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A new pencil-based renewable carbon paste electrode modified with Zn/Al-2(3-
chlorophenoxy)propionate (Zn/Al-CPPA) nanocomposite was developed for the voltammetric
determination of cobalt(ll). The best voltammetric response was reached for an electrode composition
of 7.5% Zn/AI-CPPA nanocomposite in the paste, 0.1 M sodium acetate of pH 8.0 and scan rate 100
mVs™ in the voltammetric measurement. Under optimized conditions, a linear response to cobalt(l1)
was found in the ranges of 1x10° M - 1x10® M and detection limit of 1.26 x10® M. High sensitivity
and reproducibility, together with the ease of preparation and regeneration of the electrode surface by
simple polishing, make the electrode very suitable for the voltammetric determination of cobalt(ll) in
water samples.
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1. INTRODUCTION

The quantitative determination of trace amounts of cobalt plays an important role in the field of
environmental analysis, process control and medicine [1-3]. Moreover, food and drinking water are the
largest sources of exposure to cobalt for the general population. Toxicological effects of cobalt include
vasodilation, flushing and cardiomyopathy in humans and animals [4]. Since the concentration of
cobalt is extremely low in various natural samples [5], a sufficiently sensitive and selective analytical
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procedure for the determination of cobalt would be of great interest. In the determination of trace
cobalt, various methods including modern instrumental methods such as flame atomic absorption
spectrometry (FAAS) [6-9], electrothermal atomic absorption spectrometry (ETAAS) [10,11], graphite
furnace atomic absorption spectrometry (GFAAS) [12], inductively coupled plasma-atomic emission
spectrometry (ICP-AES) [13,14], inductively coupled plasma-mass spectrometry (ICP-MS) [15-17],
spectrophotometric [18-21], ion selective electrode [22,23] and flow injection analysis (FIA) [24] have
been used for the determination of metal ion in various media. However, most of these methods are
time consuming and have high maintenance costs. In most common procedures for the determination
of low concentrations of cobalt such as GFAAS, a preconcentration step is required. This technique
usually involves the risk of sample contamination and loss of analyte during the several sample
preparation steps involved [5,18].

A number of studies on the use of the chemically modified electrodes (CMEs) for analytical
determinations of cobalt ions by voltammetric measurements have been reported such as adsorptive
stripping by using hanging mercury drop electrode (HMDE) [25,26], adsorptive stripping by using
carbon paste electrodes (CPE) [27], catalytic adsorptive stripping by using HMDE [28,5], catalytic-
adsorptive differential pulse by using HMDE [29], adsorptive stripping by using integrated planar
metal-film electrode [30] and adsorptive stripping by using bismuth film electrode [31].

However, most of these methods are mercury-based electrode which has negative
environmental benefit. Among the studies made for the determination of cobalt, there has not been any
work presented about the successful usage of the pencil-based renewable CME for cyclic voltammetry
analysis.

The aim of the present investigation was to develop a new pencil-based renewable chemically
modified electrode with Zn/Al-CPPA nanocomposite (Figure 1) as a mediator. The surface morphology
of Zn/AI-CPPA shows an agglomerate and non porous structure in which the presence of the
intercalated anion in the interlayer did not very much influence the morphology of the resulting
materials.
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Figure 1. Scanning electron micrographs for Zn/Al-2(3-chlorophenoxy)propionate nanocomposite at
magnification of 10 000 X
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2. EXPERIMENTAL

2.1. Reagents and chemicals

A pencil lead, Noris 2B was obtained from Staedtler (Germany). Paraffin oil and acetic acid
were obtained from Merck (Germany) without purification. Analytical grade of sodium acetate,
sodium hydroxide and cobalt(ll) chloride hexahydrate were obtained from  Sigma-Aldrich
(Switzerland). All other reagents and chemicals were of analytical grade reagent. The pHs of the
solutions were adjusted to the desired value by adding acetic acid or sodium hydroxide. Distilled
deionized water from EASYpure LF, Barnstead (USA) was used for preparing all of the solutions and
throughout the experiments. The complex Zn/Al-CPPA nanocomposite was synthesized and purified as
reported previously [32].

2.2. Apparatus and procedures

Cyclic voltammetry (CV) was performed with a Gamry Potentiostat Series- G750. All the
experiments were carried out in a one compartment electrochemical cell with a carbon-paste working
electrode (unmodified and modified), a saturated Ag/AgCI reference electrode and a Pt wire as the
counter electrode. The three-electrode configuration was immersed in 25 ml buffer solution of different
pH (as a supporting electrolyte) and known amount of Co(ll) solution served as the measurement cell.
The pH value was determined by using Orion, 915600, Mass. (USA) glass-pH electrode. Prior to any
measurement, the solutions were deoxygenated by bubbling nitrogen gas purged through the solution
for 30 min to remove the interfering oxygen gas during measurement.

