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1. Introduction

The electrodeposition of metal (Me) films on a foreign substrate (S) has been
extensively studied from a fundamental and applied view point, with applica-

tions in areas such as electroplating, thin film synthesis, microelectronics and
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electroanalysis [1]. Electrochemical deposition and dissolution of metals can be

generally expressed by:
MeZ+

solv

(El) = Me"" (Me) (1)

where Me*"(El) represents the metal ions in the electrolyte phase (El) and
Me*(Me) denotes the metal ions in the metal bulk phase (Me), which are
coupled to the electrons e (Me) in the Me-crystal lattice (Me*"(Me) + ze™(Me) =
Me). At the so-called Nernst potential £, =, Mej, (EI) and Me*'(Me) are
in equilibrium, which is defined by the equality of the corresponding electro-
chemical potentials [1]. Mechanism of metal electrodeposition on foreign sub-
strates (S) depends strongly on the Me-S interaction [2]. In systems with weak
Me-S interaction (weak adhesion) metal deposition starts at supersaturation in
the so-called overpotential deposition (OPD) range E<E , with nuclea-
tion and growth of the 3D Me bulk phase. In the case of a strong Me-S interac-
tion (strong adhesion), however, the deposition process can start even at under-
saturation in the so-called underpotential deposition (UPD) range E > E e
with formation of low-dimensional metal phases (1D, 2D), which act as precur-
sors for the nucleation and growth of the 3D Me bulk phase in the OPD range
[1]. Nucleation and nuclei growth are the most important stage in the electro-
deposition of a metal on a substrate S. Indeed, these two processes compete and
influence the particle size of the deposited metal. The overall appearance and
structure of the deposit are determined by the shape of the growth of the 3D
nuclei electroplated on the substrate (S). Knowledge of the mechanism and ki-
netics of the formation of the first metal seeds electrodeposited on the conduc-
tive substrate S helps to understand the texture of the deposit on this substrate,
whether it is a thin or thick deposit [3] [4].

Thallium (TI) is considered to be a part of toxic heavy metals group with a
high density value of 11.83 g-cm™. Environmental exposure of TI(I) includes
both natural and anthropogenic activities. Thallium salts are widely spread in
earth’s layer with concentration ranging from 0.1 to 1 mg-kg™ [5]. The determi-
nation of thallium is of primordial interest because despite its clinical, environ-
mental and industrial applications [6], it is highly toxic for the biosphere. Its
toxicity is even greater than that of mercury, cadmium, lead and copper [7].

Various analytical techniques are being employed for the determination of
thallium such as Inductively Coupled Plasma (ICP), X-ray fluorescence (XRF)
and Flame Atomic Absorption (FAA) Spectroscopy. But these techniques suffer
from certain drawbacks like requirement of separate pre-concentration step,
costly and bulky instrumentation. These techniques also lack speciation and si-
multaneous detection [8]. In recent years, electrochemical or voltammetric me-
thods using anodic stripping voltammetry (ASV) or cathodic stripping voltam-
metry (CSV) have shown a high ability to detect trace heavy metals like thallium
in environmental and biological matrices [9] [10]. Mercury drop electrodes were
the first applications in this field. These involve application to a mercury drop

electrode of a potential that increases linearly with time, relative to a reference
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electrode [11]. However, the application of the mercury drop poses a problem
for the environment due to its high and serious toxicity. For this reason, research
has moved to the development of the mercury thin film and its application in
methods (ASV and CSV). This development has the advantage of reducing the
amount of mercury used in analytical procedures. Thus, mercuric ions Hg*" are
used, which, once pre-concentrated on the surface of a solid electrode, give the
thin film of mercury. This film allows the metal cations to amalgamate. The solid
electrode is generally glassy carbon (GCE) or carbon paste [12]. The processes
involved are those of metallic electrodeposition on a foreign substrate. This
study is of fundamental interest considering the clinical, environmental, and in-
dustrial applications of thallium [6]. Indeed, the optimal potential at which met-
al deposition takes place is related to the morphology and texture of the electro-
deposited film. It is therefore important to understand the phenomena of thal-
lium deposition on the solid substrate/mercury film, and to characterize the sur-
faces modified in this way by microscopic studies.

