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ABSTRACT

Anodic stripping voltammetry (ASV) is successfully applied in mM level detection of mercury ion in an electroplating bath
which is currently used in preparing a cathodic electrolyzer. Glassy carbon electrode is used for the detection and the opti-
mum condition obtained is 10 s deposition at -1.4 V vs. Ag/AgCl and stripping by scanning from -1.4 to +0.4 V vs Ag/
AgCl at 50 mV/s. By applying the method, the mercury ion concentration in the electroplating bath could be successfully

monitored during the plating.
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1. Introduction

Mercury electroplating is mainly used in making a
thin mercury film electrode for analytical purposes.
Platinum and glassy carbon are the main surfaces to
make the thin Hg film since those do not easily form
the alloy of mercury, amalgam [1-4]. The main appli-
cation of the film is the determination of heavy metal
ions in ppm or ppb level by anodic stripping voltam-
metry (ASV). Normally, once the mercury is electro-
plated on a metallic surface, it forms amalgam with
the metal and the surface properties are dramatically
changed. Among them silver amalgam electrode
(SAE) is the most popular and it is applied in the
electrochemical determination of metal ions, organic,
and biological compounds [5-9].

Since mercury is toxic, the uses of mercury film
and amalgam electrodes are limited in laboratory pur-
poses and industrial or large scale mercury electro-
plating is rare. Recently, our lab developed a
preparation method of dental amalgam composition
on a surface of copper electrode by alternative elec-
troplating of mercury and silver-tin for making a
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cathodic electrolyzer [10]. In this case, the amount of
mercury deposited on the surface should be critically
controlled. In the plating bath, the concentration of
mercury ion is normally in the range of mM level.
Therefore, we developed a method to follow the con-
centration of mercury ion in the bath during the plat-
ing. ASV is successfully applied in monitoring mM
level concentration although the technique is nor-
mally used in detecting ppm or ppb concentration
level of metal ions.

2. Experimental Section

2.1 Materials and Instruments

Hg(OAc), is purchased from Sigma Aldrich, USA,
Na,EDTA and K4P,0; are from Jin Chemicals,
Korea, and 0.5 um alumina powder for polishing is
from Buehler Ltd., UK. Distilled and deionized water
by Millipore purification system was used through-
out the experiments. Cyclic voltammetry and anodic
stripping voltammetry were performed using CHI
1232a potentiostat (CH Instruments, USA). Electro-
chemical measurements were made in a glass cell
(15 mL) equipped with a glassy carbon disc working
electrode (3 mm diameter) and Ag/AgCl reference
electrode, and a platinum coil counter electrode.
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2.2 Procedures of Hg ion detection

The glassy carbon disc electrode was polished by
0.5 um alumina slurry and sonicated for 3 min in eth-
anol/water (1/1) solution, followed by N,-blow dry-
ing. The sample solution was under Ar atmosphere
during electrochemical measurements. In ASV mea-
surement, after the several trials, the optimized condi-
tion was 10 s electrodeposition at -1.4 V vs. Ag/AgCl
followed by the stripping from -1.4 to +0.4 V vs. Ag/
AgCl at 50 mV/s. The plating solution is 13 mM
Hg(OAc), in 0.2 M Na,EDTA and 0.4 M K4P,0; and
the aliquots sampled during the plating were diluted 3
times by 0.2 M Na,EDTA and 0.4 M K,P,07 solution
prior to the determination. After the measurement, the
electrode surface was cleaned and conditioned by
cycling between -0.4 to +0.4 V vs. Ag/AgCl to ensure
the reproducible measurements in the next runs.

3. Results and Discussion

3.1 Electrochemical responses of mercury ion on
glassy carbon electrode in the plating bath condition

The glassy carbon electrode was chosen as a sens-
ing electrode because it has considerably less mer-
cury memory effect compared to other electrode
materials tested such as gold and conducting polymer
modified glassy carbon electrode. The mercury depo-
sition and stripping potentials vary a lot depending on
solution and experimental conditions. In case of
stripping, the peak potentials were reported in a wide
range of -0.3 V ~ +0.5 V vs. Ag/AgCIl [11-14].
Therefore, the voltammetric behavior in the plating
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Fig. 1. Cyclic voltammogram of 1 mM Hg(OAc), in 0.2 M
Na,EDTA and 04 M K P,0; solution (red) and the
background (blue) at a scan rate of 50 mV/s.

solution we are interested in should be well-studied
and the applying potential and potential range of the
scan should be determined.

