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A multiwalled carbon nanotube paste electrode (MWCNTPE) modified with zinc aluminium layered 

double hydroxide-quinmerac (Zn/Al-LDH-QM) was fabricated for simultaneous determination of uric 

acid and bisphenol A. This modified electrode was characterized by scanning electron microscope 

(SEM), transmission electron microscope (TEM), and electrochemical methods. Several experimental 

conditions such as percent of modifier, pH of the solution, and square wave voltammetry parameters 

were optimized. The effective surface area of the electrode were determined by chronocoulometry. 

There was several linear range where the sensor performs well which are within the concentration 0.3 

– 30.0 µM and 50.0 – 100.0 µM for uric acid, and 0.3 – 50.0 µM and 10.0 – 100.0 µM for bisphenol A. 

The detection limit for both organics were 0.065 µM and 0.049 µM, respectively. The modified 

MWCNTPE was also tested for the determination of uric acid and bisphenol A in real samples and 

achieved high recoveries percentage from 98.0% to 108.3 %.  

 

 

Keywords: Layered double hydroxide, Modified electrode, Bisphenol A, Uric acid 

 

1. INTRODUCTION 

Bisphenol A (BPA) is an important monomer, used in the production of plastics and exists in 

many consumer products such as water bottles, feeding bottles, as well as reusable food and drink 
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containers. BPA can leaches from these materials and enters into foodstuff [1,2]. It cause harm to 

human as this chemical belongs to a group of endocrine-disrupting compound, and its toxicity is 

widely reported in literature [3]. It has been shown that the urine is a suitable marker for monitoring of 

BPA because almost 100% orally administered BPA is excreted via urine [4,5]. In addition, studies 

also have shown that BPA is frequently found in waste water, river water, and sea water [6,7]. On the 

other hand, uric acid (UA) is a final product of purine metabolism, and the oxidation of electroactive 

UA in an aqueous solution can yield to allantoin as a major product, which is freely eliminated by 

urine [8]. Abnormal levels of UA are associated with gout disease, whereas the formation of UA 

crystal which eventually grow into stones causing harm to human organ such as kidney [9,10].  

The commonly use methods for BPA and UA determination include colorimetric [11] and 

fluorometric [12], spectrophotometric [13] and spectrofluorimetric [14], solid phase extraction [15], 

and high performance-liquid chromatography [16]. However, these method are neither economical nor 

user-friendly for routine analysis. Therefore, it is desirable to develop analytical methods that are 

simple, low-cost, user friendly and high sensitivity as well as selectivity. Fortunately, these advantages 

owned by electrochemical sensor. The utilization of carbon paste electrode (CPE) fabricated with 

carbon nanotube (CNT) has shown great performance in electrochemical sensor [17,18]. Apart from 

that, layered double hydroxides (LDHs) (Scheme 1) have gained much attention in CPE fabrication 

due to their remarkable capability of anion exchange. The raising attention in LDH also comes from 

their versatile properties in terms of surface area, low toxicity and chemical inertness [19]. Related 

work in determination of various analytes by using LDH have been reported [20-22]. 

However, there is still no report on the use of LDH in simultaneous determination of BPA and 

UA. Therefore, in this work, a multiwalled carbon nanotube paste electrode (MWCNTPE) modified 

with zinc aluminium layered double hydroxide-quinmerac (Zn/Al-LDH-QM) has been fabricated for 

simultaneous determination of BPA and UA.  

 

 
 

Scheme 1. Illustration of layered double hydroxide. 
2. EXPERIMENTAL 

 

2.1. Chemicals  

 

The MWCNTs were purchased from Timesnano (China). BPA and UA were purchased from 

Sigma-Aldrich Co. (USA). 1 × 10-2 M UA and BPA stock solution were prepared with ethanol and 
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sodium hydroxide, respectively and kept in refrigerator at 4°C. Potassium phosphate buffer solution 

(PBS) was prepared by mixing the stock solution of 0.1 M K2HPO4 and 0.1 M KH2PO4.  

 

2.2. Apparatus 

 

Electrochemical experiments were conducted using a Potentiostat Ref 3000 and Potentiostat 

Series-G750. An electrochemical workstation consisting of modified MWCNT paste electrode as a 

working electrode, Ag/AgCl electrode as a reference electrode and platinum wire as a counter 

electrode. The surface morphology of Zn/Al-LDH-CP/MWCNT was observed using field emission 

scanning electron microscopy (FESEM), model SU8020 UHR (Hitachi, Japan) and transmission 

electron microscope (TEM), model JEOL-2000EX (Japan). The pH measurements were carried out on 

a Thermo Scientific Orion 2-Star Benchtop pH Meter.  

