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Influence of some additives on Cu layer formation
in underpotential and overpotential regions in
acidic CuSO, solutions

10. Voltammetric investigation and AFM
observations of the initial stages of Cu deposition
onto polycrystalline Pt electrode in the presence of
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Copper electrodeposition from acidic CuSO, solution without or with H,SeO,
has been studied on a Pt(poly) substrate combining the use of electrochemi-
cal (cyclic voltammetry and potential step) and morphological (AFM) tech-
niques. The analysis of the chronoamperometric results has indicated that the
Cu electrodeposition process occurs through an instantaneous 3D nucleation
and growth limited by diffusion and also that the nucleus number density (N)
decreases and the average radius of the nucleus (r, ) increases with increasing
the bulk concentration of H,SeO,. The AFM images have indicated that in
the absence of H,SeO, the surface of substrate, being Cu-precovered because
of holding in the Cu UPD region, is covered by randomly distributed Cu
clusters of comparable sizes. In the local regions of the surface rather large
agglomerates composed of clusters of different diameter have also been ob-
served. In the presence of H,SeO, these agglomerates have been shaped into
chain-like structures, while in the surrounding areas a rather homogeneous
distribution of elongated clusters and separate particles has been seen. In
both cases, the growth of clusters has been found to be favoured in the x-y
rather than in the z-direction, especially in a solution containing H,SeO.,.
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INTRODUCTION

The addition agents have also been found to ef-
fect the mode of electrocrystallisation of Cu [3-6],

An increasing number of applications are being
found for thin and very thin layers of copper in
high-technology areas such as plating of printed cir-
cuit boards, production of interconnections and con-
ductive tracks on various materials. It is common
knowledge that the deposition and the properties of
thin and very thin layers depend markedly on the
early stages of the metal electrocrystallisation pro-
cess [1, 2]. The important role of nucleation and
growth in the early stages of deposition of Cu is at
present well established [1, 2].
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like other metals [2]. In this context, selenium(IV)
compounds continue to be of considerable utility
and are being investigated for a variety of applica-
tions, including electrocatalysis [7-10], electrodepo-
sition of thin layers of copper selenides as semicon-
ducting materials [9-14], acceleration of Cu?* dis-
charge at Cu electrode in acidic CuSO, solutions
[15-17].

While the codeposition of Cu and selenium and
the formation of thin layers of copper selenides have
been the subject of a large number of investigations
[9-14], the influence of selenium on the deposition
of Cu and, in particular, on the early stages of Cu
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electrocrystallisation has not been thoroughly stu-
died. Two main differences in the experimental con-
ditions can be revealed for the above cases. First,
much less amounts of selenium(IV) compounds,
ranging from 10 to 10* M at a molar ratio
[Cu(ID)]/[Se(IV)] from 10° to 10°, have been typical-
ly used for the studies of the discharge of Cu?**
itself, as compared with the formation of copper
selenides when the comparable amounts of Cu(II)
and Se(IV) in the working solutions are applied.
Secondly, if the study is focused solely on the acce-
lerating action of Se(IV) compound upon Cu?* dis-
charge, a region of lower values of overpotentials
has commonly been applied [15-17].

Studies examining the initial stages of Cu depo-
sition in the systems containing selenium onto a
foreign substrate have recently emerged, in particu-
lar, onto Se-precovered Au(poly) [18] and Pt(poly)
[19, 20] electrodes. These reports suggest that the
initial stages of Cu electrocrystallisation onto Se-
modified Au or Pt electrodes [18-20] are based es-
sentially on the respective charge transfer rates and
active sites available on the cathode surface. Traces
of selenium on the surface of electrodes appear to
influence either of these factors. However, no ef-
forts to study the initial stages of Cu electrocrystal-
lisation onto a foreign substrate in the presence of
Se(IV) compounds dissolved in the bulk electrolyte
have been found.

