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The mechanisms of electrochemical processes in the electrolyte for cadmium telluride
semi-conducting film deposition and in corresponding partial solutions containing cad-
mium and tellurium ions have been studied by voltammetry with linear potential scanning
and by cyclic voltammetry. The differences between cathodic processes on chemically inert
titanium nitride substrates and catalytically active molybdenum surface have been re-
vealed. Basing on these studies, the nature of impurities discovered in this work by X-ray
photoelectron spectroscopy at the surface and inside the cadmium telluride films deposited
on molybdenum and titanium nitride surfaces has been explained. The latter made it
possible to select the electrodeposition parameters and the substrate material which pro-
vide the stoichiometric film composition.

MeTomaMy XPOHOBOJLTAMIIEPOMETPUN U IIAKJINYECKON BOJbTAMIIEPOMETPUN KCCJIELOBAHBI
MEXaHU3MBI 9JI€KTPOXUMHUUYECKHUX IIPOIECCOB B JIEKTPOJNUTE AJIsS [IOJYUEHUS IIOJYIPOBOIHUI-
KOBBIX ILIEHOK TEJIyPHUAA KAAMUA M B COOTBETCTBYIOIUX €My IapIUaJbHBEIX PacTBOPaXx,
COIepIKAIMX HOHBI KaaMusa 1 Teanrypa. OOHApPy:KeHbl Pasjinyus B KATOAHBLIX IIPOIleCccax Ha
XUMHUYECKHM HMHEPTHBIX MOAJOMKKAX HUTPHUIA THUTAHA U HA KATAJIUTUYECKM AKTUBHOI II0BEPX-
HocTu MoJsubOmeHa. Ha ocHOBaHMH IIPOBEIEHHBIX MCCJIEIOBAHHUII O0BbsSCHEHA IPUPOLA IIPUME-
ceil, 0OOHAPYKEHHBIX B paboTe METOJOM PEHTIreHOBCKOIl (DOTO9JIEKTPOHHOMN CIIEKTPOCKOIINY Ha
IIOBEPXHOCTU U B 00'beMe ILIEHOK TeJLIyPuIa KaaMUs, dJIEeKTPOOCAKIEHHBIX HA MOAJOMKKU U3
HUTPHUIA THUTAHA W MOJUOIEHA, UTO MIO3BOJHJO OCYIIECTBUTH BBHIOOD IIapamMeTrpoB IIpoilecca
JIEKTPOOCAKIEHUS W MaTepruaia IIOAJ0MKeK, KOTOPbIe 00eCHIeYynBAIOT M3rOTOBJIEHNE ILJIEHOK
CTEXMOMETPUUECKOr0 COCTaBa.
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Electrochemical deposition technique pro-
vides an excellent control of the film prop-
erties by tuning such parameters as cathode
potential, temperature, pH and composition
of the reagents [1]. At the same time, no
sufficient attention was paid yet to the sci-
entific approach to selection of the electro-
chemical regimes for obtaining of
stoichiometric cadmium telluride layers. As
a consequence, the empirical selection of the
potentials for the CdTe electrodeposition
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onto various substrates has been proposed
[2—7]. In our opinion, the scientific solution
of this problem should consist in immediate
investigation of mechanisms of processes
taking place on the cathodes made from
various materials and in near-cathode space
during cadmium telluride electrodeposition,
i.e. the studying of CdTe electrodeposition
as depending on the substrate material. Our
selection of the substrate materials is ex-
plained, at the one hand, by the most often
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utilization of molybdenum (Mo) as a base
for cadmium telluride absorbing layer in
photovoltaic devices of substrate configura-
tion [4-6]. At the other hand, titanium ni-
tride (TiN) is chemically inert material and
so can be used as control material in experi-
ments to reveal some interactions between
CdTe and Mo.

