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Abstract. Polymelamine/gold nanoparticle modified carbon paste electrode (PM/AuNPs/CPE) 
has been developed for voltammetric study of ascorbic acid (AA). The PM/CPE was prepared 
onto carbon paste electrode surface via electropolymerization, then it has been deposited gold 
nanoparticle (AuNPs) via electrodeposition for PM/AuNPs/CPE. In pH 7.0 phosphate buffer, 
PM/AuNPs/CPE was oxidized during the cyclic potential sweep between 0.0 V and 1.5 V, 
forming polymer and gold nanoparticle at the carbon paste electrode (CPE) surface. The 
electrochemical behavior of ascorbic acid at the bare CPE, PM/CPE, AuNPs/CPE and 
PM/AuNPs/CPE were investigated.  The oxidation peak potential of ascorbic acid shifts to more 
negative potential at PM/AuNPs/CPE Moreover, the oxidation peak current significantly 
increases at PM/AuNPs/CPE. The PM/AuNPs/CPE electrode exhibits a quasi-reversible electron 
with a peak separation 130 mV. These fenomena indicate that PM/AuNPs/CPE shows highly-
efficient catalytic activity to the oxidation of ascorbic acid.  
 
Keywords: PM/AuNPs/CPE, Ascorbic Acid, Voltammetric Study 

 
 
 
1. Introduction 
Ascorbic acid (also called vitamin C) is an important water-soluble vitamin that widely distributed in 
fresh fruits and leafy vegetables. In the body, ascorbic acid is necessary for producing collagen, a protein 
that gives structure to bones, cartilage, muscle and blood vessels [1]. It is believed to be the primary 
antioxidant in human blood plasma. Otherwise, severe deficiency of ascorbic acid cause scurvy with 
following symptoms such as follicular hyperkeratosis, loosening of teeth, loss of hair as well as dry itchy 
skin nd takes part in several biological reactions [2]. Therefore, it is very important and interesting to 
study electrochemical behavior of ascorbic acid. Various approaches have been made to study 
voltammetry of ascorbic acid, for example voltammetric studies of ascorbic acid using an oracet blue 
modified glassy carbon [3], a cyclic voltammetric study of ascorbic acid using polyglycine modified 
carbon paste elecctrode [4], and poly(glutamic acid) modified carbon paste electrode [5], and graphene 
oxide/gold nanoparticle [6], carbon nanotube paste electrode [7], and carbon nanotubes-ionic liquid gel 
modified electrode [8], and TX-100 modified carbon paste electrode [9] but they explained incomplete 
voltammetric study of ascorbic acid, so we describe a cyclic voltammetric studies of ascorbic acid 
include pH and scan rate. 

Electrochemical methods for the determination of ascorbic acid are more selective, less expensive, 
and less-time consuming than other methods [10]. Carbon based electrodes are among the most 
commony used in voltammetric determination because of their low cost, wide potential windows, low 
electrical resistances, and versatility of chemical modification. The use of carbon paste as an electrode 
has been applied in the preparation for several purposes such as electrochemical sensors for the analysis 
of biologically important compounds [11]. 

