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ABSTRACT  

    In this study, a seven-hole multielectrode array comprising of six carbon 

nanotubes paste working electrodes and a carbon nanotubes paste counter electrode 

(Fig. 1) was designed and fabricated. To reduce sample consumption, a novel 

‘micro-drop’ cell including an Ag/AgCl micro-reference electrode was fabricated for 

simultaneous determination of ascorbic acid and uric acid via cyclic voltammetry (CV) 

and square wave voltammetry (SWV) at the multielectrode array fabricated. In the 

simultaneous detection of the ascorbic acid and uric acid using CV at carbon 

nanotubes paste working electrodes, the oxidation peak separation of ascorbic acid 

and uric acid increased from 0.09 V to 0.15 V and the oxidation peak currents of 

ascorbic acid and uric acid greatly enhanced compared with carbon paste working 

electrodes, respectively. Under the optimized conditions, the oxidation peak currents 

were linear over ranges from 2.0×10-6 M to 8.0×10-4 M for ascorbic acid in the 

presence of 6.0×10-6 M uric acid, and from 2.0×10-7 M to 8.0×10-5 M for uric acid in 

the presence of 2.0×10-4 M ascorbic acid, with the detection limits of 1.0×10-6 M and 

9.0×10-8 M(S/N = 3), respectively. The effect of potential interferences including 

compounds usually found in human fluids (L-lysine, glucose, citric acid, glycin and 

cystine) were examined. The proposed method has been successfully applied to the 

determination of ascorbic acid and uric acid in human urine with satisfactory result. 

This work demonstrates that the carbon nanotubes paste multielectrode array is a 

promising strategy for simultaneous electrochemical determination of isomers of 

organic compounds.  

 

Keywords: Multielectrode array; Paste electrode; Carbon nanotubes; Ascorbic acid; 

Uric acid  
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1. Introduction 

Multielectrode arrays have been received a great deal of attention due to its 

versatility and potential advantages over more single electrode, such as less sample, 

high throughput, low cost per test, and much more analytical information to elucidate 

multiple events.1 Mutielectrode arrays have been widely applied in environmental 

analysis,2 food analysis,3,4 clinical diagnostics,5,6 immunoassay,7,8 DNA assay9,10 and 

aptasensor.11 

Much effort has been devoted to design novel multielectrode arrays in order to 

expand the applications of multielectrode arrays in many fields. These include design 

of different electrode configures such as strip,9 interdigitated5, discal11 and quadrate,12 

increase of the amount of electrodes, miniaturization of the size of electrodes and 

decrease of the cost of the electrodes. In addition, employment of different substrate 

materials such as silicon,13 glass,10 ceramic and polymer,9 and utilization of different 

electrode materials such as carbon,10 gold,5,12 platinum and iridium oxide11 were 

applied. However, the above-mentioned electrode arrays were mainly obtained 

through complex and expensive industrial or laboratory procedures, such as 

photolithography or metal deposition. So, particular attention has been given to a 

simple and inexpensive methods used to obtain the surface-renewable electrode array. 

In recent years, application of nanomaterials in multielectrode arrays reveals a 

great sensitivity and selectivity in the developed analytical methods.14,15 Carbon 

nanotubes (CNT), initially discovered by Iijima,16 consisting of cylindrical graphene 

sheets with nanometer diameter, have attracted much attention due to their unique 

mechanical, chemical, electrochemical properties such as broad potential window and 

low background current. Multi-wall carbon nanotubes (MWNT) coated electrodes and 

MWNT paste electrodes exhibited the excellent electrochemically catalytic properties 
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to biological active substances, such as ascorbic acid, uric acid, dopamine,17 

norepinephrine and epinephrine.18              

Ascorbic acid (AA) is a vital vitamin in the diet of humans and is present in 

mammalian brain along with several neurotransmitter amines. Ascorbic acid has been 

used for the prevention and treatment of common cold, mental illness, infertility, 

cancer and acquired immune deficiency syndrome.19 Uric acid (UA) is the primary 

end product of purine metabolism. It has been shown that the extreme abnormalities 

of UA levels in the body are symptoms of several diseases, such as gout, 

hyperuricemia, and Lesch–Nyhan syndrome.20 As AA and UA are coexistent in 

biological fluids of urine and serum, it holds great importance to develop a simple 

technique to simultaneously detect UA and AA.21 However, the electrochemical 

determination of AA and UA in samples gives rise to mutual interferences because the 

oxidation potentials of them at conventional electrodes are so near that they are 

difficult to separate their voltammetric peaks. Therefore, it is essential to develop 

simple and rapid methods for their determination in routine analysis without cross 

interferences.  

