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Abstract: Uric acid (UA) detection is quite important in humans as high blood concentrations of UA 

called Hyperuricemia can lead to Gout, diabetes and formation of kidney stones etc. In the present 

work, a sensitive and selective method is presented for the voltammetric determination of UA in the 

presence of ascorbic acid (AA) and dopamine (DA) using a carbon paste electrode (CPE) modified 

with benzoic acid in 0.1 M phosphate buffer solution (PBS) of pH 7 by electropolymerisation. The 

obtained poly(benzoic acid) modified carbon paste electrode (PBA/CPE) showed excellent electro 

catalytic activity for the selective detection of UA in the presence of AA and DA and it also showed 

good reproducibility. Its sensitivity increased 2.33 folds for the detection of UA compared to bare 

carbon paste electrode (BCPE). Effect of variation of scan rate on the peak current indicated that the 

electrode process is both diffusion controlled and adsorption controlled. The detection limit (LOD) and 

quantification limit (LOQ) of the present technique were found to be 3.33×10-7 M (0.333 µM) and 

1.11×10-6 M (1.11 µM) respectively for UA. pH effect suggested that equal number of protons and 

electrons were involved in the electrochemical oxidation of UA. The percentage of recovery of UA in 

real sample analysis i.e. in human urine is quite good and was found to be 100.5% using PBA/CPE. 

Thus, the selectivity, reproducibility and sensitivity of the PBA/CPE provide a good possibility for 

applying the technique in the routine analysis of selected class of electro active biomolecules. 
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Introduction 

Uric acid (2, 6, 8-trihydroxy purine) is the final oxidation product of purine metabolism in the 

human body
1,2

. The electro active UA (uric acid) can be irreversibly oxidized in aqueous solution 

and the major product of oxidation is allantoin
3,4

. This is one of the major products monitored in 

urine and blood. UA concentration  changes  are  associated with the altered metabolism of 
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purines that are related to numerous illnesses and physiological disorders
5
. Therefore, its 

determination in physiological fluids is necessary in the diagnosis and treatment of diseases 

such as hyperuricemia, gout, Lesch-Nyhan syndrome
6
 and heavy hepatitis. UA is also a marker 

for renal failure as well as toxicity. Hence, it is very important to develop effective techniques 

to determine the presence of UA in urine and blood. In recent years, various techniques have 

been employed for quantification of UA including fluorescence
7
, specrophotometry

8,9
, high-

performance liquid chromatography (HPLC)
10

, flow injection
11

, capillary electrophoresis
12

 and 

electrochemical methods
13,14

. However, in the assay of UA, the electrochemical methods suffer 

from inferior selectivity because of the presence of AA and DA, as these coexist with UA in 

the physiological fluids and whose oxidation potentials always are close to UA
15

. Several 

attempts have been made to separate the oxidation peak potentials of UA, AA and DA
16,17 

electrochemically. Among these methods, using electro active polymer coated electrode, to 

determine UA in the presence of AA and DA displayed excellent selectivity and sensitivity. 

For some time CPEs modified with different materials are also widely used for the said 

purpose. CPEs were first reported in 1958 by Adams
18

. Science then it is being widely used in 

electrochemical research due to its often cited advantages of low ohmic resistance, large 

potential window and ease of modification
16,19

. Ease of the modification is one of the valuable 

features of CPE as this process gives well developed surface for CPE, which has a high 

adsorbptivity for the substances
20

. 

 In the present study, CPE was modified with benzoic acid by electropolymerisation 

using cyclicvoltammetry (CV) in 0.1 M PBS of pH 7 in the potential window of -0.8 V to 

1.2 V. The prepared PBA/CPE showed an excellent electro catalytic activity for the 

oxidation of UA, AA and DA. The results indicate that the modified electrode could be used 

to detect UA in the presence of AA and DA in routine analysis without any problem with 

greater sensitivity, selectivity and reproducibility. 

