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Abstract: A glassy carbon electrode modified with copper doped poly (methyl red) coated hydroxyl 
multiwalled carbon nanotube film (Cu-PMR/MWCNTs), was developed to serve as a sensor for simultaneous 
determination of Hydroquinone (HQ) and catechol (CC) in this paper. The fabricated electrode showed excellent 
electrocatalytic behaviors towards the oxidation of HQ and CC with the enhancement of the redox peak current 
and the decrease of the peak-to-peak separation. Under the optimized condition, the individual determination of 
HQ or CT in their mixtures was performed, the response peak currents of the modified electrodes were linear 
over ranges of 8.0×10-7~4.0×10-4 M (R2=0.999) for CT and 5.0×10-7~2.0×10-4M (R2=0.993) for HQ. The sensor 
also exhibited good sensitivity with the detection limit of 1.0×10-8 mol/L and 5.0×10-8 mol/L for HQ and CT, 
respectively. The simultaneous determination of HQ and CC was demonstrated by simultaneously changing 
their concentrations. The reduction peak currents of HQ and CC increased linearly with the concentration of 
their own in the range of 8×10−7 and 2.0×10−4 M for HQ and CC, with correlation coefficients of 0.994 and 
0.995 (S/N=3), respectively. This study provides a new kind of composite modified electrode for 
electrochemical sensors with good selectivity and strong anti-interference. It has been applied to simultaneous 
determination of HQ and CT in water sample with high selectivity. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 
Isomers of dihydroxybenzenes such as catachol 

(CT) and hydroquinone (HQ) are widely used in 
cosmetics, dyes, tanning, pesticides, plastics, 
flavoring agents, medicines and antioxidant [1-2]. 
They also present in urine and other biological 
samples as an indication of occupational exposure to 
environmental phenol contaminations [3]. So, they 
are easy to enter into the environments existing in 
industrial effluents and sanitary wastewater as 

pollutants with high toxicity [4-5]. The allowable 
emission of phenolic compounds in the national 
standard of China (GB 8978-1996) is 0.5 mg/L (for 
dihydroxybenzene, 4.54×10-3 M) [6]. As a result, the 
fast and efficient determination methods such as 
electrochemical sensors are considered as suitable 
complementary tools in terms of environmental 
monitoring, neurochemistry and clinical chemistry 
[7-13]. Multi wall carbon nanotubes (MWCNTs) 
attracted tremendous attention owing to its unique 
one-dimensional (1D) structure, the high accessible 

http://www.sensorsportal.com/HTML/DIGEST/P_2354.htm

http://www.sensorsportal.com


Sensors & Transducers, Vol. 178, Issue 9, September 2014, pp. 69-77 

 70 

surface area, low electrical resistance, outstanding 
charge-transport characteristics, high chemical 
stability and excellent biocompatibility. Based on 
those properties, MWCNTs are considered as an 
ideal electrode material for electrochemical and 
biosensing [14-16]. Even though the electrocatalytic 
activity of the CNTs and conjugated polymer films 
were individually good, some properties like 
mechanical stability, sensitivity for different 
techniques and electrocatalysis for multiple 
compounds were not efficient. So, new studies have 
been developed in the past decade for the preparation 
of the composite films, which are composed of both 
CNTs and conducting polymers with enhanced 
electrocatalytic activity [17]. Honglan Qi, et al. 
reported the glassy carbon electrode coated with 
multiwall carbon nanotubes (MWCNTs) film, 
consequently, they lowered the detection limits of 
dihydroxybenzene isomers [18]. Seyda Korkut, et al. 
reported a new method based on multiwalled carbon 
nanotube-poly(pyrrole)-horseradish peroxidase 
nanobiocomposite film for determination of phenol 
derivatives [19]. Yogeswaran Umasankar reported a 
new method for the simultaneous determination of 
CT and HQ by poly (malachite green) coated 
multiwalled carbon nanotube film with Satisfactory 
results [20]. Recently, Yang, et al. and Xue Wang 
have reported new methods to reduce the stacking of 
GR by intro-ducing 1D carbon nanotubes to form a 
three-dimensional (3D) nanohybrid. The properties 
of MWCNTs emerge in the axialdirection while 
providing current density, high specific surface area, 
and thermal conductivity [21-22]. The enhanced 
catalytic performances are generally attributed to the 
unique property of MWCNTs, which allows them to 
interact with aromatic rings, leading to favorable 
reactant-product mass transportation [23].  