Considerable efforts have been devoted to develop simple and rapid 

electrochemical methods for simultaneous determination of AA and UA. They are 

involving single modified electrode including chemical/polymer modified electrodes 

such as 2,5-dimercapto-1,3,4-thiadiazole,22 caffeic acid,23 polycalconcarboxylic 

acid,24 poly(acid chrome blue K)25 and poly(p-xylenolsulfonephthalein);26 

nano-material modified electrodes such as helical carbon nanotubes27 and 

iron(III)-porphyrin functionalized multi-walled carbon nanotubes;28 metal oxide 

modified electrodes such as hydrous ruthenium oxide film29 and copper modified 

electrode;30 graphene modified electrode such as screen-printed graphene electrode31 
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and reduced graphene oxide films modified electrode.32 However, to our best 

knowledge, carbon nanotubes paste multielectrode array to simultaneous 

voltammetric determination of ascorbic acid and uric acid have not been reported.        

The aim of the present work is to design a novel carbon nanotubes paste 

multielectrode array for the application in simultaneous determination of AA and UA, 

which were chosen as model multiple analytes. In this paper, a multielectrode array 

was designed and the electrochemical characteristics of carbon nanotubes paste 

electrode were investigated. A simple electrochemical method for simultaneous 

determination of AA and UA at the carbon nanotubes paste electrode was presented. 

2. Experimental 

2.1. Materials and reagents 

Uric acid (UA) was purchased from Sigma-Aldrich (USA). L-ascorbic acid (AA), 

L-lysine, glucose, citric acid, glycin, cystine, graphite powder (particle size＜100 μm ) 

and mineral oil were obtained from Xi’an Chemical Reagent Company (Xi’ an, 

China). Silver powder was obtained from Hubei Huitian Adhesive Enterprise Co., Ltd 

(Hubei, China). Multi-wall carbon nanotubes (MWNT) were obtained from Shenzhen 

Nanotech Port Co. Ltd. (Shenzhen, China). The MWNT purchased was ultrasonically 

treated in a mixed solution of nitric acid and perchloric acid (V/V 7:3) to remove 

graphitic nanoparticles, amorphous carbon and catalyst impurities present and to be 

functionalized with carboxylic acid groups according to micro-reference.33 All 

reagents were of analytical grade and used without any further purification. Ultrapure 

water (18.2 MΩ.cm) from a Millipore system was used for preparing all the solutions. 

Seven-hole 1, 2, 3, 4, 5, 6 (inner diameter = 0.80 mm) and 7 (inner diameter = 

1.6 mm)) polymethylmethacrylate cylinder (diameter = 0.60 cm, length = 2.5 cm) was 

friendly provided by Xi'an Institute of Optics and Precision Mechanics of Chinese 
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Academy of Sciences (Xi’an, China).  

The stock solution of AA (0.010 M) was prepared daily by dissolving AA solid 

in ultrapure water and diluted to desired concentration with 0.10 M acetate buffer 

solution (pH 5.00). The stock solution of UA (0.0010 M) was prepared by dissolving 

UA solid in 0.1 M sodium hydroxide and diluted to desired concentration with 0.10 M 

acetate buffer solution (pH 5.00). 

2.2. Apparatus  

Electrochemical measurements were performed on a CHI 1030 multichannel 

electrochemical workstation (CH Instruments, Shanghai Chenhua Instrument 

Corporation, China). A three-electrode system was employed, composing of carbon 

nanotubes paste multielectrode array or graphite paste multielectrode array as working 

electrode, an Ag/AgCl micro-reference electrode (sat. KCl) as the micro-reference 

electrode, and a carbon nanotubes paste electrode as the counter electrode. All 

potentials were referred to this micro-reference electrode.  

