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Abstract: The process of Ag2O formation has been investigated in 0.1 M, 0.3 M, 1.0 M and

2.0 M NaOH solutions on polycrystalline Ag electrodes by cyclic voltammetry, potentio-

static pulse and SEM techniques. The SEM micrographs of the chemically polished Ag sur-

face and the surface after oxide formation revealed considerable roughening of the Ag sur-

face after Ag2O formation and reduction. The roughening was more pronounced at higher

NaOH concentrations, indicating that only the first cycle or pulse applied on a freshly pol-

ished Ag electrode should be considered in mechanistic studies of Ag2O formation. In the

given range of NaOH concentrations, it was shown that the process is not controlled simply

by the diffusion of the reacting species. Anucleation phenomenon was clearly detected in all

the examined solutions. The SEM micrographs confirm that the two anodic peaks, present

on the voltammograms of Ag2O formation, correspond to two types of oxide film, i.e.,

non-homogeneously and homogeneously distributed ones. Potentiostatic formation of the

oxide at potentials corresponding to the first and second anodic peak yielded simple cubic

Ag2O but of very different grain size.
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INTRODUCTION

In order to gain a better understanding of Ag2O and AgO formation, which is neces-

sary for the development of silver – zinc rechargeable batteries, the electrochemical behav-

ior of silver in hydroxide containing solutions has been investigated primarily on poly-

crystalline Ag electrodes in the potential region of silver oxidation. Adetailed review of the

results obtained until 1988 has been given in the paper of Teijelo et al.1 Most au-

thors2–6,9,11 agree that the first anodic peak (or shoulder) appearing between 0.1 V and 0.2

V vs. Hg/HgO corresponds to the formation of an AgOH (or Ag2O) monolayer, while the

next two peaks (between 0.2 V and 0.4 V vs. Hg/HgO) are associated with the formation of

a compact and porous Ag2O layer, respectively. At more anodic potentials, about 0.5 V vs.

Hg/HgO, the sharp anodic peak corresponds to the formation of AgO on top of Ag2O.

Potentiostatic investigations of Ag2O formation2–5,9 have shown that the first (com-

pact) layer of Ag2O deposits under diffusion control (linear j vs. t–1/2), indicating that the
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solid state diffusion of Ag+ through the oxide layer is the rate controlling process. The

mechanism behind the formation of the second, porous layer of Ag2O, was investigated by

Alonso et al.5 Using equations for 3D nucleation and growth under diffusion control (orig-

inally developed by Sharifker et al.8) for fitting the experimentally recorded j vs. t tran-

sients, they concluded that the porous Ag2O layer grows as 3D islands on top of a compact

(primary) oxide layer and that this process is also controlled by the diffusion of Ag+

through the oxide layer. It is important to note that these conclusions wer reached after in-

vestigation of this process in 0.1 M NaOH solution only, and that the experimentally re-

corded j vs. t transients were found to fit the predicted model only after special preparation

of the electrode surface, i.e., after prolonged polarization at a potential of 0.19 Vvs. SCE.5

According to the results of Hepel et al.,7,10 at a higher concentration of hydroxide

(1 M KOH solution), a slow nucleation phenomenon is observed at potentials correspond-

ing to the first anodic peak. The steady-state oxidation currents measured on a polycry-

stalline silver rotating disc electrode (RDE) were found to follow the limiting Levich equa-

tion, despite the fact that the electrode was covered with a thin layer of Ag2O film. The fi-

nal value of these currents indicated that saturation of the solution with respect to Ag+ spe-

cies was maintained. Accordingly, a steady-state model of the metal/semiconductor elec-

trode undergoing dissolution was proposed.

