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Abstract- High and low-level concentrations of uric acid (UA) lead to several diseases and 

physiological disorders. A simple method or sensor is required for the detection of UA. In this 

work, we have prepared a NiO nanoparticles/ carbon paste electrode (NiONPs/CPE) as an 

electrochemical sensor and applied it for the detection of UA. Electrochemical parameters such 

as the effect of pH, scan rate, and concentration were studied. The obtained results represent 

the excellent electrocatalytic activity of NiONPs/CPE with a diffusion-controlled electrode 

process. The electrocatalytic process was pH-dependent with a slope of 59 mV/pH. Peak 

current increased linearly with the increases in UA concentrations. The detection limit was 

found to be 0.1 m for the linear range from 0.19 M to 49 M. The NiONPs/CPE electrodes 

exhibited good sensitivity for the detection of UA. As a result, this work is expected to be used 

for the development of a sensor for the detection of UA. 

 

Keywords- Nickel oxide nanoparticles; Uric acid; Modified carbon paste electrode; 

Electrochemical sensor   
 

1. INTRODUCTION  

Nickel oxide (NiO) has a cubic lattice structure. It has a variety of uses, such as catalysis 

[1], gas sensors [2], magnetic materials [3], electrochromic films [4], and battery cathodes [5]. 

Because of its quantum size effect and surface effect, NiO has become an interesting topic in 

the new area of research. Nano-sized NiO enhanced its properties more than the bulk NiO 

particles. 

 Uric acid (2,6,8-trihydroxypurine, UA) is a heterocyclic organic compound with the 

chemical formula C5H4N4O3. Uric acid is a by-product of the metabolic breakdown of purine 

nucleotides and it is a normal component of urine. Uric acid (UA) is a product of purine 

nucleotides and it is insoluble in water [6]. It is distributed in the urine, blood, serum, and 

kidneys [7]. In a healthy person, the normal concentration of UA is in serum (240–520 μM), 

blood (120–450 μM), and urine (1.2–4.4 μM) [8,9]. Variations in UA concentration lead to 

various diseases and disorders. A high-level UA concentration can lead to diseases like goat, 

Lesch-Nyhan syndrome, hyperuricemia, and renal failure [10,11]. A low-level concentration 

of UA may cause such conditions as copper toxicity, molybdenum deficiency, and multiple 

sclerosis. A very low concentration of UA may cause Wilson’s disease and Fanconi diseases 

[12].  

Several studies [13,14] have found that variations in UA concentration in serum cause 

cardiovascular disease. UA has multifunctional benefits, and it is an important biomolecule 

antioxidant in blood plasma. Thus, it is required simple, accurate, and reliable for the detection 

of UA concentration. Several methods, such as colorimetric [15], spectrofluorimetric 

enzymatic [16], chemiluminescence [17], and chromatography technique [18], have been used 

for the detection of UA. The electrochemical methods have been shown to be less costly, eco-

friendly, time-consuming, and selective for the detection of UA. The most widely adopted 

electrochemical method for the detection of UA uses the enzymatic approach method [19]. The 

uricase enzyme reacts with UA and produces hydrogen peroxide, which is detected by 
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electrochemical methods. However, an enzymatic method has fatal problems, such as the low 

stability of enzymes, high cost, and the fact that the detection is indirect [19]. Several studies 

have reported nonenzymatic methods for the detection of UA.    

Several kinds of literature reported on NiO nanosized particle modifier electrodes for the 

investigation of uric acid because research advancements in sensor technology have been 

focused on smart nanoscale particles for the preparation of sensors. Several methods have been 

adopted to synthesize nanosized NiO particles. However, only a few studies on NiO-based 

sensors have been published, such as S. Reddy et al. [20], who developed a NiO nanoparticle-

based sensor for the detection of dopamine (DA), explaining that NiO nanoparticles have a 

high surface area, which increases electrocatalytic activity with an increased lower detection 

limit and sensitivity. Similarly, Hang Yue et al. investigated whether NiO-rGO has a high 

sensitivity for detecting UA in the presence of interference because NiO-rGO enhances the 

surface active area, electrostatic attraction, and electron transfer rate [21]. In addition, R.A. 