In this work, the CdTe electrodeposition
kinetics on Mo and TiN surfaces has been
studied using a potentiostat by means of
voltammetry with linear potential scanning
(VA) and by cyclic voltammetry (CVA) [8,
9]. During the studies, glass plates of 2 cm?
area covered by reactively sputtered 500 nm
thick titanium nitride or by magnetron
sputtered 1 pm thick molybdenum layers
having the layer resistance less than 1 Ohm
were used as cathodes in three-electrode
electrochemical cell. As the reference elec-
trode, saturated Ag/AgCl electrode (SAE)
(Ugag = 0.22 V respective to normal hydro-
gen electrode) was used while as the counter
electrode, a platinum coil of 30 cm?2 area.
The electrolyte temperature was supported
at 50°C using a thermostat. The solutions
were preserved from mixing (except for spe-
cially mentioned cases). To avoid the migra-
tion during the VA and CVA experiments,
all solutions contained 0.1 M Na,SO,. Elec-
trochemical processes were studied in the
following media: (i) a solution correspond-
ing to electrolyte for cadmium telluride
deposition containing 0.5 M CdSQ,,
0.0002 M TeO,, 0.1 M Na,SO,, 0.01 M
H,SQy; (ii) partial cadmium solution: 0.5 M
CdS0O,4, 0.1 M Na,S04, 0.01 M H,S0,; (iii)
partial tellurium solution: 0.0002 M TeO,,
0.1 M Nay,SO,, 0.01 M H,SO4; (iv) back-
ground solution: 0.1 M Na,SO,, 0.01 M
H,SO4. The polarization voltage scanning
rates (V) were from 2 mV/s up to
500 mV/s, the range of scanning potentials
E, was from 0.2 V up to —1.4 V (here and
below, all potentials are indicated with re-
spect to SAE).

The cadmium telluride films onto TiN
substrates (sample Nos. 1, 2, 3) and onto
molybdenum substrates (sample Nos. 4, 5,
6) were electrodeposited in potentiostatic
regime in the same three-electrode cell, but
using stirring of the electrolyte (0.5 M
CdS0,, 0.0002 M TeO,, 0.01 M H,S0,) by
means of magnetic stirrer. The electrolyte
temperature was 50°C, the electrodeposition
duration was 1 hour. The cathode potentials
during the film electrodeposition were sup-
ported at the following levels: E, = -0.40 V
(sample No.1), E. =—-0.45 V (sample Nos.2
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and 4), E. =—-0.55 V (sample No.5) or E, =
—0.65 V (sample Nos.3 and 6), the current
density j. being regularly decreased due to
increasing CdTe layer resistivity.

The sample surface composition was
studied by X-ray photoelectron spectroscopy
(XPS) using an XPS-800 Kratos spectrome-
ter. The vacuum in the measuring chamber
was 5-1078 Torr. Photoelectrons were ex-
cited by MgK, radiation (hy =1253.6 eV).
X-ray gun power was 15kVx20 mA. The
hemispherical electrostatic analyzer was
used to analyze the photoelectron kinetic
energy. The instrument resolution was
1 eV, the binding energy was determined at
an accuracy of 10.3 eV. The spectra were
processed using a computer: smoothing,
subtraction of a constant and variable back-
ground (Shirley method), removal of the ex-
panding effect of the X-ray line (iterative
deconvolution) and expansion of complex
line into its components were done. The
sample surface composition was determined
using ratio of areas under photoelectron
lines of C1s, O1s, Cd3d, Te3d, Ti2p, Mo3d,
Si2p core levels, taking into account their
sensitivity factors [12]. A layer of about
5 nm thickness was analyzed. The com-
pounds present in the subsurface layer of
the samples were analyzed using expansion
of the complex Tedd line into its compo-
nents. The layer-by-layer etching of the
sample surfaces was carried out using an
ionic gun (Ar*, E = 2 keV), the etching rate
being 1 nm/min.

