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THE ELECTRODEPOSITION OF GALLIUM SELENIDE

Abstract. The electrochemical deposition of gallium selenide on a glassy carbon electrode from sulphate
electrolytes at a constant potential was carried out. The cyclic voltammetric curves of the glassy carbon electrode in
two different electrolytes were studied: sulfuric acid and citrate buffer solution containing gallium and selenium ions.
The influence of change in the concentration of gallium ions and the deposition potential on the composition of the
resulting precipitate is studied.Increasing of the gallium ions concentration from 6-10° M to 1-10" M at a constant
concentration of selenium ions 2-10° M in the electrolyte leads to an increase in the gallium content in the deposit
composition. It is established that in order to obtain the stoichiometric composition of the film, the content of gallium
(III) ions in the electrolyte must be many times higher than the content of selenium (IV) ions. The results of
elemental analysis of the precipitate confirmed that a film of gallium selenide with a content of 26.7 at% gallium was
obtained at a ratio of the concentration of gallium ions and selenium of 50: 1 in the sulphate electrolyte at a potential
of -0.8 V. Investigation of the morphology of the surface showed that a uniform coating of the surface of the glassy
carbon electrode is achieved at potentials of -0.8 and -0.9 V. X-ray phase analysis confirmed the presence of the
Ga,Se; phase in the resulting films.

Keywords: gallium selenide, electrodeposition, voltamperometry, thin films.

Introduction. Semiconductor compounds of the III-VI grouphaveattracted great attention of
researchers thanks to their suitable structural and optical properties for the application in photoelectronic
converters [1]. This group includes gallium monoselenide, GaSe which has hexagonal structure with an
optical width of band gap of 2.1 eV and contains Se-Ga-Ga-Se layers and gallium diselenide, Ga,Se;,
which has a cubic structure with 1.8-2.6 eV width of band gap [2, 3] and crystallizes in a-and B-structural
modifications. In Ga,Se;structure,one third of cationic centers is free and the structure of compound is,
therefore, defective.In turn, the defective compound is used in optoelectronic devices for the passivation
of heterogeneous compounds, for switching of the memory of light-emitting diodes [4], in combination
with GaP substrate [5]. There is a set of methods to obtain gallium selenide. They are the chemical depo-
sition from a vapor phase (CVD) [6], chemical transfer of vapor in vacuum [7], vapor-phase epitaxy [8],
heterovalent reaction of V-VI exchange [9], thermal evaporation [10] and molecular beam epitaxy [11, 12].
The most well-known Stokbarger-Bridgmen method [13] of obtaining gallium selenide monocrystals,
Ga,Se; is the synthesis at the directed crystallization when a quartz ampoule with material is stretched in a
special furnace and heated to 1473 K with the subsequent slow decrease in temperature. This method
requires high purity of materials, and high vacuum and temperature.

Thin Ga,Se;films can be obtained by the zol-gel technique at a crystal formation temperature [14].
Compared to the above described method, the electrodeposition method from aqueous solutions to obtain
thin films on conductive substrates has a number of advantages and is an inexpensive method making it
possible to control thickness, morphology and structure of film during deposition 15-17].In this work, the
conditions of gallium selenide electrodeposition on a glassy carbon electrode at a constant potential have
been studied.
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Methods of study. Voltammetric measurements on a disk glassy carbon electrode with 0.07 cm?
surface and gallium selenide electrodeposition on flat glassy carbon plates of 1.0 cm? area were carried out
in a three-electrode thermostatted glassy cell using a silver-chlorine reference electrode and a platinum
counter electrode.

Before the experiment, the electrodes were treated with fine abrasive 2000 paper, washed with dis-
tilled water and dried in the open air. The sulfate electrolyte with pH = 2.2 (0.45 M Na,SO,4 + 0.05 MH,SOy,)
and the citrate buffer electrolyte with electrolyte pH = 2.92 were used as background electrolytes. The
latter was prepared from 39.3 ml 0.1 M sodium citrate and 60.7 ml 0.1 M HCI. The solutions of gallium
and selenium salts (analytically pure), 0.1 M Ga, (SO*), 0.1 M NaHSeO; and 1 M GaCl; were used. The
concentration of gallium ions in these electrolytes was changed from 6-107 to 1.2-10" M and the con-
centration of selenium ions was maintained constant (2-10°M).