Experimental 

Uric acid and benzoic acid were obtained from Himedia chemical company. Dopamine 

hydrochloride and ascorbic acid were purchased from Merck. All other chemicals used in 

this investigation were of analytical grade and used without further purification. The 

supporting electrolyte used for all experiments was 0.1 M phosphate buffer solution. It was 

prepared by mixing 0.2 M sodium dihydrogen phosphate (NaH2PO4) and disodium hydrogen 

phosphate (Na2HPO4) stock solutions in appropriate quantities.  The aqueous solutions were 

prepared with double distilled water. 

Instrumentation 

CHI610D electrochemical analyser controlled by a personal computer was used for 

cyclicvoltammetric (CV) and differential pulse voltammetric (DPV) measurements. A 

conventional three electrode cell was used for the investigation. Standard calomel electrode 

(SCE) was used as a reference electrode, a bare and poly (benzoic acid) modified carbon 

paste electrodes as working electrodes and a platinum wire as counter electrode. Systronics 

made digital pH metre MKV1 was used for the pH measurements of the solutions. The 

surface morphology of BCPE and PBA/CPE were studied using scanning electron 

microscopy (SEM). 

Preparation of bare carbon paste electrode  

Graphite powder and silicon oil were taken in the ratio of 70:30 (w/w) and thoroughly hand 

mixed  using an  agate  mortar to get a  homogeneous paste. This paste was filled in to a hole  
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3 mm internal diameter and 5 mm depth made in a PVC rod on one side. The electrical 

contact to the paste was provided with a copper wire and the surface of the electrode was 

smoothened by polishing on a weighing paper. Thus, the BCPE was prepared.  

Preparation of poly(benzoic acid) modified carbon paste electrode   

The BCPE prepared as described above was immersed in 1 mM benzoic acid solution in      

0.1 M PBS of pH 7 for electroploymerisation. The electroploymerisation was enforced under 

sweeping from -0.8 V to 1.2 V at the scan rate of 50 mV/S for 15 cycles using cyclic 

voltammetry. The electropolymerisation was successful with the formation of a thin polymer 

layer on the surface of the CPE. The polymer layer formation was confirmed with SEM. 

After polymerization, the modified electrode was thoroughly rinsed using double distilled 

water to remove any traces of unreacted benzoic acid and used for the determination of UA 

in the presence of AA and DA.  

Results and Discussion 

Electropolymerisation of benzoic acid at the surface of carbon paste electrode 

As described above electropolymerisation was carried out on BCPE to get PBA/CPE. The 

resulting CV is shown in Figure 1. In the first cycle a broad voltammogram was obtained, 

which went on decreasing from second cycle and stabilized at the end. The gradual decrease 

of voltammograms as the number of cycles increases shows that benzoic acid was deposited 

on the surface of CPE. The stabilization at the end indicated that the polymer film formed 

adjusted itself well on the CPE
21

. 

 
 

Figure 1. Cyclic voltammogram for the electropolymerisation of benzoic acid on bare 

carbon paste electrode for 10 cycles at the scan rate of 50 mV/S 

 The formation of polymer film of benzoic acid was confirmed with SEM. Figure 2(A) 

and 2(B) shows the surface morphology of BCPE and PBA/CPE. From the Figure 2(A) it is 

evident that surface of BCPE is uneven with flakes of graphite seen, whereas the surface of 

PBA/CPE is smooth and quite even as shown in Figure 2(B). 

 The reaction mechanism of formation of polymer film of benzoic acid can be explained 

as follows. One of the double bonds in the benzene ring of benzoic acid gets cleaved 

homolytically to get a biradical at the surface of CPE and the free radicals then combine 

with the surface of CPE and the other benzoic acid molecules rapidly resulting in the 

formation of a stable polymer film as shown in Scheme 1. 
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 Figure 2. Scanning electron microscopic images of A) bare carbon paste electrode,  

B) poly(benzoic acid) modified carbon paste electrode 

 