Despite its technological importance, electrodeposition of thallium on metal
substrates has been the object of relatively few studies to date [13] [14] [15] [16]
[17]. Basically, the lack of publications dealing with electrodeposition of TI,
through the last two decades is attributable to a higher toxicity of TI and its
compounds [13]. Labayen et al. /14/have worked on the initial stages of thallium
electrodeposition on iodine-covered Pt(111) by cyclic voltammetry, low energy
electron diffraction and Auger electron spectroscopy. Results show that the first
electrodeposition peak corresponds to the deposition of 0.22 ML Tl atoms, in-
dependently of the structure of the initial iodine adlayer and thallium is retained
on the surface in a stable structure. The characteristics of the electrodeposition of
thallium powder from sulphate baths containing a relatively low T1" ion content
(0.005 - 0.020 mol-L™") were examined by Halim and co-worker [15]. According
to the electrodeposition conditions, thallium powders were deposited in dendritic
forms with different morphologies and grain sizes. Electrodeposition and charac-
terization of thallium(III) oxide films were done by Liu et al /16]. T1,0, films
were electrodeposited onto ITO (indium tin oxide) substrates at different current
densities. X-ray diffraction (XRD) studies reveal that the obtained film is amor-
phous at low electrodeposition current densities, while at high current densities it
is polycrystalline. Scanning Electron Microscopy (SEM) observations show that
the polycrystalline film grows at a preferred orientation vertical to the substrate,
while the amorphous one exhibits no ordered growth. Scharifker [17] studied the
catalytic reduction of nitrate during electrodeposition of thallium from TI** solu-
tion. The voltammetric response of vitreous carbon electrodes in nitrate solution
in the presence of TI** shows the reduction of TI*" in two stages, to Tl and to
metallic thallium, respectively Nitrate ions are reduced at high rates during the
second stage, concurrently with T1 deposition.

All these studies reported gave information on the mechanisms and mor-
phologies of thallium or oxide thallium deposited in particular conditions on

various substrates. To the best of our knowledge, there are no studies on the
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morphologies and impedance characteristics of deposition of thallium on mer-
cury conducted.

In this paper we present new results on the conditions and mechanisms of
electrodeposition of Hg on glassy carbon electrode and T1 on the mercury film
by cyclic voltammetry, chronoamperometry, scanning electron microscopy (SEM)

and characterization by electrochemical impedance spectroscopy.

2. Experimental

2.1. Electrodes, Instrumentation

The experimental set-up for cyclic voltammogram plots and chronoamperome-
try curves analysis is a Voltalab analytical Radiometer kit. It consists of a poten-
tiostat PST050 and a polarographic stand MDE 150 comprising a measuring cell
in which are placed:

1) A working electrode with an EDI 101 rotating disc having a glassy carbon
tip (diameter 3 mm);

2) A silver chloride Ag/AgCl reference electrode, KClsat (potential 208 mV at
25°C compared to the normal hydrogen electrode ENH);

3) A platinum auxiliary electrode;

4) An argon supply for solution bubbling.

The potentiostat and stand are controlled by a computer. The software used is
Volta Master 4 for the execution of the commands as well as the data acquisi-

tion.

2.2. Reagents

All solutions were prepared with milli-Q water. Standard solutions were pre-
pared from mercury nitrate (purity > 99.99%, Merck), thallium sulphate (puri-
ty > 99.995%, Sigma Aldrich) dissolved in 0.1 mol-L™" perchloric acid HCIO,
(trace analysis) which was also used as the supporting electrolyte. A certified
standard of thallium 1 g-L™' (Certipur, Merck) was also used for the preparation
of standard solutions. The solution was bubbled through a stream of pure argon.

2.3. Scanning Electron Microscopy (SEM) Analysis

The surface morphology of the electrodes was observed with a HITACHI TM-
1000 Tabletop Microscope. It is coupled to an Energy Dispersive X-Ray Analysis
(EDX) system. The measuring device is connected to a microcomputer which
allows it to be controlled via the TM-1000 software for images and Swift ED-TM

for elemental chemical analysis.

2.4. Chronoamperometry

The nucleation and growth kinetics of a 2D or 3D phase, during the deposition
of a metal on a metallic or non-metallic substrate, is usually studied using 7= £?)
transients obtained by recording the evolution of the current density as a func-

tion of time during a potentiostatic control. The transients of the deposition of

DOI: 10.4236/ajac.2022.1311028

418 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2022.1311028

A. A. Mahamane et al.

T1 on Hg film were recorded at different final potentials £ The initial potential
is maintained in all cases at E; = —400 mV because at this potential there is no Tl

deposition.