 

2.3. Synthesis of zinc/aluminium-layered double hydroxide-quinmerac nanocomposites (Zn/Al-LDH-

QM) 

 

Zn/Al-LDH were synthesized by a conventional co-precipitation method, where Zn(NO3)2 and 

Al(NO3)3 were used as a precursors [23]. Both precursors were dissolved in 250 mL of deionized water 

and 50 mL of 0.1 M quinmerac (QM) solution was added. The mixture was stirred until the 

homogenized solution was produced. A few drops of sodium hydroxide were used to adjust the pH of 

the solution until reach pH 7.5. The mixture was left in oil bath shaker at 70°C for 24 hours. Then the 

slurry was centrifuged, washed and dried in oven at 60°C. The dried precipitate of Zn/Al-LDH-QM 

was finely ground and kept in a bottle at room temperature. 

 

2.4. Electrode preparation 

 

Zn/Al-LDH-QM (0%, 5%, 10%, 15%) and MWCNTs (100%, 95%, 90%, 85%) were mixed 

using a mortar and pestle with a few drops of paraffin oil. The homogenized paste was then tightly 

pressed into a Teflon tube, with one of the tube end was connected to a copper wire to produce 

established electrical contact. The surface was smoothened on a soft paper before each measurements.  

 

3. RESULTS AND DISCUSSION 

 

3.1. Characterization of Zn/Al-LDH-QM/MWCNTs 

 

The Zn/Al-LDH-QM/MWCNTs materials were characterized by SEM and TEM, with the 

results shown in Fig. 1A and Fig. 1B, respectively. The SEM image shows irregular and petals-like 

structure of Zn/Al-LDH-QM attached within a bundle of MWCNTs. The morphology of Zn/Al-LDH 

intercalated with QM was agreed with the one which discovered in the previous study [23]. The flake 

features of Zn/Al-LDH-QM were also remained under TEM view.  



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10610 

 
 

Figure 1. (A) SEM image of Zn/Al-LDH-QM and (B) TEM image of Zn/Al-LDH-QM/MWCNT 

mixture. 
 

3.2. Characterization of sensor fabrication 

 

Cyclic voltammetry measurement was performed for unmodified and modified multiwalled 

carbon nanotube paste electrodes (MWCNTPE) in 4.0 × 10-3 M K3[Fe(CN)6]. This redox couple has 

been a recommended choice as a standard to demonstrate cyclic voltammetry because they exhibit 

nearly a reversible electrode reaction [24]. Fig. 2 shows the electrochemical response of K3[Fe(CN)6] 

at both electrodes. Due to the bare properties, the unmodified MWCNTPE exhibited a low current 

signal; anodic peak current (Ipa) and cathodic peak current (Ipc) were 6.636 μA and 3.865 μA, 

respectively. However, the voltammetric response is apparently improved at modified MWCNTPE 

with redox peak currents increased to Ipa = 11.44 μA and Ipc = 8.826 μA. Additionally, the peak-to-

peak separation (ΔEp) also declined from 591.8 mV to 367.8 mV, which could be due to the higher 

electron transfer rate at the surface of modified electrode compared to unmodified electrode, although 

both electordes experienced the reversible reaction of K3[Fe(CN)6]. These results suggested that the 

implementation of Zn/Al-LDH-QM to the modification of MWCNTPE contributed in an excellent 

electrochemical response of the electrode. 

The CV results were supported by the findings obtained from electrochemical impedance 

spectroscopy (EIS) studies. In general, the semicircle portion of the EIS represents the electron 

transfer-limited process, and the linear portion corresponds to the diffusion-limited process. The 

diameter of semicircle corresponds to the charge transfer resistance (Rct) at the electrode surface. Fig. 3 

illustrated Nyquist plots of unmodified and modified MWCNTPE. The unmodified MWCNTPE 

exhibits a large semicircle, compared to the modified MWCNTPE, which the Rct value of the former 

was almost two times larger than the latter. This ease of transfer of electrons to and from the electrode 

surface minimizes the charge transfer resistance. In addition, the electron transfer apparent rate 

constant (kapp) value for both electrodes were calculated from below equation. 
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Figure 2. Cyclic voltammograms of unmodified and modified MWCNT paste electrodes in 4.0 × 10-3 

M K3[Fe(CN)6] containing 0.1 M KCl. Scan rate 100 mVs-1. 
 