2.3. Preparation of multielectrode array 

Fig. 1 shows the schematic diagram of the multielectrode array used in this work, 

consisting of six carbon nanotubes paste working electrodes and a carbon nanotubes 

paste counter electrode. The multielectrode array was prepared by hand-mixing the 

pretreated MWNT powder with mineral oil in a ratio of 3:2 in an agate mortar,33 and 

then a portion of the mixed paste was packed firmly into the each cavity of a 

seven-hole polymethylmethacrylate cylinder. Finally, the electric contact was 

established by inserting a copper wire (diameter = 0.10 mm, length = 90 mm) down 

into the each hole.33  

For comparison, the graphite paste multielectrode array was prepared with the 

same procedure as that for the carbon nanotubes paste multielectrode array by mixing 
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80% graphite powder with 20% mineral oil (w/w). 

A new surface of the multielectrode was obtained by smoothing the electrode on 

weighing paper. The as-prepared electrodes was pretreated by applying a scan 

potential from 0 to +1.5 V at a scan rate of 100 mV s-1 in 0.10 M phosphate buffer 

saline ( pH 7.40) for 10 min until a stable response was obtained.33  

2.4. Electrochemical measurement 

The schematic diagram of electrochemical measurement system the including six 

carbon nanotubes paste working electrodes, a carbon nanotubes paste counter 

electrode, an Ag/AgCl micro-reference electrode and the ‘micro-drop’ cell is shown 

in Fig.1.  

The ‘micro-drop’ cell showed Fig. 1 was constructed by following three steps. 

Firstly, the multielectrode array fabricated with above-described protocol was held 

upside down. Secondly, 50 μL of 0.10 M acetate buffer solution (pH 5.00) containing 

the single or mixed components of AA and UA was dropped onto the surface of the 

multielectrode array to merging all electrodes surface. Finally, an Ag/AgCl 

micro-reference electrode (sat. KCl) was gingerly inserted into the 50 μL acetate 

buffer solution. After the each electrochemical measurement was performed, the 

‘micro-drop’ cell was taken away by rubber pipette bulb, and then a new ‘micro-drop’ 

cell was restructured by dropping 50 μL of buffer solution.  

Cyclic voltammetry (CV) was performed with a scan rate of 50 mV s-1 in the 

potential range from -0.10 to 0.80 V. Square wave voltammetry (SWV) was carried 

out in the potential range from -0.10 to 0.80 V with amplitude of 25 mV, step 

potential, 4.0 mV, at 15 Hz impulse frequency unless otherwise stated. All 

electrochemical experiments were carried out at room temperature (25±1℃). 

The application of the multielectrode array to determine the UA content in 
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human urine samples and the AA content in human serum sample was studied.  

3. Results and discussion 

3.1. Design of the electrochemical cell 

Design of the electrochemical cell is one of the most important aspects for the 

biosensor array. In the design of the electrochemical cell for the biosensor array, the 

following factors should be kept in mind. First, the cell must be designed to be easy in 

exchanging electrodes or biosensors. Secondly, the cell should be suitable for trace 

analysis. Finally, it should have the great analytical characteristics, such as a fast 

response, a wide linear range and a low detection limit. But, the conventional cell is 

usually a covered beaker of 5-50 mL volume and contains the three electrodes 

(working, reference, and auxiliary), which are immersed in the sample solution. So it 

needs at least 2.0 mL the sample solution and is unsuitable for trace analysis. On the 

other hand, the conventional cell is inconvenient in exchanging electrodes or 

biosensors. Thus, the conventional cell was replaced by the novel ‘micro-drop’ cell 

for the multielectrode array in this paper.  

A novel ‘micro-drop’ cell was designed according to the above-mentioned three 

factors. This design favors an exchanging biosensor, avoiding contamination of the 

sensing surface, and reducing the sample volume. The electrochemical behavior 

difference of the 50 μL ‘micro-drop’ cell designed and the conventional 2.0 mL cell 

was examined by cyclic voltammetry in 0.10 M PBS（pH 7.40）solution contained 

1.0×10-3 M K3[Fe(CN)6] and 0.10 M KCl. The cyclic voltammograms of K3[Fe(CN)6] 

showed that the peak potentials in the ‘micro-drop’ cell were as same as those in the 

conventional cell. But, the peak currents were higher than that in the conventional cell. 

