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Glassy carbon electrodes (GCEs) were modified with different types of hybrid composites prepared 

from poly(xanthurenic acid), single-walled carbon nanotubes (SWCNT), and multi-walled carbon 

nanotubes (MWCNT). They were studied with respect to the simultaneous determination of ascorbic 

acid (AA), dopamine (DA), and uric acid (UA). The hybrid composite GCE displays a relatively low 

overpotential and high current response for the analytes. Differential pulse voltammetry (DPV) shows 

good selectivity and a linear response in the concentration ranges of 10 µM－2.3 mM, 5 µM－165 

µM, and 5 µM－1.65 mM for AA, DA, and UA, respectively. The sensitivities are 145.8, 2036.8, and 

338.6 µA mM
-1

 cm
-2

, and the detection limits are 10 µM, 1 µM, and 5 µM (at an S/N of 3). The 

method was successfully applied to the determination of the three species in spiked urine samples. 
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1. INTRODUCTION 

Ascorbic acid (AA), dopamine (DA), and uric acid (UA) usually coexist in biological samples. 

The development of a selective and sensitive method for simultaneous determination of AA, DA, and 

UA is highly desirable for analytical application and diagnostic research. Among the various analytical 

methods, electrochemical sensors offer several advantages such as small size of electrode, possibility 

of in situ measurements and requirement of small amount of the sample [1－3]. 
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In recent years, voltammetric techniques for the detection of AA, DA, and UA have attracted 

considerable interest due to their fast response and high sensitivity. However, a key problem 

encountered is the overlap of the peak potentials for these three species at conventional electrodes with 

the pronounced fouling effect, resulting in poor selectivity and reproducibility [4]. To overcome the 

above problems, various electrode-modified materials such as metal nanoparticles [3,5], organic redox 

mediators [6,7], polymers [8－10], carbon nanofibers [11,12],  graphene [12], and carbon nanotubes 

(CNTs) [13] were used to improve the selectivity. Among these electrodes, carbon material based 

electrode is considered as one of the most effective electrodes to carry out the simultaneous 

determination of AA, DA, and UA due to their remarkable electrocatalytic properties. 

Xanthurenic acid (Xa) is a product of the tryptophan–NAD pathway. It is related to various 

pathological conditions [14－16], although the biological function of this compound remains obscure 

[17]. Xa acts as a potent iron chelator and has been shown to have prooxidant actions [17]. This 

compound can form a variety of possible dimers after oxidation, leading to radicals or cations, which 

can couple with phenoxy radicals, with other dimer radicals or with unconverted compounds to 

produce polymers adhering strongly to the electrode surface, as evidenced for other phenols [18,19]. 

Therefore, an investigation into the use of the Xa-modified electrode to oxidize biologically important 

biological compounds, especially AA, DA and UA, is a worthwhile endeavor [20－28]. 

In this work, functionalized CNTs and Xa are used to design an active hybrid composite. 

Hybrid types are characterized and investigated for simultaneous determination of AA, DA, and UA 

by cyclic voltammetry, scanning electron microscopy, amperometry, and differential pulse 

voltammetry. 

 

 

 

2. MATERIALS AND METHODS 

2.1. Reagents 

Single-walled carbon nanotubes (SWCNT), multi-walled carbon nanotubes (MWCNT), 

xanthurenic acid (Xa), ascorbic acid (AA), dopamine (DA), and uric acid (UA) were purchased from 

Sigma-Aldrich Chemical Co. (St. Louis, MO, http://www.sigmaaldrich.com/). All other chemicals 

(Merck Co., Darmstadt, Germany, http://www.merckgroup.com/en/index.html) used were of analytical 

grade (99%). Double distilled deionized water was used to prepare all the solutions. A phosphate 

buffer saline (PBS) of pH 7 was prepared using Na2HPO4 (0.05 M) and NaH2PO4 (0.05 M). 