Electrochemical techniques are traditionally the
methods to study the nucleation and growth pro-
cess, and they provide the mechanistic and kinetic
information [1, 2]. However, the electrochemical
techniques are insufficient in providing the structu-
ral information. In the circumstances, the applica-
tion of the electrochemical and structural methods
of investigation becomes motivated.

In the present work, which is a continuation of
our previous study on Cu underpotential deposition
(UPD) onto a polycrystalline (Pt(poly)) electrode in
acidic CuSO, solution in the presence of H,SeO,
[21], the initial stages of Cu deposition in the range
of overpotentials (OPD) were investigated by the
electrochemical (cyclic voltammetry and potential
step) and structural (ex situ AFM) techniques.

EXPERIMENTAL

Deposition system. The working solution was 0.5 M
H,SO, + 0.01 M CuSO, containing H,SeO, in
amounts of 1107 to 5 - 102 mM. The molar ratio
[Cu(ID)])/[Se(IV)] was no less than 2:10%

The preparation of the working solution, elec-
trochemical cell and the pretreatment of a working
Pt(poly) electrode prior to electrochemical and struc-
tural investigations were described elsewhere [21].

The roughness factor (f) of Pt(poly) calculated from
the hydrogen adsorption current-potential profile in
0.5 M H,SO, solution was obtained to be 2.05 +
+ (.05.

Electrochemical measurements. Potentiodynamic
and potential step measurements were performed
using a PI 50-1 potentiostat (Belarus) interfaced
through a home-made analogue to a digital conver-
ter with a PC (Siemens) and a PR-8 programmer
(Belarus). In all cases, the working Pt(poly) electro-
de first was kept in a solution at a starting poten-
tial (E ) for 2 min.

The cyclic voltammograms were started in the far
positive E region, at £ = +0.85 V, and driven in
the cathodic direction to the value of +0.25 V being
in the Cu OPD region before reversing to E__, all at
a potential scan rate (v) of 2- 102 V s7'. The potential
step experiments were done with £ = +0.35 V being
in the Cu UPD region to a desired value of Cu depo-
sition potential (E,, ) in the Cu OPD region.

All potentials were reported with respect to the
standard hydrogen electrode (SHE). The Nernst po-
tential (E)) for the Cu**/Cu couple was estimated me-
asuring the open-circuit potential (OCP) of a bulk Cu
deposit in an unstirred 0.5 M H,SO, + 0.01 M CuSO,
solution at 20 °C and was found to be +0.260 V.

Characterisation of the electrode surface. The rea-
sons for choosing the above values of £ were as
follows. Regarding cyclic voltammetry, E = +0.85V
was taken here, because at this E no evidences for Cu
UPD onto a Pt(poly) electrode have been found in
the literature [21-24]. Moreover, the electrochemical
reactions involving the Pt substrate oxidation and the
reduction of formed surface platinum oxide can be
ruled out, because oxide formation at Pt in 0.5 M
H,SO, solution has recently been shown to start at
E= +0.85 V [25].

The potential step experiments were designed so
that Cu nucleation would occur onto a Cu-precove-
red Pt(poly) surface [24]. The amount of Cu depo-
sited underpotentially (Cu,;) at E = +035 V
was shown to range up to ca. one monolayer. It
should also be pointed out that although the Cu
adlayer was virtually complete, as followed from the
standard electrochemical procedures, the structural
data have indicated that Cu was not evenly distri-
buted over the entire electrode surface. The inho-
mogeneities and defects of the Pt(poly) electrode
surface appear to initiate the formation of well-de-
fined separate agglomerates. Therefore, it has been
concluded that the coexistence of a Cu adlayer and
Cu agglomerates or patches is possible [24], in other
words, the Cu UPD occurring under the potential-
controlled conditions, say, at +0.35 V, can be con-
sidered in the terms of phase transition following
some type of Cu nucleation and growth.
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At potentials in the region of +0.35 V, the pre-
sence of H SeO, has resulted in the irreversible ad-
sorption of selenium species onto Pt(poly) being in
a zero-valence state (Se° ) in amounts no more
than a few at. % [21, 24]. In general, irreversible
adsorption of selenium species onto Pt(poly) from
acidic CuSO, solutions containing H,SeO, has been
reported to occur not only at this £ but also at
more positive E [21, 24]. The Cu UPD process oc-
curring onto Se-modified Pt(poly) surface has been
obtained to lead to the roughening of the surface.
The surface morphology has been shown to change
only slightly [24].

