK mis mocmimkyBaHUX cUCTEM, NEsKi
KK MaJii HeWiTKUH XapakTep, TOMy iX HEMOJINBO Oyio imeHTH(iKyBaTH. Y 3B'A3KY 3i
3HAYHOIO KUTBKICTIO €NEKTPOXIMIYHHAX MapaMeTpiB, IO BiAMOBINAIOTH JOCIIIKYBaHIM
cucreMaM (8 MIKiB 10 3 eNeKTpoXiMiuHi mapameTpH, pi3Ha KOHLEHTparis 4 KoMIo-
HEHT PO3YHHIB, 4—5 pi3HUX MIBHIKOCTEH PO3TOPTKH MOTEHIliaTy B KOXKHIN cepii ekcre-
PUMEHTIB) Ta 3HAYHOIO Bi3yaJbHOIO CXOXKICTIO BOJIBTAMIICPHHUX KPUBUX, CKJIAIHUN aHa-
Ji3 TeHJCHLIH, Ta 3 METOI YHHUKHEHHS HEOJHO3HAYHOIO TPAKTYyBaHHsS OTPUMaHHX 3a-
JISKHOCTEH, 1JIsl aHaIli3y Pe3yJIbTaTiB BOJIbTAMIIEPOMETPil BAKOPUCTAHO OMH 13 METO/IB
(dakTOpHOro aHamizy — Metox rojoBHux komrnoHeHT (PCA) [5]. Pe3ynpTatu CHCTEMHOTO
aHamizy [6] puc. 1. ganM MOXIIMBICTH BCTAHOBHTH 3aJIEKHOCTI MK mapamerpamu. B
AHO/IHOMY HalpsIMKY PO3TOPTKH ITOTEHIiaTy poO04oro eeKTpoa Ma€ Miclie I'sTh ITiKiB
ryctud crpymiB (BiamosigHo Ne 1 — 5) — npu —769+16, —323+17, —85+17, +109+9 Ta
+278+46 MB, Tomi sik B kaTtomHiit — Tpu (Ne 6 — 8) — —38+22, —354+7 Ta —844+17 MB.
Hnsa perpesenratuBHOCTi PCA BHKOpHCTaHO Tepili 2 TOJOBHI KOMIOHEHTH, SIKi pa3oM
OTINCYIOTb, BIANOBIAHO, 54,5 % Ta 52,5 % Bapiallii eKcriepuMEeHTAIFHUX MTapaMeTpiB.
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Puc. 1. biruor nepmux ABoX roJoBHUX KoMHoHEHT [6]: Glu — rimroko3a, Pyr — mipyBaTionn, MB —
MetmneHouid Onakutauid, SC — Saccharomyces cerevisiae. Ip1—Ipg, E; — Eg, dE; — dEg —
BEJIMYUHU CTPYMIB MiKiB, HoTeHniany mikis. dE/dt — mBUAKICTE pO3ropTKH NOTEHIIATY poO0YOro
eJIeKTPOoJIa

Fig. 1. Biplot of the first two principal components [6]: Glu — glucose, Pyr — pyruvates, MB —
methylene blue, SC — Saccharomyces cerevisiae. Ip,—Ips, E| — Eg, dE| — dEg — peaks of currents,
electrode potentials of the peaks. dE/dt — scan rate

Bucnosku

MeTo10M TOJIOBHUX KOMIIOHEHT BCT@HOBJICHO, 1110 MPOLIEC OKUCHEHHS TIIIOKO3U Mae
MICIIC TakoX mpu MoTeHiianax —323+17, mipyBaTioHiB — B 00JacTi MOTEHIlIATIB
+278+46, metmineHoBoro 6yakutHoro — +109+9 MB BiTHOCHO XJIOPCPIOHOTO €NEeKTpOoaa
MOPIBHSAHHS. Y CTaHOBJIICHO, IO PEJOKC-TIPOIIEC 3a BIICYTHOCTI Y pOOOYMX PO3YMHAX S.
Cerevisiae BIOyBa€ThCS HA TIOBEPXHI IUIATHHOBOTO CJICKTPOJA, TOMI AK HASBHICTBH S.
Cerevisiae 3yMOBIIIOE CIIOBUIBHEHHS €JIEKTPOIHOTO IPOIECy Ta MEepeMillleHHs peloKc-
peakuiii B 00’em enekrpoiity. Came ToMy epeKTHBHICTh MeiaTopa CTa€ HU3bKOM0. YC-
TaHOBJICHO, IO y AOCTIPKYBaHUX CHCTEMaX Ma€ Miclie IBOCIICKTPOHHHUI PeIOKC-TIpoLeC
Uil poOOYMX PO3YMHIB TIIOKO3HM Ta «S. Cerevisiae — TTIIOKO3a» Ta OTHOCICKTPOHHHN —
s mipyBary Ta «S. Cerevisiae — Tiroko3a — MBy». 3MiHa KUTBKOCTI €NEKTPOHIB, IO
Oepe yuacTb B eNeKTpOHIN peakiii mpu nepexoi Bif «S. Cerevisiae — TIHOK03a» 10 «S.
Cerevisiae — TroK03a — MB», cipuunaena MB. BukopuctanHs METOIy TOJIOBHHX KOM-
MOHEHT JJIsl aHali3y Pe3yJIbTaTiB BOJIbTAMIIEPHUX JOCIIKEHb 1a€ MOXKIIHMBICTh CYTTEBO
MOJIMIINTH SKICTh THTEpIpEeTalii eKCIIepUMEHTAIBHUX PE3YJIbTaTIB B €JIEKTPOXiMil.

3 omisAay Ha 3HAYHY PECYPCOEMHICTh KIHETHUHHUX PO3PaxyHKIB 1 HEMOXKIHBICTH 1X
aBTOMaTu3auii Takuid MiIXiJ Ja€ MOXJIMBICTH MiAKOPEryBaTH IUIAaH €KCIIEPUMEHTY Ta
NPUIHATH PIIEHHS PO 30UIbIIEHHs BUOIPKH (IIPOBEICHHS JTONATKOBUX EKCIICPUMEHT-
TiB) Ie Ha eTami JO BUKOHAHHS OCHOBHHUX CIICKTPOXIMIYHHX PO3PAaXyHKIB 3 METOIO
OTPUMaHHS SIKiCHHUX, CTATHCTHYHO JOCTOBIPHUX HAYKOBUX PE3YJIbTATIB.
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Borys Skip, Dmytro Babyuk, Yaryna Motovylina
DATA MINING IN CYCLIC VOLTAMMETRY - EFFICIENT TOOL FOR ELECTROCHEMISTRY

Yuriy Fedkovych Chernivtsi National University,
Department of Chemical Analysis, Control and Safety of Food Production,
Kotsubinsky Str., 2, 58001 Chernivtsi, Ukraine, e-mail: b.skip@chnu.edu.ua

Cyclic voltammetry study for glucose, pyruvate ions, methylene blue and S. Cerevisiae at Pt electrode has
been performed by principal component analysis for voltammograms. Rate constants for corresponding redox-
reactions have been obtained.

The outcomes show and explain low efficiency of methylene blue as electron shuttles in glucose — S.
Cerevisiae at Pt electrode, because of bulk redox-processes. Efficiency of PCA in electrochemical data
treatment has been demonstrated on the dataset.

Key words: cyclic voltammetry, fuel cell, kinetics, glucose, pyruvat, methylene blue, PCA in
electrochemistry
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VK 541.138+541.64
HAmumpo CH/IOPOB, Onexcanop I1Y/]

EJEKTPOXIMIYHUAW CUHTE3 MOJI3-METHJITIO®EHY-KO-3,4 -
ETHWJIEHAIOKCUTIO®EHY)

Incmumym 6ioopeaniynoi ximii' i Hagpmoximii HAH Yxpainu,
eyn. Mypmanceka, 1, 02094 Kuis, Ykpaina, e-mail: siddmitryi@gmail.com, mityas@bpci.kyiv.ua

Iarepec no enexrponposinaux nomnimepis (EIIIT) nos's3anuii 3 TUM iX KOMILIEKCOM
VHIKaTbHUX (Pi3UYHUX, (PI3UKO-XIMIYHHUX Ta €JICKTPOXIMIYHUX BIACTHBOCTEH, SKi TO3BO-
JSIFOTh  BUKOPHCTOBYBATH IX B Cy4YacHHMX BHCOKOTEXHOJIOTIYHHX CHCTEMaxX, 30KpeMa
XIMIYHUX IpKeperax CTpyMy, CymepKoHAeHcaTopax [1], ceHcopHux [2] i eneKkTpoxpom-
HuX [3] mpucTposix MikpoenekTposini Ta iH. o mepcrmexktuBHux EINII BimHOCATH TMO-
ximHi Tiodpeny Taki sk, momi(3,4-etmrenmiokcutioper) (IIEJOT) Ta momi(3-meTni-
Tioden)(II3MT) 3 mikaBUMHU ajne pi3HUMHU CIEKTPOCTEKTPOXIMIYHUMH Ta KOJIHOPOBHMH
XapaKTEePUCTUKAMH.

IMomni(3-meTunrioeH) Mae CTIHKICTh 0 [ii HABKOJIMIITHHOTO CEPEIOBHIIA, TOPIBHIHO
BHCOKY €JICKTPUYHY TMPOBIIHICTh Ta 3HAYHY CTAOLIBHICTH MiJ Yac BUIIPOMIHIOBAHHS.
[Moni(eTnnenniokcotioeH) NpUBEPTAE yBAry 3 TOYKH 30pY TEILIONPOBIAHOCTI, TEXHO-
JIOT1YHOCTI Ta €KOJIOTIYHOI CTabIILHOCTI.

3a yMOBH iX MO€IHAHHS B CIIUIBHOMY KOIIOJIIMEpi JO3BOJIMJIO HaM CIIOAIBAaTHCS Ha
OTpPHMaHHS MaTepially 3 pO3IIMPEHUM HaOOPOM €IEKTPOHHUX Ta KOJIbOPOBUX CTAHIB JUIS
3aCTOCYBaHHS 30KpeMa B €JIEKTPOXPOMHHX IIPUCTPOSIX.

BuBueHHS eNEeKTPOXIMIYHHAX Ta CIEKTPOEIEKTPOXIMIYHIX BIACTHBOCTEH MPOBOIMIN
B TPHOXEJIEKTPOAHIA KOMIPIIi B CyXOMY €JIEKTPOJITI, SKa 30MPAETECI B CYyXOMY a30T-
HOMY Ookci. @oHOBHM enekTpositoM o6pano 0,1M pozuna LiClOy.

[Tpu npoBeeHHI eNneKTpoXiMIYHOT moliMepH3alii KomoaiMepy sik po0ouuii enekTpon
BUKOPHCTOBYBAJIM ONTHUYHO TPO3OPUHA €NEKTPOA MOKPUTHH IIAPOM MPO30PUX OKCHUJIIB
ingiro ta onosa (ITO) mrometo 0,7 cv?’. BUGip ONTHYHO TPO30POro eNeKTPOLy 00yMOB-
JIeHuHt X IHepTHICTIO B 00J1aCcTi aHOJJHUX MOTEHIIAIB.

CyMapHa KOHIICHTpallis MOHOMEpiB B pO3uMHI Juisl cuHTe3y ckiagana 0,05M;
3,4-ermnenniokcutiopen (EJJOT) ta 3-meruntiopen (3MT) Opanu y cIiBBiAHOLIIEHHIX
— EDOT:3MT=1:9; 1:99; 1:999, 1:9999 a Takox 4rCTi MOHOMEPH.

B pexxuMi nukiIidHO BOJIBTaMIIEPOMETPii OYIIO TOCIIIKEHO MPOIEeC eNeKTPOXiMid-
Horo cuHTe3y komomimMepy EJIOT-3MT mnpu mBuakocti posropranHs 50 mMB/c B
nianasoni norentuianis —700—-1400 mMB Bign. Ag/Ag” enekTpoy MOpiBHAHHS.

B xomi excepuMeHTIB BU3HAYCHO MOTCHIIANN MMOYaTKy MpoIecy HoliMepu3arii Ta
BCTaHOBJEHO, mo npu BBedeHi B po3unH 3MT momimkm EJIOT, moTeHmian modaTky
mporiecy moiiMepu3anii 3MEHIIYEThCS MPONOPIIHHO 3POCTaHHIO KiTBKOCTI BBEAECHOTO
EJOT (puc. 1). Ly oTpuMaHux 3pa3KiB KONOIIMEPiB HPOBEACHO AOCIIKESHHS TX BJlac-
TUBOCTEH METOIOM IHUKJIIYHOI BOJBTAMIICPOMETPIi, ONTHYHOI Ta iH(QPaUYCPBOHOI CIICK-
TpomeTpii. MeTooM iH(ppauepBOHOT CHEKTPOCKOIIT MiATBEPPKEHO YTBOPEHHS KOIIOJIi-
Mepy, B IKOMY YacTHHA 3-MeTHITIOo(eHOBUX TaHOK 3amimeHa Ha EJIOT y kijgbKoCTi, sKa
3aJIeXKHUTh BiJl CIIBBIJIHOLIEHHsS] KOHLEHTPALil X MOHOMEpIB B peakmiiHii cyMmimi Ta
YMOB €JIeKTPOXiMIYHOTO cHHTe3y. Pa3oM 3 TUM, IPOJEMOHCTPOBAHO, L0 BBEJCHHS He-
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3Ha4yHol KinbkocTi EJJOT, 6mmseko 0,1-1% Big 3araibHOi KOHIIEHTpAIil MOHOMEDIB, HE
BIDIMBA€ 3HAYHOIO MIpOIO Ha CJICKTPOHHUH CHEKTp OTPUMAaHUX MaTepiaiiB (puc. 2), of-
HaK 3HAYHO 3MIHIOE HOTO MPH IMOJAJIBLIIOMY 3pOCTaHHI KOHIEHTpamii. MeToqoM HuKIIiy-
HOi BonbTammepometpii (UBA) mpomeMOHCTpOBaHO BHCOKY CTaOiIbHICTE OTPUMAaHUX
MaTepianiB HaBiTh micasd 100 mukiiB B miamazoHi moteHniamiB Bix -700 mo 850 MB Bix
Ag/Ag" enekTpoy NOpPiBHAHHSL.

1200-
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. 10004
950+
900- \_
8501 v RSO ——
0:1000 1:9999 1:999 1:99 1:91000:0
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Puc. 1. 3anexHicTs NOTEHIIATy NOYATKY IIpOLECy MONIMepH3allii Bijl CIIiBBIIHOIICHHS
KOHIIEHTpalii MOHOMEPIB y peakuiiHii cymimi
Fig. 1. Iniciate potential of polymerization process as function of ratio of 3SMT:EDOT
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Puc. 2. YO®-Bua criekTpH MOJIIMEpHHX MIapiB, OTPUMAHKX 3 PO3UHMHIB 3 PI3HUM CITiBBITHOIICHHSIM
3MT:EDOT: I - 3MT, II -3MT:EDOT = 9999:1, IIT — 9990:10, IV — 3MT:EDOT = 9900:100,
V -9000:1000, VI - EDOT
Fig. 2. UV-Vis spectra of the polymer layers obtained from polymerization mixture
with differrent ratio of 3SMT:EDOT: [ — 3MT, II - 3MT:EDOT = 9999:1, III - 9990:10,

IV - 3MT:EDOT = 9900:100, V — 9000:1000,VI - EDOT
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Byno nmocmimkeHO SK 3MIHIOETBCS ONTHYHA TYCTHHA IUTIBKA TPU TEPEMHUKAaHHI
noreHIiany Big —500 mo 800 MB.

Busnaueno mo npu 30inbmeHHI KoHIeHTpamii EDOT 30inbInyeTbes 9ac BIATYKY IS
MEPEeXOAy BiJ BiAHOBJICHOTO CTaHy J0 OKHCIICHOTO, ajie BXKe JUIA CIiBBiIHOMECHHS 1:9 i
grcroro EDOT ine 3MeHIIeHHS BIiATYKy. B TO# Wac ans mepexofy Bill OKHCICHOTO IO
BiTHOBJICHOTO i7ic IPAaKTUYHO JiHIHHE MPOMOPIIifHE 3pOCTaHHS Yacy BiATyKy i3 3poc-
tagHsAM Kitekocti EJJOT y 3MT, mo 1e y3romKyeThes 3 paHille MOKa3aHNMH JaHUMHU
LIBA.

OTpuMaHi J1aHHI CBIIYaTh PO MOXKJIMBICTh BUKOpUcTaHHs komoiimepiB EJJOT-ko-
3MT orpumanux 3 manum BmicroM EJJOT B enexTpostiTi cuHTe3y 31 30€peKeHHIM BCiX
BiactuBocrteit 3MT Ta 3MeHmeHHsIM pu3nKy nepeokucHeHHs [I3MT B npoueci cunTe3y.

1. Arbizzani C., Mastragostino M., Meneghello L. Polymer-based redox supercapacitors: A
comparative study // Electrochim. Acta. — 1996. — Vol. 1. - P. 21.

2. Janata J., Josowcz M. Conducting polymers in electronic chemical sensors // Nature Materials.
—2003. - Vol. 2. - P. 19.

3. Yildirim A., Tarkuc S., Ak M., Toppare L. Syntheses of electroactive layers based on func-
tionalized anthracene for electrochromic applications // Electrochim. Acta. — 2008. — Vol. 53.
—P. 4875.

Dmytro Sydorov, Alexander Pud

ELECTROCHEMICAL SYNTHES OF THE
POLY(3-METHYLTHIOPHENE-CO-3,4 ETHYLENDIOXYTHIOPHENE)

Institute of Bioorganic Chemistry and Petrochemistryof NAS of Ukraine,
Murmanska Str, 02660 Kyiv, Ukraine, e-mail: siddmitryi@gmail.com, mityas@bpci.Kyiv.ua

An investigation of the 3SMT/EDOT copolymers synthetized from polymerization mixtures with different
feed ratios of 3MT:EDOT have demonstrated that spectral, electrochemical, spectroelectrochemical and
electrochromic properties of the copolymers change with EDOT content. Specifically, the copolymer films
electrodeposited from the polymerization mixtures with small contents of EDOT have properties being quite
similar to that of the pure P3MT. Significant changes in these spectral properties were observed in the
copolymers obtained from polymerization mixture with EDOT concentration highest than 1%. Electrochromic
properties of the 3MT-EDOT copolymers were characterized by measuring the switching times. It is found that
and have changed with the turning-point with minimal switching time for copolymers obtained from solution
with ratio of 3MT:EDOT as 9990:10.

The arrival time of the maximum optical density gradually increases with increasing concentration of

Key words:  Spectroelectrochemistry, electrochemistry, electrochromic, poly(3-methylthiophene),
poly(3,4-methylenedioxythiophene)
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VK 544.6 + 543.422.3
Eodyapo CTE3EPAHCBKHH, Anamoniii OMEJTBYYK
KIHETHUKA EJIEKTPOXIMIYHOT O BIJHOBJIEHHA IOHHUX ITAP

ITnemumym 3aeanvhoi ma neopeaniunoi ximii im. B.1. Bepuaocvkoeo HAH Yxpainu,
npocn. Axademika Ilanaouna, 32-34, Kuis, 03142, Yxpaina, e-mail: stez@ionc.kyiv.ua

[TpuenHanHs KaTioHIB POHOBOTO ENEKTPOIITY N0 OaraTo3apsaHUX KOMIUIEKCHUX aHi-
OHIB MPHU3BOAUTH J10 yTBOpeHHs 1oHHMX map (II1) i 3MiHIOE peakuiliHy 30aTHICTh YacTH-
HOK, SIKI BUHUKAIOTh. [IIBU/IKICTh €1eKTPOXIMIYHOTO BiJJHOBJICHHS TiOCYJIb()aTHUX KOMII-
nexciB mizi(I) Cu(S,05),> 36inbuIyeThes 3i 3pocTannaM KoHueHTpanii kationis Na' [1].
EnekTpoxiMiyHO aKTHBHOI 4aCTKOIO, sika Oepe y4acTh B PEakIlil MepeHOCy eJICKTPOHA, €
I {Na[Cu(S,05),]}*". Tiocynsharai kommuexcu mizi Cu(S,03),” MOXKyTh YTBOPIOBATH
3oBHIiMHKOChepHi acomiatu (I[1) He TUTBKK 3 KaTiOHAMU HATPIO, ajie i 3 KaTiOHAMH
JIy’KHO3EMEJIbHIX METaJiB.

Mera po0OOTH - BUBUEHHSI KIHETHKH eJeKTpoximiuHoro BigHoBieHHs IIT Tiocynbdat-
Horo komrrekcy Mizi(I) 3 karionamu Hatpiro Na* {Na[Cu(S,05),]}*" i mykHO3eMenbHIX
meranis (Mg”", Ca®", Sr*") {Me[Cu(S,05),]}” METOIOM riipoaMHAMIYHOI BOIBTAM MIEpO-
MeTpii i BU3HAYEHHsI KOHCTAHT CTIMKOCTI IIMX 10HHUX Map MeTo oM Y O-crieKTpocKorii.

BuBueHHS €eKTPOXiMIYHOTO BiAHOBICHHS TiOCYNb(aTHIX KOMIDIEKCIB Mii B IPH-
cytHocTi Karionie Mg, Ca*, Sr*" (Puc. 1) mokasano, mo eIeKTPOXiMiuHO aKTHBHHM
kommuiekcom € iomHa mapa {M[Cu(S,0s),]} . BBemeHHS B po3uMH HHX KAaTiOHIB
36inbmIye Bemmuunan Koediuientis neperocy o 0.29 ams {Na[Cu(S,05),]}%, 0.33 s
{Mg[Cu(S;05),]}", 0.38 mis {Ca[Cu(S,03),]}", 0.39 mma {Sr[Cu(S,05),]} .

JocaimkeHHs XiMIYHOT pIBHOBAarW B CHCTEMI Cu(SQO3)23_ - Na* (Mg2+, Ca*', Sr2+) -
H,0 meronom Y®-cneKTpocKoIii yCKIagHEHO Yepe3 CHIIbHE MOTJIMHAHHS 10HaMH Tio-
cymedary B miamazoni 200-240 M. ToMy BHMip ONTHYHOI TYCTHHHU IOCIIIKYBaHOTO
PO3YMHY POBOJMIIM IOAO0 PO3UMHY HOPIBHSHHS, IO MICTUTB BCI KOMIIOHCHTH, KpiM pe-
YOBWHM, 110 BU3Ha4aeThes (KomruiekciB mizi (1)). B Y@ cnektpax crocrepiraerscsi cMmy-
ra NOraHHAaHHSA, 1i MakcuMyM v = 38360 cv™' (260.7 HM) He 3amexuTh Bin Kationa III.
Metoznom 3cyBy piBHOBaru miaTrBepaunu ckiaax 1 : 1 ioHHOI mapu {Na[Cu(S,0;),]}*".
3nayeHHs KOHCTaHT cTiiikocTi 111 Kj;y BupaxyByBaiu 3a JOMOMOTOI0 piBHSIHHSA beneri -
linpae6panma (puc. 2). Cepenne suadenns Ky {Na[Cu(S,0:),]}* mis ioHHOI cumm
7=0.10-0.16 momb ;"' cxmano 26.5 + 7.1 1 mMons . Le 3HaUCHHS GIH3bKE 10 BEIMUMHH
Kin = 27.0 £ 2.4 1 mons’', BusHaueHoi emexTpoximiurmm mertomom [1]. Koncrantu
CTifiKOCTi 10HHHX Tap 3 KaTiOHaMU JYKHO3EMENFHIX METalliB OibIle: Ut 10HHOI mapH
{Mg[Cu(S,0:),]} —29.9, s {Ca[Cu(S,05),]} —38.7, s {Sr{Cu(S,05),]} — 102.6 M.

[IpuennanHs KaTiOHIB IYXHHX 1 JTy)KHO3EMEIFHIX METAJIB IO CHMETPUYHOTO JIiHIH-
Horo TiocynbdaTHoro Komiiekcy Mifi (I) obymosmroe yrBopenns 111 y Burnsami nunoss,
110, OYEBHHO, CHEPreTHYHO OiJbLI BHUTIIHO B MOJSIPHOMY CEPEIOBHII. 3MEHIIEHHS
BiZICTaHI MIDK LIEHTpaMH TipaTOBaHMX KAaTiOHIB JIy)KHO3EMEIbHUX METalliB 1 aHiOHa
Cu(S,0;),”” B ITI pu3BOANTH 10 30iTBIICHHS CTIKOCTI 30BHIIHBOChEPHOTO acomiaTy
{Me[Cu(S,03),]}  Ta 3pocTaHHIO CTPyMiB OOMiHY 1 KOS(II[IEHTIB MEPEHOCY CICKTPOHA
TIPH eIeKTPOXiMiYHOMY BiZHOBIEHHI B ocmigoBHocTi Mg®" < Ca®" < Sr*,
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Puc. 1. Brums ionis Mg®" (2), Ca®* (3), Sr** (4) (0.02 mons 17') Ha enexrpoximiune
igroBeHHs Cu(S,0;),”". Ckiax posuuny: 1 Mmomb1™ Cu(S,0;),%", 0.06 mons ! Na* (1).
©=100006x8". v=5mBc"

Fig. 1. The effect of the ions Mg?>" (2), Ca** (3), Sr** (4) (0.02 mol L") on the
electrochemical reduction of Cu(SZO3)23’. The composition of the solution is
1 mmol L™ Cu(S,05),”", 0.06 mol L™ (1). ® = 1000 rpm. v=5mV s~

Puc. 2. 3alIeXKHICTb CIIEKTPaIbHIX XapaKTepUCTHK 10HHKX map {Na[Cu(S,03),]}> i
{Me[Cu(S,03),]}” B koOpauHaTax piBHsSHHSA benermi-IinbaeOpanaa Bix KOHIICHTpAIT
KariowiB Hatpito Na' () i nyxno3emenbranx Metanis (6): / — Mg, 2 — Ca®*, 3 - Sr**

Fig. 2. Dependence of the spectral characteristics of ion pairs {Na[Cu(SZO3)2]}2_ and
{Me[Cu(S,03),]} " in the coordinates of the Benesi-Hildebrand equation on the concentration
of sodium cations Na + (@) and alkaline earth metals (b): 1 — Mg*", 2 — Ca**, 3 - Sr*

Stezeryanskii E.A., Omel’chuk A.A. The effect of sodium cation concentration on the electro-
chemical reduction of copper(I) thiosulfate complexes // Russ. J. Electrochem. — 2014. —
Vol. 50,Is. 2. — P. 114-119.
Eduard Stezeryanskii, Anatoliy Omel’chuk
KINETICS OF ELECTROCHEMICAL REDUCTION OF ION PAIRS

Vernadsky Institute of General and Inorganic Chemistry of the National Academy of Sciences of Ukraine,
32-34 Academic Palladin Avenue, Kyiv 03142, Ukraine, e-mail: stez@ionc.Kyiv.ua

The formation of ion pairs (IP) by the complexes anion of the linear geometric configuration of

Cu(SZO3)23' with sodium and alkaline earth metal cations was studied by the methods of voltammetry and UV
spectroscopy. The formation of a IP accelerates the heterogeneous electron transfer and causes the appearance
of absorption bands in the UV spectra. The values of the stability constants of the IP are determined.

Key words: copper thiosulfate complexes, ion pair, stability constants, electroreduction
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Temana KY3HEIIOBA', Hamanin COJIOBHOBA’, Anamoniii OMEJIBYYK”,
Beniamin COJTOBHOB '

AHTHOKCUIAHTHA AKTUBHICTb MEJIATOHIHY I TJIYTATIOHY
HA OCHOBI IOPIBHAJIBHOT'O AHAJII3Y PE3YJIBTATIB
KBAHTOBOXIMIYHHUX TA EJJEKTPOXIMIYHUX JOCIIAKEHb

Monmasceruii nayionansnuti mexuivnuii ynisepcumem imeni FOpisn Konopamioka,
kagheopa izuxu, np. Iepwompasnesuii,24, 36011 Ionmasa, Yrpaina, e-mail: KZT7@ukr.net

2 . . .
BIIH3Y «Yxpaincoka meouuna cmomamonoziuna akaoemisy,
eyn. [lleguenxa, 23, 36011 Ilonmasa, Yxpaiua.

3 Inemumymy 3azanvroi ma neopeaniunoi ximii in. B.I. Bepnadcerkoeo HAH Ypainu,
np. Ilanaoina, 32/34, 03142 Kuis, Yxpaina.

BiJcyTHICTB cMCTEMaTHYHKX JOCIIKEHb, 0COOJIMBO Ha MOJIEKYJIsipHOMY piBHI, AH-
THPaTUKAIGHOI aKTHBHOCTI PI3HUX aHTHOKCHIAHTIB IIPH iX B3a€MOZIi 3 BUTBHUMH pajd-
KajiaMH B OI0JIOTTYHHUX CUCTEMax 3yMOBIIIOE HE TUIbKH HasSBHICTh CYHEPEWIMBHX OLIHOK
B IHTepIpeTallii eKCIePUMEHTAILHO OJICP)KaHNX 3aKOHOMIPHOCTEH, aje i CTBOPIOE TPY-
JIHOIII y PO3BUTKY 3arajibHUX YSBJICHb BIIHOCHO MEXaHI3My B3a€MOJIil aHTHOKCHIAHTIB
13 BUthHIMH pagukanamu (BP) ta mirecnpsmMoBaHOro miaxomy 10 KepyBaHHS IIUMH IPO-
LecaMH, sIKi MatoTh IPAKTHYHE 3aCTOCYBaHHS Y MeAMLMHI. [le akTyarni3ye BUBYCHHs aH-
THUPaJUKaIbHOT AKTHBHOCTI Pi3HUX aHTHOKCHIAHTIB.

B3aemoisi aHTHOKCUIAHTIB 13 BUIbHUMH painkallaMi 00yMOBJIEHA BIUIMBOM BEJIUKOT
KIJIBKOCTI Pi3HOMaHITHUX B3a€MOIIOB'SI3aHMX IPOLIECiB, CTabiIi3amis SKUX HaBiTh B yMO-
BaX EKCIIEPUMEHTY € JOCHTh IPOoOIeMaTHIHOI0. Pa3oM 3 THM Ha ChOroAHI MIMPOKO IO-
4aJo 3aCTOCOBYBAaTHCS MOJIENIOBAHHS Pi3HUX (Di3MKO-XIMIYHUX ITPOILIECIB Ha MOJIEKY-
JSIPHOMY PiBHI METOJaMH KBaHTOBOI XiMii 3 TIOZANBIINM aHATI30M PE3yJIbTaTiB BUKOHA-
HHUX po3paxyHKiB. ToMy mpeacTaBisieThCs akTyaJbHUM BUBYEHHS e(pEeKTHBHOCTI il eH-
JIOTEHHUX aHTHOKCHJAHTIB MEJATOHIHY 1 INIyTaTiOHY IIUISIXOM MOJCITIOBAaHHA MEXaHI3MY
ix B3aemonii i3 BP (rimpoxcui-pagukanom *OH i cynepokcua-anion-pagukaiom «0O0")
€JIeKTPOXIMIYHIMH METOJIaMH, IO, JAa€ MOXKJIUBICTh HE TUIBKH OTPHUMATH OOIPYHTY-
BaHHS IO3UTHBHOrO e(EeKTY aHTHOKCHJIAHTIB, ajieé ¥ BCTAaHOBWUTH 1i MOTEHLIHHY 3Ha-
YYIIICTH SIK JIIKAPCHKHX 3aCO0iB.

JlociimKeHHsT MOJICITIOBAaHHST B3a€EMO/IiT aHTHOKCHAAHTIB i3 BP kucHIo nmpoBoauim 3
BHKOPHCTAHHAM AudepeHniiHoi iMmynscHOi BompTammepometpii [1]. TIpoBeneni enex-
TPOXIMIUHI JOCIIIPKEHHS JO3BOJIMIM BCTAHOBUTH B32a€EMO3B’S30K MiXX HaHOXapaKTEpHC-
THKaMHU KBaHTOBO-XIMIYHUX PO3PaxXyHKIB 1 eMEKTPOXIMIYHIMH HapamMeTpaMu (TOTeHIIia-
JIM BIJIHOBJICHHSI €JIEKTPOXIMIYHO akTHBHUX 4YacTHHOK (EAY)), siki € MakpoxapakTepuc-
THUKaMH, TaK K BOHH YCEPEIHEHI M0 BEIIMKOMY aHCaMOJIO B3aEMOAI0YNX YaCTHHOK Ce-
peloBuINa, MOJSrajld B OTPUMaHHI AU(epeHLiaIbHUX BOJIBTAMIEPHUX KPUBHX BiJTHOB-
nerHs BP kucHro, sKi xapakTepu3yroTh peakuii (1-3), aHanoriudi TuM, Mo MpoTiKalTh
B OiocucTemMax B IPOLEC] JUXaHHS, 0OMiIHY PEYOBHH, KKUCHEBOTO CTPECY»:

I xBums (E =-0,2 B) *OH+e¢ — OH, 1)
II xBums (E =—-0,7 B) 0, +1e - 00, 2)
*00 +le"+2H " — H,0,, (2a)

I xBwst (E =- 1,1 B) H,0,+¢™— "OH + «OH , 3)
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Puc. 1. ludepenuianshi BonsTamueporpamu BigHosneHHs APK Ha MizHOMY KaToxi
Ha ¢oni 0,1M NaCl y Bogi (1) B mpuCyTHOCTI pi3HHX KOHIIEHTPALiii aHTHOKCHIIAHTIB:
MLT (a): 2-0,39;3—0,74; 4—1,07; 5—1,67; 6 —2,18-:10~ M/nm’; GSH (6): 2 — 0,24;

3-047;4-0,74;5-091; 6 - 1,1-10° M/nm’
Fig. 1. Fig. 5. Differential voltamperograms of FR reduction on a copper cathode on the
background of 0.1M NaCl in water (1) in the presence of various concentrations
of antioxidants: MLT (a): 2—-0.39;3-0.74;4—-1.07; 5-1.67; 6 — 2.18-107 M/dm3;
GSH (b): 2-0.24;3-0.47;4—-0.74; 5-0.91; 6 — 1.1-10° M/dm’

Kpusi 3nimamu Ha ¢oni 0,1 M po3unny NaCl y Bozi (¢hizionoriaHoMy po3umHi) 3 Mo-
JIANTBIIUIM TUTPYBaHHSAM (OHOBOrO enekTpoiity nodaskamu MLT i GSH pi3Hoi koHIIEH-
tpamii (puc. 1). IIpu BBenenHi y ¢onoBuit po3unn god6aBok MLT i GSH cmocrepiramu
NOSIBY TPHOX XBWJIb. [Ipy 1IbOMY HOTEHIia] BiTHOBJIEHHS () MEPIIOi XBWII HE 3MiHIO-
BaBCs, [0 BKa3ye Ha BiTHOBJIICHHS OJHAKOBHUX 3a THIIOM Ta ¢opmoto EAY. 30inpmeHAs
koHUeHTpauiit no6aBok MLT i GSH npu3BoanTh 70 ICTOTHOTO 3HMKEHHSI TPAaHUYHOTO
CTpYMY NEpIINX XBHJIb HAa BOJBTAMIICPHUX KPHBHX 32 PaxyHOK YHCTO XIMI4HOI peakmii
iHri0OyBaHHS B 00 €MHiH (ha3i po3uyrHy 3a cXeMoIo (4):

Ci3H16N20; [C1oH17N306S] + *OH — *Cy3H5N20; [*CioHi6N3O6S] + H.O,  (4)
o Bkazye Ha 3MeHmIeHHS KUTbKOCTi EAY tumy *OH. Tloganeire BigHOBICHHSM *OH,
KOHIICHTpALlisl SKUX OyAe 3MEHIIyBaTHCS BHACTINOK peakiii (4) mpu BBeneHHI 100aBOK
MLT [GSH] 6yze criocrepiratucs npu HeaminHoMy notenmiani (0,2 B) Ha enextponi 3a
Takoro peaxiero (1).

Ha BiaMiHy BijJ nepiuoi XBWIIi CHOCTEpIraeThesl KATOJHUN 3CYB APYroi XBWIIi MOTEH-
iaxy BiTHOBJICHHS, BCTAHOBJICHUH K Ipu BBeneHHI 1o6aBok MLT, tak i GSH. Tak sk
pe3yabTaTH KBAaHTOBOXIMIUHUX mociimkenb B3aemoaii *OO” 3 MLT ta GSH He Bka-
3YIOTh Ha pO3pWB BOAHEBHX 3B’13KiB B Mojekyiaax MLT i GSH, a Bka3yioTs Ha Biporia-
HICTh yTBOPEHHS KOMIUIEKCIB, TO €KCIIEPUMEHTAIBHO 3HAMICHUH KaTOAHUH 3CyB IIOTEH-
miaxy 2 XBWIII BiTHOBIIEHHS A7l 000X BUMAMKIB, OAHO3HAYHO BKA3y€ Ha MPOIEC BiJTHOB-
JICHHS! €JIEKTPOAKTUBHHUX KOMIUIEKCIB, THII, JOpMa 1 KUIbKICTh SIKMX BU3HAYA€ThCS KOH-
nenrpamieto MLT i GSH BigHocHO *OO™. 3cyB xBmiti BigHoBiIeHHS *O0” B MIPUCYTHOCTI
GSH BinOyBaeThCsi B CTOPOHY 3MCHIICHHS 3HAYCHHS IMOTCHI[ANy BiIHOBIICHHS, a B
npucytHOocTi MLT — B Gik 301IbIICHHAS, IO MiATBEPIKYE OUTBII BHpa)keHI aHTHPAIH-
kanbHi BnactuBocti GSH y nopiBusinti 3 MLT. Take oO0rpyHTyBaHHS 3CyBY ApPYroi XBU-
JIi TIpotiecy OAHOENEKTPOHHOTO BigHOBIEeHHS EAY Kopemtoe i3 pe3ynbraTaMu KBaHTOBO-
XIMi4HO{ OI[IHKM 3Ha4€Hb SHeprii akTUBAaLii PU OJHOEIEKTPOHHOMY HEPEHOCI 3apsay
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[2], axi pi3HATBCS Ans «i3onpoBaHoi» Monekynu *OO™ Ta komruiekciB {MLT<OO7} i
{GSH+OO™}. He3miHHICTh MOTEHITiATy BiTHOBICHHS Ta 3MEHIIICHHS TPAHUIHOTO CTPYMY
(1 xBuIST) Ta KaTOMHUN 3CYB MOTeHIiaTy (2 XBHIIS) 31 30UIBIIEHHSIM KOHLEHTpALl aHTH-
OKCHIIAHTIB TIPH B3aEMOJIi i3 BUIPHUMH paiuKajJaMH I 000X BHIAJKIB € TPSMIM
MiATBEPKEHHSIM Ha MaKpOPiBHI Pe3yJIbTaTiB KBAHTOBOXIMIYHHMX PO3paxyHKiB [3].

TakuM 4MHOM, OTPHMaHI pe3yJIbTaTH eKCIIEPUMEHTY MOBHICTIO MIATBEPIMIN Ha MaK-
POPIBHI pe3yinbTaTH KBAaHTOBOXIMIYHMX JOCIiKeHb 1 mokazanu, mo MLT i GSH mpo-
SIBISIIOTh AHTHUPAAWKAIBHY aKTHBHICTB; NMPH LOMY MATBEpIKEHI OLTBII BHpaskeHi
aHTUPaJAMKaIbHI BIACTHBOCTI rnyTaTiOHy y l'[OpiBHSIHHi 3 MEJIATOHIHOM.

Beranosiiena Kopensiiis 3MiHH MaKpOCKOIIYHHX IapaMeTpiB IPOLECY eeKTPOXil-
HOBJICHHS aKTMBHUX (POPM KHCHIO B NPHUCYTHOCTI MEJATOHIHY i FJ'IyTaTIOHy (moTeHwian
Ta IPaHUYHMI CTPYM XBIJIb BiIHOBJICHHs) 3 OTPHMaHHMH Ha HaHOPIBHI pe3ysbTaTaMH
KBaHTOBOXIMIYHUX JOCII/IKEHB (IIEPEepO3IOIiN EIEeKTPOHHOI I'yCTHHH, ITOPSAKK 3B’ SI3KiB
MDX aTOMaMH, CHePTeTHYHIX XapaKTEPUCTHK) IPU B3a€MOIii MOJIEKYJI aHTHOKCHIAHTIB
i3 BUIBHUMH paiiKaJIaMH.

JloBelieHa MEpCHEKTUBHICTE BUKOPHCTAHHS PE3yJIbTAaTiB KBAaHTOBOXIMIYHHX pPO3pa-
XYHKIB B IIO€AHAHHI 3 €JICKTPOXIMIYHUMH AOCIIIDKEHHIMHE JJIsl OOIPYHTYBaHHS Ta BCTa-
HOBJICHHS OCOOJIMBOCTEN Ta BiIMiHHOCTEH aHTHPAANKAJIBHOI aKTHBHOCTI aHTHOKCHIAHT-
TiB NIPY B3a€MOJII1 3 BUIBHUMH PaJMKaIaMH 3 METOIO ITPOTHO3YBaHHS IUISIXIB CTBOPEHHS
HOBHX JIIKaPCHKUX TPETaparTiB.

1. Ipomosas B.®., lllanoean I'.C., Kyxapv B.Il. DnekTpoXuMu4ecKoe MOJECIHMPOBAHUE DICMEH-
TapHBIX CTaJUi OKUCIHMTEIbHO-BOCCTAHOBUTENBHBIX peakuuil B Omocucremax // Jlomosini
HAH Vxkpaian. — 1995. — Ne 3. — C.92-94 .

2. Kysuneyosa T.IO., Conogvesa H.B. MonenupoBaHue aHTHPaTUKAIBHIX POLECCOB C YIACTHEM
riyraTuoHa B Ouosnormueckux cucremax // Bicamk BIH3Y «Ykpainceka cTomarosioriyHa
akanemisn. — 2014. — T.14, Bun.4(48). — C. 201-204.

3. Kuznetsova T.Y. , Solovyova N.V., Solovyov V.V. et al. Antioxidant activity of melatonin and
glutathione interacting with hydroxyl- and superoxide anion radicals // Ukr. Biochem. J. —
2017.—Ne 12. —P. 146-152.

Tatiana Kuznetsova', Natalia Solovieva®, Anatolii Omel ’chukj, Veniamin Soloviev'

ANTIOXIDANT ACTIVITY OF MELATONIN AND GLUTATHIONE BASED ON COMPARATIVE
ANALYSIS OF THE RESULTS OF QUANTUM-CHEMICAL AND ELECTROCHEMICAL
STUDIES

"Yu. Kondratyuk Poltava National Technical University, Pershotravnevyi Avenue, 24, 36011 Poltava, Ukraine
? Ukrainian Medical Dentistry Academy, 23 Shevchenko Str., 36024 Poltava, Ukraine

V.1 Vernadskii Institute of General and Inorganic Chemistry National Academy of Sciences of Ukraine,
Akademika Palladina Avenue, 32/34, 03142 Kyiv, Ukraine

We have established the correlation between the changes in macroscopic parameters of the process of
electrochemical reduction of reactive oxygen species in the presence of melatonin and glutathione (potential
and limiting current of reduction waves) and quantum-chemical study results obtained at the nanolevel
(redistribution of electron density, order of bonds between atoms, energetic characteristics) at the time of
interaction between antioxidant molecules and free radicals, which not only enables substantiation of a positive
effect of the use of antioxidants, but also establishing the potential importance of these substances as a
medicinal product.

Key words: antioxidants, melatonin, hydroxyl-radical, glutathione



104 VIII Ykpaincokuii 3’130 3 enekmpoximii

VK 543.552:543.632.562
Oxcana BOUKO', Muxona B/IAJKEEBCBKHHI, Jlinin IVBEHCBKA'

BUKOPUCTAHHSA PEATEHTY OKCORY [JIA TOJAPOI' PA®IYHOI'O
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eyn. Kupuna i Meghooisn, 8, 79005 Jlvsis, Yrpaiua, e-mail: oksana7991boyko@gmail.com
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AHaii3 JTiKapchKUX 3ac00iB B aHANITHYHIN XiMii € BAKIIMBUM HAIPSIMOM, SIKHI aK-
THBHO PO3BHUBAETHCS. METOK IIOr0 TOCHIIKEHHS 0YJI0 PO3pOOICHHS METOAUKH aHATIZY
JKapCchKHUX 3ac00iB HA BMICT y HUX JiF0U0i PEYOBHHU (PaMOTHIUHY.