Cyclic voltammograms of 1 mM Hg*" containing
plating solution and the background solution are
shown in Fig. 1. In the background solution, the open
circuit potential (OCP) was 0.0 V vs. Ag/AgCl and the
hydrogen starts evolving near -1.1 V vs. Ag/AgCl. In
the plating solution, the mercury ion starts to deposit
on glassy carbon electrode from -0.6 V vs. Ag/AgCl
during the negative scan and the stripping is shown at
near 0 V vs. Ag/AgCl during the positive scan.

3.2 ASV Analysis of mercury ion in standard
solutions and real samples

The stripping peak currents at different concentra-
tions of mercury ion in the plating solution were com-
pared at deposition potentials of -1.0, -1.2,-1.4 V vs.
Ag/AgCl and the stripping currents deposited at-1.4 V
vs. Ag/AgCl showed the best linearity versus the
concentration. The 10 s deposition time was found to
be enough for the stable responses. The scan rate of
50 mV/s was enough fast without the distortion of the
voltammetric responses. The stripping from -1.4 V to
0.4 V vs. Ag/AgCl was immediately followed by the
deposition. Therefore, the optimized ASV condition
for the current system was set to be 10 s deposition at
-1.4 'V vs. Ag/AgCl followed immediately by positive
scanning from -1.4 V to +0.4 vs. Ag/AgCl at 50 mV/s.

The standard solutions are prepared in 0, 1, 3 and
5 mM of Hg(OAc), in the plating condition of 0.2 M
Na,EDTA and 0.4 M K,4P,0; solution and stripping
peaks are shown in Fig. 2, left. It shows sharp strip-
ping peaks and the currents near 0 V vs. Ag/AgCl is
linear to the concentration of mercury ion in the solu-
tion as shown in Fig. 2, right. It is used for the cali-
bration line for the mercury ion determination in the
plating bath.

The same ASV measurement was applied to the
real electroplating solutions. Because the base copper
electrode is electroplated repeatedly in mercury and
silver-tin baths, the mercury plating solution may
contain impurities of Ag, Sn and Cu ions. The mer-
cury ion measurements in the electroplating solution
before and after the plating are shown in Fig. 3.
Because the concentration of mercury ion is larger
than 20 mM in the solution, before the measurement,
the aliquots were taken and diluted 10 times by the
solution of 0.2 M Na,EDTA and 0.4 M K,P,O. The
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Fig. 2. (a) The ASV responses of 0, 1, 3 and 5 mM Hg?" in 0.2 M Na,EDTA and 0.4 M K,P,0; solution scanned from -1.4
V to +0.4 V vs. Ag/AgCl at a scan rate of 50 mV/s. (b) Calibration plot of stripping peak current vs. mercury ion

concentration.
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Fig. 3. The ASV of 1/10th diluted Hg** plating solutions
before (blue) and after the plating (red). The experimental
conditions are the same as in Fig. 2.

measurements based on the calibration plot in Fig. 2
are 2.3 mM for the 1/10th diluted initial sample and
1.2 mM for the 1/10th diluted sample of the solution
after the plating. Therefore, the concentration of mer-
cury ion in the plating solution is decreased by
11 mM. It gives an estimation of 9.9 mmol plated
mercury on the electrode since the plating solution is
900 mL. In case of amalgam electrode the amount of
mercury deposited on the surface is difficult to mea-
sure directly and the current method is only valuable
method to quantify the deposited amount.

3.3 Monitoring of mercury ion during the electro-
plating
The same method was applied to the plating bath
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Fig. 4. The monitoring of mercury ion concentration
during the plating. The fitted line is exponential and
coefficient of determination is 0.99. The volume of the
plating bath is 900 mL.

where the total amount of mercury in the bath is
deposited on the electrode. The initial concentration
was around 13 mM. The aliquots were sampled
roughly every 10 min. The decrease of mercury ion
concentration is clearly seen and it fits to exponential
decay (Fig. 4). It is observed that most mercury ions
are consumed after 50 min and this information is
used for setting the electroplating condition to
improve the reproducibility.

4. Conclusions

ASV measurements are valid in mM concentration
of mercury ion and it is a valuable tool to quantify the
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amount of mercury deposited on the surface or
during the amalgam formation. The concentration
change during the plating could be successfully fol-
lowed by the developed method and it helps in set-
ting the plating conditions.
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