AFM imaging. Samples for the ex situ AFM inves-
tigation were prepared as follows. The working Pt(po-
ly) electrode after a pretreatment as described else-
where [21] was allowed to stand at £ = +0.35 V
for 2 min. Then, a single E pulse to E, = +023 V
located in the region of Cu overpotentials was applied
for 30 s. The AFM observation was performed using
a TopoMetric Explorer SPM with a Si,N, tip opera-
ting in a contact mode.

RESULTS AND DISCUSSION

Cyclic voltammetry. Figure la shows a series of ty-
pical quasi-steady voltammetric profiles recorded in
the unstirred 0.5 M H,SO, +0.01 M CuSO, solu-
tion containing the increasing amounts of H,SeO..
For all the solutions, the electrode potential was
scanned negatively from +0.85 V, where no electro-
chemical reaction involving Cu species is obvious,
to E sufficiently negative with respect to E, to en-

(a) 0.01 M CusSO, 11.5 H,SeO; /ImM:
0.5 M H,SO, 10
4 £ 0850V 2 0.001
3 0.005
ES‘C 0.230 V 4 0.01
2 v 2mvs? 5 0.02

1°10* /A
o

0.22 0.24 0.26 0.28 0.3

Fig. 1. Typical cyclic voltammograms (1st scan) for Cu
bulk deposition and stripping processes (a) and for Cu
UPD process (b) onto Pt(poly) electrode in 0.5 M H,SO,
+ 0.01 M CuSO, solution containing increasing amounts
of H,SeO, at a scan rate (v) 2 mV s™

sure Cu deposition, followed by a reversal of a scan
to the corresponding bulk stripping of Cu and a
return to the E . The voltammetric responses in
the Cu UPD region are also presented for compa-
rison (Fig. 1b). In the overpotential window under
study, the cathodic I vs. E curves exhibit one wave.
One can see that the cathodic current decreases
with increasing the concentration of the additive.

Our observations seem to be consistent with re-
sults from other studies of the system Cu + Se [19,
20, 26]. For instance, it is noteworthy that the vol-
tammograms at Pt(poly) exhibit the current loops
that are typical of a deposition process requiring
nucleation overpotential [27]. Generally, these cur-
rent loops occur because the metal deposition onto
a foreign substrate during cathodic scan requires a
considerable overpotential in order to initiate the
nucleation and subsequent growth of a deposit.
When the scan direction is reversed, the reduction
faradaic current continues to flow, because the de-
position of metal now takes place on the nucleated
surface of a substrate [19, 20, 26-28]. In addition,
the effect of H,SeO, upon the current in the Cu
OPD region observed here correlates well with the
voltammetric data obtained under different condi-
tions [26].

Chronoamperometry. Figures 2 and 3 show a se-
ries of current transients for Cu electrodeposition
onto Pt(poly) in 0.5 M H,SO, +0.01 M CuSO, so-
lution in the absence or presence of H,SeO,. The
shape of these chronoamperograms is typical of a
diffusion-limited reaction for the nucleation and
growth of a metal deposit onto a foreign substrate
[1, 2, 29, 30], exhibiting a rising current due to the
growth of a new phase and/or the increasing num-
ber of nuclei. The current reaches the maximum
() as the diffusion zones of the Cu nuclei begin
to overlap, followed by a decaying current which
approaches the one corresponding to a planar dif-
fusion to the whole electrode surface.

