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Electrochemical Detection of Arsenic Using Modified
Platinum-Cobalt Electrode
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Abstract—An electrochemical detection of arsenic(l11)
solution was investigated by using a modified cobalt deposited
on a silicon-based platinum electrode. The modified
platinum-cobalt electrodes were prepared via electrode position
process in varied deposition times. Surface morphology of
modified electrode was investigated through FESEM. An
electrocatalytic activity of arsenic solution on each deposited
electrodes was examined with cyclic voltammetry (CV) at a
potential range of -1.5 V to +1.5 V (vs. pseudo Ag/AgCl) in 0.1 M
KOH supporting electrolyte. A voltammogram of arsenic(l11) in
different concentration was plotted and showed an increased
peak current of arsenic(l11) reduction, suggesting that the cobalt
has high catalytic ability for arsenic reduction. R=2values
obtained from the linear regression equation of a modified
Platinum-Cobalt electrode in 10s and 20s deposition time were
0.9976 and 0.9815, respectively. Various electrodeposition times
showed a different morphology on electrode surfaces and
affected the current signal of arsenic(lll) reduction peak in
cyclic voltammetry.

Index Terms—Arsenic, cobalt electrode, cyclic voltammetry,
electrodeposition, modified electrode.

I. INTRODUCTION

Arsenic (As) is a toxic metal that can only be transformed
into a form that is less toxic when exposed to living organism
in the environment. It can be categorized as organic or
inorganic compounds that can vary in their solubility,
mobility, and toxicity. The toxicity level of arsenic compound
depends on their different valence states. In environment, the
main forms are arsenic(I11) (arsenite, As(I11)) and arsenic(V)
oxyacid, and can be deprotonated to arsenate anions. As the
second most toxic metal after lead, the need for continuous
monitoring or early detection is very crucial especially for
facilities handling arsenic-containing wastes and sites, where
arsenic is found at toxic levels in groundwater [1].

Due to its toxicity, the analysis of environmental sample by
speciation procedure will identify and qualify the total
quantity of arsenic present with their specific form. However,
this method of analysis is expensive and requires sample
collection methods to ensure the preservation of in situ
conditions. Some other low-cost electrochemical methods
such as stripping voltammetry or cyclic voltammetry [2]-[5]
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have been used for detection of arsenic. Inert metal electrodes
such as gold (Au), carbon, and platinum (Pt) have been used
successfully for voltammetric detection of arsenic [6], [7].
Often these types of electrodes will be modified or
incorporated with polymer, bio-element, or with another
metal such as copper or cobalt to form an intermetallic
compound with arsenic [8]. Each modification of electrode
surface is expected to have higher electron Kinetic transfer,
higher sensitivity and stability over a wide range of solution
composition, and a good reproducibility of the electrodes
surfaces between each measurement.

Cobalt (Co) is known to be highly reactive and it has been
employed in processes such as energy storage system [9],
electrochromic thin films [10], and heterogeneous catalysis
[11]. The electrocatalytic property of the cobalt very much
depends on the deposition method. In order to create a good
sensor response for in situ detection of arsenic, a possibility of
cobalt electrodeposition on top of silicon-based platinum
electrode was explored as to enhance the electron transfer
signal.

The electrode sensitivity was characterized by cyclic
voltammetry in a presence of As(l11) solution. This paper only
reported an initial study for electrochemical deposition of
cobalt coating, especially in a different electrodeposition time
for detection of As(lll) solution. Later on, the nanostructure
surface of cobalt coating can be modified with a functional
group such as —COOH, -OH —NHs, thus they can be
conjugated with active substances, which will be in favor of
their application in biosensor fields [12], [13]. The electrode
will be activated with bio-recognition element to make it more
sensitive and selective to the target analyte.

Il. MATERIAL AND METHOD

A. Chemical and Reagents

Solutions were prepared from analytical grade chemicals
without further purification using distilled water. Boric acid
solution (H3BOs) and potassium hydroxide (KOH) solution
were prepared in 0.1 M concentration. Cobalt(Il) chloride
(CoCl,) and sodium arsenite (NaAsO,) were of analytical
grade.