The process of Ag2O formation on an Ag(111) surface in 1 M NaOH has been inves-

tigated by cyclic voltammetry and potentiostatic pulse techniques in combination with

spectroscopic ellipsometry.11 The authors showed that the thickness of the first (compact)

Ag2O layer was limited to a thickness of about 150 nm prior to nucleation of the second

(porous) layer. The thickness of the first layer then dropped to zero, indicating that initially,

the second layer grew at the expense of the oxide from the first layer. According to their re-

sults it seems that the process of Ag2O formation is more complicated than the precipita-

tion mechanism mostly accepted in the literature.1

Recently, combined surface enhanced Raman spectroscopy (SERS), X-ray photo-

electron spectroscopy (XPS), ultraviolet photoelectron spectroscopy (UPS) and cyclic

voltammetry investigations of Ag(111) oxidation in the UPD region12 of Ag2O/Ag re-

vealed the presence of oxygen-containing adsorbates, such as surface OH groups

(OHads
�–), surface oxide-like species (Oads

�–) and OH groups incorporated in the bulk

of the electrode (OHbulk). The suggested mechanism of the Ag(111) sub-monolayer oxi-

dation assumed adsorption of OH– species as the first step

OH– � OHads
�– + (1–�)e– (1)

and further transformation of the OHads
�– species via incorporation in the bulk of the

Ag(111) after loss of charge by the reaction

OHads
�– � OHbulk + �e– (2)

Alternatively, it was assumed that the OHads
�– species could be oxidized to give sur-

face oxide-like species Oads
�– by the reaction
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OHads
�– + OH– � Oads

�– + H2O + (1–�–�)e

– (3)

with the Oads
�– species being the precursor for bulk Ag2O formation, which occurs at

more positive potentials12 than 0.2 V vs. Hg/HgO.

Most recently, a STM investigation of the oxidation of Ag(111) in a solution of 0.5

mM NaF + 0.1 mM NaOH showed that this process starts at the steps and extends to the

terraces as the electrode potential is positively scanned, but still in the UPD region of

Ag2O/Ag.13 Potential reversal was found to restore the initial surface morphology in the

investigated solution. At the same time, very small amounts of impurities (about 3 at. % of

carbon and about 1.5 at. % of silicon) were found to behave, together with surface defects,

as nucleation centers for the commencement of the oxidation process.13

In this study, the mechanism of formation and the structure of the electrochemically

formed Ag2O oxide on fresh mechanically and chemically polished polycrystalline silver

electrodes in NaOH solutions of varying concentration (0.1 M, 0.3 M, 1.0 M and 2.0 M),

were investigated in order to a better understanding of the process of oxide formation and

the morphological structure of Ag2O.

EXPERIMENTAL

All experiments were carried out in a standard electrochemical cell at (25 � 1) ºC under an atmosphere

of purified nitrogen. Electrochemical investigations were performed on a polycrystalline silver rod (d = 6.7

mm) sealed in an epoxy resin resistant to alkaline solutions (resin EPON 828 + hardener TETA) in such a way

that only the disc surface (0.363 cm2) was exposed to the solution. Glancing angle X-ray diffraction and SEM

investigations were performed on a larger electrode (1.3 cm2). The oxide layers were formed potentio-

statically on a freshly prepared electrode surface.

The procedure of polycrystalline silver surface preparation was the same as that given in detail for sin-

gle crystals in previous papers.14-16 The counter electrode was a platinum sheet, while a mercury/mercury ox-

ide (Hg/HgO) electrode in 0.1 M NaOH was used as the reference electrode. All solutions were made of

99.999 % NaOH (Aldrich) and EASY pure UV water (Barnstead).

The cyclic voltammetry and potentiostatic pulse experiments were performed using a potentiostat

(PAR M-173) and a universal programmer (PAR M-175) in conjunction with a computer. The electrochemi-

cally formed silver oxides were examined by scanning electron microscopy (SEM) using a JOEL 840 instru-

ment.

RESULTS

Several authors17–19 have reported that the original silver electrode surface becomes

destroyed after cycling or pulsing the electrode into the potential region of Ag2O oxide for-

mation/reduction. The influence of Ag2O oxide formation on the electrode roughness, as

well as on the shape of the silver oxidation voltammetry is reported in this paper.