 

2.2. Apparatus 

All electrochemical experiments were performed using CHI 1205a potentiostats (CH 

Instruments, USA). A glassy carbon electrode (GCE) was purchased from Bioanalytical Systems 

(BAS) Inc. (http://www.basinc.com/products/ec/sve.php), USA. The GCE was used with diameter of ϕ 

= 0.3 cm (exposed geometric surface area of A = 0.0707 cm
2
) for all electrochemical techniques except 

of amperometry (ϕ = 0.6 cm; A = 0.2826 cm
2
). Prior to modification, the GCE was well polished with 
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the help of BAS polishing kit with aqueous slurries of alumina powder (0.05 μm), rinsed and 

ultrasonicated in double distilled deionized water (18.3 MΩ cm) for 3 min. The ADVANTEC (HONG 

I Instruments Co., Taipei, Taiwan, http://www.hongi-ins.com.tw/) filter (porosity = 1 μm) was used to 

purify all functionalized CNTs. A conventional three-electrode system which consists of an Ag/AgCl 

(saturated KCl) reference electrode, a bare GCE or CNTs/GCE or polyXa/GCE or CNTs-polyXa/GCE 

working electrode, and a platinum wire counter electrode, was used. The electrochemical cells were 

kept properly sealed to avoid the oxygen interference from the atmosphere. The buffer solution was 

entirely altered by deaerating using nitrogen gas atmosphere. Morphological characterization of 

composites was examined by means of scanning electron microscopy, SEM (S-3000H, Hitachi, Japan, 

http://www.hitachi-hitec.com/global/em/). For our convenience, ITO substrates were used for SEM 

analysis. 

 

2.3. Preparation of different polymer-CNTs hybrid types 

All CNTs including SWCNT and MWCNT were functionalized with carboxylic group 

according to our previous method [29]. Xa was the monomer used to prepare the polymer (polyXa) by 

electropolymerization using GCE or CNTs/GCE electrode in 0.1 M H2SO4 (pH 1.5) containing 10
-2

 M 

Xa monomers. The polyXa-CNTs hybrid composites were prepared in two procedures including the 

adsorption of CNTs and the electropolymerization of Xa. They were arranged in two hybrid types and 

denoted as polyXa/CNTs and CNTs/polyXa corresponding to the polyXa formation before/after the 

CNTs adsorption. 

 

 

3. RESULTS AND DISCUSSION  

3.1. Characterization of polyXa-CNTs hybrid films 

Fig. 1 shows the cyclic voltammograms of different modified electrodes in pH 7 PBS. Fig. 1A 

displays the voltammograms of CNTs/polyXa film type including (a) polyXa, (b) SWCNT/polyXa, 

and (c) MWCNT/polyXa. Fig. 1B displays the voltammogrmas of polyXa/CNTs film type including 

(a) polyXa, (b) polyXa/SWCNT, and (c) polyXa/MWCNT. Both CNTs/polyXa and polyXa/CNTs 

hybrid film types maintain the polyXa redox couple with slightly potential shift and small peak-to-

peak separation except of peak current. It means that the electron transfer process is not changed after 

hybridization. One can see that redox peak currents are enhanced by CNTs especially for MWCNT-

hybrid composites due to high active surface area. Particularly, the polyXa/MWCNT (Fig. 1B(c)) 

shows higher current than MWCNT/polyXa (Fig. 1A(c)) in the potential range of -0.2－0.05 V. This 

phenomenon might be caused by the compact hybrid structure consisted of the polyXa (covalent 

bonding) in first layer and the MWCNT in second layer. It provides a hint that the immobilized 

procedure of first polyXa and second CNTs is the suitable arrangement for the preparation of polymer-

CNTs hybrid nanocomposites. Moreover, both two types of hybrid nanocomposites have good 

agreement in the formal potential with the related works [30,31]. It indicates that the hybrid 

nanocomposite types maintain the electrochemical behaviors of the electroactive polyXa species. 
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Figure 1. CVs of various CNTs-polyXa types including (A) the CNTs/polyXa type of: (a) polyXa, (b) 