The main objective of this work is to study electrochemical behavior of ascorbic acid utilizing the 
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excellent properties of polymelamine/gold nanoparticle modified carbon paste electrode 
(PM/AuNPs/CPE). To do so, polymelamine was electrochemically polymerized at the surface of carbon 
paste electrode (CPE). After that, Gold nanoparticles deposited at the surface of PM/CPE via 
electrodeposition. The electrochemical behaviors of ascorbic acid were examined at the bare CPE, 
PM/CPE, AuNPs/CPE, and PM/AuNPs/CPE. From the comparison, it was found that oxidation peak 
potential of ascorbic acid remarkably shifts negatively at the PM/AuNPs/CPE, indicative of highly-
efficient catalytic ability. Besides, the oxidation peak current of ascorbic acid significantly increases at 
the PM/AuNPs/CPE. This unique combined properties of polymelamine and gold nanoparticles are 
result into the high catalytic activity of ascorbic acid detection, and this proposed electrochemical sensor 
was further explored for practical application in the detection of ascorbic acid in urine sample. 
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2. Experimental Method 
2.1 Reagents and material  
All the chemicals were of analytical-reagent grade and used directly without further purification. Carbon 
nanopore was purchased from Puslitbang Bogor (Indonesia). Melamin was purcahed from Merck, 
ascorbic acid was purchased from Sigma, hydrogen tetrachloroaurate (HAuCl4) was dissolved gold 
granule by aqua regia (HCl: HNO3 = 3:1). Phosphate buffer solution 0,1 M with variations pH were 
prepared by mixing stock solution of NaH2PO4 and Na2HPO4, and adjusting with NaOH or H3PO4. Ultra 
high pure water (UHP) was used for all experiments.   
 
2.2 Apparatus  
All electrochemical experiments were performed with a model 201 electrochemical analyzer (Edaq e-
corder 201) with a conventional three-electrode system. The working electrode was a carbon paste 
electrode, platinum wire as the auxilary electrode, and Ag/AgCl as the reference electrode. Voltammetry 
Cyclic experiments employed from 0.0 V to +1.5 V. During all the experiments, the ascorbic acid 
solution was prepared freshly. The scanning electron microscopy (SEM) was used to see surface 
morphology electrode. 
 
2.3 Preparation of bare carbon paste electrode 
The carbon paste electrode was prepared by mixing 70:30 carbon nanopore:paraffin pastilles in watch 
glass to get homogeneous carbon paste. Then the paste entered into micro tip. Then, the carbon paste 
electrode was polished on a piece glossy paper to get equal surface. After that, carbon paste electrode 
was saved 24 hours. Before measurement, the carbon paste electrode was electrochemically cleaned by 
cyclic voltammetry, the potential between 0.0 V to 1.0 V vs Ag/AgCl in H2SO4 0,5 M at scan rate 100 
mV/s and 30 cycle (Scheme 1). 

2.4 Preparation of modified electrode (PM/AuNPs/CPE) 
The polymer-modified electrode at surface CPE was treated with cyclic voltammetry in the potential 
range of 0.0 – 1.6 V at 100 mV/s for 20 cycles in 1 mM melamine  (0.1 M NaOH). After that, PM/CPE 
was save for 24 hours (Scheme 1). Then, the PM/CPE was deposited by electrodeposition of gold 
nanoparticles with cyclic voltammetry in the potential range of -0.6 – 1.5 V at 50 mV/s for 12 cycles in 
6 mM HAuCl4 (0.1 M Na2SO4 and H2SO4). Finally, PM/AuNPs/CPE was washed with UHP to removed 
the physically adsorbed material (Scheme 1). 

 
3 Results and Discussion 
3.1  Electrochemical behaviors of Ascorbic Acid  
The electrochemical behaviors of ascorbic acid were studied using cyclic voltammetry at different 
electrodes. Figure 1 shows the cyclic voltammogram from ascorbic acid analysis was carried out in 
ascorbic acid solution with a concentration of 0.2 mM in a pH 7 phosphate buffer solution at a potential 
range of 0.0 V to +1.5 V and a scan rate of 100 mV/s at bare CPE, PM/CPE, AuNPs/CPE, and 
PM/AuNPs/CPE. The anodic peak potential value (Epa), cathodic peak potential (Epc), anodic peak 
current (Ipa), cathodic peak current (Ipc) and the separation of peak potential (ΔEp) values can be 
determined by figure 1. Epa, Epc, Ipa, Ipc, and ΔEp of 0.2 mM ascorbic acid analysis are shown in Table 1. 
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Figure 1. Cyclic voltammogram of 0.2 mM ascorbic acid in pH 7 phosphate buffer in bare 