2.5. Impedance Measurements

Electrochemical impedance measurements were performed with the
HAUTOLABIII/FRA system (Eco Chemie, Netherlands) driven by a microcom-
puter using the FRA (Frequency Response Analyser) software. All experiments
were performed at room temperature. Measurements were made around the
open circuit potential of the system by superimposing a minimum sinusoidal
perturbation of 10 mV amplitude. The frequency range explored was from 50
mHz to 50 kHz.

3. Results and Discussion
3.1. Cyclic Voltammetry and SEM Analysis

Among the parameters affecting electrodeposition, the nature of the metal sub-
strate, the electrolyte and the deposition potential play an important role [1].
Thus, cyclic voltammetry in the pure diffusion regime is used to identify the re-
gions of deposition and dissolution potentials of a metal on a foreign substrate S
[18]. The first system studied was the GCE/(Hg**, 10> mol-L™", supporting elec-
trolyte HCIO, 0.1 mol-L™") interface. The deposition of the mercury film on the
GCE substrate is done with a mercuric ion solution of concentration Hg** 107
mol-L™". Figure 1 shows the cyclic voltammogram corresponding to the deposi-
tion and redissolution of mercury on the GCE in 0.1 mol-.L™' HCIO, medium at a
scan rate of 40 mV/s. The potential scan is performed between 0.7 V and 0.2 V.
The curve analysis shows that in the system under investigation, the formation
of a monolayer (2D Hg phase) in the Under Potential Deposition (UPD) domain
(AE=E-E

Me™" /Me
sit-substrate interaction. The hysteresis of the cathodic current in the Over Po-

> 0) can be excluded, indicating a relatively weak Hg depo-

tential Deposition (OPD) domain, characterised by n=E—-E <0, as well

Me”* /Me
as the cross-over of the cathodic and anodic plots at the equilibrium potential of
the Hg’*/Hg system, E;g2+/Hg
growth of a 3D Hg phase that dissolves in the course of the anodic sweep back
into the UPD domain [1] [19].

The SEM study allowed the observation of the Hg film on the surface of the

glassy carbon electrode. The GCE substrate is first raised to a potential in the

=0.44 V/ref, is related to the germination and

UPD range and then raised to a cathodic potential in the OPD range. Figure 2 is
a series of images showing the morphology of the electrodeposited film on the
surface of the GCE substrate according to the routine polarisation described
above. Figure 2(a) shows an SEM image of the GCE substrate prior to the depo-
sition of a mercury film. A perfectly uniform surface is observed. The EDX anal-
ysis performed does not show any metallic elements. Figure 2(b) and Figure
2(c) show the surfaces of the GCE substrate after Hg deposition from a 107
mol-L™" Hg*" solution in 0.1 mol-L™' HCIO, medium at a potential of 0.2 V at a
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given deposition time. The SEM image was taken after a deposition time of 2
min (Figure 2(b)) shows sparse granules on the electrode surface. The Hg depo-
sition is in the form of random crystallites on the substrate surface, confirming
the weak metal-substrate interaction. These observed 3D growth islets and the
absence of 2D Hg phases indicate that the electrodeposition of Hg on the GCE
can be described by the so-called “Volmer-Weber” growth mechanism or islet
growth mode. At a deposition time of 4 min, the SEM image (Figure 2(c))
shows a compact film of mercury. This is in fact a surface uniformly covered by
grains arranged against each other and which constitute the texture of the mer-
cury film. This texture of mercury films has already been reported in the litera-
ture [20] [21] [22]. Energy Dispersive X-ray (EDX) analysis of a portion of this
surface shows that it is well covered with Hg, the EDX analysis also revealing the
presence of chlorine from the 0.1 mol-L™' HCIO, supporting electrolyte. The ex-
perimental conditions retained for the deposition of Hg on the GCE substrate
are therefore the following: deposition potential 0.2 V/ref (Ag/AgCl, KClsat),

deposition time equal to 4 min.