SWCNT/polyXa, (c) MWCNT/polyXa; and (B) the polyXa/CNTs type of: (a) polyXa, (b) 

polyXa/SWCNT, (c) polyXa/MWCNT, examined in pH 7 PBS. CVs of (C) polyXa/GCE and 

(D) polyXa/MWCNT/GCE examined in different pH conditions of (a) pH 1, (b) pH 3, (c) pH 5, 

(d) pH 7, (e) pH 9, (f) pH 11, and (g) pH 13, respectively. Scan rate = 0.1 Vs
-1

. 

 

Fig. 1C & D displays the pH-dependent voltammetric response of polyXa and 

polyXa/MWCNT modified electrodes. The formal potential (E
0’

) shifts negatively as the pH value of 

the solution increases. It is pH-dependent, electroactive, and stable in different pH conditions. 

Considering the correlation between E
0’

 and pH in the range of pH 1－13, it exhibits a linear equation 

as E
0’

(mV) = -0.0663pH + 0.49 (R
2
 = 0.9961) and E

0’
(mV) = -0.0662pH + 0.49 (R

2
 = 0.9971) for 

polyXa and polyXa/MWCNT, respectively. One can know that almost the same slope values of -66.3 

mV pH
-1

 and -66.2 mV pH
-1

 for both modifiers. They are close to that given by the Nernstian equation 

for equal number of protons and electrons transfer processes, indicating two protons and two electrons 

transfer in the electrochemical system. This result is corresponding to that has been reported [30,31]. 

One can also know that the CNTs enhance the current response but do not affect the polyXa redox 

process in the hybrid composite. 

Fig. 2A-C shows the cyclic voltammograms for polyXa/GCE, polyXa/SWCNT/GCE, and 

polyXa/MWCNT/GCE examined with different scan rate in pH 7 PBS. All of them exhibit one similar 

redox couple but different average formal potential at E
0’

 = +0.094 V, E
0’

 = +0.082 V, and E
0’

 = 
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+0.072 V for polyXa, polyXa/SWCNT, and polyXa/MWCNT, respectively. Both anodic and cathodic 

peak currents are directly proportional to scan rate up to 100 mV s
-1

 (insets of Fig. 2) as expected for 

surface-confined and stable redox process. This also indicates that the surface-controlled process in the 

electrochemical system. The observation of well-defined and persistent cyclic voltammetric peaks 

indicates that the polyXa/GCE and polyXa/MWCNT/GCE exhibit electrochemical response 

characteristics of redox species confined on the electrode. 

 

 
 

Figure 2. CVs of (A) polyXa/GCE, (B) polyXa/SWCNT/GCE, and (C) polyXa/MWCNT/GCE 

examined in 0.1 M PBS (pH 7) with various scan rates of (a) 10, (b) 20, (c) 30, (d) 40, (e) 50, 

(f) 60, (g) 70, (h) 80, (i) 90, (j) 100 mV s
-1

, respectively. Insets: the plots of the peak current 

(Ip) vs. scan rate. SEM images of (D) polyXa, (E) polyXa/SWCNT, and (F) polyXa/MWCNT, 

respectively. 
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The linear regression equations of peak currents (Ipa & Ipc) and scan rate (v) can be expressed as 

follows: 

At polyXa/GCE: 

Ipa(μA) = –0.0152v(mV s
-1

) – 0.08 (R
2
 = 0.9951)                                                                    (1) 

Ipc(μA) = 0.0181v(mV s
-1

) + 0.10 (R
2
 = 0.9952)                                                                      (2) 

At polyXa/SWCNT/GCE: 

Ipa(μA) = –0.0952v(mV s
-1

) – 0.12 (R
2
 = 0.9997)                                                                    (3) 

Ipc(μA) = 0.1004v(mV s
-1

) + 0.12 (R
2
 = 0.9998)                                                                      (4) 