For 3D nucleation with crystal growth controlled
by localized hemispherical diffusion, the following
expressions describe the rising and falling portions
of the potentiostatic current transients for two ex-
treme cases such as the instantaneous (Eq. 1) and
progressive (Eq. 2) nucleation mechanisms, respec-
tively:

() = 1.9542(t/t ) '{1-exp[-1.2564(t/t_ )]}?,
(1

(L )? = 1.2254(t/e. ) {1-exp[-2.3367(t/t, )]},
(2

where ¢ is the time at the current maximum [29].
Egs. (1) and (2) provide a convenient criterion for
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Fig. 2. Potentiostatic current transients for Cu deposition
onto Pt(poly) at different values of deposition potential
E, in 05 M HSO, + 001 M CuSO, solution without

de;

(a) or with 0.005 mM H,SeO, (b)

distinguishing between these two extreme cases of nuc-
leation kinetics. The experimental data may be pre-
sented in a nondimensional plot, (I/[_ )* vs. t/t__, fa-
cilitating comparison with the behaviour predicted for
each of the limiting nucleation mechanisms.

Figure 4 shows in these coordinates some of the
data obtained in the course of this work. It is evi-
dent that the nucleation of Cu onto the Pt(poly)
substrate follows closely the response predicted for
instantaneous nucleation (Fig. 4a). The same beha-
viour is observed for a working solution containing
H,SeO, (Fig. 4b). The deviation from the predicted
responses observed after the maximum, where the
process is proposed to be controlled only by linear
diffusion, may be associated with a different transi-
tion of the hemispherical diffusion to the linear one
at different areas of the Pt(poly) electrode surface.

15 -10
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0.5M H,SO, E gat 0.35 V 0.5 M H,S0,4
E Edep 0.230V
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0 5 10 15 20 25 30 )
t/s s
18 Fig. 3. Potentiostatic current transients for Cu deposition
®) 0-01 M CuS O, onto Pt(poly) in 0.5 M H,SO, + 0.01 M CuSO, solution
0.5 M H,S0, containing increasing amounts of H,SeO,
0.005 mM H,SeO,
-10
- Once it is established, the instantaneous 3D nu-
< cleation with the diffusion-controlled growth model
z is applicable to Cu electrodeposition; the number
-5 of nuclei (N) can be calculated from the values of
I _and ¢ using the following convenient relation-
ship [31]:
= . 2
0 N = 0.065(zFc / I -t )/ k, 3)
0 5 10 15 20 25 30
ts where zF is the molar charge transferred during
the electrodeposition, ¢ is the concentration of me-

tal ions, k, = (8TcM / p)**, M and p are the molar
weight and density of the depositing metal. The pa-
rameter k_for Cu is 0.024.

Assuming that the Cu particles are of spherical
shape, the average nuclei radius (r, ) can be estima-
ted by applying the following relationship [32]:

r., = (3Qv_/ 41eFN)'3, 4)

where Q is the charge per unit area consumed
during the metal electrodeposition and v_ is the mo-
lar volume of the depositing metal (for Cu v =
= 7.1 cm® mol™). O was evaluated by integration of
the corresponding chronoamperogram over the ti-
me interval up to ¢ = ¢ assuming that the contri-
bution of parasitic processes, such as double layer
charging, partial reduction of Cu®* and Se(IV), re-
duction of Se(0) to Se(-II), is negligible under the
given experimental conditions.

