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Abstract- Graphite/AgCl composite is described as an efficient electrocatalyst for the 
electroxidation of oxalic acid (OA). Graphite/AgCl was synthesized by the precipitation of 
AgCl on graphite sheet via drop wise addition of Cl- into an Ag+ solution, containing 
dispersed graphite. The material obtained was characterized by scanning electron 
microscopy. The composite was mixed with mineral oil as binder and used as carbon paste 
electrode for electrocatalytic oxidation of OA. The composite electrode exhibited appropriate 
catalytic activity for the electrooxidation of OA, leading to a substantial increase in anodic 
peak current, in comparison with the unmodified carbon paste electrode. Electrochemical 
impedance spectroscopy showed a substantial decrease in charge transfer resistance of OA 
oxidation at graphite/AgCl composite electrode, compared to that graphite paste electrode. 
The electrode showed appropriate selectivity compared to some compounds like citric acid, 
lactic acid, ascorbic acid and tartaric acid. Cyclic voltammetry at different scan rates and also 
various pH conditions gave some evidences about the mechanism electrooxidation of OA at 
graphite/AgCl electrode.  

Keywords– Nanocomposite, Graphite, Oxalic acid, Electrocatalyst, Carbon paste  
 
 

Analytical & 
Bioanalytical 
Electrochemistry 

 
2018 by CEE 

www.abechem.com  



Anal. Bioanal. Electrochem., Vol. 10, No. 7, 2018, 840-850                                              841 
 

1. INTRODUCTION  

Oxalic acid (OA) can be found in various sources such as plants, animals and microbes. 
High levels of OA in the digestive system lead to formation of kidney stones due to its ability 
to easily combine with Ca2+ and Mg2+ and form sparingly soluble precipitates. Hence, 
accurate assay of OA amount is important in ordering of a rational diet and controlling of 
food qualities. It is also important in diagnosis and prevention of renal stone formation.  

Different approaches have been proposed to accord the growing demands for OA 
measurements, such as spectrophotometry [1,2] gas/liquid chromatography, [3,4] and 
enzymatic methods [5,6]. However, the practical applications of these methods are limited by 
relatively high cost and delicate procedures, compared to electrochemical techniques. Over 
the past decade, electrochemical methods have attained wide acceptance due to their high 
selectivity and sensitivity for the detection of wide variety of chemical compounds.  

Carbon based electrochemical transducers have been widely used in electrochemical 
sensing field, due to their wide potential window, low cost and chemical inertness [7-9]. 
Several carbon electrodes such as boron-doped diamond [10] and acid-pretreated carbon 
nanotubes [11] have been studied for electrochemical oxidation of OA. In spite of the 
appropriate stability and low detection limit of these electrodes, OA electroxidation by them 
needs high overpotential and it is dependent on the pretreatment of the carbon materials [12]. 
Many other modified electrodes were proposed to lower the overpotential for OA oxidation, 
such as the exfoliated graphite-polystyrene composite [13] and the Ti/PbO2 [14] electrodes. 
Palladium nanoparticles, deposited on the traditional electrodes have been also utilized for 
the electrocatalytic oxidation of OA [15–20].  

In the present paper, a new electrochemical sensing platform was proposed for OA 
determination, based on the electrocatalytic oxidation of OA on graphite/Ag/AgCl 
nanocomposite-modified electrode. This electrode exhibited attractive performances for OA 
detection, such as very high sensitivity and good selectivity (against urea, glucose, citric acid 
and uric acid), compared to previously reported OA sensors.  
 

2. EXPERIMENTAL 

2.1. Apparatus and chemicals 

A computerized hand-held, Drop Sens potentiostat/galvanostat (Palm Instruments BV, 
Spain), interfaced with a laptop, was employed for the voltammetric measurements. 
Electrochemical techniques executed were controlled by the Drop Sens PC software, Drop 
view. A conventional three-electrode system was employed for the electrochemical 
measurements. Graphite/Ag/AgCl paste electrode was employed as the working electrode. A 
platinum rode and an Ag/AgCl electrode were used as the counter and reference electrodes, 
respectively.  
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Electrochemical impedance spectroscopy (EIS) measurements were performed by 
AUTOLAB PGSTAT302 and GPES 4.9 software. The above described electrodes were also 
used in the EIS experiment. The EIS analysis were carried out in the solution of H3PO4 (0.05 
mol L-1) containing also oxalic acid (5 mmol L-1), at frequency range of 5 mHz-100 kHz, 
ΔEac=50 mV and dc potential of 1.3 V.   