The first (full line) and 10-th cycle (dotted line) recorded in 0.1 M NaOH and in 2.0 M

NaOH at a sweep rate of 1 mV s–1 are shown in Figs. 1a and 1b, respectively. It is interest-

ing to note that peak a is much better defined in 0.1 M NaOH solution than in 2.0 M NaOH

and that this peak transforms into a shoulder with increasing number of cycles in 2.0 M

NaOH solution (Fig. 1b). The potential of peak b had moved toward more negative values

after 10 cycles. The shift is about 75 mV in 0.1 M NaOH and about 35 mV in 2.0 M
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NaOH. By comparing the SEM micrographs of chemically polisehd Ag electrode (Fig.

2a) with the micrographs obtained after one cycle in the potential region of Ag2O forma-

tion/reduction (recorded at a sweep rate of 1 mV s–1) in both 0.1 M NaOH and 2.0 M

NaOH solutions, Fig. 2b and c, respectively, it can be concluded that the roughening of the

electrode surface is much more pronounced in the 2.0 M NaOH solution than in 0.1 M

NaOH (Fig. 2c and b). It is obvious from this analysis that the original electrode surface

significantly changes during the process of Ag2O formation/reduction. Accordingly, all

furhter results presented in this paper represent the first cycle, or the first pulse applied at a

certain potential on a fresh mechanically and chemically polished electrode surface.

The first cycle of Ag2O formation recorded on freshly polished Ag electrodes at a

sweep rate of 1 mV s–1 in NaOH solutions of different concentration are shown in Fig. 3.

As can be seen the shape of the voltammogram is more or less the same, characterized by

the presence of peaks a’, a and b. The current density of peak b increases with increasing

NaOH concentration and its potential shifts to more negative values. A plot of Ep(b) vs.

log c(NaOH) shows a linear dependence with a slope of about 40 mV dec–1. The potential

of peak a also shifts towards more negative values with increasing NaOH concentration,

but a plot of Ep(a) vs. log c(NaOH) shows a parabolic dependence, increasing from 0.1 M

NaOH to 0.3 M NaOH and decreasing at higher concentrations of NaOH, indicating the

complex nature of Ag2O formation.

It is interesting to note that the shoulder a’ in 0.1 M NaOH and 0.3 M NaOH, with a

charge of about 150 �C cm

–2, becomes well-defined peak at the highest NaOH concentra-
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Fig 1. (a) First (full line) and 10-th cycle (dotted line) recorded on a freshly polished Ag electrode in a 0.1

M solution of NaOH at a sweep rate of 1 mV s-1 in the potential region of peaks a’, a and b. (b) First (full

line) and 10-th cycle (dotted line) recorded on a freshly polished Ag electrode in a 2.0 M solution NaOH at

a sweep rate of 1 mV s-1 in the potential region of peaks a’ and a (inset of the figure) and in the region of

peaks a’, a and b.
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Fig. 2. (a) SEM of mechanically and chemically
polished Ag surface. (b) SEM of mechanically
and chemically polished Ag surface after the for-
mation and reduction of Ag2O oxide in a 0.1 M
solution of NaOH at a sweep rate of 1 mV s-1. (c)
SEM of mechanically and chemically polished
Ag surface after formation and reduction of
Ag2O oxide in a 2 M solution of NaOH at a
sweep rate of 1 mV s-1.

Fig. 3. First cycle recorded at a sweep rate of 1 mV s-1 on freshly polished Ag electrodes in solutions of dif-

ferent NaOH concentration in the potential region of peaks a’ and a (a) and in the region of peaks a’, a and

b (b): full line – 2.0 M NaOH; dashed line – 0.3 M NaOH; dotted line – 0.1 M NaOH.



tion (Fig. 3a). Although the peak is better resolved, the charge associated with this peak

(after deconvolution from peak a) increases only by about 6 % compared to that measured

in 0.1 M NaOH.