The studies have shown that in back-
ground solution two current peaks are re-
vealed on cathodic branches of cyelic vol-
tammogramms (I-V curves) obtained when
titanium nitride was used as the working
electrode (Fig. 1). The small current peak
shifts towards negative potentials as the po-
tential scanning rate grows from 2 mV/s up
to 500 mV/s, thus, the cathode half-peak
potential E, /2 changes from -0.4 V to —
0.6 V. The (fifferences between cathodic po-
tentials of peaks and cathodic half-peak po-
tentials are rather large. These differences
change depending on V, but are about
0.1 V, thus exceeding more than thrice the
value for reversible process. That peak is
absent in the anodic branches of cyclic vol-
tammograms in background solution.

All the above evidences that an irre-
versible electrochemical process complicated
by following fast chemical dimerization re-
action runs in background electrolyte at po-
tentials near the cathodic current peak. For
reversible electrochemical process, the half-
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peak potential Ecp/z and standard potential
E_° of the electrochemical cathodic reaction
are connected by relation [8, 9]:

E.p/o = E2 + 1.09(RT/ nF), (1)

where R is the gas constant; T, the solution
absolute temperature; n, number of elec-
trons involved in electrochemical reaction;
F, the Faraday number. Taking that fact
into account, we can calculate that at 50°C
half-peak potential for reversible cathodic
process would be by 81/n mV less negative
than the standard potential. Then, taking
into account that the half-peak potential for
the irreversible electrode process followed
by chemical dimerization reaction is always
shifted to the negative values as compared
to the reversible process [8, 9] and in ac-
cordance with the standard potential data
[10, 11], we can conclude that the first peak
in the background solution corresponds to
reaction:

2H* + 2e” = Hy, (2)

which equilibrium cathode potential in this
solution is —0.83 V, as calculated using the
Nernst equation [10]. The shift of this peak
towards negative potentials is due to over-
voltage which for irreversible processes fol-
lowed by dimerization is at least 0.1 V [9].
The intensity of this peak is small, because
the solution is slightly acidic (pH 2).

Current growing in the background solu-
tion at the potentials more negative then
—0.85 V is very intensive. According to our
calculations, it corresponds to the water de-
composition with the hydrogen creation ac-
cording to reaction:

2H20 + 2¢ = H2 + 20H- (3)

with standard potential of —1.05 V [10].

When molybdenum working electrode is
used in background solution, the current in-
crease occurs at considerably more positive
potentials (E,.=—-0.5 V), so the processes
(2) and (3) are indistinguishable in the I-V-
curves. According to [8, 9], this electrode-
position process at more positive cathode
potentials is associated with catalytic influ-
ence of the electrode surface. In this case,
molybdenum catalyzes the electrochemical
process of water decomposition.

In cadmium partial solution, voltammo-
gramms for titanium nitride substrates
(Fig. 2) also include a weak hydrogen reduc-
tion peak corresponding to reaction (2).
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Fig. 1. Cyclic voltammogramms on TiN sub-
strates in background solution (0.1 M
Na,SO,, 0.01 M H,SO,) at potential scanning
rates (mV/s): 10 (1); 50 (2); 100 (3).

Then, independent from polarization voltage
rate, a sharp current rise is seen at poten-
tials more negative than —0.65 V. Accord-
ing to [10, 11], equilibrium potential of the
reaction:

Cd2?+ + 2¢~ = Cd (4)

in this solution in accordance with Nernst
equation is —0.63 V. So, according to [8,
10], we can conclude that above-mentioned
sharp current rise demonstrates the revers-
ible cathodic process of cadmium electro-
chemical reduction.

The voltammograms in cadmium partial
solution for molybdenum substrates differ
from similar I-V-curves for TiN ones only by
the current rise at cathode potential —0.5 V
(as in the background solution for Mo sub-
strates). That fact is also connected with
the catalytic influence of molybdenum sur-
face on the process (3).