Graphite powder (Merck, Germany) was used as a support for the deposition of Ag/AgCl 
nanoparticles. Oxalic acid (OA, purified grade), uric acid (UA, analytical grade), urea 
(analytical grade), glucose (analytical grade), citric acid (reagent grade), H3PO4 (85%, 
analytical grade) and NaOH (analytical) used in this study were from Merck (Germany).  
 

2.2. Preparation of graphite/AgCl composite 

For the preparation of AgCl coated graphite material, 1 g of graphite powder was 
weighted and transferred to a beaker containing 100 mL of distilled water/methanol (90:10). 
The mixture was stirred for 10 min to disperse the graphite powder in the solvent mixture. 
After, the solution of Ag+ (25 mL, 0.1 mol L-1) was consecutively added to the mixture, while 
it was stirred continuously. This was followed by adding of KCl solution (25 mL, 0.1  
mol L-1) to the mixture drop by drop. The material obtained was then separated by 
centrifuging and washed several time with water and then dried in an oven.  
 

2.3. Preparation of the electrode 

Graphite/AgCl paste electrode was prepared by mixing of the synthesized graphite/AgCl 
powder and mineral oil at the ratio of 70/30 (w/w). The paste was carefully hand-mixed in a 
mortar and then packed into a hole (4.5 mm in diameter), located at the end of an electrode, 
previously heated to about 45 ◦C. After cooling of the paste, the excess of solidified paste was 
smoothed by a paper sheet. The paste electrode could be reused, after its surface rubbing via a 
paper sheet in order to remove away a thin layer of the electrode surface. 
 

2.4. Analytical procedure 

The graphite/AgCl composite electrode was first activated in the blank solution (H3PO4, 
0.05 mol L-1) by cyclic voltammetry executing between 1.0 and +1.5 V vs. Ag/AgCl 
electrode, until stable cyclic voltammograms were obtained. Then, the electrode was used for 
OA oxidation in 0.05 mol L-1 of H3PO4 solution. All measurements were carried out at room 
temperature. 
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3. RESULTS AND DISCUSSION 

3.1. Characterization of graphite/AgCl by scanning electron microscopy 

Scanning electron microscopy image of the graphite/AgCl composite is shown in Fig. 1. 
This image shows clearly that the nanostructured AgCl particles are deposited on graphite 
sheets surface as well as on their edges. Such a condition not only increases the surface area 
of the nanocompoite-based electrode but also bring the nanostructured AgCl into an interface 
to influence effectively the charge transfer events, happing on the electrode surface.  

 

 
 

Fig. 1 scanning electron microscopy image of the nanocomposite of graphite/AgCl 
 

 
 
Fig. 2. comparison of cyclic voltammetry responses of graphite paste and graphite/AgCl 
paste electrodes to 0.5 mmol L-1 of OA in the presence of 0.05 mol L-1 of H3PO4 solution 
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3.2. Electrocatalytic oxidation of oxalic Acid 

Fig. 2 represents the cyclic voltammetry response of oxalic acid at two different 
electrodes including graphite, graphite/AgCl paste electrodes. It can be seen that oxalic acid 
exhibits very small oxidative peak at carbon paste electrode at potential of about 1.2 V. 
Utilizing of graphite/AgCl electrode to oxalic acid oxidation, leads to a well-defined peak 
whose related current signal is significantly increased, meaning that presence of AgCl 
material on the graphite sheets gives rice to facilitate the oxalic acid oxidation on the related 
paste electrode. Such described observations may be related to the electrocatalyic activity of 
AgCl for electroxidation of OA.  

Electrochemical impedance spectroscopy was also carried out to extract impedance and 
capacitance characteristics of the previously described paste electrodes, utilized for the 
electrocxidation of OA. The obtained results are depicted in Fig. 3 as the Nyquist plots. The 
EIS data were also modeled using some equivalent circuits and the best circuits, capable of 
properly fitting to the impedance data, were depicted also in the inset of Fig. 3. Furthermore, 
the values of the elements of the equivalent circuits, obtained as a result of the described 
fitting, are summarized in table 1.  