2.3. Electrode preparation

A pencil lead was obtained by completely removing the wooden outer part. The pencil lead was
transferred into a cellulose thimble and then placed into a soxhlet extractor for 24 h continuous reflux
in methanol. Subsequently, the solid phase extracted pencil lead was washed by 0.1 M HCI and then
thoroughly rinsed with water prior to 10 min ultrasonic cleansing. The pencil lead was later dried and
grinded with mortar until fine. The modified carbon paste electrodes were prepared by substituting
corresponding amounts of pencil lead powder (2.5%, 5.0%, 7.5%, and 10%) by Zn/Al-CPPA
nanocomposite and then mixing with appropriate amount of paraffin oil and thoroughly hand-mixing
in a mortar and pestle. The unmodified carbon paste electrode was prepared by adding graphite powder
and paraffin oil (~75:25, w/w). Both modified and unmodified carbon paste electrodes were packed
firmly into the Teflon rod with a hole at one end. Electrical contact was made with a copper wire
through the centre of the rod. Before measurement the electrode was smoothened on a piece of
weighing paper to get a smooth, uniform and fresh surface.
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3. RESULTS AND DISCUSSION

3.1. Voltammetric behaviour of cobalt(Il) on Zn/Al-CPPA nanocomposite modified CPEs

Cyclic voltammetry (CV) were performed to elucidate the catalytic activity of Zn/Al-CPPA
nanocomposite modified electrode toward Co(ll). Cyclic voltammograms were obtained at freshly
prepared unmodified and modified pencil-based CPEs in 0.1 M sodium acetate buffer of pH 8.0 as
shown in Figure 2.

Figure 2. Cyclic voltammograms of (curvea) Zn/Al-CPPA nanocomposite modified carbon
paste electrode (curve b) unmodified carbon paste electrode. Cobalt(I1) concentration: 1 x 107
M; Potential range: -1.5V to +1.5 V; Scan rate: 100 mV/s; Supporting electrolyte was 0.1 M
sodium acetate buffer solution with pH 8.0

Owing to the complex properties [33,34] and the sluggishness of the kinetics of the electrode
process [35], the CV of the unmodified electrode did not show any wave in the potential range used
which result in weak responses because of large activation over potential. However, the voltammetric
response is apparently improved at Zn/Al-CPPA nanocomposite modified electrode, reflected by the
enlargement of the peak currents (i,) on both cathodic and anodic peaks at -349.9 mV and 204.0 mV.
On the basis of these observations, it can be postulated that the addition of Zn/Al-CPPA to the matrix
of CPE exhibits an effective catalytic fashion in the electrochemical. The CV was run starting from -
1.5V to 1.5 V and back. The catalytic rule of the modifier causes the anodic over potential to be
lowered and enhancement of the anodic peak current in the electrode process [35]. Based on the results
obtained on the electrochemical behavior of Co(ll) at the surface of Zn/Al-CPPA nanocomposite
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modified electrode, the following mechanism is represented for the electrocatalytic oxidation of Co(ll)
at the surface of modified electrode:

(C02+)sol. + (Zn/A|-CPPA)surf. — (C02+ - Zn/Al'CPPA)adsorb.
(Co™ - ZN/AI-CPPA)sison, + 267 ——> (Co”, Zn/AI-CPPA) sisomn,
(COO, Zn/A|-CPPA)adsorb. -2 —— (Zn/AI'CPPA)SUTf- + (COZ+)50|-/Surf'

3.2. Improvement of the electrode quality of CPE with the modification of CPPA nanocomposite

Figure 3. Cyclic voltammograms of (curve a) unmodified carbon paste electrode and Zn/Al-
CPPA nanocomposite modified electrode (curve b) in blank supporting electrolyte at scan rate
100 mv s

Figure 3 shows the cyclic voltammogram of Co(ll) at modified and unmodified pencil-based
CPEs in the blank supporting electrolyte. The result showed no anodic and cathodic peaks were
observed at unmodified CPE. In contrast to the Zn/Al-CPPA nanocomposite modified CPE, the
electrochemical signal on Co(Il) showed low current response. This indicates that the surface property
of the modified electrode has been significantly changed [33]. The separation of the peak potentials,
AE=Epa-Epc increases, which is a characteristic for a quasi-reversible behaviour [36].