This is attributed to the fact that the working electrode and micro-reference electrode 

at the ‘micro-drop’ cell has closer distance than that the conventional cell, so, the 
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resistance of them is smaller than that the conventional cell. A satisfactory design of 

the electrochemical cell is, therefore, evident. 

3.2. Electrochemical behaviors of the multielectrode array fabricated  

The graphite paste multielectrode array and the carbon nanotubes paste 

multielectrode array fabricated were electrochemical characterized by cyclic 

voltommtery in 0.10 M PBS（pH 7.40）solution contained 1.0×10-3 M K3[Fe(CN)6] 

and 0.10 M KCl from -0.1 to 0.6 V at a scan rate of 50 mV.s−1. The cyclic 

voltammograms obtained at three graphite paste working electrodes (dot line) and 

three carbon nanotubes paste working electrodes (solid line) are showed in Fig. 2. 

From Fig. 2, the average of the peak potential separation (△Ep) at the graphite paste 

multielectrode array and the carbon nanotubes paste multielectrode array is ~107 mV 

and ~79 mV, and the average ratio of oxidation peak currents to reduction peak 

currents (Ipa/Ipc) is ~1.0. This indicates that a close reversible electron transfer process 

can be obtained at the both graphite paste and carbon nanotubes multielectrode 

array.34 Furthermore, the peak currents at carbon nanotubes paste multielectrode array 

were 1.8 folds higher than that at graphite paste multielectrode array. In order to 

explain this result, two experiments, the active surface areas and the capability of 

electron transfer in graphite paste electrode and carbon nanotubes paste electrode, 

were performed. First, the active surface areas of graphite paste electrode and carbon 

nanotubes paste electrode were calculated from a slope of the i vs. v1/2 plot using the 

Randles-Sevcik equation, in 0.10 M KCl-1.0×10-3 M K3[Fe(CN)6] (D = 7.6 × 10-6 

cm2.s−1).35 The active surface area of graphite paste was 0.0061 cm2. The carbon 

nanotubes paste active surface area of was 0.0080 cm2, which is 1.3-fold that of 

graphite paste. This indicates that carbon nanotubes can increase the active surface 

area. Second, the capability of electron transfer in graphite paste electrode and carbon 
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nanotubes paste electrode was checked by AC impedance spectroscopy in 0.10 M 

PBS (pH 7.40) containing 2.0×10-3 M K3Fe(CN)6-2.0×10-3 M K4Fe(CN)6. The result 

showed that the charge transfer resistance for carbon nanotubes paste electrodes was 

notably reduced compared with graphite paste. This indicates that the carbon 

nanotubes improves the electronic and ionic transport capability, attributed to that the 

carbon nanotubes provide a three-dimensional electron-conductive network, which 

extended throughout the ion-conductive matrix of multielectrode array.36 It is most 

important that the relative standard deviations of the peak currents obtained at three 

channels of graphite paste multielectrode array and three channels of carbon 

nanotubes paste multielectrode array are less than 1.5%. This indicates that both 

graphite paste multielectrode array and the carbon nanotubes paste multielectrode 

array showed excellent stability and can be utilized as working multielectrodes for 

following experiments. 

3.3. Electrochemical behaviors of AA and UA at multielectrode array  

3.3.1. Single composition of AA and UA at multielectrode array 

Fig. 3 shows the cyclic voltammograms of AA (Fig. 3 A) and UA (Fig. 3 B) at a 

scan rate of 50 mV.s-1 in 0.10 M acetate buffer solution (pH 5.00) at three graphite 

paste working electrodes (dot line) and three carbon nanotubes paste working 

electrodes (solid line), respectively.  

From Fig. 3 A, the anodic peak potential of AA appears at 0.47 V on the graphite 

paste electrode and at 0.34 V on the carbon nanotubes paste electrode, respectively. 

The anodic potential of AA negatively shifted 0.13 V on the carbon nanotubes paste 

electrode, compared with that on the graphite paste electrode. This indicates that the 

electrocatalytic oxidation of AA occurred in the presence of MWNT, which is 

consistent with the report by Rivas.17 The anodic peak current of AA at carbon 
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nanotubes paste is 6 folds higher than that at the graphite paste electrode.  

