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The deposition of bismuth onto a smooth polycrystalline Pt electrode from
acidic perchlorate solutions was investigated over a wide range of potentials,
covering both underpotential and overpotential regions, by means of linear
sweep voltammetry (LSV), cyclic voltammetry (CV) and potential step tech-
niques. The bismuth adsorption isotherm onto platinum was evaluated. On
the basis of potentiostatic current transients, it was shown that the early
stages of deposition of Bi on Pt quite well fit the progressive mechanism of
3D nucleation and growth under diffusion control. Some nucleation parame-
ters were evaluated, depending on the experimental conditions.
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INTRODUCTION

The properties and state of electrode/solution inter-
face exert a profound influence on the rate of nuc-
leation and growth of a new phase (see, e. g., [1]
and the references cited therein). Thus, the study of
initial stages of electrocrystallization of metals (M)
on different substrates (S) are of significant theore-
tical importance for the elucidation of the kinetics
and mechanism of M electrodeposition.

The overall technological evolution is strongly as-
sociated with the development of new materials and
with the extension of their practical implementation.
Considerable promises seem to be associated with
bismuth. In recent years, the progress in its use for
various theoretical and practical purposes has been
rather rapid. In particular, Bi in a submonolayer
range on various S is widely used for electrocataly-
sis of numerous redox reactions (see, e. g., review
works [2-6]).

Bi thin films offer for exploring not only the
intricate transport properties of semimetals, but for
technological applications in wide-range field and
current sensors, owing to Bi unusual electronic pro-
perties.

The underpotential deposition (UPD) of Bi onto
various S is well documented in a number of papers
[7-22], whereas to our knowledge, there is no inves-
tigation of the early stages of Bi electrodeposition.

The present paper deals with the underpotential-
overpotential transition phenomena on deposition of
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Bi onto a smooth polycrystalline Pt electrode from
acidic solution in order to characterize the nucleation
and growth mechanism in the overpotential range.

EXPERIMENTAL

0.01-0.9 mM Bi** solution in 0.5 M H,SO, (measu-
rements in the UPD zone) and 0.05 or 0.1 M Bi3*
solutions in HCIO, (measurements in the OPD zo-
ne) were used in our experiments. Bi** exhibits a
tendency toward hydrolysis, but in strongly acidified
solutions the Bi** ion was shown not to hydrolyze
[23].

The working solution (WS) for the measurements
in the UPD zone was prepared as described else-
where [22]. The WS for the measurements in the
OPD zone was prepared by dissolution of Bi(CIO,),
in HCIO, (both reagents of the highest purity). Prior
to each experiment the WSs were deaerated with
Ar for 1 h.

All experiments were performed at 20 * 0.1 °C
in a JASE-2 three-electrode thermostated electroche-
mical cell (made in Belarus). The working electrode
(WE) was a vertical disc made from a mat polycrys-
talline Pt foil (99.99% purity) and sealed into a soft
glass tube. The geometric area of the WE was 1 cm?.
The real electrode surface area was determined from
the hydrogen adsorption voltammetric profile re-
corded at 50 mV s in 0.5 M H,SO, solution, tak-
ing the theoretical hydrogen adsorption charge of
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210 uC cm? as noted in [24, 25]. The roughness
factor (f) was found to be equal to 2.8 * 0.1 (me-
asurements in the UPD range) or 20 * 0.1 (CV
and E steps in the OPD zone). Separate experiments
were also carried out using a bulk Bi electrode, 1 cm?
in area. The counter electrode was a Pt sheet of ca.
6 cm? in area. The reference electrode was an Ag/
AgCI/KCl(sat.) electrode. All potentials (E) in the
text are referred to the SHE scale. Unless otherwi-
se noted, all currents (i) and charges (Q) are repor-
ted with respect to the geometric area of the WE.

The pretreatment of the Pt WE and the chec-
king of the quality of this pretreatment were carried
out as described in [22]. Between the runs the cell
and accessory components were cleaned with warm
concentrated H,SO,, rinsed repetitively with doubly
distilled water and left in it overnight.

