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Abstract

The surface characteristics of Ag electrodeposits prepared on polyfaceted Pt(sc) electrodes have been
followed through complete Pb upd/stripping voltammetry. The growth mode of Ag overlayers at
constant temperature depends on both the cathodic electrodeposition overvoltage and the silver ion
concentration in solution. Ag surface rearrangements can be induced by either holding the potential or
Pb upd/stripping cycling in the potential range where the degree of surface coverage by Pb adatoms is
between 0 and 1. The voltammograms of Ag overlayers at the monolayer level show considerable changes
compared with those obtained for thicker Ag overlayers. The present results allow us to establish a
correlation between the development of rough electrodeposits and the surface diffusion properties of
metal atoms.

(I) INTRODUCTION

In electrochemistry, particularly metal electrocrystallization, extensive studies
have been carried out on the topography of electrode metal deposits and its
dependence on the preparation conditions [1]. It was shown, for instance, that the
growth mode of these electrodeposits becomes extremely dependent on the electro-
reduction potential conditions {2-4], the solution composition [5] and the tempera-
ture [6). By changing these variables in the proper way, different types of rough
surfaces, crystallographic orientations, and, correspondingly, catalytic properties of
the metal overlayers can be obtained [7-9]. The main aim of the present work was
the determination of the electrochemical characteristics of Ag overlayers of different
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average thicknesses formed on foreign substrates under different electrodeposition
conditions. For this purpose, the complete Pb upd/stripping voltammogram was
used as reference. These reactions have been investigated recently in several labora-
tories [10-15], oriented principally to determine the Pb upd behaviour on Ag single
crystals under different potential routines. However, as the Pb upd/stripping
cycling can induce surface rearrangements of Ag overlayers, a fact which can
invalidate the use of this reversible electrochemical system to follow the characteris-
tics of Ag overlayers, as part of the present work the conditions for minimum and
maximum Ag overlayer restructuring induced by Pb upd/stripping cycling were
also established in order to determine the possible use of the complete Pb
upd /stripping reactions as test reactions for the main purpose of the work.

Despite the gap existing between the surface science of metal /low pressure gas
phase and metal/electrolyte solution systems [16], the effects described in the
present work appear to be qualitatively comparable to those described for both the
growth mode of metal overlayers and the adsorption/desorption-induced metal
surface restructuring in metal /gas phase systems [17-19].

(IT) EXPERIMENTAL

Preliminary experiments were performed on different substrate electrodes, such
as Ag microspheres and Ag wires with and without annealing, Pt polycrystalline (pc)
plate, Pt (pc) preferred oriented, and polyfaceted Pt single crystal (sc) microspheres,
in order to select the best working electrode substrate for the present study.
Accordingly, most of the work was carried out principally on polyfaceted Pt (sc)
microsphere working electrodes of ca. 0.03 cm® geometric area. These electrodes
were prepared from Pt (pc) wires by the usual melting technique [20]. A large Pt
plate and a saturated calomel electrode (SCE) were used as the counter-electrode
and reference electrode, respectively. Potentials in the text are referred to the SCE
scale. The three electrodes were mounted in a conventional Pyrex glass electrochem-
ical cell.

The following electrolyte solutions were employed: (i) 0.5 M NaClO, + 1072 M
HCIO, (solution A); (i) x M Ag,SO, + 0.5 M NaClO, + 1072 M HCIO, (5 x 1073
< x <5 X 1073) (solution B); and (iii) 10~2M Pb(acetate), + 0.5 M NaClO, + 10?2
M HCIO, (solution C). Solutions were prepared from MilliQ* water and A.R.
chemicals. Water purity was tested by repetitive potential cycling of a Pt electrode
in 0.5 M H,SO, in the H-electrosorption potential range [21]. Before each run,
solutions were deaerated by bubbling purified Ar for 30 min. Special care was taken
to eliminate not only O, from the system, as it distorted the Pb upd/stripping
voltammograms, but also any other type of traceable impurity. Extremely clean
laboratory conditions, and gas ducts and protective traps made entirely of glass
were required to achieve reproducible and reliable results.