The potentiostatic j vs. t transients recorded for the first pulse applied on freshly pol-

ished electrodes in 0.1 M NaOH solution are shown in Fig. 4. Pulse number 1 (Ep = 230

mV vs. Hg/HgO) corresponds to the potential of the shoulder a’, pulse number 2 (Ep = 300

mV vs. Hg/HgO) corresponds to the potential region of peak a, while pulses number 3–6

correspond to the potential region of the peak b shown in Fig. 3. Although the pulses num-

ber 1 to 4 in Fig. 4 look like monotonously falling transients, none of them follows a j vs.

t–1/2 linear dependence, indicating that this process is not diffusion controlled. Actually, all

of them possess two linear regions (see inset of Fig. 4). It is interesting to note that j vs. t–1/2

dependences for pulses number 1 and 2 are different, indicating that those two processes

are different in nature. At the same time, the shape of the j vs. t–1/2 dependences for pulses

number 2 to 4 are identical, the only difference being the slopes of the linear parts. The

shape of pulse number 5 and 6 (the presence of a shoulder on them) already indicates devi-

ation from linearity for the j vs. t–1/2 dependence.

SEM of Ag2O formed in 0.1 M NaOH solution

For SEM investigations of Ag2O oxide formed in the potential region of peak a in 0.1

M NaOH solution (Fig. 1), samples were held at a constant potential for about 2 h, al-

though the anodic current density had dropped to a constant and small value after about 5 s.

It was found that Ag2O formation is very sensitive to the applied potential and that it is a

time consuming process.
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Fig. 4. First potentiostatic j vs. t transients recorded on a freshly polished Ag electrode in a 0.1 M solution of

NaOH at different potentials (vs. Hg/HgO): 1. Ep = 230 mV; 2. Ep = 300 mV; 3. Ep = 350 mV; 4. Ep = 400

mV; 5. Ep = 450 mV; 6. Ep = 500 mV. Inset of this Figure: j vs. t–1/2 dependences for pulses 1 and 2.



Figure 5 shows the surface following oxidation at a potential of 285 mV vs. Hg/HgO

(close to the potential of peak a). A very small amount of Ag2O had been formed as indi-

cated by the white spots in the Figure. The particle size of the oxide species varied from

about 0.01 �m to about 0.02 �m . The charge associated with the oxide formation was
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Fig. 5. SEM of the oxide formed
at E = 285 mV vs. Hg/HgO in a
0.1 M solution of NaOH.

Fig. 6. SEMs of the oxide formed at E = 290 mV
vs. Hg/HgO in a 0.1 M solution of NaOH: (a) a
general view; (b) the region of low density of nu-
clei; (c) the region of high density of nuclei.

(a)

(b)

(c)



about 10 mC cm

–2. Although the SEM suggests limited oxidation of the surface, visual in-

spection shows that the entire surface changed from specular to cloudy.

At the more positive potential of 290 mV vs. Hg/HgO, only a small portion of the

electrode surface (about 1/3) was covered with a visible dark oxide layer (bright areas on

the SEM), while the rest of the surface was covered with the same oxide morphology as

seen previously. As can be seen in Fig. 6, the distribution of the oxide species is non-homo-

geneous (Fig. 6a) and some crystals in the dark oxide area are much larger, exceeding 2

�m, in one direction (Fig. 6c). The amount of charge recorded during the oxide formation

was approximately 12 mC cm

–2.

At a potential of 300 mV vs. Hg/HgO, the entire surface was covered with a dark ox-

ide layer and the diameter of the crystals varied between 0.5 �m to 1.5 �m, Fig. 7. The dis-
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Fig. 7. SEMs of the oxide formed at E = 300 mV vs.

Hg/HgO in a 0.1 M solution of NaOH: (a) lower magnifi-
cation; (b) higher magnificartion.

Fig. 8. SEM of the oxide formed at
E = 480 mV vs. Hg/HgO in a 0.1 M
solution of NaOH.

(a)

(b)
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Fig. 9. SEMs of the oxide formed at E =
255 mV vs. Hg/HgO in a 2.0 M solution
of NaOH: (a) the region of lower density
of nuclei; (b) the edge of the region of
higher density of nuclei.

Fig. 10. SEMs of the oxide formed at E = 290
mV vs. Hg/HgO in a 2.0 M solution of NaOH:
(a) a general view; (b) higher magnification; (c) a
single (isolated) nucleus.

(a)

(b)

(c)

(a)

(b)



tribution of oxide species was also non-homogeneous, although at this potential two oxide

regions, one dense and the other less dense, were observed on the electrode surface. The

total amount of charge recorded during the oxide formation was much greater, about 38

mC cm

–2 and the residual current density recorded after about 10 s was much higher than

that of the two previous cases at more negative potentials.