MeTtoanka IpyHTY€ETHCSI Ha OKHCHEHHI ()aMOTHAWHY A0 TOJISIpOorpadiqHo aKTUBHOTO
MPOAYKTY. SIK peareHT-OKMCHIOBaY BUKOPHCTOBYBAJIM KOMEPLIHHY MOTPiHHY CilTb KHC-
notu Kapo — Oxcon — 2KHSO5-KHSO,4-K,SO, (“extra pure”, ACROS ORGANICS).
AXTHBHOIO PEYOBHHOIO € Kauii rigporennepokcumonocyisdpar (KHSOs, KIIMC). Bu-
0ip peareHTy 3yMOBJICHUI HOro JOCTYIHICTIO, 33JI0BUILHOI0 PO3YHMHHICTIO Y BOJI, J0-
CTaTHBOIO CTIMKICTIO MiJ Yac 3aCTOCyBaHHS Ta 30epiraHHs. B iy>kHOMy cepelnoBuILi
OKHCHHK TiepebyBae y dopmi mepokcuMonocyiabdar-aniona (SOs>). ITigkucieHHsIM
PEaKIHOT CyMillli IPOLIEC OKUCHEHHS 3yMUHSAIOTH [1].

damotuaua (OMT) — N-[aminocynbdonin]-3-[[[2-[ (miamiHOMeTHIICH )aMiHO |-4-Tia-
30JIUT|METHI | TiO |IpOTIaHiJMH — IIMPOKO BHKOPUCTOBYIOTH JUISl JIIKYBaHHS 3arOCTPEHHS
BUPa30K LUIyHKA Ta JBAHAILATHIANOI KHIIKA. DaMOTHANH € HMOTY)KHAM aHTaroHiCTOM
ricraminy H,-perientopis, sSKuil CTPYKTYpPHO BiAPI3HAETHCS Bifl MOMEPETHUKIB IIMMUTH-
IUHY Ta PaHITHINHY, 0 MAa€ TyaHITHHO3aMIIIEHUH Tia30JIbHUHM [UKJI, SIKHHA OJIOKY€ Iif0
ricraMiHy Ha KJIITHHH IITYHKY Ta 3MEHITY€ BUPOOICHHS KUCIOTH [2].

NH; S—y\/
HN © O

Puc. 1. CtpykrypHa dpopmyna paMoTHANHY
Fig. 1. Chemical structure of famotidine

damMoTUINH € oJIAporpadivHO He aKTUBHUH, OJTHAK OKUCHIOETHCS KaJliii IEPOKCHI-
MOHOCYJIb(aTOM, a NMPOAYKT OKUCHEHHS BiJJHOBIIIOETHCS Ha PTYTHOMY KpAIUIMHHOMY
€JIEKTPO/Ii. 3aJIe)KHO BiJl YMOB OKHCHEHHSI CIIOCTEPIraeMo YTBOPEHHS JBOX MiKiB: 32 E=-
0,6 — -0,8 B (y xucinomy cepenoBuili 3a KiMHaTHOI Temrnepatypu) i 3a E=-1,4 - -1,5B
(y myxuomMy cepenosuli). Ctpym BigHosnenHs 3a E=-0,6 — -0,8 B cuibHO 3a1eKuTh Bix
KOHIICHTpAIlii OKUCHHUKA 1 Yacy OKUCHEHHS i Majio 3alle)KUTh Bill KOHICHTpaMii gamo-
TauHY.

Skiro hamMOTHIMH OKMCHIOBATH il YaC HATPIBAHHS, TO OJEPKYEMO iHIIHN TPOIYKT,
SIKUH BiTHOBIIOETHCS 3a E=-1,4 — -1,5 B (3anmexxno Bin pH). Sk cepemoBwuie s OKuc-
HEHHSI IOCIiIKyBaiu amiaduuii, pocdarruii i bpitrona-Pobeprca (yHiBepcanpuuii) Oy-
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¢epHi pozunHu. Ilig yac Buxkopucranusa docharaoro Oydepa 3 pH 9 oxepxano nemio
BUILI CTPYMH BiJHOBJICHHS JAEpUBATIB (aMOTHUIMHY. 3HaYCHHS NOTEHIaly i MakKCH-
MaJIbHOTO CTPYMY BiJHOBIJICHHS 3aJISKHTh BiJ pH: MakcHManbHe 3HAUYCHHS TPaHUYHOTO
ctpymy croctepiramm 3a pH 8. s minkucnenss Big pH 9,0 mo 8,0 BukopucToBYBa M
¢dochatHy kuciaoty. CTpyM BiTHOBIEHHS 30UIBIIYETHCS 32 HArpiBaHHS pEaKIiiHOI Cy-
mimm B Mexkax Big 20 go 80 °C, a B mexkax 80-100 °C He 3MiHIO€ThCA. J{J1s KiJIbKICHOTO
BUXOJly MPOJAYKTY 4ac OKMCHEHHs MOBUHEH OyTH B Mexax 10-15 xB (mociimkyBanu Bix
2 xB g0 1 rox.). Po3unHu nporo JepuBaty € criiiki B yaci. Y mexax Big 2 10 50-kpat-
Horo Haumiuky KIIMC nonsporpadivyni xapakTepuCTUKH BiHOBICHHS AepuBaTy ¢a-
MOTHJIMHY HE 3MiHIOIOTECS. OTKe, Ul MaKCUMaJIbLHOTO BUXO/Y NPOAYKTY Tpeba 3a Oe3-
neuuTy moHaiimeHe S-xpatauii Hapmmok KIIMC. IIpote, KOHIEHTpallisi OKUCHUKA Y
posunHi He moBuHHa mepeBumyBatH 10 M, ockimekm uepes BimHoBmemms KIIMC
30LTBIITYETHCS 3aTUITKOBHIA CTPYM 1 JIEIIO CHOTBOPIOETHCS (POHOBA JiHIS HOISIPOTPAMH.
CTpyM BiZHOBIICHHS [IepUBATy JIHIHHO 3aJIeKUTh BiX KOHIEHTpawii ¢amMoTHIuHY B
Mesxkax 2:107-2:10™ M.

Po3pobnera MeToauka YCHIIIHO 3aCTOCOBaHA ISl BU3HAYCHHS (PaMOTHANHY y Tab-
nerkax «®Pamorunus» (Kopmopamis «Aptepiym»). OnmepkaHuil pe3yibTaT BiAINOBimae
3HAYEHHIO, 3a4BJICHOMY BHpOOHMKOM. [lepeBarn 3ampornoHOBaHOI METOAMKN — HEBEIH-
Ka BapTiCTh Ta UIBUJKICTh aHAII3Y.

1. Dubenska L., Plotycya S., Blazheyevskiy M., Demel'’ko V. Comparison of oxidizing agent as
reagents for polarographic determination of lidocaine // Visnyk Lviv Univ. Ser. Khim. — 2017.
— Vol. 58. - P. 231-238.

2. Squella J. A., Rivera C., Lemus I, Nufiez-Vergara L. J.. Differential Pulse Voltammetric
Determination of Famotidine // Micpochim. Acta. — 1990. — Vol. 100. — P. 343-348.

Oksana Boyko', Mykola Blazheyevskiy’, Lilia Dubenska’'

USE OF THE OXON REAGENT FOR POLYAROGRAPHIC DETERMINATION OF
PHAMOTIDINE

!Ivan Franko National University of Lviv, Department of Analytical Chemistry, Kyryla and Mefodiya Str., 6,
79005 Lviv, Ukraine, e-mail: oksana7991bouko@gmail.com

’National Pharmaceutical University, Blucher Str., 4, 61168 Kharkiv, Ukraine

In this work described use of Oxon reagent for polyarographic determination of phamotidine. Famotidine
itself is not polarographically active, but oxidizes potassium peroxymonosulphate, and the product of oxidation
is restored to a mercury droplet electrode, with the formation of a peak at E = -0.6 - -0.8 V (at room
temperature). If famotidine is oxidized during heating, then we get another product that is recovered at E = -1.4
V. The optimal pH of the oxidation is 9 (BR buffer). In an alkaline environment, the oxidizer is in the form of
peroxymonosulphate anion (SOs”).The linearity was noticed in concentration ranges of 2:10°- 2:10™* mol/L.

The method was successfully applied to the determination of phamotidine in pharmaceutical tablets with
result similar to value that declared by the producer.

Key words: phamotidine, polarography, oxidizer
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INapasun NyHy € BaxiIMBUM peareHToM Jyisi XiMiYHOT HpoMucioBocTi. BoaHouac ue
HaJ3BUYaiiHO TOKCHYHA PEYOBHMHA, Ky BIIHOCATH O MEpIIoro kinacy Hedesneku. Tomy
PO3pOo0OKa eKCIpec-MEeTOIIB ICTEKTYBaHHsI Ta BU3HAYCHHS BMICTY L€l pEUOBUHH € aKTy-
IBHUAM 3aBJIaHHSAM HaJl PO3B’3KOM SIKOTO NPALFOIOTH YHCIICHH] HAYKOBI IPYIH IO BCHO-
My CBITY. PO3pi3HSIOTH TpU KOHIEHTpALiiHI Aiana3oHu Bu3HaueHHs: NoHy, a came BuOy-
XOHEOEe3eYHIH, TOKCHYHHUI Ta TPaHUYHUN PiBHI. BaskIMBUM € BU3HAUCHHS KOHLICHTpA-
il rizipa3uHy y BCiX JAiana3oHax, npoTte OLIbIIICTh JOCIiIKeHb OCTaHHIX POKIB 30cepe-
»KeHa Ha aeTektyBaHHI N,Hy came Ha rpaHn4HOMY piBHi. HallnepcneKTHBHIIINM B LbO-
MY BHIIQJIKy € 3aCTOCYBaHHsI €JIEKTPOXIMIYHUX ceHcopiB. [IpoTe Bifpasy nmocrae muraH-
Hsl IIOJI0 HOIIYKY aKTHBHOIO elleKTpoKaTaiizaropa okucHeHHs NoHy. TlopiBHSHHS enek-
TPOKaTaIiTHYHOI aKTUBHOCTI Onaroponguux merainiB (Au, Pt, Pd) mozmo wuiei peaxuii no-
Ka3alio, 0 Halle)eKTHBHIIINM € BUKOpHUCTaHHA HaHo9acTHHOK (HY) mananito [1].

Jist Kpaioro po3mnoaily HAHOYACTUHOK IO TIOBEPXHI €JIeKTPO/ia BAKOPUCTOBYIOTH iX
HaHOKOMIIO3UTH 3 PI3HOMAHITHUMH CyOCTpaTamH, IO BOJIOJIIOTH PO3BHHEHOIO MOBEPX-
HElo, HAIIPHUKIIA]] IEKTPOTpoBiaHi momimMepu. [Ipote, Bxxe cam nomianiiid (ITAH) mposB-
JIsi€ KaTaJIITHYHI BIACTHBOCTI CTOCOBHO elleKTpookucHeHHs NoHy [3], ToMy mns kommo-
3utiB [TAH/Pd-HY MoxHa OuiKyBaTH BUHHUKHEHHS CHHEPIEeTHYHOIO e(eKTy, L0 MOXKe
CYTTEBO IABUIINTH YyTIHMBICTh TiIPa3MHOBUX CEHCOpPIB Ha Takii mimardopmi. ITAH/Pd
KOMITO3UTHHUH €JIeKTPOKATaIi3aTOp OJCpKAHUK MOIIAPOBOI0 aJCOPOITIEI0 KOMIIOHEHTIB
(ITAH Ta nmonepennso cuaTe3oBanux Pd-HY) OyB ycniniHo anpo6oBaHuii aBTOpaMu Tpa-
ui [4]. [Ipore HaiiBuIa eEKTUBHICT TAKOTO KOMIIO3UTY MOXKJIMBA JIMIIE B TOMY BH-
NajiKy, KOJM METaJeBUi KOMIOHEHT 3HaXOAWTHMEThCS JIMIIE Ha MOBEPXHI MOIIMEPHOT
IUTIBKH, TOOTO MaKCHMaJIbHO KOHTAKTYBAaTHME 3 PO3YMHOM JOCITI/KYBAaHOTO aHAJITY.

Hamu po3po0ieHo MeToanKy OcaJUKEHHs Ha eNeKTponpoBiaHy miaknaaky ITAx/Pd
KOMIIO3UTY y SKOMY IOJiMEepHa IUTIBKA € JEKOpOBaHa HAHOYACTHHKAMHU MeTally 3 ce-
penHiM po3mipom ~30 M [5]. Tomy MeToro gaHoi poboTu Oyia anpoOarris MmoaudikoBa-
HUX TAaKHM KOMIIO3MTOM Pt-enektposis (reomerpuuna mioma 0,25 cm®) sk matdopm
aMIIEpOMETPUYHHIX CEHCOPIB Ha Tigpa3uH. EnexTpokaTamiTH4Hi BIaCTHBOCTI KOMIIO3HUTY
Ta XapaKTEePUCTHKU CKOHCTPYHOBAHUX MAaKETiB CEHCOPIB JOCIIDKYBaId METOJAMH LUK~
JIYHOI BoJbTaMIiepoMeTpii (Mexi ckanyBaHHs noreHuiany (—0,4)—(+0,9) B npu mBua-
KocTi po3roptku 50 MB/c; Bci moTeHIiamy HaBeneHO cTocoBHO HacmueHoro Ag/ AgCl
€JIEKTPO/Iy MOPIBHSHHS) Ta XPOHOAMIIEPOMETPIi B CTAaHIAPTHIH TPUENIEKTPOAHIN YapyH-
11i 3 poGounm 06’emomM 25 e, JloCIiKeH S TPOBOAMIM JUIst cepii pocdaTHux Gydep-
HuX po3umHiB 3 pH Bix 6,7 10 9,3. [Iyis MOPIBHSAHHSA TaKOX JOCIIDKYBAJIN BIACTHBOCTI
CEHCOPIB Ha CYTO MONIaHITIHOBIH maTdopmi.
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Puc. 1. IIBA nnaTuHOBUX €eKTpoiB, MonudikoBaHnx HaHOKoMIIo3uToM I1AH/Pd (a) Ta [1AH (6)
B ¢ochaTHOMY OydhepHomy posunHi (pH 8.2) B mpucytHOCTi rigpasuny (C(N,Hy) = 038,7 MM)
Fig. 1. CVA of Pt electrodes which were modified by PAn/Pd nanocomposite () and PAn () in
the phosphate buffer solution (pH 8.2) in the presence of hydrazine (C(N,H4)=0-38,7 MM)

BusieneHo, 1o B gociijkeHoMy iHtepBani pH okuCHeHHs ripasuHy Ha MoAu(iko-
BaHUX SK TOJNIAHITIHOM, TaK 1 KOMIIO3UTOM CJICKTPOJAaX BiJOyBA€ThCS IBOCTAIIMHO,
CBIJJUCHHSIM YOTO € HAsBHICTh JBOX XBWJIb OKHCHCHHS B iHTepBasax moteHiianis 0,0—
0,4 B ta 0,4-0,8 B. 30insmenns pH Ta gexopanis [TAH nanaiieBUMH HaHOYaCTUHKAMHU
IIPU3BOJUTS JI0 3CYBY ITOTEHIIaNiB OKMCHEHHS B KATOJAHY 00JIaCTh, 1110 CBIIYHUTH ITPO T10-
JIETIICHHS TIPOLECy OKHCHEHHS TiZpasvHy B JIY>)KHOMY CEpEIOBHILI Ta €JICKTPOKAaTaIi3-
TUYHY aKTUBHICTH MallaJiito MOI0 Ikoro mpouecy (puc. 1). IIpore HemomikoM BHKOPHC-
TaHHS KUCIIOTO CEPEIOBHUINA € HAATO BerKa (~1 XB) TpUBAIICTh BIAKIUKY CEHCOPA, TOMI
SK B CHJIbHOITY)KHOMY CEPEIOBHIL CyTTEBO 3MEHIIYEThCs MPoBiaHICTh [TAH-iBKH. To-
My OyIl0 BU3HAHO, 10 onTUMansHUM pH miis poboTu cercopa € 8,2. 3a TaKuX yMOB Hac
BIIKJIMKY Ce€Hcopa 3a pobodoro notenmiany +0,6 B (sxuil BiAmoBizae MakcCUMyMy CTpY-
My Apyroi xBuii okucHeHHs1 NoHy) 3meninyBascst 1o 3—10 ¢ (puc. 2, a, ), a Mexa BUsIB-
JICHHS TiApa3uHy cTaHOBUTH ~10 MKM. JIiHIHHICTE 3aI€KHOCTI CTPYMY BIIKIHKY CEHCO-
pa Bill KOHLEHTpaLil BU3HAYYBAaHOTO aHAJITY CIIOCTEPIraeThCs s IBOX IHTEpBAJIiB, a
came 0,01 -8 MM Tta 8 —25 MM (puc. 2, 6, 2). [Ipu IbOMY Uy TJIMBICTH CEHCOpA CTAHOBUTH
40,8 Ta 6,07 MKA-CM’ZMM’], BIZINOBiHO. Binbiie TOro, BHUSIBICHO, IO CEHCOP TaKOX
MOKe e(DeKTHBHO TpAIfOBATH 3a MOTCHIIIANIB, SKI BIAMOBINAIOThH MEPIIil XBHJII OKHUC-
HeHH# rifgpa3uny. 3okpema rnpu E=+0,2 B niHiiHNI BiJKINK IPOCTEXKYETHCS B KOHIIEPH-
Tpamiitnomy intepsani 15-350 MkM npu uyTIuBoCTi 35,76 MKA-cM MM .
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Puc. 2. AMnepomeTpuuHi BiIKJIMKY MakeTy Tipa3uHoBoro cencopa Ha [TAn/Pd-mnatdopmi Ha
[I0ZIaBaHHs PO34MHIB BU3HAUYBAHOTO CyOCTpaTy (a, 6) Ta OTPHUMaHi IpaayroBaibHi rpadiku 1us
MigiMoIsipHOTO (6) Ta MikpomossapHoro (2) aianasonis (E=+0.6 B, pH 8.2)

Fig. 2. Amperometric responses of the model of hydrazine sensor on the PAn/Pd platform to the
introduction of the solutions of determined substrate (a, ¢) and the calibration graphs obtained for
the millimolar (b) and micromolar (d) ranges (E =+ 0.6 V, pH 8.2)

Thor Cherniukh', Denys Kalin', Orest Pereviznyk', Khrystyna Midyanko',
Liliva Bazylyak?, Oleksandr Reshetnyak’

AMPEROMETRIC SENSOR ON THE BASE OF PALLADIUM-POLYANILINE NANOCOMPOSITE
FOR THE HYDRAZINE DETERMINATION

!Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: ihorcherniuh@gmail.com

’Department of Physical Chemistry of Fossil Fuels of the L.M. Lytvynenko Institute of Physical-Organic
Chemistry and Coal Chemistry of the NAS of Ukraine, Naukova Str., 34,79060 Lviv, Ukraine

The platinum electrode modified by a thin polyaniline film which were decorated with palladium nano-
particles (~30 nm) was tested as an platform of the amperometric sensor for the hydrazine determination. It is
shown that the optimal pH for the sensor is 8.2 (phosphate buffer solution). Under these conditions, the
response times of the sensor for the working potential +0.6 V (which corresponds to the maximum current of
the second wave of N,H, oxidation) decreased from 1 min to 3—10 s. The linearity of the response current of
sensor to the hydrazine concentration is observed for two intervals, exactly 0.01-8 mM and 8-25 mM. For
these intervals the sensitivity of the sensor is 40.8 and 6.07 pA-cm 2-M', respectively. Moreover, it has been
found that the sensor can also work efficiently for potentials that correspond to the first wave of hydrazine
oxidation. In particular, the linear response at E = + 0.2 observes in the 15-350 uM concentration range at a
sensitivity of 35.76 pA-cm2M ™.

Key words: palladium nanoparticles, polyaniline, amperometric chemosensor, hydrazine
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POCJIMHHA CUPOBHHA SAIK OCHOBA JJIsA CTBOPEHHA CUCTEM
NEPETBOPEHHSA EHEPTIi

]Incmumym 3aeanvroi ma neopeaniunoi ximii im. B.1. Bepnaocvkoeo HAH Ykpainu,
npocn. llannadina 32/34, 03680 Kuis, Ykpaina, e-mail: masik2512@gmail.com
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Hayionanenuti mexuiunuii ynisepcumem «Kuiscokuti nonimexuiynuil incmumym
imeni leops Cikopcvkozoy, npocn. Ilepemozu, 37, 03056 Kuis, Yxpaina

[Tomryky HOBHMX HOHOBIIOBAHHMX «3EJICHUX» JDKEPEN eHepril 3MiIyIoThCs B 00J1aCTh
CTBOPEHHSI CTPYKTYp, IO CKJIaJal0ThCsl 3 OCHOBH — HOCISl Ta aKTHBHOTO MIapy, SIKi
MAaIOTh 3JATHICTB IO TETEPOIEPEXOIiB, 0 HAJa€ MOXIIUBICTh iX 3aCTOCYBaHHA B 0i0- i
XeMoceHcopHuIi, (oTo- Ta XIMIYHHX DKepenax —cTpyMmy. OpraHoMiHepaibHi
reTEePOCTPYKTYpH BXKE CTalId IHHOBAI[IfHOIO aJIbTEPHATHBOIO [UIi HACTYITHOTO
MTOKOJIHHA CEHCHUO1TI30BaHUX COHSIYHUX CIIEMEHTIB.

O06’exTOM AOCHTIHKEHHS € HEOpraHiuHi HOCii pi3HOI MPHPOIH 3 MapyBaToo ado re-
JICBOIO CTPYKTYporo (OeHTOHIT, MoaudikoBaHu# (hocdar-ioHaMu OCHTOHIT, MPOreHHUI
KpEMHE3eM, KaolliH) Ta (pepMEHTHI mpenapatd Kiacy OKCHAOpEAyKTa3 (Ha MpHKIIAIi
BUTSDKKH 3 PEIbKU YOPHOI 1 KamycTH OirokadanHoi). Ha 6a3i reTepocTpyKTyp THITY He-
OpraHiyHM{ HOCIH — HAaTUBHUU (epMEHTHUH mpemnapar — rpad)eH CHHTE30BaHO EJIeK-
TPOJIU Ta JIOCHI/PKEHO X eIeKTPOXIMIUHI BIaCTHBOCTI.

3a 1aHMMH aTOMHO-a0COPOLIHOrO aHajli3y BCTAaHOBJICHO HAsBHICTH 10HIB MeTalliB
MepeMiHHOI BAJIEHTHOCTI (Fe*, Cu*', Ni*', Mn*", Zn*") Yy HATHBHOMY Ta iMMOO0iTi30Ba-
HOMY (DepMEHTHOMY TIpenaparti, 34aTHi 10 PEJOKC — MEePEeXO/(iB Ta YTBOPEHHS MOBEPX-
HEBHX KOMIUICKCIB 3 IIEPEHOCOM 3apsily Ha MOBEPXHI HEOPTaHIYHOTO HOCISI.

Ta6uuuns 1. BmicT i0HIB MeTaJiB B HATUBHOMY Ta iMMOO1JTi30BaHOMY Ha HEOPTaHIYHHUX HOCISX
(hepMeHTHOMY TIpenapati Ha BUTSDKIII 3 KaIlyCTH O1TOKa4aHHOL
Table 1. The content of metal in native enzyme preparations and those immobilized on inorganic
substrates on the cabbage extract

Cucrema K 2+Ble 1 101213 MC”Z&J’[IB, 02/3 Z 7 10A

Fe’ 107 | Cu”-107" | Ni7"-10™ | Zn“"-10™ | Mn™" - 10"
H®II 6,32 1,00 0,74 3,46 0,64
Benrownirt + HOII 31,50 0,55 0,74 3,40 0,64
Mopn. bent. + HOIT 13,50 0,30 0,47 23,00 0,64
Kaounig + HOIT 12,50 0,55 0,74 3,47 0,48
Aepocun-300+HDIIT 17,40 0,16 0,12 0,99 0,06

[opiBHsANBEHUI aHATI3 MOKAa3aB, IO BMICT 10HIB METaJliB y 3pa3Kax CYTTEBO BiIpi3-
HSETBCSI, IO CBIAYUTH PO BIIMIHHOCTI y CKJIaJi 1 OyZ0BI KaTaliTHYHUX 1 aACOPOILIHUX
LEHTPIB O1IKOBOT MOJIEKYJIH, SIKI BIUIMBAIOTh HA €JIEKTPOXIMI4HI BIACTUBOCTI CTBOPEHUX
reTepoCcTpykKTyp (Tadu. 1, 2).
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Tadmauus 2. BumicT i0HIB MeTaIiB B HATUBHOMY Ta IMMOO1JII30BaHOMY Ha HEOPTaHIYHUX HOCILSIX
(epMeHTHOMY Ipenapati Ha BUTSDKLI 3 PeAbKU YOPHOT

Table 2. The content of metal in native enzyme preparations and those immobilized on inorganic
substrates on the black radish extract

Cucrema BwicT ioHiB MeTauiB, %
Fe’*-10° | cu*-10* | Ni-10° | Zn*-10
HO®IT 1,85 1,20 6,72 5,38
benrownit + HOIT 2,55 0,32 6,50 4,62
Moga. benronit + HOIT 1,40 0,17 6,70 4,30
Kaonin + HOIT 0,77 0,12 5,01 2,90
Aepocun-300 + HOIT 0,30 0,012 2,40 1,50
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Puc. 1. [IBA rerepoctpyktyp aepocmi-300 — pepMeHTHHII IIpenapaT, BUAUICHUH 3
peabKH YOpHOI (), KamycTu Oijoka4aHHO1 (0) Bi MIBUAKOCTI PO3ropTKH moteHmiany: 1 — 5 mB/c,

2 — 50 mB/c, 3 — 100 mB/c. Enexrpouit - Hacuaenuii po3und KCL, S., = 1.5 oM,

HABAXKKA TETEPOCTPYKTYPH — 3 Mr/cy’
Fig. 1. CVA of heterostructures of enzyme preparation from black radish (a), cabbage (b)

immobilized on aerosil-300 depending on potential sweeprate: 1 —5 mV/s, 2 — 50 mV/s, 3 — 100
mV/s. Electrolyte is a saturated solution of KCl, S, = 1.5 cm?, hitch of heterostructure — 3 mg/cm2

JlarMy TUKITIYHOI BOJBTaMIEPOMETPii BCTAHOBJICHO, IIIO T€TEPOCTPYKTYPH HA OC-
HOBI aepocui-300 — ¢pepMeHTHHUI penapaT y 3pa3kax, BUAUICHUX 3 KOPECHEIUIOAY Peab-
KM YOpHOI BHABIISAIOTH cebe Ak cynepkonaeHcarop (puc. 1, a) [1]. Jemo Hiok4i 3HaUEH-
HS MTOKAa3HUKIB CHJIM CTPYMY Ta HAIllpyTW OTPUMaHi Ha BUTSDKII 3 KayCTH OlT0KadaHHOL
(puc. 1, 6). Ha ocHOBI aHai1i3y BOJbTaMIIEPOMETPIi TeTepocTpyKTyp aepocuii-300 — dep-
MEHTHHMH IIpenapar rnoka3aHa MOXKJIHMBICTh BUKOPUCTaHHS CHHTE30BaHUX I'€TEPOCTPYK-
Typ SIK aKTUBHHMX Mac (TBEPIOIO EJNEKTPOIITY) JUIsl CTBOPEHHSI PEIOKC-CEHCOPIB 1 MpH-
CTPOTB JUIsl HAKOTIMYCHHS CHEPTii.

Ha ocHoBi gocnimkens LIBA reTepocTpyKTyp NnpH pi3Hii MBHIKOCTI PO3TOPTKH I10-
TeHuiany (T, — T1), 3Ha4eHb pizHuLi (AE) movaTkoBoro i KiHIIEBOTO MOTEHIaiB po3-
roptku E; no E,, macu 3paska (m), moaysnst neBHoro crpymy (I) ta manmx CEI mo mo-
YaTKOBiI €eMHOCTI po3paxoBaHi nuTomi emMHOCTI (C) mocmimpkeHnx Marepiainis (Tadm. 3).
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Tabanus 3. XapakTepUCTHKH 3apsI0BOi EMHOCTI TETEPOCTPYKTYP
Table 3. Characteristics of the charge capacity of heterostructures

Cucrema Crouw, P/ Ceq, /T
Benronit + HOII 0,00062 1,6
Mox. 6erroniT+ HOIT 0,00114 0,068
Kaoumin + HOIT 0,00174 51,3
Aepocun-300 + HOIT 0,00038 95,7
€MHICTB 3pa3ka PO3paxoBaHO IO BiJOMOMY CITiBBiTHOIICHHIO):
C= I- (T2 — ‘Cl) .
(E,—E,)-m

CtBopeHa ribpuaHa cucTeMa TeTepoCcTpyKTypa - rpadeH - CTpyMO3HIMaY, i TOKa3aHa
MOJJIHBICTh (DOPMYBaHHS CyIepKOHIEHCATOpa B cucteMi rpades - aepocui-300 — dep-
MEHTHHH TpenapaT. BumipsiHi BeJIMUMHHM €MHOCTI JocsraioTh 95 ®/r, mo 3HaxXoaAuThCs
Ha PiBHI KpaIux po3po0oK OCTaHHIX POKIB B 00JIacTi HAKONMYEHHS eHepril 3 Giomacu.

PesynbraTi gociiKeHHsI MOYKHA BUKOPUCTOBYBATH JUIS CTBOPEHHS JICIIEBHX 1 JIETKO
MOHOBJIIOBAHUX HAKOIMYyBadiB €HEprii — Cymep-eMHOCTSX, OI0CYMICHHX JpKepesax
CTpYMY.

1. Khodykina M.O., Pershina K.D., Kazdobin K.A., et al. Voltammetric responses of black radish

enzyme preparation immobilized on kaolin and aerosil // Surf. Eng.& Appl. Electrochem., —
2017. - Vol. 53, No. 6. — P. 542-550.

Maria Khodykina, Kostyantyn Kazdobin, Anatolii Bespaliuk
PLANT MATERIAL AS A BASIS FOR CREATION OF ENERGY CONVERSION

'Vernadsky Institute of General and Inorganic Chemistry NAS Ulkraine,
Akademik Paladin Avenue, 32/34, 03142 Kyiv, Ukraine, e-mail: masik2512@gmail.com

’National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey,
Peremogy Avenue, 37, 03056 Kyiv, Ukraine

Coming from the comparative analysis of physico-chemical properties of the synthesized heterostructures
based on inorganic carrier - enzyme preparation of the black radish and cabbage the differences in the behavior
of heterostructures on various media are revealed caused by differences in the mechanisms of binding of the
enzyme preparation with the inorganic carrier. The possibility of formation of structures capable for charge
storage in inorganic systems with aerosil-300, immobilized enzyme and graphene, allows to implement them in
a redox transformations. Heterostructures based on kaolin and aerosil-300 could be promising materials in
devices for energy conversion (supercapacitors) with capacities up to 95 F/g.

Key words: heterostructure, enzyme, immobilization, voltammetry, supercapasitor
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Tepnoninbcokuil Oepoicasnull meouunutl yuisepcumem imeni leana I'opbauescokozo,
matioan Boni, 1, 46001 Tepnoniny, Yxpaina

B cyuacHuX yMOBax CHOCTEPIraeTbCs 3pOCTAOYMN IHTEpPEC OO OTPHMAaHHS HENO-
POTHX ONTHYHUX €JIEMEHTIB 3 0araTOKpaTHUM BiIOMBaHHSAM ab0 MPOITYCKaHHSM CBITIIa,
NPUJATHHUX JI0 BAKOPUCTAHHS Y THYYKHX KOJIBOPOBHX AMCILIESX, IU(YPOBUX MPUCTPOSX
mam’sITi, 3MaTHUX JI0 3aMUCy-CTHUpaHHs iH(opMarlii, B po3yMHux (“smart’”) BikHax, a3ep-
KajiaX, KOJIbOPOBUX CeHcopax Ta iH. [1-3]. [y Takux 3acTOCYBaHb MOPSI 3 HEOpraHiy-
HUMHU MaTepiajaMy iZiealbHO MiJXOJATh eJIEKTPOXPOMHI IUIIBKH CIIPSHKEHUX IOJIIMEPIB,
3IIaTHI 3MIHIOBATH KOJIP MiJ Ai€I0 SIICKTPHUYHOTO MOJIS.

®Di3uKo-XiMiYyHA MPUPOJIA SIEKTPOXPOMI3ZMY SK ONTHYHOTO SIBHINA, HOTO ITiIIOPSI-
KOBAHICTh NMEBHUM (PI3MYHAM Ta MATEMAaTHYHHM MOJEISIM JAI0Th 3MOTY BHPOOHTH SIK
(yHIaMeHTallbHi, TEOPETUYHI, TaK 1 TEXHOJOTIUHI IMiIXOAU IO CTBOPEHHA i (PYHKIiO-
HYBaHHS IIMX HOBITHIX MaTepialiB y pi3HUX cdepax Haykd i TexHiku. CyTHICTh SBHIIA
€JIEKTPOXPOMI3My TIOB’si3aHa 3 0OOPOTHUMH 3MiHAMHU €NEKTPOHHOI CTPYKTYpH, SIKi Bif-
OyBalOTbCS B YMOBAaX OKHCHEHHS/BIIHOBIICHHS €IEKTPOAKTUBHOI pedoBHHH. B pesyins-
TaTi MoaudiKalii eNeKTPOHHUX BIACTHUBOCTEH CIPSIKEHOTrO TOJIIMEpY MiJ Ai€l0 MOTEH-
iaxy 3MIHIOEThCS IIHPUHA 3a00POHEHOT 30HH, BIIMOBIIHO - TOJOXKEHHS Ta IHTCHCHB-
HICTh CMYT MOTJIMHAHHS (pHC. 1, @), 110 KOPEIIOE 31 3MIHOIO KOJILOPY.
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Puc. 1. (¢) OnrTHuHi cekTpy IUTiBOK nosioproaHiziguny, seroBanux K;Fe(CN)g, npu pizanx
noTeHuianax. (6) 3MiHa ONTUYHOI I'YCTUHU Cl{[?igl(l/l MOTIOPTOTONYIMHY Ha AOanﬂgB 1750 M
npu v =20 mMB/c. [Tokaszano 5 nukiiB po3ropTku. [LniBku enekrpoocamkeri Ha SnO)-eleKTpoan
Fig. 1. (@) The optical spectra of polyorthoanidine films doped with K;Fe(CN)y at different

potentials. (b) Change in the optical density of a film of polyortotoluidine at a wavelength of
750 nm at v=20 mV/s. 5 scan cycles are shown. Films were electrodeposited on SnO, electrodes
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Puc. 2. (a) UBA muiBku I[TAHI Ha moepxHi ITO y 0,5 H,SO, mpu pisHUX MIBUAKOCTSIX PO3TOPTKH.

(6) Yacosi 3anexHOCTI BIAKIHMKY cTpyMy (1) Ta koedimieHTa ONTHYHOTO BinOUTTS (2) 11 mapy

Ti0,-PANI npu 3MiHi iMTysiecy noteHniany enekrpony Big 0 B 1o 0,35 B
Fig. 2. (a) CVA of PANI film on ITO surface in 0,5 H,SO, at different sweep rates. (b) Temporal
dependences of current response (1) apd optical reflection coefficienp(2),for TiO,-PANI layer
under pulse variation of electrode potential from 0 V to 0.35 V

[Mpn nuknivHiR po3ropTui NoTeHwiany B Aianazoni £ Bix —0,5 o +0,5 B (puc. 1, 6)
criocrepiraeTbest 3a0apBiIeHHs-3He0apBICHHS ONIMEPHOTo 1Iapy, SKOMY BiJIIOBIIAIOTh
KpHBIi 3MiHM ONITHYHOI rycTHHM (D) Ha moCTiiHINA 1oBXuHI XBUii (A = 750 HM). 3anexHo
BiJI IIBUJIKOCTI PO3TOPTKH KPHBA 3MiHH ONTHYHOI TYCTHHH 3 HOTEHLIAIOM MOXE MaTH
¢dopmy BiciMKH, enirica abo MeTIIi, IXHE MaTeMAaTUYHE MOICTIOBAHHS MOXKe OyTH BUKO-
pHCTaHe B KepyBaHHI i NPOSKTYBaHHI eNEKTPOXPOMHUX HPHUCTPOIB. {1 BUBYCHHS OII-
TUYHAX BIACTUBOCTEH CIPSHKEHUX MOJIMEpiB BUKOPUCTOBYIOTH CIIEKTPOCIEKTPOXIMIUHI,
KIHEeTHYHI 1 IMHAMIYHI METOIM OCIIHKeHHS [2-4].

Hukniuna 3miHa nmorenniany nonianiminosoro (ITAHI) mapy (puc. 2, a) cynpoBoa-
KYETHCSI 0OOPOTHUMH 3MIHAMH KOJIBOPIB BiJl JKOBTOT'O JI0 3€JICHOTO, CHHBOTO 1 HOPHOTO.
IMMOOG1Ti3allis eNeKTPOXPOMHKX PEUYOBUH B HaHomopax TiO, CrpU4YHHSE CYTTEBE 3pOC-
TaHHS KOHTPACTHOCTI KOMIIO3UTHOTO ILApy 33 PaxyHOK 30UIbLICHHS €JIEKTPOXPOMHOI
3ATHOCTI MOJIIMEpPY, IHKOPIIOPOBAHOI'O B HAIIBIPOBIIHUK. IMIyJIbC CTyMy CIIpUYHHSE
BINOBiHY 3MiHYy KoediuienTa Binousanus (k) ribpuanoro mapy, (puc.2, 6), Ipu HLOMY
CYTTEBO Hi/IBUILY€THCS CTAOLIBHICTD ONTHYHUX XapaKTepUCTUK Takoro Marepiainy [3].

Edext 3MiHU IHTCHCHBHOCTI CBITJIOIPOITYCKAHHS IUIIBOK CIIPSDKEHUX IIOJII aMiHO-
apeHiB IiJ Mi€l0 30BHIIIHBOTO EJIEKTPHYHOTO MOJS BUKOPUCTAHUM IS YIpPaBIiHHS
CHeKTpoM (HOTOITFOMIHECIICHIIIT HaHOTIOpyBaToro kpemHiro [4]. Ha migcraBi mociimkeH-
HSl ONITHUKO-TIOMIHECIIEHTHUX BJIACTUBOCTEH TIOPUAHUX CTPYKTYp MOPYBaTHH KpPeMHiH—
MOJIAHUTIH M i€l MPHKJIAICHOTO IMOTEHIialy MOKa3aHo, IO IUIBKU IONiaHUTiHY,
HAHECEHI Ha IOBEPXHIO MOPYBATOTO KPEMHIIO, MOXYTh CIYKHTH ONTHYHUM (LIBTPOM
(OTOTIOMIHECHIEHTHOTO BUIIPOMIHIOBAHHS MOPUCTOIO KPEMHIIO 3 €NIEKTPHUYHO KepoBa-
HOIO CMYTOIO IIPOITYyCKaHHS.

BcraHoBneHI 3aKOHOMIPHOCTI (hi3UKO-XIMIYHMX MpPOLIECIB CHHTE3Y Ta (popMyBaHHS
TOHKHUX TUTIBOK ITOJIiaHLTiHY 1 HOTO MOXi/IHKX, @ TAKOXK 1O0JIi-3,4-eTHIIeH-11I0KCUTIO(PEeHY 1
riOpuaHuX CTPYKTYp [2, 5] Ha MOBEpXHI METAJTIYHMUX 1 MPO30PHUX HAIMIBIPOBIIHUKOBUX
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€JIEKTPO/IIB MAIOTh (PyHJIaMEHTAIBHUI XapaKTep, OCKLIbKY TXHIN repedir BU3HaYaeThes
CJICKTPOHHOIO T4 MOJICKYJISIPHOKO CTPYKTYPOKO SIK BHXiJHUX MOHOMEPHHUX CIIONYK, TaK i
MIPOAYKTIB TONIIMEpH3allii, MiAMOPIIKOBYETHCS OCHOBHUM 3aKOHAM EJIIEKTPOXiMiYHOI Ki-
HETHKH, OPI'aHIYHOTO eJICKTPOCUHTE3Y, ONITHKH 1 SIEKTPOONTHKY OPraHiYHHX HalliBIpO-
BIZJHMKIB Ta HAHOCHCTEM Ha iX OCHOBI.

lay3p en1eKTpOXpoMi3My LIBHUAKO PO3BUBAETHCS SIK y HANPSIMKY PO3POOKH HOBHX
EJIEKTPOXPOMHHX CHCTEM, TaK 1 HOBITHIX KOMEPIIIHHUX 3aCTOCYBaHb — «PO3yMHI» BiKHa,
JI3epKaia, MPUCTPOi MaM’ATi, THy4YKi ekpaHu Ta iH. ONTHYHI NPUCTPOT HA OCHOBI CHpsi-
KEHUX T0JIIaMIHOAPEHIB € M’SIKUMH JUIS JIIOJICBKOTO OKa, HE JIA0Th HIKIJUIMBOTO €JIeK-
TPOMAarHiTHOro a0 iOHI3yIOUOrO BHUIIPOMIHIOBaHHS 1 TOMY MOXYTh 3aCTOCOBYBATHChH
JUIsl CTBOPEHHS JIPY)KHIX 3 OTOYYIOUMM CEpEJOBHIIEM HEBUIPOMIHIOIOUMX JUCILIEIB Ta
IHIINX 3ac00iB BinoOpaxxeHHs iHopmanii [1, 2].
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cations. — VCH, 2008. . — 239 p. — ISBN: 978-3-527-61536-0.
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PHYSICO-CHEMISTRY OF ELECTRO-OPTICAL PHENOMENA
IN CONJUGATED POLYMER SYSTEMS
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On the ground of electrochemical, optical, spectroelectrochemical studies, the basic patterns of formation
and electrochromic properties of polyaminoarene films on transparent semiconductor surfaces were studied,
and the interconnection of electrochemical and electrooptical characteristics with the structure of polymers was
determined. The ways of increasing the characteristics of electrooptical devices based on conjugate polymer
systems are proposed.

Key words: electrochromic effect, conjugated polymers, electrooptical behavior
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BIIJINB XIMIYHOI'O CTAHY HOBEPXHI BUTPUMAHOI'O HA IIOBITPI
CIIJIABY Zr-Mn-Cr-Ni-Al HA EJTEKTPOXIMIYHI BJIACTHBOCTI

Incmumym npobnem mamepianosnascmea im. I.M. @panyesuua HAH Vikpainu
syn. Kporcusrcaniscoroeo, 3, Kuig 03680, Yrpaina, e-mail: o.galiy87@gmail.com

VY nmaniit poboti MeTomoM muKIiYHOI BonbTammepometpii (LIBA) Bu3Hawamm KiHe-
TUKY TiAPYBaHHS 1 €JICKTPOXIMIUHYy CTabOiIbHICTH €NEKTPOIB, CIIPECOBAHMUX 3 ITOPOIIKY
crutaBy ZrMng sNi; ,Crg 13Aly; 6€3 BUTPIMKH Ta BUTPEMAHOTO Ha MOBITPi Ha MPOTs3i 3 i
15 ni6. Enextponu npecyBanu 0e3 HOMIMIOK KaTtamizatopy 3 mobaBkamu 5% mositeTpa-
¢dTopeTuieny, KibKicTb craBy - 0.1 r, 3apsipkanu crpymom 50 MA Ha nipoTsi3i 1,5 rox i
pO3pAIKANU CTPYMOM 5 MA.

AKTHBHICTD €JICKTPOJIB B KaTOHIM 00JacTi B 3aJICXKHOCTI BiJl 4acy BUTPUMKHU I10-
POIIKY CIJIaBy Ha ITOBITpi IpencTaBieHi Ha puc. 1 y BuUrisai HaOOpy KpHBHX, BiJIO-
BimHUX | 1 4 UKJIaM MOTEHIIOJMHAMIYHOTO IIUKJIYBAHHS 1 PSIMOT0/3BOPOTHOTO XOY B
YEeTBEPTOMY LIMKJIi - Ha pHC. 2. 3TiIHO OTPUMAHMX PE3yJIbTaTiB IPU HUKIyBaHHI CIIOCTe-
piraeThcs MOCATHEHHS €JIEKTPOAaMHU MIEBHOTO CTA0UIEHOTO CTaHy ™, MIBHIIIC 1 y OLTBIIiH
Mipi SKOTO JOCSTAlOTh E€IEKTPOAM, CIPECOBaHI 3 BHTPUMAHOTO HA IOBITPI MOPOIIKY
cwiaBy. Hampukian, 3MiHa BETMYMHH KAaTOJHOTO CTPYMY €JIEKTPOAY, CIPECOBAHOTO 3
CBIXOIIPUTOTOBAHOTO MOPOIIKY CIUIAaBY (BUXITHHN €JIEKTPOM) B YETBEPTOMY ITUKII Bif-
HOCHO TPETHOTO LUKILY MPSAMOTO X04y HUKITyBaHHS B 9-10 pa3iB 6inbIna, HiXK BiAIOBIIHI
CTPYMH €JIEKTPOAY, CIIPECOBAHOTO 3 BUTPHMMAHOTO Ha MOBITPI MOPOIIKY CIUIaBY NPOTS-
rom 3 mi6. EnekTpon, sikuil mocsrae HaiOLIBIIOT €IeKTPOXIMIYHOI CTaOLIBHOCTI B XOi
LUKJIyBaHHS Ma€ MiJBUILEHY LUKIIYHY cTiiikicTs (kpuBa 2, puc. 3). ITicmsa 500 nuxiis
3apsy — po3psly BTpaTH €MHOCTI JaHUM €JIEKTPOJOM CKIanalTh 25%, a BUXIIHUM
enextpoaoM (0 ai6 Burpumkm) micns 250 nukiiB - 56%.