CPE,  PM/CPE, AuNPs/CPE, and PM/AuNPs/CPE 
 

Table 1. The effect of variation of electrode types on analysis with 0.2 mM ascorbic acid  
solution on pH 7 phosphate buffer 

 
Electrode Ipa (µA) Epa (V) Ipc (µA) Epc (V) ΔEp (V) 
CPE 0.621 0.200 4.294 0.400 0.200 
PM/CPE 0.767 0.477 4.623 0.350 0.127 
AuNPs/CPE 1.666 0.408 7.121 0.270 0.138 
PM/AuNPs/CPE 4.820 0.389 15.867 0.259 0.130 

 
Based on the Table 1. It can be seen that the values of Ipa and Ipc on ascorbic acid analysis with 

modified electrode has a higher peak current than without modification. In Figure 1, the cyclic 
voltammogram of bare CPE is smaller (lowest current response) indicates that electron transfer on the 
electrode surface is very slow. PM/CPE has current higher than bare CPE, this is due to the presence of 
amine groups that interact with ascorbic acid. But, AuNPs/CPE has current higher than the bare CPE or 
PM/CPE electrodes because of AuNPs which provide better conductivity as a mediator of the electron 
transfer process. The modification polymelamine and gold nanoparticles catalyzes the ascorbic acid 
oxidation [12]. If we compare all of the electrodes, the result shows that modified electrode has the 
highest Ipa and Ipc and the lowest ΔEp is PM/AuNPs/CPE. Ipa and Ipc values of PM/AuNPs/CPE produced 
seven times and four times higher than bare CPE. On the other hand, PM/AuNPs/CPE was chosen 
because it has heteroatoms such as nitrogen present in the conducting polymers interact with metal 
nanoparticles to form a complex to stabilize the nanoparticles because its high stability and abundant 
nitrogen functional groups [12,13]. 

 
3.2 Effect of pH  
The electrochemical reduction of ascorbic acid in pH 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0 phosphate buffer 
(0.1 mol l-1) was studied. Figure 2 (A) shows the cyclic voltammogram of ascorbic acid at 
PM/AuNPs/CPE with pH values. Figure 2 (B) insert shows curve the effect of pH value on the oxidation 
peak current of ascorbic acid (Ipa). When pH value gradually increases from 5.0 to 7.0, the oxidation 
peak current of ascorbic acid also gradually increases. As further increasing the pH value from 7.5 to 
8.0 the reduction peak current slightly decreases. Thus, pH 7.0 phosphate buffer was used for the optimal 
pH of ascorbic acid.  
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Figure 2. (A) Cyclic voltammogram of ascorbic acid 2.10-4 mol l-1 with pH values; (B) Curve the 
anodic peak current (Ipa) of ascorbic acid vs pH; (C) Curve anodic potential (Epa) of ascorbic acid 
and pH values). 
 

 
Figure 2 (C) shows curve the anodic peak potential (Epa) is shown to shift linearly in the more 