In the potential region of peak b, 480 mV vs. Hg/HgO, a very dense and homoge-

neous oxide layer was formed after 500 s, Fig. 8. Although the anodic charge for oxide for-

mation was approximately 51 mC cm–2, the cyrstal size varied from 0.2 �m and 0.8 �m,

significantly smaller than that observed at more negative potentials.

SEM of Ag2O formed in 2 M NaOH solution

When the concentration of NaOH was increased to 2.0 M, well defined and large

crystals of Ag2O (0.5 �m to 1.5 �m) can be formed at the potential of peak a (E = 255 mV

vs. Hg/HgO, see inset of Fig. 1b), Fig. 9. As in the case of dilute NaOH, the entire electrode

surface was not covered with oxide after 2 h. On parts of the electrode surface the oxide

was only partially dense (Fig. 9a). It is interesting to note that parts of the surface are ox-

ide-free, there were no traces of small oxide crystals on the surface, as in the case of oxides

formed at the potential of peak a in 0.1 M NaOH solution (Fig. 6). The total charge re-

corded during this pulse was only about 7 mC cm–2.

At a potential of 290 mV vs. Hg/HgO (the beginning of peak b), a dense and homoge-

neous oxide layer was formed, as can be seen in Fig. 10a. Again, there was no oxide on a

small portion of the surface, as can be seen in Fig. 10b (right upper corner). One isolated

crystal, about 1 �m in size, was detected on the part of the surface that was not completely

covered with oxide, Fig. 10c. The total amount of charge recorded during the oxide forma-

tion was high, amounting to about 100 mC cm

–2.

At a potential associated with peak b (E = 320 mV vs. Hg/HgO, see Fig. 1b), a ho-

mogeneous oxide layer, similar to that formed at the potential of peak b in 0.1 M

NaOH (Fig. 8), was formed after a pulse of only 100 s, corresponding to a charge of

about 71 mC cm–2.

DISCUSSION

Roughening of the electrode surface during Ag2O formation/reduction

By careful investigation of mechanically and chemically polished Ag electrode it was

found that the voltammogram of Ag2O formation/reduction changes with the number of

applied cycles. This change was found to depend on the sweep rate. At sweep rates higher

than 5 mV s–1, only the peak currents were seen to increase with the number of cycles,

while at lower sweep rates, peaks a and b (see Figs. 1a and b) became more pronounced

(peak currents increase) and the potential of peak b shifted to more negative values. De-

pending on the applied sweep rate, a reproducible voltammogram could be obtained after a

certain number of cycles. The number of cycles necessary to obtain a reproducible

voltammogram decreased with increasing sweep rate. For example, in 0.1 M for � = 100
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mV s

–1 this number is about 5, for � = 10 mV s

–1 this number is about 20, while for � = 1

mV s

–1 it is practically impossible to obtain a reproducible voltammogram. At higher con-

centrations of NaOH solution these numbers are different for different concentrations and

the difference between the first and second cycle increases with increasing NaOH concen-

tration.

It was also found from the voltammetric analysis that after forming the oxide, not all

of the charge was recovered in the reduction cycle. The difference between the anodic and

cathodic charge recorded during the first cycle of Ag2O formation and reduction in 0.1 M

NaOH exponentially increases with decreasing sweep rate. This difference is negligible for

a sweep rate of � = 20 mV s

–1 (less than 1 %), but is significant for a sweep rate of � = 2

mV s

–1 (higher than 8 %). This difference was also found to depend on the NaOH concen-

tration, being more pronounced at higher concentrations of NaOH.

After considering Figs. 1 and 2, it can be concluded that the dependence of the peak

currents and peak potentials on the number of cycles applied is different for solutions of

different NaOH concentration and that such behavior is a consequence of the increase in

the electrode roughness.20 At lower concentrations this effect is less pronounced. As a con-

sequence, only the first cycle or pulse, applied on a freshly polished Ag electrode should be

considered when investigating the mechanism and kinetics of Ag2O formation/reduction.