 

 

Where R, T and F have their usual meanings, A is the estimated surface area of electrode, and C 

is the concentration of the K3[Fe(CN)6] solution. Due to the relationship between charge transfer 

resistance and the electron transfer rate across the interface [25], the kapp values were calculated for 

unmodified and modified MWCNTPEs to be 8.95 × 10-5 cm s-1 and 1.48 × 10-4 cm s-1, respectively. 

The modified MWCNT showed high kapp and low Rct values which indicated a faster electron transfer 

process. This process has been accelerated by the presence of Zn/Al-LDH-QM.  

 

 

 

Figure 3. Nyquist plot of unmodified and modified MWCNT paste electrodes in 4.0 × 10-3 M 

K3[Fe(CN)6]  containing 0.1 M KCl. Inset: Randle’s equivalent electrical circuit system. 
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3.3. Optimization of the experimental conditions 

 

3.3.1. Percentage of modifiers 

 

The influence of the percentage of Zn/Al-LDH-QM used as modifier in carbon paste 

composition towards the electrochemical response of 1.0 × 10-4 M of BPA and UA solution were 

investigated using square wave voltammetry. Fig. 4 shows the current response towards the 

modification of MWCNTPE with different percentage of Zn/Al-LDH-QM. The modification of 

MWCNTPE with 5:95 (%) ratio of Zn/Al-LDH-QM to MWCNTs exhibited the highest current peak 

due to increase in the conductive area on the electrode surface [26]. Further increased in the amount of 

modifier cause the current response to decreased possibly due to the alteration of the physical and 

physiochemical properties of the electrode surface [27]. Therefore, the modified MWCNTPE with 5% 

of Zn/Al-LDH-QM was implemented for subsequent experiments.  

 
 

Figure 4. Graph of different composition ratios (%w/w) of Zn/Al-LDH-QM at modified MWCNT 

paste electrode. 
 

 

3.3.2. pH effect  

 

The pH ranges of 5.4 to 7.4 were studied for the electrochemical response of 1.0 × 10-4 M of 

UA and BPA solution. As can be seen in Fig. 5, the highest current peak exhibited by pH 6.0 for both 

UA and BPA. While going towards the basic condition of the solution, the decreasing of current peak 

was observed. The reduce in the current response at pH lower than 6.0 might be due to the competition 

between the hydrogen ions and the cation of the analytes to be deposited on the electrode surface, 

while at pH higher than 6.0, the current response decrease possibly due to the formation of hydroxyl 

compound [28]. Thus, a pH 6.0 was chosen for the subsequent analytical experiments.  
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Figure 5. Effects of pH value on the current response of 1 × 10-4 M UA and BPA mixture. 

 

3.3.3. Square wave voltammetry parameters 

 

In square wave voltammetry (SWV) measurement, optimization of several parameters are 

taken into account as they may affect the electrode performance [29]. As shown in Fig. 6A, the effect 

of frequency was evaluated by increasing the frequency from 90 to 190 Hz. The current peak was 

increased up to 170 Hz and started to decrease at the frequency over 170 Hz. The measurements were 

continue by varied the step size from 1 to 5 mV, and resulted the highest current peak at step size 4 

mV (Fig. 6B). The pulse size was measured from 10 to 60 mV. As shown in Fig. 6C, the highest 

current peak has been exhibited by pulse size of 50 mV. Thus, the optimum parameters used for 

subsequent experiments were at frequency 170 Hz, step size 4 mV and pulse size 50 mV. 

 

3.3.4. Scan rate effect 

 

Fig. 7A and Fig. 7B shows cyclic voltammograms of 1.0 × 10-4 M UA and BPA with different 

scan rates. Meanwhile, the inset graphs were plot of peak current versus scan rate (, which was 

observed to be directly proportional to one another. The equation can be expressed as Ipa (μA) = 0.021v 

(mVs-1) + 8.109 (R2 = 0.9938) for UA, and Ipa (μA) = 0.021v (mVs-1) -1.243 (R2 = 0.9956) for BPA. In 

this case, the deviations from linearity in plots of peak current versus square root of the scan rate 

(Randles-Sevcik equation) suggested that electron transfer may be occurring via a surface adsorption-

controlled process.  No peak-to-peak separation was observed also acts as an indication of a surface 

adsorption-controlled process of UA and BPA at the surface of the Zn/Al-LDH-QM/ MWCNTPE [24]. 
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Figure 6. Effects of the SWV parameters (A) frequency, (B) pulse size, and (C) step size on current 

response. Solution: 1 × 10-4 M UA and BPA mixture. 
 