At polyXa/MWCNT/GCE: 

Ipa(μA) = –0.5988v(mV s
-1

) – 1.24 (R
2
 = 0.9989)                                                                     (5) 

Ipc(μA) = 0.6275v(mV s
-1

) + 1.27 (R
2
 = 0.9989)                                                                      (6) 

Moreover, the ratio of oxidation-to-reduction peak currents in each case is nearly unity and 

formal potentials do not change with increasing scan rate in this pH condition. This result reveals that 

the electron transfer kinetics is very fast on the electrode modified surface. 

We have estimated, the apparent surface coverage (Γ), by using Eq. (7): 

Ip = n
2
F

2
vAΓ/4RT                                                                                                                      (7) 

where, Ip is the peak current of the polyXa/MWCNT composite electrode; n is the number of 

electron transfer; F is Faraday constant (96485 C mol
-1

); v is the scan rate (mV s
-1

); A is the electrode 

surface area (0.07 cm
2
); R is gas constant (8.314 J mol

−1
 K

−1
); and T is the room temperature (298.15 

K). In the present case, the calculated surface coverage (Γ) was 6.27×10
−11

 mol cm
−2

, 3.80×10
−10

 mol 

cm
−2

, and 2.32×10
−9

 mol cm
−2

 in a two-electron process for polyXa, polyXa/SWCNT, and 

polyXa/MWCNT, respectively. One can know that the polyXa/MWCNT shows the higher current 

response resulted from higher surface coverage. This also indicates that MWCNT provides more active 

sites for polyXa. 

Morphology was studied by scanning electron microscopy (SEM). Fig. 2D–F shows SEM 

images for polyXa, polyXa/SWCNT, and polyXa/MWCNT, respectively. Fig. 2D displays the polyXa 

image with fiber-like shape might be due to the formation of polymer chain. Both polyXa/SWCNT 

(Fig. 2E) and polyXa/MWCNT (Fig. 2F) display globular images might be due to the CNTs 

aggregation. This result indicates that the composites form their unique structure in the morphology. 

 

3.2. Electrocatalytic oxidation of AA, DA, and UA at polyXa-CNTs modified electrodes 

Different hybrid films modified electrodes were prepared to study electrocatalytic oxidation of 

AA, DA, and UA in pH 7 PBS. PolyXa/CNTs show the current response higher than those of 

CNTs/polyXa hybrid composites. It indicates that polyXa/CNTs are more electroactive than 

CNTs/polyXa might be due to high compact active species. It may be explained by that the 

immobilized procedure of first one-dimensional polymer chains and second three-dimensional CNTs 

might provide the compact and efficient hybrid composites. 
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3.3. Electrocatalytic oxidation of AA, DA, and UA using polyXa-CNTs composites 

PolyXa/MWCNT was one of polyXa-CNTs composites used to test single target species (AA, 

DA, and UA). As shown in Fig. 3A, three well defined oxidation peaks are observed at +0.06 V, +0.28 

V, and +0.36 V for AA, DA, and UA, respectively. It proves that polyXa/MWCNT hybrid composite 

can show specific oxidation peaks for AA, DA, and UA, respectively. Furthermore, the overpotential 

of AA and UA are similar to the related works [32,33]. It indicates that the hybrid nanocomposite 

types maintain the electrochemical activities of the electroactive polyXa species. 

Different modified electrodes were also examined in the AA, DA, and UA mixing solution, the 

voltammetric responses were observed to understand their electrocatalytic properties. Fig. 3B shows 

the cyclic voltammograms of different electrodes in pH 7 PBS containing 5×10
-4

 M AA, 5×10
-5

 M DA, 

and 5×10
-4

 M UA. Curve (a) shows the voltammogram of bare GCE with only one oxidation peak at 

about +0.24 V to three target species. 