The most considerable is difference be-
tween the tellurium electrochemical reduc-
tion mechanisms on TiN and Mo substrates.
The cyclic voltammogramms in partial tellu-
rium solution for TiN substrates demon-
strate (Fig. 3) electrochemical tellurium re-
duction according to reaction [10]:

TeO, + 4H* + 4¢~ = Te + 2H,0 (5a)
or according to analogous reaction [11]:

TeO H" + 3H" + 4e- = Te + 2H,0. (51
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Fig. 2. Voltammogramms on TiN substrates in
cadmium partial solution (0.5 M CdSO,,
0.1 M Na,SO,, 0.01 M H,SO,) at potential
scanning rates (mV/s): 5 (1); 10 (2); 20 (3);
50 (4); 100 (5); 200 (6).

For reaction (5a), standard potential E°
with respect to SAE at 50°C is 0.33 V [10],
for reaction (6b), E°=0.36 V [11]. The
equilibrium potentials in this solution Ecp
are 0.27 V and 0.30 V, respectively. How-
ever, as our experiments revealed, the tellu-
rium reduction occurs at more negative po-
tentials than those corresponding to the re-
versible process. This is due to irreversibility
of the electrochemical reduction of tellurium
on titanium nitride substrate which is demon-
strated by the following. First, when V rises,
the cathodic peak potential (Ecp) becomes
more negative and the anodic peak potential
(Eap), more positive. Second, the anodic peaks
are far lower than cathodic ones. Third, the
difference (Ecp/z—Ecp) exceeds 0.1 V while
(Eap—Ecp)zO.él V. So it is not surprising that
in our experiments half-peak potentials in
cathodic branches of I-V-curves occurred at
potentials changing from -0.12 V (if V=
2 mV/s) to —0.24 V (if V = 500 mV/s). The
cathodic current rise in tellurium partial
solution on TiN substrate occurs at the same
potentials (more negative than —0.85 V) as in
background solution. Therefore, it corre-
sponds to water decomposition and hydrogen
evolution process according to reaction (3).

Quite other are voltammogramms ob-
tained in tellurium partial solution on mo-
lybdenum substrate (Fig. 4). The I-V-curves
are characterized by two peaks, moreover,
the first peak is at potential E.~-0.05 V,
and the second peak is similar to the tellu-
rium reduction peak on cyclic voltammo-
gramms on titanium nitride substrates. The
second peak is followed by an intense cur-
rent rise at potentials of molybdenum cath-
ode more negative than —0.5 V, which is
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Fig. 3. Cyclic voltammogramms on TiN sub-
strates in tellurium partial solution (2-107* M
TeO,, 0.1 M Na,SO,, 0.01 M H,SO,) at po-
tential scanning rates (mV/s): 50 (1); 100 (2);
200 (3).
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Fig. 4. Voltammogramms on Mo substrates in
tellurium partial solution (21074 M TeO,,
0.1 M Na,SO,, 0.01 M H,SO,) at potential
scanning rates (mV/s): 1 (1); 10 (2); 100 (3).

related to water decomposition, free hy-
droxyl groups formation and hydrogen evo-
lution according to reaction (3). The study
of I-V-curve character in partial tellurium
solution as depending on the voltage scan-
ning rate for the molybdenum cathode has
shown that the additional peak at more
positive potentials is connected with strong
specific adsorption of the reaction (5) prod-
uct (tellurium) on the molybdenum surface.

Functional materials, 15, 1, 2008
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Fig. 5. Voltammogramms on TiN substrates in
solution corresponding to electrolyte for CdTe
electrodeposition (0.5 M CdSQO,, 2.10¢ M
TeO,, 0.1 M Na,SO,, 0.01 M H,SO,) at poten-
tial scanning rates (mV/s): 5 (1); 10 (2); 20 (3);
50 (4); 100 (5); 200 (6); 500 (7); 200 under
electrolyte stirring (8).