3.3.5. Chronocoulometry studies 

 

Chronocoulometry studies were performed to determine the effective surface area, A, of both 

unmodified and modified MWCNTPEs. 4.0 × 10-3 M K3[Fe(CN)6] solution was used as a model 

complex. The A was calculated based on Anson equation: 

 

 

 

Where Q (t) is charge, n in number of electron transfer, F is Faraday constant (96485 

Coulombs/mole), c is concentration of substrate, and D is diffusion coefficient of K3[Fe(CN)6]. 

According to the slopes of the plots of Q vs. t1/2 (Fig. 8A), the effective electrochemical surface area 

for unmodified MWCNTPE was calculated as 0.016 cm2, and 0.059 cm2 for modified MWCNTPE. 

These indicated that the modification of MWCNT paste electrode with Zn/Al-LDH-QM increased the 



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10615 

electrode effective surface area. This phenomenon would increase the adsorption site, and further 

enhance the electrochemical performance of the sensor [30]. 

The chronocoulometry experiments were then carried out on the modified MWCNTPE in 1.0 × 

10-4 M UA and BPA solution. A plot of charge (Q) against the square root of time (t1/2) (Fig.8B) was 

obtained after background subtraction and exhibited a slightly linear relationship. Hence, D for UA 

and BPA were calculated to be 1.09 × 10-3 cm2 s-1 and 1.90 × 10-3 cm2 s-1, respectively. Based on 

Cottrell equation, Qads = nFAΓs, the adsorption capacity, Γs, for UA and BPA can be obtained as 1.72 x 

10-8 mol cm-2 and 1.95 x 10-8 mol cm-2, respectively.  

 

 

 

Figure 7. Cyclic voltammogram of Zn/Al-LDH-QM/MWCNT paste electrode with the different scan 

rates in 1 × 10-3 M of (A) UA and (B) BPA. 

 

 
 

Figure 8. (A) Chronocoulograms of (a) MWCNT paste electrode, and (b) Zn/Al-LDH-QM/MWCNT 

paste electrode in 4.0 × 10-4 M K3[Fe(CN)6], (B) Chronocoulograms of Zn/Al-LDH-

QM/MWCNT paste electrode in 1 × 10-4 M (a) UA and (b) BPA solution. 
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3.3.6. Calibration plot 

 

By using SWV, the modified MWCNTPE was applied for the successive determination of UA 

and BPA. Two working ranges were obtained for UA, i.e. from 0.3 – 30.0 µM and 50.0 – 100.0 µM 

(Fig. 9A). The linear regression equations of the first and second working range are y = -51.91x + 

235.81 (R2 = 0.9875) and y = -0.9289x + 6.207 (R2 = 0.9954), respectively. Two working ranges were 

also obtained for BPA, i.e. from 0.3 – 50.0 µM and 10.0 – 100.0 µM (Fig. 9B). The linear regression 

equations of the first and second working range are y = -10.67x + 55.54 (R2 = 0.9969) and y = -1.368x 

+ 9.133 (R2 = 0.9956), respectively. The detection limit of 0.065 µM UA and 0.049 µM BPA were 

obtained. The performance of the modified MWCNTPE in determination of UA and BPA was 

compared to those method reported earlier (Table 1). The proposed mechanism of analytes at the 

surface of the modified MWCNTPE also shown in Scheme 2.  

 

 
 

Figure 9. Calibration plot current peak versus –Log analytes concentration of various concentration of 

(A) UA and (B) BPA. 
 

3.3.7. Repeatability 

 

The repeatability of the sensor was taken into account in this study by carried out a series of 

repetitive measurements (Fig. 10). Relative standard deviation (RSD) of 2.98 % and 2.73 % were 

obtained for UA and BPA, respectively. These indicated that the modified electrode has a good 

repeatability.  
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Table 1. Comparison between the current work and some reported sensors for the individual and 

simultaneous determination of UA and BPA. 