B. Modified Electrode and Apparatus

In this electrodeposition study, silicon-based platinum
electrode was used as a cathode or working electrode. The
electrode area that was involved in deposition from aqueous
solution within the surface of platinum is 1.8mm?. CoCl,
dissolved in 0.1 M H3BO; solution was reduced
galvanostatically onto working electrode surface area using a
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750 W single-output programmable basic system DC power
supply from Agilent Technology (N5749A). Graphite was
used as a counter electrode. All samples were prepared at
24<C with a current density of 0.50 mA/ cm?. Voltage given
was 4.7 V and deposition time was varied (10s, 20s, and 30s)
in order to have correlation between the quantity of electricity
and the properties of the nanostructured film. The solution of
reaction was stirred at 200 rpm via magnetic stirrer to
generate flow condition. All electrodes were cleaned in
distilled water to remove traces of salts and air dried. The
surface morphologies of the deposition electrodes were
observed by field-emitting scanning electron microscopy
(FESEM, Hitachi S-4800, Japan).

Electrodes were then characterized by using cyclic
voltammetry method (Metrohm Autolab
Potentiostats/Galvanostats (Model PGSTAT128N) to detect
a redox signal in different concentration of As(I11) solution. A
three-conventional electrochemical cell was performed with
Pt as counter electrode to conduct electricity from the signal
source to the working electrode. All potentials are referred to
a pseudo silver/silver chloride (Ag/AgCl) as reference
electrode. Working electrode for cyclic voltammetry was
made of cobalt oxide electrodeposited on platinum electrode
(Pt-Co electrode). Voltammetry on modified electrodes was
done in 0.1 M KOH supporting electrolyte containing no
cobalt salt in a broad potential range. Electrochemical
determination of arsenic in different concentration was done
by a standard addition protocol and measured by NOVA 10.1
software.

I1l. RESULT AND DISCUSSION

A. Characterization of Cobalt Deposition

In electrodeposition process, the cobalt ions in a solution
are reduced electrochemically to coat the surface of a
conductive cathode known as platinum working electrode.
Electrons follow to the cathode via an external electrical
circuit. H3BOgssolution acts as a pH buffer to manipulate the
surface pH on the cathode.

The result of FESEM study in Fig. 1 shows a correlation of
cobalt grain diameter size in different time. As time
deposition increased, larger drops in cobalt ions
concentration were found on the electrode surface. The
quantity and thickness of cobalt particles can be seen
enhancing rapidly in 10-second (10s) difference of each
deposition time. Deposited particles on the platinum surface
are regularly separated and the size of cobalt nanostructured
seems becoming larger by time. It can be seen that these small
particles are almost uniformly distributed on the surface of
electrode forming a thin layer. The particles sizes for 10s, 20s,
and 30s of deposition times are varied and can achieve
maximum size to approximately 2.0 um, 4.9 pm, and 5.5 pm,
respectively. The platinum electrode area was covered by a
thick black material after 30 seconds of deposition time.

Fig. 2 shows FESEM cross-section result of a modified
electrode for each deposition time studied. The average
thickness of a packed grain size deposited in each 10s, 20s,
and 30s of time deposition are 14.7 um, 31.8 pmand 61.3 um,
respectively. In 10-second different time of deposition
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process, the grain diameter (as in Fig. 1) does not have a large
difference in size but the thickness of the packed grain growth
can achieve twice of its previous thickness. In Fig. 2c, the
grain growth seems to be overlapping on each other and
created a leaf shape of cobalt material. The dispersion of the
packed grain in Fig. 2c is not even compared to a packed grain
in Fig. 2a and 2b. The thickness of a material deposited on the
electrode surface can play a major role in the efficiency of
electron transfer in redox reaction. A thicker type of growth
would hinder the electron transfer between the analyte and the
electrode surface in electrochemical analysis. Hence, only 10s
and 20s of deposition times of modified electrodes were
continued for arsenic detections.

Fig. 1. FESEM micrograph of cobalt deposition on platinum electrode
surface by electroplating in various times; (a) at 10's, (b) at 20s, and (c) at
30s.
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Fig. 2. FESEM cross-section of cobalt deposition on platinum electrode
surface by electroplating in various times; (a) at 10 s, (b) at 20s, and (c) at
30s.

B. Electrocatalytic Reaction of As(l11) on Pt-Co Electrode

The electrochemical experiments in the presence of
different concentration of As(l11) solution were carried out to
evaluate the electrocatalytic activity of the modified Pt-Co
electrode for arsenic redox reaction. The experiments were
done on two types of cobalt deposition time; 10s and 20s,
based on FESEM surface morphology analysis.