The deposition of gallium selenide was carried out at a constant potential maintained by GillAC
potentiostat with Version 5 ACM Instruments software, and at a temperature of 70° C that was maintained
by using the LOIP thermostat. The electrolyte mixing was carried out using MM3M magnetic stirrer.

After deposition, the films were washed with distilled water and dried in the open air. Elemental
analysis of the contents of components and micrographs of the surface of gallium selenide films were
made using the JEOL (Japan "JSM6610 LV") electronic scanning microscope with the capabilities of
microanalysis. The phase composition of the films was determined using the DRONE-4/07 instrument
with a Co-tube.

Results and discussion. Voltammetric measurements on a disk glassy carbon electrode. To deter-
mine the effect of the concentration of components in the electrolyte on the electrochemical process to
reduce the ions, the cyclic volt-amperometric dependencies (CVA) of glassy carbon electrode in a sulfate
electrolyte and citrate buffer solution were recorded. The scanning speed of potential was 20 mV/s in the 0
to -1.0 V range and in -1.0 to + 1.2 V range in case of inverse scanning. Eectrolytes with varying con-
centrations of gallium ions (6- 10°M, 1.2:10%M, 6-10° M, 8-10°M, 1-10" M and 1.2- IO'IM) at a constant
concentration of selenium ions (2-10°M) were investigated.

Figure 1 shows the CVA of a glassy carbon electrode for the reduction of Se(IV) u Ga(Ill) ions recor-
ded in the sulfate electrolyte. Apparently, the cathode current increases already at 0 V potential indicating
the reduction of Se (IV), which starts at more positive potentials. The Figure 1 sidebar shows the CVA of
Se(IV) (2-10” M) reduction against the background of sulfate electrolyte taken at a cathode potential scan
of + 0.3 to -1.0 V. The reduction of Se (IV) is accompanied by the emergence of two peaks at potentials
around zero V and at -0.5 V potential. The reduction processes and standard potentials of reactions are
described by the equations:

H,SeOs+4&+4H'=Se+3H,0 °=+0.740 V (1)
Se+28+2H "= H,Se E°=-0.400 V (2)
H,Se0;+68+6H =H,Se+3H,0 E°=+0.360 V 3)

In -0.5 V range of potentials, Se (IV) can be reduced according to equation (3) to form selenide ions.

Gallium ions are not reduced on a glassy carbon electrode in the studied range of potentials (figure 2).
The CVD of glassy carbon electrode in a sulfate electrolyte demonstrate the absence of current peaks as
the concentration of gallium ions changes from 5-10 to 1-107 M.

On adding gallium ions in the electrolyte (figure 1, curves 3-6), the current of the first peak changes,
the current peak shape at -0.5 V becomes smooth, and the reduction current lasts until -0.85 V and reaches
the hydrogen reduction range.

Analysis of the anode part of CVA testifies that at the maximum content of gallium in the electrolyte
equal to 1-10° M, a maximum amount of selenium is deposited over the electrode as a compound with
gallium. Selenium is oxidized from the compound at potentials close to + 1.0 V.

Se + 3H,0—H,;SeO; + 4H + 4e” 4)

The results show the formation of compound to proceed at -0.8 and -0.9 V potentials involving se-
lenide ions due to the chemical reaction of positively charged gallium ions with negatively charged sele-
nium ions.
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Figure 1 — The CVA of glassy carbon electrode in a sulfate electrolyte at various concentrations of selenium and gallium ions.
1 — support electrolite; 2-6 — Se(IV)-2-10° M; Ga(Ill): 3 — 6:107; 4 — 1.2:102; 5 - 8:10; 6 — 1-10""M. Side bar: Se(IV)-2:10°M
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Figure 2 — The CVA of glassy carbon electrode in a sulfate electrolyte at a various content of gallium Ga(III) ions:

1-510%2-110%3-210%,4-51035-1-10%M

T T T T
-1000 -500 0 500 1000
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Figure 3 — The CVA of glassy carbon electrode in a citrate buffer solution at a constant concentration of selenium ions and
various concentrations of gallium. 1-4) Se(IV)=2-10"°M; Ga(Ill): 1)6:107; 2) 1.2:107; 3) 6:10%; 4) 8:10”M

— 4) ——
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The CVA in citrate buffer solution shows that in case of joint presence of selenium and gallium ions
in the electrolyte the reduction currents increase with an increase in the concentration of gallium. When
the content of Ga (III) is from 6-107 to 1.2-10” M, profile curves coincide with those shown in figure 1 for
the sulfate electrolyte. As the concentration of gallium increases (figure 3, curve 3.4) to 8-10% M, the
reduction currents at E=- 0.5 V increase and at E=- 0.85 V there appears an additional distinct current peak
that can characterize the reduction of gallium ions on a glassy carbon electrode covered with selenium.
Analysis of the anode branch of CVA also indicates that in the process of reduction on the electrode there
forms a deposit of selenium compound with gallium, the oxidation potential of which lies within +1.0 V
(figure 3).

Based on the results, the -0.8; -0.9 V range of potentials was selected to conduct the potentiostatic
deposition of gallium compounds with selenium on a glassy carbon electrode.

Electrodeposition of gallium selenide in sulfate electrolyte. The electrodeposition of gallium ions
was carried out at 6-10°M concentrations of gallium ions and 2-10° M concentrations of selenium ions at
-0.8 V potential and 70 °C temperature. The resulting film was investigated by electron scanning micro-
scope with the capabilities of microanalysis that showed 0.03 at% content of gallium. Further, the con-
centration of gallium ions was increased to 1.2:10% M, and electrodeposition was carried out at -0.8 and -
1.2 V potentials. The elemental composition was studied and micrographs of the surface of resulting films
were made (table 1).

Table 1 — The elemental composition of as-deposited gallium selenide film on glassy carbon at various potentials (at%)

Substrate Electrodeposition conditions Electrolyte composition
E=-0.8V
Ga-0.51%
GC-93 T=70°C 0
t = 30 minute Se - 99.49%
E=-12V .
GC-9%4 T=70°C Ga - 0.54%
= i Se - 99.41%
t = 30 minutes

Table 1 shows that the content of gallium in the deposit has increased to ~ 0.5 at%. The shift of re-
duction potential to the negative side has affected weakly the increase of gallium.

SElI  20kV WD11mm SS544

Sample

Figure 4 — The micrograph of the surface of films (at 3000 magnification): a — at -0.8V potential; b — at -1.2V potential

The micrograph of resulting sample surface in Figure 4a shows the formation of separate large grains
with 4.2- 3.3 um diameter. The reduction at -1.2 V potential when there starts the parallel reduction of
hydrogen, has resulted in disturbance of deposit uniformity due to the formation of filamentary fibers
(figure 4b).

In the subsequent experiments, the content of gallium ions in the electrolyte was increased,
maintaining a constant concentration of selenium ions equal to 2:10° M. Table 2 shows the results of
analysis of the deposited films at -0.8V, -0.9 V and -1.0 V potentials. The best result on the content of
gallium, 7.2% is shown by the experiment conducted at -0.8 V potential.
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Table 2 — The elemental composition of as-deposited gallium selenide film on glassy carbon at various potentials,

and the surface micrograph

Electrodeposition Electrolyte Content in the .
Substrate conditions composition | deposit, at% Micrographs
GC-95 E=-1.0V 6:102M Ga-6.7;
T=70°C Gay(SO4)3 Se-93.3
t=30 minutes 2:10°M
NaHSeO;
GC-96 E=-09V 6:102M Ga-4.5
T=70°C Gay(SOy)3 Se-95.5
t=30 minutes 2:10°M
NaHS603
GC-97 E=-0.8V 6-10°M Ga-72
T=70°C Gay(SOy)3 Se—92.8
t=30 minutes 2:10°M
NaHS603

The micrographs in table 2 show that the size grain of the resulting deposit depends on the deposition
potential and the content of gallium in the deposited film of gallium selenide.
For further experiments, 1 M GaCl; solution was used as a source of gallium ions and their
concentration in the electrolyte was increased to 1.0-10" M at a constant concentration of selenium ions,
2:10° M. Electrochemical deposition of gallium selenide was carried out at -0.8 and -0.9V potentials.
Cleaned and polished glassy carbon substrates were used. Upon electrodeposition, uniform and thick films

of red-brown color were obtained and their composition and surface were studied by the scanning electron
microscopy method.