Considering the instantaneous 3D nucleation pro-
cess and the Scharifker and Hills model [29], it is
possible to recalculate the diffusion coefficient (D)
for Cu** from the product I -t

X max’
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Fig. 4. Comparison of the experimental reduced current-
time dependences for Cu nucleation and growth onto
Pt(poly) from 0.5 M H,SO, + 0.01 M CuSO, solution
without (a) or with 0.005 mM H,SeO, (b) to the calcu-
lated reduced current-time dependences for the 3D nuc-
leation models developed by Scharifker and Hills

-t

max ma:

= 0.1629(zFc)D. 5)

The calculated values of D for Cu?* ion, N and
r., are listed in Table. The calculated D is slightly
lower than that reported elsewhere [33]. The origin
of this difference is not clear, but a similar discre-
pancy in diffusion coefficients has also been observed
recently for other systems, e.g. for the Zn electro-
deposition onto a GC substrate [34]. One can also
see that the number of nuclei, 10° to 10° cm=,
implies rather a low coverage for the Cu nuclei for-
mation, because the calculated value of N corres-
ponds to less than one or ca. one in 10° surface
atoms from the density of atomic sites ([110* cm™)
for Pt(poly). Similar results were obtained for the

other values of E dep” So, it can be concluded that
only a small fraction of the total number of atomic
sites on a Pt(poly) surface is available for the ini-
tiation of Cu nucleation and subsequent growth. This
is in good agreement with the observations of other
authors [23]. N increased with the increase in the
Cu overpotential (not shown here), as expected. The
data listed in Table also clearly show that N decrea-
ses and r_ increases with increasing the ¢ of H,SeO.,.

AFM analysis. The main motive for using AFM
in this work was to reveal the morphological cha-
racteristics of a Cu deposit after potential stepping
and the effect of H,SeO, on the growth mode. As
mentioned above, Cu was deposited by a single po-
tential step from £ = +035 Vto E, = +023 V.
The electrolysis was terminated after 10 or 30 s,
corresponding to the values of #/ = 3.85 and 11.5.

The total charges (Q) were calculated to be 6.56
or 15.5 mC in the absence of H,SeO, and 4.77 or
12.3 mC in the presence of 0.005 mM H,SeO,, as
followed from the chronoamperometric measure-
ments. Such values of Q were suggested to give the
amounts of deposited Cu corresponding to about 8
or 20 and 6 or 16 equivalent monolayers, respecti-
vely.

Some of the AFM images in 10 %10 and 2 x
x 2 um scales are shown in Fig. 5. Different zones
of the surface were imaged for each sample, alt-
hough only the image for every case is presented
here.

It was obtained that, in the H,SeO.-free solu-
tion, the surface morphology of a Cu deposit after
l,,, = 10 s was rather similar to that of a Cu-pre-
covered Pt(poly) electrode (cf. Ref. 21), i.e. the 3D
nucleation was not clearly evident during electrode-
position under the above experimental conditions.
With the application of the prolonged 7, (30 s),
the clusters were found to be of comparable sizes
and randomly distributed on the surface with a den-
sity of about 9 - 108 cm™ (Fig. 5a, c). As one can
see, they do not completely merge at these E dep and

Table. Analysis of Cu nucleation process onto Pt(poly) in
0.5 M H,SO, + 0.01 M CuSO, solution in the presence of
H,SeO, from chronoamperometric data according to the
Scharifker and Hills model [29, 30, 32].
E, =+035VE = +023V
D for Cu?*,| 10° N, T
H,SeO,, [ 10*-1_, |t _, cm? s, cm?, pm,
mM Acm? | s from from from
Eq. (5) | Eq. (3) | Eq. (4)
0 823 260 291-10° 2.20 0.21
0.001 6.52 4.5 1.15 0.29
0.005 530 6.10 0.96 0.31
0.01 3.11  27.65 0.14 0.83
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of this additive) (Fig. 5b) so-
mewhat resembles the surfa-
ce morphology of a Cu-pre-
covered Pt(poly) electrode
[21]. These structures were
found to be composed of nu-
merous separate particles. In
the zone surrounding these
structures, a rather homoge-
neous distribution of elongat-
ed clusters and separate par-

et ticles can be seen (Figs. 5d

and 7) with a density of
about 6- 10° cm™ Consequ-
ently, the values of N obtain-
ed from the AFM images are
about two orders larger than
those from analysis of the