Scheme 1. Polymerisation mechanism of benzonic acid 

 Investigation of effect of number of cycles of polymerization on sensitivity for the 

determination of UA was carried out. It was found that for 15 cycles of polymerization, the 

electrode showed maximum sensitivity for UA in pH 7 PBS. Figure 3(A) shows the effect of 

number of cycles of polymerization on sensitivity whereas Figure 3(B) shows the 

corresponding CVs. It is visible from Figure 3(A) that up to 15 cycles of polymerization the 

anodic peak current increased, at 15 cycles the current response was maximum and after that 

the current response decreased. The initial increase of current may be due to gradual 

covering of the surface of BCPE with poly (benzoic acid) film and thus leading to gradual 

increase in the number of active sites of –COOH functional group. This functional group 

enhances the rate of oxidation of UA by interacting with it through H-bonds. This leads to 

increase in current. This is shown in Scheme 2. At 15 cycles probably the entire surface was 

covered with polymer film of benzoic acid which meant that there was maximum number of 

–COOH active sites. Hence, at this point there was maximum current response. However, 

after 15 cycles the current decreased as there was no further increase of number of active 

sites and also the thickening of polymer layer might have decreased the permeability. 
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Figure 3. (A) Dependence of anodic peak current on the number of cycles of polymerisation 

for uric acid detection , (B) Voltammograms for the detection of uric acid depending on the 

number of cycles of polymerization (a-f : 0, 5, 10, 15, 20 and 25 cycles) 

Electrochemical characterization of poly(benzoic acid) modified carbon paste 

electrode 

The electrochemical response of potassium ferrocyanide at bare and PBA/CPE were 

recorded in the potential range of -0.2 V to 0.6 V at 50 mV/s scan rate and is shown in 

Figure 4. The electrochemical response was poor at BCPE (solid line curve) with reversible 

behavior in 1 M KCl as supporting electrolyte. However, the response at PBA/CPE (dashed 

line curve) improved by 1.42 folds. At BCPE, the anodic (Epa) and cathodic (Epc) peak 

potentials were 0.409 V and 0.237 V respectively. The separation of redox peak potentials 

(∆Ep) was 0.172 V and the ratio of peak currents Ipa/Ipc was 1.50. At PBA/CPE, the peak 

currents increased many folds whereas separation of peak potentials (∆Ep) remained 

unchanged and Ipa/Ipc was 1.43. The Ipa/Ipc value at PBA/CPE (1.43) approached more 

close to one than that of BCPE (1.5). These facts indicate that the redox process of 

potassium ferrocyanide has become more reversible at PBA/CPE.  

 
 

Figure 4. Cyclic voltammogram of 1 mM potassium ferrocyanide solution in 1 M KCl at 

bare carbon paste electrode (solid line curve) and poly(benzoic acid) modified carbon paste 

electrode (dashed line curve) at the scan rate of 50 mV/s 

 In order to obtain the effective surface areas of BCPE and PBA/CPE, CV experiments 

were performed with both the electrodes separately at various scan rates using 1 mM 

potassium ferrocyanide solution. Randles-Sevick equation (eq.1) was used to calculate the 

effective surface areas. 
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 For potassium ferrocyanide ([Fe(CN)6
-3

]/([Fe(CN)6
-4

]), n(number of electrons 

transferred) =1, C0(concentration of the solution) = 1×10
-6

 mol.cm
-3

 and D (diffusion 

coefficient) = 1.6558×10
-4

 cm
2
s

-1
. Using these values effective surface areas of BCPE and 

PBA/CPE were calculated to be 0.3080 cm
2
 and 0.4479 cm

2
 respectively indicating that 

polymerization has increased the surface area. Hence, this leads to amplified anodic and 

cathodic peak currents for potassium ferrocyanide at PBA/CPE. 