Table 3 — The elemental composition of as-deposited gallium selenide film over glassy carbon
at E=-0.8 V and E=-0.9 V potentials within 30 minutes

Substrate Electrodeposition conditions Electrolyte composition Contents of components in the film, at.%
E=-09V 110" M GaCl, Ga 15.1
GC-110 o 3
T=70°C 2-10” M NaHSeO; Se 84.9
GC-111 E=-09V 1-10" M GaCls Ga 15.9
T=70°C 2:10° M NaHSeO; Se 84.1
GC-112 E=-0.8V 1-10" M GaCl, Ga 26.7
T=70°C 2-10° M NaHSeO; Se 73.3

— 4y ——
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As shown in the Table, at -0.8 V potential, within 30 minutes, at a concentration of 1.0- 10" M GaCl,
and 2-10° M NaHSeO; on a glassy carbon electrode there forms a film with a maximum content of
gallium (26.7 Al%). Figure 5 shows a micrograph of the surface of gallium selenide films deposited under
the conditions of Table 3. One can see that the even distribution of globules is disturbed by the
accumulation of coarse crystals consisting of smaller particles. Figure 5b shows the emergence of
dendrites in the form of flowers, which is typical for the deposited films of gallium with selenium.

SEI  20kV WD7mm  §549 x3,000  Sum — SEl  20kV WDémm 5530 x3,000 Spm SEI 20KV WD7mm  SS30 %3000  Spm —
[

Sample 6337 03 Apr 2017 Sample 6347 03 Apr 2017 Sample 354 03 Apr 2017

Figure 5 — The micrographs of the surface of films:
a—E,=-09Von GC-110;b-E,=-09Von GC-111;¢c—E,~=-0.8V on GC - 112

The homogenous formation of spheres with 0.5, 1.1 um diameter is most typical for the deposits
produced by electrodeposition at E,. =-0.9 V.

304
25
20+
Figure 6 — 2 154
The dependence of the content of gallium =
in the deposited film on the concentration of gallium ions 104
in the electrolyte at a constant potential of -0.8 V
and Se=2-10" M concentration 5
0 -

Gargagy

In figure 6, one can see an increase in the content of gallium in the composition of Ga,Se; film at
1.10"M GaCl; concentration in the support electrolyte.

Thermal treatment of electrodeposited films. To confirm the phase composition and carry out X-ray
phase analysis, the deposited films of gallium selenide were annealed in a muffle furnace in atmospheric
air by a two-stage process: first, at 200° C during 10 minutes,and second time at 500° C during 15
minutes. After annealing, the film acquired a grey color, the adhesion to substrate was dense, and the
surface was homogeneous.

X-ray phase analysis of thin films of gallium selenide electrodeposited on glassy carbon plates was
made according to the conditions of table 3. Figure 7 shows the bar radiograph indicating the dependence
of the intensity of X-ray reflexes on the interplanar spacings. One can see that graph 7 contains Ga,Ses,
phase reflexes corresponding to the interplanar spacings 1.93, 1.94, 3.15 according to the ASTM tables. It
is noted that the intensity of reflexes increases with an increase in the content of gallium in the deposit.
The radiographs also show strong reflexes from the glassy carbon (GC) substrate, since the resulting films
do not exceed the thickness of 5 microns. The selenium oxide impurity may indicate the oxidation of a
part of selenium on the surface during annealing.
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GC - 112 (glassy carbon sample) (table 3) (sample GC-112)

Study on the morphology of the surface of films after thermal treatment was performed using an
optical microscope and an atomic-forced microscope, JSPM 5200 (JEOL Japan).
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Figure 9 — The pattern of GC-112 sample surface obtained by atomic-force microscopy

The pattern produced by the optical microscope is an evenly coated surface of the deposit (figure 8).
The results of atomic-force microscopy (AFM) show that the coat height reaches 5 microns after an-
nealing. The film surface grows in one direction and on the 25x25 pm stretch represents planes growing in
parallel.