From Fig. 3 B, it can be seen that the anodic peak potential of UA oxidation at 

carbon nanotubes paste electrode appears at about 0.48 V as the same as at graphite 

paste electrode. No cathodic peak is observed on the reverse potential scan at graphite 

paste electrode or carbon nanotubes paste electrode, suggesting that the electrode 

reaction of UA is irreversible. From Fig. 3 B, it is obviously seen about 5-fold 

enhanced anodic peak current of UA at carbon nanotubes paste electrode.  

The increase of the anodic peak currents of AA and UA at carbon nanotubes 

paste electrode is attributed to the fact that the active surface area and the capability of 

electron transfer of the carbon nanotubes paste electrode significantly increase 

compared with that of the graphite paste electrode.  

3.2.2. The mixtures of AA and UA at multielectrode array 

Fig. 4 shows the cyclic voltammograms of a mixture of AA and UA at three 

graphite paste electrodes (dot line) and at three carbon nanotubes paste electrodes 

(solid line) at a scan rate of 50 mV s-1 in 0.10 M acetate buffer solution (pH 5.00), 

respectively. From Fig. 4 (dot line), it can be seen that the oxidation peaks of AA and 

UA appeared at 0.39 V and 0.48 V at graphite paste electrode, respectively. In 

contrast, AA and UA yielded two well-defined oxidation peaks at carbon nanotubes 

paste electrode (solid line), whose peak potentials were 0.33 V and 0.48 V, 

respectively. Meanwhile, the oxidation peak currents also remarkably increased at 

carbon nanotubes paste electrode. It is no doubt that the increase in currents and 

separation peak potential arise from MWNT (functionalized with carboxylic acid 

groups) due to its high surface area possessing abundant acidic sites, which can offer 

special approach to the simultaneously electrochemical determination of AA and UA. 

3.2.3. Effect of pH on the oxidation of AA and UA in a mixture   
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Effect of pH on the peak currents of the AA (pKa=4.17) and UA (pKa=5.75) in a 

mixture was checked using cyclic voltammetry between -0.10 V and 0.80V at carbon 

nanotubes paste electrode in 0.10 M acetate buffer (pH 3.80-5.80). Fig. 5 illustrates 

the dependence of the oxidation peak currents of AA and UA on pH of the supporting 

electrolyte solution. From Fig. 5, it can be seen that the oxidation peak current of AA 

increases slightly with an increase of pH from 3.80 to 4.20 and no obvious changes in 

the peak currents of AA are observed over the pH range from 4.20 to 5.00. For UA, 

the anodic peak currents increases with increasing pH until pH reaches 5.00. At a pH 

higher than 5.00, the oxidation peak currents of AA and UA decrease with increasing 

pH. The effect of pH on peak currents of AA and UA may result from electrochemical 

oxidation processes of AA and UA and their adsorption at the carbon nanotubes paste 

electrode. At low pH, efficient electrochemical oxidation processes of AA and UA 

increase with an increase of pH. Both AA and UA exist mostly in anionic form at pH 

higher than 5.40 and 4.10, which are the pKa values of UA and AA, respectively, at  

25±1℃. On the other side, UA is known to be protic aromatic molecules and can 

become deprotonated as anions at higher pH. Therefore, with the increase in pH, the 

oxygen-containing functional groups at the carbon nanotubes paste electrode may 

become deprotonated and possessed negative charges. Electrostatic repulsion between 

the analytes and the electrode might be one of the reasons that the adsorptions of 

analytes on the electrode at higher pH are inefficient.   

Effect of pH on the peak potentials of the AA and UA in a mixture at carbon 

nanotubes paste electrode was also studied. The results showed that both the anodic 

peak potentials of AA and UA shifted negatively with the increase of pH from 3.80 to 

5.80. The equations of peak potential with the pH were obtained, for AA: Epa = 

-49.2pH + 448.7 (mV, r =0.9983); for UA: Epa = -57.9 pH + 765.4 (mV, r = 0.9980).  
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Considering the favorable peak current and the large peak separation between 

these two compounds, a befitting pH 5.00 was selected for the simultaneous detection 

of AA and UA. 