4x10% T T T T T T

3x10° E
2x10° L g

<
1x10° L B

-1%x10° L -

i |
01 02 03 04 05 06 07 08
E(V)

Figure 1. Cyclic voltammogram corresponding to the
deposition and redissolution of Hg on GCE ([Hg*] =
10~ mol-L™', supporting electrolyte HCIO, 0.1 mol-.L™},
scan rate 40 mV/s; reference electrode Ag/AgCl, KClsat).
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Figure 2. SEM images: (a) GCE before mercury

deposition; (b) GCE after Hg deposition from a

10~ mol-L™" Hg** solution at 0.2 V for 2 min;

(c) GCE after Hg deposition from a 107
mol-L™ Hg** solution at 0.2 V for 4 min.

The second system studied was the interface GCE/Hg film/(T1", concentration
G, supporting electrolyte HCIO, 0.1 mol-L™"), C'is the concentration of Tl* ions
to be determined in an aqueous matrix. The investigations were first carried out
for a TI" ion concentration C equal to 10~ mol-L™". Figure 3 is a cyclic voltam-
mogram corresponding to the deposition and redissolution of T1 on the mercury
film at a scan rate of 2 mV/s. The hysteresis of the cathodic current is obtained at
a cathodic potential below —0.9 V/ref and a cross-over of the cathodic and anod-
ic plots at this potential. In contrast to the deposition of Hg on the GCE (Figure
2), the cross-over of the cathodic and anodic plots does not occur at the equili-
brium potential of the TI"/T1 system. The equilibrium potential of the TI*/TI
system, E_. () = —0.75 V/ref, was measured in the open circuit cell. This
value is identical to the potential at the intersection of the curve with the zero
current axis. In a first approximation, the hysteresis of the cathodic current and
the cross-over at the potential of —0.9 V/ref could indicate an increase in the
density of 3D TI nuclei and the growth of these nuclei in a potential range below
—0.9 V/ref.
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Figure 3. Cyclic voltammogram corresponding to the deposi-
tion and redissolution of T1 on Hg and showing a cross-over
([TI"] = 107 mol-L™", HCIO, supporting electrolyte 0.1 mol-L™",
scan rate 2 mV/s, Ag/AgCl KClsat reference electrode).

In agreement with Nernst's law, the potential at which the cathodic and anod-
ic plots cross is shifted towards the negative potentials when the concentration
of TI" ions increases from 107 to 10~ mol-L™". Analysis of the curve does not re-
veal the formation of a 2D TI phase. Before the cross-over potential, the electro-
chemical reaction corresponding to the incorporation of T1* ions into the mer-
cury amalgam is:

TI' +¢” (Hg) = TI(Hg) (2)

This reaction is controlled by the diffusion of T1" ions into the mercury amal-
gam. As mercury has no growth sites (imperfections, surface irregularities, etc.),
the nucleation and growth processes of 3D Tl phases are inhibited in a first step.
Subsequently, as the TI film becomes compact, the surface is characterized by a
higher density of imperfections or growth sites. The increase of the density of
growth sites is significant after the cross-over potential. The nucleation of 3D Tl
nuclei, followed by the growth of these nuclei, is then easier on the surface [23].

The influence of the scan rate (v) during TI deposition was studied in the po-
tential range —0.2 to —1 V, with the scan rate varying between 2 and 100 mV/s.
The results are shown in Figure 4. It is important to note that at high scan
speeds, the cross-over is no longer visible on the voltammograms.

The normalized voltammograms obtained by plotting iv'"> = {E) show that
in reduction all curves are superimposed. The reduction peak varies with the
square root of the scan rate (¥*/?), which confirms the diffusion of TI" ions in the
mercury amalgam [24]. On the other hand, the oxidation does not vary with 2,
nor with v. The oxidation therefore goes through a limiting kinetic stage.

A series of T1 deposits on the GCE/Hg substrate were carried out at different
potentials and the corresponding SEM images are shown in Figure 5. The
GCE/Hg substrate is first raised to a potential in the range where TI deposition
does not take place, and then raised to a cathodic potential corresponding to the
electrochemical reaction. At a potential of —0.7 V (Figure 5(a)), a few scattered