Conclusions. The electrochemical deposition of gallium selenide on a glassy carbon electrode from
sulfate electrolytes at a constant potential has been carried out. Gallium selenide films of up to 5-micron
thickness, with the content of 26.7 at% gallium and 73.3 at% selenium have been produced. The
composition is close to the stoichiometric composition of Ga,Se; compound. X-ray phase analysis has
confirmed the presence of Ga,Se; phase in the resulting films. Study of the surface morphology has shown
that uniform coating of the glassy carbon electrode potentials can be achieved at -0.8 and -0.9 V
potentials.

The work was carried out under the grant of the Ministry of Education and Science of the Republic of
Kazakhstan AP05130392 on the theme: "Increasing of energy efficiency of photoelectrochemical solar
cells due to application of new semiconductor materials".

—— Y4 ——




ISSN 1991-3494 Ne 4.2018

REFERENCES

[1] Hahn H., Klinger W. (1949) The crystal structures of Ga,S;, Ga,Se; and Ga,Te;, Z. Anorg. Chem. 259135. DOIL:
10.1002/zaac.19492590102

[2] Peressi M., Baldereschi A. (1998) Structural and electronic properties ofGa,Ses,J. Appl. Phys. 83 3092.
DOI:10.1063/1.367066

[3] Chikan V., Kelley D.F. (2002) Synthesis of Highly Luminescent GaSe Nanoparticles Nano Lett. 2141. DOI:
10.1021/n1015641m

[4] Bekheet A.E. (2008) Ac conductivity and dielectric properties of Ga,S;—Ga,Se; films, Physica B: Condensed Matter 403
(23), 4342-4346.DOL: 10.1016/j.phys.b

[5] Chikan V., Kelley D.F. (2002) Synthesis of highly luminescent GaSe nanoparticles, NanoLett. 2 141-145.
DOI: 10.1021/n1015641m

[6] Park J.H., Afzaal M., Helliwell M., Malik M.A., O’Brien P., Raftery J. (2003) Chemical vapor deposition of indium
selenide and gallium selenide thin films from mixed alkyl/dialkylselenophosphoryl amides, Chem. Mater., 15(22), 4205-4210.
DOI: 10.1021/cm0310420

[7] Rusu M., Wiesner S., Lindner S., Strub E., Rohrich J., Wurz R., Fritsch W., Bohne W., Schedel-Niedrig T., Lux-Steiner
M.C., Giesen C., Heuken M. (2003) Deposition and characterization of Ga,Ses thin films prepared by a novel chemical close-
spaced vapour transport technique, J. Phys.: Condensed Matter 15 8185.DOI1:10.1088/0953-8984/15/47/021

[8] Wright A.C., Williams J.O., Krost A., Richter W., Zahn D.R.T. (1992) High resolution and conventional transmission
electron microscopy of Ga,Ses thin films grown by vapour phase epitaxy, J. Cryst. Growth 121111. DOI: 10.1063/1.361264

[9] Markl A., M. Von der Emde, Nowak C., Richter W., Zahn D.R.T. (1995) Investigation of Se capping of epitaxial
Gaj,Se; layers, Surf. Sci. 331-333631. DOI: 10.1016/0039-6028(95)00356-8

[10] Afifi M.A., Bekheet A.E., El-Shair H.T., Zedan L.T. (2003) Determination and analysis of optical constants for
Ga,Sesfilms near absorption edge, Physica B 325 308. DOI: 10.1016/S0921-4526(02)01544-2

[11] Ueno K., Tokuchi S., Saiki K., Koma A. (2002) Epitaxial growth of a vacancy-ordered Ga,Se; thin film on a vicinal
Si(001) substrate, J. Cryst. Growth 237-239 1610. DOI: 10.1016/S0022-0248(01)02353-3