E,B E,B
A6} 3 .2 al 3 2 1
. /QM/ T oo n— "
e e
14} ﬁ‘e//u aal O/i.;l
: o
12| & -]
s 124
10} 8 s
§ al/a -1.0 -g 6/b
0g|a -]
g :
06L& ) ) ) ) ) -0.8 -! ) ) ) ) )
0 10 20 30 40 50 0 10 20 30 40 50
Ctpym,MA CTtpym,MA

Puc. 1. KaToHi KpUBi €IEKTPO/IiB, CIIPECOBAHMX 3 CBIXKONMPUTOTOBAHOTO (@) 1 BATPUMAHOTO Ha
moBiTpi (6) mopomiky criaBy ZrMny sNij ,Crg 1gAlg 1, 116: 2 — 3,3 — 15; a — 1 uuki, 6 — 4 uuki
Fig. 1. Cathodic curves of electrodes, compressed from as-prepared (a) and air-exposed ()
owder of ZrMn, sNi; ,Crg 13Alg ; alloy, days: 2 — 3,3 — 15; a — 1 cycle, b — 4 cycle
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*Hiz[ €JIEKTPOXIMIYHOIO CTaOUIBHICTIO €IEKTPOLY MA€ThCS Ha yBasi CHIBIALiHHS
KaTOAHUX CTPYyMiB NPH NEBHOMY 3HAuUCHHI NMOTEHLIaNTy B X0l HPSMOI0/3BOPOTHOTO
LUKJTYBaHHS 1 Bi IUKITY J10 LUKITY.
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Puc. 2. KaronHi KpuBi 4eTBEpPTOro MUKy NOTEHLIOAMHAMIYHOTO IIUKIIYBaHHS EJIEKTPOIIB,
CIPECOBAHMX 3 CBEKOMPHUTOTOBAHOTO (@) 1 BATPUMAHOTO Ha MOBITpPi Ha MPOTs3i 3110 MOpOIKy
crutaBy ZrMng sNi; ,Crg 13Aly  (6); 1-ipssmMuii Xin, 2- 3BOPOTHHI Xif

Fig. 2. Cathodic curves of the fourth cycle of potentiodynamic cycling of electrodes compressed
from as-prepared (@) and air-exposed for 3 days powder of ZrMny sNi, ,Cr 13Aly; alloy (); 1-
direct stroke, 2- reverse stroke
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Puc.3. 3anexHOCTI TUTOMOT PO3PSAHOT EMHOCTI €IEKTPOIB, CIPECOBAHHUX 3 CBIXKOIIPUTOTOBAHOTO

(1) i BuTprManoro Ha noBitpi Ha mpots3i 3(2) i 15 (3) ai6 nopouiky crutaBy ZrMng sNij ,Crg 13Alg
Bifl KUTBKOCTI LIUKJIIB 3apsiLy — PO3PsILY

Fig. 3 Dependences of the specific discharge capacity of the electrodes compressed from as-
prepared (1) and air-exposed during 3 (2) and 15 (3) days powder of ZrMn sNi; ,Crq 13Aly; alloy
on the number of charge—discharge cycles

3rigHO MOCTIKEHb XIMIYHOTO CTaHy MOBEPXHI BHTPHMAHOTO HA MOBITPi IIMPKOHI-
eBoro cruaBy ZrMnCrNiMe (Me — V, Al) MeTooM peHTTeHIBCHKOI (POTOETEKTPOHHOL
cnektpockorii (POC) i Oxe-anextponnoi cuekrpockomii (OEC) B pesynbpTari OKHC-
HIOBJILHOT cerperailii Ha MIOBEpPXHI CILJIaBY CIIOCTEPIracThCsl MEPepo3I0Aii EIeMEHTIB 13
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3HAYHUM 30UTBIICHHSAM KOHIEHTpalii HIKEJIO i yTBOPEHHSIM TOHKOTO OKCHJIHOTO IIapy
(nepexin M*—M*" (M = Cr, Ni, Mn) i, na nincrasi OEC, hopMyBaHHSIM IUTiBKH OKCHITY
xpomy [1, 2]. fx Bigomo, JeryBaHHS XpOMOM IIPOBOIATH 3 METOI CTBOPCHHS
NPOHHUKHUX JUIS BOJHIO CTIHKMX OKCHUIHHX IUTIBOK. TOMY €NeKTpOoJ, CIIPECOBAHUI 3 yKe
YaCTKOBO OKHCIIEHOTO TIOPOIIKY i C()OPMOBAHOIO IUTIBKOIO OKCHAY XPOMY, IPH 3apsi-
PO3psii BUSABISETHCS OUTBII CTIHKMM O MOAATBIIONO OKHCIEHHS B €JICKTPOIITI 1 IpH
ripyBaHHI — JeriIpyBaHHi Jocsrae OUIbIIOI eNeKTPOXIMIYHOT CTaOlILHOCTI, 110 3MEH-
LIy€E AUCTIEPTYBaHHS, OKUCIEHHS 1 MOKPALLY€e HOro HUKITIYHY CTIHKICTb.

1. YuM. Solonin, O.Z.Galiy, K.O.Graivoronskaya, O.Y. Khyzhun. Effect of Oxidation on the
State of the Surface and the Electrode Capacitance of Zr—-Mn-Ni—Cr—V Alloy // J. Mater. Sci.
—2017.-Vol. 53 (2). —P. 151-157.

2. Hlsey B.A., I'anuu O.3., Jlagpenko B. A, Cononun FO.M., Pyoenxo IO.A. KoppoznoHHO-
JIIEKTPOXUMHUYUECKOE MMOBEACHHE THAPHI000pasyromiero ciwiaBa cucremsl Zr—-Mn—Ni-Cr—Al B
3aBUCHMOCTH OT COCTaBa U BPEMEHH OKUCICHUsI TIOBEPXHOCTH Ha Bo3ayxe // Di3uko-ximiuHa
MexaHika Marepiaiis. —2013. — Ne 2. — C. 410-414.

Yurii Solonin’, Oksana Galiy', Kateryna Graivoronska', Svitlana Petrovska'

EFFECT OF CHEMICAL STATE OF SURFACE OF Zr-Mn-Cr-Ni-Al ALLOY
EXPLOSED IN AIR ON ELECTROCHEMICAL PROPERTIES

!Frantsevich Institute for Problems of Material Sciences, NAS Ukraine
3, Krzhyzhanovsky Str., 03680 Kyiv, Ukraine

According to the research carried out by the method of cyclic voltamperometry, an electrode compressed
from air-exposed Zr-Mn-Cr-Ni-Al alloy powder during hydrogenation - dehydrogenation is faster and in
greater degree reaches a definite stable state compared with the electrode pressed from the as-prepared powder.
As a result electrode compressed from air-exposed Zr-Mn-Cr-Ni-Al alloy powder shows an increased cyclic
stability. The reason for greater electrochemical stability and, as a consequence, increased cyclic stability of
this electrode is the partial oxidation of the surface and the formation of a chromium oxide film during
exposure of the alloy powder in the air.

Key words: Zr-alloy, hydrogenation, exposition in air
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Thermodynamic databases consisting of accurately studied phase equilibria and
thermochemical data for silver-containing semiconductor compounds are the useful tools
towards improvements in technology of synthesis the superionic materials. A possibility
of attaining the peculiarly high ionic conductivity in a solid state is the characteristic
feature of the superionic conductors.

The general formula of argyrodite family compounds is 475, ., B" XY, (4: Cu,

Ag, Cd, Hg; B: Ga, Si, Ge, Sn, P, As; X: S, Se, Te; Y:ClL Br, Y; 0<z<1). Some
compounds are characterized by polymorphism. The high-temperature modifications of
compounds are crystallized in the space group F 4 3m and possess a high ionic (Ag")
conductivity due to lattice defects. The low-temperature modifications of compounds
have ordered structures. Silver-containing three-element phases (z=0) are characterized
by mixed ionic-electronic conductivity. The purely ionic conductivity is inherent to four-
element chalcogenides compounds Ag;B'VX5Y and AgeB"VX,Y, (B": Si, Ge, Sn). These
compounds belong to class of superionic materials [1].

In this work we present the phase equilibria in the Ag—Sn—Se-I system and
thermodynamic properties of the Ag;SnSesl compound.

The samples were synthesized from high-purity elements (99.999 wt% Ag, 99.999 wt
% Sn, 99.99 wt % Se, and 99.999 wt % I). Well-mixed blends of calculated quantities of
the elements and SnSe compound were placed into quartz ampoules and evacuated to the
residual pressure <1 Pa. Solid-phase synthesis of the Ag;SnSesl compound was perfor-
med at 680 K for 20 days. The phase compositions of the synthesized samples were
characterized by differential thermal analysis and powder X-ray diffraction (STOE
STADI P diffractometer, transmission mode, CuKa, radiation, a bent Ge (111) mono-
chromator, 26/® scan mode) techniques.

Potential-forming process was performed by applying the following electrochemical
cell (ECC): (-)|C|Ag|glass Ag;GeS;I|D|C|(+), where C is graphite, glass Ag;GeSsl is
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purely Ag" ions conducting electrolyte, D is composition from four-element phase re-
gion. Powdered cell components were pressed (P = (1.1  0.1):10® Pa) through the holes
of 2 mm diameter arranged in the fluoroplast matrix up to the density p=(0.93+0.02)-p,,
where py is the experimentally determined density of cast alloys [2]. The EMF values of
the ECC were measured using the voltmeter U7-9 electrometric amplifier which has an
input impedance of >10'* Q.

The phase equilibria of the Ag—Sn—Se—I system in the Ag,Se—SnSe—SnSe,—Agl part
that includes the Ag;SnSesI compound is shown in Fig. 1. According to obtained data, in
the phase region Ag,SnSesI-SnSe—AgSnSe,—Agl the quasi-ternary system is existed.
Compounds of this system Ag;SnSesl, SnSe, AgSnSe,, and Agl taken in molar ratio of
4:1:1:3 were used to prepare the positive electrode of ECC.

SnSe,

Se

/
Ag8 Snse6 Ag7SHSCSI

Fig. 1. The phase equilibria of the Ag—Sn—Se—I system in the vicinity of the Ag;SnSesI compound
Puc. 1. dazosi piBHOBaru cucremu Ag—Sn—Se—I B okodi coimyku Ag;SnSesl

The chemical reaction in the right electrodes of ECC can be expressed by reaction:
2Ag + 4AgSnSe, + Agl = Ag;SnSesl + 3SnSe. 1

The EMF data for the reaction (1) are presented in the form of a linear dependence of
the EMF (mV) on temperature (K):

E=(168.1% 1.1)+ (324.0 £ 2.1)-10>T: T = (500-540) K, 2)

The Gibbs energy, entropy and enthalpy of the reaction (1) can be calculated from
the EMF values of ECCs using the fundamental thermodynamic equations:

A,G=-zFE , A3)
A,S = zF (dE/dT), “
A H =—zF[E-T(dE/dT)], ®)

where z =2 is the number of electrons involved in the reaction (1), F' is Faraday constant,
and E is the EMF produced by the ECC.
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According to reaction (1), the Gibbs energy of formation and entropy of the quarter-
nary compound are related to the Gibbs energy and entropy of this reactions the follo-
wing equations:

AfG(Ag7SnSeSI) =A,G(1)- 3A,G (SnSe)+ 4A .G (AgSnSe, )+ A, G(Agl);  (6)
S(Ag,SnSe,I)=A S(1)-3S(SnSe)+2S5(Ag)+4S(AgSnSe, )+ S (Agl). (7)

By solving Egs. (3)—(7) and data of the pure components reported in [3, 4], the Gibbs
energy of formation and entropy of the Ag;SnSesl phase are found to be (440 + 5) kJ
mol ' and (643 + 9) J mol ' K, respectively. The standard thermodynamic functions of
the phase determined in this work supplement data for the complete thermodynamic
modeling of the 7—x diagrams of the Ag—Sn—Se-I system.

1. West A. R. Solid State Chemistry and its Applications. — John Wiley & Son, 2014. — 680 p.

2. Moroz M., Tesfaye F., Demchenko P. et al. Determination of the thermodynamic properties of
the Ag,CdSn;Sg and Ag,CdSnS, phases in the Ag—Cd—Sn—S system by the solid-state electro-
chemical cell method // J. Chem. Thermodyn. — 2018. — Vol. 118. — P. 255-262.

3. Barin I. Thermochemical data of pure substance. — VCH Weinheim, 1998. — 1885 p.

4. Babanly M. B., Yusibov Y. A., Babanly N. B. The EMF method with solid-state electrolyte in
the thermodynamic investigation of ternary copper and silver chalcogenides / Electromotive
Force and Measurement in Several Systems / S. Kara (Ed.). — InTech, 2011. — P. 57-78.
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BU3HAYEHHS TEPMOJAHAMIYHHUX BJIACTUBOCTEM CYIIEPIOHHOI ®A3H Ag;SnSesl
METOJIOM TBEPJOTLIBHOI EJJEKTPOXIMIYHOI KOMIPKA
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Meroaamu X-poMeHeBoro (ha3oBoro Ta AMQEpeHIiaIbHOr0 TEPMIYHOTO aHai3iB JOCiIKEeHO (Ha30yTBO-
pennsi cucremu Ag—Sn—Se-I B okomi cronyku Ag;SnSesl. Briepiiie BCTaHOBIEHO iCHYBaHHS KBa3iT€TpapHOI
cucremu Ag;SnSesl-SnSe—AgSnSe,—Agl. Ha 0CHOBI eKCIepUMEHTAIbHIX JaHUX 3allUCAaHO PIBHSHHSA MOTEH-
niandopmyrodoi XxiMiuHOI peakii, ska Oyna peanizoBaHa B elleKTpoximiuHiil komipii (—)|C|Ag|ckiao Ag;GeSsl|
D|C|(+) (C — ineptHi (rpadirosi) enekrpoan; D — crnas 3 yotupudasznoi obnacti; ckino Ag;GeS;1 — memOpana
3 cyTo ionHow Ag' mposimmicTio). Jlinitina minsuka 3anexuocTi EPC komipku Bin Temmeparypu (7=500—
540 K) BuxopucTaHa Juis po3paxyHKy CTaHIapTHHX TePMOIMHAMIYHHX QyHKLIN cynepioHHOi a3y Ag;SnSesl.
OTpuMaHi 3HAa4YCHHsSI TEPMOAMHAMIYHHX (YHKIIH YOTHpHENIEeMEHTHOI (a3u MOXKYThb OyTH BHKOPHCTAHI IS
MoJeoBaHH T—x niarpam craHy cucremu Ag—Sn—Se—] B HeNOCHI/UKEHHX IIISHKAaX KOHIEHTPALidHOTO
poOCTOpY.

Kniouosi cnosa: ¢pa3zosi piBHOBaru, TepMmoauHamivni Gynkuii, enepris [166ca, merox EPC
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Enexrpoocamkenns miroMoym(IV) okcuny — 1e ckiagHuil 0aratoctaaiiHuii mpouec,
3aKOHOMIPHOCTI IepeOiraHHs SIKOro 3ajJeXarh BiJl CKIIaJy EJEeKTPOJITY OCa/PKEHHS i
TiIPONMHAMIYHIX YMOB eneKTponizy. OCKUIBKM YMOBH OCa/PKEHHs BIUIMBAIOTH Ha
(bi3UKO-XiMIUHI BJIaCTHBOCTI 1 €JIEKTPOKATAIITHYHY AKTHBHICTH JIOKCHIAHOCBUHIIEBUX
KaTaJi3aTopiB, TO JJIsl KEPOBAHOTO BILIMBY Ha CTPYKTYPHI BiIacTHBOCTI Marepiainy (dpazo-
BUIl CKJIJl, TEKCTypa, MOpQOIIOris), HEOOXiTHO BH3HAYUTH 3arajbHi 3aKOHOMIPHOCTI
npouecy kpucramizamii PbO,.

[ 5 10 15 20 25
t/s

Puc. 1. XpoHnoammneporpamu npotecy eiaekrpoocamkeHHs PbO, 3 enexrpomity
0,01 M Pb(CH;3S03), +1 M CH3SO;H npu pi3HEX moTeHmiazax ocakeHns, MB:
1-1550;2 - 1600; 3 — 1620
Fig. 1. Current transients for PbO, deposition from 0.01 M Pb(CH;S0;),+1 M CH3SOsH
solution at different deposition potentials, mV: 1 — 1550; 2 — 1600; 3 — 1620

Jlnst mocmiKeHHsS TMOYAaTKOBHX CTadid mporecy Hykiearii PbO, 3 merancynbdo-
HATHHUX €JICKTPOJITIB HA IJIATHHOBOMY IMCKOBOMY €JCKTPO.i OyJIH OTpHMaHi XpPOHO-
amneporpamu (puc. 1). XpoHoamreporpaMu MOXYTh OYTH YMOBHO PO3JLJICHI HA KiJbKa
XapaKTepHUX JUISTHOK: CTPHOOK CTPyMYy B ITOYATKOBHMH TIEpioj MOJISIpU3alLlil eleKkTpoa,
IO BiJIMOBIJA€ 3apsHKCHHIO MOJBIHHOIO EJICKTPUYHOrO INApy; IHAYKIIHHHNA mepiof,
BIJMOBITHUH JI0 9acy, HEOOXiTHOTO Ul 1MoYyatky (a30yTBOPEHHS; MAKCUMyM CTPyMY,
00yMOBJICHU# 3MEHIIICHHSM KOHIIEHTPALlii eIEKTPOAKTUBHUX YACTOUOK Y MPU EIEKTPO/I-
HOMY TPOCTOPI 1 HACTYITHE AOCSATHEHHS KBa3iCTAI[IOHAPHOTO 3HAYEHHS CTpyMy. Xapak-
TEp XPOHOAMIIEPOTPaM BHU3HAYAETHCS MOTCHIIANIOM eNeKTpoaa. [Ipy HU3BKHX IOJIs-
pmsarisx (E=1,55 B) cmocrepiraerbcss MakCUMaNnbHUH IHAYKIIHHUN TIepion 3 MOJaNTb-
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IIMM PO3TATHYTUM MAaKCUMyMOM CTpyMy. 30UIbIIEHHS aHOJHOI IOJIsipu3altii MpuBOIUTE
0 iICTOTHOTO 3MCHIICHHS IHAYKIIHHOTO TEpioxy 1 3pOCTaHHS MaKCHMyMY CTPyMY.
[ToxiGHMIA XapakTep XpOHOAMIIEPOTpaM CBITYHUTH PO HASBHICTH YCKIAIHEHb Ha I0Yar-
KOBHX CTalifgX (a3oyTBOPEHHs Ta BKa3ye Ha Te, L0 HPOIeC Kpucraiizamii KOHTPO-
JIFOETHCS KIHETHYHOKO CTAIICIO.

[Ipu enmexTpooca/KeHHI TMOKPHUTTIB KiHETHYHI 3aKOHOMIpHOCTI IpPOILECy KpHUCTa-
Ji3auii i XapakTep yTBOPIOBaHOT KPHCTAJIIYHOI CTPYKTYPH OKCHJY 3aJeXaTh BiJl IIBHI-
KOCTI HyKJieallii, TOOTO IBUIKOCTI yTBOPEHHS KPUCTAIIYHUX 3apPOJIKIB, JIHIKHHOI IIBH]-
KOCTI KpucTaii3aiii ta ix cmiBBigHomieHHs. Hykneamnis PbO, BinmOyBaeThes 3a mporpe-
CHUBHMM MEXaHI3MOM SIK B METaHCYJIb()OHATHUX, TaK 1 B HITPATHUX EJIEKTPOJIITAX.
[epeBaxkarouoro reoMeTpHYHOI0 (POPMOIO KPHUCTATIB, II0 YTBOPIOIOTHCA, mpu 2] Hy-
KJlearil y BUIaAKy eJeKTPOIITIB Ha OCHOBI HITPaTHOI KUCIIOTH € KOHYcOIoiOHa GopMa,
a y BHIQJKY CJIEKTPONITIB HA OCHOBI METaHCYJIH()OHOBOI KHCIOTH KPUCTAIH (QOpMy-
FOTHCS Y BUTJISAII TEOMETPUYHOI (POPMH IIMITIHAPIB.

Iponec popmyBanHs HOKpUTT WIOMOYM(IV) OKCHIy HOYMHAETHCSA 3 YTBOPCHHS
KpucTaiiB o-}pazu. Uepe3 meBHUI MPOMIKOK Yacy MOXJIIMBE (pOpMyBaHHS KPHUCTANIB i
B-dazu. [Ipu 1poMy HEOOXiNHO Bif3HAYUTH, IO O- 1 B-Pazu MOXKyTh hOpMyBaTUCS OI-
HouacHo. [lepeBara B 3pocTanHi oHi€l a00 iHIIOT (ha3u BU3HAYAETHCS CITiBBIAHOIICHHIM
MIiX KiIHCTHYHHMH KOHCTAHTAMH 3POCTaHHS KPUCTAIB 0- 1 B-aszu. [Ipu 11boMy 3aK0HO-
MIPHOCTI HyKJI€allil 3aJ0BIJIbHO ONMUCYIOTHCSA KIHETHYHOI MojaeuTo AObeHa [1-2] (puc.
2):

(-in"* = [(ZFK)(t — to)* + 2FKp ((t — t5)°]", )
ne K, 1 Kg — yMOBHi KOHCTaHTH IIBHAKOCTI, 1[0 BU3HAYAIOTh KiHETHYHI 3aKOHOMiPHOCTI
3pOCTaHHsI KPUCTANIB BiIOBIAHOI (a3u y HANPSIMKY IEpIEeHIUKYIIPHOMY A0 NOBEPXHI

€JIEKTPO/Ia 1 PO3MOLN BEPTUKAIBHO MO MOBEPXHI; t, 1 ty — yac, 10 BiANOBiAaE MOYATKY
¢dopmyBanHs o-dasu 1 B-ha3u BignoBinHO.

"

(,)  [(mAlen?)

0,8+

0.4 4

|.I(I 24
t.c
Puc. 2. 3anexuicts (j-j;)"? Bix wacy ams nporpecyiodoro spocranns miom6ym(IV) okcnna 3
enextpouity 0,01 M Pb(CH;3SO;), + 1 M CH;SO;H npu 1,62 B
Fig. 2. Dependence (j-j1)""* from time for the progressive growth of dioxide of lead from
electrolyte of 0,01 M Pb(CH;S0;), + 1 M CH;SO;H at 1,62 V
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Tabmauus 1. [Tapamerpu mouatkoBux craniil kpucramizamii mroMoym(IV) okcumy

Table 1. Parameters of initial stages of crystallization of dioxide of lead

EsrextpoutiT ocaukeHHs K, monp-m ¢ K Momb-M ¢
0,1 M Pb(NOs),+1 M HNO; 4,34-10°° 3,85-10°*
0,1 M Pb(CH;S05),+1 M CH;SO;H 1,23:107 7,44-107

Heo0xigHO 3a3Ha4YNTH, MO AJIS HITPATHOTO €NEKTPOIIITY KOHCTaHTH HyKJeamii o i B—
¢a3 PbO, BiApi3HAIOTECS HE3HAYHO, a Y BUMANKY METAHCYIH(OHATHOTO EICKTPOIITY
crocrepiraeThes repepara y popmysanHi a—¢azu PbO, (Tadm. 1):

BinmMiHHOCTI B 3aKOHOMipHOCTSAX (hOpMYyBaHHS IBOMIpHHUX 3aponkiB rmrroMOym(IV)
OKCHJY 3 METaHCYJIb()OHATHOTO €JEKTPOJITY MOPIBHSHO 3 HITPATHUMH, IMOBIPHO, MO-
KYTh OyTH TOSCHEHI YTBOPEHHSAM KOMIUICKCHHX CIIOJYK IUTFOMOYyMYy 3 MeTaHCYIb(ho-
HOBOIO KHCJIOTO0. Tak y BUNaAKy METaHCYJIb(POHATHOTO €JIEKTPOIITY 3 00'eMy PO3UHHY
Ha MOBEPXHi 3pOCTAI0YOro OKCUAy MOXYTh aacopOyBatucs yactku tuiy Pb(CH;SO;),,
Pb(CHg,SOj;)Jr abo Pb(CH3SO3)37

3MiHa KiHeTHYHMX napametpiB 2/] nyxieanii mmomOym(IV) okcuny iMOBipHO BIUTH-
He Ha 3/] kpucramizamiro ocany, i, IK HACTiIOK, Ha (ha30BUH CKIIaJ MOKPUTTIB. XapaKTep
i xiHeTmyHi mapameTrpu 2] Hykieamii KpHCTaNiB IUTFOMOYM MiOKCHAY TO3BOJISIFOTH
MIPOTHO3YBAaTH (Ha30BUH CKIIa] MOKPHUTTIB.

1. Abyaneh, M. Y., Saez V., Gonzalez-Garcia J. et al. Electrocrystallization of lead dioxide:
Analysis of the early stages of nucleation and growth // Electrochim. Acta. — 2010. — Vol. 55. —
P. 3572-3579.

2. Abyaneh, M. Y. Electrocrystallization: Modeling and Its Application / Developments in Elec-
trochemistry: Science Inspired by Martin Fleischmann. — 2014. — P. 49-65.

Tatiana Luk’yanenko, Oleksandr Velichenko
LEAD DIOXIDE CRYSTALLIZATION

! Ukrainian State University of Chemical Technology, Department of Physical Chemistry,
8, Gagarina Ave., 49005 Dnipro, Ukraine, e-mail: tluk@ukr.net

During the electrodeposition of lead dioxide the simultaneous formation of two phases (a- and B-phase)
may occur. Film electrodeposition begins with the formation of a-phase, and only then the formation of B-
phase or two-phase deposition simultaneously begins. The nucleation of PbO, occurs through the progressive
mechanism both in methanesulfonate and nitrate electrolytes. However, the preferred form of crystals at 2D
nucleation in the case of methanesulfonate electrolyte is the cylinder, and in the nitrate electrolyte the crystal
formation occurs in the form of cones. Rate constants of nucleation of a and B-phases of PbO, in the nitrate
electrolyte differ slightly, and in the case of methanesulfonate electrolyte there is a predominance of a- phase
forming. An increase of methanesulfonate ions in the deposition electrolyte changes the ratio between a- and
B-phase crystallization constants. The character and kinetic parameters of 2D nucleation of lead dioxide
crystals allow one to prognoses the phase composition of coatings.

Keywords: lead dioxide, methanesulfonate/ nitrate electrolyte, nucleation and growth, crystal shape,
progressive growth



124

VIII Ykpaincokuii 3’130 3 enekmpoximii

VK 544.6

Nina CHORNENKA', Yan VOLOSHIN’, Valery KALINICHENKQ®, Irina BELAYA®,

Margarita BUGAENKQ?, Alexey LOKTEV?, Alexey DEDOV*

EIECTROCHEMICAL PROPERTIES OF THE IRON(I)
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T The detailed cyclic voltammetry (CV) study of the
o—=B~o iron(IT) clathrochelates with one, two or six terminal
Q] \/\/@ (poly)aromatic group(s) (Scheme, [1]) in a wide range
Nl//,,,._ N }NQ, . .

ftedt =7 of scan rate of the potential using glassy carbon (GC)

. \.wgs “, . .
NN N and Pt working electrodes was performed. Their CVs
O\B/O/O contain the single one-electron quasireversible Fe*™*
| OQO reduction wave in the cathodic potential range and one
R =n- uR F or two oxidation waves in the anodic range, assigned to
n=1-6 Oe a metal-centered Fe>™* process and to oxidation of their

Scheme OO | n polyaromatic terminal group(s). The potentials of both

the reduction Fe’"’" and oxidation Fe*"** processes are
shifted in the cathodic range as compared with their halogenoclathrochelate precursors
and the values of shifts are substantially affected by a material of the working electrode;
the electrochemical characteristics of the metal-centered waves suggest their diffusion-
controlled character.

Plots of the current peaks versus v’ for the second anodic waves suggest a more
complex diffusion—kinetic controlled character of these oxidations; for the dipyrenyl-
terminated cage complex (Scheme), the plots of the peak potentials versus Ino allowed to
obtain the corresponding average values of the apparent charge transfer coefficient a for
both these electrodes. These values are evidenced a very slow rate and irreversible
character of this redox process.

For the cathodic wave in CVs of the clathrochelate FeBd,((Naph(CH,);S)GmH)(BF),
(R=F, n=1; Fig.1, a and b) on both the electrodes, the plots of its current peak versus o?
are linear regression and it extrapolates to a zero value of the potential, thus suggesting
the diffusion-controlled character of the corresponding Fe*"’" reduction, localized on an
encapsulated metal ion. For the first and third oxidation anodic waves, the corresponding
plots are also linear and their extrapolation to a zero value of the potential gave the i,
values of 6.05-107° and 4.65-10™° A, and of 1.96-10~° and 2.72-10° A on GC and Pt elec-
trodes, respectively. This suggests an occurrence of the chemical reactions occurring be-
fore these ET processes, and their mixed diffusion-kinetic controlled character as well.

These anodic waves were assigned to the metal-centered Fe?”** oxidation and to the
oxidation of the single polyaromatic terminal group of the molecule FeBd,((Naph-
-(CH,);S)GmH)(BF),, respectively. Between these first and third oxidation waves, CVs
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of this clathrochelate contain the second anodic wave, the current peak of which linearly
depends on a scan rate of the potential, but not from »"?, thus suggesting its adsorption
character. An extrapolation of the corresponding plots on a zero value of the potential
gave the i, value of —=1.93-10° and —9.81-107" A for GC and Pt electrodes, respectively.
So, these plots of the adsorption current peak versus a scan rate of the potential are
affected by a material of the working electrode and are characteristics of the redox-
processes following the previous chemical reactions.

14)
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Fig. 1. CVs for ImM acetonitrile solution of the clathrochelate FeBd,((Naph(CH,);S)GmH)(BF),
on GC @Y #nd Pt (b) electrodes aft those of its analog FeBd#(Phen(CH,);S)GmH¥B?), (¢ and d)
at scan rate in the range 10-100mV/s
Puc. 1. [IBA B 1MM po3uuni MeCN xnarpoxenary FeBd,((Naph(CH,);S)GmH)(BF), na
CKJIOBYTJICLIEBOMY (2) Ta IUTaTHHOBOMY (0) enexkTponax Ta Horo aHajiora
FeBd,((Phen(CH,);S)GmH)(BF), (c Ta x) npu v=10-100 mB/c

For the cathodic and the first anodic waves in CVs of the complex FeBd,((Phen-
-(CH,);S)GmH)(BF),, the plots of their current peaks versus v’” are linear regressions
and they extrapolation to a zero value of the potential, thus suggesting the diffusion-
controlled character of the metal-centered processes of both its cathodic reduction Fe**’*
and the anodic oxidation Fe***. The second anodic wave was observed only at high
scan rates of the potential, while this wave disappeared at low scan rates of 30 and
10 mV/s, thus suggesting its adsorption character. Indeed, at a low scan rate of the
potential, the rates of physical adsorption of the molecules FeBd,((Phen(CH,);S)-
-GmH)(BF), on the surfaces of both these electrodes become a comparative with those
of their desorption from these surfaces in a bulk solution.

CVs of the hexafunctionalized iron(Il) cage complexes (Scheme, R = n-Bu, n = 6)
were recorded from their dichloromethane solutions because of their insolubility in
acetonitrile; those at scan rate from 10 to 100 mVs ™" are shown in Figs. 2. For the catho-
dic and anodic waves in CVs of napthyl-terminated analog Fe((Naph(CH,);S),Gm);(Bn-
Bu), (Fig 2, a and b), the plots of their current peaks versus v are also linear
regressions and they extrapolate to zero at a zero value of the potential, thus suggesting
the diffusion-controlled character of these redox processes on both the electrodes.

The plots of the cathodic current peak in CVs of the hexaphenanthrene cage complex
Fe((Phen(CH,);S),Gm);(Br-Bu), versus v (Fig. 2, c and d) are the linear regressions
for both GC and Pt electrodes and they extrapolate to zero at a zero value of the
potential, thus suggesting the diffusion-controlled character of the metal-centered Fe?"’*
reduction; the same behaviors was also observed for its first anodic oxidation Fe*™*"
wave. In contrast, the plots of the current peaks of the second oxidation wave versus v*?
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are also linear regressions, but their extrapolation gave the i, values of 4.69-10® and
1.35:10° A on GC and Pt electrodes, respectively, thus suggesting an occurrence of the
chemical reactions, before this electrochemical oxidation of the terminal polyaromatic

groups [2].
A
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Fig. 2. CVs for ImM CH,Cl, sglyt'on of the complex Fe((Naph(CH,);S),Gm);(Bn-Bu), on
GE () and Pt (b) electrodes’n those of Fe((Phen(CHH,S),Gm)s;(Bn-Bu), (i d)
at scan rate in the range 10-100mV/s

Puc. 2. [IBA B 1MM po3uuni CH,Cl, knarpoxenary Fe((Naph(CH,);S),Gm);(Bn-C4Ho),
Ha CB (a) ta IIT (6) enextponax Ta iioro ananora Fe((Phen(CH;);S),Gm);(Bn-C4Hy), (6 Ta 2)
mpu v=10-100 mB/c
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EJEKTPOXIMIYHI BJJACTUBOCTI KJIIATPOXEJIATIB 3AJII3A(II) 3 TEPMIHAJIBHUMH
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BuBYEHO OKHMCIIOBaIBbHO-BITHOBHI BIACTUBOCTI Kiarpoxenari 3aniza(ll) 3 oxHiero, [BoMa 4M 1icThoMa

TepMiHaJIBHUMH [OJIIapOMaTHYHIMHU TPYIIaMH Ha CKJIOBYIJICIIEBOMY Ta IUIATHHOBOMY enektponax. Ha [IBA B
KaToJHit 06nacTi criocTepiraeThcs KBa3ioGOpOTHA OJHO EIEKTPOHHA XBUJIA BifHOBIeHHA iona Fe™, a B
aHO/HI 007acTi — OJHA YM JBI XBWII, IO BIANOBIJAIOTH MPOLIECY OKMUCICHHS METalIO-IIEHTPa Fe*™" ra

BIJINIOBIJTHAX TEPMIHAJIBHUX MOJIaPOMATHYHUX TPYIIL.

Kniouogi cnosa: WUKIIYHI BOJIbTaMIIeporpamu, kiarpoxenary 3aniza(ll), repminanbHi noniapoMaTHyHi TpyIu
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Dedip MAHUIEBHY, Anopii KYI[HH, JTeonio KO3IH

3AKOHOMIPHOCTI BUJALJIEHHA BOJTHIO 3 PO3UMHY CIPYAHOI
KHUCJIIOTH HA KATOJAX HA OCHOBI MOHOKAPEBIJY BOJIb®PAMY 3
JAOBABKAMMU METAJIIB Ib, IVb, TA Vb ITIIAT'PYII

ITnemumym 3a2anvroi ma neopeaniunoi ximii imeni B.1. Bepnadcwvikozo,
npocn. Axaodemika [lannaoina,32/34, 03680 Kuis-142, Ykpaiua,
e-mail: fedor@jionc.kar.net

JIyisi KaToJHOTO BUJIUICHHS BOJHIO 3 BOJAM 3 HHU3BKOI IEPEHANpPYror HeoOXiqHi
€JIEKTPO/JH 3 BHCOKOIO KaTaJITHYHOIO aKTHBHICTIO B IIbOMY €JIEKTPOJHOMY ITpOLeci Ta
BHCOKOIO PO3BMHEHICTIO NOBepXHi. B psni poOiT [1-5] moka3aHo, 1110 BUCOKY €JIEKTpPO-
KAaTaTiTHYHY aKTHBHICTh B PEAKIIAX pPO3PALy-iOHI3alii BOJHIO MPOSBISIE MOHOKapOig
Boub(pamy. Ilpu mpoMy BiH CTifiKuil 40 KOpoO3ii i HeUyTIMBHA 10 Hii Oaratbox Kara-
JITHYHUX OTPYT. BpaxoByroum Taki BIACTHBOCTI, a TaKOX BiAHOCHO HU3BKY IiHY WC
MOXKHa PO3IJLIOAaTH HOro sSK albTepHaTUBH JOPOTMM IUIATHHOBUM Karaii3atopam. B
IaHiil poOOTi po3poOIIeHi eNeKTPOAN Ha OCHOBI MOPOIIKY MOHOKapOigy Boibdpamy, B
ToMy uHcii, 3 qodaBkamu Metani Ib, IVb ta Vb ninrpyn Ilepioanunoi cucremu ene-
MEHTIB Ta JIOCHI/PKEHI 3aKOHOMIPHOCTI KaTOAHOTO BUAUJICHHS BOAHIO Ha HUX 3 1 M po3-
YHHY Cip4aHOI KHUCIOTH.

JIysi BUTOTOBIICHHS €JICKTPO/IIB BUKOPUCTAIH MOpoinok WC, onepkaHuil B pe3yJib-
TaTi KapOoHi3alii OKCHIY BOJb(ppaMy HIISIXOM HarpiBaHHS HOTO CyMmilli 3 ByIJIeLEeM JI0
1800-2000 °C B atmocdepi BoaHto. CepeaHiil po3Mip 3epeH MopomIKy KapOiay ckianas
6.0 mxM. Ha penTreHiBebKiit qudpakrorpami onepkaHoro Mopouiky OyJiu 3apeecTpoBaHi
JIMIIe KU MOHOKapOiny Bosbgpamy. [Topomok WC 3minryBanu 3 100aBKOIO MOPOIIKY
Metana-monudikaropa (5-20 mac.%) Ta 3 3 % BOXHMM PO3YMHOM ITOJIBIHIJIOBOTO CIIHP-
Ty. CepenHi po3MipH 3epeH MOPOIIKiB MeTaiB-MeIu]ikaTopiB Oyau HACTYTHUMHA: Ag —
19.1 mxm, Cu — 41.8 MM, Ti — 64.5 mxm, Hf — 17.6 MM, V — 27.2 mxM, Nb — 53.4 MKMm.
MacoBa yacTka OCHOBHOTO METally Y BUKOPUCTAaHHX MOPOLIKAaX METAJiB NEepeBHUIIyBaja
99 mac.%. OgxepkaHy CMETaHONOAIOHY CyMIIl HAHOCHJIM Ha IUIETEHY HIKEJIEBY CITKY.
Jani enextpoay CymnIM B CyMIWIbHIHA mwadi nporsrom 5 roaun npu 200-250 °C i crmi-
KaJlil y BEpTHKAJbHIN TepMormedi B aTMocdepi aproHy MmpoTsIroM 25 TOIWH NPH TeM-
nepatypax 9001350 °C. Ilepen mpoBeaeHHIM TOSIPU3AIIMHAX BUMIpIOBaHb HEpoOOTy
MTOBEPXHIO €JIEKTPO/IIB 130JII0OBAIN €TIOKCUIHUM JaKoM. [liomia po6o4oi moBepxHi enek-
TPOZiB, PO3PAXOBAHA 33 TCOMETPUIHIMHU PO3MIpaMHu, CKIafana 2 cM.

KineTuky BHIIIICHHS BOAHIO Ha OMKMCaHUX BuIle kaToxax 3 1 M posuuny H,SO, a-
OCITIIMJIH MIUIAXOM OJICPXKAaHHS Ha HUX MOBUIBHUX MOTEHIioquHaMivHux (2 MB/c) kaTon-
HUX IOJISIpU3AliMHIX KPUBHUX B Jiarna3oHi Temneparyp 25-85 °C. Ha puc. npuseneHi
OJIcpKaHi MOJIApHU3alidHI KPUBI BUIUICHHS BOJHIO HAa JOCITI/DKCHHX KaToaax B KOOp-
JMHATax TYCTHHAa CTpyMy — IepeHarpyra ta B TadeneBHX KoopauHaTtax. BumHo, 110
BBeqicHHS B nopomok WC mo6aBok meraiB Ib, IVb ta Vb miarpyn cyTTeBo BIUIHHYIIO
Ha MepeHanpyry KaToAHOTO BUIIJICHHS BOIHIO HAa BUTOTOBJICHUX CJICKTPOJAX, IPUIOMY
enektpoau 3 mobaBkamu Ag, Ti ta Hf Oynm Ounbm, a enekrpoan 3 mobaBkamu Cu, V Ta
Nb MeHm akTHBHUMH, HiX enekTpomu Ha ocHoBi WC 0e3 mo0aBok. 3Ha4eHHS Iepe-
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Halpyryd BUAIJICHHS BOJHIO HA HaWaKTHBHIIINX €JEKTpojaax Oym3bKi 10 ii 3HaueHb Ha
CJICKTPOJIaxX 3 IUIATHHOBUMH KaTalli3aTOPaMH.

Ha monspmsaniifHnx KpuBHMX B TadelleBUX KOOpPIAMHATAX HAsBHI MPAMONIHIAHI
IUTSTHKY, aHaJi3yrouYd AKi BH3HAYMWIN TadeneBi KoedilieHTH a Ta b, a TaKOX CTPyMHU
0OMiHy i, (IuB. Tabx.). 3a TeMIEpaTypPHOIO 3aJEKHICTIO CTPYMIB OOMIHY pO3paxyBajd
peansHy SHEepriio aKTUBAIIi] eJIEeKTPOTHOTO TPOLECY A..

i MA/eM -1,. MB
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03
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Puc. Tonspuzauiiini kpusi BuaiaeHHs BoaHto 3 1 M pozunny H,SO, (55 °C) Ha HacTynmHEX
katomax: [ — WC; 2—WC + 10 mac.% Cu; 3 — WC + 10 mac.% Ag; 4 — WC + 10 mac.% Ti; 5 —
WC + 10 mac.% Hf; 6 - WC + 10 mac.% V; 7— WC + 5 mac.% Nb + 5 mac.% Cu B KoopanHaTax
iy - Nk (@) Ta B TadeneBux KoopauHatax (0)

Fig. Polarization curves of hydrogen evolution from 1 M H,SO, (55 °C) at following cathodes: 7 —
WC; 2-WC+ 10 wt% Cu; 3 — WC + 10 wt% Ag; 4 — WC + 10 wt% Ti; 5 — WC + 10 wt% Hf; 6
—WC+10wt% V; 7— WC + 5 wt% Nb + 5 wt% Cu in i, — 1 (a) and Tafel (b) coordinates

Ta6muus. Kinernuni napamerpu BuaineHss BoaHio 3 1 M pozunny H,SO, Ha mocmimpkennx
enexkTpoaax mnpu 55 °C

Table. Kinetic parameters of hydrogen evolution from 1 M H,SO, at investigated electrodes at

55°C
Enextpon ¥, B -a, B -b,B i,, Alem? A, k]JIK/MOITb

wC 0.234 0.403 0.137 1.14-10° 84.7

WC + 10 mac.% Cu 0.249 0.359 0.090 1.03-10* 56.4

WC + 10 mac.% Ag 0.229 0.410 0.150 1.85-107 92.5

WC + 10 mac.% Ti 0.177 0.292 0.097 9.90-10* 32.7

WC + 10 mac.% Hf 0.113 0.245 0.099 4.70-107 20.6

WC + 10 mac.% V 0.254 0.335 0.082 8.22:10° 74.7

WC + 5 mac.% Nb + 5 mac.% Cu 0.347 0.443 0.095 2.17-10°° 109.6

*[Ipumitka — [pu rycrumi crpymy 50 MA/cm?

Sk BUIHO 3 aHUX, HABEJCHUX B TabJ., HAWOIBII aKTUBHUMHU B PEAKIlii KaTOIHOTO
BUIJICHHS BOIHIO BHSIBWIHCH ejekTpoau 3 modaBkoro Hf. Ha takux emextpomax 3ape-
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€CTPOBaHI HaWHW)KYa IMEPeHANpyra, HAHBUINUI CTpyM OOMiHYy, HalMCHINEC 3HAYCHHS
TageneBoro KoedimieHTa g Ta HAWHIKYA CHEPTis aKTUBAIIil eeKTpoaHOoTo mporecy. Ki-
HETHYHI XapaKTePUCTUKH CBiT4aTh, mo BBeAeHH:S B opormok WC nobasok Ti ta Ag Ta-
KO>X TIPUBEIIO O ITiJBUIICHHS aKTUBHOCTI €IEKTPOIIB, TOII K €NEKTPOAX 3 JOoOaBKaMH
Cu, V Ta Nb Oyiu MeHII aKTHBHAMH, HIX €JIEKTPOIH 0e3 T00aBOK METaIiB.

3HaveHHs KyToBoro TtadeneBoro koediuienra 01au3bki 10 Beauuunu 2.303RT/(oF),
OTXe NMOBIPHMMHU MeXaHi3MaMH BUIUICHHS BOJIHIO Ha JIOCHI/DKEHUX KaTOAax € Mexa-
Hizmu @onbmepa-Tadens Ta Donbmepa-I eiipoBebKoro.