 
 

Figure 3. (A) CVs of polyXa/MWCNT/GCE examined in 0.1 M PBS (pH 7) containing (a) 5×10
-4

 M 

AA, (b) 5×10
-5

 M DA, and (c) 5×10
-4

 M UA, respectively. (B) CVs of (a) bare GCE, (b) 

polyXa/GCE, (c) MWCNT/GCE, (d) polyXa/SWCNT/GCE, and (e) polyXa/MWCNT/GCE 

examined in 0.1 M PBS (pH 7) containing 5×10
-4

 M AA, 5×10
-5

 M DA, and 5×10
-4

 M UA. 

Scan rate = 0.1 Vs
-1

. 
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PolyXa/GCE (curve b) also shows only one oxidation peak similar to that at bare GCE except 

of higher current. It means that polyXa is active to target species resulted in high current response. 

However, both bare GCE and polyXa/GCE can’t recognize these target species. After the polymer 

hybridized with CNTs (polyXa/SWCNT or polyXa/MWCNT), it shows significant oxidation peaks 

(curve d and e). Significant oxidation peaks are observed at Epa,AA = +0.08 V, Epa,DA = +0.22 V, and 

Epa,UA = +0.34 V. Particularly, curve (e) shows much higher current response indicating that MWCNT-

based composite is more active. Considering current response of MWCNT/GCE (Fig. 3B(c)), only two 

obvious oxidation peaks (Epa = +0.270 V, +0.388 V) are observed for target species. In the contrast, it 

means that polyXa/CNTs can provide specific electrocataltic property better than that at 

MWCNT/GCE or polyXa/GCE. These results also provide the evidence that specific oxidation peaks 

corresponding to the oxidation of AA, DA, and UA are not only original from MWCNT or polyXa. 

One can conclude that electrocatalytic oxidation of target species can be improved using the polyXa 

and CNTs hybrid composites. Particularly, the polyXa/MWCNT hybrid type is more active and can be 

the candidate to simultaneously determine AA, DA, and UA. 

 

3.4. Simultaneous determination of AA, DA, and UA using polyXa/MWCNT 

 
 

Figure 4. DPVs of polyXa/MWCNT/GCE examined for one species determination in pH 7 PBS 

containing: (A) [AA] = (a) 2×10
-4

 M – (e) 1×10
-3

 M in the presence of 8×10
-5

 M DA and 1×10
-

4
 M UA; and (B) [DA] = (a) 4×10

-5
 M – (h) 3.2×10

-4
 M in the presence of 2×10

-4
 M AA and 

1×10
-4

 M UA; and (C) [UA] = (a) 2×10
-4

 M – (e) 1×10
-3

 M in the presence of 1×10
-4

 M AA 

and 4×10
-5

 M DA. Scan rate = 0.1 Vs
-1

. Amperograms of polyXa/MWCNT/GCE applied 

potential at (D) Eapp. = +0.1 V, (E) Eapp. = +0.2 V, and (F) Eapp. = +0.3 V for AA, DA, and UA, 

respectively. Electrode rotation speed = 1000 rpm. 
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Differential pulse voltammetry (DPV) is the electrochemical technique which has much higher 

current sensitivity and better resolution compared to cyclic voltammetry. Also the contribution of 

charging current to the background current is negligible in DPV. Therefore, the simultaneous 

determination of AA, DA and UA at polyXa/MWCNT modified electrode was carried out using DPV 

technique. 

Fig. 4A － C shows the voltammograms of polyXa/MWCNT/GCE used to individually 

determine AA, DA, and UA in the presence of the other two constant species. Specific oxidation peaks 

are observed at 11 mV, 181 mV, and 304 mV for AA, DA, and UA, respectively. These oxidation 

potentials are slightly lower than those in CV results. Peak currents are linearly dependent on 

concentration, indicating the stable and efficient electrocatalytic activity at the polyXa/MWCNT/GCE 

by DPV. 

