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Abstract—The potentiodynamic formation of Agl films by reaction (1) on an Ag rotating disc electrode was
studied and the results were compared to previous work regarding the formation of anodic AgBr and Ag, S

films,

Ag+l =

Agl+e” (1)

In dilute iodide solutions, a very porous Agl film is formed at a rate controlled by the diffusion of I ~ to the
electrode surface. At higher iodide concentrations, and particularly in high conductivity supporting
electrolytes, a porous Agl film forms at a rate initially limited by ionic migration in solution followed by

diffusion of 1™ in the pores of the Agl film.

In 1 M Nal solutions, when Agl becomes rather soluble, thick granular Agl films form at a rate limited by
the solid-state migration of ions in the bulk of the film. On the basis of the low-field model of film growth, the
ionic conductivity of these Agl films has been determined to be 8.7 x 10~° Scm ™!

INTRODUCTION

A study of the potentiodynamic formation and reduc-
tion of an Agl film on an Ag substrate in aqueous
iodide solutions [reaction (1)] was undertaken in
order to compare these results with those obtained
from a study of the anodic formation of AgBr films[ 1],

Ag+ 1o =Aglfimte . (1)

In[1], it was found that the reaction between the silver
electrode and bromide ions was fast and that physical
processes such as ionic diffusion and migration limited
the rate of AgBr film growth. It was also shown in[1]
by Scanning Electron Microscopy (SEM) that poten-
tiodynamically formed AgBr films remained porous
throughout their growth, even for film thicknesses up
to about 20 um.

It is the purpose of this paper to correlate the
observed E/I curves and the Agl film morphology, as
seen by SEM, with a model of anodic Agl film
formation and to compare this model with that
obtained for AgBr[1] and Ag,S[2, 3] film formation
under similar experimental conditions.

EXPERIMENTAL

The basic experimental details have been described
previously[ 1]. As before, an Ag rotating disc electrode
(rde) was utilized, with a rotation rate of w, and a
roughness factor, y, obtained by double layer capaci-
tance measurements[4]. Initially, y was found to be
between 2 and 4 but could reach 100 or more with

repeated cycles of Agl film formation and reduction.
Because of this large range in y, current densities are
reported with respect to the apparent electrode surface
area in this paper.

RESULTS AND DISCUSSION

(1) Agl film formation in dilute iodide solutions

A typical E/I curve for Agl film formation and
reduction in dilute iodide solutions is shown in Fig. 1
for a solution of 2.5 mM Nal + 0.1 M NaClO,. As in
dilute bromide solutions[ 1], the anodic current occurs
as a current plateau with a magnitude which is
independent of the potential sweep rate, s, but which
varies linearly with w'’? and with the iodide concen-
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Fig. 1. E/I curve of Agin 2.5 mM Nal +0.1 M NaClO, at s
= 50mVs~'and o = 10 Hz. Anodic current plateau reflects
rate limitation by the diffusion of iodide ion to Ag electrode.
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tration, C, asisexpressed by the Levich equation (2) for
a diffusion limited reaction[5].

/| = 0.62zZFAD? 3Cv )

where z is the number of electrons involved in reac-
tion (1) (= 1), F is the Faraday constant, D is the
diffusion coefficient of 1" (21 x 10~°cm? s" '[6]) and
v |1s the kinematic viscosity of the solution (89
x 10 "7

The theoreticrEtI ]/col 2 relationship of (2) and the
experimentally obtained points in several dilute iodide
solutions are shown in Fig. 2. The proximity of these
two plots indicates that the reaction between Ag and
| i s diffuson controlled under these conditions.

/(Hz)?

Fig. 2 Expeimentd (e—e—e) and theoreticd (— —) (2
relationship between plateau current density and co' 2 for Agl

formation in (@ 25mM 1" and (b] 11 mM | * solutionsa s

= SOmvs'.

At a potential of about 0.7 V/nhe in Fig. 1, the
anodic current can be seen to increase but without a
cathodic counterpart to this current. As in dilute
bromide solutions][l], this current has been attributed
to the dissolution of Ag by reaction (3), which implies
that the Ag surface is not fully covered by Agl film
under these conditions.

Ag™ Ag'+é€ ®

The reduction of the Agl film is seen to occur in a
single sharp peak (Fig. 1). In these dilute iodide
solutions, the charge consumed in the anodic and in the
cathodic sweeps are approximately equal, consistent
with the low solubility of Agl at these iodide
concentrations.

(i) Agl film formation in solutions of higher iodide
concentration

With an increase in the iodide concentration, E/I
curves such asin Fig. 3 are obtained. For a92 mM Nal
+ 83mM NaC10, solution, an anodic current peak
which no longer depends on w but rather depends
linearly on s"? is now observed. Therefore, the
diffusion of iodide ions to the electrode surface is no
longer limiting the rate of Agl film formation.

At these higher iodide concentrations, comparable
to the case of AgBr film formation[l], the E/l curves
of Fig. 3now display alinear leading edge to the anodic
current peak, with an inverse slope (~ 130 Q) which is
approximately equal to the calculated ohmic resistance
of the solution, Rs (4), between the Ag electrode and the
tip of the Luggin capillary leading to the reference
electrode[8].
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Fig. 3. E/I curvesof Agin 92 mM Nal + 83 mM NaC10,
®=10Hzand s=(d 10, (b and (¢ 10 mV s" ".
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where z is the perpendicular distance between the

Luggin capillary and the Ag electrode surface, a isthe
electrode radius and K is the ionic conductivity of the
solution. This indicates that in the region of the E/I

curves leading to the anodic peak, the migration of ions
in solution is now limiting the rate of Agl film growth.
This once again impliesthat reaction (1) isvery fast and
that the product, the Agl film, does not behave as an
obstructing layer.

(iii) Agl film formation in high conductivity 0.1 M
iodide solutions

In order to overcome the ionic migration rate
limitation, the growth of Agl filmswas then studied in
the high conductivity solution of 01 M Na
-f5MNaC104. The iodide concentration was not
increased to 1M because Agl becomes too soluble at
higher iodide concentrations.

Figure 4 shows some typical E/l curves at variouss
for Agin this high conductivity solution. It can be seen
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Fig. 4. E/l curve of Agin high conductivity iodide solution
(O1M Nd +5M NaC10,) & ® = 18Hz and s= (8 30,
(b) 50, (© 150and (d) 300mVs"'.