The electrochemical runs consisted in the following stages: (i) The voltammetric
characterization of the substrate surface in solution A. (i) The Ag electrodeposition
on the substrate surface done at a constant potential, E,, in solution B. The value of
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E; was changed in the 0 V < E; < E, range, E, being the reversible potential of the
Ag/Ag* ion electrode. (iii) Pb upd/stripping cycling was run in solution C at 0.01
V /s between 0 V and E,(Pb/Pb?*) = —0.427 V (vs. SCE). The different operations
involve transfer of the working electrode from solution B to solution C. Blank
experiments showed that under the carefully controlled conditions of the present
experiments no artifacts assigned to these operations could be detected. Runs were
made at 25°C.

The Ag overlayer characteristics as well as the changes induced by several
potential routines were followed through the complete Pb upd/stripping voltammo-
grams run at 0.01 V/s between 0 and —0.420 V (conventional Pb upd/stripping
voltammetry). The voltammetric data reported in the literature for well-defined Ag
single-crystal surfaces were taken as reference [10-15]. Conventional Pb upd /strip-
ping voltammograms implied negligible Ag restructuring, i.e. the shape of the
conventional Pb stripping voltammogram remained very close to that of the first
positive potential-going scan, except for a small decrease in the voltammetric charge
during cycling, as described later.

(III) RESULTS
(I11.1) The choice of the substrate electrode

For the present study the influence of the metal substrate on the electrochemical
characteristics of Ag overlayers is important, particularly as the thickness of the thin
Ag overlayer approaches the monolayer (ML) thickness. The most suitable substrate
was selected by looking at the shape and the reproducibility of conventional Pb
upd/stripping voltammograms obtained for Ag overlayers of different thicknesses
on the various substrates. It was found that for very thin Ag overlayers the
voltammograms became sensitive to the preparation conditions of the Ag overlayers,
but for constant Ag overlayer average thickness and preparation conditions, the best
voltammetric reproducibility was obtained on polyfaceted Pt (sc) electrodes. There-
fore, the results obtained with this type of electrode are presented in the following
sections.

(111.2) Electrochemically induced rearrangements at Ag electrodeposits

Pb upd/stripping cycling involving switching potential values and sweep rate
conditions for which only a fractional value of 8, the degree of surface coverage
by Pb adatoms, produces remarkable changes in the conventional Pb upd/stripping
voltammogram run afterwards. To determine whether the dynamics of the Ag
surface are either intrinsically coupled to the proper Pb upd/stripping processes or
are simply due to the presence of Pb atoms at the Ag surface, runs were made in
two directions; namely, to attempt to induce Ag surface rearrangements either at a
constant potential or under potential cycling in the Pb upd/stripping potential
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range by choosing different lower switching potentials, so that in both cases
fractional values of 8p, were involved in the process.

(111.2.1) The influence of potential holding in the 0 < 8y, < 1 potential range

When a Ag overlayer which exhibits the Pb upd/stripping voltammogram
depicted in Fig. la is held for 10 min at E= —0.285 V, i.e. at a potential value
where @, = 0.6, the subsequent conventional Pb upd/stripping voltammogram
(Fig. 1b) changes drastically compared with the initial one. Thus, the new voltam-
mogram (Fig. 1b), which exhibits a rather broad reversible Pb upd /stripping pair of
peaks at —0.275 V together with a relatively extended complex irreversible Pb
stripping peak covering the —0.175 to —0.125 V range, suggests a considerable
increase in disorder at the Ag surface. Furthermore, the new irreversible Pb
stripping peak indicates that a fraction of the Pb adatoms have presumably moved
into bulk Ag to form a Pb + Ag alloy. Alloying effects in metal upd have already
been reported for other systems [22,23]. At this stage, the subsequent conventional
voltammogram (Fig. 1c) still exhibits a complex structure, although with a tendency
to return to the initial voltammogram (Fig. 1a). Finally, continuous potential cycling
under conventional conditions leads to the voltammogram depicted in Fig. 1d,
which is practically coincident with the initial one. Therefore, conventional potential
cycling between 0 and —0.420 V, in contrast to the potential holding experiment at
—0.285 V, appears to produce a more orderly Ag surface. These results confirm
recent findings for the same system [16}, in which Ag surface rearrangements were
promoted by means of combined potential routines. It should be noted that
practically no changes can be detected when the potential holding implies either
Op, =0 0r O, — 1.