As a confirmation for The above can be con-
firmed by a more sharp increase of the first
(absorption) peak height during V growing
as compared to the second peak, which cor-
responds to irreversible electrochemical
process (5), and slight shift of both peaks
towards negative potentials at increasing V.
The cathodic I-V-curves in solution corre-
sponding to the electrolyte for cadmium tel-
luride electrodeposition on titanium nitride
substrates (Fig. 5) correspond to well known
[8, 9] regularities for electrode processes
followed by chemical disproportioning reac-
tions, namely, the current peak Ip is pro-
portional to V1/2 and peak potential E., is
proportional to 1gI/V. So in the electrofyte
for cadmium telluride filmdeposition, the
cathodic process of tellurium electrochemi-
cal reduction according to reaction (5) is
followed by slow chemical reaction of ele-
mental tellurium disproportioning. More-
over, since in the case of the cadmium ions
absence I-V-curves do not meet the regulari-
ties I, ~V1/2 and Ecp~1gI/V, we can conclude
that disproportioning reaction involves
Cd2*, so it can be described by equation:

2Cd?*+3Te+2H,0=2CdTe+TeO,+4H*. (6)
As a result of reactions (5) and (6), the

films electrodeposited on TiN substrate in cath-
ode potentials interval E,=-0.40—0.65V
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may comprise, along with cadmium tellu-
ride, significant amounts of tellurium diox-
ide. The presence of elemental tellurium in
these films can be connected with slow
chemical reaction (6). Note that mixing of
the electrolyte by a magnetic stirrer results
in the regular current increase due to deliv-
ery of greater amounts of reagents to the
cathode surface, but does not change the
number of reduction waves and the poten-
tials at which the reduction processes take
place (Fig. 5, curve &).

As XPS investigations have shown, irre-
spective of substrate material, the carbon
on the surface of cadmium telluride films
presents as adsorbed hydrocarbon com-
pounds. Oxygen is in form of TeO,, CdO (or
Cd(OH),) and O, and/or water adsorbed
from air. Elements of substrates (Ti, Mo, Si)
give very small signals or no signal, because
the film completely covers the substrate and
is nonporous. The CdTe and TeO, signals
for the films are very well resolved for
Te3d line (E.,=572.6 eV for CdTe and
E., =576.2 eV for TeO,, according to ref-
erence data for these compounds [12, 13])
while the signal for Cd(OH), (or for CdO) is
not resolved for Cd3d line but can be calcu-
lated from ratio of concentrations Cd/Te
(Fig. 6 a,b). The CdTe amounts differ very
slightly for different samples, but relative
contents of oxides and hydroxides differ to
a considerable extent.

According to XPS data, the surfaces of
the films electrodeposited on titanium ni-
tride substrates at potentials E,=-0.40 V
(Sample 1) are enriched in tellurium. In the
films obtained at E, = —0.45 V (Sample 2),
the tellurium content is somewhat higher
than that of cadmium, and the layers depos-
ited at E, = —0.65 V (Sample 3) have equal
amounts of these elements (Table 1). Analy-
sis of X-ray photoelectron spectra of sur-
faces for the Samples 1, 2 and 38 revealed
commensurable concentrations of CdTe,
TeO, and CdO or Cd(OH), (Table 1). Note
that authors [5, 7] also observe large oxy-
gen amounts at the surface of the electrode-
posited cadmium telluride films, moreover,
it was pointed out that TeO, was presented
at the film surface. Besides, authors [7]
have noted a positive influence of oxygen in
the electrodeposited CdTe films on the
change of their type of conductivity from n-
to p- for their use as base layers of photo-
voltaic devices. The cadmium hydroxide
and/or cadmium oxide impurities revealed
by XPS are formed on the surface as a re-
sult of air oxidation of cadmium telluride.
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Table 1. Electrodeposition regimes, atomic concentrations of elements and chemical compounds
on the surface of cadmium telluride samples (XPS data)