In the present work, we report a highly sensitive 
electrochemical method for the simultaneous 
determination of HQ and CT based on copper doped 
poly (methyl red) coated hydroxyl multiwalled 
carbon nanotube film (Cu-PMR/MWCNTs), which is 
simple, and economical for routine analysis. We 
believe the method would be a potential step forward 
in the simultaneous determination of HQ and CT in 
biological fluids. The electrochemical behaviors of 
these isomers were investigated by cyclic 
voltammetry (CV). The performance of the 
fabricated electrode was evaluated and discussed by 
differential pulse voltammetry (DPV), and the 
proposed method has been applied to selective 
determination of HQ and CT in a water sample with 
satisfactory results. 

 
 

2. Experimental 
 
2.1. Apparatus and Reagents  
 

CV and DPV experiments were performed on a 
LK2005A Electrochemical Workstation (Tianjin 
Lanlike Co., Ltd., China). A three-electrode system 

was used, where a GCE (3.0 mm diameter) or a 
modified GCE served as the working electrode, a Pt 
wire as the counter electrode and a saturated calomel 
electrode (SCE) served as the reference electrode. All 
potentials vs. SCE were reported. A KQ 3200 
Eultrasonic cleaner and a PHS-3C pH meter were 
used. Field emission scanning electron microscope 
(SEM) images was obtained with focused ion beam 
scanning electron microscopy (ZEISS AURIGA 
FIB/SEM). Electrochemical impedance spectroscopy 
(EIS) measurements were conducted using a 
PARSTAT2273 instrument (EG&G, USA). 

The multi-walled carbon nanotubes (MWNTs) 
used (OD < 80 nm, length: <80 nm, purity:  
≥95 wt%, OH content 5.58 wt%) was came from 
Nanjing XFNANO Materials Tech Co. Ltd. 
(Nanjing, China). Methyl red, HQ and CT were 
purchased from Sinopharm Chemical Reagent Co., 
Ltd., China. All other chemicals were analytical 
reagent grade and used without further purification 
and double-distilled water was used throughout. 
0.10 mol/L phosphate buffered solution (PBS) was 
prepared from 0.10 mol/L KH2PO4 and 0.10 mol/L 
KH2PO4, HCl and NaOH were used to control the 
pH. All the experiments were performed at room 
temperature (25±0.5oC). 

 
 

2.2. Electrochemical Measurements 
 

CV and DPV were employed for examining the 
electrochemical signal of bare GCE and the modified 
electrodes to a certain amount of HQ and CT in PBS 
(0.1 M) buffer medium. The experimental parameters 
of CV are: a scan rate of 100 mV/s and a voltage 
range of -0.3 to 0.6 V.  

The DPV conditions were as follows: potential 
increase, 0.005 V; amplitude, 0.05 mV; pulse width, 
0.1 s; pulse interval, 0.1 s (CT); potential increase, 
0.005 V; amplitude, 0.05 mV; pulse width, 0.05 s; 
pulse interval, 0.05 s (HQ), potential increase, 
0.003 V; amplitude, 0.03 mV; pulse width, 0.05 s; 
pulse interval, 0.05 s (HQ+CT). The concentrations 
of hydroquinone and catechol were quantified by the 
oxidation peak currents. 

The concentrations of HQ and CT were 
quantified by the oxidation peak currents. The 
surface morphology of the electrodes was revealed 
by field emission scanning electron microscopy 
(ZEISS AURIGA FIB/SEM). In addition, 
electrochemical impedance spectroscopy was 
performed in 5 mM Fe(CN)6

3-/4- solution containing 
0.1 M KCl and the frequency range was from 0.01  
to 106 Hz. 

 
 

2.3. Preparation of Cu-PMR/MWCNTs 
Modified Electrode 

 

The most important challenge in the dispersion of 
MWCNTs was preparation of a uniform solution. In 
general, the dispersion of CNTs has been carried out 
by physical and chemical methods, which cause 
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damage to CNTs and add impurities to them. To 
overcome these drawbacks, hydrophobic interaction 
between N-N-dimethylformamide (DMF) and 
MWCNTs was used for our experiments [24]. 
Briefly, the dispersion of MWCNTs was done by 
using 25 ml of DMF and 25 mg of MWCNTs with 
the aid of ultrasonic agitation for 3 h. Before starting 
each experiment, GCEs (Φ=3 mm) were polished on 
a wet metallographic sandpaper (size 1000), then, 
polished with 0.3 μm and 0.05 μm alumina/water 
slurry on a polishing cloth to a mirror-like finish, 
respectively. After that, the polished GCE was rinsed 
with water, acetone, absolute ethyl alcohol, and water 
for 5 min, respectively. And then, the GCEs studied 
were uniformly coated with different volumes of 
1 mg/mL MWCNT–DMF mixture and dried at room 
temperature. Then PMR was electropolymerized on 
the MWCNT modified GCE from PMR (0.2 mM) 
contain Cu (2.4 mM) present in pH 7.0 PBS aqueous 
solution. The electropolymerization was performed 
by consecutive cyclic voltammograms (14 cycles) 
over an optimized potential range of -0.8–1.6 V at a 
scan rate of 100 mV/s. After that, the modified Cu-
PMR-MWCNTs electrode was carefully washed with 
double distilled deionized water. Then Cu-
PMR/MWCNTs /GCE modified electrode was ready 
for using.  
 