30inblIeHHS BMICTY JOMIMOK B cymimi 3 noporikom WC Big 10 mo 20 mac.%, a Ta-
KOXX BapilOBaHHs TEMIIepaTypH CIiKaHHs eleKTpoaiB B miamasoHi 900-1350 °C necyt-
TEBO BILTMHYJIO HAa 3aKOHOMIPHOCTI BUJIIJICHHS BOJIHIO. JIOCTIKEHI KATOAU MAJIA PO3BU-
HEHY IIOBEPXHIO 1 OyJIM TOCTaTHHO MEXAHIYHO Ta KOPO3iMHO CTIHKUMU IIPU BUIUICHHI Ha
HUX BOJIHIO.
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Electrodes for hydrogen evolution from 1 M H,SO4 have been made by fritting tungsten carbide powder,
including with additives of Ib, IVb and Vb subgroup metals, on a nickel mesh. By means of polarization
measurements it has been found that the electrodes with hafnium additive were most active in this electrode
process. The additives of titanium and silver also improved the kinetic parameters of hydrogen evolution,
whereas addition of copper, vanadium and niobium led to decrease in electrode activity. It has been shown that
Volmer—Tafel and Volmer—Heyrovsky mechanisms of hydrogen evolution are possible at all investigated
cathodes. The made electrodes had a developed surface and were sufficiently mechanically strong and
corrosion-resistant under hydrogen evolution at them from the acid solution.
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[Monianinin (ITAH) € ogHUM 13 HAaHOLIBII MOCHIIKYBaHUX EJIEKTPONPOBIIHUX ITOJI-
MmepiB (EIIIT), 3aBasku cBOii BUCOKIHM €JIEKTPOIPOBITHOCTI, IPOCTOMY CHHTE3Yy Ta Tep-
MiuHilt crifikocti. Ocampkenns EINI Ha npo3opux IITiBKOBHUX cyOcTpaTax J03BOJISIE T10-
€IHATH MEXaHIYHI BIACTHUBOCTI cyOcTpaTy Ta enektpuuHi BnactuBocti EININ. Hampuk-
nan, rayuka miiBka 3 [IET, mokpura I1AH, HaOyBae enekTponpoBinHocTi 3aBasku [TAH.
Taxi THydYKi KOMITO3UTHI IDTIBKH € IEPCICKTHBHAMU JIJIsI CTBOPEHHSI CEHCOPHUX MaTepia-
niB [1], enekTponpoBiAHUX TKaHUH [2], MaTepialiB A eKpaHyBaHHS EIEKTPOMArHiTHAX
nepemko/ [3], ynerpadioneroBux [4] AeTEKTOPIB TOIIO.

BopgHouac enekrporpoBiaHicts [TAH MOXKHA 3MIHIOBATH OLIbII HIX Ha JECATH I0-
PAIKIB IUISIXOM JIOIYBaHHS PI3HUMH KHCIOTaMu. ToX XiMiYHEe OKHMCHEHHS aHiIiHY Mpo-
BOJIWJIM aMOHIH NepOKCOAMCYIb(PaTOM y BOJHHMX PO3YMHAX OpTaHiuyHHMX (OKcajaTHa
(OK), nurparna (LIK), s6nyuna (SIK)) ta HeopraniuHuX (XJ0pupaHa, cyibdarHa, oc-
(baTHa) KHMCIIOT 3a HAsSBHOCTI pI3HMX MarepianiB. SIk MaTepiaau Ui MaTpHIb BHKO-
pHcTaHo NpUpoaHUI MiHepan raaykoHiT ('), momimepHi matepianu (nomieruneH (I1E),
nomietunenrepedranar ([IET), amerar memonosu (ALl), memonosy (Ilm)). Ilpomecy
ocamkeHHs [TAH Ha cyOCcTpaTH-MaTpHIli TIepeayBaia aacopOILis aHiIiHy Ha MaTPHUII.

[Mutomy enektpomnpoBiaHicTs 3paskiB [TAH, komnosutiB ['/T1AH, ['m, L/TIAH Ta Ln
BH3HAYAJIM 3a pe3yJbTaTaMi BUMIPIOBaHHS OMOpY R B YapyHKaX THITy “‘CaHIBIY” 3a HO-
OMOrol0 MyJibTHMeTpa Mapku Rigol DM 3068 3a Temneparypu 20 °C Hopomkonoi6Hi
3pa3Ky MOJIiMepy Ui KOMIIO3HTIB MPECyBaN Y TaOJIETKH TOBIIMHOIO 4 ~2 MM 1 pagiycoM
r ~ 9 MM y MeTtaneBiit mpecgopmi 3a Tucky 150 aTm/cM? YIOPOIOBXK 5 XB 32 TEMIIEPaTypH
20 °C. BuxopucToByloun BHUMIpsHI 3HA4eHHS EJICKTPUYHUX OIOPIB, PO3PaXOBYBAIU
MTUTOMY €JIEKTPOIPOBIAHICTE ) 3a (GOPMYIIOIO:

x = h /(ur’R). (1)

BumiproBanHsi noBepxHeBoro ornopy miiBok [TAH Ha nocnimkyBaHuX cyOcTparax
3MIACHEHO 332 MOAM(DIKOBAHUM HAMH METOJOM, 3alpPONOHOBaHUM y poboti [5]. s
L[LOTO EJIEKTPUYHHIA OMip 3pa3KiB BUMIpIOBAIN 3a JOMOMOroo MylsisTuMerpa Rigol DM
3068 B cratnuHOMY peXXnMi ycepeqHeHHs aaHux. [loBepxHEeBHii omip 00YHCIIOBAIM 32
PIBHSHHSIM:

R,=R xL xW7, )

ne Rs — moBepxHeBuii omip, OM/kBazpart; R — omip, Om; L — BiZicTaHb MiX €JIEKTPOIaMHU,
MM; W — lIupuHa e1eKTPOAA, MM.
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Tadmauus 1. Enexrponposinaicts 3paskiB [1AH, kommo3uriB ['1/I1An Ta I'n

Table 1. Electrical conductivity of samples of PAn, composite GlI/PAn and Gl

Ipasox +5-10°, Cmem™!
HCI H,SO, K OK K
[AH 0,263 0,110 0,048 0,05 0,122
/A= (1:1) 0,041 0,020 0,0092 0,0024 0,029
In 6-10°

Ta6mamus 2. [ToBepxueBuii enexTpudHuii omip (R;) riiBok ITAH Ha HONIMEpPHUX MiAKIaIKax

Table 2. Surface electrical resistence (R) of PAn films on polymeric substrates

Kinpkicts mapis [TAH R0,1, MOwm/mutorry
ITE/T1Au TTET/TIAn ALV/TIAH
1 20,3 6,1 1,2
2 21,7 3,9 1,0
3 10,1 2,4 0,9
4 15,6 2,3 9,8

EnexrponpoBigHicTs KoMo3uTiB [TAH/I1, 3a71€KUTh Bi IPUPOAN KHUCIIOT-AOIAHTIB,
sSIKi BAKOPHUCTOBYBAJIU JUIsl CTBOPEHHS KMCJIIOTHOTO cepeoBuiia (Tadi. 1).

Sk BUIHO 3 Tabu. 1, HAKMBUILOIO € EJIEKTPONPOBIHICTH KOMIIO3UTY, CHHTE30BAaHOTO B
0,5M pozuuni HCI [6], H,SO4 [7], 5K [8], OK [9] i LIK [10]. EnexrponpoBiaHicTh
KOMITO3MTIB 1ipH criBBinHomeHHi [TAH : I'n piBHOMy 1 : 1, npakTH4yHO, B II’Th pas3iB €
HIDKYOIO 32 eJIEKTPOIpoBinHicTs ITAH, TOOBAHOTO BiAMOBIAHUMYU KHUCIOTaMu (Tadm. 1).
30inbiIeHHs BMicTy ['1 y koMno3uTHuX Marepianax i3 [IAH npu3BOANTH 10 3MEHIICHHS
iXHBOI TUTOMOI EIEKTPOIPOBITHOCTI.

AHaii3 3HaueHb MMOBEPXHEBUX eNeKTpuaHuX onopiB riBok [1AH Ha [1E, [TET Ta ALl
cyOcTpaTax mokasas, 0 MPHUPOIa cyOCcTpaTy i 30UThIIEHHS KUTBKOCTI ocamkeHoro [1AH
(TOBIIMHA IUTIBKK) BIUTMBAE HA BEIMYMHH ITOBEPXHEBOTO €ICKTPUIHOTO OTIOpY (Tadi. 2).
3okpeMa, s TOHKHX IUTiBOK [TAH XapakTepHa HHM3bKa MPOBIIHICTH Yepe3 HasBHICTH
HelnocTaTHbol KinbkocTi [TAH naHUorIB, SKi EpeKpUBatOThCs. Buii 3HaueHHs R IUis
onHomapoBux MIiBoK [TAH (Tabu1. 2) 3yMOBIIEHI IXHBOIO «PO3ITYLICHOI» MOP(OJIOTIETO,
CIPUYMHEHO0 KuciioToro-nomanToM (LK), BHacHizoKk yoro He 3a0e3MeUy0ThCS XOPOIII
€JIEKTPUYHI KOHTaKTH MDK MakKpOMOJIEKYJaMH Ta MaKpOMOJIEKYJSIPHUMHU arperaramu
ITAH. 3MeHmeHHs R 31 30i1bLICHHIM TOBIIMHY mapiB [IAH crippuunHeHe yniibHEHHIM
MaKpOMOJIEKYJIIPHUX arperariB Ha rorepeanso chopMoBanux mapax (1-3 map) miiBok
[TAn. [Momanpme 3poctaHHs R (4 mrapwm) 3yMOBJICHE YTBOPEHHSIM TPIIIMH HA IUTIBII
[TAH, BHacmigoK 1i miHIIHOT ycanku. Hrkdi 3Ha4eHHS MOBEPXHEBUX OIOPIB (Tabi. 2)
mwiiBok ITAH, ocamkenux Ha ITET 1 AIl ctocoBHO miiBok ITAH Ha I1E, MoskHa mOSICHUTH
YTBOPEHHSIM KOMITAKTHIIOI cTpyKTypHu [TAH, BHACIIZOK YTBOPEHHS MIKMOJICKYIISIPHHX
BOJHEBUX 3B’3KiB Mik I[IAH 1 ¢yHKIiOHaNMPHUMH TpymaMu cyOctpariB. Haitamkdi
3Ha4eHHA R MPOCTeXyIOThCs s MIiBoK IIAH, yrBopeHnx Ha All, sika MiCTHTH Haii-
OinbIlly KUIBKICTh (DYHKI[IOHAJBHUX TPYI, 1, BIAMOBIJHO, CHOpUSE Kpaulii B3aemoii
MakpomoJiekyJ [TAH i3 MOBEpPXHEIO JAaHOTO CyOCTpaTy.
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Takum YHUHOM, HOCJ’IiZ[)KCHO eHCKTpOHpOBiHHi BJIACTHBOCTI  KOMIIO3UTHHX

MarepiaiiB Ta BUBUCHO BIUIMB Ha HEl IPUPOIH CyOCTpaTy-MaTpHIi Ta KUCIOTH-IOMAHTA.
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Different forms of conductive polymer — polyaniline (composites and films) were obtained and

characterized. Electrical conductivity of the obtained forms was investigated. The influence on the conductivity
of polyaniline of dopant acid and substrate matrix has been established.
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HusbkoTtemrieparypHi eBTekTHuHiI po3unHHuKH (deep eutectic solvents, DES), ymep-
e cuaTe3oBani E66oTToM (Abbott) Ta ciBaBTOpamu [1], € cymimmaMu NeBHUX OpraHid-
HUX Ta (a00) HEOPraHIYHUX CIIONYK €BTEKTHYHOTO CKIany (200 OJIM3BKOTO JJO EBTEKTHK-
Horo). OxgauM i3 kommoHeHTIB DES €, sk mpaBmio, rajJoreHil 4eTBepTHHHOT aMOHI€BOT
OCHOBHM (Hal9acTimie B poii Takoi coii BUKOpUCTOBYIOTH xiopun xomiHy (ChCl)), sxwit
Yy CyMIMIi € aKmenTopoM BOAHEBOro 3B's3Ky. IHmmM kommoneHToM DES € abo comb
MeTaly (rajoreHin) abo Tak 3BaHMK JOHOP BOJHEBOTO 3B'S3Ky (0araToaToMHi CHHPTH,
amian, kapOoHOBI kKucioTH TOmo) [2]. V pesynbraTi opMyBaHHS KOMIUIEKCIB 3a paxy-
HOK BOJIHEBHX 3B'SI3KIB (HAIPHKIIAJ, MiXK TaJIOTeHII-IOHOM YeTBEpTHHHOI aMOHI€BOI COJi
Ta MOJIEKYJIOIO JIOHOpa BOAHEBOTO 3B'A3KY) (POPMYEThCS CyMIlI, TEMIIEpaTypa 3aTBep-
JUHHS SIKOI CYTTEBO HW)KYa, HDK TeMIeparypa 3aTBEpiHHS OKPEMHX KOMIIOHEHTIB.
Ximiunnii ckiman DES ymoBHO Moke OyTH BUpakeHMH 3arajibHOIO ()OPMYJIOIO Hac-
TYIHOTO BUIIIANY [2]:

Cat'X zY,

ne Cat” — oHieBuii KaTioH (KaTioH TeTpaalKin3aMillleHOT aMOHI€BOI CIIONYKH, iMina3osi-
Hit0, PpochoHiro abo cyab(oHi), X~ — ocHoBa JIbioica (HampuKiIa, raloreHia-ion), Y —
kuciora JIbroica abo bpeHcrena, z — KUTBKICTh MOJeKy Y, 1110 B3aEMOJIIOTH i3 aHIOHOM.
Takum uyrHOM, TOUHO Kakyud, DES He € iOHHUMH piTUHAMHU B KJIACHYHOMY iX PO3y-
MiHHI (p1AKKI PO3IUIaB, IO MICTUTh 1HAUBIIyaJIbHI JUCKPETHI KaTiOHU 1 aHIOHN), OJJHAK
32 KOMIUIEKCOM DI3HOMAaHITHHX XIMIYHUX 1 ()I3MYHHX BIACTHMBOCTEHl BOHU € NMOBHUMH
aHaJIOTaMH 10HHHX PIFH 1 TOMY PO3TIISIAI0TECS SIK OCOOMBE MTOKOIIHHS OCTaHHIX [2].

Sk 1 g "3Buuaitaux" ioHHUX pimuH, s DES xapaktepHi Taki MiHHI BIACTHBOCTI,
SIK IMUPOKE "eIeKTPOXiMiuHe BiKHO", BITHOCHO BHCOKI IUIMHHICTD 1 €JIEKTPOIPOBITHICTh
(y mopiBHSHHI 3 OPTaHIYHHMH PO3YMHHHUKAMH), HEJIETKICTh, HEMAIbHICTh, BUCOKA PO3-
YUHHICTH COJIEH Ta OKCHAIB Oaratbox MeTamiB. Pasom 3 tum, DES nemiesi i jierko-
JIOCTYTIHI, HAA3BUIaWHO MPOCTi B IPUTOTYBAaHHI, MAJI0 YyTJIHBI IO aTMOC(EPHOI BOJIOTH.
Bech 11eii koMIUIeKC MIHHUX (I3MKO-XIMIYHHX Ta eKCIUTyaTaliiHux BiaactuBocteil DES €
HIAIPYHTSM JUIs iX YCHINIHOTO BUKOPUCTAHHS Y PI3HUX MPOLIECax 1 TEXHOJIOTIsAXK, HacaM-
nepen, Al eNeKTPOXiMi4HOI OOpOOKM TMOBEpXHI (€NeKTPOOCaPKEHHS, EeJIEKTPOIIOi-
PYBaHHS TOILD).

VY Hammx po6oTax OyiaM pO3IJISHYTI OCHOBHI 3aKOHOMIPHOCTI IPOLECIB €IEKTPO-
0Ca/KEHHS HIKENI0, XpOMY Ta KOMIIO3UTIB 3 eNleKTpouiTiB Ha ocHoBi DES [3-8]. byno
BCTAHOBJICHO, [0 HE3BAXKAIOYM Ha 3a3HAueHIi Mo3uTHBHI skocti DES, enexrpomita mms
OCaJpKEHHSI METAaJliB, MPUTOTOBaHI HA OCHOBI IUX PO3YMHHHKIB, BCE X BiA3HAYAIOTHCS
BiTHOCHO HHU3BKOIO EJEKTPOIPOBIIHICTIO Ta BHUCOKOIO B'S3KICTIO, IO CHJIBHO Iepe-
IIKO/DKAE MPOBEACHHIO €IEKTPONIi3y HaBiTh y JabopaTopHHX yMoBax. B mukii Hammx
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poOiT Oyno 3ampoNMOHOBAHO ISl IiJBUINCHHS EICKTPOMPOBITHOCTI Ta IUIMHHOCTI
JIOCII/PKYBaHUX CHCTEM BBOJWTH 70 iX CKiamy no0aBKy Boau. Bomy B Takmx BUmaakax
CJIiJ] PO3TIISIIATH SIK CIIeU(IYHUI JOAATKOBUI JOHOP BOJHEBUX 3B'SI3KIB.

Hawmwu 6ynu BuBdeni HactynHi cuctemMu: ChCl + erunenrnikons + NiCl, + H,O 3 mo-
JSIPHUM CHiBBITHOIIEHHSIM KoMIoHeHTiB 1:2:1:x, BiamoBigno, Ta CrCl; + ChCl + H,0O 3
MOJISIPHUM CITiBBiTHOIIEHHSAM KOMIOHEHTIiB 1:0,5:x, BiAMOBiIHO; IpH HbOMY Yy 000X
BHIAJKaX BEJIMYHHA X 00iiiMaia 3HaueHHs 6, 9, 12, 15 abo 18. Byno mokasaHo, 1o npu
BMICTI BOJHM, IO BiAmoBigae x = 15 ta 18, eneKkTponpoBiAHICTh Ta B'I3KICTh PiAMH HAO-
JIDKAEThCS 0 MPUTAMaHHUX BOJHHUM CHCTEMaM. AHaJli3 OTPUMaHHX TEMIIEpaTypHUX 3a-
JISKHOCTEH TIOBEPXHEBOT'O HATSATY, B'A3KOCTI Ta EJIEKTPOIIPOBIHOCTI CHCTEM NpH BKa3a-
HUX BMiCTax BOJM, NPOBEJCHUH Yy paMKax Tak 3BaHOi "mipkoBoi" Teopii, Mo omucye
3aKOHOMIPHOCTI NEPEHECEHHS MacH Ta 3apsyly B 10HHHUX piIWHAX, MOKa3aB, IO Taki
CHCTEMH 32 KOMIUICKCOM TPAHCIIOPTHHX BIACTHBOCTEH € IOHHUMU piinHaMHU 1 iX HE ciif
PO3TIISLIATH SIK BUCOKOKOHIICHTPOBAHI BOJIHI po34nHHU [4, 5].

Bymno BuB4YeHO 3aKOHOMIPHOCTI €IEKTPOOCAIKEHHS HIKEIF0 Ta XPOMY 3 €JIEKTPOIIITIB
Ha ocHoBi DES. Ilokasano [3], mo nigsumenns kornenTparii coni Ni(Il), po3unaeHoi B
ethaline (DES, o npencrasisie coboro eBrektuuny cymim ChCl ta eTnneHrikonto),
MIPUBOAUTE 1O 30UIBIIEHHS TYCTHHH, TOBEPXHEBOIO HATATY, B'I3KOCTI PO3UYHHIB Ta 3HU-
KEHHsI X eJIEKTPOIPOBIIHOCTI. BUsBIEHO, 10 eNeKTPOOCcaKEeHHs/€IeKTPOPO3IYHHEHHS
HIKEJII0 y €JIEKTPOJIiTI Ha OCHOBI ethaline e eleKTPOXIMIYHO HEOOOPOTHHUM IPOIECOM.
JaHi MUKITIYHOI BOJBTAMIIEPOMETPIl MOKAa3aJiv, M0 JOJaBaHHS BOAU JIO 3a3HAYCHHUX
€JIEKTPOJIITIB IPUBOAUTH JI0 IIEBHOTO rajibMyBaHHS 1poiiecy po3psay ionis Ni(Il).

BcraHoBieHo, 1110 3 €JIEKTPOIIITIB HIKEII0BaHHs Ha ocHOBI ethaline 3 o6aBkoro BoaM
0Ca/KYIOThCsl HaHOKpHCTaliuHi Ni HOKPHUTTS i3 CepeIHIM pO3MiIpOM KpHUCTAIITIB 5—7
oM. [ligBUIIEHHS KOHIICHTpPALii BOIU CIpHsE€ 30UIBIICHHIO MIKPOTBEPAOCTI OcCaliB Ta
MIEBHOMY ITIABHUIIEHHIO iX KOPO3iiHOI cTiiKoCTi [7].

[ToxazaHo, M0 TIpH BBEAEHHI 0 €ICKTPOJITY HIKETIOBAaHHS HAHOIIOPOIIKY TiOKCHIY
tutany (Degussa P 25) MoximBe €IeKTpOOCAKEHHSI KOMITO3UIIHHOTO TOKPUTTS Ni—
TiO, i3 BMicTOM nucnepcHoi dasu 1o 2,4 (mac.)%.

BaxBo 3a3Ha4nTH, 1110 TIPH BUKOPHCTAHHI KOJIOIIHUX €lIeKTpoiTiB Ha ocHoBI DES
JUISL eJIEKTPOXIMIYHOTO CHHTE3y KOMIIO3ULIHHUX IIOKPUTTIB y CHUCTEMi IPAKTUYHO
3arajbpbMOBaHI IPOLECH KOaryJisLil YaCTHHOK JucnepcHoi ¢asu Ta i ceaumenraii. Lle €
Ba)XJIMBOIO IEPEBAroOl0 JOCIIIKYBAHOTO THITy €JIEKTPOJITIB y MOPIBHSHHI 31 "3BUYaii-
HUMU" BOJHUMHU CUCTEMaMU.

BuBYeHO BIUIMB OCHOBHHX YMOB €JIEKTPOII3y (KOHLEHTpawis yacTuHok TiO, B enek-
TPOJITi, TYCTHHA CTPYMY, IHTCHCHBHICTh IIEPEMIITYBaHHS) HA CKIAJ KOMIIO3UIIITHOTO
MOKPHUTTS. BcTaHOBIEHO, 10 BIPOBAIKEHHS HAHOYACTHHOK JIOKCHIY THTaHy N0 Hike-
JIEBOi MATPHIIi CIIPHSE TIiIBUIICHHIO MIKPOTBEPAOCTI OCAIiB Ta 3pOCTAHHIO iX KOPO3id-
HOi crifikocTi. OKpiM TOro, 32 PaxyHOK iHKOpHOpamii YaCTWHOK HAIliBIPOBIAHUKOBOL
¢aszu TiO, cuHTE30BaHUI KOMIIO3HUT BOJIOIIE (POTOKATATITHYHUMHE BJIACTHBOCTSIMHU.

IIpu mocmimxenHni po3psany ioniB Cr(Ill) 3 enekrpomiriB Ha ocHoBi DES BusBIEHO,
10 EJIEKTPOXIMIYHHIA MPOIEC BiAOYBAEThCS CTAMIMHO 3a Y4acTIO IHTEPMEIiaTiB — CIIo-
ayk Cr(Il), 1o € crinbHOI PUCOIO, TPUTAMAHHOIO 1 BOJHUM €JIEKTPOJIiTaM Ha OCHOBI CO-
neit TpuBajgeHtHOro xpomy [8]. Ilpu mpoMy Ha KaToJi YTBOPIOIOTHCS aMopdHi ocamu
XpOMY, 1110 MICTSTh IIEBHY KiIBbKICTh BIIPOBAIKEHOT0 Y iX CTPYKTYpY KapOoHy. OcTaHHe
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€ TIO3UTHBHUM 3 OTJIILy Ha Te, IO JUII XpPOM-KapOOHOBHX IOKPUTTIB XapaKTEpHi IiBHU-
IICHa KOpO3ilHA CTIHKICTh y KHUCIIOMY CEPEIOBHINI Ta TOMITHA EICKTPOKATaIITHYHA
AKTHBHICTh CTOCOBHO PeaKllii eNeKTPOBUALICHHIO BOHIO.
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Electroplating electrolytes based on deep eutectic solvents (DESs), a new kind of room temperature ionic
liquids, were reported in this work. The physicochemical properties of electrolytes based on DESs and
containing Ni(II) and Cr(III) salts were determined; the influence of extra water additives on the properties was
established. The electrodeposition of nanocrystalline Ni, nanostructured composite Ni—TiO, coatings and
amorphous Cr—C alloys from DESs based plating baths was characterized in this work.
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The rare earth elements (REE) consist of 15 lanthanides, plus yttrium and scandium.
They are divided conventionally into two main groups: the light REEs (Sc, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd) and the heavy REEs (Y, Tb, Dy, Ho, Er, Tm, Yb, Lu). The REEs
have been used widely in numerous industrial processes such as in the production of
superconductors, supermagnets, catalysts, pigments in glasses, plastics, additives, medi-
cine and cosmetics as well as fertilizers [1]. Therefore, methods for their rapid, sensitive
and accurate determination are of great importance. Many analytical techniques such as
neutron activation analysis, X-ray fluorescence spectrometry, inductively coupled plas-
ma atomic emission spectrometry and inductively coupled plasma mass spectrometry are
powerful tools for quantification of the lanthanides [2]. However, most of these methods
require costly and specialized instrumentation, which may not be available in many
laboratories.

Electrochemistry is an advantageous analytical tool that is cost effective, portable
and fast. It has been widely employed in biological matrixes, pharmaceutical, food ana-
lysis [3] and drugs due to its continuance, sensitivity, reproducibility and selectivity to-
wards many target analytes. The chemists are increasingly paying attention to the use
voltammetry in the metal determination [4]. Most of the REE(III) (except Eu, Sm, and
Yb) yield only poorly defined reduction waves at extremely negative potentials at a
mercury electrode in aqueous solution. Therefore, direct voltammetric methods for
REE(III) determination are limited by a concurrent reduction of hydrogen ion. Another
possibility is indirect analysis based on the formation of REE(III) complexes with
electroactive organic reagents [5].

Azo dyes are perspective group among the different classes of compounds that have
been proposed and successfully applied for the voltammetric determination of the metal
ions [6]. Our attention was focused on azo dye Mordant blue 13 (MB 13) (C.I. 16680,
CAS No. 1058-92-0), which characterizes the high complexation ability due to existence
of two hydroxy substituents in ortho-position to azo group. Despite the concerns on
mercury toxicity, nowadays the mercury electrodes are continued to apply, because of
easy renewable surface and broad potential window, for the determination of different
substances, such as drugs, antibiotics, antioxidants, pesticides [7].

The aim of this paper is to show that even today the polarographic technique can be
successfully used for the trace amounts of the lanthanides. The electrochemical
behaviours of Ho(IIT)-MB 13 and Y(III)-MB 13 on dropping mercury electrode (DME)
for the first time were investigated by direct current polarography (DCP) and discussed
in detail.
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In the presence of Ho(IIl) or Y(III) ions, a new peak (P,), well separated from the
peak of free dye, is observed at more cathodic potentials, related to the reduction of the
ligand involved in the complex. The current corresponded to the complex reduction is
directly proportional to REE(III) concentration. The cathodic totally irreversible peaks of
Ho(IIT)-MB 13 and Y(III)-MB 13 were registered at DME in pH > 6.0, inditacing that
Ho(IIT) and Y(III) do not form the complexes with MB 13 in the acidic medium. The
reduction peak currents of the investigated complexes increased upon an increase of pH
to reach maximum at pH 7.6 and then decreased with further increasing of pH to 10.0.
Therefore, pH 7.6 was chosen as optimal for subsequent electrochemical detections.
Meanwhile, the cathodic peak potentials shifted towards more positive values with the
increase of pH value, which is not typical situation in the reduction of the azo dye.

The electrochemical behaviours of Ho(III)-MB 13 and Y(III)-MB 13 were investi-
gated using cyclic voltammetry in pH 7.8 at different values of scan rate from 0.1 V/s to
4.3 V/s. It was found that the reduction peak currents (/,) of the complexes linearly
depend on the increasing of scan rate, demonstrating adsorption-controlled processes.
The regression equations are presented in Tablel. For confirming of the adsorption ef-
fect contribution, the good linear relationships between lg /, and Ig v were obtained,
which have the values of slopes (0.87, 0.84) close to theoretical 1.0 for typical adsorp-
tion controlled process. The corresponded equations are presented in Table 1. In addi-
tion, the reduction peak potentials of complexes shifted negatively as the scan rate incre-
ased, indicating the irreversible nature of the charge transfer. The E, display the linear
relationships with the Napierian logarithm of scan rate (In v), and the linear regression
equations for Ho(IIT)-MB 13 and Y(III)-MB 13 are presented in Table 1. The number of
electrons, participating in the rate-determing step (7,) of the reduction processes of the
copmlexes, can be calculated using the Laviron’s equation for the irreversible and strong
adsorption-controlled electrode reaction. According to the slope (-RT/on,F) of the de-
pendence E, versus In v, an, value can be calculated. In general, « in the totally irrever-
sible electrode process is assumed as 0.5, thus, the number of electrons was calculated as
n, =~ 1.0. Based on th result, one electron is involved in the electroreduction of Ho(III)-
MB 13 and Y (III)-MB 13 complexes.

It was found that the differences between the peak potentials of Ho(IlI)-MB 13,
Y(III)-MB 13complexes and free ligand MB 13 are dependent on the concentration of
lanthanide ions and on the optimal pH of the solution. According to the possible
reduction mechanisms of metal complex with reducible ligand, it can be concluded that
the lanthanide-MB 13 complexes dissociate at the electrode surface prior the reduction
and then free ligand MB 13 is reduced.

Table 1. The equations of the dependences between voltammetric parameters and scan rate

Ta6mamus 1. PiBHSIHH 3a/1e)XHOCTEH BOIBTAMIEPOMETPHYHUX ITapaMETPIB 1 IIBUJIKOCTI PO3TOPTKH

Equations
REEs (1) ™7 A = f(u (Vis) l27,- f(lgv) E, (V)= (nv)
I, =-0.553-1.899v lg I=0.388+0.8671g v E. =-0.826-0.0365In v
Ho(III) Py 2 L
(R*=0.9923) (R*=0.9972) (R>=0.9651)
1,=-0.375-1.361v lg 1=0.241+0.8371g v E,=-0.824-0.0339In v
Y(IIT) Py [ P
(R® = 0.9924) (R* = 0.9962) (R*=0.9632)
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The steichiometry components ([metal]: [ligand]) in Ho(II[)-MB 13 and Y(III)-MB
13complexes was determined using electrochemical variation of Job’s method and molar
ratio method. The obtained plots indicated that Ho(Ill) and Y(III) ions form the
complexes with MB 13 in molar ratio 1:1. The obtained results by two methods are in
good agreement. It can be noticed that the twofold molar excess of the ligand is required
to obtain the complete complexation. Moreover, the stability constants were determined,
which are equal 6.78+0.15 and 6.08+0.16 for Ho(Il)-MB 13 and Y(III)-MB 13,
respectively, indicating medium stability formed complexes.

The linear range of Y(III) determination with MB 13 was evaluated under the opti-
mal experiment conditions by DCP. The peak currents P, linearly increase with the in-
creasing of Y(III) concentration over the range 2.6:10”7 — 5.6:10° M. The detection limit
was estimated to be 1.6-10-7 M at the signal to noise ratio 3:1. Comparisons of the pro-
posed performance with other electrochemical methods reported previously have been
discussed.

Thus, it can be summarized that the results confirm the suitability of the proposed
electrochemical methods for the precise analysis of lanthanides ions in the form of
copmlexes with MB 13.
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EJIEKTPOXIMIA PIAKICHO3EMEJIbHUX EJJEMEHTIB: TOCJI>)KEHHSI
EJIEKTPOXIMIYHOI HOBEJAIHKHU I BU3HAYEHHS IOHIB HO(III) TA Y(III) 3 TIPOTPABHUM
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Bnepure 6ymno nocmimkeHo enexrpoxiMiuny noseninky Ho(IIl) ta Y(III) ioHiB i3 KOMIUIEKCOYTBOPIOIOYNM
niranzoM MoHoazo6apBHuKOM [IpoTpaBaum cudiM 13 (MB 13) BonbTammepoMeTpi€ro 3 JIiHIHHOIO PO3rOPTKOIO
[OTCHLIaTiB Ha PTYTHOMY KpAalUIMHHOMY €JIEKTPOAi. BCTaHOBIEHO, IO MaHi KOMIUIEKCHI CIOJIYKH
BI/IHOBIIIOIOTBCS Yy HEHTPAIBHOMY 1 JTyXKHOMY CEPEIOBHILAX i3 MOMEPEIHBO aJICOPOOBAHOTO CTaHy Ha MOBEPXHI
pobouoro enekrpoaa. JleTansHO BUBYEHO i ONMMCAHO MEXaHi3MU KOMIUIEKCOyTBOpeHHs 1 BiqHosnenHs Ho(I11) —
MB 13 Ta Y(III) - MB 13. Po3po6ieHo i yCHilHo 3aCTOCOBaHO €JIEKTPOXiMidHI METOMVKH BH3HAYCHHS 10HIB
JTAHUX PIAKICHO3EMEIbHUX METAiB.

Knouosi cnosa: nanTaHiaM, roabMii, iTpii, momsiporpadis, pTyTHHI €1eKTpo.
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INmporen mepokcua, Sk H00aBKa IO XapyOBHX MPOAYKTIiB, 3a00pOHEHUH B 6aratbox
KpaiHax CBITy, B TOMY YHCIi B YKpaiHi. TUM He MEHII, MOIOBKEHHS TepMiHy 30epiras-
HS MOJIOYHOI TIpoAyKIii, mpu noxaBanHi H,O,, Bce "acrTimie CloOHyKa€e 10 BHKOPHCTAHHS
fioro sik koHcepBaHTy [1]. KoHTposs BMICTY riporeH MepoKCHIy B MOJIOLI HPOBOISTH
JMIIe Ha sikicHoMy piBHI (uyTuBicTh 30 MM), B TOii yac sIK HaBITh HEBEIIUKI KOHLIEPH-
tpamii HyO, MOXyTh BUKIMKATH HETaTUBHI HACIIAKH, B TOMY YHCIIi OHKOmaTojorii. Ot-
e, KOHTPOJIb BMICTY CyOMIKPOKIJIBKOCTEH I'iIporeH NepoKCHIy B MOJIOLI € aKTyaIbHOIO
3a7a4ero Cy4acHol aHamiTHYHOT XiMii. [TlepcrieKTHBHUM 3 TOYKH 30py Yy TJIMBOCTI, CEJIeK-
TUBHOCTI Ta €KCIIPECHOCTI JUISi JaHOi METH € 3aCTOCYBAaHHS BOJIETAMIICPOMETPHYHHX
CCHCOPIB.

Meroro anoi pobotu Oyna po3podKa YyTIMBOTO €IEMEHTA BOJLTAMETPUIHOTO CEH-
copa Ul BU3HAYEHHS TiAPOTeH MEepOKCHIY B MOJIOII Ha OCHOBI JPYKOBaHMX BYTLIBHUX
€JeKTPOiB, MOAN(DIKOBAHIMX HAHOYACTHHKAMH 30II0Ta Ta IDTBKOKO Si0O; 3 IHKAICYIIhOo-
BaHMMH 0araTomIapoOBUMHM BYTJICIIEBUMH HAHOTPYOKaMH Ta HEPOKCHIA3010 XPOHY.

3Ba)kal04YM Ha CTIOPiTHEHICTh HAHOYACTHHOK 30JI0Ta JI0 TiAPOTEH MEPOKCUIY, OUiKY-
BaJIOCh, 110 MOAM(DIKaIis MOBEPXHi BYTUIBHOTO €IEKTPOAY 30JI0TUMH HAHOYACTHHKAMHU
JIO3BOJIUTH 3HU3UTHU NOTeHIiaN aeTektyBanHs H,O,, 0 103BOINUTH YCYHYTH BIUIMB CTO-
POHHIX KOMIIOHEHTIB, 30KpeMa BinHOBHUKIB [2]. [ToBepxHI0 enekrpona MoaudikyBaiu
HAHOYACTUHKAMHM 30JI0Ta NUISXOM EJICKTPOJITHYHOrO OcapkeHHs 13 po3unny H[AuCly].
JIis mociipKeHHsI eNeKTPOXIMIYHOI TTOBEAIHKH MOJU(IKOBAHUX €JIEKTPOIIB 3aCTOCOBY-
BaBCsl METO/| LIMKJIIYHOI BoJbTamrepomerpii. ITicist ocapkeHHsT YaCTHHOK, HA BOJIBTaM-
neporpami 3’sBJsiBCs MK okucHeHHs mpu 0,7 B (1o xapakTepHO JUIS 30JI0TOTO €JeK-
Tpo/a), IHTEHCUBHICTB SIKOTO 3pOCTalia B IPUCYTHOCTI TiJporeH nepokcumy. OKpiM Ibo-
ro, mpu notennianax 0,4 ta 0,2 B 3’sBisirics 1Ba HOBUX CHTHAIM — OKFICHEHHS Ta Bil-
HOBJICHHS BIATIOBIJHO, IO XapaKTEpHO JUIS TPOIECIB OKUCHEHHS-BIIHOBICHHS caMme
HAaHOPO3MIPHHAX YaCTHHOK 3010Ta [3].

[ToBepxHIO €IEKTPOAIB i3 30JI0TUMHU HAHOYACTHMHKAMH HAJali MOKPHUBAIH ME30IIO0-
pucroro mwiiBkow SiO,, BAKOPHUCTOBYIOYH HHU3bKOTEMIICPATYPHY 30JIb-TeJIb TEXHOJIOTII0
3 CJICKTPOrCHEPOBAHUM KaTali3aToOpoM. 3ajisl MiABMIICHHS YyTIMBOCTI Ta BHOIPKOBO-
CTi, B IUTIBKY OyJi iMMOO1:1130BaHi OaraTomapoBi ByrJielieBi HAHOTPYOKH Ta MEePOKCHII-
nasza xpony. Ilepokcunaza — pepMeHT Kilacy OKCHAO-pEayKTa3, o BUOIPKOBO KaTalizye
okucHeHHs1 H,O,. HasiBHICTP 11 y KOMIIO3UTHOMY MTOKPHTTI CIPHSIE JETLIOMY OKHCHEHHI
NIepOKCUY 1, SIK HACJIJIOK, 3pOCTAHHIO aHANITHYHOIO BiAryKy. bararomaposi Byrienesi
HAHOTPYOKH, 32 paXyHOK BEJIMKOI IIOIII €JIEKTPOAKTHBHOI ITOBEPXHI Ta BHCOKOI €JIeK-
TPOIPOBIAHOCTI, BiirpaBaiu poib ¢()eKTUBHUX HAHOIPOBITHUKIB, TOCTABIISIOYN CIICK-
TPOHHM BiJ aKTHBHOTO LIEHTpa ()EpPMEHTY A0 TOBEPXHi enekrpona. Ilepen BHECEHHIM y
IUTIBKY, HAHOTPYOKH Oynm momepenHb0 0OpoOieHi HITPaTHOIO KHUCIOTOI, [UIA iX aK-
THBAIii, Ta CyCleHAOBaHi y po3unHi kaTtioHHOI IIAP. MoandikoBaHmii TakuM YHHOM
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€JIEKTPOJI MaB Ha IOPSI0K BHILY YyTIMBICTH 10 T1JIPOTeH MEPOKCUAY, HDK EIEKTPO]T JIU-
1€ 3 HAHOYACTHHKaMHM 30J10Ta. TakoX, HOKPUTTS HAHOYACTHHOK IUTIBKOIO 3aro0irae ix
BUMHBAHHIO, 1110 TIOZOBXKY€ TEPMiH €KCIUTyaTallil po3poOIEHOr0 Yy TIINBOTO EIEMEHTA.

Ha ocHoOBI omepkaHuX pe3ynbTariB Oyia po3po0iIeHa METOIUKa KUTBKICHOTO BH3HA-
YEeHHsI TIAPOTeH INEPOKCHAY B MOJIOII METOJIOM KBaJpPaTHO-XBWJIBOBOI BOJBTAMIIEPO-
Metpii. s aHamizy OyB oOpaHHMil 3pa30K KOMEPUIHHOTO KOPOB’SYOTO MOJIOKA KHPHi-
ctio 1%. Bu3HaueHHs MpOBOJUIIOCS 32 METOJIOM J100aBOK Y MOJIOUHIH CHPOBATII, MiCIIs
BiJIIeHHs OUIKIB Ta ueHTpudyryBaHHus. Po3polieHa MeToMka XapakTepu3y€eThCs BU-
cokoro uymuBicTio (MB3s= 0.010 uM ), a BiIryK ceHCOpa 3HAXOIUTHCS B HIMPOKOMY
miamazoni 3.0x10™® - 1.0x10 mob/1.

Merto XapakTepu3yeTbCsl 33J0BUIBHOI0 30DKHICTIO pe3yNbTariB, BiJIHOCHE CTaH-
JApTHE BiIXWICHHS B yMOBaxX 301KHOCTI cTaHOBHTH 2.1% (CH102:1.0X10'4M; n=10).
Curnan numaerbcs CTabUIBHUM Ha IpoTssi 4-0x MicsuiB (30epiranas mpu 4°C), abo
BIIPOAOBXK S50 IIUKITiB BUKOPHUCTAHHSL.

Po3pobiiennii ceHcop 103BOJISE IIBUIKO TA HAaJIHHO IETEKTYBAaTH HAaMEHIII KiIbKO-
CTi TiAPOTEH MEePOKCHAY Y MOJOI Mics HeCKIamHOoi MpoOOmiArOTOBKH, MOXe 30epira-
THUCSI TPUBAJIM Yac Ta € MPUAATHNAM JUIi OaraTopa3oBoro Bukopuctanss. [Ipounec monu-
¢ikauii € BiTHOCHO IPOCTHM Ta He MOTpeOye BUKOpHCTaHHS MeniatopiB. Takox, naHuii
YYTJIMBUH €JIEMEHT € MEepPCIEKTHBHUM JUI PO3pOOKH CEHCOPIB Ha DSl OpraHiYHUX
CHOJIYK IUISIXOM HOT0 NMoAaibiiol Moaudikanii crerudivHuM hepMeHToM.

1. Saha B. K., Ali M.Y., Chakraborty M., et al. Study on the Preservation of Raw Milk with
Hydrogen Peroxide (H,0O,) for Rural Dairy Farmers // Pakistan J. Nutrition. — 2003. — Vol. 2,
Is. 1. - P.36-42.

2. Weiwei He, Yu-Ting Zhou, Wayne G. Wamer et al. Intrinsic catalytic activity of Au nanoparti-
cles with respect to hydrogen peroxide decomposition and superoxide scavenging // Bioma-
terials. —2013. — Vol. 34. — P. 765-773.

3. Teddy Hezard, Katia Fajerwerge, David Evrard et al. Gold nanoparticles electrodeposited on
glassy carbon using cyclic voltammetry: Application to Hg(II) trace analysis // J. Electroanal.
Chem. —2012. — Vol. 664. — P.46-52.

Artur Huseinov, Oksana Tananaiko

THIRD GENERATION VOLTAMMETRIC BIOSENSOR FOR HYDROGEN PEROXIDE
DETERMINATION IN MILK

Taras Shevchenko National University of Kyiv, 12 Lva Tolstogo Street, 01601 Kyiv, Ukraine,
e-mail: arturkun@ukr.net

Sensitive and accurate mediator-free biosensor for hydrogen peroxide determination in milk has been
developed. Electrochemically deposited gold nanoparticles contribute to a 0.3 V shift of H,O, oxidation
potential to the negative region, thus improve selectivity. Covered with SiO, composite film, gold
nanoparticles cannot be washed off the electrode surface. Activated multi-walled carbon nanotubes and
horseradish peroxidase, due to their catalytic activity, significantly improve sensitivity of the sensor element.
Square-wave valtammetry was chosen for H,O, determination in milk. Limit of detection (at 3S) is 0.010 uM,
RSD; = 2.1% (Ci.0=1.0x10"* M; n=10). Analytical signal of the sensor is stable during 4 months (storage at
4°C), or after 50 cycles of use.