The fact that the greatest efficiency of the potential holding to promote Ag
surface rearrangements is found for intermediate values of @, is comparable to that
described earlier as the potentiodynamic ageing of O-adatom overlayers on Pt in
acid solutions [24]. In this case, the greatest rearrangements of O-adatoms on the Pt
surface at the ML level was observed for 6, = 0.5, and the process was related to a
place exchange mechanism involving O adatoms and first-layer Pt atoms.

(I111.2.2) The influence of Pb upd / stripping for 0 < 8,, < 1

Results comparable to those described previously are obtained when intermediate
Pb upd/stripping cycling comprising fractional values of 8y, is applied, although in
this case the potential sweep rate appears as a new variable, as one would expect for
a surface rearrangement whose rate apparently depends on 8, and (1 — 6;,), and
on the residence time of Pb adatoms on the surface [25].

Fig. 1. Pb upd/stripping voltammograms at 0.01 V/s of Ag overlayers after different electrochemical
treatments. 10~2 M Pb(CH;COO), +0.5 M NaClO, + 1072 M HCIO,. The Ag overlayer was prepared
in 51073 M Ag,S0, +0.5 M NaClO, +10~2 M HCIOQ,. 0;=156 mC/cm? n=0.237 V; 25°C. (a)
Voltammogram after ten cycles; (b) first voltammogram resulting after holding the potential at —0.285 V
for 10 min; (c) first voltammogram run immediately after the one shown in (b); (d) 20th voltammogram
recorded after the one shown in (b).
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On the other hand, the Ag surface changes caused by conventional Pb upd /strip-
ping cycling are reflected through a small decrease in the corresponding voltammet-
ric charge, and simultaneously peaks Ila/Ilc become sharper than those seen in the
initial voltammogram approaching a common height value. These changes are
largely comparable to those already described for the voltammogram of upd Pb on
Ag (111) for the same conditions [10].

1t should be noted that no effect on the voltammetric response of Ag overlayers
due to potential cycling in the base electrolyte in the absence of Pb** ions could be
observed.

(111.2.3) Conclusions from the experiments described in Sections (I111.2.1) and (111.2.2)

From the preceding experiments the following conclusions can be made:

(i) By holding the potential at a value set within the range where 0 <f,, <1, a
disordered Ag surface is produced and the probable formation of a Pb + Ag alloy
occurs,

(ii) Comparable effects are accomplished by Pb upd/stripping comprising also
intermediate 8, values.

(iii} The conventional Pb upd /stripping potential range favours the recovery of
the initial Ag surface orderly structure. These changes are accompanied by a slight
decrease in the voltammetric charge.

(iv) These results are consistent with the mobility of Ag atoms induced by the
presence of a fractional Pb adatom monolayer.

(v} Under conventional Pb upd/stripping cycling, the voltammograms after a
fixed number of cycles can be used to monttor the characteristics of differently
prepared Ag overlayers.

(I1I1.3) The characteristics of Ag overlayers as followed through conventional Pb
upd / stripping voltammetry

The influence of the Ag™* ion concentration in the plating solution, the elec-
trodeposition potential and the electrodeposition charge density on the growth
mode of Ag overlayers on polyfaceted Pt single-crystal microspheres were de-
termined by using Pb upd /stripping voltammetry.