particles are observed. EDX analysis, carried out on this surface, did not detect
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T1 (84.9% Hg, 0% TI and 15.1% Cl). At this potential, the TI(Hg) amalgam con-
sists mainly of mercury. The SEM image in Figure 5(b) corresponds to a TI de-
posit at a potential of —1 V with a deposition time of 2 min. Considering that the
increase in density of growth sites occurs below —0.9 V, it is expected to observe
a larger population of TI grains, stacked against each other, some of them being
stick-shaped. At this potential, T1 deposition takes place on a surface consisting
mainly of Hg grains. By extending the deposition time to 4 min at a potential of
-1 V, we find that the surface is almost covered with a TI film, indicating the
formation of tree-like branches (Figure 5(c)). Indeed, the EDX analysis carried
out on this surface reveals a massive Tl deposit (100%). At a potential of —1.2 V
for 4 min, a surface more or less covered by sheets can be observed on the SEM
image of Figure 5(d), still indicating tree-like ramifications. However, this sur-
face is much less covered than at the —1 V potential. This result is confirmed by
the EDX analysis, which shows a lower deposition than at -1 V, ie. 80.7% TI.
This result can be explained if we consider that below —1 V, the reduction of
protons starts to be important and therefore decreases the quantity of Tl depo-
sited on the surface [25].

0.00015 — T . . T . T .
l.' —2mVis
| S S LR 5mV/s
Q0001 |- i’!! ----- 15mvis |
|- 25 mV/S
hel | e 50 mV/s
z ik —== 100 MV/S
= 5x10° | /3 .
J.7
0k 4
5x10% L '

4 09 08 07 06 -05 04 03
EV)

Figure 4. Cyclic voltammograms of the GCE/Hg/TI*
system as a function of scan speed ([TI'] = 107°
mol-L™!, Supporting electrolyte HCIO, 0.1 mol-L™,
reference electrode Ag/AgCl KClsat).

2013/06/12 1419 L D40 x400 200 um

(a)

TM-1000_2782
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(b)

(©)

TM-1000_2797 201300612 1558L D46 »500 200um
(d)

Figure 5. SEM images: (a) Tl deposition from a 10~ mol-L™'
TI" solution at —0.7 V for 4 min; (b) Tl deposition from a 107
mol-L™! TI* solution at —1 V for 2 min; (c) Tl deposition from
a TI* 107 mol-L™? solution at —1 V for 4 min; (d) Tl deposition
from a TI* 10~ mol-L™" solution at —1.2 V for 4 min.

3.2. Chronoamperometry

The growth kinetics were studied by potentiostatic transient methods. These
transients characterize the deposition of Tl on Hg. Figure 6 shows these tran-

sients in a representation —i = ).

DOI: 10.4236/ajac.2022.1311028

424 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2022.1311028

A. A. Mahamane et al.

1.6

32 — - 700 mV .
—— - 725 mV
28 | s—m - 750 MV §
amm== - 800 MV
24 | == -850 mV i
N =— - 900 mV
g 2 —1000mV | |
<
E

12 T T

0.8

04

150 200 250 300 350

t(s)
Figure 6. Current-time transients for the deposition process
of Tl on ECV/Hg at different values of E, (£, = —400 mV)

([TI*] = 5 x 10~ mol-L™, supporting electrolyte HCIO, 0.1
mol-L™).

0 50 100

The transients at =700 mV and —725 mV are monotonic decreasing, indicat-
ing diffusion controlled kinetics. They correspond to the Tl(Hg) amalgam for-
mation reaction and no 3D nuclei formation can be envisaged at these poten-
tials. The transients pass through a maximum, starting at a potential of —800
mV. The time to reach this maximum decreases as the potential becomes more
negative. Thus, at a potential of —1000 mV, there is a well-defined maximum
characteristic of a nucleation and three-dimensional growth mechanism [23]
[26] [27].

A theoretical model taking into account the overlap of diffusion zones has
been proposed by Sharifker et al [23]. Figure 7 shows the theoretical model
curves (i/i,)* versus (#/t,) for 3D progressive and instantaneous nucleation and
an experimental curve (i/7,)* versus (#/t,). The experimental curve in Figure 7
was obtained from the transient at the —1000 mV potential. The experimental
curve fits perfectly with the theoretical model corresponding to progressive nuc-
leation. It can therefore be concluded that at this potential of —1000 mV, the
nucleation of 3D TI nuclei is progressive. This result is in agreement with the
microscopic study which showed that at this potential, we have a quasi-covered

surface of a thallium film with a high density of growth sites.

3.3. Electrochemical Impedance Study

Impedance measurements were carried out to characterize the interface GCE/Hg
film/T1 film/(TI*, concentration C, supporting electrolyte HCIO, 0.1 mol-L™).
This system represents the electrochemical sensor that will be used for the quan-
titative determination of T1" ions in aqueous solution. The bare GCE and the
GCE covered with a mercury film had to be characterized first. All the curves
obtained are shown in Figure 8.

