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Mono- and multilayer formation studies of silver iodide
on silver electrode from iodide-containing solutions
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Cyclic voltammetric and single potential step current—time ¢xperiments were carried out on the
silver electrode in order to understand the nature of kinetic processes involved during the mono- and
multilayer formation of silver iodide. Two pre-peaks were noticed at potentials more negative to the
multilayer formation and to the Ag/Agl reversible potential. These pre-peaks were found to arise
during the monolayer formation of Agl via the adsorption—desorption processes. On the other hand,
the multilayer formation of Agl processes occurs by instantaneous nucleation—growth.

1. Introduction

Several electrochemical properties of insoluble
metal halides have been studied in the past and
interest in silver iodide, in particular, has risen
from its use as an ion-specific electrode [1] and as
a model system in studies of the stability of
lyophobic colloids [2].

As an ion-selective electrode the Ag/Agl elec-
trode has been used in the detection and deter-
mination of silver, iodide and other ions such as
cyanide and mercury [3]. The electrode can func-
tion as either one of the second kind (composed
of an Agl film on silver substrate) or as a solid
state Agl membrane electrode. In the model
studies of the stability of lyophobic colloids
most of the work was directed towards the ther-
modynamics and only to a very modest extent to
the kinetic aspects of stability phenomena [4].
Much work has also been carried out with
regard to the film formation between silver and
iodide [5] as well as other anions [6-9]. To date
there have been no reports in the literature of
the electrochemical phase formation (ECPF) of
monolayers of metal iodides on metal electrodes
in aqueous solution, though the formation of
metal iodide monolayers should be as likely as
the metal oxide monolayers.

In this paper we present an analysis of cyclic
voltammetric and potentiostatic current-time
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transient studies conducted to elucidate the
mono- and multilayer formation of silver iodide.

2. Experimental details

Cyclic potentiodynamic and potentiostatic exper-
iments were carried out with polycrystalline silver
electrodes (Johnson Mathey, 99.999%, 7 mm in
diameter), pressure-fitted in a Teflon holder and
set in with Araldite. The reference clectrode used
was a normal calomel (IM KCl) electrode
{NCE) and all potentials were referred to this.
A Luggin probe was positioned ~ 1 mm from
the electrode surface. Under these conditions,
the maximum deviation from the programmed
potential due to electrolyte resistance was
<50mV. The potential of the working elec-
trode was controlled by a Wenking poten-
tiostat (Model LB 75 M) with a response
time of ~ 1us fed by a voltage scan generator
(Model VSG 72) supplying current to a plati-
num counter electrode of area ~ 6cm?. Electro-
lytes were made from analytical grade reagents
and triply distilled water (distilled in an all-
quartz triple distillation unit). A Ricadenki xy/t
recorder with pen speeds of >120cms™' was
used for recording current-potential and current—
time profiles in cyclic voltammetric and poten-
tial step experiments, respectively. Experiments
were conducted at 303K and deaeration was
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Fig. 1. Cyclic voltammogram obtained with polycrystalline
silver disc electrode in 0.01 M KI containing 0.1 M NaNO, as
supporting electrolyte in the potential scan range — 1.0 to
—0.25V vs NCE at a sweep rate of 180mVs™'. Curve A is
drawn at 25 uAcm~! while curves B and C are drawn at
5uAcm™' on current scale.

achieved by bubbling pure N, through the
electrolyte.

3. Results and discussion
3.1. Monolayer formation studies

3.1.1. Cyclic voltammetric studies. Fig. 1, curve
A, shows the cyclic voltammogram of a poly-
crystalline silver disc electrode in a quiscent
solution of 0.01 M potassium iodide at 0.1 M
NaNO;. There is a sudden rise of current at
—0.28 V vs NCE, presumably due to the forma-
tion of an Agl phase [5]. When the potential scan
is reversed in the initial stages of Agl multilayer
formation, surface growth loops are conspicu-
ously absent indicating that Agl phase formation
does not occur by 3-d nucleation and subsequent
grain growth [10]. Curves B and C of Fig. 1,
obtained by recording the cyclic voltammogram
on a much more sensitive current scale, shows
the presence of two pre-peaks before the multi-
layer formation of Agl at —0.61 and —0.45V
(a; and a,) and their corresponding reduction
peaks at —0.65 and —0.48V (c, and ¢,). The
currents associated with the pre-peaks are much
smaller than that for the main anodic and cath-
odic peaks for Agl multilayer formation, and
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Fig. 2. Cyclic voltammograms obtained with polycrystalline
silver disc electrode in 0.1 M NaNO; (curve A) and 0.01 M KI
in 0.1 M NaNO; (curve B) in the potential scan range — 1.0
to —0.34V vs NCE at a sweep rate of 180mVs™'.