A linear sweep voltammetry (LSV) and cyclic vol-
tammetry (CV) were performed using a PI 50-1 po-
tentiostat, a PR-8 programmer and an LKD-003 X-Y
recorder (all made in Belorus). The CV curves (CVs)
were recorded after a steady-state i/E profile was ob-
tained in the quiescent WS. In separate experiments,
the effect of a repetitive cycling was also monitored.
Unless otherwise stated, the WE was allowed to stand
at the open-circuit potential (OCP = 0.80 = 0.02 V)
for 3 min, and afterwards the E cycling started from
OCP in the negative direction. In the present work,
the equilibrium potential (E, ) for the Bi/Bi** couple
was not calculated. The experimental value E_ was
evaluated by experiments using the Bi WE.

The chronoamperometric measurements were car-
ried out using a PI 50-1 potentiostat, interfaced
through a home-made analogue to a digital conver-
ter with a PC (Siemens) and a PR-8 programmer.
The potentiostatic i/t traces were recorded starting
with a potential (E_ ) in the UPD zone. First the
Pt WE was kept at the selected £, for 5 min, and
then E was stepped to the OPD zone to obtain a
chosen overpotential () with respect to the E_.
The experimental data acquisition was in a numeri-
cal form with time resolution of 4 or 50 ms per
point. After disconnecting the electronic circuit of
the potentiostat, the Bi-covered Pt WE was left in
the WS until its £ approached spontaneously the
value of = +0.8 V. Then the remaining amount of
Bi deposit was desorbed oxidatively by polarization
at +1.30 V for 1 min and by immersion into HNO,
(1:1) solution for 5 min. Thereafter, the WE was
rinsed with doubly distilled water and finally trans-
ferred into another cell with 0.5 M H,SO, solution
to be subjected to a repetitive cycling at 50 mV s
between +1.30 and +0.05 V, until the i/E profile
characteristic of a clean Pt electrode was recorded.
Each experiment with the E step was preceded by
this pretreatment of the Pt WE.

=+
=+

RESULTS AND DISCUSSION

1. Underpotential deposition of Bi onto Pt from sul-
phate solution. The UPD processes involve three
different kinds of interaction emerging between res-
pective elements taking place in these processes. The
first interaction emerges between the surface of S
and an atom deposited underpotentially, the second
one between the UPD atom and an anion in the
supporting electrolyte, and the third one between
the surface of S and the anion. Therefore, it seems
reasonable to make some comments on both the
electrochemical behaviour of Pt in acidified sulpha-
te solutions and the inferred effect of specific ad-
sorption of anion on the Bi adlayer formation.

The adsorption of sulphate (in a general sense,
SO,* and HSO, species) onto Pt in metal ion-free
solution has been investigated intensively in the re-
cent years. Some comments on this matter have be-
en briefly presented in [22]. HSO,” and SO* were
shown to be specifically adsorbed onto Pt surface.
This adsorption is strongly governed by both the E
window and structural characteristics of the S surfa-
ce. As far as we know, rather little attention, how-
ever, has been paid to the formation of Bi and
(bi)sulphate coadsorbate structures onto Pt surface.
Particularly, it was found that the presence of Bi
adatoms in advance adsorbed irreversibly onto
Pt(111) electrode (this adsorption occurs due to im-
mersion of Pt in Bi(III) solution in the absence of
external voltage) led, at E scan, to a diminution of
the total Q involved in the adsorption/desorption
of hydrogen and sulphate species [15, 18, 20]. To
our knowledge, no similar investigation, however, was
undertaken for a polycrystalline Pt electrode. In addi-
tion, it should be mentioned that no specific ad-
sorption of SO,> anion was established on a bulk
Bi electrode [26]. So, in the light of these consider-
ations, one might reasonably assume that, under
conditions of our experiment, any complications ex-
pected due to the coadsorption of Bi and (bi)sulp-
hate species onto a polycrystalline Pt should be rath-
er insignificant, especially at higher coverages by
Bi (6,).