Fig. 5. Ex situ AFM images of Pt(poly) surface after Cu deposition at E, = +0.23  transients (Table). This is li-
V for 30 s from 0.5 M H,SO, + 0.01 M CuSO, solution without (a, ¢) or with 0.005 kely due to the formation of

mM H,S¢0, (b, d)

t. . In the local regions of the surface, the rather

dep®

large agglomerates composed of different diameter

clusters are also observed (Figs. 5 and
6). It should be noted that the pre-
sence of such agglomerates agrees well
with the earlier observations relative
to Cu UPD onto Pt(poly) [21], sug-
gesting Cu deposition to be preferen-
tially initiated at most distinct surface
defects.

The cross-sectional analysis was
further applied to obtain quantitative
information about the parameters of
surface roughness. Figure 6 shows a
cross-sectional profile of the surface
along a line as shown in the top-view
image. From this profile a lateral dis-
tance and height can be determined.
The ratio between the growth in the
lateral direction and that in the verti-
cal direction (Fig. 6) was found to be
more or less the same as in the case
of Cu UPD [21]. Standard roughness
measurements showed that the ari-
thmetic average of the absolute values
of the measured profile height devia-
tions, i.e. the arithmetic roughness ave-
rage, R, was equal to 7.82 nm and
the maximum height of the profile
above the mean line, Rp, was equal to
22.27 nm.

In the solution containing H,SeO,,
the presence of the distinct chain-like
structures (not observed in the absence

multiple nuclei within a sin-
gle diffusion zone. Neverthe-

less, the physical origin of this discrepancy should be
studied in more detail.
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The growth of the clusters and particles was
found to be favoured in the x-y directions rather
than in the z-direction, especially in the case of the
solution containing H,SeO,, when the ratio x/z was
increased by ca. 24 % (Figs. 6 and 7). The parame-
ters R and R were of less magnitudes — 3.14 and
8.00 nm, respectively, indicating a rather strong smo-
othening effect of H,SeO.,.

The actual charge involved in Cu electrodeposi-
tion (Fig. 5c,d) was calculated by integration of the
area in the corresponding transients, as mentioned
above; these values were 15.5 mC in the absence of
H,SeO, and 12.3 mC in the presence of the additi-
ve. Both values of Q are markedly smaller than those
expected from the AFM data if the nuclei were
hemispherically shaped, 23 and 58.7 mC respective-
ly. Such a discrepancy between the charges may in-
dicate that the Cu growing centers are not hemisp-
herical as, indeed, followed from the values of the
parameter x/z.

The presence of some areas of the Pt substrate,
which remained uncovered with Cu during electro-
deposition, was also revealed at a more detailed ins-
pection of the AFM images (Figs. 5-7).

CONCLUDING REMARKS

In this study, the initial stages of Cu electrodeposi-
tion onto Pt(poly) were investigated in acidic CuSO,
solution without or with H,SeO, when the molar
concentration ratio [Cu(II)]/[Se(IV)] was no less than
2 - 10% The combination of electrochemical experi-
ments (cyclic voltammetry and potential step) and
morphological observations (AFM) was performed
to analyse the mechanism of nucleation and growth.

The analysis of the electrochemical results indi-
cated that the Cu electrodeposition onto Pt(poly),
precovered with underpotentialy deposited Cu adla-
yer begins through the instantaneous 3D nucleation
and diffusion-controlled growth mechanism proposed
by Scharifker and Hills. The values of the diffusion
coefficient (D) for Cu®* ion, the number of nuclei
(N) being of the order of 10° to 10° cm™, and ave-
rage radius (r, ) of nuclei were calculated from chro-
noamperometric data. It was obtained that N dec-
reased and r_ increased with increasing the bulk
concentration of H,SeO,. This is likely due to the
so called CORC mechanism involving partial reduc-
tion of Cu?* to an intermediate Cu* and consequ-
ently an increase in the concentration of Cu* at the
surface of the electrode as proposed by Hill and
Rogers.