Key words: biosensor, gold nanoparticles, hydrogen peroxide, milk, screen-printed electrodes, sol-gel,
voltammetry
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VK 544.653.23:547.551.1+543.55:547.455.623
Onekcandp PEIIETHAK, Hamana JJABH/IEHKO

3ACTOCYBAHHSA KOMIIO3UTIB NOJIIAHIUIIHY
3 BTOPUHHO-MOJUPIKOBAHUMH YACTUHKAMM CPIBJIA
AK IINTAT®OPM I'/TIOKO3HUX AMITIEPOMETPUYHUX CEHCOPIB

Jlvsigcokutl nayionanvHuil ynigepcumem imeni leana @panka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: oleksandr.reshetnyak@Inu.edu.ua

Mertan-moniMepHi KOMIIO3UTH Ha OCHOBI €IEKTPONPOBIIHUX MOJIIMEPIB, 30KpeMa Io-
mianininy (ITAH), 3aBISKH MOETHAHHIO BIACTHBOCTEH ITOIMEPHOI MATPHIIL Ta YACTHHOK
HATIOBHIOBaYa BOJIOMIFOTH YHIKAJIbHAM KOMIUIEKCOM (Di3MKO-XIMIYHHAX BIacTHBOCTEH. Lle
3YMOBIIIOE€ MIIIIBHUH iHTepeC HAYKOBIIB 10 TAKMX MaTepialiB 3 OIVIIAY Ha BEJIWKI Iepe-
Bard iXHHOTO 3aCTOCYBAaHHS B 010- Ta XeMOCEHCOPHIIi, XIMIYHUX DKEpesax CTPyMy, MiK-
POEJIEeKTPOHiIli, POTOHII, Oi0IHKEHEPil TOIIO MOPIBHAHO 3 IHAUBIAYaIbHUMH PEUOBHHA-
Mu. BopHouac icHye mpoOiiema IOKpallleHHs CyMICHOCTI MOJIIMEPHOTO Ta METaleBOro
KOMITOHEHTIB, IIUIIXOM BUPIIIEHHS K0T € MoaudiKallis TOBEPXHi YaCTUHOK HAIIOBHIOBA-
Ya KOBAJIECHTHO IPUILEINICHUMH CaMOOpraHizoBaHuMH opraHivHumu mapamu (COLL).
Just Ag-TTAH KOMIO3UTIB ifeanbHIMH MOAM(iKaTopaMu IMOBEPXHI MOXKYTh CIIyTyBaTH
Mmepkanroanutinn (MAH) y sikux HS-rpyna 3abesneuye ¢opmysannst COLL, Toxi sk aHi-
JMHOBUH (pparMeHT Aae 3MOTY XiIMIYHOTO / €NEKTPOXIMIYHOTO MOCIIIOBHOTO IPHEIHAH-
HS JT0 HHOTO (BHACIIZOK IPOILECY OKHCHIOBAIBHOI MOJMIKOHCHCAITIT) IICHTUIHUX JIAHOK
3 YTBOPEHHSM MPHIICTICHOTO 0 MOBEPXHI MOMiaHiTiHOBOTO JaHmrora (puc. 1) — dak-

+ MAH

+x+:~© Q*@@O{%Jr
NFX X

Puc. 1. Cxemarmune npexncrasieHss geocraniiinoi (I, I) moandikanii cpiOHUX YacTHHOK,
BUKOPUCTOBYFOUH TTiIX1/T «IPHIIEIUICHHS BiI»

Fig. 1. Schematic representation of two-stage (I, II) modifications of silver particles using the
"grafting from" approach
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THUYHO ofHOcTafiiiHoTO cuHTe3y Ag—IIAH xoMmo3uTy. OcoOMMBO 1€ Bas>KJIMBO TP BU-
kopuctanHi Ag—IIAH KOMIIO3UTIB IIpH CTBOPEHHI 010CEHCOPIB, OCKUITEKH TaKi KOMITO3H-
TH HE CIIPUYINHAIOTH ACHATYPAIil0 iMMOOLTI30BaHUX Ha HUX OUIKIB, IO MOMIIUBO IIiJ [Ti-
€10 ioni Ag'. Tomy MeToI0 Hammoi po6oTu 6y110 anpobysatn Kommosutu [IAH 3 1BOCTA-
IiitHO MOIM(piKOBAaHUMHU YaCTHHKAMHU cpibiia K mIaT(opMu aMIIepOMETPpUIHNX Oi0CceH-
COpiB 1151 BU3HAUYEHHS TTIIOKO3H.

Mopudikaiiro enexTponiB ToHKuMH Iapamu Ag-IIAH KOMIO3MTIB 3AiHCHIOBANIN
eJIeKTPOXiMiuHO, ocakytoun IIAH Ha poOoumii Pt enexkrpon (10-kpaTHe ckaHyBaHHs
noteHifiany B intepsam (—0,2)— (+1,0) B 31 mBuakictio 50 MB/c) 3 kucnux po3duHiB
aHUTIHY, SIKI MICTHJIM HaBaXKy (4 MI/MJ) MEpBUHHO MOIU(IKOBAaHUX 130MEPHUMH MeEp-
KalTOaHUTIHAMH MIKpOYaCTHHOK cpibna (n-MAwu-Ag). OcoONMBICTIO €NeKTPOXIMIYHOTO
0Ca/DKeHHS] KOMIIO3UTIB [TAH-n-MAH-Ag € Te, 1110 Y BCIX BHUIIa/IKaX Ha HUKIIYHUX BOJIBT-
amrieporpamax OKpiM IIiKiB, sIKi BIIIOBIAAIOTH pesloKc-TiepeTBopeHHsM [TAH, nonaTkoBo
BUHMKAE MK okucHeHHs npu +0,1 B Ta 000poTHMIA 10 HFOTO MK BiJHOBICHHS B MEXaxX
+(0,05-0,20) B, moB’s13aHi 3 mporiecaMu OKHCHEHHS-BiTHOBIICHHS HAHOPO3MipHOT (>10 HM)
(pakmii qUCTIepCHUX YaCTUHOK cpibiia, Mo 3HAXOAATHCS B po3unHi. [licms immoOimizaii
(depMenTy (TIrOK0300KCHAa3a tutie X-S 3 Aspergillus niger, aktuBHICTE 157,5 ox./T) Ha
orpumaHiit Ag-ITAH-Iatdopmi, A TepermKopKaHHsS HOro BUMHBAHHIO Ha €JIEKTPOJ
HAHOCWJIN TUTiBKY Nafion®. Jlnst mopiBHSHHS e(eKTHBHOCTI BBEICHHS y ITAH-MaTpwHIo
cpibHux nucnepciii MoaudikoBaHuX i3oMepHUMH MAH, OyJO TaKoX HPOTECTOBAHO
IICHTHYHUN MaKeT CeHCopa Ha CyTO MOJiaHiIiHOBIN miaTopmi. JJocaimkeHHs ceHcop-
HUX BJIACTMBOCTEH CKOHCTPYHWOBAaHUX MAaKeTiB 3IIMCHIOBAIM METOJOM XPOHOAMIIEPO-
Mmetpii. Ha ocHOBI oTpuMaHuMX pe3ynbrariB Oynum po3paxoBaHi KoHcTaHTa Mixaedi-
ca—MenreH (K),) Ta MAaKCUMaJIBHUN CTPYM BIIKIHUKY (/). L1 Ta iHIII XapakTepucTHKA
CEHCOPIB, a caMe JAiana3oHoM JHIHHOCTI BIAKIIMKY Ta Yy TJIMBICTIO, HABEIEHO B Ta0JI.

BusiBnieHo, 110 BCi CKOHCTPYHOBaHI MaKETH CEHCOPIB TAIOTh aHATITUYHI BiKIHKH Ha
JI0JIaHi KiJIBKOCTI TUIIOKO3H, IPOTE HaWKpallli pe3ysIbTaTy OyJIo OTpUMaHO Jyisi 6ioceHCo-
pa Ha ocHOBi kommo3uty [TAH-3-MAH-Ag, sKuil moka3aB 3HayHO BUII (y=2,5 pasu)
CTPYMH BIAKIUKY (IUB. Ta0M.) 1 Ti K MeXI JIIHIHHOCTI Jiama3oHy BiAKIUKY (pHC. 2), 10
it cyro [TAH-ceHcop. Haliripiry 9y TIHBICTh IPOIEMOHCTPYBAB CEHCOP, 1€ B MOJIIMEPHY
MaTpUII0 Meziatopa Oyno BBEACHO OHCIepcHEe cpidbno mommdikoBane 4-MAH. Taxwmii
pe3ynbTaT MOSCHIOETHCS PO3PHBOM JIAHIIOTA MPOBIAHOCTI 3 mpumeruieHoro IIAH Ha
aToM Ag 1o Micio cynb(hiTHOTO MICTKa, TOAL SK 32 BUKOPHCTAaHHS 3-MAH nepeHeceHHs

Tab6auns. XapakTepUCTHKH TIIOKO3HUX aMIIEPOMETPUIHUX O10CEHCOPIiB HAa OCHOBI
KOMITO3UTHUX Ag-TIOJIaHIIIHOBUX I1aThopM
Table. Characteristics of glucose amperometric biosensors on the base of Ag-polyaniline
composite platforms

Moaudikyrounii map [Hianazon miHiitHOCTI | YyTnmBicTS, Lnaxo K,

IJIATUHOBOTO €JIEKTPOJIa BiIKIHKY, M A-n/mMoinb MKA M
[TAs—4-MAH-Ag 0—(1,0- 10’3) 8,4:107° 0,0298 0,456
[TAs-3-MAH-Ag 0—(1,0- 10’3) 72,8:107° 0,150 2,60
[TAs-2-MAH-Ag 0—(0,8- 10’3) 40,7-10°° 0,150 1,160
[TAs-BHT-3-MAH-Ag 0—(1,8- 10’3) 41,6:107° 0,043 0,073
I1AH 0—(1,1- 10’3) 26,4-107 0,0340 0,073
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160 Puc. 2. 3anexHicTh CTPYMy BiZIKIIHKY TITFOKO3-
1204 Horo 6ioceHcopa Ha mnardopmi Pt-ITIAR-3-
MAH-Ag Bil KOHIICHTpALil BH3HAYYBAaHOTO
< cyocrpary (E=+0,6 B, pH=7.4)
=% Fig. 2. Dependence of the response current of
glucose biosensor on the Pt-PAn-3-MAn-Ag
401 00 04 08 C,mM platform from the concentration of determined

T

T =+
0 5 4 ¢ c.H substrate (E=+0,6 V, pH 7,4)

1,06 MM
€JIEKTPOHA MOXIIMBE 33 PaxXyHOK B3a€MOJil MK aTOMaMu Cpi0iia Ta HEMOAICHOIO Ma-
POIO eNeKTPOHIB aToMa HiTporeHy (puc. 3). 3 METOI0 MOJABIIOTO MiABHUIIECHHS IPOBiI-
HocTi y KoMno3uT [TAH-3-MAH-Ag mix gac cuHTe3y Oyiio BBEJCHO TaKOXX BYTJICIIEBi
nanotpyoku (BHT). Ilpore BukopucTanHs TpukoMmrnoHeHTHOI mnardpopmu Pt-TTAH—
BHT-3-MAH-Ag He IpU3BEiO A0 CYTTEBOTO IMOKPAIICHHS XapaKTEPUCTHK OioCeHcopa.
OueBuHO, 110 wioa koHTakty [1AH 3 BHT e nabararo Ginblia, HiX 3 cpibioM, a TOMYy
3a BIZICYTHOCTI KoBasleHTHOTO 3B’si3yBaHHs [IAH 3 BHT, nepenecenns 3apsay B mii
CHCTEMI YCKJIaJHIOEThCS, 110 1 TOSICHIOE IOTIPIIEHHS XapaKTEePHCTHK CEHCopa.

/ Puc. 3. Cxemaruune 300pa>keHHS 3B’ I3yBaHHS
a/a N 6/b MEpKaNTOaHLTiHIB 3 HOBEPXHEIO cpiOHOT
@ YaCTHHKH y BUIAJIKy BUKOPUCTaHHS
QNZ 4-MAH (a) Ta 3-MAH (6)
Fig. 3. Schematic image of the binding of

3 $ mercaptoanilines to the surface of a silver
@ @ @ @ particle in the case of use 4-MAn (@)
and 3-MAn (b)
OT0X, KOMIIO3UTH Ha 0cHOBI [TAH Ta nBOCTaiHO MOAM(DIKOBAHMX YaCTHHOK Cpibia
MOXXYTh OYTH BUKOPHCTaHI K I1aT(opMu I CTBOPEHHS MIFOKO3HUX OioceHcopiB. [Ipu
IIbOMY IHKOPIIOpalis B IOJIMEPHY MAaTPHUII0 YaCTHHOK METaly MPHU3BOAWUTH IO CYTTeE-

BOTO 3POCTaHHS YyTIMBOCTI Ta Jiama3oHy JiHIHHOCTI BIIKJINKY CEHCOpa 3a paXxyHOK, Ha-
cammepen, 30UTbIIeHHS TPOBITHOCTI MOIN(IKYIOUOTO MIapy.

Oleksandr RESHETNYAK, Natalya DAVYDENKO

APPLICATION OF POLYANILINE COMPOSITES WITH SECONDLY MODIFIED SILVER
PARTICLES AS THE PLATFORMS OF GLUCOSE AMPEROMETRIC SENSORS

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: oleksandr.reshetnyak@lInu.edu.ua

The surface of platinum electrode were modified electrochemically by thin layers of Ag-polyaniline com-
posites using the "grafting from" approach. It has been found that such modified electrodes can be used suc-
cessfully as platforms of amperometric sensors for glucose. The analysis of the results shown that the best fea-
tures has sensors when the 3-mercaptoaniline was used for the primary modification of disperse silver. It has
been found that the use of other isomeric mercaptoanilines or introduction of carbon nanotubes in the compo-
site leads to the deterioration of the characteristics of sensors as a result of a decreasing of the conductivity of
the modifying layer.

Key words: silver microparticles, mercaptoaniline, polyaniline, amperometric biosensor, glucose
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Apuna MOTOBUJITHA, /Imumpo BAB’IOK, bopuc CKIIT

EJEKTPOXIMIYHA IMTOBEJIHKA IT-AMIHOCAJIIUJIOBOI KUCJOTH
TA 1l EJEKTPOXIMIYHA ITOJIIMEPH3AIIIA

Yepnuiseyvxuil Hayionanvuuil yisepcumem imeni FOpia dedvkosuua,
Kagedpa ximiunoeo ananizy, excnepmusu ma 6es3nexu xapuooi npooyKyii,
syn. Koyrobuncwroeo, 2, 58012 Yepnisyi, Yxpaina, e-mail: d.babyuk@chnu.edu.ua

OneprkaHi mMoJiMepH 3 TMOJIiaHUIy Ta HOro MOXiTHWX IICHs AOIMYBaHHS BOJIOMIIOTH
BHCOKOIO €JIEKTPONpOBigHicTIO. KpiM TOr0, BOHM XapaKTepU3yIOThCS JOCTAaTHBOIO CTiil-
KIiCTIO, BUCOKOIO MEXaHIYHOIO MILIHICTIO Ta E€JIEKTPOXPOMHHUMH BJIACTHBOCTSMHU. ToMy
MeTOI0 JaHoi pobotu OyB cuHTE3 13 M-amiHocaminuioBoi kuciaoTi (IIACK) enekrpormpo-
BIIHOTO MOJTIMEPY Ta JOCHIJIKSHHsI JESIKUX HOTO eNEKTPOXIMIYHUX BIACTUBOCTEH 3 Me-
TOIO HOTO MOAATBIIION0 BUKOPUCTAHHS K EIEKTPOJIHUN MaTepian rajabBaHigHOI OaTapei.
Takox mapajesbHO HPOBOIUBCS KBAaHTOBOXIMIUYHHMU pO3pPaxyHOK i3 METOK BCTaHOB-
JICHHS! ONITUMAJIBHUX IIUISIXIB Ta MEXaHI3MY eJIEKTPOXIMIYHOI MoJiMepu3ariii.

VY poii 06’exty nocnimpkens Oyna [TACK y Burisiai rotoBoro 3% BOAHOIO PO3UHHY
npenapary [IACKOHAT. Lleii po3unH migkuciaroBaBcst abo IMiuTy KHIOBABCS 3a [OTpeon
cyib(aTHOIO KUCIIOTOI0 abo HATpiil TiPOKCHAOM BiAINOBINHO. BuKOpHCTOBYBaNuch po-
60ui rpadirouii enexrpox mapku KOH-I-NOOR (Yexist) miamerpom 0.7 MM Ta IU1aTHH-
osuii BASi niamerpom 2 MMm. BonbramnepHi KpuBi 3HIMaIN 3 BUKOPHUCTAHHSM ITOTEHIIIO-
crariB CheapStat ta [I1-50-1 3 koM FOTepU30BaHUM iHTEpP(EHCOM IS KITACHIHOI TPH-
€JIeKTPOJHOI eNeKTpoXiMiuHOi KoMipku. [lepen mpoBemeHHAM KOXHOI cepii eKcrepu-
MEHTIB BUKOHYBAIIM KOHTPOJBHHUN 3aliC MUKITIYHEX BonbTammepHux Kpueux (LIBAK)
it 5 MM posunny Ky[Fe(CN)s] y donoomy enexrpositi 0.1 M KCl. 3anuc koxHol
IIBAK 3mificHIOBaIM MiCJIs OAHOTHITHOI MiATOTOBKH POOOYOT0 €JIEKTPOAA: TPABJICHHS B
rapsiuiii XpoMoBiit cymili, IPOMUBaHHS JUCTHILOBAHOIO BOJIOIO, ITiI(YBaHHS, OIOJIiC-
KyBaHHS, yJIbTpa3ByKoBa 0OpoOKa, ONOJICKYyBaHHs, BUTPUMKA pOOOYOro eNeKTpoAa y
poboYOMy PO3UHHI BIIPOIOBXK 2 XB.

Enexkrpoximiuna moBeainka pobodoro pozunny [TACKOHAT mpu pH=6.3 (puc. 1)
JIEMOHCTPY€ JIUIIIC OJMH ITK B O0JIACTi SNEKTPOAHUX NoTeHmianiB +890 MB BimHOCHO
XIIOPCPiOHOTO eleKkTpona MmopiBHAHHs. Llei mik 3MIiNIyeTbes B OULTBIN MO3UTHBHY 00-
JacTh 13 POCTOM IIBHIKOCTI PO3TOPTKH €JIEKTPOJHOTO MOTEHIaNy 3 BEIMYHHOIO
R2=0.99, 0 BKa3ye Ha JIOCTOBIPHICTH Takol TeHACHIIi. 3 mporo BumumuBae, mo [TACK
OKHCHIOETBCSI HE3BOPOTHRO — B 00JIACTi 3BOPOTHOTO XOAY PO3TOPTKU EIEKTPOITHOTO
MOTEHIlialy - BiACYTHIN KOMIUIEMEHTApHHHA MK BiAHOBJICHHS. BUsBIEHHS BIUTUBY
IIBUJIKOCTI PO3TOPTKHU Ha MOTEHIIAN MKy CTPyMYy Ta KOpeHs KBaAPaTHOTO 31 MIBHIKOCTI
PO3rOPTKM TOTEHI[iajly Ha BEIWYMHY CTPYMY MKy BKa3y€ Ha HAasBHICTh 3HAUYUMHUX
KOpeJIsIii MK 3a3HaYeHHUMHU NapaMeTpamH. 3 OISy Ha BIICYTHICTh KOMIUIEMEHTAp-
HUX MiKiB B 00yiacTi 380potHOro xoay [IBAK, 1ie Bkazye Ha MOBHY HE3BOPOTHICTh €JICK-
TpoximiuHOro npouecy. TakuM 4MHOM, JIOBEJCHO €JIEKTPOXIMIiYHY HE3BOPOTHICTH EJIeK-
TPOXIMIYHOTO MIpoLeCy, 10 Ma€e MicClle Ha eNeKTpoli. Buxonsuu 3 BuIle HaBeAEHOTO,
Ma€eMO MiJICTaBU BBaXKaTH, IO PEIITA EICKTPOJHUX MPOLECIB, IO PO3MIISLAIOTHCS Aai
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— TEX HE3BOPOTHI. TOMy JOCHIDKEHb 3alIC)KHOCTEH MapaMeTpiB Bill MIBUAKOCTI
po3ropTky y Bumnaaky Hecumerpudnocti [IBAK (aHomHa 10 KaTOAHA) HE TPOBOIUIUCE.

I, mkA

E vs AgCl, mV

Puc. 1. IIBAK 3% Boanoro po3uuny [TACK na ¢oni 1M Na,SO4 npu 24°C, pH=6.3 ns1s pizuux
mBuaKocTel posroptku (10200 MB/c); pobouwnii enektpos - Pt(BASi) d=2 mm

Fig. 1. Cyclic voltammetry curves of aqueous 3% solution of p-aminosalicylic acid with
1M Na,SO, support electrolyte at 24°C, pH=6.3 for different scan rates (10200 mV/s);
the working electrod is Pt(BASi) d=2 mm

3 MeTo0 OTpUMaHHs noxiMepHoro npoxykry — noii-ITACK BnpomoBx enexTpoxi-
MIYHOTO OKHCHEHH:, BUKOpHUcTaHO pe3ynbratu [[BAK prc. 1 Ta mpoBeaeHO enekTpo-
oJIiMepHu3aIlifo B 00J1acTi eNeKTPOAHUX MoTeHMiamiB BigHOcHO Ag/AgCl emexkTpoaa mo-
piBasHHES Bix -200 MB mo 1400 MB. 3 meroro imeHtndikamii yTBOpeHHS MONTIMEpHOT
IUTIBKH Ha enekTponi mposeneHo peectpamito [IBAK y poszumnax K4Fe(CN)g ta dhono-
BOMY EJIEKTPOJITI 332 BiACYTHOCTI MOHOMEpiB y HhoMy. AHamiz [IBAK nmae mimcraBu
CTBEPJDKYBATH, L0 YTBOPEHA MOJIMEpHA ITIBKa — EJIEKTPOIPOBiiHA, a ii CTpYKTYpHI
JIAHKHU 30€piraloTh eJIeKTPOXiMIuHYy aKTHBHICTB.

[TporHo3yBaHHsI HIMOBIpHUX MEXaHi3MiB MOJIiMEpH3aLlil TPOBOIMIOCH LIJIIXOM KBaH-
TOBO-XIMIYHHMX PO3paxyHKiB. [Ji1 IIbOr0 BUKOPHUCTAHO METOJ Teopii pyHkiionany ['yc-
tuan (DFT) 3 nobpe anpo6oBanum ¢ynkuionanom B3LYP Tta BaneHTHO-pO3IICIIICHUH
OazucHuii Habip 3 oxHielo mosspuzaniiiHoo ¢yHKieo 6-31G(d). Po3paxyHku npoBo-
IUINCH 32 JONMOMOror mporpamHoro makery Gaussian03. Cnowatky Oyno
ONTHUMI30BaHO MPOCTOPOBY cTpykTypy Mojekymu ITACK. IMoriM 3HAHZCHO PO3MOILT
HQINIITKOBUX CNEKTPUYHAX 3apsliB Ha BCIX aToMaxX. BusBIeHO, M0 HaWBHIIA
MMO3UTHUBHUH 3apsAn KOHIEHTpYeThcs Ha 3-my aromi Kapbomy. OTxe, came 1o HBOMY
Oyne iith enextpodinpHa artaka iHmol monekynu [TACK min uyac OKHMCHIOBalbHOI
€JIeKTPOXiIMIUHOI MmoJsliMepu3allii. YTBOPEHUH AMMEp MOBHHEH BOJIOAITH IIE€ BHIIOIO
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peakLiifHOI0 3[aTHICTIO O eNeKTPO(UILHOTO 3aMillleHHsS BHACHIIZOK 301IbLICHHS
HaJUIMIIKOBOTO 3apsany Ha 3-my atomi KapOoHy. BonHouac 1eii aToMm 3HaXOIUTHCS MK
JIBOMA TUTOIIMHAMHY apHIHHUX (ParMeHTiB, SKi PO3TAIIOBYIOTHCS Y MIPOCTOPI MiXk cOO0I0
nig kyrom 72.47°. ToMy HOCTYNl 10 HbOIO HACTYIIHOIO €JIEKTPOQIIBHOIO peareHTy
OiroKyBaTUMeThCs rpymaMu 3aMicHIKamu -OH. HapomryBanHs naHIiora npusene 10 mie
OUIBIIIOrO eKpaHyBaHHS aKTHBHUX LEHTPiB. ToMy BUpimTaabHUM (HaKTOPOM y HMIBHIKOCTI
MOJIabIIOT eNeKTponuiIiMepu3alii Oyae KOHKYPEHIS MK PO3HOAIIOM eIeKTPOHHOT
T'YCTHHH Ta CTEPUYHUX IIapaMeTpiB.

[Ilomo mporHoO3yBaHHS CJICKTPOIPOBIIHUX BJIACTUBOCTEH IOJIMEpPIB Ha OCHOBI
IMACK, To moTpiOHO po3paxyBatu pisHuio B eHeprisx LUMO-HOMO. [ns Heii-
TpajbHOTO TuMepy BoHa ckianae 4.40 eB. Skmio oOunBi aMiHOTpyIM B ANMEP] OKHUCHEHI
JI0 IMIHOTPYII, TO PI3HUI B €Heprisix magae no 2.67 eB. Skmio xk Tenep Takuii OKHUCHE-
HUH AWIMIH TIPOTOHYBATH, TO YTBOPEHUH AWKATIOH BoJoAi€ pizHHULeto eHeprii LUMO-
HOMO B 1.35 eB, mo BiamoBigae o6macti eneKTpU9IHOT MPOBiAHOCTI. [Ipy migBUIICHHI
JTOBKMHH TIOJIMEPHOTO JIAHITIOra MaTUME MicCIie IoJaible IOHKEHHS Pi3HUILI eHepriit
BHACIIJIOK T-CTIPSDKEHHS. 3a3HaYMMO, 10 OAIOHNM 9rHOM Befe cebe i momiaHimiH. OT-
’Ke, KBAHTOBOXIMIYHI PO3paxyHKH MiATBEPIKYIOTh €IEKTPUYHY HPOBIAHICTH MOJIIMEPIB
Ha ocHoBi [TACK.

Yaryna Motovylina, Dmytro Babyuk, Borys Skip

ELECTROCHEMICAL BEHAVIOR OF P-AMINOSALICYLIC ACID ANT ITS
ELECTROCHEMICAL POLYMERIZATION

Yuriy Fedkovych Chernivtsi National University,
Department of Chemical Analysis, Control and Safety of Food Production,
Kotsubinsky Str., 2, 58012 Chernivtsi, Ukraine, e-mail: d.babyuk@chnu.edu.ua

Electrochemical behavior of aqueous 3% solution of p-aminosalicylic acid with 1M Na,SO, support
electrolyte at platinum and graphite electrodes has been studied. Cyclic voltammetry reveals irreversible
processes during its oxidative polymerization. The formed polymer layer is electroconductive. Quantum
chemical computations by DFT with B3LYP functional and 6-31G(d) basis set confirms that the polymer must
be electroconductive.

Key words: p-aminosalicylic acid, cyclic voltammetry, electrochemical polymerization, electroconductive
polymers, DFT computation, LUMO-HOMO gap



Cexyis 1. @ynoamenmanvHi npobiemu eneKmpoximii ma eneKmpoximiuna Kinemuxka 147

VJIK 538.931
Viktor I. BULAVIN', Ivan M. V’YUNYK?,

NEAR SOLVATION OF SINGLY CHARGED ANIONS IN PRIMARY
ALCOHOLS

National Technical University “Kharkiv Polytechnical Institute”,
Department of General and Inorganical chemistry,
2, Kyrpychova str., Kharkiv 61002, Ukraine, e-mail: bulavin@kpi.kharkov.ua
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department of inorganical chemistry, 4, Svoboda Sq., Kharkiv 61022, Ukraine

Our article [1] is devoted to the investigation of near solvation of singly charged ions
with different in nature and composition. We established [1] a correlation between devi-
ation of translational (diffusion) displacement length (4 ) from the Stokes law (d — r;)
(r; — structural radius of ion) and solvability of these ions according to Samoilov [2].
Parameter (d —r,) is offered as a quantitative measure of ions influence on translational
exchange of water molecules of the nearest to ion environment on molecules in bulk wa-
ter. The inequalities (d —7;)< 0 or d /r; < 1 are recommended as a criterion for negative
ion solvation, and (d —7;) > 0 or d /r;> 1 for positive one.

Interpretation of results, which received in work [1], was carried out according to
kinetic theory of solvation. According to this theory, near solvation is caused by short-
range ion-molecular (I-M) and intermolecular interactions (near ion and near molecules
in bulk water). The essence of negative solvation is that the bonds I-M are weaker than
the bonds between the molecules (M-M), and for positive solvation — on the contrary [2].
The following conditions are accomplished for interpreting the parameter d : the Stokes-
Einstein law is strictly satisfied for a spherical ion moving in a continuous medium (con-
tinuum) with radius 7;. Beside this radius is considered as indispensable and unvaried
property of ion on condition that on the last acts only braking force caused continuum
viscosity. The criterion for the fulfillment of this condition is equality 4 =r,. If the con-
dition is not met, this is regarded as a deviation from the Stokes-Einstein law.

The purpose of present work is studying of influence of single charged anions on
translational motion of molecules of primary alcohols (from methanol to n-propanol).
Diffusion coefficients and parameters 4 and (d —;) have been calculated for 7 singly
charged anions (Cl', Br, I', ClO,, CNS, NO;, BPhy") in these n-alcohols at tempe-
ratures from 258.15 to 298.15 K according to the technique [1]. The calculation values
D) and d were carried out, by using the known equations (1) and (2):

- L C )
T 677,

A OF d=

In equations (1) and (2) R — the gas constant; T — the temperature (in kelvins); z; — the
ion charge; F — the Faraday number; k — the Boltzmann constant; my —solvent viscosity.
A{ is the experimental value of limiting molar electric conductivity for singly charged
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Fig. 1. Dependence of parameters d and (d —;) Fig. 2. Polytherms ( d —7;) for anions in
on //r; for anions in methanol at 298 K methanol
Puc. 1. 3anexwicts mapamerpis d ,, (d —7;) Puc. 2. [Tonitepmu (d —7;) 1151 aHIOHIB B
Bix I/r; mis aHioHiB B MeTaHOM mpu 298 K METaHOJI1

anions [4-6]. For the calculation of parameter (d —r;), we used the same values of radii,
as in work [1].

By analyzing the results of calculations obtained for the quantity of parameters d
and (d —r;), the following regularities were revealed.

1. The value of 4 depends on structural radius of the ion, the temperature (Fig. 1) and
solvent.

2. The dependence of 4 on the structural ion radius is asymmetric curve with a minimum
(fig. 1). In each of primary alcohols the minimum point belongs to the ion ClO4 . An
example of the isotherm 4 —1/r; is shown in Fig. 1 for anions in methanol at 298.15 K.

3. Parameter (4 —r;) depends on structural radius of the ion too. Isotherms (d —r;) —1/r; in
methanol are the curves with a minimum (Fig. 1), but in ethanol and n-propanol are the
broken lines.

4. Polytherms d and (d —r;) have positive temperature coefficient (TC) in methanol (Fig.
2). TC decreases with the transition to ethanol and n-propanol and with increase of r; too.
5. All these anions can be separated to three groups on the basis of the sign of parameter
(d —r;) at the studied temperatures: a) negative solvated ions: CIO,  in methanol; BPh,
in ethanol; b) the ions, for which there are a transition from negative solvation to positive:
I' in methanol; ClO4 in ethanol; BPh, in n-propanol; c) positive solvated ions (all
other).

6. The values d for the same ion in a series HyO-MeOH-EtOH-n-PrOH at a constant
temperature increase. This indicates a weakening of their deceleration caused by a
structured solvent.

Fact of negative solvation of I', ClO4 , BPh, ions by primary alcohols, which esta-
blished by us, is due to two interconnected processes: destructive effect of the ion on the
solvent and structuring of the last. An increase in the mobility of solvent molecules near
the some ions in comparison with a pure solvent is caused by: for ClO4 ion — by delo-
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calization of charge across several oxygen atoms; in case of I ion — by decrease in the
electron charge density and for BPh, ion — by weak interactions [-M. On the other hand,
more blocked exchange of molecules in a pure solvent at lower temperatures can be
associated with the depolymerizing of hydrogen-bound molecules which result in forma-
tion of cyclic associates [6].
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PospaxoBani koedimientn mudysii i moBxuHM TpaHcnsuilinoro (mudysiiiHoro) smimenns ( d ) 7
ongno3apsauux anioniB (Cl, Br, I', ClOs, CNS’, NO;, BPhy) y HacuueHUX cnupTax Bi METaHOJIy 10 H-
nponanony npu 258.15 - 298.15 K. 3 nitepaTypHuX JaHUX IIOJO FPAHUYHOI MOJISIPHOI €IEKTPUYHOI MPOBiJ-
HOCTI 1MX ioHiB. [TokaszaHo, mo mapametp (d — ;) (r; — CTPYKTYpHHUH paziyc ioHa) KOPENIOE 3 THIIOM COJbBa-
TOBaHOCTI O0CTaHHBOrO. [TpH 3HaveHHsx (d — r;)>0 ionm combBaroBani mozutueHO. Hasmaku, npu (d — 1;)<0
iOHH coNbBaTOBaHi HeratuBHO. Beranosneno, mo ClO,4 ion y meranoni Ta BPhy ion y eranouni conmpBaToBaHi
neratuBHo. [l ioniB I y meranomni, ClO, y eranoni Ta BPh, y H-mpomaHoui crocTepiracThbes mepexin Bix
MIO3UTHUBHOI IO HETaTHBHOI colbBaTamii. [HIIi i0HH COJIbBAaTOBaHI TO3UTUBHO.

Kniouosi crosa: onHo3apsimHi aHioHH, au(ys3is, €JIeKTpUYHA MNPOBIIHICTb, JOBXKMHA AUQY3iHHOTO
3MimieHHs1, paaiyc CTokca, HeraTMBHA COJIbBATALIIS
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TETEPOI'EHHA KPUCTAJII3ANIIA 3 PO3YUHIB EJJEKTPOJIITIB
HA ITOBEPXHI ATIOMOCHIIKATHUX COPBEHTIB
A BIIJINBOM MIKPOXBHJIBOBOI'O OITPOMIHEHHA

Jvgiscokuti Oepoicasnutl yHigepcumem 6e3nexu HeummeoisieHoCmi
syn. Knenapiscoka, 35, 79007, m. Jlveie, Yxpaina, e-mail: teacher leon@ukr.net

[lepcrieKTHBHIM HaIPSMKOM CYYacHOI €JIEKTPOXiMii € BUBUCHHS B3a€MOIii HaIBUCO-
KOYaCTOTHOTO eJeKTpoMarHiTHoro unpomiHioBaHHs (HBU EMB, a6o MikpoxBuib) i3
pisHuME MaTepianamu. Ha maHuil yac BHUSABJICHO, 10 MiKPOXBHJIBOBE BHIIPOMIHIOBAHHS
3aTHE B JICCATKH 1 COTHI Pa3iB MPUCKOPIOBATH 3HAYHY KUJIBKICTh XIMIUHHMX peaKLii,
CHPUYUHATH LIBHJKE 00'€MHE HArpiBaHHs PiJKUX 1 TBEPAMX 3pa3KiB, e(PEKTUBHO BHA-
JISITU BOJIOTY 3 TBEPIMUX, Y TIM YHCII 1 3 BACOKONOPUCTHX PEYOBUH, MoaudikyBaTu Biac-
TUBOCTI pi3HUX cOpOeHTiB [1].

VY cBoiX momnepegHix poOoTax aBTOPH MOBIIOMIISIIM MPO MOKPAIIEHHS! COPOLiHHUX
XapaKTEPUCTUK MPHUPOAHOIO TNIMHUCTOTO COPOCHTY OCHTOHITY ITiCIISl ONPOMIHEHHS MiK-
POXBHIISIMH CcycHeH3il Ha iioro ocHoBi. Cepel] iHIIOTO, IOCIIPKYBaBCs IPOLIEC BHITYyUYCH-
HS Y TAKUHA CIOCIO JesKUX BaYKKIX METANIB 3 BOJAHUX PO3YMHIB [2 Ta iH.].

[TizHimme, npu IeTaTpHIIIOMY BHBYEHHI BiIIParbOBAHOTO (HACHYCHOTO METallaMH)
OEHTOHITY METOAOM CKaHyrouoi enekTpoHHOI Mikpockorii (CEM; mikpockon PEMMA -
102-02) Oysio BHSBIEHO, LIO Ha MOBEPXHI OCGHTOHITY YTBOPHJACh 3HA4YHA KIUIBKICTh
MiKpoKkpucTanukiB HOBoi dasu (puc. 1, 0), skux He 6yno Ha CEM-dororpadii Hatus-
HOTO 3pa3ka copOeHTy (puc. 1, a). 30kpeMa, KOJId K MOJCIbHHIA PO3YMH ST BUBUCHHS
MpoIleCcy COPOIIIHHOT OUUCTKH OYJI0 BUKOPUCTAHO BOAHUN po3uuH ZnSQOy, TO MICIs MiK-
POXBHIJIBOBOT'O OIPOMIHEHHS po0O0YO0T CycrieHsii, BiJICTOIOBaHHS, BIJUIIICHHS Ta BUCYLIY-

20.00kV _ x2.00k

a’/a) 6/b

Puc. 1. MikpodoTorpadii 3pa3kiB OCHTOHITY: a) HATUBHOT0; 0) OIIPOMiHEHOT'O MIKPOXBHIISIMH y
BOJIHOMY po3unHi ZnSOy

Fig. 1. Micrographs of bentonite samples: a) native; b) irradiated with microwaves in aqueous
solution of ZnSQO4
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BaHHs OcHTOHITY mpu 90 °C, Ha HOro MOBEpXHI 3HAMJIEHO OrpaHeHi MiKPOKPHUCTAIH
(puc. 1, 6). 3a nonomororo eHeproauciepciiinoro anamzy (EJIA; Toit ke Mikpockom)
BCTAHOBJICHO, 1110 BOHM € IHIVMBiAyaJbHOI CIOJIYKOKW HUHKY. MeTonoM peHTreHodaso-
Boro amanizy mopomky (P®A; mudppaxromerp JPOH-3.0) BusBieHo, mo HoBa (asa
(MIKpOKpPHCTATUKN) — [Ie TigpaToBaHuii momicmiikaT Luaky Zny[Si,07][OH],.

Sk Bimomo, HEHTp KpucTamizamii (3apoJoK) — 1e MpocTopoBa KOMOiHAIlisS 10HIB, B
SIKii BiJICTaHI M ILEHTPaMH CYCIJHIX 10HIB PiBHI BiJIIOBIIHMM MapamerpamM ManOyT-
HBOI KPUCTANIYHOI PEIIITKH, a caM XapakTep IX po3TalllyBaHHs BiarnoBinae gopmi Maii-
OyTHBOT KpUCTaNIYHOI PEIUiTKH, aje MpH LOMY 3B'SI3Ky MK ioHamu BigcyTHi. LleHTp
KpHUCTaii3allii MOKe BUHUKHYTH TUIBKUA B TUX MIKpooO'eMax, ckiaja i Oy/moBa sSKUAX BiJl-
MOBIZIAIOTH 3a CKJIJAOM i OyJJOBOIO CTPYKTYpi 3aHOBO YTBOPEHOI TBEPI01 PEHOBHHHU.

Cepen Teopilt 3apoKEHHs KPUCTATIB 3 PO3YMHIB OKpEMe MicIle 3aiiMae BUYCHHS PO
BIUIUB €JIEKTPUYHOTO Ta MArHITHOTO MOJIB Ha Iei mporec. 30KpeMa, JOCHTh JeTAIBEHO
PO3po0IIeHI TOMOKEHHS PO KPUCTANI3AII0 HEOPTaHIYHUX COJNEH 3 BOJHUX PO3YMHIB Ha
CTaIlliOHAPHUX eNIEKTPO/IaX IIiJ] BILTMBOM IIOCTIHHOTO a00 3MiHHOTO cTpyMy [3].

BarateMa pocmigHUKaMH BiIMI9a€eThCS, MO MIKPOXBWIII CIPUYHHSAIOTH iHTCHCHBHI
KOJIMBaHHS COpPOOBAHMX MOJIEKYJI (IUIIONIB) BOAW. Y BHIAJAKY BOJOTHX AITFOMOCHIIIKAT-
HUX COPOEHTIB (B T.4. INIMHUCTUX) 1€ IPU3BOIATH JI0 BUIIAPOBYBAHHS BOIH, a TAKOX IO
YaCTKOBOTO PYHHYBaHHS MOBEPXHEBUX YACTHH aJFOMOCHIIIKATHOTO KapKacy Ta PO3pPUBY
3B’SI3KIB Y «CloibpHUX» rpynax =Si—OH.

OcraHHi{ Tpolec, a TaKoX TiIpoJi3 YTBOPEHHUX IIPH PYHHYBaHHI KapKacy CHIIKaT-
ioniB SiO;”, MPU3BOAUT M0 3GUIBIICHHS KiTHKOCTI «BLTBHHX» TFiAPOKCHIBHHX TPYII
(To6T0, MO 3pocranHs pH pozumHy). BHaciinok Takux IEepeTBOPEHb 3pOCTAIOTH KiJlb-
KIiCTh Ta pO3MipH MIKpPOIIOp Ha IOBEPXHI aFOMOCHJIIKaTHUX COpOEHTIB, a Iie, Y CBOIO
qepry, MOKpaIiye ix copOuiiHi mapamerpu [4].

Ha nymky aBTOpiB, MiKpOXBIIJIBOBE OTIPOMIHEHHS CYCIICH3Ii CIIpHsie HabaraTo iHTeH-
CHUBHIIIOMY, HK TPOCTO TEIIOBE, MEPEMIlIyBaHHIO, Ta BHHUKHEHHIO O MOBEpXHI
copOeHTy CKIamHuX (ha30BHX KOMITO3HINIH: MOJIEKYIH BOAH, CYIb(aT-iOHHU, TiAPOKCHI-
10HH, CHJIIKAaT-i0HM, 10HM MeTamiB. ¥ KOPOTKI MOMEHTH 4acy CTBOPIOIOTHCS came Ti
CHPUSITIMBI YMOBH, KOJH y NMEBHUX MIKPOOO'eMax pO3UYMHY BHHHUKAE TOW K€ XiMIUHHNA
ckiaan 1 HabnMKeHa IICeBIOKpUCTaaiuHa OymoBa (Meradasa), sKi BiANOBIZAIOTH 3a
CKJIazioM i Oy10BOIO MaiOyTHIN TBEpIiil peHOBHHI.

OueBuHO, 110 3 JIAHOTO HAaOOpy 10HIB HAaHOLIBII WMOBIPHUM € YTBOPEHHS came
CKJIaJIHUX TiJpaTOBaHUX CHJIIKATiB METaliB. YTBOPEHHS B TaKMX yMOBax KpHUCTalliB
cynbdaty abo rigpokcuny LlMHKY ManolMOBIpHI (XO4a Taki BapiaHTH TaKOX MepeBi-
psHch 3a aHuMu PDA) uepe3 3HaUHE pO30aBICHHS PO3UHHY.

llle ogarM BaxkMBUM (DAKTOPOM Ha KOPUCTh BUHHUKHEHHS Ta POCTY y LIMX YMOBax
MIKpOKpHUCTaIiB nomicuiikaTiB LIMHKY € HasBHICTH y Oe3mocepenHiil OJU3BKOCTI 10 X
Mikpoo6’emiB (Metadazn) TBeproi moBepxHi copbeHTy. Kpucraniuni ¢asm, sKi ckiamna-
IOTh OCHOBY OCHTOHITY (MOHTMOPHIIOHIT, KBapIl, XJIOPHUT, TiAPOCIIOIA TOIIO0) BOJIOMIIOT
TUMH X CaMHMH KPUCTAJOXIMIYHUMH CTPYKTYpPHHMH MOTHBAaMH, IO W MaiOyTHii
MOJICUITIKAT, TOMY LIIJIKOM MOKYTh BUKOHYBATH POJIb CBOEPITHOT «IICEBI03aTPABKI.

He Mo)xHa TakoX BHKJIIOYATH TiNOTE3y MPO Te, IO 3HAYHUM BKJIAA y Lel mporec
BHOCHUTD IOCHJICHHS TEIUIOBHUX KOJHMBaHb (()OHOHIB) «IPHIIOBEPXHEBUX)» IOHIB Y CTPYK-
Typi aimromocwtikatis mix giei HBU EMB.
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BpaxoByroun cka3aHe BHIIE, MOKHA CTBEPPKYBATH, 1[0 CHEPTiiHE MepeMilIyBaHHs
MIKp00O’€MIB PO3UHHY COJi METaly y3TOKCHHMH KOJMUBAaHHAMHU COPOOBAHUX IHIIOJIB
BOJIY T[T €10 MiKPOXBWJIb CTBOPIOIOTh €HEPTeTUYHO BUTiNHI (pa30Bo-i0HHI KOMOiHAMi{
mo0JIM3y TIOBEPXHI TBEPAUX aTIOMOCHIIIKATIB. Taka cUTyallist 31aTHa 3HAYHO TOKPAIIUTH
CTepuYHUH (hakTop IS MOJOJAHHSA SHEePreTHYHOro Oap’epy MpH Mepexomi Bix pimkoi
(abo mceBokpucTaiuHOl) MeTadasu 10 3apo/IKy MOBHOLIHHOTO KPHCTATY HOMICHIIIKATY
MeTay.