The UPD of Bi on the polycrystalline Pt WE is
shown in Fig. 1, where the potential sweep curves
are given for Pt in the absence and in the presence
of Bi** for two sweep rates (v) for comparison. A
profound difference between the curves recorded in
the absence and in the presence of Bi** is observed.
In each case, the reduction of surface platinum oxi-
de, peak c3, is followed by the Bi UPD. Namely, an
increase in the current at E in the region of this
peak gives an additional charge density flow which
amounts to ca. 70% of the total charge density flow
over the whole E region under study, as shown in
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Fig. 1. Stabilized cyclic voltammograms for a polycrystal-
line Pt electrode in 0,5 M H,SO, solutions without (1) or
with Bi** (2) at 50 (a) or 2 (b) mV s

[22]. The current peaks c1 and c2 corresponding to
the hydrogen adsorption become suppressed. Bi
shows a sharp oxidation peak a4 at the onset of
oxide formation on Pt. A more detailed analysis of
the features associated with the Bi UPD/oxidation
is given in [22].

Although the i/E profiles recorded for the Pt elec-
trode in acidic Bi** sulphate (Fig. 1) and perchlora-
te [8, 9, 15, 18, 21] solutions (these kinds of solu-
tions were mainly used to investigate the Bi UPD
onto Pt) were principally similar, some differences
in the voltammetry of the Bi UPD could also be
marked out [22]. It was shown, for example, that
more pronounced differences were associated with
the cathodic current peak c3 which appeared due to
reduction of surface platinum oxide (Fig. 1). In par-
ticular, while an increase in i, alone and the nega-
tive shift of its potential in the presence of Bi**
were established in perchlorate solutions [9, 10], a
non-linearity of the relationship of i  with the bulk
concentration of Bi** and an invariance of the po-
sition of E_, with increasing ¢ were revealed for
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sulphate solutions [22]. In addition, resolution of an
additional shoulder ¢3" on the i/E curve recorded at
a low sweep rate (e. g, at 2 mV s, as shown in
Fig. 2b, curve 2) became possible for sulphate so-
lution.

Continuing to investigate the formation of the
Bi adlayer onto Pt in acidic Bi** sulphate solution,
the E step technique was also used here. The typi-
cal potentiostatic current transients are shown in
Fig. 2. To obtain the values of Q which might be
considered as those involved in the Bi UPD, a set of
such current transients was analyzed with respect to
the bulk ¢ of Bi’* and E . The O from different
E steps are presented in Fig. 3a, depending on the
bulk ¢ of Bi** and E_ . The Q. obtained here are,
in principle, rather close to the accumulated Q_ cal-
culated earlier on the basis of CVs [22].

Then, the charge, which can be related to the
Bi UPD only, is formally taken as the difference
(Q-0"), where Q° and QP are the charges cal-
culated from the current transients in the absence
and in the presence of Bi** in 0.5 M H,SO, solu-
tion, respectively. The (Q*-Q°) vs. E plots are
shown in Fig. 3b. As is seen, the charge vs. E
curves differs in shape depending on the value of
E . The experimental magnitude of charge which
is assumed here to be associated with the Bi UPD
is markedly higher when E . = +1.20 V; e. g., at
E = +0.50 V this quantity is about 5 times higher
than at £ .= +0.80 V. This fact rather well cor-
relates with the CV measurements by Cadle and
Bruckenstein who showed that the Bi UPD could
be associated with the simultaneous occurrence of
two reduction processes, viz., the reduction of
Bi(III) species irreversibly adsorbed in the range
of the more positive £ and the reduction of sur-
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Fig. 2. Potentiostatic current transients recorded for a
smooth polycrystalline Pt electrode in acidic Bi** sulpha-
te solution
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Fig. 3. Potential-dependences of cathodic charges Q_ de-
rived from the current transients depending on the star-
ting potential and bulk concentration of Bi** (a) and of
difference (Q B - Q.°), where Q° and QP are the char-
ges in the absence and in the presence of Bi** (b) in
acidic sulphate solution

