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INVESTIGATION OF NUCLEATION PROCESS
IN THE ELECTRODEPOSOTION OF CADMIUM THIN FILMS
ON GLASSY CARBON ELECTRODE

Abstract. It was investigated the initial stages electrocrystallisation cadmium on the surface of the glassy
carbon electrode in the deposition of thin films in electrolytes based on sulfuric acid and sulfosalicylic acid. The
study was performed by chronoamperometry. Deposition potentials are selected based on analysis of cyclic current-
voltage (CV) of the glassy carbon electrode dependencies in respective electrolytes. To experimentally determine the
type of nucleation fixed cadmium deposition current dependence on time and the results are analyzed in reduced
coordinates I / Imax, t /tmax (2 D type) and (ILyw)’, ttma(3D type). It is found that the first few seconds
electrodeposition occurs spatial growth cadmium crystals in the type D 3. Analysis of the dependence of the current
bilogarithmically electrodeposition of cadmium from time to time, 1g I-lgt, confirmed the absence of signs of 2D
nucleation at selected potentials. The experimental data are analyzed for the possibility of the deposition process of
cadmium on glassy carbon electrode on the mechanism of instantancous or progressive nucleation. It was found that
the spatial growth of cadmium sludge can be described by the mechanism of instantancous nucleation. It is shown
that in an electrolyte based on sulfosalicylic acid diffusion coefficients of the ions of cadmium (II) is 2 times higher
than the electrolyte based on sulfuric acid due to the formation of the complex with cadmium sulfosalicylic acid. The
morphology cadmium film obtained from sulfate electrolyte glassy carbon electrode at a potential equal -0,6V at
25C for 15 minutes and annealed at 100° S for 20 min. Confirmed volume nature of nanoparticles formed of the
metal cadmium.
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NCCIEAOBAHME ITPOLHECCOB HYKJIEALIUN
ITPU DJIEKTPOOCAKAEHNU TOHKUX IIVIEHOK KA/IMUA
HA CTEKJVIOYI'JIEPOJTHOM 2JIEKTPOAE

Annortamusi. HccrenoBaHbl HAYaNbHBIC CTAOUM  SICKTPOKPHCTAIIM3ANMN KAAMHS HA TOBEPXHOCTH
CTEKIOYTJIEPOJHOTO JJIEKTPOJA TPH OCAKACHUM TOHKHX IUICHOK B JJICKTPOJIMTAX HA OCHOBE CEPHOW H
cyabp(ocamnuunoBoi KucioT. MeciaenoBaHuE BBHIIOIHEHO METOAOM XPOHOAMIIEPOMETPHH. [10TCHITHATIBI OCAKICHI
BBIOPAHBI HA OCHOBC AHATN3A LHUKIMYCCKUX BOTBT-aMIICPHBIX (LIBA) 3aBHCHMOCTCH CTCKIOYTIACPOTHOTO ICKTPOaA
B COOTBETCTBYIOIIMX 3JICKTpONMTAX. [l omperencHus THIA HYKICAIMH JKCIICPUMEHTAIBHO 3a(uKCHpoBaHa
3aBUCHMOCTh TOKA OCKIACHUS KAAMHSL OT BPEMCHHM, W PE3yJbTAaThl IPOAHATM3HPOBAHBI B IPHUBEIACHHBIX
KoopAHHATAX [/, e (2 D THID) ® (I/Imax)z, t/tnex (3D TuM). HalineHo, 4TO ¢ MEPBBIX CCKYHA IICKTPOOCAKIACHHSA
MPOMCXOJUT IPOCTPAHCTBEHHBI POCT KPHCTAUIOB KamMusi mo 3 D Tumy. Amamu3 OumiorapumiriecKou
3aBHCHMOCTH TOKA 3JCKTPOOCAKICHHA KaaMmus OT BpeMmcHH, lgl-lgt, moareepamn orcyTcTBHE mpm3HAKoB 2D
HYKJICAIMM TIPH BHIOPAHHBIX MOTCHIMANAX. JKCICPUMEHTAIbHBIC JAHHBIC IPOAHATH3HPOBAHBI HA BO3MOKHOCTH
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