It should be emphasized here that this is not in accordance with the results of an STM in-

vestigation using Ag(111) in a solution of 0.5 mM NaF + 0.1 mM NaOH.13 This could be

due to the fact that the concentration of NaOH in this STM investigation was very low

(only 1 mM), or that the potential was not cycled in the region of bulk Ag2O formation.13

Mechanism of Ag2O formation

Some authors claim that the process of Ag2O formation is controlled by the diffusion

of Ag+ ions through the compact oxide layer only,3–6 or through a basal layer of ox-

ide.2,7,10 Alonso et al.5 claim that this assumption is supported by the fact that the current

density remains independent of both stirring and OH– concentration in the solution, citing

the paper of Hepel et al.10 Such a statement seems to be incorrect since Hepel et al.10

showed that the steady-state oxidation current in 1.0 M KOH solution depends linearly on

the square root of the rotation speed in a limited potential region only (from 200 mV to 230

mVvs. Ag/AgCl), while this dependence deviates from linearity at more positive potential.

Hence, the current density of Ag2O formation does depend on the rotation speed. Unfortu-

nately none of the authors compared results obtained in 0.1 M and 1.0 M hydroxide solu-

tion and, accordingly, the assumption that the OH– concentration does not influence the

formation of Ag2O oxide was reasonable, since the voltammograms recorded in both solu-

tions are very similar. Furthermore, all these results were obtained on a rough electrode

surface already cycled in the potential region of Ag2O formation/reduction, which was

changing during the experiment. On the other hand, it was recently shown in an STM in-

vestigation of the oxidation of Ag(111)13 that the nucleation of Ag2O starts already in the

UPD region of Ag2O formation, i.e., at potentials more negative than the reversible poten-
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tial of Ag2O/Ag. Hence, it is most likely that peaks a’ and a correspond to the beginning of

3D nucleation and growth of Ag2O.

The j vs. t transients, recorded after the application of the pulse to a freshly polished

Ag electrode surface, shown in Fig. 4, clearly indicate that this process is more complex

and the assumption that the process is controlled by the diffusion of Ag+ ions through the

oxide layer is not correct, since it is not possible to obtain a linear j vs. t–1/2 dependence in

the potential region of either peak a’ or peak a (see the inset of Fig. 4). It should be empha-

sized here that none of the transients shown in Fig. 4 fit the equation for nucleation and 3-D

growth under diffusion control given in the paper of Alonso et al. (Ref. 5, Eq. (2)). It is ob-

vious that this model can fit experimentally recorded j vs. t transients only after special pre-

treatment of the electrode surface, i.e., by applying two pulses, as given in the paper of

these authors (Ref. 5, Fig. 2).

By considering Fig. 1 it can be seen that at higher concentrations of NaOH solution

(2.0 M), the cyclic voltammogram of Ag2O formation becomes more complex in the re-

gion of peaks a’ and a (inset of Fig. 1b, both the first and the 10-th cycle) in comparison

with the cyclic voltammograms recorded in 0.1 M NaOH (Fig. 1a), indicating the more

complex nature of this process and, simultaneously, the importance of the solution concen-

tration for the formation of Ag2O.

The results presented in Figs. 5–10 clearly show that nucleation of Ag2O has already

started at the potential of peak a (Figs. 5 and 6) in all the investigated solution concentrations.

It is interesting to note that in 0.1 M NaOH solution two types of oxide appear in the region

of peak a. Bigger crystals start growing, most probably on active sites (defects) on the Ag

surface, as found in Ref. 13, at 290 mV vs. Hg/HgO (Fig. 6) covering only 1/3 of the elec-

trode surface, while the rest of the surface is covered by smaller crystals. At the somewhat

less positive potential of 285 mV vs. Hg/HgO the entire electrode is covered by much

smaller, homogeneously distributed crystals of Ag2O (Fig. 5). In a solution of high NaOH

concentration (2.0 M), the appearance of small crystals in the potential region of peak a was

not detected. It should be emphasized here that the appearance of a compact oxide layer2–5,9

in the potential region of peak a could only correspond to the Ag2O oxide formed in 0.1 M

NaOH at the more negative potential of 285 mV vs. Hg/HgO, while at more positive poten-

tials in the same solution and in the solutions of higher concentrations of hydroxide, a

non-homogeneously distributed oxide layer was formed in this potential region, as can be

seen in Figs. 5–7 and 10. This finding is in accordance with the STM results presented in Ref.