The impedance diagram of the bare GCE is recorded in the 0.1 mol-L™' HCIO,
supporting electrolyte and in a solution of the supporting electrolyte containing
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the mercuric ions Hg** 10~ mol-L™". The impedance diagrams (in Nyquist repre-
sentation) obtained are identical and overlap perfectly (Figure 8(a)). The charge
transfer resistance, measured by evaluating the diameter of the semi-circle cor-
responding to the transfer loop, is 1.53 x 10’ Q (Ohm). This high resistance ob-
tained for the bare GCE reflects that when no electroactive redox couple is
present, there is no charge transfer reaction at the electrode. In contrast, when a
mercury film is electrodeposited on the GCE at a potential of 0.2 V for 4 min
and the impedance diagram is recorded in the 0.1 mol-L™' HCIO, supporting
electrolyte solution containing 10~ mol-L™" Hg*" ions (Figure 8(b)), we obtain a
decreasing charge transfer resistance as expected: it goes from 1.53 x 107 Q for
the GCE/(Hg** 10~ mol-.L™', HCIO, 0.1 mol-L™") system to 4.66 x 10° Q for the
GCE/Hg film/(Hg*" 10~ mol-L™", HCIO, 0.1 mol-L™") system. This decrease is re-
lated to the charge transfer reaction at the electrode [22] [27] [28].

The deposition of thallium on the ECV/mercury film is carried out for 4 min
at a potential of —1 V. The impedance diagram is then recorded for the ECV/Hg
film/T1 film system (T1* 10~ mol-L™", HCIO, 0.1 mol-L™") (Figure 8(c)). In pure
diffusion regime, in the high frequency range, the capacitive loop is not clearly
visible and this is due to the fact that the electron transfer is very fast. The War-
burg line is mainly observed at medium and low frequencies. The Warburg im-
pedance (W) has a value of 7.4 x 10™* Q-s™"% The resistance of the solution is 55
Q. The charge transfer resistance decreases significantly from 4.66 x 10° Q for
the GCE/Hg film/(Hg** 10~ mol/L, HCIO, 0.1 mol-L™") system to a value of 2290
Q for the GCE/Hg film/Tl/(T1* 107> mol-L™!, HCIO, 0.1 mol-L™') system. These
results, compiled in Table 1, can be easily explained if one considers that the
charge transfer is made easier on the TI film [29] [30] [31]; this was also shown
in the SEM analysis.
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Figure 7. Adimensional transients: (a) Instantaneous nuc-
leation; (b) Progressive nucleation; (c) Experimental points
for E,= —1000 mV. With: i, the maximum current measured
on the curve /= f#) and tm the time at which 7, is measured
on the curve 7 = £# ([TI*] = 5.10° mol-L™", support electro-
lyte HCIO, 0.1 mol-L™).
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Figure 8. Nyquist steady state plots: (a) bare GCE; (b) Hg-coated
GCE, ([Hg**] = 107 molL™, supporting electrolyte HCIO, 0.1
mol-L™!, Hg deposition potential 0.2 V, Hg deposition time 4 min,
electrode rotation 1000 revolutions per minute (rpm)); (c) deposition
of Tl on ([TI'] = 10~ mol-L™}, supporting electrolyte HCIO, 0.1
mol-L™', deposition potential of TI —1000 mV, deposition time of Tl 4
min, electrode rotation 1000 rpm).

Table 1. Electrochemical impedance spectroscopy results.

System Charge transfert resistance Rct (Q)
GCE/Hg** 1.53 x 107
GCE/Hg/Hg*" 4.66 x 10°
GCE/Hg/Tl/TT* 2290

4. Conclusion

The techniques of cyclic voltammetry, Electrochemical Impedance Spectroscopy
(EIS) and SEM analysis coupled with EDX analysis gave information on the de-
position and dissolution potentials, the surface state of the electrodes and the
chemical composition. The mercury deposit shows small grains arranged against
each other giving the appearance of a film. The EIS results confirm the SEM ob-
servations. For the TI deposit on Hg, a rather rough surface is observed in SEM.
This system (GCE/HG film/T1", C) studied will further be used for the quantita-

tive determination of T1" ions in aqueous matrices.
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