face platinum oxide [9], and with the observation
that the main part of charge consumed for the
Bi(III) reduction to Bi(0) over the whole range of
underpotentials belongs to the region of peak c3,
as shown in [22]. At the same time, it should be
noted that, in the present study, the charge vs. E
curve (Fig. 3b, curve 2) is shifted toward the more
negative E by ca. 100 mV and therefore somewhat
correlates with the appearance of a shoulder ob-
served on the CV under the quasi-steady condi-
tions of electrolysis of Bi** sulphate solution in the
region of peak c3 (Fig. 1b, curve 2). It should be
also emphasized that taking into account the rough-
ness factor of the Pt WE and also the calculated
number of platinum surface sites occupied by one
Bi adatom (S = 3, as shown in [12]), the results
represented by curve 2 in Fig. 3b at E = +0.50 V
are quite close to the expected values for the three-
electron process.

2. Voltammetry of Pt and Bi-covered Pt electro-
des in acidic Bi** perchlorate solutions. As far as

we know, there is almost no experimental material
on the voltammetry in a system when Pt electrode
becomes covered with Bi from a strongly acidic Bi**
solution. The typical i/E curves recorded by a single
triangular E sweep for the Pt WE are shown in
Fig. 4. They have a rather sharp peak of bulk Bi
electrodeposition in the cathodic half-cycle from the
acidic perhlorate solutions which will be used to stu-
dy the early stages of the electrocrystallization of
Bi. The steepness of the rising portion of i/E curves
suggests the reversibility of the electrode reaction
occurring at E in the OPD zone. As can be seen,
some features of the potentiodynamic i/E profiles in
the cathodic half-cycle, in particular, the v-depen-
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Fig. 4. Single sweep curve for a smooth polycrystalline Pt
electrode in 1 M HCIO, + 0.05 M Bi(CIO,), solution at
potential sweep rate v: I — 5, 2 — 20 and 3 - 50 mV s..
Potential sweep started from E = +0.30 V

start
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Fig. 5. Dependences of cathodic current peak height (a)
and peak potential (b) on the potential sweep rate in 1 M
HCIO, + 0.05 M Bi(CIO,), solution. In part (a): I — calcu-
lated line for a reversible process, 2 — the same for an
irreversible process, 3 — experimental data (from. Fig. 4)

dences of both current peak

interesting to note that although the anodic peak
potential £ does not depend on v (Fig. 4), the
height of the anodic current peak i decreases with
v. With regard to the complex nature of anodic dis-
solution of bulk Bi in acidic media [7-9, 22], such
a feature of potentiodynamic i/E curves can be qui-
te explainable.

To conclude, the non-stationary and quasi-steady
voltammetric i/E profiles in the Bi**-containing aci-
dic system illustrate some features which are still
unclear, on the one hand, and also signify roughly
the E zone for the further investigation of the early
stages of Bi electrodeposition onto the polycrystalli-
ne Pt electrode.

3. Investigation of the early stages of Bi electro-
deposition on a smooth polycrystalline Pt electrode
in acidic perchlorate solution. The potentiostatic cur-
rent transients for the bulk Bi deposition, obtained
by the E steps from various E__, all being in the
UPD zone (cf. Fig. 1), to various n_ (cf. Fig. 4) are
shown in Figs. 6-8. Most of these transients have a
shape expected for 3D deposition process with dif-
fusion control [28]. In particular, at a very short
time (¢ < 0.1 s) a sharp peak is observed due to
both a double layer charging and probably to an as
yet unknown additional process (e. g., formation of
Bi adlayer or Bi reduction intermediates) (Fig. 7).
As an illustration, this charge was calculated to be
equal to ca. 1.61 mC or, taking into account f = 2.0,
to ca. 0.80 mC cm™ when the E was stepped from