13, i.e., Ag2O crystals are formed on active sites (defects) on a freshly polished Ag surface.

On the other hand, a homogeneous oxide layer was formed in the potential region of peak b

in both solutios, Fig. 8. Hence, it is obvious that the formation of oxide follows the expected

behavior for 3-D nucleation and growth, i.e., bigger crystals are formed at less positive po-

tentials and nucleation starts at active sited (defects) on the original Ag surface.

Finally, it should be mentioned here that peak a’ (with a charge of about 150 �C

cm

–2) is most likely the consequence of the adsorption of OH– species and the formation

of OHbulk or Oads
�–

species, as postulated in Ref. 12 by the Eqs. (1), (2) and (3).
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CONCLUSIONS

It is shown that considerable roughening of an Ag surface occurs after Ag2O forma-

tion and reduction, the roughening being more pronounced at higher NaOH concentra-

tions. Accordingly, only the first cycle or pulse applied on a freshly polished Ag electrode

should be considered in investigations of the mechanism of Ag2O formation. It is shown

that the process is not controlled only by the diffusion of reacting species in the studied

range of NaOH concentrations. A nucleation phenomenon was clearly detected in all the

investigated solutions. It was found that two anodic peaks present on the voltammograms

of Ag2O formation correspond to two types of oxide films, non-homogeneously and ho-

mogeneously distributed ones. The same type (but different grain size) of Ag2O crystals

can be obtained at the potential of the first (a) and the second (b) anodic peak in all the

investigated solutions.
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I Z V O D

ELEKTROHEMIJSKO FORMIRAWE I KARAKTERIZACIJA Ag2O

B. M. JOVI] i V. D. JOVI]

Centar za multidisciplinarne studije Univerziteta u Beogradu, p. pr. 33, 11030 Beograd

Proces elektrohemijskog formirawa Ag2O na polikristalnom srebru iz rastvora

0,1 M, 0,3 M, 1,0 M i 2,0 M NaOH ispitivan je metodama cikli~ne voltametrije i potencio-

statskog pulsa, dok je morfologija nastalih oksida ispitivana skeniraju}om elektron-

skom mikroskopijom. Pokazano je da pri formirawu i redukciji oksida dolazi do

hrapavqewa originalne povr{ine elektrode i da je hrapavqewe izra`enije u konce-

trovanijim rastvorima hidroksida. Zbog toga su za ispitivawe nukleacije oksida kori-

{}eni samo prvi cikli~ni voltamogram ili prvi puls primewen na sve`e pripremqe-

nom polikristalu srebra. Formirawe oksida Ag2O okarakterisano je pojavom dva strujna

vrha na cikli~nim voltamogramima u svim ispitivanim rastvorima. Na potencijalima

prvog strujnog vrha formira se nehomogeno raspore|en oksid (nukleacija se odvija na

aktivnim mestima – defektima na povr{ini srebra), dok se na potencijalima drugog

strujnog vrha formira homogeno raspore|en, gusto pakovan oksid sa kristalima znatno

mawe veli~ine od onih koji karakteri{u oksid nastao na potencijalima prvog strujnog

vrha. Analizom strujnih odgovora na pulseve konstatnog potencijala pokazano je da

proces nije kontrolisan difuzijom Ag+ jona kroz porozni (ili kompaktni) oksidni

film,2,5,7,10 da je mehanizam formirawa oksidnog filma znatno komplikovaniji i da

zavisi od koncentracije hidroksida. Tako|e je pokazano da formirawe oksida sledi

osnovne zakonitosti nukleacije i rasta tro-dimenzionalnih kristalnih zrna, odn. da se

pri negativnijim potencijalima formiraju ve}i kristali (prvi strujni vrh), dok se pri

pozitivnijim potencijalima (drugi strujni vrh) formiraju mawa kristalna zrna Ag2O.

(Primqeno 2. septembra 2003)
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