The AFM observations showed that the Cu clus-
ters were of comparable sizes and rather homoge-
neously distributed on the surface with the densities
of about 9- 10° cm™ in the absence of H,SeO, and

6 - 10° cm* in the presence of 0.005 mM H,SeO..
In the local regions of the surface, separate rather
large agglomerates composed of clusters of different
diameter were revealed in both cases, but in the
presence of H,SeO, such agglomerates attained a
distinct chain-like configuration. The growth of clus-
ters was found to be favoured in the x-y directions
rather than in the z-direction, especially in the pre-
sence of H,SeO,. The morphological characteristics
were reported.
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Dijana Simkiinaité, Emilija Ivaskevi¢,

Aleksandras Kalinicenko, Antanas Steponavicius
KAI KURIU PRIEDU ITAKA Cu SLUOKSNIU
FORMAVIMUISI POTENCIALUY ZONOSE,
TEIGIAMESNESE IR NEIGIAMESNESE UZ
PUSIAUSVYRINE SISTEMOS Cu?*/Cu® POTENCIALO
REIKSME, RUGSCIUOSE CuSO, TIRPALUOSE
10. Cu NUSODINIMO ANT POLIKRISTALINES Pt
ESANT H,SeO, PIRMUJU STADJY
VOLTAMPEROMETRINIS IR ATOMINES JEGOS
MIKROSKOPINIS TYRIMAS

Santrauka

Cu elektrolitinio nusodinimo pirmosios stadijos ant poli-
kristalines Pt substrato i§ 0,5 M H,SO, + 0,01 M CuSO,
tirpalo, kurio H,SeO, koncentracijos jvairios (visais atve-
jais koncentracijy santykis [Cu(II)]/[Se(IV)] buvo ne ma-
Zesnis kaip 2 - 10%), buvo tiriamos elektrocheminiais (cik-
liné voltamperometrija ir potenciostatinis jjungimas) ir
struktiriniais (atominés jégos mikroskopija, AJM) meto-
dais. Chronoamperometriniy rezultaty analizé parode, kad
Cu elektrolitinis nusodinimas ant Pt(poli) vyksta pagal mo-
mentinés 3D nukleacijos ir difuzijos kontroliuojamo uzuo-
mazgy augimo modelj, kurj pasitlé Scharifker ir Hills. I§
$iy duomeny taip pat apskaiCiuotos Cu?* jono difuzijos
koeficiento D, susidariusiy uZuomazgy tankio N ir uZuo-
mazgy vidutinio spindulio 7, reikSmes. Parodyta, kad N
mazeja, o r, didéja, kai didéja turineé H,SeO, koncentra-
cija. AJM tyrimas parode, kad nesant tirpale H,SeO, ant
Pt substrato pavirSiaus, kuris dél Pt iSlaikymo elektrolite
Cu ikijtampinio nusodinimo potencialy zonoje (+0,35 V)
pasidengé Cu adsluoksniu, susidaro atsitiktinai pasiskirste
mazdaug vienodo dydzio Cu kristalitai. Atskirose pavir-
Siaus vietose taip pat pastebéti gana dideli aglomeratai,
sudaryti i§ jvairaus skersmens kristality. Esant H,SeO,,
Sie aglomeratai keicia savo forma, sudarydami i grandines
panasias struktiiras, o pavirSiaus vietose apie pastarasias
struktiiras ir toliau stebimas gana homogeninis pailgy kris-
tality ir atskiry daleliy pasiskirstymas. Ir nesant, ir esant
H,SeO, Cu kristalitai labiau augo x-y kryptimis, negu z
kryptimi, ypac¢ tirpale, turin¢iame H,SeO..