Soomro et al. reported that NiO nanoparticles enhanced lower detection, high sensitivity, and 

high linear range for the detection of glucose [22]. Moreover, S. Reddy et al. reported that 

NiO/ZnO hybrid nanoparticles showed good sensing properties for the detection of DA and 

UA because nanoparticles enhanced electrocatalytic activity [23]. Furthermore, A.S. Chang et 

al. have shown silky Co3O4 nanostructures enhance the electrocatalytic activity for the 

detection of UA. Because Co3O4 nanoparticles enhance the surface area of the electrode [24]. 

However, most reported electrodes showed a lower detection limit in macro-to micro-level 

concentration, which is not sensitive enough for the detection of UA. In addition, there is very 

little literature reported on the electrochemical detection of UA using NiO nanoparticles (NiO 

NPs). Moreover, already been reported that a small amount of NiO is dispersed uniformly over 

a conducting material, which increases the surface area and leads to increased electrical 

conductivity and ionic transport throughout the internal volume of the electrode [20]. 

Therefore, in this work, we have prepared NiO NPs by the co-precipitation method and 

characterized them. For modified carbon paste electrodes, NiO NPs were used. At a 

physiological pH of 7.4, NiO NPs-based carbon paste electrodes (NiO NPs/CPE) were applied 

for the electrochemical investigation of uric acid. The obtained results exhibited good 

electrocatalytic activity for the detection of uric acid from lower to higher concentrations of 

UA (0.1 μM to 49 μM). 

 

2. MATERIALS AND METHODS  

2.1. Apparatus 

The NiO nanoparticles (NiO NPs) were characterized by using several methods. By 

ultrasonication of NiO NPs in an ethanol solution, UV-visible spectra were taken from the UV–

VIS spectrophotometer (Perkin Elmer) by ultrasonication. Philips X-ray diffractometer 
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equipment with Cu-K radiation (l= 1.5438 Ao) was used to record the XRD patterns of NiO 

NPs. The NiO NPs images were taken by using a scanning electron microscope (JEOL JSM-

848) and transmission electron microscopy (a JEOL 2000 Fx-II transmission electron 

microscope from Oxford Instruments). 

Voltammetry experiments were conducted using the CHI model 660c connected to a 

computer, which was used for electrochemical measurement and analysis. A three-electrode 

cell was used throughout the experiments, with a saturated calomel electrode (SCE) as a 

reference electrode, a platinum wire as a counter electrode, and a CPE or NiO NPs /CPE (3.0 

mm in diameter, homemade cavity) as a working electrode. 

 

2.2. Preparation of NiO nanoparticles (NiO NPs) 

In a typical experiment, solution-A was prepared using 0.12M CH3COOH, 0.06M 

NiSO4.6H20 in distilled water, and solution-B was prepared using 100 ml of absolute C2H5OH 

and 0.18M NaOH in distilled water. The solution-A was added slowly to solution B with 

continued stirring. The Ni(OH)2 precipitate was filtered through filter paper (Whatman grade-

41) and dried for about 1 hour at 80 °C. The dried Ni(OH)2 precipitate was placed in a silica 

crucible and calcinated for approximately 3 hours at 400 °C. The resultant NiO NPs were 

washed with ethanol three to four times to remove impurities. 

 

2.3. Chemicals and Solutions 

Graphite powder was purchased from Merck chemicals. Silicon oil, uric acid, and sodium 

hydroxide were purchased from Himedia chemicals.  Uric acid (UA) is acidic in nature and 

soluble in alkaline solution. All chemicals were of analytical grade with high purity. The 

double-distilled water was used for all the measurements. Phosphate buffer (PBS) (0.2 M) was 

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

phosphate (Na2HPO4). 

 

2.4. Preparation of carbon paste electrode (CPE) and NiO NPs based carbon paste 

electrode (NiO NPs/CPE) 

The carbon paste electrode (CPE) was prepared by mixing 20% silicon oil with 80% 

graphite powder in an agate mortar for approximately 30 minutes. The homogeneous carbon 

paste was packed into the 3 mm diameter cavity of the carbon paste electrode and smoothed 

using soft paper. The electrical contact was provided by a copper wire connected to the carbon 

paste at the end of the tube. The NiO NPs/ carbon paste electrode ((NiO NPs/CPE)) was made 

by adding different weights of NiO NPs (5, 10, 15, 20, and 25 mg) to a mixture of silicon oil 

(20%) and graphite powder (80%). 