[12] Ueno K., Kawayama M., Dai Z.R., Koma A., Ohuchi F.S. (1999) Growth and characterization of Ga,Se; /GaAs(1 0 0)
epitaxial thin films, J. Cryst. Growth 207 69. DOI: 10.1016/S0022-0248(99)00359-0

[13] Savchenko K.V., Shchennikov V.V. (1994) A phase transition in Ga,Se; under high pressure, Can. J. Phys., 72,
681-682. DOI: 10.1139/P94-088

[14] Mutlu, L.H., Zarbaliyev M.Z., Aslan F. (2009) Preparation of Ga,Se; thin films by sol-gel technique, F. J Sol-Gel
SciTechnol 50: 271. DOI:10.1007/s10971-009-1973-7

[15] Lincot D. (2005) Electrodeposition of semiconductors, Thin Solid Films 487 40. DOI: 10.1016/j.ts£.2005.01.032

[16] Budevski E., Staikov G., Lorenz W.J. (2000) Electrochemical approaches to environmental problems in the pro cess
industry. Electrochim. Acta 45 2559. DOI:10.1016/S0013-4686(00)00339-X

[17] Dharmadasa .M., Haigh J. (2006). Strengths and advantages of electrodeposition as a semiconductor growth technique
for applications in macroelectronic devices. J. Electrochem.DOI:10.1149/1.2128120

M. b. I[epraqena', 9. K. Kanabaena',
. C. Hy3mc01;a', B. . SIckeBuy', B. ®. I‘peMeHox2

1}1. B. CokosbCckuit aTbIHAAFbI )KaHAPMaii, KaTalu3 jK9HE JIEKTPOXUMUSI MHCTUTYTHI, AnMatel, KazakcraH,
2Benapycr; FBUIBIM aKa/IEeMUSICBIHBIH MaTepUalITaHy FhUIBIMU-ITPAKTHKAJIBIK OpTaiblFbl, MUHCK, benopyccus

TAJIMI CEJEHUJITH SJIEKTPOTYH/IBIPY

AnnoTtanusi. TypakThl NOTEHIIMAIA KYKIPT KBIIIKBUIABI SJIEKTPOIUTTEH TaJIMH CENCHUAIH IIBIHBI KOMIPTEKTI
ANIEKTPOATA SICKTPOXUMISIIBIK TYHABIPY >Kypri3inmi. IIBHBI KeMIpTEKTi 3JEKTPOINTHIH HUKIAIK BOJIBTaMIIEpPIIi
KHUCBHIKTApHI TAJINH KOHE CEeH HOHIAPHI 0ap eKi TYPII ANEKTPOIHUTTE: KYKIPT KBIIKBUIIBI )KOHE ITUTPATTHI Oydepi
epringi me 3eprrenni. Kabar KypaMblHa rautnii HOHBIHBIH KOHIIEHTPAIMACHIHBIH ©3Tepici MEH TYHBIPY MOTEHIIHA-
JBIHBIH 9cepi 3epTTenmi. ['annmii HOHBIHBIH KOHIICHTPAIUSCHIH 6-10°M -nen 1-10"! M-re neitin YJIKeWTKeHae TyHOa
KypaMblH[a TaJUIMHIBIH MaKCHMaJbIbl KYpaMbIHA alblll KeJeli, ©3 Ke3eriHae ceJeH HOHBIHBIH KOHIEHTPAIHs-
bl TypakThl 2-10°M Gombin Kamagsl. CTEXHOMETPHSIIBIKKA KYpPaMIarbl Kadar ay YIIiH 3JEKTPOJHNTTE TayUIhd
nonsl (II1) cenen nonsiHa(IV) Kaparanma apTeIFbIpaK 00J1ybl KepeK. TyHOaHbIH AJIEMEHTTIK aHAIM3 HOTHXKECl KYKIpT
KBIIIKBUIABl DJIEKTPOJIUTTE T'aJUIMH HMOHBIHBIH CEJIeH HMOHBIHA KaparaHlla KOHUEHTPALMSCHIHBIH KaTbiHachl 50:1
bosranna, -0,8B moTeHIManbHAa KypamMbiHaa 26,7 at% rajumaid 6ap ajablHATHIHBIFBIH aHBIKTaAbl. beTTiH Mopdoio-
THSCBIHBIH 3epTTEyJIepl IIBIHBI KeMipTeri anektponsl Oerinzae -0,8 xone -0,9 B noreHnmannapeinaa Oipkenki xa-
OBIHIBI TY3UIETIHAIrIH KepceTTi. PeHTreHodasanplK aHamM3 HoTWKeci anblHFaH Kabarrapaa Ga,Se; ¢as3achIHBIH
0ap eKCHIIITiH pacTabl.