Sample Electrodeposition regimes Atomic concentrations, % Chemical compounds, %
No. Substrate| Cathode | Current C (0] Cd Te CdTe | TeO, |Cd(OH,)
potential, | density, and/or
E,V Jes CdO
(SAE) | mA/cm?
1 TiN -0.40 0.5-0.3 53.4 24.2 8.4 14.0 18 55 27
2 TiN -0.45 0.5-0.3 58.8 20.1 9.7 11.4 22 42 36
3 TiN -0.65 1.4-1.0 76.5 11.9 5.8 5.8 24 38 38
4 Mo -0.45 0.4-0.3 65.5 17.9 7.4 7.2 18 41 41
5 Mo -0.55 0.9-0.7 79.1 13.7 5.2 1.6 18 10 72
6 Mo -0.65 1.5-1.2 72.8 17.8 7.4 2.0 19 7 74
I, a.u.
Cd3d 5/ Te3d 5/
1
3
2 c
2
1
b
/1
2
| I I L I /\< I a
402 404 406 408 571 573 575 577 579

Binding energy, eV

Fig. 6. XPS spectra of Cd3d, Te3d-core levels of the surfaces of samples No.6 (a); 4 (b); Sample 1
after removing 200 nm thick layer by ion etching (c): CdTe (1); TeO, (2); Te (3).

Besides, the considerable amounts of cad-
mium hydroxide can be explained by inter-
action of cadmium ions and hydroxyl
groups formed according to reaction (3).
Ion-etching of the surface decreases rela-
tive content of the oxides, the relation
Cd/Te remaining essentially the same. In
Te3d spectrum after ion-etching, it is possi-
ble to distinguish the line corresponding to
the binding energy (E;, = 573.6 eV) of TeO,
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(Fig. 6,c). Table 2 demonstrates disappear-
ing of cadmium hydroxide, decreasing of
TeO, and increasing of cadmium telluride
and of elemental tellurium contents in the
layers as a result of ion-etching of Sample 1.
So, the mechanism of cadmium telluride
electrodeposition including the electro-
chemical stage of elemental tellurium for-
mation followed by chemical stage resulting
in formation of CdTe and TeO, revealed by

Functional materials, 15, 1, 2008
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Table 2. Atomic concentrations of elements and chemical compounds revealed at the surface and
in depth of Sample 1

Ion.ic Atomic concentrations, % Chemical compounds, %
egggﬁg c 0 cd Te |Te/cd | Ti CdTe | TeO, | Cd(OH), | Te
and/or

CdO
Surface | 53.4 24.2 8.4 14.0 1.7 0 18 55 27
30 nm 22.0 25.8 19.6 32.5 1.7 0 64 27 0
60 nm 14.2 21.1 23.2 41.5 1.8 0 60 20 0 20
90 nm 16.6 16.7 23.6 42.9 1.8 0 60 15 0 25
150 nm | 13.8 13.3 26.5 46.4 1.8 0 60 13 0 27
200 nm | 8.2 10.6 30.0 50.8 1.7 0.4 60 10 0 30

voltammetric analysis is well confirmed by
XPS-data.

The voltammogramms in solution corre-
sponding to the electrolyte for cadmium tel-
luride electrodeposition on molybdenum
substrates (Fig. 7) comprise two peaks of
tellurium reduction (the first is absorption
and the second corresponds to irreversible
electrochemical reduction of tellurium with
subsequent slow chemical reaction of dispro-
portioning according to equations (5) and
(6), respectively). The current rise corre-
sponding to the water reduction and formation
of hydrogen and hydroxyl groups according
to reaction (3) is observed at E, = -0.5V,
as in background and in partial solutions
for those substrates. Such mechanism of
electrochemical process explains why nearly
equal amounts of cadmium and tellurium
atoms are revealed on the molybdenum sub-
strate only in the case of cathodic potential
E.=-0.45 V (Table 1). The very small shift
towards negative potentials (E,= —-0.55 V)
results in a considerable increase of of cad-
mium content in the films on molybdenum
substrates and to the large amounts of cad-
mium hydroxide in those films as a result
of interaction of cadmium ions and hy-
droxyl groups according to reaction (3).