Leit ¢akt Moxxe MaTH peanbHe MPAKTUYHE 3aCTOCYBaHHI. 30Kpema, copOuiiiHe
BWJIyUYCHHS 10HIB B)KKHX METaIB 3 BOJHUX PO3YMHIB (HAIIPUKIAJ], OYMCTKA CTIYHUX BOJ)
IiJ] BINTMBOM MiKPOXBHJILOBOI'O OTIPOMIHEHHSI MOXE BiI0YBAaTHCh HE TLIBKH 3a CXEMaMHU
MOHO- 200 MOMIMAPOBOi aAcopOIIiil, a i OTHOYACHOT KPHCTANi3alii CKIQIHAX COJCH IUX
METaJliB Ha MOBEPXHI AIFOMOCHITIKATHOTO COPOCHTY.
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HETEROGENEOUS CRYSTALLIZATION FROM ELECTROLYTES ON THE SURFACE OF
ALUMINOUS SORBENTS ON INFLUENCE OF MICROWAYVE IRRADIATION
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The effects of microwaves treatment of an aqueous suspension of clay sorbent bentonite with a model
solution of zinc sulfate are studied. The microstructure of the surface of bentonite after sorption cleaning was
studied by scanning electron microscopy, energy dispersive and X-ray phase analysis. It is shown that the
microcrystals formed on the surface of the sorbent are complex hydrated zinc polysilicate. A possible
mechanism for the formation of crystal nuclei under the action of microwaves is proposed.

Key words: microwaves, electrolytes, heterogeneous crystallization, aluminous sorbents
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TBepnodasHi HEpO3UMHHI 1 BaXKKOPO3UMHHI PEareHTH Iy)Ke INOIIMPEHI B EIEKTPO-
XIMIYHIM TPaKTUIi i 3HAXOMATH MIMPOKE 3aCTOCYBAHHS SK aHOJHUX 1 KaTOMHUX MaTe-
piaiiB 6araThoX XiMiYHHUX JDKEPEN CTPYMY, BAXKKOPO3UNHHIX aHOMIB B FaJIbBAHOTEXHIII],
B CHCTEMaX 3aXHCTY BiJl KOpO3ii, eMEKTPOXIMIYHAX METOHAaX aHaNi3y, CICKTPOXIMITHUX
CEHCOpax, XEMOTPOHIKHM Ta IHIIMX CyYacHUX HANpsMKaX eJeKTPOXIMIYHOI HAYKH 1 TeX.-
Hojorii. Pazom 3 mmM, Teopis mporeciB mepeHocy 3apsay B TBEpHO(a3HHX CHCTEMax
PO3BHHYTA HEAOCTATHHO 1 CITUPAETHCS, FOJIOBHUM YMHOM, Ha KJIACHYHI TEOPETHYHI ysIB-
JeHHA po iMnenanc BapOypry, ski chopMynboBaHi mepeBakHO IS PiAKOGa3HUX peak-
il Ha rpaHHUI «PO3UYMH ENEKTPONITY — TBepaa (aza» (nuB., Hanpuknaz [1]).

30Kkpema, y)e MOIIMPEHUMH B CyYacHIW eNeKTPOXIMIUHIH JITepaTypi € ysBICHHS
npo «audy3iro npoToHiB (abo 1OHIB JiTiIO, HATPilO) B TBepHiil (asi», HaNpuKiIag, B
enexTpojax XiMiyHux prepent ctpymy (XJ1C) 3 TBepnodazuum pearenrom. Ilpu npomy,
SK TPaBWJIO, arpiopi BBaXKaroTh, 10 came mHpouec Audys3ii KaTiOHIB € YHOBLIEHEHOO
CTaJi€lo Mpolecy po3psny (3apsiy) enekTpoay. B monanbmomy 3 eKcriepuMEHTaIbHUX
JAHUX HaMaraloThCs po3paxyBaTd KoedimieHT mudysii D nportoHiB (ioHIB JiTir0, HAT-
pito) B TBepHiii ¢aszi, BUXOAIYM 3 MPUMYIOICHHS PO MOXJIMBICTH 3aCTOCYBAaHHS /IO
OTPUMAHUX EKCIEPUMEHTAIBHO 3a1ekHOCTel audy3iiiHoro piBHsHES Diky. HeoOxinHO
BiJI3HAYXTH, IO TAKUH MiAXiT HE € OOTPYHTOBAHUM II0 PSAAY IMPUYNH, 30KpeMa:

1) PymiifHOIO CHIIOI0 TEpeHoCy 3apsay B Oyab-sKiii TBepmodasHill eleKTpoXiMidHiH
CUCTEMI € 8 neputy uepey Pi3HULS MPHUKIAJCHUX TOTEHIIaiB Ta BIAMOBIHA HAIpY-
JKCHICTh SJIEKTPUYHOIO TOTI0 B 00’ €Mi TBep01 (ha3u 1 Ha rpaHuIsx po3aity das; To-
My IlepeHoC 3apsiiy B TBepiii ¢asi B OyIb-KOMY BHIIQJIKy 3MIHCHIOETHCS mepe-
BXXHO IIISIXOM Migpayii, a He nudys3ii;

2) Twumnosi npouecu nudy3ii B TBEpAOMY Tili MAlOTh 3aHAATO HU3bKY MIBUAKiCTh. Ha-
NIPUKIIaz, elneKTpodi3uyHi MPOIecH NMPOHUKHEHHS 10HIB OJHOIO METaly B IHIIHMH
MeTall pH iX 0e3mocepeTHHOMY «ieaTbHOMY» KOHTAKTI ITiJ] BIUTMBOM Pi3HUII KOH-
LEHTpAIlii TPUBAIOTh KiJTbKa MICSINB i HAaBITh POKIB (B 3aJIKHOCTI BiJl IPUPOAH Me-
TaniB). ToMy XapakTepUCTHYHHIA Yac TporeciB Audy3ii He € CIiBpO3MIpHUM i3 TpH-
BaJIOCTSIMH €JIEKTPOJHUX IIPOLECIB TPH PO3psmi (3apsili) aKyMyJIATOpiB (IeCATKA
XBHWJINH, TOAWHHU) 1 OCOOIMBO —€JEKTPOXIMIYHMX KOHICHCATOPIB (AOMI CEKYHIH, Ce-
KYH/IH).

MoskHa mokas3atu, o B 0araTbOX pealibHUX CHUCTEMax 3a Y4acTiO TBepAO(asHUX
pearenTiB mpouec audysii B TBepuiii ¢asi B3arami BiacyTHIH sk Takumil. Hampukian,
cnpoOu BU3HaYMTH KoedinieHT anudy3ii nporoHis D B TBepaiit (ha3i okcHIHO-HIKEIEBOTO
enextpony (OHE) B pamkax po3riisiHyTOTO BHIE TUIIOBOTO IMiAXOAY MPU3BEIH 10 TOTO,
10 B PI3HUX JiTEpaTypHHUX JUKePelax aBTOPH OLIHIOKTH KilbKicHi 3HauenHs D Bix 107
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10 107" em*/c. 3posymino, mo Taka ouiHka 3 pisHMIE B 11 HOPAAKIB CBiTUMTH, mepur
3a Bce, PO Hea/leKBaTHICTh nudysiiinoi moxeni it OHE B3arami. Bukonani Hamu B
CBilf wac mociipkeHHS (Hanpukian [2]) mokasanu, mo HeoOXiTHO BpaxOBYBaTH B MO-
JIeNsiX BiIOMHH eKcrepuMeHTaNbHUH (akT npucytHocti B 3epHi OHE mikmapoBoi Bo-
i, cTabiizoBaHOl mapyBaToo CTpyKTyporo rinpokcuniB Hikemro (II, III). Toxi crano-
BHTHCSI MOYKITMBUM TIPHHIUTIOBO 1HIIUI MEXaHi3M mepeMimieHHs mpoToHiB B 3epHi OHE,
a caMe — TPOTTYCiBChKMI MeXaHi3M MEepeHOCY MPOTOHIB 1O MiXIIapoBiit Boxi. [cHyBan-
HSl aJbTePHATUBHUX MOMIIMBOCTEH JUI 2pOmeyci6cbKo20, MyHeNbHO20, NepecKaKy8aib-
H020 Ta IHIIUX MIBUAKHUX MITpallifiHUX MeXaHi3MiB NepeMillleHHsI KaTIOHIB B PI3HOMaHIT-
HUX TBepAOo(ha3HUX CUCTEMAaxX 4acTO B3aralii 3HIMAae MUTaHHS PO iICHYBaHHS TaKOTO JIOB-
TOTPHBAJIOr0, HEKOHKYPEHTHO3JATHOTO 1 €HEPrOBUTPATHOI'O MPOLIECY, K TU(Yy3is Baxk-
KHX 3apsA/PKCHUX YaCTHHOK B TBepAid (asi. B3araii, KiHETHKY MpOIIECIB B TBEPIOMY
peareHTi HEOOXiHO MOYMHATH PO3MIIAATH SIK MAKPOKiHemuKy BXKe Ha PiBHI OJMHUY-
HOTO 3epHa peareHTa [2], moaiOHO TOMy, SIK BOHA PO3IIIAAETHCS IIPH MOJIEIIIOBAHHI pO3-
MOJIUTY CTPYMY IO TOBIIHHI, BUCOTI a00 IMOBEPXHi MIOPUCTHX TBEPAO(a3HUX EIECKTPOIiB
(mampuknazn [3]).

B namaranHi oOrpyHTYyBatH Monenb MUQy3ii MpoTOHIB (KaTiOHIB) B TBepHill ¢asi
OHE, enexTponpoBigHUX MOJIIMEPIiB Ta ACSIKUX IHIINX CHCTEM 3 TBepAOQa3HIM peareH-
TOM JesKi IOCHiZHUKHA TPUBOIATH SK J0Ka3 ICHyBaHHS JiHIHHOI 3aJeXHOCTI MiX
CTpYMaMH IiKiB Ha BOJIbT-aMIEPHUX KPUBUX I, 1 KOPEHEM KBAJPATHHUM i3 HIBUIKOCTI
PO3TOPTKH MOTEHITIATY NES JliticHo, Takuil XapakTep MOTEHIIIOJUHAMIYHUX 3aJICKHO-
CTCH CBIAYUTH MPO HASBHICTH AU(DY3iHHUX OOMEXKEHb, ajJe MaTeMaTHYHO BiH OOTIpyH-
TOBaHHUHU TUTBKHU IS piAMHHO-(pa3HUX, a HEe U TBEpAO(a3HUX PeaKIii.

Mu MOKEMO IOBECTH, IO HASBHICTh JIHIHHOI 3aJIeKHOCTI Bif| \/5 CTPYMIB TIKiB
Iax, @ TAKOXK PI3HMIN IMOTEHIANIIB MIX AHOMHUM 1 KaTogHuM mikamu AE, HE €
JI0Ka3oM IHu(y31HHUX 0OMEXeHb Ul peakiii 3 TBepAo(pa3HUM peareHTOM, a CBITYUTH
cKopite mpo oOMekeHui 3amac eMHOCTI () aKTUBHOTO MaTepiaity B NOAIOHUX CHCTEMaX.

MaremaTiuHuii aHajli3 TBepAO(A3HUX CHUCTEM 3 MEBHHUM 3allacoM €MHOCTI O mpH-

3BOJIMTH JI0 HACTYITHUX JIIHIHHKUX CITiBBIIHONICHD M)XK BKa3aHUMH ITapaMmeTpamMu i 9 :

L =+2-G-0-V3: (1);
AEmaX:S.TzJ%-\/@. @).

Heo0OxigHO 3BepHYTH yBary Ha Te, IO NpH OTpuMaHHI piBHAHB (1), (2) HE Oyio
3p0o0JIEHO JKOJAHUX MPUIYIICHD 00 MEXaHi3My eJIeKTPOXIMIYHOTO MPOIECy B TBEPAO-
¢asHuiii cucremi (qudysiitnuil, MirpauiiHuii, 3mimanuii ado iHmii). B ocHOBI oTprMaH-
HSl IMX PIBHSHb (DAaKTHYHO JISKUTh TUIBKH ITPUIYIIEHHS PO JHIHHICTH BOJIBT-aMIIEPHOT
XapaKTEPUCTHUKH CJICKTPOY B IIEBHOMY Jlialla30Hi MOTCHIATIB

I=G-AE, (3),

SIKe 4YaCTO BUKOHYETHCS B TIOPUCTUX EJIEKTPoJax (IpUHAHMHI, B TOYaTKOBOMY Jliana3oHi
MOTEeHLiaJIiB). SIKIIO 1€ NPUIYIIEHHS] HE BUKOHYEThCS B yChOMY LIMPOKOMY Jiana3oHi
MOTEHLIJIIB, TO MPU 3HATTI EKCIIEPUMEHTAIBHUX TOTEHII0ANHAMIYHUX KPUBHX B TaKO-
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My Aiana3oHi MoTeHHianiB OyIyTh CIIOCTEPIraTHCh MEBHI BIXWJICHHS BKA3aHHUX 3aJIeXK-
Hocreit (1), (2) Big miHiiHUX. PazoM 3 UM, OyIb-SKy BOJBT-aMIIEPHY XapaKTCPHCTUKY
€JIEKTPOJY MOXKIMBO PO30OWMTH Ha JiHilHI AinsHKU AE; 3 mpoBimHicTIO G; IUTS SKAX
piBHSHHS (3) BUKOHYETHCS CTPOTO.

HageneHi B TOMOBifi eKCIEPUMEHTAIBHI JOCTIHKEHHS 0araTbOX CHCTEM 3 TBEPIO-

(a3HUM pearcHTOM BKa3yIOTh Ha iCHYBAaHHS JIHIMHHX 3aJIEKHOCTEH MK [ Ta V3

AE . Ta J9 . [Tpupona BUHMKHEHHS MIKIB CTPyMy Ha MOTEHLIOJMHAMIYHMX KPHBHX
HisIK He TIOB’s13aHa 3 Au(y3iitHIMH 00MEXXEeHHSIMH B TBepiil ¢a3si, a 00yMoBIeHa BUYEp-
NaHICTIO K IEBHOMY 4acy OCHOBHOT'O 3aIlacy €MHOCTI eJIEKTPOAKTHBHOTO KOMIIOHCHTA B
cucTeMi 3 TBepIoha3zHUM PeareHTOM.
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THE FEATURES OF ELECTROCHEMICAL PROCESSES IN SYSTEMS
WITH SOLID PHASE REAGENT

Kyiv National University of Technologies and Design, Department of Electrochemical Power Engineering and
Chemistry, Nemyrovich-Danchenko str., 2, 01011 Kyiv, Ukraine, e-mail: v-barsukov@i.ua

The theory of processes in systems with solid phase reagents is not developed enough and based on the
classical concepts, which are formulated mainly for liquid-phase reactions at the boundary "electrolyte solution
- soluble solid phase". In particular, there is a quite popular conception for diffusion of protons (or lithium or
sodium ions) in a solid phase. In reality, the processes of charge transfer in a solid phase have rather migratory
than diffusive nature. The rates of migration exceed the rates of diffusion process in a solid phase in a few
orders. This is especially typical for the Grotgus, tunnel, hopping and other mechanisms of charge transfer in
systems with solid-phase reagent, which represent a fast alternative to slow diffusion transfer.

We have shown also in this paper that the peak currents on the potentiodynamic curves are proportional
often to the square root of the rate of potential expansion. However, this is not proof of the diffusion of cations
in the solid phase, but indicates only the exhaustion of the reservoir capacity in a solid-phase system.

Key words: solid phase reagents, diffusion of cations, migration mechanisms, potentiodynamic curves
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CTBOpeHHS MaTepialiB pi3HOTO (YHKIIOHAIHHOTO MPU3HAYCHHS 3 BUCOKAM PiBHEM
eKCIUTyaTallifHNX BIIACTHBOCTEH € HAyKOBO-TEXHIYHOIO 33/1a4€i0 ChOrofeHHs. OCHOB-
HUM KJIACOM MaTepiajiB, IO MOEAHYIOTh B OOl Taki MPOTHIICKHI SIKOCTI, SIK JETKICTh i
MIITHICTD Ta J03BOJIAIOTH 3a0€3MEUNTH MiHIMAIbHY Macy KOHCTPYKLIi 3 MaKCHMAJIbHOIO
3HOCOCTIMKICTBIO, € KOMITO3UIiHHI MaTepianu. KoMo3umiiHi MaTepiann MOXYTh OyTH
OTpHUMaHi 3 BUKOPUCTAHHSM PI3HOMAHITHHX TEXHOJIOTIH, OJHAK, TEXHOJIOTISl €IeKTPO-
XIMIYHOTO OCaJKCHHS 3a0e3Ieuye MUPOKI MOKIMBOCTI ()OPMYBaHHS OKPHUTTIB 3 33]a-
HUMH BJIACTUBOCTSIMH, IIO MOTPeOye pO3pOOJICHHST HAyKOBOIO MiAIPYHTS JJISl MPAKTHK-
HOT'O 3aCTOCYBaHHS XiMIKOTEXHOJIOTIYHUX IpoleciB. KoMIo3uiiiHi enekTpoximivHi mo-
kpurtst (KEII) oTpuMyIoTh 3 €J1eKTpOIIiTiB-CyCHeH31H, e 10 0a30BUX E€JIEKTPOJITIB /10-
JIAIOTh PEYOBMHY IHIIOTO XIMIYHOTO Ta TEPMOIMHAMIYHOTO CKJIany. YacTHHKH Apyroi
(a3m CIiBOCAHKYIOTHCS 3 METAJIOM, IO HaJae TMOKPUTTAM YHIKaIbHI (Qi3UKO-MeXaHIqHI
BIAcTUBOCTI [, 2], TOMy BCTaHOBJEHHS KIHETHYHHX 3aKOHOMIpHOCTEH eleKTpoocai-
KCHHS MATPUYHUX METAIOKePaMI9HUX KOMITO3UIIIHHUX TMOKPHUTTIB 1 BUABICHHS OITH-
MaJIbHAX YMOB €JIEKTPOJIi3y 3yMOBHIIO METY JOCTIHKECHHS.

Komno3sutiiitHi eneKkTpoxXiMidHi MOKPHUTTS Ha OCHOBI Mifli Ta HIKEIIO OTPUMYBAIH B
rajJbBaHOCTATUYHOMY PEXUMI €1eKTPOPOPETHYHUM METOAOM 3 EJIEKTPOJIITIB-CyCIIeH31H.
KEII Ha ocHOBI Mizi cuHTE3yBau 3 1MochaTHOTro eIeKTpoIiTy, komrmo3utu Ni-Al,Os 3
CyJb(haMaTHOTO EJIEKTPOJITY HIKCIIOBAHHS 3 BapiilOBaHUM BMIiCTOM YaCTHHOK JPYroi
¢dasu. Sk gucnepcHy ¢a3y 10 0a30BHX PO3UUHIB EICKTPOJITIB JOAABAIH TiIPO30Jih
OKCHIly aJIOMiHIi0, IO MicTuTh 4,0—4,6 r/IM° YaCTHHOK JUCTIEPCHOT (pa3u, THM CaMUM
BMicT AlL,O3; y po3umHi eleKTpomdiTiB cTaHoBUTH Bixg 1,0 mo 2,5 r/mm’ [3, 4]. Enex-
TPOOCAKEHHS TPOBOMMIA 3 BHUKOPHCTAHHIM JpKepena mocTiiiHoro ctpymy b5-50 B
KoMipiii 3 pobounm 06’emoM 50 M mpu ryctrHI crpymy 2,0 — 3,0 A/nM’, TemnepaTypi
enekrpodnitie 25 — 30 °C, mpotsirom 40 — 60 xB.

BonprammepoMeTpudHi BHMIpIOBaHHS MPOBOIMIN 3a JIOTIOMOTIOI0 ITOTCHIIOCTATY
[IN-50-1.1 3 nporpamatopom IIP 8 B cTaHmapTHIN CKJISHIM €NEeKTPOXiMIYHIN KOMipITli
SACE-2 TV 25— 05. Bu3HaueHHsI 3aKOHOMIPHOCTEH KaTOAHOTO OCAKEHHsI KOMITO3UTIB
Ha OCHOBI MiJli Ta HIKEII0 POBOJUIIM Ha CTAJBHOMY €JIEKTPOJli B PO3BEICHUX PO3YMHAX
po0OUMX eNEKTPOIITIB IPH KOHIEHTPALlil 10HIB METaJIIB 3 J0JaBaHHAM JUCIIEPCHOI (a3u
rigpo3ono okcuay anmominito. [lonspusauiiiHi 3anexHOCTi peecTpyBaii Ha (hOHI
Na,S0O,. CycrieHsito roTyBajiv 3 BapiiOBaHUM CITiBBiTHOIICHHI JUCTICPCHOI (a3 Ta Juc-
nepciitHoro cepenosumia — Big 1:40 no 1:100, BiAMOBIAHO 0 BMICTY AucnepcHOi (asu B
poOOYOMY EIEeKTPOJITI.
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Puc. 1. Karoani monsipu3ariiti 3a1exHOCTI:
1 — 6e3 mogaBaHHS OUCIIEPCHOT (asu;

2, 3,4 — 3 1onaBaHHsAM TUCTIEPCHOI (pa3u B
cmiBBigHOIIEHH], Biamosiguo 1:30, 1:40, 1:50
Fig. 1. Cathodes polarization dependencies:

1 — without adding a dispersed phase; 2, 3, 4 —
with the addition of the dispersed phase in the
ratio, respectively, 1:30, 1:40, 1:50

OtpuMaHi TONsApHU3aLiifHI 3aMeKHOCTI TOKa3aiH, MO MPH NOJaBaHHI AWCIEPCHOI
¢asu crocrepiraeThecsi cMMOaTHE 301IbIICHHS TYCTHHU CTPYMY B IHTEpBaJli MOTEHIIIANIB
-0,1...-0,8 B (puc. 1), 110 cBimuuTh Ipo aacopOIlif0 YACTHHOK T'iIPO30JII0 Ha IMOBEPXHI
KaToAy. AHaJi3 MoJspi3auiiHuX 3aJe)KHOCTEH CBIIUNTD, IO BUIUICHHS Mijli, IpH J0/a-
BaHHI JI0 CJICKTPOJITY AUCHEPCHOI (a3u, TaKOXK 3aIUIIAETHCS ABOCTAIIHHUM, aje KyT
HAXWJTY 3aJICKHOCTEH 301UTBIIYETHCS, 10 B CBOKO YEPry YKa3ye Ha KIHETHUYHI yCKIIAHCH-
Hs cTafil po3psany. [IpuurHOI0 TaKOro XapakTepy KaTOAHOI peakilii € pakT Toro, o Mo-
HO- Ta OurirangHi nudocdaTHi KOMIUIEKCH Miji MAIOTh BiI’€MHHUH 3apsf, SK i rpaHyja
TiIPO30III0 OKCHITY aTFOMiHIF0. BBEICHHS APYTOro aHiOHY MPU3BOAUTS SK 0 BUTICHECHHS
komrutekciB Mifi 3 [TEI, Tak i 1o KoHKYpeHTHOI ancopOrii Ha enekTpoxi. B pesymprari
KUTBKICTh MiIBBMICHUX YaCTHHOK Y MPHUEIEKTPOJHOMY IIApi 3MEHIIYETHCS, IO BEAE 10
3MiHHM IIBUIKOCTI Iporecy [5, 6].

[Monsipu3arniiiHi 3aJIeKHOCTI BiHOBJICHHsI 10HIB HIKEJIIO, OTPUMaHI IpH J10/1aBaHHI
JctiepcHol (asu, BKa3yroTh Ha 30UIbIICHHS! TPAHUYHUX CTPYMIB 3 3pOCTaHHSIM BMICTY
¢aszu Al,O; B enekrpomiti (puc. 2).

1,2

Puc. 2. KaToaHi monsipu3aliiiHi 3a1eXHOCTI:
1 — 6e3 nogaBanHs qucniepcHol dasu; 2, 3, 4 —

S 08 3 JI0aBaHHSIM JIUCIIEPCHOT ()a3u B CITiB-
= BigHomenui, Bignosigao 1:80, 1:90, 1:100
E, 0.4 Fig. 2. Cathodes polarization dependencies:

’ 1 — without adding a dispersed phase; 2, 3, 4 —

with the addition of the dispersed phase in the
0.0 ratio, respectively, 1:80, 1:90, 1:100
04 -0.8 -1.2
E,B

36iNbIlIeH S TPAHHYHOI I'YCTHHH CTPYMY TIPH BifHOBiIeHHI ioHiB Ni*' BinOyBaeThcs
3a paxyHOK JIeKiTbKOX (pakTopiB. IIpn HikemOBaHHI BiIOYBa€ThCA BUAUICHHS BOIHIO, IO
MIPU3BOIMTD 10 YTBOPEHHS TiAPOKCHIY HIKENIO Ta MacwBamii KaToxy. AJe TpaHyia Tii-
PO30JI0 OKCHAY ATIOMiHIIO MiCTUTPH TiAPOKCH/I-10HH, SIK TOTSHIIaIBH3HAYAIbHI 10HA Mi-
uenu [7], ki y npueseKTpoJHOMY 1api 0epyTh yyacTh B MIlIEJIOYTBOPEHHI Ta MOTJIMHA-
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I0ThCS KOJIOIHOIO0 4acTHHKOI0. CaMe 3aBISIKH I[bOMY 3HHXKYETHCSI IMOBIPHICTD JIOKaJIb-
HOT'O 3aJy>KeHHsI 1 macuBauii KaTtoy, U0 1 MPU3BOJHUTH 10 3POCTaHHS TPAHUYHOI Tyc-
THHH CTPYMY.

TakuM YMHOM BUSIBJICHO, IO JOJABAHHS TiIPO30JII0 OKCHIY AIIOMIHIIO IO CKIamy
0a30BHX EJEKTPOJITIB HE 3MIHIOE MEXaHI3M KaTOJHHX peakiliii, aie BIUIMBa€ Ha 3Ha-
YeHHS TPAaHUYHOTO CTPYMY, a caMe, IPH eJICKTPOCHHTE31 MiJHMX KOMIIO3UTIB, IPaHUY-
HUI CTPYM 3MEHIIYEThCSI BHACHIOK BUTicHeHHs komiuiekciB mini 3 [IEIIl Ta xoHky-
peHTHOI ancopOiii Ha enekrponi. JlomaBanHs aucnepcHOi (asu a0 cynb(haMaTHOro
€JIEKTPOJITY HIKENIIOBAaHHS, Ha BiAMIHY BiX IU(OC)ATHOrO eNeKTPOJITy MiIHEHHS,
NPU3BOJUTE 10 3POCTaHHS T'PaHUYHUX CTPYMIB BHACIIJIOK 3HMKCHHS IMOBIPHOCTI JIO-
KaJIbHOTO 3aJTyKEHHsI 1 TacUBaLlil KaTo.y.
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National Technical University "Kharkiv Polytechnic Institute”, 21, Frunze Str., Kharkiv, 61002, Ukraine.

The results of studying the kinetic regularities of the reduction of Cu®* and Ni** ions from copper
diphosphate electrolyte and nickel plating sulfamate electrolyte are presented. Graphoanalytical processing of
the polarization dependences of the current density on the rate of change of potential is carried out. The effect
of the hydrosol of aluminium oxide on the process of electrodeposition of metals is established.

Key words: kinetic regularities, polarization dependencies, current density, hydrosol, electrodeposition
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VK 541.135:544.353.2:531.756
Bixmopia KAPABIIOBA, Anacmacisa PABYYHOBA, Onez KAJIYI'TH

MIKPOCKOITYHA BYJOBA BIHAPHUX CUCTEM IOHHA PIIUHA —
HPONIVIEHKAPBOHAT

Xaprxiecokuil nayionanvnutl ynieepcumem imeni B. H. Kapasina, kagedpa neopeaniunoi ximii,
matioan Ceoboou, 4, 61022 Xapkis, Ykpaina, e-mail: karabtsovav@gmail.com

Ha Tenepimniit wac ionni piguau (IP) B cymimax 3 opraHiYHUME MOJCKYJISIPHHUMHA
pimmaamMu (MP) mmpoko BUKOPHCTOBYIOTHCS B PI3HOMAHITHHUX €JIEKTPOXiMIYHHUX TIpHIIa-
max [1]. B takux cucTemMax BHKOPHCTOBYIOTH, SIK IpaBwio, IP Ha ocHOBi 1-OyTmi-3-
MeTmniMinazonis (BMIM™) (puc. 1), a TaK0XK PO3YNHHUKH 3 IIHPOKHM €IEKTPOXiMiTHIM
BIKHOM: alleTOHITPMJI, Y-OyTHPONAKTOH, eTHiIeHKapOoHar Ta nponiienkapooHar (1K)
[2]. BaxnuBi 3 mpakTU4HOI TOYKH 30pY MaKpOCKOIIYHI BIACTUBOCTI OIHAPHUX CyMillIei
IP 3 MP 3anexarp BiJi CyKyMHOCTI i0H-IOHHUX, 10H-MOJICKYJIIPHUX Ta MIXMOJIEKYJISAP-

HHUX B3a€EMOJIIN.
W

Puc. 1. Bynosa kariony 1-6yrun-3-mernniminazonis (BMIM )
Fig. 1. The structure of 1-buthyl-3-methylimidazolium cation (BMIM")

B mamniif po6oTi BUKOpHCTaHa KOMOiIHAMIA JEHCUMETPUIHOTO EKCIIEPUMEHTY Ta MO-
JICKYJISIPHO-TMHAMIYHOTO MOJEIIOBAHHS 3 METOIO JCTAIBHOTO IOCIKEHHS COJbBaTaIlil
xariona BMIM " B I1K.

B po06oti BHM3HAueHa T'yCTHHA PO3YMHIB TPhOX IOHHUX piauH Terpadiyopodopaty
(BMIMBEF,), rekcaduryopodochary (BMIMPFs) i 6pominy (BMIMBr) 1-0yTuin-3-me-
THJTIMIJIa30J1is1 B TPOMICHKapOoHaTi B iHTepBaii kKoHneHTpariit 0.005 — 0.1 MOJIB/ M’
npu Temmneparypax 298.15, 318.15, 338.15 ta 358.15 K.

OTpuMaHi 3 AEHCUMETPUYHOTO EKCIIEPUMEHTY JAaHi PO ysIBHI MapLiayibHI MOJBHI
00’emu V (puc. 2) nociipkeHux cucteM, Oyiu onucaHi piBHAHHIM MeccoHa:

7 )
Vy=V, +8,-¢*. 1)
3rigHo 3 piBHAHHAM MeccoHa Oyiii BU3Ha4YeHI rpaHUYHI MapliaibHi MOJIBHI 00’ eMH
-0 . .
po34nHEHO1 pe4oBUHM V> . Jlnd TOro, 00 MPOBECTH OLHKY HapLiaJbHOI'O MOJBHOTO
=0 . . . . . .
06’emy (IIMO) ¥; BMIM" Gy;u BuKopucTaHi JliTepatypHi gani no [IMO aHioHiB npu

. . . . =0
298.15 K. Ilpumyckatouu, 0o TpaHWYHUHA MapIiaibHAN MOJNBHUKA 00’eM ioHa Vi Moxe
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. —0 —0
OyTH MpPEICTaBICHHUIA CYMOIO BJIACHOTO 00’eMy i0Ha Viy, Ta BenuumHu AV, (2), sxa
OTIHCY€ BCIO CyMY 3MiH B HAHOMM)KYOMY OTOYCHHI 10Ha:

P a7 °
=80 1 298.15 K
220 - v
210 |
v
o 2007 v
£ 190
= 180 -
< 170
= 5
160 1 o
150 1 = e BMIMBF,
140 1 O BMIMBr
130 1 v BMIMPF,

010 015 020 025 030 035

(c, mol/dm®)"?

Puc. 2. KonueHrpaniiina 3aexHicTh ySIBHUX HapLialbHAX MOJIBHUX 00’ €MiB
JIOCITIDKEHUX CHCTEM

Fig 2. Concentration dependence of the apparent molar volumes of the investigated systems

Jlns po3paxyHKy HapliagbHOTO MojbHOro 06’emy (IIMO) BMIM' Bianosiaxo no
= 4 . C o
dopmynu Vinr :EﬁRiSN , » OyIH TIpOBeEHI KBaHTOBO-XIMIYHI PO3paxyHKH Ha piBHI

MO06-2X/ 6-311++G(d, p) s Toro, moO ONTHUMI3yBaTh TIeOMETpil0 KaTioHa Ta
BHU3HAYMTH HOro epeKTUBHUH pajiyc.
. . -0 -0
B pesynbTati nopiBHAHHEA Vi U Vix, 111 BMIM' MoXHa 3p0o6MTH BHCHOBOK MpPO

BiJ’€MHUI BKJIajJ 10H-MOJIEKYJISIpHUX B3aeMomiid (cospBatanii) y BenumuunHy [IMO
BMIM" B IIK.

Jis OibIn neTadhbHOTO BHBUCHHS CTPYKTYPHHX OCOONHBOCTEH CONBBAaTallii Oyio
NPOBEJICHO MOJICKYJISIPHO-AWHAMIYHE MOJIETIOBAHHS T'PAaHHYHO PO3BEICHOIO PO3UHHY
BMIM" B IIK (1 BMIM" + 215 TIK) B NV'T ancam6mi ipu 298.15 K 3 BUKOpHCTaHHSM
mporpamuoro naketry MDNAES [3].

3a pe3yapTaTaMu aHa i3y OTPUMAaHUX (PYHKIIH paaiaabHOro PO3MOIiTY Ta MOTOYHHX
KOODJHMHAIIIMHUX 4YHCEeN JUIsi aTOMHHX B3a€EMOJiN, BCTQHOBJICHO, IIO PO3YMHHHUK
KOOPJMHY€ TOJIOBHHM YHHOM OKCHI'€HOM KapOOHUIBHOI TIpyIM, a IepeBaXHUMHU
LEHTPaMH COJIbBaTallii KaTiOHa € aTOMU T'iIPOreHy iMiJIa30IbHOTO KUIBII.
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Orninka HaWOLIBII BipOTIMHUX BiICTaHEH Mik BMIM" ta aromamu monekyn IIK,
JIO3BOJISIE 3pOOUTH BHCHOBOK TIPO «IIPOHUKHEHHS» MOJIEKYJl PO3YMHHHUKY y BHYTPIIIHIH
MPOCTIp KaTiOHA, IO MOBHICTIO MIATBEPIKYETHCSA Ta Y3TO/DKYEThCS 3 PE3ysibTaTaMu
JICHCUMETPUYHOTO EKCIICPHUMEHTY.

1. Liu H, Liu Y., Li J., lonic liquids in surface electrochemistry // Phys. Chem. Chem. Phys. —
2010. - Vol. 12, —P. 1685-1697.

2. Makoto Ue, Masayuki Takeda, Akiko Toriumi et al. Application of Low-Viscosity lonic Liquid
to the Electrolyte of Double-Layer Capacitors // J. Electrochem. Soc. — 2003. — Vol. 150, Is. 4.
—P. A499-A502.

3. Kanyeun O.H., Bono6yes M.H., Konecnux A.B. MDNAES: nporpaMMHbIil KOMIUIEKC IS
KOMIIBIOTEPHOTO MOJICIMPOBAHUS MOH-MOJIEKYJIAPHBIX CUCTEM METOJOM MOJICKYJIIPHOH IMHa-
muku (M) // Bectn. Xapek. YHuB. Xumnueckas Cepus. — 1999. — T. 454, No 4(27). —
C. 58-79.

Viktoriia Karabtsova, Anastasia Ryabchunova, Oleg Kalugin

MICROSCOPIC STRUCTUR OF THE BINARY SYSTEMS IONIC LIQUID — PROPYLENE
CARBONATE

V. N. Karazin Kharkiv National University, Department of Inorganic Chemistry,
Svobody Sq., 4, 61022, Kharkiv, Ukraine, e-mail: karabtsovav@gmail.com

The results of densimetry investigation of the solutions of 1-butyl-3-methylimidazolium tetrafluoroborate,
hexafluorophosphate and bromide in propylene carbonate at 298.15, 318.15, 338.15 and 358.15 K are
presented and discussed in terms of apparent molar volumes and solvation contribution. Additionally
molecular dynamics simulation of infinitely diluted solution of BMIM" cation in propylene carbonate at 298.15
K was performed and analyzed in terms of radial distribution functions and running co-ordination numbers.

Key words: densimetry, solvation, 1-butyl-3-methylimidazolium, tetrafluoroborate, hexafluorophosphate,
bromide, propylene carbonate, molecular dynamics simulation
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VK 544.6.018:544.3.032

Muxaiino TKAYYK', Bacune HEYUITOPYK, Bimaniii MIIIIEH yyK!,
Banenmuna FO3bKOBA®

BPAXYBAHHS HEPIBHOBAKHOCTI JU®Y3HOI'O ITAPY IIPU
OIIMCAHHI MAKPOKIHETHUKH EJIEKTPOJHOTI'O ITPOLECY

'BITH3 Vipainu «Bykoguncekuil deparcasruii MeOuunuti yuieepcumemy,
Kagedpa meduunoi ma gapmayesmuynoi ximii, ni. Teampanvua 2, 58002 Yepnisyi, Yxpaina
e-mail: tmm777@rambler.ru

IHCmumym nicisouniomMHoi nedazo2iuHoi oceimu, Kapeopa MemoouKu UKIAOAHHSA NPUPOOHUYO-
Mamemamuunux oucyunuin, eyn. Ppanka, 20, 58002 Yepnisyi, Yrpaina

AKTyanbHicTh. [HTEpIpeTanis eKcrepuMeHTaTbHIX JAHUX PI3HUX €JIeKTPOKIHETH-
HUX METOJIB aHaJIi3y 3a HU3bKOi 10HHOI CHJIM IPYHTY€ETHCS Ha BiIOMHUX MAaKPOCKOIIYHUX
TeopisiX po3psmy-ioHizamii ®pymkina ta macomnepenocy. OmIHaK CTPOroro MapeMaTHu-
HOro OOIPYHTYBaHHSI BCiX HaOJIDKEHb 3yMOBJICHHX 3aMiHOIO CTpOroi KpaioBoi 3amadi
CHPOLICHNUMHU MOJIEJISIMH Ta iX 3aJIe)KHOCTI BiJl KEPYIOUUX IapaMeTpiB CHCTEMH JIOCI HE
3niticaeHo[ 1].

Meta po6otu. B po0OoTi cTaBUTECSA MeTa AOCHIIUTUA MOXHOKH, SIKi BAHHKAIOTh TPU
iHTepIpeTalii pe3yiIbTaTiB eNCKTPOKIHETUIHUX METOMIIB aHAli3y, 32 pPaXyHOK KIacHd-
HUX HaOMIDKEHb B PO3B’sI3Ky KpaloBoi 3amadi OamaHcoBuX piBHsAHb. OcoOnmBa yBara
MIpUIIEHA JOCTIHKCHHIO HEPIBHOBAXXHOCTI JU(Y3HOTO MIAPy 1 BiANOBITHUX BiIXHJICHD
Bil OOJIBIIMaHIBCHKOTO PO3MOJUTYy EJIEKTPOAKTHBHUX Ta HEEIEKTPOAKTUBHUX KOMIIO-
HEHTIB.

JI1st moCSITHEHHST METH Tepeadavyanocs po3B’sA3aTH TaKi 3aBAAHHSI:

1) 3HaiiTu cramioHapHi KOHIEHTpAUiliHI PO3MOJIIN KOMIIOHEHTIB PO3UYHHY Ta MOTEH-
HiATBHUHN PO3MOIL.

2) 3uaiiTh onTUManbHI Mexi qudy3HOro mapy, 3a Mexamu siKoro (B audysidHOMY
mapi) Oyie BUKOHYBaTHCSl YMOBA €J1€KTPOHEHTPaIbHOCTI.

3) BusHauntn nmoxuOKM HaONMKEHb MOZAENI Ta IX 3aJEeXKHICTh BiJ KEpyIOUYHMX MHapa-
METPIB CUCTEMHU.

4) Bu3HauuTH, SKi TOXHOKK MOXXYTh BUHHKHYTH B PO3paxyHKax KiHETHYHUX Mapamer-
piB IIpH HEXTYBaHHI HEPIBHOBAXHICTIO AW(y3HOTO MIapy ISl MOTEHIIOCTATUIHOTO
KOHTPOJIIO HA MIPUKJIAJIi METOY CTaLliOHAPHOI BOJILTaMIIEPOMETPIi.

Pe3yabTaTn Ta obropopennsi. ToBmmHA aAuy3HOTO IIapy, 3a MeXaMH SKOTO (B
Me)Kax MPUIHATOI TOYHOCTI 0) BUKOHYETHCS YMOBa €IEKTPOHEHTPANBFHOCTI AJIS PiBHO-
BaXHUX YMOB B PO3UHMHI Z-Z BAJIEHTHOTO EJEKTPOJITY 3aJCKUTh BiJl CTPHOKA MMOTEHIIi-
aiy y, B qudy3HOMY ILIapi Ta 3apsiay 10HIB Z :

r(2,9)=In(th(0.252y,)/th(0.2529)) ~ r(2,9") = In(8/ 9').

Takum 9HMHOM, MOXHA JIETKO IIepepaxyBaTH Ha Ky BiICTaHb CIif 30UTBIINTH TOBIIUHY
nudy3HOro mwapy Ay 30inbIenHs TounocTi. puitmaroun 9'=107, maemo:

r(1,9)<83-1n(8/107); r(2,9)<7.6-1n(9/107).



Cexyis 1. @ynoamenmanvHi npobiemu eneKmpoximii ma eneKmpoximiuna Kinemuxka

163

10 : : ;
" J[HJHHI.ﬂPIJ
Eﬁs’ 0080 -0-8-4
EL
s | Akhl
Sl TTHI
g see:
i TR
et 4 ! ! I

0 5 10 15 20

BesposipHEA TOTEHIIAT, 1].32

Puc. 1. 3anexuicTs Biagaii Ha IKiit
0e3po3MipHHI TOTEHITian Mae hikcoBaHe

sHavenns 93=10" iy,
Fig. 1. The dependence of the

distance on which the dimensionless
potential has a fixed value from y,

max

noxubra KoHNeHTpali, (Anmnl)

0015

0ot

5d07

50

1107

107

=

- 5107

w

=
noxubEa MoTEHMATY, AW oo

- 1x10”

besposmpREi ToTeRIAT, Py

Puc. 2. 3anexHicTh MAaKCHUMaJILHOT

TOXHUOKH BiJT /p

Fig. 2. Dependence of maximal
error from
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Sk BumHO B Mexax mudysHoro mapy (puc. 2) 30yprorounii

BIUIMB KOHBEKLIT HA KOHICHTPALIHHIK Ta NOTCHIIaIbHUI po3MoAlt B Au(dy3HOMY Iapi
3HEXTYBAaHO MayMil i cTae 3HaYHMM 3a ioro mMexxamu. MakcumaibHa BiIHOCHA 1 abo-
JIIOTHA TTOXHOKa 3pOCTae MpsMO MPOTOPIIHHO KBaapary napamerpy 30ypens 6, i Ha BU-
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Fig. 3. Comparison of the sizes of the diffuse layer without (1) and (2) taking into account the
disturbing influence of the current from v,
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BpaxyBaHHs1 30yprol0H0Oro BIUIMBY €JIEKTPHYHOTO CTPyMy Ha PO3IOJUT MOTEHIATy
Ta KOHICHTpAIil (POHOBOTO ENEKTPOIITY 3MIHCHIOETHCS HESIBHUM YWHOM Yy BHIIIAIL
rpaHn4HOi yMOBH. Bukopucranns iHTerpanpHoi Teopemu I'ayca 10 piBHOBaXXHOTO Ta
HEPiBHOBa)KHOTO AM(Y3HOTO MIAPIB A€ Pi3HI IMOTOKK HAMPYKEHOCTI HA HOTO TPaHUISIX -
Yy BHUIAOKy HEPIBHOBAXHOTO TU(Y3HOTO IMIapy HANpPYKEHICTh Majae He OO0 HyI, a
ACHMIITOTUYHO HAOIIDKAETBCA IO ACSIKOTO MIHIMAIbHOTO (IO MOAYINIO) 3HAYCHHS, SKE
BU3HauaeThes 3akoHoM Oma. Ll monpaBka no rpaHUYHUX YMOB BHOCHTBH 3MIiHH IO KOH-
HEHTPALIIHHOTO Ta MOTEHIIIAILHOTO PO3Moainy nudy3Homy Iapi (puc. 3).

BusiBnieHO 1Bi 00JacTi BIAXWICHHS BiJl PIBHOBAXHOCTI B nudy3HoMmy mapi (edekrt
JleBnya) B SIKMX Ma€ Miclle METOMYHA CUCTEMAaTHYHA TIOXUOKH Y BU3HAUCHHI KIHETHY-
HUX IapaMeTpiB METOAOM crarioHapHoi Boibramnepomerpii Ha OJIE. Jlani oGumacti
HalO1IbIIe 3aJIeKaTh Bijl 3apsay €JIeKTPOAaKTHBHOTO KOMIIOHEHTa, I0HHOT CHJIN PO3UYHHY,
MOTEHIiaJTy Ta KOHCTAHTH IIBUAKOCTI €JIEKTPOAHOI peaKiii.