3.4. Simultaneous Determination of AA and UA 

In order to improve sensitivity, linear sweep voltammetry and square wave 

voltammetry (SWV) were employed, respectively. It was found that a large separation 

peak potential and a high sensitivity were obtained by employing SWV. Therefore, 

SWV was used in this work because of its excellent sensitivity. The electrochemical 

parameters for SWV simultaneous determination of AA and UA on the carbon 

nanotubes paste electrode were optimized. Considering the sensitivity and selectivity, 

15 Hz impulse frequency, 25 mV amplitude and 4.0 mV step potential were chosen in 

the following experiment. 

Fig. 6 A shows the SW voltammograms of AA from 2.0×10-6 to 8.0×10-4 M in 

the presence of 6.0×10-6 M UA. From an inset calibration plot of AA in Fig. 6 A, it is 

also seen that the peak current of AA was linear with the concentration of AA in the 

range from 2.0×10-6 to 8.0×10-4 M in the presence of 6.0×10-6 M UA. The regression 

equation was I (μA) = (0.0530±0.0104) + (0.0170±0.0003) C (10-5 M), r = 0.9982, and 

the detection limit (S/N = 3) was 1.0 ×10−6 M. The relative standard deviation of one 

channel in five successive scans is 3.1% at 2.0×10−5 AA, and the relative standard 

deviation of six channels is 1.4% for 2.0×10−5 AA. 

Fig. 6 B shows the SW voltammograms of UA from 2.0 ×10−7 to 8.0×10−5 M in 

the presence of 2.0×10−4 M AA. Under the optimized condition, the peak current of 

UA was linear with the concentration of UA in the range from 2.0 ×10−7 to 8.0×10−5M 

in the presence of 2.0×10−4 M AA (Fig. 6 B, inset). The regression equation was I (μA) 

= (0.4602±0.0236) + (0.0442±0.0008) C (10-5 M), r = 0.9983, the detection limit for 
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UA was 9.0×10−8 M (S/N = 3). The relative standard derivation was 1.74% for five 

successive assays at 2.0×10-6 M UA, and the relative standard deviation of six 

channels is 1.0% for 2.0×10−6 UA. 

3.5. Surface-renewal of the electrode 

The main attraction of using the paste electrode is that the electrode surface can 

be renewed very easy after every use. The carbon nanotube paste multielectrode array 

(carbon nanotubes paste electrode) can be renewed by squeezing a little carbon 

nanotube paste out of the cylinder and a fresh surface is smoothed on a piece of 

weighing paper whenever needed.37  

To test paste homogeneity, the carbon nanotubes paste electrode fabricated was 

applied for 2.0×10−5 M UA measurement in 0.10 M acetate buffer solution (pH 5.00). 

The measurement was repeated five times and after each measurement the electrode 

surface was renewed as explained above. The relative standard deviation of the peak 

current of one channel was 4.1%. 

3.6. Interference study 

The influence of various possible interferents was tested under the optimized 

conditions by analyzing a standard solution of 2.0×10−4 M AA and 2.0×10−5 M UA. 

The tolerable limit of a foreign species was taken as a relative error less than 5%. The 

tolerated concentration of foreign substances was 0.050 M for Mg2+ and Ca2+, 

5.0×10−3 M for L-lysine, glucose, citric acid, glycin and cystine. A satisfactory 

selectivity of the proposed method was therefore evident. 

3.7. Analysis of real samples 

To verify the practicality of the carbon nanotube paste mutilelectrode array 

fabricated, the proposed method has been applied to the direct determination of uric 

acid in buffer solutions of human urine and serum samples. The human urine and 
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serum samples were diluted 100 and 10 times with acetate buffer solutions (0.10 M, 

pH 5.00) before the measurements, respectively. The standard addition method was 

used for the analysis of the prepared samples. The recovery ratio based on this method 

was listed in Tables 1. When known amounts of UA were added to the urine samples, 

quantitative recoveries of 100%-104% were obtained. When known amounts of UA 

were added to the serum samples, quantitative recoveries of 97%-99% were obtained. 

Comparisons of the proposed method with reference methods,38-41 also confirmed the 

accuracy of the results obtained by our proposed method, showing no significant 

differences from those of the reported method. 