negative direction as the pH increases which proves that the proton takes part in the reaction on the 
surface of the electrode. The equation in the curve is Ep (V) = -0,059x + 0.7651. The slope value of -
0.059 refers to the same number of protons and electrons. This is equal with the Nernst equation, Ep (V) 
= -0,059 (m/n) pH + E0, where m and n are the number of protons and electrons. So that there is 
compatibility with the mechanism of ascorbic acid in Figure 3. 
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3.3 Effect of scan rate 
The effect of scan rate to studied kinetic aspects, reaction mechanisms, and scan rate optimization of 
ascorbic acid analysis on the surface of PM/AuNPs/CPE electrodes using cyclic voltammetry 
techniques. Measurements of scan rate optimization were carried out three times repetition in 0.2 mM 
ascorbic acid in phosphate buffer pH 7 with a potential range of 0.0 V to +1.5 V at scan rates of 10, 50, 
80, 100, 150, 200, 250, 300, 350, 400, 450 and 500 mV/s. The voltammogram of ascorbic acid 0.2 mM 
in PBS (0.1 mol L-1) pH 7 in variation scan rate can be seen in Figure 4 (A). 
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Figure 4. (A) Cyclic voltammogram ascorbic acid 0.2 mM in pH 7 phosphate buffer at various scan rates, 
(B) Curve between the scan rate and the anodic peak current value (Ipa) and the cathodic peak current (Ipc) 
and  (C) The relationship curve between log Ipa and log ʋ. 
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 The scan rate is related to the increase in the diffusion rate of the species to the electrode. A high 
scan rate causes the thinness of the diffusion layer to be produced so that the transfer of electrons to the 
electrode surface becomes easier and the resulting peak current is also greater. On the other hand, at a 
small scan rate, the thickness of the diffusion layer is produced, which inhibits the electron transfer 
process on the surface of the electrode and the resulting peak current is small. Based on Figure 4, it is 
known that the scan rate affects the peak values of anodic and cathodic currents, the peak of the current 
increases with the higher scan rate given. The relationship curve between the scan rate and the anodic 
peak current value (Ipa) and the cathodic peak current (Ipc) are shown in Figures 4 (B). 

 Relevant studies indicated that the electro-catalysis of ascorbic acid was greatly involved with 
the slope value of log Ipa- log ʋ [14]. The relationship curve between log Ipa and log ʋ (Figure 4 (C)) 
shows the reaction that occurs on the surface of the working electrode. The criteria that show the 
diffusion-control reaction on the working electrode surface are if the relationship between log Ipa and 
log ʋ shows a linear result with a slope value close to 0.5. For slope values equal to 1 indicates the 
adsorption reaction and if the slope value is between 0.5 to 1.0, it is included in the process of mixing 
diffusion and adsorption [14]. In the analysis of 0.2 mM ascorbic acid with PM/AuNPs/CPE electrodes 
produced a slope of 0.5433 which indicates that the reaction that occurs on the surface of the electrode 
is a mixture of diffusion and adsorption reactions but diffusion control is more dominant. 

 Epa and Epc values experience a potential shift as the scan rate increases used in the ascorbic acid 
analysis process. Large and small potential values are influenced by electron transfer kinetics, if the 
electron transfer kinetics is slow, the magnitude of the peak potential separation will be greater and 
increase in accordance with the increase in scan rate. Determination of the optimum scan rate in ascorbic 
acid analysis is based on Ipa/Ipc values and ΔEp values. The reaction on the surface of the working 
electrode is said to be reversible if the Ipa/Ipc value approaches 1 and if the anodic and cathodic peak 
potential separation values (ΔEp) are less than 59 mV/n, then the redox reaction includes reversible 
reactions [15]. If the anodic and cathodic peak potential separation values (ΔEp) are greater than 59 mV, 
the redox reaction is said to be a quasi-reversible reaction [16]. On the contrary the working electrode 
is said to be irreversible if the Ipa/Ipc value is less than 1 and ΔEp is greater than 59 mV. The results of 
the analysis of the effect of the scan rate on ascorbic acid showed the scan rate underwent a quasi-
reversible reaction because the Ipa/Ipc value was less than 1 and ΔEp was greater than 59 mV and The 
most optimum result of ascorbic acid analysis is the scan rate of 100 mV/s because it has Ipa/Ipc  1.051 
µA which closed to 1 and ΔEp is 0.130 V. 

 
4. Conclusion 
The experimental results reported here clearly demostrated that the oxidation of AA was facilitated by 
the electrodeposition AuNPs and electropolimerization polymelamine on carbon paste elecrode. The 
PM/AuNPs/CPE electrode exhibits a quasi-reversible electron with a peak separation 130 mV. The 
result shows that PM/AuNPs/CPE for ascorbic acid is optimum at PBS pH 7.0. The anodic peak potential 
shifted towards the negative shifts in the oxidation potential. The best of scan rate’s ascorbic acid on the 
surface of PM/AuNPs/CPE is 100 mV/s. 
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