 



Anal. Bioanal. Electrochem., Vol. 14, No. 4, 2022, 432-443                                                 436 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization 

The XRD pattern of NiO NPs is shown in Figure 1. All the peaks are well-matched to the 

face center cubic structure of NiO (JCPDS PDF, no. 780429) with high crystallinity. The XRD 

pattern of the NiO NPs sample was observed to have no impurity peaks, which indicates the 

high purity of the NiO NPs, and the crystallite sizes of NiO NPs were found to be ~50 nm, 

which was determined by using Debye Scherrer's formula. 

 

 

Figure 1. XRD pattern of NiO nanoparticles 

 

The infrared absorption (IR) spectrum of the NiO NPs displays in Figure 2. A broad peak 

at around 3404 and 1632 cm-1 was due to H-OH stretching. Peaks at 1108, and 420 cm-1 are 

due to Ni-0 stretching. 

 

 

Figure 2. IR spectra of NiO Nanoparticles 
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The UV-Visible absorption spectrum of the NiO NPs dispersed in ethanol solution shows 

a sharp absorption peak of approximately 306 nm as shown in Figure 3. The obtained UV-

visible absorption spectra for NiO NPs show a good blue shift. 

 

 

Figure 3. UV-Visible spectra of NiO Nanoparticles 

 

The surface morphology of the samples was examined by SEM as shown in Figure 4. The 

SEM images clearly show irregular shapes having ~50-60% of ~50-60 nm, ~15-20 % of ~100 

nm, ~10-15% of ~200nm, and ~10% of ~300-400nm. NiO NPs are irregularly and non-

uniformly distributed have been observed. 

 

 

Figure 4. SEM image of NiO nanoparticles 
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3.2. Effect of NiO NPs (NiO nanoparticles) on peak current and peak potential 

In order to select and optimize NiO NPs/CPE, cyclic voltammetry (CV) was scanned for 

different weights of NiO NPs/CPEs with a UA concentration of 1 mM in phosphate buffer 

solution (0.2 M PBS) at pH 7.4 and at a scan rate of 100 mVs-1.  The NiO NPs/CPE comprising 

20 mg of NiO NPs in a CPE is more active with decreased peak potential and increased peak 

current than the bare CPE (0), 5, 10, 15, and 25 mg of NiO NPs. The graph Figure 5 (-■-) 

shows the relation between anodic peak current (Ipa) Vs concentration of NiO NPs in CPE. 

Similarly, the graph in Figure 5 (-●-) shows the relationship between the anodic peak potential 

(Epa) and the concentration of NiO NPs in CPE. The optimized NiO NPs/CPE anodic peak 

potential and anodic peak current were found to be 0.31V and 130 μA, respectively. The anodic 

peak potential and anodic peak current of the CPE were found to be 0.39 V and 52 mA, 

respectively. This indicates that optimized NiO NPs/CPE (i.e., 20 mg NiO NPs in CPE) 

exhibited good sensitivity and electrocatalytic activity for the detection of UA. Therefore, 

optimized NiO NPs/CPE is applied for further electrochemical studies and detection of UA.  

 

 

Figure 5. Effect of NiO NPs concentration in CPE on anodic peak current (Ipa), and anodic 

peak potential (Epa) for 1 mM UA in 0.2M phosphate buffer solution with scan rate 100 mVs-1 

 

3.3. The response of UA at the CPE, and NiO NPs/CPE. 

 Figure 6 displays cyclic voltammogram responses of 0.1 mM UA in 0.2 M PBS (phosphate 

buffer solution) at pH 7.4 with a scan rate of 100 mV/s for CPE and NiO NPs/CPE. At CPE, 

oxidation peak potential occurs at 0.380 V, and for NiO NPs/CPE, oxidation peak potential 

occurs at 0.310 V, with a significant enhancement in peak currents. The reduction of oxidation 

peak potential and enhancement of peak current exhibits the excellent electrocatalytic activity 

and current sensing property of NiO NPs/CPE. The probable mechanism is that NiO NPs 
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expose more surface-active area for hydrogen bonding with UA, which activates UA to 

undergo very fast oxidation. 