 

 
 
Fig. 3. electrochemical impedance spectroscopy behaviors (Nyquist plots) of the graphite 
paste and graphite/AgCl paste electrodes in the presence of 1.0 mmol L-1 of OA and 0.05 mol 
L-1 of H3PO4 solution  
 

Different elements including a solution resistance (R1), a constant phase element, related 
mainly to the polarization of the geometric capacitor (CPE1), a constant phase element 
assigned to the electric double layer (CPE2), a bulk resistance (Rb) and a charge transfer 
resistance (Rct) are present in the equivalent circuit, correlated to the impedance data of 
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graphite and graphite/Ag/AgCl paste electrodes. The electrical double layer and geometrical 
capacitor were replaced by a constant phase element (CPE) in order to fit efficiently the data 
to the electrical circuits. Equation 1 describes the impedance of a constant phase element. 

ZCPE = 1/[T(jω)P]                                                                                                                      (1) 

Where ω, p (CPE-P) and T (CPE-T) are radial frequency, CPE exponent and CPE 
parameter, respectively. Constant phase element characteristic is generally ascribed to the 
time-constant distributions, rooted in interfacial heterogeneity and it’s extent is described by 
the deviation of the exponent “p” from the ideal capacitive behavior (p=1) [21].  
 
Table 1 values of the elements of the equivalent circuits, compatible with different depicted 
electrodes, calculated by fitting of the circuit models to the impedance data 
 
Electrode      Rs

a Rp
b Rct

c CPE 1 CPE 2    

    CPE-T d CPE-P CPE-Te CPE-P W-Rf W-T W-P 

Graphite 44.1 0.185 50.2 54.4 1.3 9.2 0.81    

Graphite/AgCl       41.5 - 17.7 - - 8.2 0.80 1.3 0.42 0.74 

 
 The impedance data of high frequency region at the complex plane plot (Nyquist plot, Z" 

vs. Z') is ascribed to the bulk resistance (Rb) in parallel with CPE1 which normally accounts 
for conductive pathways across the carbon wax/polymeric particles. The charge transfer 
resistance (Rct) in parallel with second constant phase element (CPE2) is the electrochemical 
characteristics of double layer structure, formed at the electrode/solution interface. The 
impedance data of this combination is obtained at relatively low frequency region in Nyquist 
plot.  

Compared to the graphite paste electrodes to somewhat simpler circuit is obtained for the 
graphite/AgCl paste electrode, according to the related impedance data. It can be seen that in 
this case, either Rb or CPE1 is absent in the related circuit. However, in these cases including 
of new element of Warburg impedance, describing the diffusion resistance of the 
electroactive species, was found to be necessary to model the impedance data. Warburg 
impedance depends on the frequency of the potential perturbation and it is significant at very 
low frequency region [22]. Warburg impedance is defined by equation 2: 

 ZW=R.tanh([jTω]p)/(jTω)p                                                                                                     (2) 
    

Where, R (W-R) is the value of real part of impedance (Z') at very low frequency; T (W-
T) is the diffusion interpretation of Warburg element and p (W-P) is an exponent part [23,24]. 
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According to the explained results, the charge transfer rate of the electrooxidation of oxalic 
acid increases by replacing of graphite paste electrode (Rct=50.2 kΩ) with graphite/AgCl 
paste electrode (Rct=17.7 kΩ). These results are in good accordance with the CV results 
shown in Fig. 2 (described previously).  
 

3.3. Investigation of the electrochemical reaction mechanism 

The effect of the scan rate varying (from 10 to 190 mV s−1 ) on the voltammetric response 
of the graphite/AgCl paste electrode in a solution containing 0.5 mmol L−1 of OA was studied 
(Fig. 4(I)). It is evident that the anodic currents increase and the related peak potentials shift 
to positive values, as the scan rate increases. This observation, suggests a kinetic limitation in 
the reaction between the redox sites of silver/silver chloride and OA. 