Electro catalytic response of UA at poly(benzoic acid) modified carbon paste 

electrode 

UA being easily oxidisable, its voltammogram was recorded in the potential range of -0.1 V 

to 0.6 V using 0.1 PBS as a supporting electrolyte at 50 mV/S scan rate and is shown in 

Figure 5(A).  Solid line curve represents the voltammetric response at BCPE and dashed line 

curve represents the response at PBA/CPE for 1 mM UA solution. There is clear 

improvement in the redox peak currents at PBA/CPE compared to BCPE by 2.33 folds. At 

BCPE, UA underwent nonreversible oxidation at Epa of 0.460 V. At PBA/CPE the 

electrolytic process became reversible with ∆Ep of 0.78 V. Enhancement in the redox peak 

currents for UA at PBA/CPE could be attributed to hydrogen bond formation at modified 

electrode between -COO
-
 active sites on modified electrode and –NH hydrogens in UA 

molecules. This mechanism is shown in Scheme 2.  

 
 

Figure 5. (A) Cyclic voltammogram of 1 mM uric acid in 0.1 M phosphate buffer solution 

of pH 7 at bare carbon paste electrode (solid line curve) and poly (benzoic acid) modified 

carbon paste electrode (dashed line curve) at 50 mV/s scan rate, (B) Cyclic voltammograms 

of 1mM uric acid for 15 multiple cycles in 0.1 M phosphate buffer solution of pH 7 at        

50 mV/s scan rate to test the stability of the electrode 

 The stability and reproducibility of the PBA/CPE was tested by running 15 sweep 

cycles in the potential window of 0.1 V to 0.6 V for 1mM UA solution in 0.1 M pH 7 PBS at 

50 mV/s scan rate. As shown in Figure 5(B), the CV curves, except for first few cycles, were 

overlapping indicating that the electrode is fairly stable for the determination of UA. 

Effect of scan rate 

The effect of scan rate was studied to understand the electrode process and verify whether 

diffusion is the only controlling factor for mass transport or not. Hence, the voltammogram 

of UA was recorded by varying the scan rate from 50 mV/s to 400 mV/s at PBA/CPE in the 

potential range of -0.1 V to 0.8 V. The CV as in Figure 6(A) showed an increase in both 

anodic (Ipa) and cathodic (Ipc) peak currents of UA with an increase in scan rate .The plots  
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of Ipa vs. scan rate(v) (Ipa = 2.83×10
-4
×v + 9.237×10

-5
) Figure 6(B) and Ipa vs. square root 

of scan rate (√v) ( Ipa = 2.49498×10
-4

×√v + 4.23382×10
-5

) Figure 6(C) were constructed 

and found to be linear with correlation coefficients (R) of 0.98251 and 0.99387 respectively. 

It indicates that the electrode reaction is both adsorption and diffusion controlled. Also, the 

slope of logIpa vs. logv Figure 6(D) was 0.58639 which is larger than the theoretical 

expected value of 0.53 for purely diffusion controlled process
22

 which again emphasizes the 

fact that the electrode process is both adsorption and diffusion controlled. 

1. Interation of Uric acid with BAMCPE: 

  
 

2. Oxidation of uric acid: 
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Figure 6. (A) Cyclic voltammograms of 1mM uric acid on poly(benzoic acid) modified 

carbon paste electrode at different scan rates (a-h : 50, 100, 150, 200, 250, 300, 350 and 400 

mV/s) in 0.1 M phosphate buffer solution of  pH 7, (B) The plot of anodic peak current 

versus the scan rate (ν), (C) The plot of anodic peak current versus the square root of scan 

rate (√ν), (D) Variation of the logarithm of peak current  (log Ipa) with the logarithm of scan 

rate (log v) 

Effect of the solution pH 

The effect of pH on the electrode response and the oxidation potential were investigated by 

the CV technique in the pH range of 5.5 to 8.0. As shown in Figure 7, the anodic peak 

current of UA increased with increase in pH from 5.5 to 7.0 and then decreased for further 

increase in pH. Furthermore, the Epa vs. pH graph Figure 7 clearly shows that the anodic 

peak potential (Epa) shifts to negative value with increase in pH with the slope of 56.9 

mV/pH. The slope value is close to the theoretical value of 59 mV/pH for an oxidation 

reaction where equal number of electrons and protons are involved
23,24

 . 