3.3. Effect of Zn/Al-CPPA nanocomposite modified CPE composition

The amount of Zn/Al-CPPA nanocomposite in the carbon paste had a significant influence on
the voltammetric response, depending on the character of the modifying agent and its capability of
forming enough active sites in modified paste group [37]. The anodic and cathodic peaks of cobalt
have increased with Zn/Al-CPPA nanocomposite modified CPEs. This obviously indicates that the
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voltammetric response results from the accumulation of Co(ll) at these electrodes by means of the
complex formation reaction between the metal ion, Co(ll), and the modifier, Zn/Al-CPPA
nanocomposite. Four different modified carbon pastes (2.5%, 5%, 7.5%, and 10% Zn/Al-CPPA
nanocomposite) were tested for their voltammetric signals under identical conditions (Figure 4). The
sensitivity of pencil-based CPE was improved when the Zn/Al-CPPA nanocomposite composition in
the paste was 7.5%, reflected by the higher peak current. Higher amount of Zn/Al-CPPA (>7.5%)
decreased the peak current significantly. This is presumably due to the reduction of conductive area
(carbon particles) at the electrode surface [38-42], leading to an unsuitable electrode for analytical
uses. Therefore, an electrode containing 7.5% Zn/Al-CPPA nanocomposite was employed in all
subsequent experiments.
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Figure 4. Cyclic voltammograms of four different modified carbon pastes (2.5%, 5%, 7.5%, and 10%
Zn/AI-CPPA nanocomposite) at scan rate 100 mV s

3.4. Effect of regeneration of the Zn/Al-CPPA nanocomposite modified CPE

Table 1. The regeneration conditions of Zn/Al-CPPA nanocomposite modified CPE

Mechanical 922.5 922.5 0
polishing

HCI 922.5 802.9 12.96
NaCl 922.5 791.7 14.18
H,O 922.5 412.0 55.34
NaNO; 922.5 406.7 55.91

% ip loss (%) = iy _(before) - iy (after) 100
(before)
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The regeneration of the electrode surface was tested with several cleaning solutions and
mechanical polishing to renew the electrode after electrochemical measurement. The efficiency of the
cleaning methods decreased in order as, mechanical polishing, HCI, NaCl, NaNOs, H,O, respectively
(Table 1).

HCI solution regenerated the electrode surface, but the peak current of Co(ll) decreased after
regeneration. This is presumably due to the change of the surface properties of the electrode with acid
solution. The regenerated electrode surface was saturated with excess of H* ions. Therefore, they
prevented the effective preconcentration of Co?* onto the electrode surface [43]. Other cleaning
solutions did not clean the electrode surface completely and gave memory effects. The best cleaning
efficiency and reproducibility were obtained with mechanical polishing without any memory effect.
Under normal conditions, the electrode can be used for about 8 weeks.

3.5 Effect of pH and supporting electrolyte

The effect of the pH and type of supporting electrolyte on cyclic voltammetric signals of Co(ll)
was investigated. The influence of pH of the supporting electrolyte was studied by varying the pH in
the range of 4.5-11.0. The Co(ll) peak current as a function of pH is shown in Figure 5. The peak
current increased gradually with increasing pH until the peak current reached a maximum value at pH
8.0 and then remained constant in the pH range of 8.5-10.0.
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Figure 5. Effect of pH of supporting electrolyte on the peak current. Supporting electrolyte 0.1 M
sodium acetate at scan rate 100 mV s

The continuous increase of pH led to a decrease of peak current. This is due to the increasing
complex formation of cobalt(ll) with Zn/Al-CPPA nanocomposite at the electrode surface with
increasing pH and the completion of complex formation at higher pH (>8) [44]. Thus, a pH of 8 was
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adopted for further studies. The effect of different type of supporting electrolyte such as potassium
chloride, potassium nitrate, and lithium chloride on the modified CPE was investigated. The sensitivity
and stability of the voltammetric responses showed a considerable decrease in all tested supporting
electrolyte. The highest peak current and the best peak shape for oxidation of Co(ll) complex were
observed using sodium acetate (Figure 6). Therefore, 0.1 M sodium acetate of pH 8.0 was used for
voltammetric measurement, respectively.

e CH:COONa
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Figure 6. Cyclic voltammograms of 7.5% Zn/Al-CPPA nanocmposite modified electrode (a) in 0.1 M
sodium acetate and (b) in 0.1 M potassium chloride, 0.1 M potassium nitrate, and 0.1 M lithium
chloride at scan rate 100 mV s

The effect of the concentration of sodium acetate, as a supporting electrolyte, was also studied
in the range of 0.1-0.5 M keeping the pH at 8.0. When the measurements were performed in this
supporting electrolyte, a smaller peak height and current were obtained when increasing the
concentration of sodium acetate. This is presumably due to the fact that acetate ions form weak
complexes with Co(ll) [45] and therefore decreases the accumulation of Co(ll) as a Zn/Al-CPPA
nanocomposite complex at the electrode surface. The maximum and reproducible peak current of
Co(Il) was observed in a 0.1 M sodium acetate solution.