Tyiiin ce3aep: ranamii ceneHu, JEKTPOTYHABIPY, BOJIBTAIMEPMETPHS, KYKa Kabarrap.
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M. B. JIeprauesa’, A. K. JKana6aesa', /. C. ITy3uxosa', B. W. Sickepnu’, B. ®. I'pemenox’

"MuctuTyT TonNmBa, Karanusa u snekrpoxumun um. JI. B. Coxonbsckoro, Anmarsl, Kazaxcran,
2Haquo-npaKTquCKI/Iﬁ LIEHTp MarepuaioBeieHns benopycckoil akanemuun Hayk, MuHck, benopyccus

SJIEKTPOOCAKIEHHUE CEJIEHUIA I'AJIJINA

AnHoTanus. [IpoBeeHO MEKTPOXUMHUECKOE OCAKICHNE CEJIEHHU 1A FaJUIHUs Ha CTEKJIOYIJIEPOAHOM BJIEKTPOIe
U3 CEpHOKHUCIBIX JJIEKTPOJIMTOB IPH IOCTOSHHOM IoOTeHnuane. lccnenoBaHbl IMKIMYECKHWE BOJbTAMIIEPHBIE
KPHBBIE CTEKIIOYTJIEPOJHOTO 3JIEKTPOJia B JIBYX Pa3JIMUHBIX HIJICKTPOJIMTAX: CEPHOKHCIOM M LUTPATHOM OydepHOM
pacTBope, CoAepIKaIINX WOHBI TAJUTHSA U celicHa. VcciaeIoBaHo BIISTHIE U3MEHCHUST KOHIICHTPAIMH WOHOB TaJUIHS U
TIOTEHIMAIA OCAKICHHS HA COCTAB MOJTY4aeMOro 0Ca/Ka. YBeNeUeHHe KOHIIGHTPAIHH HOHOB Ta/utus ot 6-10° M 1o
110" M 1pu mocTOsHHO# KOHIEHTpaLy HOHOB cenera 2-10° M B 31eKTpONnTe IPHBOANT KYBEITHUCHHIO COIEp-
JKaHWSA TaUTHsl B COCTaBE OCANKa. YCTAHOBIICHO, YTO U TIONYYEHHUS CTEXHOMETPUYECKOTO COCTaBa ILUIEHKHCO-
nepxkanne noHoB Taumms(Ill) B amekTponauTe AOHKHO BO MHOTO pa3 MPEBBINIATH coAep)kaHne MOHOB ceneHa (IV).
Pe3ynbTaThl 37€MEHTHOTO aHANHM3a0CaaKa MOATBEPAWIH, YTO MPHU COOTHOIICHWH KOHIEHTPAIMA MOHOB TaJUIHA U
cemeHa 50:1 B CEpHOKHCIIOM 3JIEKTpONHTE, Tpu noteHnmaie -0,8B momy4umim ,IuleHKy CelleHuaa Tajuius ¢ Colep-
xanueM 26,7 at% rammis. MccnenoBanue Mop(hoJoruy MOBEPXHOCTH IOKA3aJI0, YTO OJHOPOIHOE MOKPBITHE I0-
BEPXHOCTH CTEKJIOYTJIEPOJIHOTO AJICKTPOAa JocTuraercs npu noreniuaiax -0,8 u -0,9B. Pentrenodasossiii anamms
nonTBep AT Hanmuue (pas3bl Ga,SesB MOTYYSHHBIX IICHKAX.

Ki1ioueBble ¢10Ba: CelEeHH] rajulns, JJIEKTPOOCAXKICHUE, BOJIBTAIIMEPMETPHSI, TOHKHE TUICHKH.
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