Linear regression equation of AA is calibrated as IAA(μA) = 198.86 + 0.006CAA(μM) (CAA: 

200–1000 μM) with correlation coefficient of R
2
 = 0.9978 (n = 5), accompanied with the change of 

8.9% and 3.4% for DA and UA. Linear regression equation of DA is calibrated as IDA(μA) = 88.87 + 

0.407CDA(μM) (CDA: 40–320 μM) with the correlation coefficient of R
2
 = 0.9985 (n = 8), accompanied 

with the change of 11.2% and 5.8% for AA and UA. Linear regression equation of UA is calibrated as 

IUA(μA) = 45.76 + 0.1CUA(μM) (CUA: 200–1000 μM) with the correlation coefficient of R
2
 = 0.9963 (n 

= 5), accompanied with the change of 6.7% and 9.6% for AA and DA. It provides good selectivity and 

linear concentration range of 1×10
-5

–1×10
-3

 M, 1×10
-5

–3.2×10
-4

 M, and 1×10
-5

–1×10
-3

 M, with 

detection limit of 10 μM, 1 μM, and 5 μM (S/N= 3). The sensitivity is estimated in 86 μA mM cm
-2

, 

5814 μA mM cm
-2

, and 1429 μA mM cm
-2

 for AA, DA, and UA, respectively. This result might 

propose DPV to be the suitable electrochemical technique to determine DA in the presence of AA and 

UA. The analytical characteristics for the determination of AA, DA, and UA at polyXa/MWCNT/GCE 

are nearly the same as those obtained in the solution containing only one species, confirming no 

interference between each other in the measurements. 

 

Table 1. Performance of polyXa/MWCNT electrode compared with other modified electrodes for 

determination of AA, DA, and UA using differential pulse voltammetry (DPV). 

 

Electrode 
Linear range (μM) Detection limit (μM) Ref. 

AA DA UA AA DA UA   

MWCNT/GCE (DPV) 15-800 0.5-100 0.55-90 7.71 0.31 0.42 [13]  

PAA-MWCNTs/SPCE 

(DPV) 
100-1000 - 0-30 49.8 - 0.458 [34] 

CILE (DPV) 50-7400 2-1500 2-2200 20 1 1 [35] 

poly(sulfonazo III)/GCE (DPV) 0.5-1300 0.05-470 0.2-100 0.17 0.03 0.11 [36] 

HNCMS/GCE (DPV) 100-1000 3-75 5-30 0.91 0.02 0.04 [37] 

PtNPs-MWCNT/GCE (DPV) 24.5-765 0.06-3.02 0.46-50 20 0.05 0.35 [38] 

SPGNE (DPV) 4-4500 0.5-2000 0.8-2500 0.95 0.12 0.2 [39] 

polyXa/MWCNT/GCE (DPV) 10-1000 10-3200 10-1000 10 1 5 This work 

polyXa/MWCNT/GCE 

(amperometry) 
10-2300 5-165 5-1650 10 1 5 This work 
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Ameprometry is one of powerful electrochemical techniques used to determine AA, DA, and 

UA species. Fig. 4D － F shows the amperometric responses which are evaluated at 

polyXa/MWCNT/GCE applied potential at +0.1 V, +0.2 V, and +0.3 V for AA, DA, and UA, 

respectively. Blank signal is obtained in initial 450 seconds. Fig. 4D displays the amperogram with 

sequential additions of AA (10
-5

 M per 50 seconds) by micro-syringe. It shows linear concentration 

range of 1×10
-5

–2.3×10
-3

 M with sensitivity of 145.8 μA mM
-1

 cm
-2

 and detection limit of 10 μM (S/N 

= 3). It also provides linear response range of 5×10
-6

–1.65×10
-4

 M and 5×10
-6

–1.65×10
-3

 M with 

sensitivity of 2036.8 μA mM
−1

 cm
−2

 and 338.6 μA mM
−1

 cm
−2

 and detection limit of 1 μM and 5 μM 

(S/N = 3) for DA and UA, respectively. Relative standard deviation (RSD) (n = 10) is 5.3 %, 3.4 %, 

and 4.8 % for determining AA, DA, and UA, respectively. It indicates that this sensor has very good 

reproducibility at pH 7. 