 

 

Figure 6. Cyclic voltammogram of 0.1 mM UA at the solid line for NiO NPs/ CPE and at the 

dotted line for CPE 

 

 3.4. Effect of pH 

Figure 7 displays the cyclic voltammogram response of 1 mM UA in 0.2 M PBS (phosphate 

buffer solution, pH 5.5 to 8.0) at the NiO NPs/CPE. Peak current and peak potential were 

changed by a change in the pH of the electrolytic solution. Electrocatalytic activity depends on 

the pH of the electrolytic solutions. It can be determined by measuring peak current and 

potential. The NiO NPs/CPE electrocatalytic activity in different pH (5.5 to 8.0) electrolytic 

solutions are displayed in Table.1. It shows that increasing the pH of an electrolytic solution 

shows decreased peak current and peak potential. Figure 8 shows graphs of Ipa (A) and Epa (V) 

versus pH of electrolytic solution for NiONPs/CPE. The anodic peak potential (Epa) for the 

oxidation of UA decreased with an increase in the pH of the electrolytic solution. The Epa of 

UA is shifted to a negative side potential with a slope of -57 mV/pH. The results suggest that 

equal electron transfer accompanied by equal proton transfer occurred.  

 

Table 1. The electrocatalytic activity of the NiO NPs/CPE at different pH electrolytic solution 

 

pH   Ep (V) Ip (µA) 

5.5 0.402 41.33 

7.0 0.314 31.59 

8.0 0.257 17.07 

. 
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Figure 7. Series of cyclic voltammograms obtained for NiO NPs/CPE in different pH 0.2 M 

phosphate buffer solutions (PBS) at a scan rate of 100 mV/s 

 

 

Figure 8.  Different pH versus anodic peak potential (Epa) (-●-) and anodic peak current Ipa  

(-☆-) for 1.0 mM UA in 0.2 M PBS electrolytic solutions at a scan rate of 100 mV/s for NiO 

NPs/CPE 

 

3.5. Effect of scan rate  

As shown in Figure 9, the cyclic voltammograms (CVs) of NiO NPs /CPE for 1 mM UA 

in 0.2 M PBS at pH 7.4 are dependent on the various scan rates. The effect of scan rates (50–

1000 mVs−1) on UA by cyclic voltammetry showed an increase in the peak current with an 

increase in scan rates. In a linear graph of the square root of scan rate (n1/2) versus anodic peak 

(Ipa), Ipa was shown with a good correlation coefficient, R2=0.99, as shown in Figure 10. This 

linearity graph shows a diffusion-controlled electrode process. 
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Figure 9.  Series of cyclic voltammogram obtained for NiO NPs/CPE in 0.2 M PBS solution 

at pH 7.4, scan rate from 50 mVs-1 to 1000 mVs-1 

 

 

Figure 10.  Graph of (Ipa) anodic peak current versus n1/2 square root of scan rate for 1 mM UA 

in  0.2 M PBS (pH 7.4) for NiO NPs /CPE 

 

 

Figure 11.  shows a differential pulse voltammogram (DPVs) of UA varying from 0.192 M 

to 9200 mM in 0.2M PBS at pH 7.4. for NiO NPs/CPE 

 

3.6. Effect of Concentration of UA 

Figure 11 displays the (DPV) differential pulse voltammograms at NiO NPs/CPE for a 

concentration of UA varying from 0.192 μM to 9200 mM in 0.2M PBS at pH 7.4. The peak 

current increases linearly with the increasing UA concentration. Figure 12 displays the good 
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linearity between Ipa and UA concentration (0.192 μM to 9200 mM), the linear equation as 

shown in the graphs (Figure 12). The (LOD) lower detection limit for the lower linear range 

region was found to be 0.1 mM for NiO NPs/CPE, it showed better than the previous report 

[23]. 

 

 

Figure 12.  Graph of Ipa anodic peak current versus UA concentration for NiO NPs/CPE in 0.2 

M PBS at pH 7.4. 

 

4. CONCLUSIONS 

A Nio nanoparticle was prepared and characterized. NiO nanoparticle-based 

electrochemical sensing applications were studied. NiO NPs/CPE exhibit excellent sensing 

towards electrochemical detection of UA. The NiO NPs/CPE show good sensitivity, stability, 

high linear range, and lower detection limit than in the previous report. The NiO NPs/CPE 

show high electrocatalytic activity for the anodic peak current of UA. Therefore, the NiO-based 

electrode is expected to find several applications in sensors, biosensors, and the 

electrochemistry field. 
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