(111.3.1} The influence of the Ag,50, concentration in the plating solution

The conventional Pb upd/stripping voltammogram of Ag overlayers deposited at
both constant cathodic overvoltage, 7 =0.117 V (n = E, — E,), and charge density,
0, = 40 mC/cm’, for solution B (Fig. 2a) exhibits a large pair of peaks (Ilc-1la) and
another pair of small humps (Ic-Ia and Illc-II1a) located on both sides of the pair
of peaks Ilc-1Ila. In addition, a cathodic hump is obtained at ca. —0.33 V as well as
an increase in the cathodic current at ca. —0.42 V, The latter should correspond to
the initiation of bulk Pb layer growth. The anodic to cathodic charge density ratio
derived from the voltammograms is always equal to 1. The voltammogram depicted
in Fig. 2a resembles to some extent that described in the literature for Pb upd /strip-
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Fig. 2. Influence of the Ag,SO, concentration on the Pb upd/stripping voltammogram (tenth cycle) run
at 0.01 V/s. The composition of the solutions was the same as that indicated in Fig. 1 for o; =40
mC/cm? and 5= 0.117 V. (a) x = 5x1073; (b) x = $x 1075, 25°C. The different peaks are identified in
the figure.

ping on Ag (111) in similar electrolyte solutions [10-12]. Accordingly, the sharp and
large pair of voltammetric peaks IIa-IIc and the two small pairs of peaks Illa—IIic
and Ia-Ic, on the negative and on the positive potential side of the pair of peaks
Ila—Ilc, respectively, were assigned to Ag (111) crystal faces.

On the other hand, the voltammograms run on a Ag overlayer grown by
decreasing the Ag,SO, concentration (Fig. 2b) exhibit a decrease in the height of the
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pair of peaks Ilc-IIa and an increase in the contribution of the pairs of peaks Ic-Ia
and IIla-IIlc. Likewise, two new pairs of peaks, IVa—IVc and Va—Vc, at ca. —0.38
and —0.32 V, respectively, and a relative decrease in the cathodic current at —0.42
V, as compared with that shown in Fig. 2a are observed. The potentials of peaks
IVc-IVa are close to the potential of the Pb/Pb’* reversible electrode. The
voltammogram shown in Fig. 2b presents some features which can be compared
with those reported for Pb upd on Ag (100) electrodes in the same solutions [10-12].

Closer inspection of Fig. 2 also reveals that the total voltammetric charge, o,,
derived from the voltammogram of Fig. 2a (o, =0.600 mC/cm?) is about 20%
smaller than that resulting from the voltammogram of Fig. 2b (o, = 0.780 mC/cm?).
This charge difference is about the same as that expected for a change from Ag
(111) to Ag (100) [10-12].

(111.3.2) The influence of the Ag electrodeposition potential

The influence of E; on the characteristics of Ag electrodeposits was investigated
in 5 X 107> M Ag,S0, for a constant ¢, value (6, =40 mC/cm?) and values of E,
ranging from 0.437 to 0 V, ie. in the 0 V <7 <0437 V range. Immediately
afterwards, the characteristics of the resulting Ag surface were determined through
conventional Pb upd/stripping voltammetry (Fig. 3). The following results were
obtained from these experiments.

(i) For small values of n, i.e. n <0.08 V, the voltammogram (Fig. 3a) shows a
small, broad pair of voltammetric peaks, covering nearly the entire potential range
of peaks Ila—IIc, Ia-Ic and I1la-Illc, as identified in the voltammograms of Fig. 2.
The voltammogram depicted in Fig. 3a is similar to that obtained for Pb upd /strip-
ping on a 2 monolayer thick Ag overlayer on the polyfaceted Pt(sc) [22,23], as is
described later (Fig. 4).