Pe3ynbraTi neTanbHOTO TEOPETUYHOTO aHamizy edekra JleBuya, sikuii mpoBeneHui B
poOOTi, MOXKYTh OYTH BUKOPHCTAHI JUIS:

® CTBOPEHHS YMOB AJISI IPOBEICHHS €KCIEPHUMEHTAIBHIUX JIOCIIPKEHb KIHETUKH Me-
TOJIOM CTAIiOHAPHOi BOJBTAMIIEPOMETPii, SAKi HO3BONATH YHHUKHYTH ITOXHOOK
IIOB’SI3aHUX 3 HEPIBHOBAXKHICTIO TU(Y3HOTO IIapy;

" KOpekIii BUIpaBieHUX TaesliBChbKUX 3aJIe)KHOCTEH, sKi 0a3yBaJlUCs Ha piBHO-
BOXHHUX MOJACISIX AU(y3HOTO IIapy.

1. Dickinson, E. J. F.; Compton, R. G. Influence of the diffuse double layer on steady-state
voltammetry // J. Electroanal. Chem. — 2009.— Vol. 661, Is. 1.— P. 198-212.

Mykhailo Tkackuk', Vasyl Nechyporuk, Vitalii Mishchenchuk,’ Valentyna Yuzkova’

ALLOWANCE FOR THE NONEQUILIBRIUM OF THE DIFFUSE LAYER
IN DESCRIBING THE MACROKINETICS OF THE ELECTRODE PROCESS

! Bukovinian State Medical University, Department of Medical and Pharmaceutical Chemistry
2, Theatralna sq., 58002 Chernivtsi, Ukraine, e-mail: tmm777@rambler.ru

? Institute of Postgraduate Pedagogical Education of Chernivtsi region , Department of methods of teaching
natural and mathematical sciences, I. Franko Str., 20, 58002 Chernivtsi, Ukraine

The dependence of the errors that arise into the classical approximations of the stationary model of the
mass transfer in the near-electrode space on the RDE for a low ionic force of the solutions from the control
parameters of the system was analyzed. Were found areas where the approximation of the Boltzmann
distribution of the electroactive components in a diffuse layer leads to significant errors and even incorrect
results. These regions depend on the charge of the electroactive components, the ionic force of the solution, the
potential and the rate constant of the electrode reaction. The dependence of the sizes of the diffuse layer on the
control parameters and the accepted accuracy of modeling was shown

Key words:. diffuse layer, Boltzmann distribution, mathematical model, concentration profile
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VJIK 541.138
Bozdan OCTAIIOBHY, I'anuna OKIIBChKA
KATO/HI MATEPIAJIU JJI51 JIXJIC HA OCHOBI KOMITIO3UTIB
(ITOJIIIIPO.T + MTOJIAHLIIH) - MnO,

Jlvsigcokuti nayionanvHuil yuigepcumem imeni leana @panka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: bohdanostapovych@ukr.net

EnexkTpomnpoBifHi MoJiMEpH BHBYAIOTH SK JOJATKH 0 KATOJHOTO Marepiaiy IiTie-
Bux XJC y ckmami ByrieuneBux (rpadit, rpadeH) KOMIOHEHTIB Ui HOKPAIICHHS
3apSAJHO-PO3PSIJIHUX XapaKTEPHCTHK CTBOPIOBAaHMX IOPTATUBHUX JUKEPET CTPyMy, Y
SIKOCTI aKTUBHUX MaTepiajliB 3aCTOCOBYIOTH OKCHIM MepeximHux meraniB (MnO,, V,0s,
MoOs, iin.) [1].

Hamu mpoBeneHo cHHTE3 1 JOCTiIKEHHS KOMITO3UIIIHHUX MaTepiaiaiB Ha OCHOBI
MnO, Ta enekrponpoBiaHux noxiMepis noximipony (I1lipon) i3 nonianininom (ITAR).
Jlist ABocTa/litHOTO CHHTE3y KOMIIO3HMTIB MPOBOAMIIM OKHCHIOBAIBHY KOHJEHCAIIIO ITi-
poIy B po3unHi MEeTHIOpaHXKy (OKHCHIOBad — xyopup 3aiiza (I11)), a morim nmonimepu 3a-
LiifHe HaITOBHEHHS MOMiaHUIIHY YaCTHHKaMU HAHOPO3MIiPHOTO HOMIMIPOJy MPH HOMNIrOH-
JIeHcallii aHiIiHy y KUCJIOMY CepeloBHILi mif Aieto nepcyibdarty amonito (NH4),S,0s)
[2].

Byno BuBYeHO pO3psaHI KpUBiI CKOHCTpyHOBaHMX JiTieBuX X/IC 3 KOMIOHEHTaMH
KaTOJTHOT'O0 MaTepialy Ha OCHOBI CHHTE30BaHHWX KOMIO3HTIB (TIOMIMipOI+IIONi aHLTiH) -
MnO, Takoro cknany:

Cxema enemenrta XJIC 1:
Li | 2M LiCIO, B nponinenxap6onari | [momianinin+MnO,+rpadit 10%];
Cxema enementa XJIC 2:
Li | 2M LiCIO, B nporninenxap6onari | [mominipon+MnOy+rpadit 10%];
Cxema enemenTa XJIC 3:
Li | 2M LiCIO4 B mpomnizieHkapOoHaTi | [komITo3uT (MOMiMipos-+HomiaHiTiH)+
MnO,+ rpadit 10%].

Ha ocHOBI po3psaHuX KpUBHX OyJH po3paxoBaHi MUTOMI €HEPreTHYHI XapaKTepH-
TuKH pociimpkyBaHux XJIC i3 KaTOOHMMH Marepianamu, BUTOTOBJICHUMH 13 CHHTE30-
BaHUX KOMITO3HTIB, SKi IOPIBHIOBAIIM i3 aHAJOTaMH HAa OCHOBI YHCTHX IIONIaHUTIHY Ta
noJimipoiy. Pe3ynmpTaTti po3paxyHKiB puBeacHi y Ta0m. 1.

CKOHCTpYHOBaHI MaKeTH IITIEBHX XIMIYHHX JDKEpeNl CTPYMY XapaKTepU3yHOTHCS
HAIPYTOI0 PO3IMKHYTOTO Kojla y Mexax 3,21-3,33 B, mpu 1poMy TycTHHA PO3PSIHOTO
CTPyMy JOCTi/DKYBaHHX 3pa3KiB 3HAXOMUThCA y Mexax 0,06 — 0,17 A /em” (po3psiauuii
omip 50 Om).

UucnioBi 3HaYCHHSI TUTOMOI €HEprii € CiBMIpHUMH MiXK CO0O0I0 1 3HAXOAATHCS B iH-
teprani 1,89-2,75 Bt "¢ ‘', npu uboMy nutoma eHepris ans komnosury [(ITIipon +
[TAH) + MnO,] € feimo B0 TOPIBHSHO i3 3paskoM [TAH + MnO, (2,32 Br ¢ '1).
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Puc. 1. Po3psimni kpusi muis sitieBux XJ[C i3 KaTOAHUM MaTepiajoM TaKOro CKJIAIY:
I — mominipon + MnO, + rpadit 10%; 2 — xommo3ut (mosianinia+mominipon) + MnO, +
rpadir 10%; 3 — nosianinin + MnO, + rpadit 10%

Fig. 1. Discharge curves for lithium CDS with cathode material of this composition:
1 — polypyrol + MnO, + graphite 10%; 2 — composite (polyaniline + polypyrol) + MnO, +
graphite 10%; 3 — polyaniline + MnO, + graphite 10%

Ta6uuus 1. Pesynbratu nocmimxens XAC
Table 1. Results of CDU research

. . Hanpyra | Baytpimm. Tycrna IMuroma IMuroma
Karoanuii matepian . . PO3PSIHOTO . .
Li XJIC PO3iMK. ormip, cTpymy EMHICTE, enepris,
A Koja, B Om 5] A-cr Brcr
(Alem)
(ITAs— MnO,) +
Gr10 % 3,28 32 0,17 802,5 1,89
Kommnosur (IIiposn-
ITAH -MnO,) + 3,21 2,2 0,11 2070,5 2,32
Gr10 %
(IITipon—MnO,) +
Gr 10% 3,33 33 0,06 840,81 2,75

3pa3kd KaTOJHOTO Martepiany JOCHI/DKYBaId Yy BUINIAIL INPECOBaHHX TaOJIETOK,
nmiametp 1 cm

Ha ocHOBI aHnamizy poO3psTHUX KpUBHX II0OKa3aHO, IIO NUTOMa €MHICTb JUIs
xomnosuty [(ITipon + ITAH) + MnO,] e 6imbmoio (2070,0 A "¢ ") mopiBHsHO i3
YICTUMH KOMITOHCHTaMH y cKiiaai katogaoro Matepiany (ITAx + MnO,)— 802, 5 A ‘¢
r'') a6o (moximipon + MnO,) — 840,8 A "¢ ‘7).

Od4eBHUIHO, IO MOJINIIESHHS MUTOMOI €MHOCTI U KaTOTHOTO MaTepially Ha OCHOBI
komno3uty (IIllipon + ITAH) MOXXHa HOSCHUTH HASBHICTIO PO3BHUHYTOI IMUTOMO{ IIO-
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BEPXHI HAHOPO3MIPHUX YAaCTHHOK TOJIiNipoiy [2], Ha sIKi OcaJuKyeThCs IOJIaHLTH B
MpoIieci MOTIMEpPU3aIifHOrO HalTOBHEHHS.

1. Wang H., Lin J., Shen Z. X. Polyaniline (PANi) based electrode materials for energy storage
and conversion // Adv. Mat. Dev. — 2016. — Vol. 24. — P. 225-255.

2. Mi H., Zhang X., Ye X, Yang S. Preparation and enhanced capacitance of core—shell poly-
pyrrole/ polyaniline composite electrode for supercapacitors // J. Power Sources. — 2008. —
Vol. 176. - P. 403 — 409.

Bogdan Ostapovych, Galyna Ozhyyivs’ka

CATHODE MATERIALS FOR GALVANIC CELLS ON THE BASIS OF COMPOSITES
(POLYPIRROLE + POLYANYLINE) - MnO,

Ivan Franko National University of Lviv, Departmeny of Physical And Colloid Chemistry,
Kyryla & Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: bohdanostapovych@, ukr.net

Polypyrrole nanoparticles were previously obtained by us during the polymerization of pyrrole in a
solution of sodium 4- (4-dimethylaminophenilazo) benzenesulfonate under the action of FeCl3. Synthesis of
polymer composite polypyrrole-polyaniline was carried out with polycondensation of aniline in an acid
medium in the presence of nanosized polypyrrole particles under the action of ammonium persulfate.

The resulting samples of composites show the electrical conductivity characteristic of semiconductor
materials (2,7 x 10° — 4,1 x 10° Sm/cm). Our boulevard was involved in the process of the construction of the
lithium chemical sources of electric current with cathode materials, as well as the bulbs prepared for the
composite polypirrole-polyanyline.

Key words: polypyrrole, polyaniline, galvanic cells
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EJIEKTPOXIMIYHO OJEPXAHI CIIIBIIOJIIMEPU AHIJIIHY TA
I3BOMEPHUX MEPKAIITOAHIJITHIB IK OCHOBA Au-TIOJIIMEPHHUX
KOMITIO3HUTIB 3 EJIEKTPOKATAJTITUYHUMH BJIACTUBOCTAMU

Jlvsigcokutl nayionanvHuil ynigepcumem imeni leana @panka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: oleksandr.reshetnyak@Inu.edu.ua

Ha crorojni po3po0sieHo 3HaUHY KiIBKICTh METOIB CHHTE3y METaI-MOTIMEPHHUX Ha-
HOKOMITO3MTIB, IPOTE, 32 BUKOPUCTAHHS OUIBIIOCTI 3 HUX, OJIepKaHl Marepianu He Bil-
MIOBIZIAlOTh BUMOTaM, SIKi CTaBIIATh JUIS eJIEKTpoKaTaiizaTopis. Lle ctocyersces, 30kpema,
JIOCTaTHBOI €JIEKTPOIPOBIAHOCTI KOMIIO3UTY 3arajoM, MOHOJMCIEPCHOCTI METaJeBOTO
KOMIIOHEHTA Ta, TOJIOBHO, HOTO IepeBaKHOI JIOKaIi3allii Ha MOBEPXHI MOJIIMEpHOI (a3u.
HaiinoBHime 3rajaHiM BUIIe BUMOTAaM BiAIIOBITAOTh TOHKI TUTIBKH €JIEKTPOMPOBITHUX
MOJIiMepiB AEKOPOBaHI HAHOYACTHHKAMH METAaIy.

[lepeBaroto HanodacTHHOK 30J10Ta (Au-HY) € MOXIUBICTh iXHPOTO KOBaJICHTHOTO
MPUEAHAHHS 0 PI3HUX MOJIEKYJI 32 PaxXyHOK YTBOPEHHS 3B’SI3Ky Au—S, IO CYTTEBO
301TBIITYE «pecypc» KOMITO3HTIB Ha ixHii ocHOBi. ToMy MeToro nanoi po6otu Oyio mo-
CIITUTH METOJOM IHUKIIYHOI BOJNBTAMIIEPOMETpii CHiBHOIIMEpH3aliio aHiIiHy (AH) 3
foro HS-noxignumu (i3oMepHUMH MepkanToaHiliHaMd MAH) Ta MOXIIUBICT 1X BHUKO-
pHCTaHHS JUIs ofepskaHHs HaHOKoMIo3uTiB [1(AH-co-MAH)/Au.

[Muxutivni Bosnbrammneporpamu (LIBA) peectpyBaiiu 3a gonomororo GinoreHmiocrara
AFCBPI (Pine Research Instrumentation, Inc.), BUKOpUCTOBYIOUH SIK pOOOUi €IEKTPOIH
ITO/ckno-nnactuan. J{OMOMI>KHEM €JIEKTPOJIOM CIIyTyBaja IUIaTHHA, TOPIBHSHHS — Ha-
cuuenuit Ag/AgCl enexTpo, BiTHOCHO SIKOTO y poOOTi HaBEJACHO 3HAUCHHS BCIX MOTCH-
miamiB. s kpamoi aaresii cmiBmoniMepy 3 ITO-migknaqxoro 1 cioyaTKy eneKTpoXiMid-
HO MOAX(DIKYBAIX TOHKAM IIAPOM TOJIaHIIIHY 1 JIUIIE MOTIM €JIeKTPOOCaHKyBAIN CITiB-
noiMep (MTOTEeHIIOIMHAMIYHIN PEXXNUM: IIBHIKICTH pO3TOpTKY noTeHmiany 50 mB/c; me-
ki ckaryBaHHs: (—0,2) — (+1,2) B; dhoroswuit enexrpomit: 0,1 M Bomauit pozuna HCI).

MonmnspHe crniBBigHOIIEHHS MOoHOMEPIB (MAH : AH) y BUXiTHOMY HOJTiMEpH3aLiHHO-
My po3unHi ctaroBmio 1 : 100, 1: 1000 ta 1 : 10000. ITpore Ha npukiani 2-MAH BUsIB-
JIEHO, 110 Tipu cmiBBinHOIIeHHA 1 : 100 Benmmuman crpymiB Ha [IBA mBuako 3MeHmIyio-
ThCA 3 KO)KHUM HACTYITHHM IIMKJIOM CKaHYBaHHS, TOMY BCi HACTYITHI TOCIIi/UKEHHS IPO-
Bonwiy Juis criBBigHommeHHs 1 : 1000. Burnsa orpumanoi BoJibTaMIepHOT 3alieKHOCTI
st cymimi 2-MAH:AH (puc. 1, @) mano Binpizuserscs Bin LIBA mis nomimepusauii cy-
To aHimiHy. BomHouac, B mpucytHocTi 3-MAH (puc. 1, 6) i, ocobnuso, 4-MAH (puc. 1, 6),
MaKCHMYMH CTPYMIB pEIOKC-TIEPEXOAIB HE TUIBKH CYTTEBO HOHMKYIOTHCS Ta PO3LIMPIO-
I0ThCS, alle i 3Ha4HO 3MilIytoThcsl. CriocTepexyBaHe MOTipLUIEHHs TPOBIHOCTI OTPUMY-
BaHMX 3pa3KiB Ta 0OOPOTHOCTI PEJOKC-TPOLIECIB B CIIBIIOJIIMEPAX MOB’s13aHE 3 YTBOPEH-
HSM IUCYNB(QIAHUX MICTKIB -S—S- Ta, TOJIOBHO HPOCTOPOBMMH OOMEXKEHHSIMH MiJ 4ac
pPOCTY TIONIAaHUTIHOBHX JIAHITIOTIB. HasBHICTH 3aMiCHHKa B Tapa-TOJIOKEHHI BIIHOCHO
aMiHO-TPYITH TIPU3BOIUTH (DAaKTUYHO 110 OOPHBY MONIMEPH3ALiIHHOTO TPOIeCy i yTBO-
PEHHSA OJIiTOMepiB TP B3aEMOJI{ KaTiOH-paguKaniB MAH 3 iHIIUMH iHTEpMeAiaTaMH.
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Puc. 1. lIBA ITO/ckio-enekTpoiB mix 9ac
SJICKTPOXIMIYHO] criBHONiMepH3anii AH Ta
i30MepHOro Mepkantoaniiiny: 2-MAH (a), 3-
MAH (6) Ta 4-MAH (6). ®oHOBHI
enextpounit — 0,1 M HCIL; sg=50 mB/c;
C(An)=0,1 M; C(MAH)=0,001 M
Fig. 1. CVA of ITO/glass electrodes during
electrochemical copolymerization of anilime
and isomeric mercaptoaniline: 2-MAn (a),
3-MAn (b) and 4-MAn (c). Background
, , , , , electrolyte — 0.1 M HCI; sg=50 mV/s;

0,0 03 0,6 09 E,B C(An)=0.1 M; C(MAn)=0.001 M

KimpkicTs MepKanToO-TpyI, SIKi 3aTHIIAINCS «HEYIIKOIKEHIMI TTiCIIS CITiBIIOTiMEp-
pu3arii MOKHa OLIHWTH, BUKOPUCTABIIHN BiJHOBHI BIACTHUBOCTI JIeHiKOEMepaIhINnHOBOT
¢dopmu nomianininy. dns mporo 1TO/ckmo-enekrpon Bigpasy micis momudikamii foro
MTOBEPXHI IUTIBKOIO CITIBIIOJIMEPY MOSAPH3YBAIH MPOTIAroM 2 XB MPH poOOYOMY MOTEH-
miam —0,12 B, a moTiM MepeHOCHIN Y PO3YUH, SIKUH MiCTHUB 10°-10> M HAuCl, B 1 M
HCI. Tlicns 20-XBUIAMHHOT €KCIO3MILIT 3pa3KH TPUYi IPOMUBAIIN AUCTUILOBAHOO BOJOIO
Ta BUCYLIYBAJIM 32 KIMHATHIH TemIiepaTtypi npu 3anumkoBomy Tucky 1 mm Hg ct. Sk
cBimyate CEM-300paskeHHs1 OTpUMaHUX 3pa3KiB (puc. 2), B pe3yibTari BiJHOBIICHHS
anioHiB AuCl, nelfikoeMepaibIUHOM, TOBEPXHS IUTIBKU CIIBIOJIIMEPY NCKOPYETHCS Ha-
HOYacTHHKamHu 30i0Ta. IIpu npomy Au-HY xoBaneHTHO 3B’S3yIOThCS 3 HONIaHUTIHOBH-
MM JIaHIFOTaMH CaMe 33 PaXyHOK MEpKanTo-rpyI.

Amnani3 posnoziny ocamkennx Au-HY 3a po3mipamMu Ha OCHOBI OIpaIfOBaHHS OTpPH-
Mmaanx CEM-300paxens 3a noroMoroto mporpamu Image Pro 4.1 mokasas, mo onru-
MAIBHOIO JUTs CHHTE3y HaHOKoMmo3uty IT(AH-co-2-MAH)/Au € C(HAuCl)=10" M. Ca-
M€ 32 TaKHX YMOB CIIOCTEpITaeThCcs HE TUTHKU HAHOLTBII piBHOMIpHUI po3moain Au-HY
IO TIOBEPXHi CHiBHOIIMEpa, ale i HalBy»)4nil iX posmonin 3a po3mipamu (~100 HM s
80% HY). BusiBneno, mo Bapitoroun criBBigHOMIEHHS MAH : AH B TOJiMepH3alliiHil
CyMIIlTi, MO’KHA OCa[)KyBaTH HAHOYACTHUHKH 3 po3Mipamu Big 20 1o 500 HM.

[Ipu BuKOpHCcTaHHI cmiBmoniMepiB aHiTiHY 3 3-MAH Ta 4-MAH NOBepXHA JIEKOPY-
€ThCS 3HaYHO OinbIn momiaucnepcanmu yactuHkamMu (150-300 ta 50-200 M, BianOBia-
Ho). [Ipu ipoMy y Bumaaky 3-MAH ocaKy€eTbCs 3HAYHO MEHINA iXHS KiTBKICTh, a JUIA
4-MAH cnoctepiraetbcs 1XHe arperyBaHHs. ToMy MOXHa MPUIYCTHUTH, LIO TOJIOBHO
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Puc. 2. CEM-300paxeHHs KOMITO3HTIB
I1(AH-co-MAH)/Au, OTpMaHKX BiZHOB-
nenmsim 1-107* M posauny HAuCl, neiixo-
eMepanbANHOBOIO (HOPMOIO CIIBIONIIMepa:
2-MAH (a), 3-MAH (6) Ta 4-MAH (8)

Fig. 2. SEM images of of poly(An-co-
MAn)/Au composites produced during
reduction of 1-10* M HAuCl, solution by
leucoemeraldine form of copolymer:
2-MAn (a), 3-MAn (b) and 4-MAn (c)

4rciao He3B si3aHux HS-rpyn Bu3Hauae KinbkicTs ocamkeHnx HY, Tomi Sk KOHIEHTpaIlist
npeKypcopa — ixHiil po3Mip.

Tox cniBnonimepu I1(AH-co-MAH) y neiikoemepanbIuHOBIH GopMi BOJIOIIOTH BU-
COKOIO COpOIIIfHOI0 3aTHICTIO MO0 10HIB 30JI0TA 1, SIK MOYKHA OYIKyBaTH, TAKOXK CPiO-
J1a, 110 JI03BOJIsIE BAKOPUCTOBYBATH IX /IS B aHaNI31 JUIsl KOHIIGHTPYBaHHS [IUX METAJIB 3
pozunHiB. OKpiM TOTO Ha MTPUKJIA/l OKHCHEHHS IITIOKCAJIO JI0 TITIOKCHIIOBOI KUCIIOTH OY-
JIO BUSIBJICHO, 1110 KOMITO3UT [1(AH-co-2-MAH)/Au nposiBiisie eneKTpokaTaiaiTnaHi Biac-
THUBOCTI MIOJ0 PEaKIiii OKUCHEHHS, a OT)KE TaKi IUTBKH MOXYTh OyTH BHKOPHCTaHI SIK
1aThOpMH I XeMO- 91 010CCHCOPIB.

Natalya Petryshyn, Orest Pereviznyk, Oleksandr Reshetnyak

PRODUCED ELECTROCHEMICALLY COPOLYMERS OF ANILINE AND
ISOMERIC MERCAPTOANILINE AS A BASE OF Au-POLYMER COMPOSITES
WITH ELECTROCATALYTIC PROPERTIES

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: ihorcherniuh@gmail.com

The electrochemical deposition of the copolymers of aniline (0.1 M) and isomeric mercaptoanilines (10~
M) on the surface of ITO/glass electrode has been studied. It has been found that, unlike the process where
2-MAn participates and copolymer is close to the polyaniline properties, the copolymerization of aniline with
3-MAn or 4-MAn leads to the formation of copolymers characterized by significantly lower conductivity and
reversibility of redox transitions. It was found that leucoemeraldine forms of deposited copolymers effectively
reduced AuCly -anions with formation of poly(An-co-MAn)/Au nanocomposites. It is proposed that the num-
ber of unbound HS-groups determines the number of deposited nanoparticles, while the concentration of the
precursor regulates their size. The electrocatalytic properties of deposited copolymers as to oxidation reactions
has been revealed.

Key words: electrochemical copolymerization, aniline, mercaptoanilines, gold nanoparticles, composites
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Anastasiia RIABCHUNOVA, Ievgeniia GAVRIUKOVA, Alina KYRYCHENKO,
Oleg KALUGIN

ELECTRICAL CONDUCTIVITY OF THE BINARY SYSTEMS ROOM
TEMPERATURE IONIC LIQUID / PROPYLENE CARBONATE

V. N. Karazin Kharkiv National University,
Department of Inorganic Chemistry, Svobody Sq., 4, 61022, Kharkiv, Ukraine,
e-mail: ryabchunova.anastasia@gmail.com

The progress in developing of new electrochemical devices is focused on save
electrolyte systems. The most promising electrolytes in this area are room temperature
ionic liquids (RTILs) and their mixtures with molecular solvents such as propylene
carbonate (PC) due to wide electrochemical window and temperature range of the liquid
state [1, 2]. The most important property of such systems is a maximum on concentration
dependence of specific electrical conductivity. Nevertheless, to date there is no theory
that can describe such feature for the binary systems RTIL/molecular solvent.

Here we present the results of the detail investigation of electrical conductance of 1-
ethyl-3-methylimidazolium, 1-hexyl-3-methylimidazolium, electrical conductancebutyl-
4-methylpyridinium tetrafluoroborates (EMIMBF,, HexMIMBF,, BMPBF,) and 1-bu-
tyl-3-methylimidazolium trifluoromethanesulfonate, tetrafluoroborate, hexafluorophos-
phate and bromide (BMIMTfO, BMIMBF,, BMIMPF4;, BMIMBr) in mixture with pro-
pylene carbonate in a wide concentration and temperature range using different app-
roaches.

The Lee-Wheaton equation which is based on the Debye-Huckel-Onsager theory was
used for the treatment of conductivity data of diluted solutions of the investigated
systems (¢ < 810 mol/dm®). The values of association constants and limiting molar
conductivities were obtained from data analysis and are listed in Table 1.

Table 1. Limiting molar conductivities 4, (S-cm?/mol) and logarithms of ion association
constants 1gK,, of studied systems at 298.15 K
Ta6amns 1. Tpasmnani MonspHi npoBigHocTi 4, (CM-cM>/MOIB) Ta T0rapH(pMA KOHCTAHT
ioHHOT acomianii 1gK,, nocmimkenux cucrem mpu 298.15 K

RTIL Ay 1gK,,
EMIMBF, 34.97+0.03 0.54+0.03
BMIMBEF, 33.07+0.03 0.45+0.04
BMPBEF, 33.07+0.04 0.67+£0.04
HMIMBF, 31.84+0.08 0.62+0.08
BMIMPF; 30.70+0.04 0.44+0.07
BMIMTfO 28.940.2 0
BMIMBr 32.204+0.02 0.88+0.01
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Fig. 2. Specific conductivity of RTILs in PC versus molality by the Casteel-Amis equation
at 298.15 K (a) and specific conductivity of EMIMBF, in PC versus temperature by the
Vogel-Fulcher-Tamman equation (b)
Puc. 2. Ilutoma npoBiAHICTh I0HHUX PIAMH Y IpomiieHKapOoHarti 3a piBHIHHAM Kactuna-Awmica
mpu 298.15 K (@) Ta nuroma nposigaicts EMIMBF, y nporminenkap6oHati 3a piBHIHHSIM
Borens-®ymaepa-Tammana (0)

For studied systems the limiting molar conductivities have close values. RTILs in PC
are characterized by low association constants. Dividing A4, into ionic contributions it
was found that anions contribute more than cations to the molar conductivity of the
systems.

From a practical point of view it is important to know and predict the maximum
value and corresponding composition of the specific conductivity of any RTIL/molecular
solvent binary system. For this purpose Casteel-Amis equation [3] was used to analyze
concentration dependence of specific conductivity at higher concentrations (Fig. 1) and
the Vogel-Fulcher-Tamman (VFT) equation to fit the temperature dependence of
specific conductivity of studied systems (Fig. 2).

The experimental data on the specific conductivity was found to be well-fitted by the
Casteel-Amis empirical equation with a high accuracy for studied systems in the whole
concentration range. This allows one to predict the position of the maximum even having
a limited set of data. The conductivity maximum in each RTIL-PC mixture moves to-
wards higher concentrations as temperature increases. The value of the maximum speci-
fic conductivity and the concentration that corresponds to it decreases with the increase
of total size of ions and is mainly affected by the cation size.

The Vogel-Fulcher-Tamman equation shows good fit to the temperature dependence
of specific conductivity. The parameters of the VFT equation for studied systems are
very close and do not depend on the nature of RTIL. This can be used to predict the tem-
perature dependence of the specific electrical conductivity using the results of expe-
riment even for only one system.

1. Balducci A. Electrolytes for high voltage electrochemical double layer capacitors: A pers-
pective article // J. Power Sources. — 2016. — Vol. 326. — P. 534-540.
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2. Kalugin Oleg N., Voroshylova luliia V., Riabchunova Anastasiia V. et al. Conductometric
study of binary systems based on ionic liquids and acetonitrile in a wide concentration range //
Electrochim. Acta. —2013. — Vol. 105. — P. 188-199.

3. Casteel Jerry F., Amis Edward S. Specific Conductance of Concentrated Solutions of Magne-
sium Salts in Water-Ethanol System // J. Chem. Eng. Data. — 1972. — Vol. 17, Is. 1. — P. 55-59.
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Anacmacia Paguynosa, €ezenin I'aspiokosa, Anina Kupuuenko, Onez Kanyzin

EJIEKTPUYHA IMPOBIJHICTb BIHAPHUX CUCTEM IOHHA PIJIUHA /
MOPONIVIEHKAPBOHAT

!Xapriscokuii nayionansnuii ynisepcumem iveni B.H. Kapasina, kagedpa neopzaniunoi ximii,
ni. Ceo600u, 4, 61025 Xapxis, Vkpaina, e-mail: ryabchunova.anastasia@gmail.com

HaBenmeHo pe3ysibTaTH KOHAYKTOMETPHYHOTO OCTIDKEHHS PO3YHMHIB CeMH 1OHHHX pimuH 1-etmn-3-
MeTuiMia3omis, 1-rekcui-3-merunimigasonisi, 1-0ytun-4-metunnipuaunis terpaduyopodopary ta 1-0yTui-
3-meruitimigaszonis TpudiryopoMerancyiibponaty, Terpadiayopodopary, rekcadiayopodocdary i Opomiay B
IporMieHKapOoHaTi B LIMPOKOMY iHTEpBajai KOHIEHTpauiii Ta Temmeparyp. 3a eKCIepUMEHTaJbHHMH
KOHJYKTOMETPUYHHMH JTAaHUMH B 00JIaCTi PO3BEACHUX PO3YMHIB PO3PAaXOBaHi 3HAYEHHS IPAHUYHHUX MOJISIPHUX
IPOBiTHOCTEH Ta KOHCTaHT acowmianii. BcraHOBIEHO, IO JOCITIIDKEHI €JNEKTPONITH B IpoIiieHKapOoHaTi
XapaKTepH3yIOThCsl HE3HAYHOIO acowianieio ioHiB. [TokazaHo, m10 A OMKCY KOHIEHTPALIHOI 3aIeKHOCTI
MUTOMOT €JIEKTPUYHOI MPOBIHOCTI B yChOMY IHTEpBaIli KOHIEHTpaLiil MiaXoauTh piBHAHHA Kactuna-Awmica, a
JUISL OITKCY TeMITepaTypHOT 3aJIeKHOCTI — piBHsiHHS Borens-®@ynuepa-Tammana.

Knouosi  cnosa: enekTpudyHa IPOBIIHICTb, I1OHHI PIAMHH, NPOMiICHKApOOHAT, TPaHUYHA MOJSIPHA
MIPOBIJHICTh, KOHCTAHTA ACOLliallii, KOHIIEHTPOBaHI PO3YMHHI
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CHUHTE3 TA BJJACTUBOCTI KOMIIO3UTIB HA OCHOBI HOJITAHIUITHY
TA TEPMOPO3IIUPEHOI'O T'PA®ITY

Jlvsigcokutl nayionanvHuil ynigepcumem imeni leana @panka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: kovalyshyn@yahoo.com

MeToro OOoCHiKeHHsS € XIMIYHAN CHHTe3 KoMno3uTiB momiaHininy ([TAH) i3 Momu-
¢dikoBarnM i He MoaudikoBaHUM TepMoposmupeHnM rpadirom ABC-81 “Superior Gra-
phite”, mochimKeHHS iX eNeKTPUYHOI MPOBIAHOCTI, TYCTHHH Ta €MHICHHX XapakKTep-
PHCTHK.

n-Hitpo-deninaia3oniit Terpadgropbopar BUKOPUCTOBYBATH K MOAX(DIKATOP A Xi-
MIYHOT'O NPUILEIICHHs napaHiTpodeHinbHUX rpym 1o rpadity [1]. dani HiTporpym Biz-
HOBIIOBaTH 10 amiHorpym [2]. CuHTe3 KOMIIO3UTIB MOJiaHUIiHy 3 rpadiToM 3aiHCHIO-
BaJIl OKMCHEHHSM 3a jonomoroio Na,S,0g. besnocepennbo B monimMepusaniiiny cymim
BBOAMBCs Tpadit (1; 2; 3; 5; 7,5; 10; 15; 20 BimCOTKIB BijJ 3araibHOI MacHu CyMIIIi aHi-
JiHy 3 rpadirom). BumiproBany eneKkTponpoBifHICTE KOMIO3UTIB Ta TYCTHHY 3pa3KiB
KOMITO3MTIB, CIIPECOBAHMX Yy TaOJETKH. €MHICHI XapakTepucTHKH KoMmosuTiB [TAH —
rpadiT OIHIOBAIM METOIOM ITUKITIYHOI BombTamiiepometpii (LIBA) [3].

PesynbraT OCHiIKEHD €IEKTPONPOBITHOCTI KOMITO3UTIB (pHC. 1) BKa3yrTh, IO
IoIaBaHHA TpadiTy MPU3BOIUTH O ACSIKOTO 3pOCTAaHHS MPOBITHOCTI (B 2-2,5 pasu mpu
36inpimenHi BMicTy 10 20%). HaiiOinbmn pi3ke 301IbIICHHS €IEKTPUYHOI MPOBITHOCTI
crocTepiraeTscsi B 061acti KoHIenTpauniit rpagity 1-2%. ITpu Bmicti rpadity ume 3%
MPOBIAHICTH 3POCTAE YK€ MOBLIBHO. [[e MOXKHA TOACHUTH (HOPMYBAHHIM CTPYMOIIPO-
BiZIHOT MaTpHIli HaBiTh MPH HEBENUKHX BMicTax rpadity. [Ipu noganpuiomy 3pocraHHi
BMicTy rpadiTy IpOBIHICTh MPAKTUYHO HE 3MIHIOETHCS. Lle Moxe OyTH moB’si3aHe 3 ar-
JoMepari€ro riipooOHNX YaCTHHOK rpadiTy Mg yac CMHTe3y KoMro3ury. Take arpery-
BaHHS HE crpusie (OPMYBaHHIO PO3Taly’KEHOI CTPyMONpoBigHOI Marpuui. Buxopuc-
TaHHs MoAM(DiKoBaHOTO TpadiTy NPU3BOIUTE A0 HAOAraTo CyTTEBILIOTO 3pOCTAHHS MPO-
BigHOCTI. HalicTpiMKimie 3pocTaHHs MPOBIIHOCTI croCTepiraeTbes OJIM3bKO 5%, TaKuM
YHHOM MOJH]iKaIis rpadiTy MO3UTHBHO BIUIMHYJIA HA EICKTPUIHY IPOBiIHICTE. ToOTO
CIIOCTEPIraeThesl MOKPAIICHHS B3a€MOJil MK CKIaJZOBUMH KOMIIO3HTY. oIaTkoBUM
MiATBEPKEHHAM [BOTO, OKPIM OUIBIINX 3HaY€Hb IMPOBIAHOCTI, € MHPIIUH Aiala3oH
pocty npoBigHOCTI (10 10 %).

JlocaimKkeHo TakoX 3aJIeKHICTh YMOBHOI T'yCTHHHM KOMITO3UTIB BiJ BMICTYy rpadity
(puc. 2). Y Bunanky HemMoau]ikoBaHOro rpadiTy CIOCTEPIracThCs MOCTYIIOBE 3pOCTaH-
HS TYCTHUHHM IIpH 3011bLIeHH] BMicTy rpadity. [IpakTudHo NiHIHHMI XapakTep 3a1exHO-
CTi BKa3y€e Ha BIJICYTHICTh B3aEMOJIii MK CKJIaJJOBUMH KOMITO3UTiB. KOMITO3UTH CHHTE-
30BaHi 3 BUKOPUCTAHHSAM MOJU]iKoBaHOTo rpadiTy XapaKTepH3yIOThCsl OUIBIINMH 3Ha-
YeHHsIMU TycTHH. OcoOJIMBO 1ie MOMITHO B obusacti BMicTiB rpadity 1-5%. [Ipu 36imb-
meHHi BMicTy 10 20% criocTepiraeTsest Jiesike 3MEHIICHHS TyCTHH. IMOBipHO, 110 dYac-
TUHKU TpadiTy BHKOHYIOTH POJb MiTKJIAIKHA HA SKid BiIOYBAa€ThCS OCAHKEHHS OLTBII
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IIIJIBHOTO TOJIIaHUTIHOBOTO mapy. 3MEHIIeHHS TycTHHM npu BMicTi 10-20% MoXxIJIMBO
Oyne 3yMOBJIEHE arperyBaHHIM YaCTHHOK rpadiTy, 1o mpu3Bene A0 3MEHILCHHs edek-
THUBHO{ TUTOIII MTOBEPXHI TpadiTOBUX YaCTHHOK. BiAMOBiMHO, TOBIIMHA MOJiaHIIIHOBOTO
mrapy 3pocTe i BHACHIAOK OUTBIN MOPUCTOI CTPYKTYPH 30BHIMIHIX IIApiB IMONIAHUTIHY
Oyze Jemo 3MeHITyBaTHCh.
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Puc. 1. 3aexHiCTh €IEKTPOIPOBITHOCTI KOMIIO3HTIB BiJl BMICTYy HEMOIU(IKOBaHOTO () Ta
MoauGikoBaHOro (6) rpadity
Fig. 1. Electroconductivity dependence of the composites of unmodified (a) and modified (b)
graphite content
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Puc. 2. 3anexHicTh 'yCTHHH KOMIIO3UTIB BiJl BMICTY HeMoqu(ikoBaHOTO (@) Ta MO iKOBAaHOTO
(6) rpadiry.
Fig. 2. Density dependence of the composites of unmodified (a) and modified (b) graphite content.

MeToioM IUKIIYHOI BOJIBTAMIIEPOMETPIl MOCTIHKEHO eNEeKTPOXiMidHI BIACTHBOCTI
cUHTe30BaHUX KoMNO3uTiB y 1M pozumni HCI (puc. 3). Sk BumimBae 3 oTpuMaHUX
pe3yNbTariB, MpPU 3pOCTaHHI IIBUAKOCTI CKaHyBaHHs MOTEHIIANy CHJIa CTPyMy Yy
OinpimocTi BUMankiB 3pocrae. TakoK cHOCTepiraeTbcs 3arajibHa TEHJCHLIS 10
3MEHILEHHS] CTPYMIB Ipu 30iIbIIeHH] BMicTy HeMoau¢ikoBaHoro rpadiry. e moxHa
MOSICHUTH 3MEHIIEHHSM BMICTY €JIEKTPOAKTHBHOIO IIOJIIMEPY B CHHTE30BaHUX
KOMITO3MTax Ta MaJIUM BKJIQJOM CTPYMIB 3apsi/PKaHHS MTOJBIIHOTO €JIEKTPUYHOTO IIapy
Ha MoBepxHi rpadiry. Y Bunaaky mMoan¢ikoBaHoro rpadiTy Takoi 4iTKOI TEHICHIIT He
CIIOCTEPIraeThesl, KPIM TOrO CTPYMH BOJIBTAMIIEPOTPAM € CYTTEBO BUILMMH.
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Puc. 3. LIBA-kpuBi rpagitoBoro enekrpoay MoaudikoBaHOro KoMnosurom: a) — [1AH —
rpagir (mac. 20 %); 6) — IIAn — monudikoBanuii rpadir (mac. 20 %)y 1,0 M HCI1
MIPU PI3HUX MIBUAKOCTAX PO3TOPTKU MOTEHIIATY
Fig. 3. CVA-curves graphite electrode modified with composite: a) — PAn — graphite (20 % by
mass); b) — PAn — modified graphite (20% by mass) in 1.0 M HCI at different rates of
potential scanning

Ha ocHOBI oOTpuMaHHX pe3yJdbTaTiB MOXHA CTBEPXKYBATH IIPO IOKPALICHHS
B3aeMOil M CKJIAQIOBMMH 4YacTMHAMM KOMIIO3WUTIB Ha OCHOBI [IAH BHacCIiJIoOK
Momudikarii rpadiry.

1. Kosanvuyx E.IL, Tomunos A.Il., Kpynax A.Y. u op. CuHTE3 U SIEKTPOXUMUIECKUE CBOWCTBA
KOMITO3UTOB Ha OCHOBE YTJICPOJHBIX HAHOTPYOOK W MouaHmwiInHa // Dnexrpoxumus. — 2011, —
T. 47, Ne 10. — C. 1205-1208.

2. Kovalyshyn Y., Konovska M., Krupak A. et al. Surface Modification of MWCNT and their
Reaction with Aniline by Oxidative Condensation / RRJChem (Research & Reviews: Journal
of Chemistry). — 2016. — Vol. 5, Is. 3. — P. 75-83.

3. Brett C., Brett A. Electrochemistry: principles, methods, and applications // Oxford: Oxford
university press, 1993. — 427 p.

Yaroslav Kovalyshyn, Myroslava Konovska, Oleksandr Reshetnyak, Ivan Saldan

SYNTHESIS AND PROPERTIES OF COMPOSITES BASED ON POLYANYLINE AND
EXFOLIATED GRAPHITE

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: kovalyshyn@yahoo.com

Modified exfoliated graphite was treated by p-nitrofenildiazonium tetrafluoroborate with following
reduction of nitrobenzene groups to aminobenzene groups. There were synthesized polyaniline composites
with modified and non-modified graphite. It was investigated the influence of content modified and non-
modified graphite on the electrical conductivity, capacitance characteristics and apparent density.

Key words: polyaniline, graphite , p-nitrofenildiazonium tetrafluoroborate, composite
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2 @izuxo-mexaniynuii incmumym iveni I B. Kapnenxa HAH Yxpainu,
eyn. Hayrosa, 5, 79060 Jlveie, Ykpaina

Ha cporonni cMHTE30BaHO IIMPOKHH CHEKTP KOMIO3WTHHUX MaTepiaiiB Ha OCHOBI
TPAIUIIHAX TONIMEPiB, SK OT MOJICTHJICH, MOJIMPOIICH, MOTIMETHIMETaKpUIIaT,
€MOKCHIHA CMOJIa, TIONIKAPOIAKTOH, IMONiypeTaH TOIIO Ta MPHUPOIHHUX (MiHEPaIhHHX )
a00 CHHTeTUYHHUX TIUH 9 pupoanux Minepamis (IIM) 3 nomianimiaom (ITAH) [1]. To-
JIOBHOIO MPUYMHOIO 3aIlIKaBJICHHS BUEHHX € OTPUMAaHHS HOBOTO BHIY KOMIIO3MLINHHX
MarepiaiiB i3 CHHEPreTHYHO a00 KOMIUIEMEHTAPHOIO TOBEIIHKOIO, SKI OTPUMaIIU Ha3-
By TiOpuaHi mMarepiany. SIK IpUPOJHI MiHEpasy JIsi CHHTE3y KOMIO3UTIB BUKOPUCTO-
BYIOTh HE Tak 0araro pisHUX MiHepabHUX NIMH Ta [IM, ane cepen HuX mapysati (MOHT-
MOPHJIOHIT, KaOJiHIT) Ta KapkacHi (ueositn) [IM [1]. YTBOpeHi KOMITO3UTH MOXYTh Oy-
TH SIK MIKpO-, TaK 1 HAHOMaTepiajaMy. 3arajoM i KOMIIO3UTH, & 0COOJIIMBO HAHOKOMIIO-
3utH Ha ocHOBI ITAH Ta [IM 3 riGpuAHUMH BIACTHBOCTSIMH PO3IIISAAAIOTHCS JOCIITHU-
KaMH, SK JyXe IEepCHeKTHBHI MaTepiali Al pi3HUX TEXHOJIOTIYHHX 3acTocyBaHb [1].
Opnak, B 0araTbOX BHIIQJKaX BHHHKae mpobOiiemMa Momudikarii moBepxoHs [IM enek-
TPOAKTUBHUMH TIOIMEPaMH{ 3 METOIO0 HaJaHHs iM iHINX BIACTHBOCTEH, 30KpemMa copO-
LiHUX, eNEKTPOIPOBITHIX, KaTAMITHYHUX, Tomo. Lleomit — monikpucramiyauid, HaHO-
MTOPUCTUH MaTepial 3 MPaKTUIHO PIBHOMIPHUM PO3MOJIiIOM IMOp 3a po3Mipamu. B Yk-
paiHi 3HaXOIUTHCS OaraTo PONOBHIIN LEONiTy, 30kpeMa, COKMPHSHCbKE Ha 3akaprarTi.
OpHak, HEoJNiTH YKpPaiHCBKOrO IMOXOPKEHHS! MPAaKTUYHO HE JOCHTIPKEHI Ha MpenMer
CTBOPEHHSI KOMIO3UTIB i3 eniekTporpoBigaumu noiimepamu (EINIT). 3aBnsku noeaHan-
Hio BractuBocted neonity ta EINIT i [TAH, 30kpeMa, MOXKHa BUPIIIUTH ITUTaHHS 3MEH-
IIeHHs 200 MMOBHOTO YHUKHEHHS npouecy crapinas EIIIN, ske npusBoanTs 10 He000pOT-
Horo 3MmeHIIeHHsS enekrponpoBigHocTi EINIl i € OCHOBHMM OOMEXEHHSIM iXHBOTO
BUKOPHCTaHHS B Cy4aCHMX TEXHOJIOTISX IIPU BUI'OTOBJIECHHI aHTUCTATHYHHX MOKPHTTIB,
COHAYHHX OaTapeil, eNeKTPOHHHUX MPUCTPOiB i T.4. [1].

