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Abstract Here in, we present an experimental investigation using a very simple
and low cost technique to provide new properties of AgCl classical materials at the
nanometer scale. Indeed, nano-devices, like nano-sensors for example, require
miniaturized reference electrodes with high stability. Miniaturization of the refer-
ence electrode has a detrimental effect on its desired characteristics, namely on the
potential and lifetime. In this work, the Silver chloride wire, also known as a
reference electrode, have been produced using the AC mode by electroplating. We
analyze the properties of the surface of the wire by changing the applied potential
while the other parameters of electrodeposition are kept the same. Then the mor-
phology of the surface is explored at the microscopic scale with SEM. We found
that when the potential applied is under 1 V, the morphology of the surface is a
globular one, but this surface is also covered by AgCl crystals which grow in spiral
fashion from a screw dislocation. This means that the surface is not completely
relaxed even if the electric stability of the wire has been shown. If the potential is
increased up to 1 V, the surface is covered by nanosheets. Thus, the surface is
entirely relaxed and produces a more stable potential. In addition to increased
stability of the wire, nanosheets allow to obtain two-dimensional surfaces which
could be increased while the thickness still unchanged.
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1 Introduction

Over the past century, there has been a dramatic increase in the production of very
small devices for use in nanotechnology. These devices are made from materials
which should have specific properties, especially at the nanometer scale. The
properties of such materials depend on the technique used to produce them and the
growth mode which may include different interaction parameters. Among these
techniques, electrodeposition is starting to be regarded as a viable process for
nanofabrication, and even though electrocristallisation has received considerable
attention from both the theoretical and experimental viewpoints [1–5]. This tech-
nique is typically low-cost and has the possibility to grow nanoscale structures over
large areas with fine temporal control [6]. Also, this method has been widely used
to create various mesostructures and constrain their shape by modifying the elec-
trochemical growth conditions [7–11]. The growth mechanisms of such structures
are still under investigation; however, the capping effect at high growth rates or an
oscillatory behavior in nucleation kinetics has been postulated as the possible
reasons for shape modification [12, 13].

Recently, using the electrodeposition technique, a crystalline growth of silver
nanodiscs was obtained on a sacrificial copper cathodic substrate [14]. The aniso-
tropic growth was attributed to the higher concentration of the copper ions close to
the surface due to their sacrificial release from the cathode. Nanostructures such as
nanorods [15], nanosheets [16] and nanotubes [17] typically have a high-aspect
ratio and can provide this fractal-like topology. Several methods such as chemical
vapor deposition, epitaxy and plasma processing or cluster growth have been
developed to create these kinds of nanostructures [18–20].

However, few studies have been focused on developing this type of structure
based on the presence of dislocations at the interface [21, 22]. Some works are
limited to buried dislocation networks at the interface and to modeling the surface
obtained by epitaxy [23–25].

In this paper, we investigate the growth of silver chloride on silver wires under
low AC potential. The AC potential provides a more elegant control over the
parameters that govern the growth process and helps in understanding the dynamics
of this process better. We noted that when the potential applied is under 1 V, AgCl
grows in spiral fashion from a screw dislocation. The mixture of globular and spiral
aspects means that the surface of silver chloride is not completely relaxed. If the
potential exceeds 1 V, the globular form disappeared and two-dimensional growth
takes place leading to nanosheets. Then, the surface is completely relaxed.
Furthermore, the surface of the wire could be increased by this process and new
properties should be identified to make the most of in some applications of
nanotechnology.
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2 Experimental Details

In our beautiful experimental AC anodization, we use a function generator
(Tektroix AFG 3022B) which can generate rectangular potential waveforms of
various frequencies and duty cycles. The power source is connected to an elec-
trochemical cell, which contains a cathode platinum wire (diameter of 250 µm) and
Ag anode wire (diameter of 200 µm). The two electrodes are immersed in 1 M KCl
and the distance between them is 1 cm.

Prior to the deposition, the Ag wire was rinsed with acetone, then DI water,
followed by diluted HCl and then DI water again. The rinse is used to remove
organic and inorganic residues on the wire’s surface. The electrochemical con-
version of the Ag to AgCl was carried out on a predefined portion of the Ag wire
(1 cm) dipped in KCl at room temperature using asymmetric square waveforms of
50% duty cycle with various frequencies and amplitudes (AC mode).

3 Results and Discussion

The first stage of electrodeposition on an extraneous substrate is of course the
formation of a thin film of the metal being deposited. The crystallographic nature,
the thickness and the continuity of this layer is a function of the plating system. The
exchange current density is actually the main reason for grain growth, also driving
the growth of larger grains at the expense of smaller ones. Our measured lattice
parameters are respectively 5.5494Å for AgCl [26] and 4.086Å for Ag. AgCl and
Ag have FCC structure. The lattice mismatch between the two cystals is high which
explains the presence of dislocations at the interface. The presence of dislocations
may be the controlling factor in crystal growth. In FCC cubic metals, the screw
dislocations move in {111} type planes, but can switch from one {111} type plane
to another. It is well known that a large lattice mismatch expresses the difficulty of
nucleating a new monolayer on a completed surface of an ideal crystal. But if a
screw dislocation is present, it is never necessary to nucleate a new layer; the crystal
will grow in spiral fashion at the edge of the discontinuity as shown in Fig. 1. An
atom can be bound to a step more strongly than to a plane. If the growth rate is
independent of the direction of the edge in the plane of the surface, the growth
pattern is an Archimedean spiral:

r ¼ ah ð1Þ

where a is a constant
If the radius of curvature r is too small, atoms on the curved edge move until the

equilibrium curvature is attained (see Fig. 2). Away from the origin, each part of the
step acquires new atoms at a constant rate, so that:
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dr=dt ¼ Constant ð2Þ