 

Determination Analyte Modifier/electrode LWRa (µM) DLb Ref. 

Individual UA Poly(β-cyclodextrin)/CNT/ionic 

liquid/CPE 

0.6 – 400.0 0.300 [[31] 

 Mn(III) porphyrin-graphene/GCE 0.5 – 500.0 0.300 [[32] 

 Au-cysteine-betonite/GCE 1.0 – 200.0 0.930 [[33] 

 Fe3O4@SiO2/GO/GCE 0.5 – 250.0 0.070 [[34] 

BPA CdO NPs/ionic liquid/CPE 0.3 – 650.0 0.100 [[35] 

 rGO/Cu2O nanocomposite/GCE 0.1 – 80.0 0.053 [[36] 

 rGO-Ag/poly-L-lysine/GCE 1.0 – 80.0 0.540 [[37] 

 Chitosan-graphene/GCE 5.0 – 200.0 0.340 [[38] 

Simultaneous UA Zn-Al-LDH-QM/MWCNT/CPE 0.3 – 30.0, 

50.0 – 100.0 

0.065 This 

work 

BPA 0.3 – 50.0, 

10.0 – 100.0 

0.049 

a LWR – Linear working range. 
b DL – Detection limit. 

 

 

 
 

 

Scheme 2. Proposed reaction mechanism of UA and BPA at the surface of modified MWCNT paste 

electrode. 
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Figure 10. Repeatability of the modified MWCNT paste electrode. 

 

3.3.8. Interferences studies 

 

In order to evaluate the selectivity of the modified MWCNTPE, the influence of some potential 

interferences in 1.0 × 10-4 M UA and BPA solution was investigated. As shown in Fig. 11, the results 

indicated that most possible inorganic interferences, such as 10-fold and 50-fold concentration of 

ascorbic acid, glucose, sucrose, sodium salicylate, glutamic acid, phthalate, acetaminophen, captopril, 

dopamine, and hydroquinone did not interfere the electrochemical response of UA and BPA with the 

peak current changes less than ± 10%.  

 

 

 

Figure 11. The influence of interferences in determination of UA and BPA at Zn/Al-LDH-    

QM/MWCNT paste electrode. 
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3.3.9 Real sample analysis 

 

The feasibility of the modified MWCNTPE was tested with urine and water samples. The urine 

samples were collected from two healthy person and diluted 100 times with PBS buffer (pH 6), then 

analyzed without other pretreatment [39]. The lake water and sea water were collected from Tasik 

Embayu and Pantai Teluk Batik, respectively. One milliliter of each sample solution was mixed with 9 

mL PBS buffer (pH 6) and then analyzed [40]. No BPA was detected in the water samples. Both urine 

and water samples were then analyzed by the standard addition method and the recoveries were 

calculated. The results are shown in Table 2. The high recovery (98.0 - 108.3 %) indicated that the 

modified MWCNTPE is appropriate for the analysis of real samples. 

 

 

Table 2. Recoveries of UA and BPA in various samples. 

 

Sample Detected (μM) Added (μM) Found (μM) Recovery (%) 

UA BPA UA BPA UA BPA UA BPA 

Urine 1 22.3 N.D. a 4.0 12.0 27.3 11.9 103.9 99.7 

Urine 2 22.1 N.D. 4.0 12.0 26.4 11.8 100.9 98.0 

Lake water N.D. N.D. 10.0 10.0 9.9 10.6 99.5 105.5 

Sea water N.D. N.D. 10.0 10.0 10.5 10.8 105.0 108.3 
a ND – Not detected.  

 

 

4. CONCLUSIONS 

 

The role of Zn/Al-LDH-QM as a mediator in the simultaneous determination of UA and BPA 

was successfully demonstrated. The Zn/Al-LDH-QM/ MWCNTPE shows a good conductivity with 

high electron transfer rate through CV and EIS studies. The modified electrode also exhibits a large 

effective electrochemical surface area and high adsorption capacity. The developed sensor was free 

from interference of ascorbic acid, glucose, sucrose, sodium salicylate, glutamic acid, phthalate, 

acetaminophen, captopril, dopamine, and hydroquinone. At optimal condition, the electrode shows a 

wide linear range of UA and BPA concentration with a detection limit of 0.065 µM and 0.049 µM, 

respectively. The electrode also applicable for UA and BPA analysis in urine and water samples.  
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