Meta Hamoi poOoTH monArana B OTPUMaHHI KOMMO3WTIB meoiit/momianimia (I{t/
[TAH) 3 masium BMicToM [TAH 3a JOITOMOTOI0 MEXaHOXIMIYHOTO Ta XiMIiYHOTO CHHTE3IB i
MTOPIBHIHHI iXHIX €IEKTPONPOBITHUX BIACTUBOCTEH. [[Jisl 1IbOTO /I CUHTE31B KOMITO3H-
1iB IIT/[TAH BUKOPHCTOBYBAIM MaJli KiIbKOCTI aHLTiH cyiabdary (AHCT) crocoBHo LIT.
CmiBeignomenns AHCT : LIt cranoBmio ~1 : 10, a AHCT : OKHCHUK — aMOHIl TIEPOKCO-
mucynbdar (AIIC) — 1 : 1,1. {nst cuHTE3y KOMIIO3UTIB BUKOPUCTOBYBaIH 11€0JiT COKHp-
HSHCBKOTO poJoBHIIa (3aKkapraTchka 00J1.) 3 pO3MipOM YaCTHHOK MeHIIHX 3a 20 MM [2].

MexaHOXIMIYHI CHHTE3M 3pa3KiB IojiaHiniHy (yMoBHe mo3HaueHHA — [1AH (M)) Ta
3pa3kiB meodiT/momianinil (yMoBHe no3HadeHHs — LIT/IIAH(M)) Ta ximiuHi cuHTe3n [1AH
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(ymoBHe nosHaueHHs1 — ITAH (X)) Ta 3pa3kiB IEOJIT/TIOJiaHLTIH (YMOBHE TO3HAYECHHS —
L1/TIAH(X)) mpoBogmiay 3a MeTOAUKOIO [2]. T0TOBI 3pa3Ku AOCHIIKYBaIH 3a JOITOMO-
roto peHTreHiBcbkoro ([Apon-4) ta iHdpagepsonoro 3 dype (IY-OII) meperBopeHHIM
(Nicolet IS10 ATR) anamiziB. [IuToMy €IeKTpOIPOBITHICTD 3pa3KiB BU3HAYAIH 32 Me-
TOAMKOIO [2].

Amnaiz gudpaxrtorpam 3pas3kiB [IAH i KOMITO3UTIB BKa3ye Ha MEepeBaXHO aMOpQHHN
xapaktep [TAH. Judpakuis 3paska komnosutis L1/I[IAu noaibHa g0 audpakiiii 1HeomiTy
i BKa3ye, 1o L{T mpakTHYHO He BILIMBAE HA KpUCTalivHICTh [TAH.

[Y-DII-crieKTpu 0CTiKEHHX 3pa3kiB B Mexax 4000650 cm ' 306paxeni Ha puc. 1.
®opma [Y-OII cniexrpis 3paskiB (puc. 1 a, 6 kpusa 1) i Habip XapaKTEPUCTUUHUX CMYT
BignoBinae ITAu [2]. [IBi inTeHCHBHI XapakTepucTHuHi cMyru mpu ~1 557 i ~1 489 cm™'
(muB. puc. 1) BiAIOBINAaOTH BAICHTHUM KOJIMBaHHAM XiHOigHOTO () 1 OEH3EHOIAHOTO
(B) xineup makpomosekyn ITAH i € o3Hakoro aist inenTudikanii [TAH, sk cTpyKTYpH 3
YepryBaHHSM XIHOIAHUX 1 OCH3EHOITHUX KUJIEIb Y MaKpOMOJIEKYJISIPHOMY JIaHIIoTy [2].
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Fig. 2 FTIR spectra samples: a — PAn(m) — / and Zt/PAn(m) — 2, b — PAn(c) — / and Zt/PAn(c) —
2anda, b—-Z7Zt-3

HasiBHICTh XapaKTepHCTHUHOI cMyTH npu 1 225 cM ', sika BiANOBiTae BaTCHTHHM KO-
musannaM C—N"" rpynu 3acBimaye npo npotoHoBauuii ctan ITAH, TO6TO yTBOpEHHs
emepanpauHoBoi comi (EMC) [TAH [2]. IIpoTe st KOMITO3UTIB IPOCTEKYETHCS 3MIIIICH-
HSl OCHOBHHX XapaKTEPUCTHYHHUX CMYT 3yMoBjeHe BIMBoM LT Ha cTpyktypy I1AH, BU-
KIIMKaHOTO YTBOPEHHSIM BOJHEBOTO 3B 513Ky Mk noBepxaeBuMu —O—H rpymamu Lt Ta —
NH rpymamu makpomonekyn [TAH. CTyniHs OKHCHEHHS MOMiaHUTiHY B 3pa3zkax [TAu(M)
ta L[1/TTAH(M), po3paxoBaHH 3a CHIBBIIHOMICHHSM iHTEHCHBHOCTEH ( 1 B MiKiB CcTa-
HoButh 0,755+ 0,005 Ta 0,867+ 0,005, BiANOBIAHO, a B 3pa3kax KOMIO3UTIB 1[1/I1Au(m) i
Lr/TIAn(x) 0,826+ 0,005 0,825+ 0,005, BiAMOBIAHO, L0 3aCBiqYy€ MPO OLIBIIEC YUCIIO
OeHzeHOInHUX IMKIIB B MakpoMoiiekynax [TAn. Ctynine okucHeHHs [TAH B XiMiuHO i
MEXaHOXIMIYHO CHHTe30BaHMX 3paskax LIT/[IAH € mpakTHYHO OJAHAKOBHM i CTAaHOBHUTH
0,826+ 0,005, 1o 3acBixuye Npo Maie 0JJHAKOBY TXHIO €JIEKTPOIIPOBIIHICTS.
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[Momianinin y ¢opmi EMC Oyap-sknx KHCIOT (HEOpPraHiYHMX Ta OpraHidYHHX) BOJIOIIE
CJICKTPOHHOIO MPOBinHicTIO [2]. PesynpTaT BUMipIOBaHb Ta 0OYHMCIICHHS 3HAYCHD €JICK-
TPOIPOBIAHOCTI (O) I OTPUMAHMX 3pa3kiB HaBeneHO B Tabin. 1. LleomiT Bomomie myxke
HU3bKAM 3HAUCHHSM EJICKTPONpPOBIOHOCTI. SIK BHUIHO 3 pe3yNbTaTiB, KOMIIO3HTH
L1/TIAH BOJOMIFOTH Y IEKiTbKA pa3iB BUIIOK MUTOMOIO €JICKTPOTIPOBITHICTIO CTOCOBHO
3pa3kiB [1An. 3a cmiBBimHomernHs Lt : ITAH (10 : 1) eneKTpopoBigHICTE KOMITO3HTIB
L1/TIAH nepeButrye enexkTponpoBinHicTs [IAH, mo € gyxe mikaBuM epexToM. MexaHo-
XIMIYHHH CHHTE3 KOMIIO3UTY IPU3BOAMTH A0 BHUIIOTO CTYIEHS MOAPIOHEHHS YaCTHHOK
LIt, o 30unblIye TUIONTY KOHTaKTy Makpomosiekys [TAn OueBunHoO, 1o HasBHICTh [IAH
Ha MOBEPXHi 4acTHHOK LT cripusie yTBOPEHHIO CTPYMOIIPOBIIHUX JOPIXKOK 3 MiHIMallb-
HUM EJISKTPHYHHUM OIIOPOM.

Ta6amus 1. [Turoma enexTponpoBiAHICTE JOCIIHKEHUX 3pa3KiB

Table 1. Electrical conductivity of samples

3pazox o+ 0,005 (Cm-cm )
ITAH(M) 0,026
ITAH(X) 0,005
Hr/TTIAH(M) 2,066
H1/TTIAH(X) 1,979
It 1,31-10°

1. Ayuwun M., Maxocon B., Liko V., Pewemnsix O. KoMo3uTHi Matepiaan Ha OCHOBI MoJiaHi-
JiHy Ta npupogHuX MiHepaiiB // Bicuuk JIsBiB. yH-TY. Cepist xim. — 2018. — Y. 2. — (B apymi).

2. Lixo V., Ayuwun M., I'epman H. ma in. TIOpiBHANBHUNA aHaNi3 BIACTHBOCTEH MEXaHOXIMIYHO
Ta XiIMIYHO CHHTE30BaHHMX 3pa3KiB MONiaHUIIHY Ta KOMIIO3WTIB LEOJIT/moMNiaHiIiH // BicHuk
JIbBiB. yH-Ty. Cepist xim. — 2018. — Y. 2. — (B apymi).
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ELECTRICAL CONDUCTIVITY MECHANOCHEMICAL AND CHEMICAL PREPARED OF
ZEOLITE/POLYANILINE COMPOSITES

!Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: mykhaylo.yatsyshyn@lnu.edu.ua
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Mechanically and chemically synthesized polyaniline and polyaniline composites with zeolite and their
electrical conductive properties were studied. It was shown that mechanochemically and chemically
synthesized samples of polyaniline and composite zeolite/polyaniline have a significantly higher specific
electrical conductivity in relation to samples of polyaniline synthesized by mechanochemical and chemical
methods.

Key words: zeolite, polyaniline, composite, conductivity
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JlocTiKkeHHs TPAaHCIIOPTHUX BIIACTUBOCTEH PO3YMHIB €JICKTPOJIITIB, TAKUX K €JICK-
TPOIPOBIAHICT, B'A3KICTh 1 AU(QY3isf, ICTOPUYHO € OAHI€l i3 IEHTPAIBHHUX IMPOOIIEM
KJacuyHOiI (i3uyHOl XiMii. SIKk MiHIMYyM nBa ()aKTOpH BH3HAYAIOTh HAIA3BHYANHY yBary
1o nux sBuml. [To-niepime, e iX Hag3BUYaiiHA MPAKTHYHA 3HAYMMICTh, OCOOIMUBO y CBITII
IHTEHCHBHOTO PO3BHUTKY XIMIYHUX JDKEPEI CTPyMy 1 CYNEepKOHACHCATOPiB HAa OCHOBI He-
BOJIHHMX €JIEKTPOJITHUX cucTeM. [lo-apyre, 1ie 3HaYHUI PO3PUB MK BETHYE3HOIO KiJib-
KICTIO E€KCIIEPHUMEHTAIILHOIO Marepiany, HaKOIMMYEHOrO 3a OUIbII HiXK BIKOBY ICTOPIIO
(bi3u4HOI XiMil pO3YMHIB, 1 HEIOCKOHATICTIO ICHYIOUHX TEOPETHYHHUX KOHLIEMIIIH, TOKIIH-
KaHUX HE TUIbKU JaTH TIyMayeHHs BCTAHOBJIECHHM EMITIPUYHUM 3aKOHOMIPHOCTSIM, aje
I 37aTHUX MPOTHO3YBaTH TPAHCIOPTHI BIACTUBOCTI PIIKUX 10H-MOJIEKYJISIPHUX CHCTEM
Ha migcraBi iHGQopMarii mpo IXHIA CKIax W 3aJaHUX TEPMOJWHAMIYHUX IMapaMeTpax
CTaHy.

3 immoro 0OKy, TUHaMiKa COJIEBATOBAHOTO i0HA B IOJIIPHOMY CEPEHOBHINI TiCHO
MOB's3aHa 3 SBUIIEM IWHAMIKH 10H-MOJIEKYJSIPHUX B3aeMoJid, abo, iHaKmIe Kaxydd, 3
IUHAMIKOIO 10HHOi coibBaTamii. I3 1[BOr0 MOTIIAAY i10HHA PYXJIUBICTH JO3BOJISIE OJEP-
KaTW YHIKaJbHI MO CBOIM JOCTYITHOCTI, BiporigHOCTI i iH)OpMAaTHBHOCTI KUTBKICHI Xa-
PaKTEePUCTHUKU CTPYKTYpH 1 IMHAMIKM 10HHOT COJbBATALlil.

Crin TakoXk 3a3HaYMTH, L0 IHTEHCHBHHUH PO3BUTOK KOMIT'IOTEPHOTO MOJICIIIOBAHHS
KOHJICHCOBaHHX HEBIIOPSIKOBAHUX CHUCTEM, HacamIlepe/l METO0M MOJIEKYJISIpHOT AMHA-
MIKH, JI03BOJIMB I10-HOBOMY MOJMBUTHCH Ha MIKPOCKOMNIYHY IHTEPIPETAII0 AMHAMIKA
COJIbBATOBAHOTO 10HA ¥ TMHAMIKHM 10HHOT CONBBATALlil B €IEKTPOJITHOMY po3unHi. Kpim
TOrO, 10HHI HPOBITHOCTI HajieKaTh A0 HEOAaraTbOX KIHETHMYHUX XapaKTEpUCTHK, SKi
MOXYTb OyTH HaJiHHO BU3HAYCHI SIK y peaJbHOMY (Pi3HIHOMY, TaK i B MAIIMHHOMY €KC-
HEePUMEHTI, 110, IPUPOIHO, i JBUIIMIIO iHTEpeC 10 IMX BEJIWYMH B OCTAHHI POKH.

PyxnmBicTh i0HIB B €IEKTPOJITHOMY PO3UYMHI 3a3BUYal XapaKTEPU3YIOTh MHUTOMOIO
(%), ado momspHOIO (A1) TIpoBiAHICTIO. EKCTpamomnsiis MOISPHOI eJIeKTPOIIPOBITHOCTI Ha
HyJBOBY KOHIICHTpAIIiIO (HECKIHUEHHE PO3BEICHHS) JO3BOJISIE BUKITIOUUTH MIXIOHI B3ae-
MOJIii B PO34HHI i OJepKaTH BEIWYHHY TPAHUIHOI MOJIIPHOI €NEeKTPOIPOBiTHOCTI, Ay,
AKa BiATIOBiZHO 10 3akoHy Kombpaymra mopisHioe cymi ionHHX BemuuuH, Ao =y + A .
Takxum 9HHOM, TTPOOIEMY TEOPETHIHOTO OIUCY 10HHOI PYXIIMBOCTI (€IeKTPOIIPOBIAHOCTI)
MOJKHA YMOBHO PO3UIATH Ha JIBi BITHOCHO CAMOCTIiHI IpoOIeMu.

[Tepmioro BaXIMBOIO MTPOOIEMOIO € OITUC KOHIIEHTPAIIHHOT 3aJIeKHOCTI €JIEKTPOTIPO-
BimHOCTi. Hapasi s po3BeseHux i ¢1adKo KOHIICHTPOBAHUX PO3YHHIB 3alIPOIIOHOBAHO
JIeKlJIbKa OUIbLI-MEHII aJIeKBATHUX TEOPiH, 10 JO3BOJSIOTH 13 3aJy4eHHSIM MaTeMa-
TUYHOT CTATUCTUKHU ¥ Teopii onTuMi3zallii HaJiifHO BU3HAYATH BEJIMYUHH /) Ta Ao’ K st
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CHUMETPUYHHX, TaK i HECUMETPHYHMX €JIEKTPOJITIB. J[pyroo i He MEHII BaXXKOIO IMpO-
OireMor0 3araipHOI TOpPil 10OHHOI PYXJIMBOCTI € TEOpETHYHA IHTEpIpeTalis TPaHuIHOL
10HHOT TIPOBITHOCTI, SIKA BH3HAYAETHCS CHEPTETHKOI W AWHAMIKOIO 10H-MOJIEKYIIPHUX
B3aeMOJIifl y po3umHi. He3Bakatoum Ha IHTEHCHBHI JOCTIKCHHS B IIiii obmacTti mpo-
TaroM maibke 100 pokiB, cydacHi Teopii i0HHOT pyXJIMBOCTI AajeKi Bill JOCKOHAIOCTI.

[Ipencrasnena pobora sBiIsIe c0O0I0 CIpoOy MaTH y3arajJbHEHHS iICHYIOUMX MOJenen
1 TEOPETHYHHUX KOHIEMNIiii TPAHUYHOI 10HHOI MPOBIAHOCTI MPH HECKIHYEHHOMY DPO3Be-
JICHHI B TepMiHaX 10HHOTO KoeilieHTa TepTs

Z =z eF//loi, (D

ne |z;|e — 3apsin iona, F' — uucno ®apanest.

Po3rnsHyTi HaMOLIBII BiMOMI IMiIXOAW, TOYMHAIOYH Bifl HAWIIPOCTIIINX TiAPOIMHA-
MIYHHX MoJeJiell i 3aKiHYyHO4YHM OCTaHHIMU JOCATHCHHSIMH, 3aCHOBAaHUMH Ha 3aCTOCY-
BaHHI HEpIBHOBAXKHOI cTaTHCTHYHOI MexaHiku. OcoOnmBa yBara B poOOTI IpuAaiieHe
CyJaCHHM MIiKPOCKOIIIYHIM ITiX0IaM, PO3BHHEHIM TOJIOBHUM YHHOM y po0OOTax HayKo-
BuX rpyn Xipatu, bardi # Yanapu. Sk mokasye orisip JiTepaTypH, KpUTHIHHNA aHAII3
UX poOIT BIICYTHIN HE TIIBKU B yKPaTHOMOBHIN Ta pOCiiiChKOMOBHIH JiTeparypi, aje i
B aHMIOMOBHIN. HapelTi, rpyHTYI04YHCh Ha NPUHLMIIOBUX Pe3yJIbTaTaX Cy4acHUX TEO-
piif 10HHOTO TPaHCIIOPTY, 3aIPOIIOHOBAHO PO3BHTOK KIHETHMYHOI Teopii 10HHOI coJbBa-
tauii CamMoiiyioBa Ui HEBOIHHX €JIEKTPOJIITHUX PO3UMHIB.

Oleg Kalugin

ION MOBILITY AND DYNAMICS OF SOLVATED ION IN INFINITELY DILUTED SOLUTION:
FROM PHENOMENOLOGY TO MICROSCOPIC DESCRIPTION

V.N. Karazin Kharkiv National University, Department of Inorganic Chemistry,
Svoboda sq., 4, 61022 Kharkiv, Ukraine, e-mail: onkalugin@gmail.com

Detailed analysis of existing theoretical approaches describing the dynamics of solvated ion in polar
solvent is carried out. A special attention has been paid to recent achievements of microscopic (molecular)
theories including the mode-coupling theory. A place of Samoylov’s kinetic theory of ionic hydration within
the contemporary concept of ion salvation dynamics has been shown. Generalisation of Samoylov’s theory for
non-aqueous electrolyte solutions has been proposed on the basis of principal results of contemporary theories
of ion mobility.

Key words: ion mobility, ion solvation, kinetic theory of ion solvation
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EJIEKTPOITPOBIAHICTDH TOJIMEP-ITIOJIIMEPHUX TA
MMOJIMEP-MIHEPAJIBHUX KOMIIO3UTIB
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xagedpa izuunoi ma konoionoi ximii, 8yn. Kupuna i Meghoois, 6, 79005 Jlvsis, Yrpaiua,
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JlociIKeHHI0O METOJIB OJICp)KAaHHA Ta BUBYCHHIO (Di3MKO-XIMIYHHX BIIACTHBOCTEH
mornimep — monimepHux (I1I1K) Ta momimep — minepanpaux kommno3uTiB (IIMK) mpumins-
€ThCS BEJIFKA yBara, OCKUTBKM TaKi MaTepiaid BOJOAIIOTH YHIKAJIbHAMHU BIACTHBOCTSIMH,
a IXHe 3aCTOCYBAaHHSA B PI3HUX EJIEKTPOHHUX MPHUCTPOSX Mae 06aratoobimsgodi mepc mnex-
tuBH [1, 2]. Baxxnmuoro xapaktepuctukoro [ITIK ta [IMK e enextponposigHicTs. Enek-
tponposiani [IMK 3HaxoasTh MHMPOKe 3aCTOCYBaHHS JJIsi KOHCTPYIOBaHHS CEHCOPIB Ta
6iocencopis [3, 4].

[MoximMep — mosiMepHi KOMITO3UTH Ha OCHOBI BOJIOPO3YMHHHX TOJIIMEPIB Ta MOJiaHi-
niny (ITAHI) nopspn 3 eIeKTponpoBiIHICTIO BOJOAIIOThH IUTIBKOYTBOPIOIOYUMH BIIACTH-
BocTsiMu. Takoro tumy IIITK mMoxHa BHKOpHCTOBYBatd A (QOpMyBaHHS €IEKTPOIPO-
BiJTHHX IDTIBOK Ha Pi3HHUX MOBEepXHsiX. Hamu cuHTe30BaHi Ta BuBUeHi BaactuBocti [ITTK
Ha ocHoBi [TAHI 3 momniininoBum cruptom (I1BC), momiMeTakpHiIoBOIO KHCIIOTOIO
(IIMAK) ta xonomimepoM ctupoiy i maneinoBoro anrinpuapuny (CTMA). IIMAK cun-
TE3yBaJIl PEaKIi€r0 MOJIiMEepr3aIlii METaKpHIOBOI KHCIIOTH B PO3YMHI OCH3CH-TiOKCAH
(1:1) BEKOpHCTOBYIOUH SIK iHimiaTOp mepokcua OeHzoimy. Momekymsipra maca [IMAK
BU3HAYCHA BI3KOBUMETPHYHO ckiamama 3.5 10%. CuHTe30BaHMii MOTIBIHINIOBHHA CIHpPT
XapaKTepH3yBaBCs MOJIEKYSPHOIO Macoro 8.0 10% i BMicTom 3.3% 3a/IMIIKOBHX areTar-
Hux rpyn. Komonimep crupony 3 Majnei{HOBUM aHTiIpUIOM CHHTE3yBaJH 3 BiINOBIIHUX
MOHOMEPIB B XJI0pO(hOPM—IIOKCAHOBOMY PO3YHMHI 32 HAIBHOCTI MEPOKCUAY OCH301Ty sSIK
iHiIlaTOpa, MOJISIPHE CITIBBiJHOIIEHHS MOHOMEpPIB CTUPEHY Ta MajJeiHOBOTO aHTiAPHIY
ckimazgaino 1:1, mpu HboMy 3a TAKHX YMOB (POPMYETHCS MOJIIMEP, B MAKPOMOJIEKYJIi SIKOTO
MOHOMEpHI JIaHKH 4epryioThes [5]. MonekynsapHa maca CTMA, BU3Ha4YCHA Bi3KO3HMET-
pudHO, cKianana 6.6 10*. TMomiaximin CHUHTE3YBAJIX 32 BimoMor MeTtoaukor [6]. [IMK
OJIepP)KyBallll MEXaHO-XIMIYHUM METOJIOM, 3MIMIYIOYH BigNOBIOHY KiIbKiCTH ZnO 3
ITAHI. IloBepxHIO OKCHAY HWHKY MOIUQiKyBamu (eHinmia3oHiit TeTpadTopOopaTom,
mo 3abe3neuyBaio Bumly enekTponpoBigHicts [IMK mopiBHSHO 3 Hemoan(iKoOBaHIM
Zn0O. Metogom IY-cmexrpockomii Big3HA4YEHO B3AaEMOIII0 MK MaKpPOMOJIEKYyJIaMH
ITAHI Ta moBepxHeio okcuay IMHKY. Beenmenus mpu oxepxanni [IMK ByrieneBux
HAHOTPYOOK J03BOJISIE PETYJIIOBATH €JICKTPOIIPOBIIHICTE KOMITO3HUTIB.

[MoxiMep-nosiMepHi KOMIIO3UTH OJICPXKYBaI MPOBOJSIYM PEAKI[IF0 OKMCHEHHS aHi-
JIHY NEepOKCUANCYNIb(ATOM aMOHIIO 32 HassBHOCTI BiAIIOBITHOTO BOJOPO3YMHHOTO II0JTi-
Mepy. 3MIHIOIOYH BMICT BOJIOPO3YMHHOTO MOJIIMEPY B peakiiiHiil cuctemi migyac cuH-
te3y ITAHI MokHa perynroBaTH CIiBBiJHOIICHHS MIX EJIEKTPOIIPOBIIHOIO Ta ILIIBKO-
yTBOpIotouoro ckiamoBoro IIITK. Sk i cimig Oymo odikyBaTh, 3poctanHs Bmicty [IAHI B
KOMIIO3UTI IPUBOJUTH J0 POCTY €ICKTPOIPOBITHOCTI (puc. 1).
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Puc. 1. 3anexnicts enexrponposinHocti kommo3uty I[TAHI-IIBC Bix Bmicty ITAHI
Fig. 1. The dependence of the conductivity of PANI-PVA composite on the content of PANI

36inpmensas Bmicty [TAHI B xommo3uti Ha ocHoOBi [IMAK Takox mpHBOAUTE IO
pocty enekTponpoBigHocTi. BuBuenns mopdomorii mocmimkysanux IIIIK Ha ocHOBI
I1BC Bkasye Ha Te, o npu maiomy BMicti [TAHI (1o nocsirHeHHs Opory mepKoJIsiii)
€JIEKTPOIIPOBIIHUH TTOJIIMEP 3HAXOIUTHCS B JIICNIEKTPUYHIN IOJIIMEPHIA MaTpHILi Y BHT-
JISI1 TTIOOYJSIPHUX arperaris, He 3B’s3aHUX MK co0o0ro. [Tpu 30imbiienni Bmicty ITAHI
B Marpuli [IBC nounnatots GopmyBaTucs JiHIHHI JaHIFOKKH €IEKTPOIPOBIIHOTO I10-
mimepy. IIpu nmocsrHeHHI nepkossniiiHoro mopory (>2%) BinOyBaeTbesi pOpMyBaHHS
CITKH eNeKTponpoBigHoro nosimepy B Marpuui [IBC, mo 3yMoBIIIO€ ZOCSTHEHHS BUCO-
KOI eJIEKTPOIPOBITHOCTI KOMITO3UTY Ta HAOJIMKECHHS HOTO IPOBIAHOCTI IO PiBHS iHIHBI-
IyaJlIbHOTO €JeKTponpoBigHoro mnomimepy. Jocmimkenas orpumanux IITIK Ha ocHOBI
I[IBC, [IMAK Ta ITAHI metonom IY-cnexTpockomii BKa3ye Ha 3HA4HY B3a€MOJII0 MiXk
Makpomosekyiaamu. OIHUM 3 MOKITUBUX MEXaHi3MiB TaKol B3a€MOJI] € YTBOPEHHS MiXk-
MOJIEKYJISIpHUX BOHEBUX 3B s13KiB Mixk [IBC Ta ITAHIL

[TpoBeneHo KBaHTOBO-XiMiuHI po3paxyHku st Makpomosekyn [TAHI. Pospaxynku
napiiajJbHUX 3apsiiB HAa aTOMax a30Ty Ta 3B’S3aHOTO 3 HUM BOJHIO CBI4YaTh MPO CHJIb-
Hy nomsipusanito Monekynu ITAHI. TlapuianbHuid 3apsig Ha aToMi a30Ty MepLIO] JIAHKK
ITAHI - Haiibinbmmii i ckinanae —0.628, a BIAMOBIAHI BETHYUHY [UIS iHIIHX aTOMIB a30Ty
MPAaKTUYHO OJHAKOBI Ta 3HAXOAATHCA B Mexax —0.517 1 —0.522. TlapmianbHi 3apsau Ha
aTomax BOJAHIO JexaTh B Mexax 0.304 i 0.288. Takum umHOM Makpomoiekyia ITAHI
CHJIBHO TOJSIPU30BaHa, 10 MOXKE CHPHUSATH MDKMOJEKYISAPHIH B3aeMOIi MiX pI3HUMHA
MaKpOMOJIEKYJIaMH.

Komonimep cTrpeHy 3 Mane{HOBHM aHTIAPHIOM Ma€ JTOCHUTh BHCOKI 3HAYECHHS MTHUTO-
Moro oropy (6imbure 10'> Om-cM). BeTaHOB/IGHO, 1110 BBEICHHS €IEKTPONPOBIAHOTO 10-
nmiMepHoro HanoBHIoBaua [TAHI, skuit Mae 3HAYHO MEHITUI MUTOMHIA OTip, MPUBOAMUTD
JI0 OTPUMaHHS IIOJIIMEPHOTO KOMIIO3UTY, 3[JaTHOTO HPOBOAUTH EIEKTPHUYHUN CTPYM.
[Turomuii orip KOMIO3UTY 3MEHIIYETHCS Maike Ha 8—9 MOPsIKIB MOPIBHIHO 3 OIIOPOM
CTMA. TemmnepaTypHa 3aJexHICTh mUTOMOro omnopy kommo3utie CTMA-ITAHI mae
cKiIafHuil Xapakrep. SIk Mo)kHa OauuTH 3 pucC. 2 JiHIHHA 3aJISKHICTh JOTapupmMy MUTO-
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Puc. 2. 3anexHicTs norapupmy HOpMOBaHOTO TUTOMOTO ornopy komnozuty CTMA-ITAHI (1:1)
BiJ 00EpHEHOI TeMIepaTypu

Fig. 2. Dependence of the logarithm of the normalized resistivity of the STMA-PANI composite
(1: 1) on the inverse temperature

MOT0 OTOPY CIIoCcTepiraeTbes TUTbkH A0 Temreparypu 373 K (100 °C), Bume AKoi micis
nepeximHoi o0macTi BitOyBa€eThCS 3pOCTaHHS OTIOPY.
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Polymer-mineral and polymer-polymer composites were obtained and their electrical conductivity was
studied. It is shown that interaction between macromolecules of electroconductive and water-soluble polymers.
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EJIEKTPOXIMIYHA IMITIEJAHCHA CIHEKTPOCKOIIIA
Y JOCJIKEHHAX MIX®A30BOI MEXKI
AMC / KOPO3IMHE CEPEJOBUIIE

Jlvsigcokutl nayionanvHuil ynigepcumem imeni leana @Ppanka,
Kagedpa Qizuunoi ma konoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: [boichyshyn@yahoo.com

PizHorutaHOBI JOCHipKeHHsS BiacTUBOCTed amopdHux MmeraneBux cruiaBiB (AMC)
BIJIKpUBAIOTh BUPOOHUKAM IIMX MaTrepialliB opa3 iHII Tamxy3i iX 3acTocyBaHHS, 30Kpe-
Ma B MEIIUIIMHI Ta TeNCBi3ilHIlM TexHini. Lle cTae MOXKIMBHUM, HE TITBKY 32 PaXyHOK CIIe-
nugivarX BaactuBocteit AMC, ane i 3aBHSIKM BIACTUBOCTSAM C(OPMOBAHHUX OKCHIHUX
mapiB Ha ix moBepxHi. Binomo, mo oxcuau Al Ha moBepxHi AMC yTBOpeHi Ha MOBITPi
Ta po3unHax NaCl € HamiBIPOBIAHUKaMHU p-TUIY, a B po3unHi Na,SO4 — n-tumy. Tobto
aHioHW OepyTh ydJacTb y (OpMyBaHHI MMOBEPXHEBUX IIAPiB 3MiHIOIOYH THI MPOBIAHOCTI
MIOBEPXHEBOTO OKCHIY. MeTOoI poOOTH € AOCIIKEHHS MPUPOIN 3aXMCHHX OKCHIHO-
TiApOKCHAHMX mIapiB Ha amopdHHX crutaBax Alg;YsNig, Alg;DysNig, Alg;Y 4Dy Nis.

AMC BHroTOBJIECHI METOZOM WIBHAKOro oxonomxenHs (10°—107 K/c) y Burmszi
CTpIYKU IUpUHOIO Oiist 2 cM 1 ToBuHOK 20 MKkM B IHCTHTYTI MeTanodizukn HAHY,
M. Kuis. Koposiiini BnactiuBocti AMC nociimxkeno B 0,3% BonHoMy posunni NaCl Bu-
KOPUCTOBYIOUH TPHUEJIEKTPOAHY CUCTEMY, B AKi pobounii enexrpox — AMC moniero
1 eM?, CJICKTPOJ] IOPIBHIHHS — HACHUYCHUIA KAJIOMEJICBHIA, & TOTIOMDKHHUIA — IJIATUHOBHI
nnomero 5,4 cm’. 3 10mOMOroro cucteMu Autolab MpOBOIMIN KOMILIEKC €IeKTPOXiMit-
HUX JOCTiKeHb. [IpoBemeHa peecTpalis CTAlliOHAPHOTO IMOTEHINANy IMMOBEPXHI IPH
PO3IMKHYTOMY 30BHIIIHBOMY EJIEKTPHYHOMY KOJIi B TEPMOCTATOBaHIN KOMIpIi NpHU
293+0,5 K. Bix cranioHapHOT0 3Ha4eHHS NOTEHIIaTy MTOBEPXHi, B MMOTCHITIOMHAMITHO-
My pEeXHMi, 3HIMaJN BOJIbTaMIEPHI KPUBi Y BOMHOMY PO3YMHI HATPIH XJIOPUAY 31 IIBHI-
KicTio po3roptku noteHniary 20 MB/c y nmianasoni Bix —1,2 mo —0,1 B. Omip nepenocy
3apsay depe3 Mexy AMC — po3uuH eNeKTPOIITY BUBYATH METOZOM EICKTPOXiMIdHOL
imnenancHoi criekrpockorii (EIC) y wacrorHomy niamasowi Big 10 kHz mo 0,1 Hz. Pe-
aNbHY Ta ysIBHY KOMIIOHEHTH IMIIEZJAHCHUX 3aJIS)KHOCTEH aHaJli3yBayld 3a JIOIIOMOTOI0
nporpamHoro 3a6esmedens Autolab®/PGSTAT-20 3 4acTOTHHM aHAII3aTOPOM Ta M-
(epeniansHIM enekTpoMeTpudHuM micwioBadeM (Eco Chemie B.V.) 3 momanemioro
00poOKOIO BiAMIOBITHIMH KOMIT IOTEPHUMH IIPOIpaMaMH.

Jliist Toro, o0 MOCHIIUTH MPUPOILY CHHTE30BAaHUX 3aXMCHUX OKCHJIHHX LIapiB, MPH
PI3HUX MOTEHIlIANAaX 3HATO 3aJISKHOCTI YABHOTO OTMOPY eleKTpony (Z”) Bim Horo peas-
HOTrO omopy (Z’). 3 3aNeXHOCTEH, MPEACTaBICHNX Ha pHc. | BHIINICHO HPSMOIiHINHI
IUISTHKH (TTOYaTKOBi) B BUCOKOYACTOTHIN 00JIacTi, 3 KyToM Haxwmmy 45°. BUKOHaAHHS IUX
YMOB € TIiJICTaBOIO I AOCHIIPKEHHS OKCHAHHX INapiB OCKITBKHA HIBEIIOETHCS BILIHB
enexTpoximivHoi peakmii. 3a BincyTHOCTi ®apaneiBCchKoi CKIaJOBOI peakilii, EMHICTh BU3-
HaYaeThCs 3 YABHOI cKitagoBoi immenancy C,, = 1/7fZ’’. B 3aranpHOMY X BUIAJKY, PiB-
HSHHS U1 00urcIeHHs o0epHeHoi eMHOCTI Mae HacTymHuHA Burisin: 1/C = 1/Cy + 1/Cyc,
ne Cy — emuicts mapy ['enpmromnsia, Csc — EMHICTB 00JIACTI MPOCTOPOBOTO 3apsamy. Ae,
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Puc. 1. Kpusi Haiikicta mmss AMC Alg;YsNig (a) Ta Alg;Y4Dy Nig (6) B 0,3% po3uuni NaCl
MIPH Pi3HUX MOTEHIiaIax

Fig. 1. Nyquist curves for Alg;YsNig (a) and Alg;Y4DyNig (b) AMAs in 0.3%
NaCl aqueous solution at different potentials

OCKIJIbKM 0OepHEHa €MHICTh mapy ['enbMrosbiia € 3HauHO OLIBIIOO, HiXK 007acTi mpo-
CTOPOBOTO 3apsdy, TO JogaHKkoM 1/Cy Ha IpakTHI MOXKHA 3HEXTYBATH, 1 TOJI OTpUMaE-
Mo, o: 1/C = 1/Csc. 3rauenns Csc Oynu po3paxoBaHi MPH B’ ATHOX YaCTOTaxX B iHTEp-
Bami 7,9...1,2 k['1, siki BU3HAYAIMCS 3 NMPSIMOJIHIMHOI JUISTHKH 3ajiexHocTi Z' = f(Z°)
(puc. 1). HamiBnpoBiqHUKOBY NMPUPONY OKCHIHMX ITOKPUTTIB ONMHCYE PIiBHSHHA MOTT-
lotku: 1/Cy* = 2/ecs,N (E-E,~kTle), ne ¢ — mieneKTpiYHa CTala HAITBIPOBiIHHIKA; &
— JeNIEKTpUYHA TPOHUKIUBICTh CepelOBUINA; N — KOHIICHTpAIliS TOHOPIB CICKTPOHIB
JUTS. HAITliBIIPOBITHUKIB A-THITY 1 KOHIICHTPALliS aKIENTOPIiB eJIEKTPOHHHX Aip VIS HaIliB-
IIPOBITHUKIB p-THITY; E — NpUKIIaaeHuid noTenmian; £,; — MoTeHLial IIIOCKOi 30HH.

Ha ocHOBI aHaTi3y OTpUMaHuX 3a1exHOCTe 3Misu E = f{1/C%) npu pi3sHEX MOTeHIIi-
anmax y Bumagky AMC Alg;YsNig y posumni 0,3% NaCl B inTepBam uactot 7,9....
1,2 x['1 criocTepiraeTbCs yTBOPEHHSI ACUBHMX IIApiB 3 MPOBIAHICTIO p-TUIY (pHC. 2).
YacTkoBe 3amimeHHs itpito aucnposieM (craB Alg;Y 4Dy Nig) npu3BoanTs 10 30171b-
menns 3Hauens 1/C° Ha mopsmok B imTepsani notenmiamis —900...—600 MB, T06TO
MOTEHITIaIN ICHYBaHHS HAIiBIIPOBiTHIKOBHUX BIIACTHBOCTEH 3CYBAIOTHCS B aHOJIHUM OiK,
0 BKa3ye Ha Te, Mo chOPMOBaHI OKCHAHI MIapu € 30iTHEHI HOCIIMU 3apsy, 30KpemMa
eJIeKTpOHaMH. B OKCHIHHX mapax BigOyBae€ThCS MOBUIBHUHN IEPEHOC EJIEKTPOHIB B 00-
JIACTi IPOCTOPOBOTO 3apsiay, TOOTO y HEUIIbHIH YacTuHi mapy. OmHAK THII IPOBiTHOCTI
MIpH IIbOMY HE 3MIHIOETHCS 1 3aMIIAETHCA AIPKOBOIO, TIPO 110 MOKHA CYIUTH 3 HAXHITY
kpuBHXx (puc. 2). 3a piBHsaEAM MoTT-Lll0TKM pOo3paxoBaHa KiNbKICTh HOCIIB 3apagy Ta
MTOTEHITiall TUTOCKOI 30HH, Pe3yIbTaTH PO3PaxyHKIiB MpeacTaBieHi y Tabnuni. Bugno, mo
i3 3MEHIICHHSIM YacTOTH, HakianeHol Ha AMC-eeKkTpoa IpH OCHTIPKEHHSAX METOIOM
EIC kinbKicTh JipoK 3pocTae Ha MOPSAOK, 3HAYSHHS MOTEHIialy IUIOCKOI 30HH, SIKE €
3Ha4yHo Oiunbine (—30 MB) 3a moTeHIiany NpUKIaACH] 0 eICKTPOLy BKa3yIOTh Ha TE IO
B 00J1aCTi HELIILHOrO OKCHIHOIO LIapy aKyMYJIIOEThCS Oiblla KUIBKICTh MO3UTHBHO
3apsAPKEHHX IpOK, SIKI NpUTATYIOTH 10 cebe OH i B mopax OKCHIHMX IIapiB HMOBIpHO
NPOXOIUTh OKMCHEHHS 1IMX i0HIB IO MOJIEKYJIAPHOTO KHCHIO. T0OTO, yTBOpPEHHH B 1O-
pax KUCEHb IPOHHKAE 0 Ae(ESKTHUX AUITHOK OKCHIHOTO IMIApy Ta TOOKUCHIOE HOTO.
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Puc. 2. 3anexnocti Motr-Ilotku mnst AMC Alg;YsNig (@) Ta Alg;Y4DyNig (6) B 0,3 % BomHOMY
po3uuni NaCl mpu vactorax, kl'm: 1 —7,9;2-6,2;3-4,9;4—-3,9;5-3,1

Fig. 2. Mott-Schottky's dependences for Alg;YsNig (a) and Alg;Y 4Dy Nig (b) AMA
in 0.3% NaCl aqueous solution at frequencies, kHz: 1 —7.9;2-6.2;3-4.9;4—-3.9;5-3.1

Tadmauus. XapakTepUCTHKM OKCHHUX IIapiB, sIKi po3paxoBaHi 3 piBHsHHA MotT-11loTkn

Table. Characteristics of oxide layers calculated from the Mott-Schottky equation

AMC E., MB KinbKicTb HOCIiB 3apsiny (IipoK)
Alg;YsNig -300 3,79 10"
Alg;Y Dy Nig —300 4310"
Alg;Dy;Nig -150 4.210"

3aMiHa ITpito Ha AMCHPO3il HE 3MIHIOE THITY ITPOBIIHOCTI, IPOTE JUIsi OKCUIHOTO IIa-
PY CIIOCTEpIraeThesi 3MEHILCHHS KUIBKOCTI IIO3UTUBHHUX HOCITB 3apsi1y Ha BiCIM IOPSAKIB,
10 IMOBIpHO, IOB’sI3aHE 3 MPHPOIOIO JIETYIOUOro KOMIIOHEHTa. [HTepBasl MmoTeHMiaiB
ICHYBaHHS JIpKOBOI IPOBIHOCTI 3CYBAETHCS B aHOJAHUM OiK, 1110 BKa3ye Ha MPUCKOPEHY
Iudy3il0 HEraTUBHO 3apsKeHNX 10HIB po3unHy, 30kpema OH™ ado Cl™ mo mexi mopy-
BaTui okcuza/Bopuui pozunH NaCl. OgHak, rpaHHYHA MOJISIPHA EJIEKTPOINPOBIAHICTH
OH'™ € mpaktiyHo B 2,5 pasu Oinbimia Hix y Cl, ToMy, siK Bxe BifzHadanocs, ionn OH™
0OepyTh y4acTb B €NEKTPOXIMIYHOMY JOOKHCHEHHI Ne(eKTiB OKCHUIHUX IIapiB.

Lidiya Boichyshyn

ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY IN THE STUDIES OF THE
AMA / CORROSIVE ENVIRONMENT INTERFACIAL BOUNDARY

Ivan Franko National University of Lviv, Department of Physical and Colloid Chemistry,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine, e-mail: lboichyshyn@yahoo.com

The semiconductor properties of protective oxide layers on amorphous metal alloys Alg;YsNis,
Alg;DysNis, Alg;Y4DyNig have been investigated for the first time. The conductivity of the oxide layers
depends on the potential and frequency of the electrodes applied to the AMS. It is shown that the replacement
of yttrium with dysprosium does not change the type of conductivity, characterized by a decrease in the
number of positive charge carriers in eight orders, which is probably due to the nature of the alloying
component.

Key words: amorphous metallic alloys, interfacial boundary, electrochemical impedance spectroscopy
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