height i and peak poten-
tial E_ (Fig. 5), the passage
of the i  vs. v** plot through
the origin and also the E
and the half-peak potential
separation |E_-E |being
equal to 0.0175 V for curve
3 (Fig. 4), formally fit the
quantities expected for the
reversible electrode reaction
[27]. However, at first sight,
the difference in i obser-
ved experimentally here and
calculated for the case of
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either reversible or irrever-
sible charge transfer (cf. cur-
ves I and 3 in Fig. 5) seems
to be rather obscure. {
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After reversing the po-
tential sweep, the develop-
ment of anodic current peak
is observed (Fig. 4). It is
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Fig. 6. Potentiostatic current—time transients depending on the stepped value of poten-
tial for Pt electrode in 1.0 M HCIO, + 0.1 M Bi(CIO
for the Bi/Bi** couple is equal to +0.238 V. Inset illustrates the shape of current-time
transients in an enlarged scale
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Fig. 7. Potentiostatic smoothened current-time transients depending on the overpotential for Pt electrode in 1.0 M

HCIO, + 0.1 M Bi(CIO,), solution. E_,
+0.80 V to n_ = 0.048 V. Such a value of charge
density is more than trebly as large as that requi-
red for the complete coverage by Bi adlayer of the
polycrystalline Pt electrode at 6, = 0.33 [12, 22], but
it seems to formally approach that consumed in the
case of the so-called compressed Bi overlayers [18].
This does not necessarily mean that one monolayer
of Bi is actually formed. This charge is, however,
far in excess of that required to recharge the doub-
le layer. In the succeeding part of i/t transients, i
rises to a maximum with ¢, and then the curves tend
to merge into one, reflecting the diffusion limita-
tions described by Cottrell’s equation. For such a
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Fig. 8. Potentiostatic current-time transients depending
on the overpotential for Pt electrode in 1.0 M HCIO, +
0.05 M Bi(CIO,), solution. E = +030 V, E, = +0.234
V. Overpotential: / — 0.044, 2 — 0.049, 3 - 0.054, 4 -
0.058 and 5 - 0.064 V. Inset shows the i/t profile at
overpotential of 0.044 V in an enlarged scale to depict
two waves

t +120 (a), 1.0 (b) and +0.80 V (c), E, = +0.238 V

3D nucleation with diffusion control, the theory of
Scharifker and Hills [28] provides two limiting ca-
ses, depending on the nucleation rate.

In the first case, at high nucleation rates, all nuc-
lei are formed immediately after the E step and
their number remains constant during the growth
process. This case is considered as instantaneous nuc-
leation and is described by [28]:

i(t)y = [zFD" c/(nt)*%] [1-exp(-NmkDt)], (1

where i(f) is the current normalized by the geomet-
ric area of the electrode surface, N is the total num-
ber of the formed nuclei (in cm™), k is the numer-
ical constant determined by the conditions of the
experiment:

k = (8mcM/p)’s, ()

M and p are the molecular weight and the density
of the deposited M, respectively, zF is the value on
the molar charge of the electrodepositing species, D
is the diffusion coefficient, ¢ is the bulk concentra-
tion (in mol cm™).

The second case, at small nucleation rates, when
the nuclei are continuously formed during the who-
le process, is called progressive nucleation [28]. In
this case, the M clusters of different sizes can be
formed, especially at the very initial £. The current
transient for progressive 3D nucleation-growth me-
chanism is given by [28]:

i(t) = [zFD"c/(nt)"’]-[1-exp(-aN,mk’Dt*/2)], (3)
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where N is the number density of S active sites (in
cm™), a is the steady state nucleation rate constant
per site, kK’ is again a numerical constant given by

k' = (4/3)(8mcM/p)°s. C))