So, basing on the kinetic studies of sepa-
rate and joint electrochemical deposition of
cadmium and tellurium on molybdenum and
titanium nitride substrates and considera-
tion of XPS data for the electrodeposited
films, it is possible to make following con-
clusions. On chemically neutral TiN sub-
strates the irreversible electrochemical TeO,
reduction to elemental tellurium is accom-
panied by chemical reaction between Te and
cadmium ions resulting in formation of cad-
mium telluride and TeO, as side product.
The TeO, and elemental tellurium impuri-
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Fig. 7. Voltammogramms on Mo substrates in
solution for CdTe electrodeposition (0.5 M
CdSO,, 210* M TeO,, 0.1 M Na,SO,,
0.01 M H,SO,) at potential scanning rates
(mV/s): 2 (1); 5 (2); 10 (3); 50 (4); 200 (5).

ties are found in deep layers of those films.
Because of air oxidation, the surface of cad-
mium telluride films contains large amounts
of tellurium oxide and cadmium oxide
and/or cadmium hydroxide. The deposition
of the films with equal amounts of cadmium
and tellurium atoms on the TiN substrates
occurs within the cathodic potential range
from —0.45V to —0.65 V. Due to catalytic
influence of molybdenum on electrochemical
reaction of water reduction accompanied by
increasing alkalinity of near-electrode space
as well as a result of elemental tellurium
absorption on molybdenum surface, a sharp
rise of cadmium hydroxide content in the
films on molybdenum substrates is observed
at electrodeposition potentials more nega-
tive than —0.5 V. So, from the point of view
of technical use of such electrolytes for cad-
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mium telluride electrochemical deposition,
molybdenum is an undesirable substrate.
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ExexTpoximiuHe ocaaKeHHS ILJIiBOK
TeJIYPHAY KATMil0

H.Il.Knouko, H./[.Boakosea, M.B./lo6poméopcovka,
B.P.Konau, T.A.Ji

Metogamu xpoHOBOJbTaAMIEpPOMETPil Ta IUKJIIYHOI BoJbTaMIIEPpOMETPil mOCHig:KeHO Me-
XaHIBMH eJeKTPOXiMiUHMX IIpOoIleciB B €JEeKTPOJIiTI AJsA oxep:KaHHS HAIiBIPOBIIHMKOBUX
ILUIIBOK TeaypuAy KaaMilo Ta y BiAHOBiZHMX HoOMy mapIjiaJibHHX PO3YMHAX, AKI BMIIIyioTh
ioHn xkammiro i Tenypy. BusiBiaeno BimminHOCTI y KaTogHmMX Iporecax Ha XimMiuHo imepTHHX
HigKJIagKax 3 HITPUAY TUTAHY i HA KaTAJiTHYHO aKTUBHIN moBepxHi mosi6meny. Ha migcrasi
IPOBEIEHNX [IOCIHiJKEeHb IIOSCHEHO MIPUPOAY AOMIIIOK, AKi y po0OTi BMUSIBJIEHO METOLOM
peHTreHiBCbKOI (POTOEJIEKTPOHHOI CIIEKTPOCKOII HA moBepxHi i B 06’emi miaiBok Tenypumy
KaaMiio, eJeKTPOOCA[MKEeHNX Ha MHiAKJaAKK 3 HITpuUAY TUTAHY 1 MoaibaeHy, IO DO3BOJIMJIO
s3ailicHuTH BUOip mapaMeTpiB mpollecy eleKTPOOCAIKeHHs i Mmarepiaay migkjaagok, AKi 3abes-
[IeYyIOTh BUT'OTOBJIEHHS IIJIIBOK CTEXiOMETPHYHOIO CKJALY.

Functional materials, 15, 1, 2008