Performance is compared with other sensors in the literature (Table 1). It shows wilder linear 

range of AA determination than those of PAA-MWCNTs/SPCE, MWCNT/GCE, HNCMS/GCE, and 

PtNPs-MWCNT/GCE. Lower detection limit of AA is found better than those of PAA-

MWCNTs/SPCE, CILE, and PtNPs-MWCNT/GCE. It also can provide competitive linear range better 

than that of PAA-MWCNTs/SPCE for UA determination. It can be concluded that polyXa/MWCNT 

possesses comparable performance for the simultaneous determination of AA, DA, and UA in the 

literature. 

 

3.5. Real sample test 

 
 

Figure 5. Real test in urine sample (pH 7 PBS): DPVs of polyXa/MWCNT/GCE examined with the 

additional concentration of 1×10
-5

–9.7×10
-4

 M AA, 1×10
-6

–9.7×10
-5

 M DA, and 5×10
-6

–

4.85×10
-4

 M UA from case (a) to (q), respectively. Scan rate = 0.1 Vs
-1

. Insets: (A) the plot of 

peak current change (ΔI) vs. concentration; and (B) the plot of peak current change (ΔI) vs. pH 

for DA test. 



Int. J. Electrochem. Sci., Vol. 10, 2015 

  

2774 

PolyXa/MWCNT modified electrode was further studied for simultaneous determination of 

AA, DA, and UA in human urine sample by DPV. Prior to the determination, all urine samples were 

appropriately treated by centrifugation and filtration. Three species were spiked into the 

electrochemical system with various concentrations. Fig. 5 shows DPV response to AA, DA, and UA 

with three well-defined oxidation peaks, corresponding to those shown in Fig. 4A－C. Inset A of Fig. 

5 depicts the correlation between net current response (ΔI) and species concentration. Linear 

concentration ranges are estimated in 1×10
-5

–9.7×10
-4

 M, 1×10
-6

–9.7×10
-5

 M, and 5×10
-6

–4.85×10
-4

 M 

for AA, DA, and UA, respectively. These values are also competitive in the literature as shown in 

Table 1. Inset B depicts the correlation between net current response (ΔI) and pH condition for DA 

determination, indicating the optimized condition at pH 7. Real sample analysis provides recovery over 

than 95% and RSD less than 7% for each case. One can concluded that the sensor shows efficient 

activity in real sample and can be used for practical examination. 

 

3.6. Stability study 

Repetitive redox potential cycling experiments were tested to know the extent of stability 

relevant to polyXa/MWCNT modified electrode in neutral condition. This investigation indicates that 

after 100 continuous scan cycles with scan rate of 100 mV s
-1

, the peak heights of the cyclic 

voltammograms decreased less than 5%. A decrease of 8% was observed in current response of the 

electrode at the end of 10
th

 day. One can know that the stability of this electrode which promising it 

could be used stably for a few days. 

 

 

4. CONCLUSIONS 

Here we report a simple method to form a sensor based on polyXa-CNTs hybrid composites. 

Preparation procedures of these composites are designed and compared for the candidate using for 

simultaneous determination of AA, DA, and UA. They have good electrocatalytic oxidation for AA, 

DA, and UA with lower overpotential and higher current response. PolyXa/MWCNT is the composite 

which shows the better test results when compared with polyXa, polyXa/SWCNT, SWCNT/polyXa, 

and MWCNT/polyXa. It shows competitive performance for simultaneous determination of AA, DA, 

and UA in the literature. Particularly, it can also provide good linearity in urine samples. As the results, 

it is a simple and good strategy due to excellent advantages of fast response, low cost, low 

overpotential, high current response, high sensitivity, and high selectivity. 
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