(ii) For intermediate values of 7, i.e. 0.08 V <% <0.237 V, the conventional Pb
upd/stripping voltammograms resemble greatly that obtained for a Ag (111)
electrode under comparable conditions (Fig. 3b).

(iii) For large values of %, i.e. 7 <0.237 V, the shape of the corresponding
voltammograms (Fig. 3c) approaches that of a Ag (100) electrode.

(iv) Inspection of the results shown in Fig. 3 also reveals an increase of the Ag
surface area by a factor of about 3 as n is increased from 0 to 0.437 V. These
experiments suggest that on increasing 7, a more open and rough Ag overlayer is
obtained, i.e. the Ag growth mode depends considerably on 7.

(I11.3.3) The influence of the Ag electrodeposition charge density

The value of o; was changed from 7.35 to 360 mC/cm’ for Ag electrodeposits
made from 5 X 107° M Ag,SO, at 7 =0.237 V. In this case, the conventional Pb
upd /stripping voltammograms allow us to derive the following conclusions.

(i) For values of oy <12.4 mC/cm’?, the voltammogram becomes very close to
that already described for a 2 monolayer thick Ag overlayer on Pt substrates (Fig.
4). It should be noted that this comparison can be made only in the potential range
between —0.4 and 0 V, because at potentials more positive than 0 V Ag stripping



369

JuAcm?
i3
[+ 3
T
e

-25 -
i 1 i i i
~-04 -0.2 ]
E/V(SCE)
Y T T T Y ¥ T T T T
I E "‘ ~
b c
!;l
§ 100 100
«
=*
X
so | 4 1 so
[ /’ o
-0 o -4 b -4 -850
~100 [~ 4k - -100
1 i i 1 i i - 1 i i
- 04 -02 0 ~04 -02 °

E/VisCE)
Fig. 3. Influence of the Ag electrodeposition overpotential on the voltammograms (tenth cycle} run at

0.01 V/s for the Pb upd/stripping in the solution indicated in Fig. 2. The electrodeposition of Ag was
carried out in 5x1073 M Ag,SO, +0.5 M NaClO, +10~2 M HCIO, for oy =40 mC/cm?; 25°C. (a)
7=0037V; (b) 7=0.117 V; (c) n=0437 V.,
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Fig. 4. Voltammogram for Pb upd/stripping (tenth cycle) obtained for a 2 monolayer thickness Ag
overlayer on a polyfaceted Pi(sc) electrode run at 0.010 V /s and 25° C. The composition of the solutions
was the same as that in Figs. 2 and 3. n=ca. 0 V.

takes place and the most relevant pair of peaks related to Pb upd/stripping on Pt
becomes inaccessible [26,27].

(ii) For 12.4 < g, < 25.3 mC/cm?, well-defined current peaks can be observed.
This voltammetric profile points to a-preferred crystallographic orientation at the
Ag surface leading to Ag (111).

(iii) For 25.3 < g, < 360 mC/cm?, the voltammogram approaches that reported
for a Ag (100) electrode under similar operating conditions [10-15].

(iv) A reasonable linear relationship between R, the roughness of the Ag
overlayer electrode, and g, is obtained (Fig. 5). In this case, the value of R has been

1 1 L L
[ 80 160 240 320

-2
0 q/mCcm

Fig. 5. Plot of roughness factor vs. Ag electrodeposition charge density. The composition of the solutions
was the same as that in Figs. 2 and 3; 25°C. Ag overlayers were prepared at a constant potential,
n=0237V.
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Fig. 6. SEM micrographs. Ag electrodeposits prepared on polyfaceted Pt(sc) by using the solution
composition indicated in Fig. 3 for ¢;=40 mC/cm’? and n=0.117 V; 25°C. (a) Ag electrodeposit
without Pb upd/stripping cycling; (b) Ag electrodeposit topography; (c) Ag electrodeposit after the Pb
/stripping cycling indicated in Figs. 2 and 3; (d) Ag electrodeposit topography.
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defined as the quotient between the Pb upd /stripping charge density referred to the
geometric electrode area, and the Pb monolayer charge density (o, = 0.400
mC/cm?) [10-12].