3.6 Effect of varying scan rates

The scan rate plays an important role on the sensitivity of the analysis. The variation of the
potential scan rate showed that the anodic peak current increased linearly with the scan rate in the
range of 10-100 mV/s. The plot of anodic peak currents vs. the scan rate (v) showed a very good
correlation (R% = 0.994) as shown in Figure 7, which, indicates that the electron transfer is controlled
by catalytic adsorption mechanism [46-48] and this is due to an enhancement of the mass-transfer rates
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of the metal ions to the electrode surface [49]. Such a behaviour is in agreement with the results
reported for the electrocatalytic oxidation of sulfhydryl compounds on the surface of modified CPEs
by phthalocyanine and schiff base complexes of cobalt [50,51]. The optimum condition conditions
obtained are summarized in Table 2.
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Figure 7. Effect of varying scan rates for carbon paste modified with Zn/Al-CPPA
nanocomposite in 0.1 M sodium acetate buffer of pH 8.0

Table 2. Optimization of the experimental conditions of the CV method for the determination of Co(ll)

Parameter Parameter examined Optimized
parameter

Renewal of electrode HCI, NaCl, H,O, NaNOs; Mechanical polishing
Mechanical polishing

Composition of CPPA 2.5%, 5.0%, 7.5%, 10% 7.5%

nanocomposite modified CPE

Type of supporting electrolyte CH3COONa, KCI, KNOjz CH3COONa
LiCl

pH of supporting electrolyte pH 4.5 - pH 11.0 pH 8.0

Concentration ~ of  supporting 0.1M-05M 0.1M

electrolyte

Scan rate 10 to 100 mV/s 100 mV/s

3.7 Calibration curve

The effect of different concentrations of Co(ll) was investigated in order to obtain the
calibration curve. Standard solution containing different concentrations of Co(ll) were prepared in pH



Int. J. Electrochem. Sci., Vol. 7, 2012 7806

8.0 solutions. A linear calibration graph was obtained in the concentration range of 1x10°% M - 1x107
M (R?= 0.989) as shown in Figure 8. The detection limit was found to be 1.26 x10°® M. The effects of
electrochemical method and working electrode used were investigated and summarized in Table 3. The

results obtained compared favourably if not better than many other reported electrodes.
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Figure 8. Plot of the anodic peak currents vs. Co(ll) concentration

Table 3. Comparison of the proposed electrode with the reported electrodes

12

renewable 10°® voltammetry free
Zn/Al-CPPA electrode
nanocomposite
electrode
52 Nitroso-S 1.871 x 10* - 1.8x10° Adsorptive Mercury-
complex carbon 3.3 x10° stripping free
paste electrode voltammetry electrode
53 Hanging mercury - 7.0x 107 Adsorptive Mercury-
drop electrode stripping based
voltammetry elecrode
54 Hanging mercury - 7.0x10° Catalytic Mercury-
drop electrode adsorptive based
stripping elecrode
voltammetry
26 Hanging mercury 3.0 x 10° -5.0x 1.7x10™ Adsorptive Mercury-
drop electrode 0" stripping based
voltammetry electrode
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3.8 Real samples analysis

The proposed method was applied to determine the presence of Co(ll) in drinking water,
mineral water and tap water samples (Table 4). The developed method was also validated with ICP-
OES (Agilent 720 Axial, Australia) and the results obtained from the developed method were observed
to be comparable with the ICP-OES method.

Table 4. Analysis of cobalt(I1) in water samples by the proposed electrode and the ICP- OES (n=3)

Cobalt(11)

Proposed Zn/Al-CPPA ICP-OES
nanocomposite modified electrode (ppb)
(ppb)

40.1£0.3 41.5+0.3
63.3+0.3 62.4+0.3
22.1+0.3 21.8+0.2

4. CONCLUSIONS

A new pencil-based renewable chemically modified CPE has been developed using Zn/Al-
CPPA nanocomposite for the determination of Co(ll) by cyclic voltammetry. The modified electrode
shows excellent sensitivity, low detection limit, broad working range together with non-toxic character.
The proposed method was applied for the determination of Co(ll) in various water samples and the
result obtained were comparable with the ICP-OES method. Therefore, the electrode can be considered
as an efficient voltammetric sensor for simultaneous determination of Co(ll) in biological compound
and water samples.
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