SEM images (see Fig. 3) show that the AgCl film contains a low density of axial
screw dislocations that helps their essentially one-dimensional growth. Their den-
sity is so low that the crystal retains its theoretical elastic properties. From the
absence of dislocations we would expect this AgCl film to have high yield
strengths. That is, the stress is not in a direction that can cause slip but the stress
caused by the electric field is the force under which the process of growth begins.
A particular crystalline growth has been observed when using a potential of about
0.7 V (see Fig. 4).

The chemical composition of AgCl crystals (black in Fig. 4) is reported on
Table 1. It is clear that once the dislocations are formed, the tabular growth of the
crystals proceeds. The direction of the dislocations does not change very much,
except for a few short segments. The origin of these dislocations is related to the
addition of chloride after the nucleation phase, which induces lattice strains. The
growth process occurs under a potential � 0.5 V. Unfortunately, there is no mean
to correlate the potential applied more firmly with the helicoidally growth and there
is no theoretical evidence of this phenomena up to now; moreover, it is not so easy
to exactly control the growth process with different parameters.

Fig. 1 Development of a spiral step produced by intersection of a screw dislocation with the
surface of a crystal

Fig. 2 Spiral growth on the strength of a dislocation emerging on the surface at point O
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On the other hand, we think that the application of a potential which is over 1 V
introduces a quick depletion of the chlorine concentration close to AgCl surface
wire. The helical crystalline form disappears completely and the film seems com-
pletely relaxed.

At 1.5 V anodic potential, the silver wire is covered mostly by the nanosheets
which are 300–400 nm thick, 5–10 lm high and 10–20 lm long (see Fig. 5b).
These results indicate that the growth of the nanosheet AgCl structure over the
conventional globular structure is increasingly preferred at higher anodic potentials.

As it demonstrated in a previous work [27], increasing the anodic potential
results in increases in the length and height of the nanosheet, while the thickness
remains constant (see Fig. 5). We note that when the potential exceed 1 V, the
atoms Cl− arrive from NaCl solution with a high rate which could be expressed in
mono layers. For simplicity, we assume that the surface temperature is low enough
so that only Cl− diffuse on the surface and that Ag remain immobile. As deposition
proceeds, the number of Ag+ cations will increase roughly linearly until their
concentration becomes comparable to the density of Cl−.

Fig. 3 SEM images of anodically grown AgCl on Ag wire in 1 M KCl for 15 min by applying an
anodic potential of 0. 1 V (a), (b) and 0.5 V (c) and (d) while frequency was 0.5 MHz (The scale
bar in image (b) applies to image (a))
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From there on, the probabilities of a diffusing Cl− anions to encounter one of its
own or an Ag+ cation become comparable and sheet growth competes with the
creation of new stable nuclei. At the saturation nanosheets density, the frequency
influences the diffusion of atoms until the size of grains is equal to the mean sheet
separation and grains will attach themselves with much higher probability to
existing grains than to create new ones. If the deposition continues the nucleation
centers become more numerous and coalescence of 2D nanosheets occurs.

Fig. 4 SEM images of anodically grown AgCl on Ag wire in 1 M KCl for 15 min by applying
anodic potential of 0.7 V (a), (b) and (c) and 1.5 V (d) while frequency was 0.5 MHz

Table 1 Chemical
composition of black crystals
on AgCl surface

Weight% Atom% Appl. Conc. %

Cl: 71.98 86.61 79.16

Ag: 26.12 10.33 19.31
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4 Conclusions

Silver chloride wires are commonly used as reference electrode, which is why
research to date has tended to focus on the stability of AgCl rather than its mor-
phology. Nevertheless, few papers have consistently shown that the morphology of
the AgCl surface produced in general is a globular one. This work is an attempt to
analyze the new morphology of silver chloride surfaces obtained through an
electrochemical process at room temperature. To achieve this aim, wires of Agcl are
produced under low potentials in AC mode and the growth is tested under different
applied potential.

Microscopic investigations by SEM reveal clearly a new morphology of the
silver chloride surface which may be described as random nanosheets. This mor-
phology related to new properties depends on the potential applied and allows to
increase the surface wire at nanometer scale. When the potential is under 1 V, the
surface of AgCl has a mixture aspect; globular and in spiral fashion. If the potential
exceed 1 V, the mosaic appearance of nanosheets is obtained and it would have
remained unchanged during the major period of layer growth. In this case, we could
confirm that the AgCl surface is completely relaxed and produces a more stable
potential.
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