These results show that the behaviour of the Ag electrodeposits at the monolayer
level are influenced strongly by the substrate, and the electrochemical behaviour of
bulk Ag can be attained only when the number of Ag layers becomes greater than
30.

(111.4) SEM micrographs

SEM micrographs of Ag electrodeposits obtained for n=0.117 V and ¢, =40
mC/cm’® reveal the presence of a large number of crystallites covering the entire
substrate surface at random (Fig. 6a). The topography of this SEM image is
consistent with a rounded top columnar crystallite structure (Fig. 6b). These results
are similar to those presented earlier for Au and Pt electrodeposits grown for the
electroreduction of the corresponding hydrous metal oxide layers [3,4], except that
in the present case the size of the columnar crystallites (average crystallite size in the
pm range) is larger than the average size of the crystallites observed for Au and Pt
(average crystallite size in the nm range).

The SEM micrograph of a similar Ag electrodeposit resulting after conventional
Pb upd/stripping cycling (ten cycles) shows an increase in the crystallite size due to
the coalescence of small crystals into larger ones (Fig. 6¢). As observed for Au
electrodeposits [4], coalescence also results in large voids between the crystals.
Besides, the large crystals are oriented in definite directions, as can be seen clearly
in the corresponding topographic image (Fig. 6d).

(IV) DISCUSSION

Ag electrodeposition on a polyfaceted Pt(sc) microsphere from acid solutions, as
far as the distribution of crystallographic faces and the roughness are concerned,
follows similar trends to those already described for other metal electrodeposits
such as Au and Pt grown from the electroreduction of the corresponding hydrous
metal oxides [3,4,28]. Accordingly, the present results can be discussed by consider-
ing firstly those changes which can be reasonably followed through conventional Pb
upd /stripping voltammetry, reflecting principally the characteristics of Ag overlayer
preparation, and, secondly, those related to the processes mainly responsible for the
Ag surface rearrangements.

(IV.1) Growth mode of Ag electrodeposits

(IV.1.1) Crystallographic orientation effects
For a constant Ag electrodeposition charge density exceeding 50 monolayers or
thereabouts, the characteristics of Ag deposits change according to the cathodic



373

overvoltage. Thus, for slowly grown Ag deposits (low 1) or deposits grown from a
high Ag,SO, concentration in solution, the Ag crystallites exhibit a preferred
orientation towards Ag (111), as deduced from conventional Pb upd/stripping
voltammograms, i.e. the metal surface structure approaches the most closely packed
lattice. This fact agrees with the growth mode of other metal electrodeposits
obtained under low cathodic overvoltages from the electroreduction of hydrous
metal oxides [4,28,29]. This means that either the slowness of the electrodepositing
process provides enough time for the depositing particles to reach the most stable
sites or that the number of Ag ions at the interface is sufficiently large to ensure the
development of the most compact and stable lattice configuration at the growing
overlayer. Conversely, those deposits grown either at high rates (high 1) or from
dilute Ag,SO, solutions tend to offer an open structure with probably the preva-
lence of Ag (100). The resulting Ag topography then implies a relative increase in
roughness which is most likely due to the appearance of stepped surfaces [11,30].
These surfaces exhibit an inward relaxation which is a function of the surface
roughness; the latter is the inverse of the surface packing density [17,18]. In this
case, the crystallographic orientation and roughness development effects are intrin-
sically related, as recently studied for Pt electrodes in acid and alkaline solutions
[2,5,31]. The corresponding complex mechanisms of the growth mode were also
described through Monte Carlo simulations [32-35].