 
 

Figure 7. The plot of anodic peak current, peak potential versus pH for 1 mM uric acid on 

poly(benzoic acid) modified carbon paste electrode at different pH (a-f : 5.5, 6, 6.5, 7, 7.5 

and 8) at the scan rate of 50 mV/s 

Simultaneous determination of UA, AA and DA in the same sample at poly(benzoic 

acid) modified carbon paste electrode by cyclic voltammetry 

Sensitivity and selectivity of PBA/CPE was tested by observing the electrochemical 

behavior of a mixture of 4.2 mM AA, 0.08 mM DA and 0.4 mM UA using CV in the 

potential window of -0.1 V to 0.6 V at the scan rate of 100 mV/s in pH 7 PBS. Figure 8(A) 

shows the CV at both BCPE (solid line curve) and PBA/CPE (dashed line curve). From the 

figure it is evident that, BCPE could not properly resolve the three components of the 

mixture resulting in a broad voltammetric signal for DA and AA at 0.5214 V indicating the  
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co-oxidation. The fouling of BCPE surface by the oxidation products of AA and DA may 

also be the reason for a single voltammetric peak for DA and AA
25

. Whereas at PBA/CPE 

the three components were well resolved. The anodic peak potentials for AA, DA and UA 

were 0.4173 V, 0.2277 V and -0.0079 V respectively at modified electrode. The anodic peak 

potential separation of DA-AA and UA-DA were 0.1901 V and 0.2356 V respectively, 

which were large enough to allow the simultaneous determination of AA, DA and UA. 

 

Figure 8. (A) Cyclic voltammogram for simultaneous determination of 4.2 mM AA, 0.08 

mM DA and 0.4 mM UA mixture at bare carbon paste electrode (solid line curve) and at 

poly (benzoic acid) modified carbon paste electrode (dashed line curve) in  0.1 M phosphate 

buffer solution of  pH 7 at the scan rate of 50 mV/s, (B) Differential pulse voltammograms 

of   AA, DA and UA mixture by varying the concentrations of all the components (a-i) : AA 

(1 to 6.6 mM) , DA (0.02 to 0.13 mM) and UA (0.1 to 0.66 mM), (C) Differential pulse 

voltammogram of AA, DA and UA mixture by varying the concentration of UA (a-h: 0.1 

mM to 0.96 mM) keeping AA and DA concentrations fixed at 1 mM and 0.02 mM  

respectively, (D)  Differential pulse voltammogram of AA, DA and UA mixture by varying 

the concentration of DA (a-j : 0.02 mM to 0.20 mM) keeping  AA and UA concentrations 

fixed at 1 mM and 0.1 mM respectively. 

 Simultaneous determination of AA, DA and UA was also carried out using differential 

pulse voltammetry in the potential range of -0.3 V to 0.6 V in pH 7 0.1 M PBS. In the first 

case, the concentrations of all the three components were simultaneously varied and 

recorded the DPV. It is shown in Figure 8(B). Concentrations of AA, DA and UA were 

varied in the range 1 mM to 6.6 mM, 0.02 mM to 0.13 mM and 0.1 mM to 0.66 mM 

respectively. The oxidation peaks were well separated (∆Ep for DA-AA is 0.1339 V and 

UA-DA is 0.2582 V) and also the anodic peak current for the three components increased 

proportionately with the increase in concentration. This indicates that the electrode has 

excellent selectivity and sensitivity in the various concentration intervals. 

 In the second case each one of the components of the mixture was varied keeping the 

other two components fixed. Figure 8(C) represents the DPV for UA variation (0.1 mM to  

0.96 mM) keeping AA (1 mM) and DA (0.02 mM) concentrations fixed. Similarly, Figure 8(D)  
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shows the DPV for DA variation (0.02 mM to 0.2 mM) keeping AA (1 mM) and UA (0.1 

mM) concentrations fixed.  In all these DPVs, the anodic peak current of the component whose 

concentration was varied changed proportionately and for the remaining two components 

unchanged. Also, the selectivity was excellent indicating that irrespective of the concentrations 

of the other components, the component under observation can be detected very effectively. 