4. Conclusion 

Carbon nanotube paste multielectrode array with six small working electrodes, a 

big counter electrode and a reference has been designed and fabricated. A simple and 

rapid electrochemical method for simultaneous determination of ascorbic acid and 

uric acid at the multielectrode array and ‘micro-drop’ cell designed has been 

developed. This work demonstrates that the carbon nanotube paste multielectrode 

array fabricated incorporating ‘micro-drop’ cell and multi-channel electrochemical 

technique is a promising strategy for multicomponent analysis. Compared with other 

electrode array patterns or designs, the fabricated procedure and the 

surface-renewable method of the carbon nanotube paste multielectrode array in this 

work are very simple, and the manufacture costs of multielectrode array is greatly 

reduced. Moreover, the multielectrode array and ‘micro-drop’ cell designed requires 

fewer samples, increase the test throughput and reduce the cost per test. The 

multielectrode array concept and ‘micro-drop’ cell described in this paper may have 

value in the simultaneous analysis of multiple analytes.  
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Fig. 1 Schematic diagram of the electrochemical measurement system. 

No.1, 2, 3, 4, 5 and 6 holes are the working electrodes; No.7 hole is the counter 

electrode. 

 

 

 

Fig. 2 Cyclic voltammograms of 1.0 ×10-3 M K3[Fe(CN)6]-0.10 M KCl at the surface 

of graphite paste multielectrode array (dotted line) and carbon nanotubes paste 

multielectrode array (solid line). Scan rate, 50 mV.s-1 
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Fig. 3 Cyclic voltammograms of 2.0×10-4 M AA (A1, A2, A3) and 2.0×10-5 M UA 

(B1, B2, B3) in 0.10 M acetate buffer solution (pH 5.00) at the surface of carbon 

nanotubes paste multielectrode array (solid line) and graphite paste multielectrode 

array (dotted line). Scan rate, 50 mV.s-1. 
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Fig. 4 Cyclic voltammograms (A1, A2, A3) of the mixture containing 2.0×10-4 M AA 

and 2.0×10-5 M UA in 0.10 M acetate buffer solution (pH 5.00) at the surface of 

carbon nanotubes paste multielectrode array (solid line) and graphite paste 

multielectrode array (dotted line). Scan rate, 50 mV.s-1. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Effect of pH on the peak current for the oxidation of 6.0×10-4 AA and 2.0×10-5 

UA. Scan rate, 50 mV.s−1. The error bars represent the standard deviation of three 

repeated measurements. 
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Fig. 6 Square wave voltammograms for the mixture containing AA and UA with 

different concentrations in 0.10 M acetate buffer (pH 5.00) at the carbon nanotubes 

paste electrode.  

(A) UA (6.0×10-6 M) and AA (0, 2.0×10-6, 4.0×10-6, 6.0×10-6, 2.0×10-5, 4.0×10-5, 

6.0×10-5, 8.0×10-5, 2.0×10-4, 4.0×10-4, 6.0×10-4, 8.0×10-4 M) (down to up); (B) AA 

(2.0×10-4 M) and UA (0, 2.0×10-7, 4.0×10-7, 6.0×10-7, 8.0×10-7, 2.0×10-6, 4.0×10-6, 

6.0×10-6, 8.0×10-6, 2.0×10-5, 4.0×10-5, 6.0×10-5, 8.0×10-5 M); Supporting electrolyte 

was 0.10 M acetate (pH 5.00) and pulse amplitude was 25 mV, frequency was 15 Hz. 

Inset: plots of the peak currents versus concentration of AA or UA. The error bars 

represent the standard deviation of three repeated measurements. 
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Table 1 Uric acid determinations in urine samples and human serum at the surface of 

carbon nanotubes paste multielectrode array 

Sample No Sample preparation UA found
a 
(µM) Recovery (%) Reference

38 
(µM) 

 Human urine 24.58(±0.5) _ 24.90(±0.7) 

1 Sample 1+8.0 µM UA 32.98(±0.8) 104 _ 

2 Sample 1+20 µM UA 44.49(±1.1) 100 _ 

 Human serum 3.98(±0.3) _ 3.68(±0.11) 

3 Sample 2 + 6.0 µM UA 9.91(±0.7) 99 _ 

4 Sample 2 + 8.0 µM UA 11.44(±0.6) 97 _ 

a 
Average of five determinations. 
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