The very initial stages in the M deposition pro-
cess on foreign S are usually examined beginning
with an analysis of the i/t transients, including the
rising part of these curves [28-32]. In the present
work, however, this kind of analysis is somewhat
complicated, because the process to be studied is
likely accompanied by other process which might ha-
ve a certain contribution in i at ¢ < ¢__. Therefore,
to distinguish between the two mechanisms mentio-
ned above, along with the widely used analysis of
the i/t curve, the transient plotted in reduced va-
riables (i/i_ )* vs. (¢/t_, ) can be also applicable [28].
In that event, quite a strict test for fitting the expe-
rimental data with the models of instantaneous or
progressive nucleation-growth should be made by
comparing the recorded transients transformed into
reduced variables with those calculated according to
theoretical equations [28] — for instantaneous nucle-
ation:

(i ) = 19542t/ ' {1-exp[-1.2564(c/r_)]}* (5)

and for progressive nucleation:
@i ) = 1.2254(t/t ) '{1-exp[-2.3367(t/t_ )*]}*. (6)

Figure 9 shows such a presentation of the (i/i__ )
vs. (¢/t_ ) plots for different £ and m_. As can be
seen, the experimental data rather well fit those for
the progressive mechanism calculated according to Eq.
(6). Although there is a certain scattering of the expe-
rimental points in the rising part of the curves (Fig. 9),
which is known [28] to be crucial for the calculation of
the nucleation rate, it seems that this portion of the
experimental data is also suitable for the further con-
siderations.

As can be seen from Eq. (3), the i/t response is
determined both by such parameters of depositing
species as its ¢ and diffusion coefficient D, on the
one hand, and by the parameter of deposition pro-
cess as such, namely, the nucleation rate aN,, on
the other hand. At the same time, the product
2t is independent of the quantity aN,. So, this
product can be used to evaluate the D, if the bulk
¢ of M ion is given. Then, according to the equa-
tion [28]:

2t

max max

= 0.2598(zFc)’D, (7)
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Fig. 9. Reduced-variable i%/i> _ vs. t/t__ plots of the tran-
sients: a — from Fig. 6, b — from Fig. 7b and ¢ - from
Fig. 8. Calculated curves for instantaneous (dotted line)
and progressive (full line) nucleation are also shown. In
part (c¢) the second current wave was used

D for Bi** was obtained to be by about two or-
ders of magnitude less than the value characteristic
of the diffusion of ions in aqueous solutions. Such a
phenomenon is not yet fully understood. However,
in our opinion, among the possible reasons for this
finding, the complication of the Bi nuclei growth pro-
cess due to a slow surface diffusion of Bi adatoms
seems to be rather plausible. For example, the surfa-
ce diffusion coefficients (D_ ) of such an order are
considered in a comparative study of the early stages
of electrodeposition of various M on columnar and
smooth Pt electrodes [33]. Following the cited work,
an evaluation of the D_ . from the ratio of M mel-
ting temperature to ambient temperature will result
inD__ of 3.8:107 cm* s™ for Bi adatom. In the present
study, the experimental value of D = 810 cm? s™!
was further used for the calculation of the Bi depo-
sition parameters (this value was obtained from Eq.
(7); a rather close value was also obtained from the
Cottrellian region of transients).
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An important parameter in the kinetics of nuc-
leation processes is the critical number of atoms in
the stable nuclei (N_,) [1, 34, 35]. As is customary
[1, 34, 35], N_, can be evaluated in several ways,
for example: (i) from the critical free energy, when
all kinds of the interactions between the respective
components involved in the process are taken into
account; (ii) according to the so-called atomistic
“small cluster model”, from the m_-dependence of
the nucleation rate aN,, when nucleation is conside-
red as a sequence of bimolecular reactions in which
every cluster transforms into the next one by at-
tachment or detachment of one atom. In the latter
case, N_. is calculated from the In(aN,) vs. n_ plot

[1]:

N_. = (RT/zF)[d In(aN,)/d(n)]. (8)

t

Such experimental plots are presented in Fig. 10.
From the respective slopes it follows that N . here
depends on both the bulk ¢ of Bi** and E__, viz. at
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Fig. 10. Variation of the nucleation rate on the overpo-
tential for the pc Pt electrode in 1.0 M HCIO, + 0.1 M
Bi(ClO,), solution (1, 2) at E = +0.30 V (1) or +0.80
V (2), and in 1.0 M HCIO, + 0.05 M Bi(ClO,), solution
at E_ = +030V (3)

start

¢ =01 M Bi** N_ is equal to 4-5 or ca. 1, when
E step started from +0.30 or +0.80 V respectively,
and at ¢ = 0.05 M Bi** this quantity is equal to 8-
9, when E__ = +0.30 V. So, as can be seen, in the
n, range studied the N_ value was found to be
significantly smaller in the case of E = +0.80 V
than at £ = +0.30 V. This may not be too sur-
prising in view of the observations ([22] and Fig 3b)
that the former E__ value lies outside the E range
where the formation of Bi adlayer onto Pt electrode
can be expected, i.e. it is thought that starting from
+0.80 V the surface of the Pt WE is actually bare.
On the other hand, in the case of £, = +0.30 V,
a different picture emerges — the formation of the
Bi submonolayer becomes possible ([22] and Fig. 3b).
Then, taking into account the known difference in
the interactions between the Pt-Bi , at underpoten-
tials and Bi —~Bi at overpotentials, where Bi repre-
sents the Bi atom during the first stages of electroc-
rystallization, it is conceivable that even a single Bi
adatom deposited onto a relatively bare Pt electro-
de becomes sufficiently stable to be considered as a
nucleus of critical size.

Considering the influence of the bulk ¢ of Bi**
on the parameter aN, at the same E__, it seems
that the increase in the slope of the In(aN,) vs. n_
plot with the dilution of solution (Fig. 10) should
be noted, firstly, as a phenomenon. At the same
time this finding is suggested to be associated with
a relationship between In(aN,) and an initial under-
potential (AE)) as shown in [1, 35]. In particular, it
has been shown that the parameter In(aN) tends to
rise with the positive shift of £ . In our case, such
a change in £ seems to be possibly related with
the difference of |E_, -~ Eeq|. Then, from the strong
Bi-Pt interaction and a significant positive Bi—Pt lat-

tice misfit (d,, > d,,), and according to the con-

Table. The nucleation rate (aN,) and maximum possible surface saturation with nuclei Bi (V) in Bi** perchlorate
solutions onto the smooth polycrystalline Pt electrode. * = 20 °C
Solution E, .|V Overpotential / V aN_ / s''em? N, / cm=
0.1 M Bi(ClIO,), + 1 M HCIO, 0.3 0.049 4.26:10° 3.8:10°
0.053 9.83-10° 1.8-107
0.057 4.97-107 4.1-107
0.061 5.40-108 1.4-108
0.063 8.29-10° 5.3:108
0.070 9.10-10° 5.6:108
0.8 0.058 3.24-108 8.8:107
0.063 7.73-108 1.1-108
0.068 1.42-10° 1.5-108
0.05 M Bi(ClO,), + 1 M HCIO, 0.3 0.044 1.79-10° 3.8-10°
0.049 4.25-107 5.8:107
0.054 5.78:10° 6.8:108

49



Antanas Steponavicius, Laima Gudaviciuté, Violeta Karpaviciené, Vidmantas Kapocius

siderations in [1, 35], one would expect the increase
in N_, to be formally possible when the bulk ¢ of
Bi** is lowered. Clearly, this suggestion remains to
be studied additionally in a further investigation.

The other parameters of Bi nuclei formation on-
to the pc Pt electrode in Bi** perchlorate solution
are given in Table.

CONCLUDING REMARKS

The potentiostatic current-time transients showed
that the early stages of bismuth electrodeposition
onto the smooth polycrystalline platinum electrode
from acidic Bi** perchlorate solution rather well fit
the 3D progressive nucleation and growth under dif-
fusion control model.