(IV.1.2) Roughness development. Roughness—melting temperature correlation

The present results allow us to distinguish at least two different types of
roughness at the Ag overlayers, namely an atomic roughness which arises from the
lack of atomic smoothness which is specific of each crystallographic face of Ag
crystallites, and a roughness effect arising from the proper shape factor of Ag
crystallites [36]. The atomic roughness may account only for about 20% of the Ag
surface area change, but the major change in roughness has to be assigned to the
shape factor of Ag crystallites.

The linear dependence of the value of R on o4 (Fig. 5), which was observed
particularly for those Ag electrodeposits grown at high rates (high n), becomes a
typical relationship for those systems involving an excess of surface area resulting
from columnar microstructures. This is the case, for instance, for Pt and Au deposits
grown from the electroreduction of either metal oxides [3,4] or aqueous solutions
[37]. The conclusions about the structure of these deposits have been confirmed
through STM and combined STM + SEM techniques [29,36,38). The same be-
haviour has been found for Rh electrodeposits obtained from the electroreduction
of the corresponding hydrous metal oxides [39].

For a rationale of the results shown in Fig. 5, R*, i.e. the roughness of the
deposit expressed per depositing charge unit, was calculated for the four metals
indicated in Table 1. It should be noted that the value of R* decreases in the order
Rh > Pt > Au > Ag, and that there is a clear correlation between R* and T, the
melting temperature of those metals. The data assembled in Table 1 suggest that the
surface diffusion of atoms tends to eliminate the excess of area created during the
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TABLE 1

Values of R* for different metals and melting temperatures

Metal T./°C (R*/om?® C™} Reference
Ag 960 16 This work
Au 1063 57 35

Pt 1769 82 33

Rh 1966 590 38

metal overlayer growth under the non-equilibrium conditions determined by the
high cathodic overvoltage values.

(IV.1.3) The characteristics of Ag electrodeposits at the monolayer level

The Pb conventional upd/stripping voltammetric behaviour of a 2 monolayer
thick Ag overlayer on Pt(sc) microelectrodes (Fig. 4) is comparable to that described
for the same reactions on Pt(sc) and definitely distinct from that expected for bulk
Ag. This behaviour suggests that at the monolayer level the Ag deposit is influenced
considerably by the Pt substrate, the broadness of the voltammetric peaks probably
reflecting the polyfaceted characteristics of the Pt electrode. From the present
results it appears that the strained layer-by-layer growth for electrodeposits such as
Ag on polyfaceted Pt persists at least for a few monolayer thicknesses. However,
this effect disappears when the amount of Ag electrodeposited charge is equivalent
to about 30 monolayers. These results have a certain parallelism with the growth of
evaporated films on different substrates where the growth mode varies according to
the orientation and symmetry of the exposed substrate [40-42].

(1V.2) Surface rearrangement processes

The main process associated with the decrease in the Ag surface area can be
related to the coalescence of the Ag overlayer structure itself. This conclusion also
emerges from observation of the SEM micrographs of Ag deposits before and after
the potential cycling treatment in the Pb upd /stripping potential range.

(IV.2.1) A probable mechanism of roughness decay

It is known that roughness decay and surface rearrangements occur sponta-
neously for metal columnar microstructures in contact with electrolyte solutions
[29], although these processes are rather slow for Pt and Au. Otherwise, for these
metals the kinetics of roughness decay have been interpreted through a mechanism
of coalescence of particles which operates in a tractable way for times of the order
of 6 X 10* s and values of R of the order of 60-100.

The present results demonstrate that Ag surface rearrangements for small values
of R can be induced in a short time through either potential holding or Pb
upd /stripping cycling both involving the 0 < @, < 1 range. The former produces an
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increase of disorder at the atomic surface lattice, whereas the latter leads to the
reverse effect. Otherwise, these processes are accompanied by a change in the value
of R for the Ag electrodeposits.