Effect of UA concentration on modified electrode 

Since, DPV has higher current sensitivity and better resolution than CV, it was employed in 

the estimation of linear range, detection limit and quantification of UA. As per the 

electrochemical response obtained (Figure 9(A)) the anodic peak current increased linearly 

with increase in concentration of the analyte UA in the concentration range of 1 µM to       

90 µM. Figure 9(B) is the plot of Ipa vs. concentration of UA. It is linear (Ipa=0.0211×C + 

2.46903×10
-7

) with correlation coefficient of 0.9983. From this plot, the detection limit 

(LOD) and quantification limit (LOQ) of PBA/CPE were found
26,27

 for UA using the 

formulae (2) and (3). 

 
 

Figure 9. (A) Differential pulse voltammograms for various concentrations of UA (1 µM  to    

90 µM ) at poly(benzoic acid) modified carbon paste electrode in  0.1 M phosphate buffer 

solution of  pH 7 at the scan rate of 50 mV/s, (B) The plot of anodic peak current versus 

concentration of UA  

LOD = 3S/M                                                                     (2) 

LOQ =10S/M                                                                    (3) 

 Where S is the standard deviation and M is the slope .The detection limit and quantification 

limit were found to be 3.33×10
-7 

M (0.333 µM) and 1.11×10
-6 

M (1.11 µM) respectively which is 

good enough for its application in the field of medicine. Comparison of detection limit of 

PBA/CPE with other electrodes for the detection of UA is shown in the Table 1.  

Table 1. Comparison of linear range and detection limit of PBA/CPE with other electrodes 

for the detection of UA 

Modified electrode Linear range, mol L
-1

 LOD, mol L
-1

 Reference 

Plmox-GO 3.6×10
-6

-2.5×10
-4

 5.9×10
-7

 28 

SnO2-P/MWCNTs/CPE 3.0×10
-6

-2.0×10
-4

 1.0×10
-6

 29 

M-meso-PAN/GCE 1.0×10
-5

-3.0×10
-4

 5.2×10
-6

 30 

GNPs/Plm/GCE 6.0×10
-6

-4.9×10
-4

 5.0×10
-7

 31 

CP/CSBCE 1.0×10
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Real sample analysis - analysis of uric acid in human urine 

Practical applications of PBA/CPE were demonstrated by quantitative determination of UA 

in human urine sample. 2 mL of urine sample without any pretreatment was diluted to      

100 mL with 0.1 M pH 7 PBS. Each time, 24 mL of this solution was added with different 

volumes of UA solution of known concentration to obtain different concentrations of spiked 

UA. These solutions were analysed by CV using modified electrode by carrying out each 

experiment three times. The results are shown in Table 1. For determining the concentration 

of UA, the calibration plot was used which was constructed for the determination of effect of 

UA on the modified electrode. The results are quite consistent with the expected values with 

average recovery of 100.5% suggesting that the modified electrode has a good precision and 

proposed method can be effectively applied for the determination of UA in real samples.  

Table 2. Determination of UA in human urine sample 

Sample Spiked UA, mmol L
-1

, L
-1

 UA found(mmol Recovery, % RSD, % 

Urine 

0.1 0.099 99 0.98 

0.2 0.207 103.5 5.11 

0.3 0.297 99 7.78 

Average: 100.5% 

Conclusion 

The electropolymerisation of benzoic acid on the surface of CPE produced a stable polymeric 

film. The resulting poly (benzoic acid) modified carbon paste electrode not only exhibited 

strong electro catalytic activity for the oxidation of AA, DA and UA but also resolved the 

overlapping anodic peaks of these compounds, thus proved to be very selective. The high 

selectivity and sensitivity together with the ease of preparation and surface regeneration of the 

modified electrode could make this electrode to be useful in the construction of sample devices 

for the simultaneous determination of UA in the presence of interfering compounds such as 

AA and DA in the field of electro analytical chemistry and medicine. 
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