Three additional points are worth noting. Firstly,
under certain conditions of electrolysis, two waves
in the current-time transient can be observed. Se-
condly, the evaluation of the diffusion coefficient
for a Bi** ion leads to significantly diminished valu-
es of this parameter. This finding remains to be
explained. Finally, some parameters of Bi nuclei for-
mation depend on the value of the starting poten-
tial £ in the underpotential range, as might be
hoped for. Moreover, they also depend, even to the
governing extent, on the range of the Pt potentials
within which processes of different nature can be
dominant (viz. the Bi UPD, reduction of surface
platinum oxide occurring simultaneously with the re-
duction of irreversibly adsorbed Bi(III) species or
irreversible adsorption of the latter). To such para-
meters belong the nucleation rate aN, and the cri-
tical number of atoms in the stable Bi nucleous N_, .
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BISMUTO NUSODINIMAS PRIESVOLTASIO IR
VIRSVOLTASIO ZONOJE ANT GLOTNAUS
POLIKRISTALINES PLATINOS ELEKTRODO

Santrauka

Linijinio potencialo skleidimo, ciklinés voltamperometri-
jos ir potenciostatinio jjungimo metodais tirtas bismuto
nusodinimas placiame potencialy intervale, apimanciame
priesvoltazio ir virSvoltazio zonas, ant glotnaus polikrista-
linés Pt elektrodo riigsciuose perchloratiniuose tirpaluose.
Nustatyta bismuto adsorbcijos izoterma ant Pt. Remiantis
potenciostatinio jjungimo metodu gautais duomenimis, pa-
rodyta, kad Bi elektrolitinio nusodinimo ant Pt ankstyvo-
sios stadijos gana gerai apraSomos 3D branduoliy susida-
rymo ir difuzijos kontroliuojamo augimo progresyviuoju
mechanizmu. Nustatyti kai kurie branduoliy susidarymo
proceso parametrai.

A. Crenonasuuioc, JI. I'ynaBuulore, B. Kapnapuuene,
B. Kanouroc

OCAXKJEHUE BUCMYTA B 30HAX
HEJOHANPAXKEHUA U NEPEHAIIPS)KEHUA
HA TNTAJKOM JJIEKTPOJE
TMOJAKPUCTAJUIMYECKOM TJIATUHBI

Peswowme

Meronamu TUHEWHOM pa3BepTKU MOTEHIMATA [UKINYECKOU
BOJITAMIIEPOMETPUHU U MOTEHIIMOCTATUYECKOTO BKIIIOUYEHUS
HCCIIEIOBAHO OCAXJEHUE BHUCMYTa B IIMPOKOM HHTEpBaJe
MOTEHIMAJIOB, BKJIIOYas 30HBl HENOHANpPSDKEHUS U Mepe-
HalNpsDKEHMS, Ha IIAJKOM 3JIEKTPOZE MONUKPHCTANINYECKON
Pt B KHCIBIX NEpXJOpaTHBIX 3JIEKTPOIUTAX. YCTaHOBJIEHA
u3orepma ajgcopbuuu Bucmyta Ha Pt. Ha ocHOBe naHHBIX,
MOJYYEHHBIX METOAOM MOTEHLUOCTATUYECKOTO BKIIOYECHUS,
MO0KA3aHO, YTO PAHHUE CTaJAMU SNEKTPOIUTHUECKOTO OCaXK-
nerus Bi Ha Pt mocTaTtodHO XOpOIIO OMHMCHIBAIOTCS MPO-
rpeccuBHBIM MexaHu3MoM 3]/ 3apoapliieoOpa3oBaHUs C
MOCIIENYIOIUM HUX POCTOM B YCIOBHAX JTU(PPY3HOHHBIX
orpaHuueHuil. PaccunTanbl HEKOTOpBIE MapaMeTpsl 3apo-
JbIIe00pa3oBaHusl.
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