The mechanism of the surface roughness decay and simultaneous change in the
crystallographic orientation of the Ag deposited induced through Pb upd/stripping
cycling for 0 < @, <1 can be described as follows. The Pb—Ag bond produced
through Pb upd should cause distortion over a certain domain of Ag atoms, and in
the subsequent stripping process when the Pb—Ag bond is broken, the spacing of Ag
atoms participating in Pb—Ag bond formation and rupture should change compared
with the initial one. Therefore, one would expect the Ag surface rearrangements to
result from the relaxation of those atoms occupying unstable positions in the
network.

The same interpretation can be extended to long-range voltammetric cycling even
comprising 8, = 0 and 8p, =1, as for the voltammograms depicted in Fig. 1d run
at 0.01 V /s covering a 0.430 V range. In these cases, the average relaxation time for
the perturbed Ag atom is about 43 s. On the assumption that the surface diffusion
coefficient of Ag atoms is of the order of 1 X 10~!2 cm?/s, the maximum diffusion
length for Ag atoms during relaxation is about 80 nm. This is a relatively large
diffusion length which enables, after prolonged Pb upd/stripping cycling, rather
large crystallites like those seen in the SEM micrographs (Fig. 6) to be obtained.
Therefore, the conventional Pb upd /stripping cycling induced rearrangement of the
Ag surface results in the ordering of the Ag surface.

According to the preceding surface rearrangement mechanism, Pb upd atoms
would cause the expansion of the Ag—Ag interatomic distance at the outer skin
region of the Ag overlayer, also allowing to some extent Pb adatoms to penetrate
and to produce stronger bonding in the bulk Ag overlayer. This effect is enhanced
for the 0 < @, <1 condition at the Ag overlayer surface. The situation is reversed
during Pb adatom stripping (6, — 0), because then the relaxation of the Ag
perturbed lattice would go in the direction of producing the closest packing density
of Ag atoms. Hence, the degree of order of the Ag surface would depend on how
closely and for how long the 8p, — 0 condition is approached.

Otherwise, the reaccommodation of the Ag surface induced by the presence of a
fractional coverage by Pb adatoms at a constant potential becomes even more
complex if penetration of Pb adatoms underneath the first layer of the Ag metal
lattice takes place [14]. The latter would become a Ag surface order destructive
process, its possible participation depending on the Ag-Ag, Pb-Pb and Ag-Pb
bond energies and solubility diagram for the Pb—Ag system. This type of process as
well as the experimental conditions for its detection have recently been described for
Ag overlayers built up on electrodispersed Pt electrodes in acid solutions [43].

(V) CONCLUSIONS

(1) The growth mode of Ag overlayers on polyfaceted Pt(sc) depends on the
cathodic electrodeposition overvoltage and the Ag™* ion concentration in the solu-
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tion. The growth mode involves changes in both the Ag overlayer roughness and the
distribution of the crystallographic orientation of crystallites. The increase in the
cathodic overvoltage and the decrease in the Ag* ion concentration favour the
development of roughness.

(2) The present results allow us to establish a correlation between the roughness
at metal electrodeposits and the surface diffusion characteristics of metal atoms in
contact with the electrolyte solution through the melting temperature of metals.

(3) The Ag overlayers of a few monolayers thickness on the polyfaceted Pt(sc)
substrate exhibit a Pb upd/stripping voltammogram which, at least in the potential
range where the comparison is feasible, resembles that obtained on the base
substrate, as one would expect for a large influence of the substrate on the structure
of the thin Ag overlayers.

(4) Rearrangements of the Ag overlayers can be induced by Pb upd/stripping
cycling at 0.01 V /s between 0 V (8, =0) and —0.420 V (8p, = 1). These changes
appear as a decrease in the roughness of the Ag overlayer and a tendency to produce
the most compact packing density of atoms at the metal surface.

(5) The presence of a fractional coverage by Pb adatoms at a constant potential
produces changes in the conventional Pb upd/stripping voltammogram which
suggest a considerable spontaneous increase of disorder in the structure of the Ag
overlayer. This effect can be accomplished by working either potentiostatically or by
potential cycling.
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