subsequent reduction indicates that a much
smaller amount of anodic film is formed in the
pre-peak region.

In the study of pre-peaks, each experiment
was commenced by cycling the potential of the
silver disc electrode in 0.1 M NaNO, (Fig. 2,
curve A). In the potential range studied, only
charging current was observed. However, on
addition of 0.01 M KI, the anodic pre-peaks (a,
and a,) and cathodic counterparts (¢, and c,)
developed immediately (Fig. 2, curve B). The
size and shape of the pre-peaks were found to be
stable with time of potential cycling which clearly
indicates that the pre-peaks cannot be related to
the presence of impurities in the solution, which
are expected to build up with time on the elec-
trode surface. Further, the pre-peaks remained
stable and unchanged despite extending the
potential scan limits negative to the hydrogen
evolution or positive to the multilayer formation
of Agl (Fig. 3). When the potential scan was
extended to still more positive potentials, much
more Agl film formation occurred and the
reduction of Agl pre-peak was obliterated by the
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Fig. 3. Cyclic voltammograms obtained with polycrystalline
silver disc electrode in 0.01 M KI containing 0.1 M NaNO, as
supporting electrolyte in the potential scan range —1.0 to
—0.260V vs NCE at sweep rates of 180 (curve A) and
270mVs™' (curve B).
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large cathodic peak of Agl reduction. With larger
amounts of Agl multilayer formation, the surface
area of the electrode began to increase with each
complete cycle of potential scan and the magni-
tude of the pre-peak was also seen to increase
with increasing electrode area.

The plot of peak current (I,) versus sweep rate
(v) gives linear plots for ali the pre-peaks, namely
a;, a,, ¢, and ¢, (curves A, B, C and D of Fig. 4,
respectively) indicating that the Agl formation is
a surface reaction, i.e. involving the monolayer
formation of Agl. This is further confirmed by
the fact that the total charge transferred for
peaks a; and a, is 3.7 uC, which is well below the
charge expected for a full monolayer coverage,
and also that the peak potentials of a; and a, are
more negative to the Ag/Agl reversible potential,
namely —0.315V vs NCE [11].

The monolayer peaks thus identified were
subjected to analysis according to the theoretical
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Fig. 4. Plots of peak currents (1,) of a;, a,, ¢, and ¢, (curves
A, B, C and D, respectively) with sweep rate.

models suggested by Bosco and Rangarajan [12]
to elucidate the kinetic processes involved
during their formation. The effect of sweep rate
on peak width at half-height (£, ) of the four
monolayer peaks is shown in Table I. From the
table it is clear that the E,  values at higher
sweep rates are =>90mV, which rules out the
possibility of monolayer formation of Agl by
instantancous or progressive nucleation-growth-
controlled processes. This is further confirmed
by the absence of linearity for I, versus E,, I,
versus 1/E; and 1, versus coth E, (where I, and
E, are non-dimensional quantities) [12]. Further,
E, ., values are 120 mV for a, and ¢, and 90 mV
for a, and c,, indicating that monolayer forma-
tion occurs by adsorption kinetics. A detailed
account of the study of various kinetic par-
ameters for adsorption controlled processes are
discussed by Angerstein-Kozlowska et al. [13]
and Laviron [4].