OCYIICCTBJICHHUS MPOLECCA OCAKICHUS KAAMHSA HA CTCKIIOYTJICPOIHOM 3ICKTPOIC MO MCXAHW3MY MTHOBCHHOM HITH
MPOTPSCCHPYIONICH HYKJICAIMH. YCTAHOBICHO, UTO MPOCTPAHCTBCHHBIN POCT OCAIKA KAAMHSA MOKET OBITH ONMUCAH
MO0 MCXAHH3MY MTHOBCHHOH Hykjacamuu. [10ka3aHO, ITO B 3CKTPOJIMTC HA OCHOBC CYJIb(OCATHIMIOBON KHCIIOTC
ko3¢ ¢ummeHTH TH(Py3un noros kaxmus (II) B 2 pa3a BeIIIC, YeM B 3JICKTPOTS HA OCHOBE CCPHOM KHCJIOTHI, UTO
00yCITOBICHO 00pPAa30BAHHCM KOMILICKCA KAAMHUSA C CyTb(OCATMIUIOBOH KHCIOTOH. PaccmorpeHa Mopgoaorus
IJICHKH KAJIMHSA, TOIYYCHHOH W3 CCPHOKHCIIOTO JJICKTPOIHTA MPH MOTCHIMAJIC CTCKIOYTIICPOTHOTO 3JICKTPOJa
pasroM -0.6B mipu 25°C B Teuenue 15 mun u oToscxenuoi mpu 100°Ce Teuenune 20 muH. [ToaTBepKacH 0O bEMHBIH
XapaKTep HAHOPASMEPHBIX YaCTHI[ 00PA3yIOMICTOC MCTAIHUCCKOTO KAIMHUA.
KmodeBnie ¢/I0BA: MCTOI XPOHOAMIICPOMCTPHH, JICKTPOOCAKACHAS, HYKJICAIH S, KA MU,

Beenenne. Murepec uccnenoBarencii K H3YUYCHHIO HAYAIBHBIX CTATHH 3ICKTPOKPUCTATLTH3ALINH,
MPOLIECCOB HyKJcauuu U pocta mieHoK Cd Ha pasmuvHBIX MOATIOXKKAX CBI3aH OTYACTH C TEM, YTO 3TOT
MPOLIECC AKTUBHO BIuseT Ha djckrpoocaxkacHue coexuueHuit CdS, CdSe, CdTe, Zn, Cd.Se u ap.,
KOTOPBIC B HACTOSIICE BPEMsI YCIICIIIHO MPUMCHSIOTCS TPH CO3AaHUH TOHKOIUICHOYHBIX (DOTO3IEMEHTOB.
ITO NEPCHEKTHBHBIC U ACHICBBIC MATCPHAIIBI L1 MPOU3BOACTBA (JOTOBONIBTAMICCKHUX SJICMEHTOB.

ITpouecce HyKICAMHU TPU OCAKIACHUN KAAMUS HA TIOIONKKH PAa3THYHOUN MPUPOABI (HUKE/Ib, CBHHELL,
cepelOpo, 30moto u Meap) B anektpoaute 1,5M Cd(ClO,), ¢ pH 4-6 usyucus B padote [1]. [Tokazano, uro
HA TAKUX MOJT0KKAX, KAK HUKEJb, CBHHELL, 30JI0TO BCIIC 32 HYKJICALHCH MPOUCXOANUT TPAHY TUPOBAHHBIN
POCT, B TO BpeMs KakK Ha MOAJIOKKAX ¢ OOJBIINM CPOJCTBOM K KagMHUIO (CepeOpo) HMMEET MECTO
npeanoreHpansaoe ocaxacHue (UPD) mMoHOCTOS kaaMmusi, Ha KOTOPOM B JAJbHCHINEM MPOUCXOIUT
MHOTOCIOWHBIN SMUTAKCUATBHBIN POCT 0caaka. B ciyuac ocakaCHHS KaaMHs HA MS/b, MOXKET OBITh Kak
HCOMUTAKCUAJBHBIH, TaK W SNUTAKCHATbHBIA pocT. llporece GOTOIICKTPOOCAKICHUS KAaMHUS Ha
CCIICHOBBIC TIO/JIOKKH TAKKE MPOUCXOIUT MO MEXAHU3MY MPEANOTeHIHaIbHOro ocaxacaus (UPD) [2-5].