In cyclic voltammetry method, the potential of deposited
working electrode is measured against a pseudo reference

electrode which maintains a constant potential, and the
resulting applied potential produces an excitation signal of
arsenic redox reaction. In forward scan of cyclic voltammetry
of Fig. 3, a potential range was set between -1.5 V to +1.5 V
for each scan at a scan rate of 0.1 V/s. Supporting electrolyte,
0.1 M KOH, was used with addition of As(l11) solution. Three
different concentrations of As(lll); 2, 8, and 16 ppm, were
spiked orderly into a supporting electrolyte solution. Cyclic
voltammetry was applied by measuring the current at the
working electrode during the potential scan and
voltammograms displayed a current versus potential graph.
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Fig. 3. Cyclic voltammogram of 10s and 20s of Pt-Cobalt electrodeposition
time with a varied concentration of As(lll) solution (2 ppm, 8 ppm, and 16
ppm) in supporting electrolyte, 0.1 M KOH, at a scan rate of 0.1 V/s.
Potential ranges from -1.5 Vto 1.5 V.

Fig. 3 shows cyclic voltammetry responses of a modified
Pt-Co electrode with 10s and 20s of deposition time in
different concentrations of As(lll) solution. As a result of
electrochemical Co-deposition of cobalt oxide on bare Pt
electrode in arsenic solution, two main oxidation peaks are
observed on the curve at -0.9 V and 0.2 V in the presence of 2
to 16 ppm of As(l1l). The first oxidation peak at -0.9 V is
attributed to the oxidation of As(0) to As(I1l) and the second
one at 0.2 V corresponds to the oxidation of As(111) to As(V).
Two reduction peaks appeared at 0.1 V and -0.4 V, suggesting
a reduction of As(V) to As(I1l) and As(l11) to As(0). In this
study we focused on the second reduction peak (at -0.4V)
because the peak current is more sensitive in electrochemical
detection of As(ll1I).

The relativity of reduction current with As(l1I)
concentration was studied by plotting a current versus As(l11)
concentration graph from Fig. 3 to find its correlation value
on current peak height. Fig. 4 shows cyclic voltammograms
and a graph of current versus As(l11) concentration of 10s and
20s of a modified Pt-Co electrodeposition time in supporting
electrolyte, 0.1 M KOH, at a scan rate of 0.1 /s and potential
range from -0.8 V to +0.2 V. The increased peak reduction
current with increased concentration of As(l1l) solution
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confirms that cobalt particles have high catalytic ability for
arsenic detection. They could act as a suitable mediator to
shuttle electron between arsenic and working electrode. R=
values from a linear regression equation obtained were 0.9976
and 0.9815 for a modified Pt-Co electrode deposition in 10s
and 20s, respectively.
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Fig. 4. Cyclic voltammogram and a graph of current versus As(lll)
concentration of 10s and 20s Pt-Co electrodeposition time in supporting
electrolyte, 0.1 M KOH, at a scan rate of 0.1 V/s. Potential ranges from -0.8
V1o 0.2 V.
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In testing conditions, the stable forms of As(111) and As(V)
are HAsO, and H;AsQ,, respectively [14]. Based on the
obtained voltammograms, the following catalytic scheme
describes the possible associating reactions:

H3AsO, + 2H" + 2e = HAsO, + 2H,0 (1)

O]

The reduction peak current on a modified Pt-Co electrode
with 10s deposition time is larger than 20s deposition time of
modified Pt-Cobalt electrode. This fact demonstrates that the
electrochemical deposition of cobalt ion on silicon-based Pt
bare electrode in 10s can be a good approach for the detection
of arsenic reduction. The current enhancement result
suggested an attribution to the cooperative effect of a thinner
cobalt deposition on bare Pt electrode where a thicker cobalt
deposition is attributed to slow electron transfer and solution
resistance in redox reaction.

The optimization of modified electrode for detection of
arsenic and reduction peak behavior in different conditions
will be continued later by our group. Their reduction peaks
will be different in shape and peak potential mainly due to the
electrode microstructural differences but electrodeposition of
nanoparticle or material ions is still an attractive approach to
fabricate sensor electrode as reported previously [15].

HAsO, + 3H" + 3e = As + 2H,0

IV. CONCLUSION

This study shows that the cobalt can be easily deposited on
silicon-based platinum bare electrode with less deposition
time and the modified electrode can be used for the
electrochemical detection of As(I11) via cyclic voltammetry.
The reduction of As(lll) based on the electrocatalytic
cooperative effect of modified Pt-Co electrode showed a good
response for the quantitative determination of As(lIl).
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