  

 
 
Fig. 4. cyclic voltammetry response of AgCl-CPE at various scan rates including: 10-190 
mVs-1(I); the plot of peak current versus υ1/2 (II) and scan rate normalized current (I/v1/2) vs. 
the scan rate (III) for the AgCl-CPE, immersed in solution containing OA (0. 5 mmol L-1) and 
phosphate buffer (50.0 mmol L-1, pH=5)  
 

When peak current values were plotted against v1/2 (Fig. 4(II)), a linear relationship with 
R2= 0.9921 was obtained. This behavior hints that the oxidation process is ruled by diffusion 
which is a desirable case for quantitative applications. Moreover, a plot of the scan rate 
normalized current (I/v1/2) vs. the scan rate, exhibits the typical shape of an electrochemical 
(EC′) catalytic process (Fig. 4(III)) [23].  
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The pH dependence of anodic peak potentials for oxalic acid on the graphite/Ag/AgCl 
electrode was examined in the pH range of 2-7. It was seen that the peak potential values was 
independent of pH between pH=2 and pH=5. However, after pH=5, the peak potential started 
to increase indicating that two different electroxidation mechanism controls the OA oxidation 
depending on pH condition. Moreover, the oxidation current was increased slightly up to 
pH=5 and then it dropped distinctly.   

Based on some previously reported studies [20] as well as the results described earlier, 
the following electrochemical mechanism is proposed for OA oxidation at the graphite/AgCl 
paste electrode. 

2AgCl(s) + H2C2O4 (aq) ↔ Ag2C2O4 (ads) +2 Cl-
(aq) + 2H+

(aq)                        (3) 
2Ag+→2Ag2+ + 2e-               (4) 
2Ag2+ + C2O4

2-
→ + 2CO2 + 2Ag+               (5) 

We think that OA adsorption on the electrode surface is the key step in the 
electrooxidation process [25]. However, such an adsorption phenomenon seems to be 
relatively fast; since, it cannot dominate the current response obtained. As stated earlier, the 
peak current values, plotted versus v1/2 (Fig. 4(II)), is linear. The adsorption mechanism 
seems to be the exchange of oxalate with chloride ion, leading to creation of Ag2C2O4 instead 
of AgCl in the electrode surface, according to Eq. 3. 

The oxalate species up-taken by the electrode via the above described mechanism can 
also undergo an electrocatalytic oxidation, described by equation 4 and 5. As shown, 
electrochemical oxidation of Ag+ leads to creation of unstable Ag2+ species  which then 
interact with oxalate ions and makes them to be oxidized, creation again Ag+ ions and two 
carbon monoxide molecules.  
 

3.4. Investigations the selectivity of oxalic acid electroxidation by the electrode 

In order to investigate the electrode selectivity in OA electroxidation some other 
compounds including citric acid, tartaric acid, ascorbic acid and lactic acid were also checked 
for their electroxidation capabilities on the graphite/AgCl based electrode surface. The results 
obtained are represented in Fig. 5. It is clear that lactic acid, ascorbic acid and tartaric acid 
create no distinguishable signal at the electrode. Citric acid seems to be oxidized at the 
electrode surface; however, the signal related to citric acid is significantly lower than that of 
oxalic acid. Furthermore, the peak potential of citric acid is also separated from that of oxalic 
acid, indicating that citric acid cannot affect oxalic acid oxidation signal. These results 
confirm that the electrode has appropriate selectivity in OA oxidation. 
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Fig. 5 cyclic voltammetry response obtained for oxalic acid, citric acid, ascorbic acid, lactic 
acid and tartaric acid at the same experimental conditions for the evaluation of selectivity of 
OA electroxidation 
 

3.5. Evaluation of dependence of electrode signal on OA concentration 

Fig. 6 shows the cyclic voltammograms, obtained by the graphite/AgCl based electrode at 
various concentrations of OA. It can be seen that the current signals of CV grams increase by 
increasing of OA concentration. Moreover, as shown in Fig. 6 (II), there is a linear 
relationship between the oxidative current magnitude and oxalic acid concentration at the 
concentration range of 0.01-1 mM (correlation coefficient=0.9955). These results show that 
the electrode can be used for quantitative determination of OA in aqueous solutions in wide 
concentration range. 
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Fig. 6. CV responses of AgCl-CPE to different concentrations of OA, recorded in the 
solution containing phosphate buffer,50.0 mmol L-1, pH=5 (I); the linear range of the 
calibration curve (II) 

 

4. CONCLUSION 

In summary, it was demonstrated that graphite/AgCl nanocomposite could be used as a 
highly efficient electrocatalyst for oxalic acid oxidation. It was shown that presence of AgCl 
led to significantly decrease in the charge transfer resistance of OA at the electrode surface. It 
was also demonstrated that the oxalate ions are adsorbed by AgCl to the electrode surface 
before initiation of electroxidation processes. It seems that Ag+ conversion to unstable Ag2+ 
species during positive potential applying to the electrode is the key factor for OA 
electroxidation.  
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