B paGote [6] BBINOIHCHO OMPEACICHUC SICKTPOIHTHUSCKOTO OOpa3oBaHHs CIMHUYHBIX LCHTPOB
KPUCTAUTH3ALMN K3AMHUSI HA MJIATUHOBOM KatoAae B cyjbdaraom pacreope Cd npu temmneparype 82°C B
MPUCYTCTBHU IUIATHHOBOTO aHOJA, MOKPBITOTO MEPS] HM3MCPCHHUSIMH KaAMHEM. ABTOPBI OTMETHIIH
M3MCHCHHUE [ICHTPOB KPUCTA/UTH3ALMY KaIMHUS H UX KPUTHUCCKOTO Pa3Mepa BO BPEMCHH U B 3aBUCHUMOCTH
OT TICPCHANPSDKCHUS. Y cTaHoBiIcHA 3D anekTponuTHyuccKas HYKICAUS KaIMHSA W TIOJNVICHA JIHMHCHHAS
saBucumocth logl ot 1/’ rae J — cKOpOCTh Tpex pPasMEpPHOH 3ICKTPOIMTHUCCKON HYKICALHMH, 1| -
MEePeHANPSIKCHAE.

XPpoHOAMIEPOMETPHUCCKUM METOAOM H3YUCHBEI MPOLCCCHl HYKICALMH KaAMHUS HA BICKTPOAEC M3
okcruga ojosa [7]. Ha atoM anekTpoac B MEPXIOPATHOM PaCcTBOPEC HMCET MECTO IMPOTPCCCHPYIOMIAT
Hykacarus kaamust 3D tumna.

MeTton XpoHOAMIIEPOMETPHH BO MHOTHX Pad0TaxX MCHOMB3YETCA A ONPEIACIcHHs KO3 QHLUCHTOB
maddysuu ¢ yuerom ypasrerust Korrpenma. CormacHo ypasHermo Korrpemna, w3 3asucnvoctn 1 = f(t"?)
AT CTEKIOYTIEPOJHOTO BCKTPOAA OMPEAC/TCHA BETMUMHA xoddduimenta aupdysun Cd*, pasmas
8.0-10 cm ¢ B 0,IM KCIO, [7]. ®dopMupoBaHue MICHKHA KaaMus Ha Okcuae onosa B 0, lM K>S0,
MPOUCXOANT MOCPEACTBOM HauampHOro 2D pocra, ¢ mocmeaviomeH, mpH BEICOKHX TEPCHANPSIKCHUSX,
nporpeccupyrommei 3D mykneaupeit. Bemvunna xosddurmenta muddysm Cd*cocrasmser 5.2:10 e ¢ B
0,IM K,S04[7].

MeTon XpOHOAMIICPOMETPUH, C HCHONb30BaHHWEM ypaBHeHHs KoTtpemna, Oblm HCIOIB30BaH M
aBTopaMH [8], moTyInBIINMU HA pTyTHOM TLICHOTHOM 3JICKTPOAIC Ha cepe6p;1H0H moamoxkke B 0,05 M KI
BemunHy kod(duuuenta mupdysuu Cd** pasnyo (1,4 + 0,2)-10 M c

Omnpenensemsbiii cBolicTBaMu cpeasl U THIoM JudyHaupyromux yactun kodddruent auddysuu
SIBIIICTCS. KOMMYCCTBCHHOUM XAPAKTCPUCTHKOW CKOPOCTH audy3uu v paBeH KONMUYCCTBY BELICCTBA (B
MacCOBBIX CAMHHUIAX), MPOXOSIICTO B CAWHHIYY BPEMCHHU UYCPE3 YYACTOK CAHHUYHOW MUIOIMATU TIPH
IPaJUCHTS KOHIICHTPALMK, PaBHOM ¢auHuUIe. [IpOBOAUMBIN B 3ICKTPOXUMHUCCKUX HCCICIOBAHUIX TIPH
Pa3UYHBIX MOTCHUHANAX JJCKTpota pacuer koddduuueHros auddysum [7-11, 15, 23] ¢ nomorusio
ypaBHeHms1 KoTTpemna, BKIIOYACT CBA3aHHYIO CO 3HAYCHHEM HCIONB3YEMOTO MOTCHIHANA 3JICKTPOAa
BCIIMYUHY TOKA U YHCIO VIACTBYIOMHX B MPOLIECCE ICKTPOHOB [9, 10]:
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