For the monolayer peaks a,, ¢, and ¢, the peak

Table 1. Effect of sweep rate on peak width at half-height

Sweep rate Peak width at half-height (B, ,, mV')
(v, mVs™1y :
4 @ ¢y [
18 120 90 120 90
22 120 90 120 80
30 125 90 120 85
50 120 90 110 90
100 120 90 110 90
140 120 95 125 90
180 120 90 120 90
220 125 90 125 95
270 125 90 120 90
400 125 90 125 90
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Fig. 5. Plot of peak potential (£,) versus In v for peak a,.

potential (E,) values remain unaltered in the
sweep rate range studied, indicating the reversi-
bility of these processes. On the other hand for
the monolayer peak a,, the E, value remains
constant at sweep rates <30mVs™'. At sweep
rates >30mVs~' the E, values shift to more
positive potentials. Hence, the processes respon-
sible for peak a, are reversible only at lower
sweep rates (<30mVs™') and become irrevers-
ible at higher sweep rates (>30mVs~'). Fig. 5
shows the linear plot of E, versus In v for peak
a, as expected for an irreversible process at higher
sweep rates. Over the whole range of sweep rates
studied, including the slowest sweep rate, a; and
¢, and a, and ¢, were not symmetrical with
respect to the potential axis, indicating that the
overall monolayer formation and its dissolution
processes are irreversible. Further, A E, (dif-
ference between E, values of a, and ¢, ) increases
with 1/m as seen from Fig. 6, where m is given by

RT (K,
F \nv

where k, is the heterogeneous rate constant.
From the A E, values for peak a, and ¢, and
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Fig. 6. Plot of AE, versus 1/m.
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Fig. 7. Potentiostatic current-time transients during mono-
layer formation of Agl from 0.01M KI in agueous 0.1 M
NaNO, by potentiostating the silver electrode at —0.58
(curve A), —0.55 (curve B) and —0.50 V vs NCE (curve C).

a, and c,, when v, = v, = 0.1V, the k, values
were calculated to be 22.0 and 35.49s™'. The
E,,, values for a, and ¢, (at higher sweep rates)
are 125mV and by equating this with 62.5/an,
the charge transfer coefficient («) value was cal-

culated to be 0.5 withn = 1.

3.1.2. Current—time transient studies. Figs 7 and
8 show some examples of current-time transients
obtained by potentiostating the silver electrode
at potentials in the region corresponding to peaks
a, and a,, respectively. A rapidly falling current—
time transient with no maxima or minima at
lower or higher times indicates the absence of

Fig. 8. Same as in Fig. 7 but by potentiostating at —0.41,
—0.38 and —0.32V vs NCE (curves A, B and C respectively).
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Fig. 9. Potentiostatic current—time transients for the electro-
deposition of Agl on silver from 0.1 M KI in aqueous 0.1 M
NaNO, solution by potentiostating at overpotentials of 0, 2,
13.5, 15 and 28 mV (curves A, B, C, D and E, respectively).

nucleation—growth processes and confirms that
the monolayer formation occurs by adsorption—
desorption processes as concluded in the vol-
tammetric studies.

3.2. Multilayer formation studies

Cyclic voltammetric studies were described by
Birss and Wright [5] in their recent communi-
cation regarding the multilayer formation of
silver iodide. Hence, the multilayer formation of
silver iodide on polycrystalline silver electrodes
was studied only by current-time transient
studies.

3.2.1. Current—time transient studies. Single-step
potentiostatic current—time (/~7") transients
were obtained at various potentials and some
are shown in Fig. 9; the effects of nucleation are
more clearly evident. From the nature of the /~-T
transients it is clearly seen that the anodic Agl
film formation occurs by film growth control
and not by a metal dissolution controlled pro-
cess [15]. Scharifker and Hills [16] have observed
the occurrence of nucleation growth process, a
common phenomenon in electrodeposition of
metals, during anodic film formation of Cu,S. A
similar phenomenon has been observed by us [9]
during multilayer formation of AgCl on silver.
Thus, the principal rising part of each current
transient obtained from 0.01M KI is a linear
function of T'? (cf. Fig. 10) indicating the
instantaneous nucleation—growth processes [17].
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Fig. 10. Linear dependence between current and 7' for the
middle and rising section of transient (Fig. 9, curve C).

However, the current values regress to a positive
intercept on the time axis and the intercept is
potential dependent (not shown in figure). Non-
dimensional plots of I*/I% versus T/T,, confirm
the formation of Agl on silver by instantaneous
nucleation—growth processes.
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