 
3. Results and Discussion 
 
3.1. Fabrication and Characterization  

of Different Modified Films  
 

MWCNTs, Cu-PMR and Cu-PMR/MWCNTs 
which have been prepared on GCE with similar 
conditions were characterized using SEM. Fig. 1A 
and Fig. 1B represents only Cu-PMR or MWCNTs. 
Comparison of Fig. 1A, Fig. 1B and Fig. 1C  
SEM images reveal significant morphological 
difference between MWCNTs, Cu-PMR and Cu-
PMR/MWCNTs films. The Cu-PMR/MWCNTs 
biocomposite film in Fig. 1C shows that the plateaus 
of Cu-PMR deposited over MWCNTs to form Cu-
PMR/MWCNTs biocomposite modified GCE. The 
well-combination of hydroxyl MWCNTs with PLM 
may lead to a large surface area of PLM/MWCNTs 
modified electrode and improve the sensitivity of 
electrochemical sensors.  
 
 
3.2. Characterization of Electrochemical 

Behavior of Cu-PMR/MWCNTs 
 

EIS is a powerful method for studying the 
electrochemical properties of solid/liquid interfaces. 
The diameter of the semicircle is equivalent to the 
charge transfer resistance (Rct), which is the direct 
and sensitive parameter corresponding to the 
chemical reaction near the electrodesolution interface 

[25-26]. In this report, EIS measurements were 
carried on using 5.0 mM Fe[(CN)6]

3-/4- solution 
containing 0.1 M KCl as the redox probe, and the 
results are shown in Fig. 2. It can be observed that 
the semicircle diameter of the Cu-PMR/MWCNTs 
/GCE is smaller than that of the bare GCE, Cu-PMR 
/GCE and MWCNTs /GCE, which indicating that the 
GCE modified with Cu-PMR/MWCNTs film with a 
higher specific surface area, effectively improve the 
conductivity of the electrode and simultaneously 
accelerate the electron transfer rate at the solution 
and electrode interface. Also, it is suggested that the 
Cu-PMR/MWCNTs film has been successfully 
modified on the GCE.  
 
 

 
 

     
                                  

 
Fig. 1. SEM image of the Cu-PLM (A), hydroxyl 

MWCNTs (B) and PLM/MWCNTs film (C). 
 
 

 
 

Fig. 2. Nyquist plots of the bare GCE, Cu-PMR, MWCNTs 
and Cu-PMR/MWCNTs / hydroxyl MWCNTs in 5.0 mM 

[Fe(CN)6]
3−/4 − solution containing 0.1 M KCl. The 

frequency range is from 0.1 to 106 Hz. 
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3.3. The Electrochemical Behaviors of HQ 
and CT at Cu-PMR/MWCNTs/GCE  

 

To demonstrate the performance of the Cu-
PMR/MWCNTs/GCE, we compared CVs on the 
different modified electrodes. As shown in Fig. 3, the 
electrochemical behavior of the mixture of 0.5 mM 
HQ + 0.5 mM CT in PBS (pH=6.0) at different 
modified electrodes (b–d). For comparison, the CV 
of the mixture of HQ and CT at GCE is also present 
in at the scan rate of 100 mV/s. It can be seen that 
there is only one broad and overlapping anodic peak 
for the mixture of HQ + CT at GCE, due to merging 
of the oxidation peaks of HQ and CT (curve a). So, 
HQ and CT can’t be simultaneously determined at 
bare GCE.  

 
 

 
 

Fig. 3. CVs in PBS containing the mixture  
of 0.1 mM HQ + 0.1 mM CT at GCE (a), PMR (b), 

PMR/MWCNTs/GCE (c), the hydroxyl MWCNTs (d),  
the Cu-PMR/MWCNTs/GCE (e). Scan rate: 100 mV/s. 

 
 

Additionally, compared with the CVs at GCE, 
Cu-PMR/GCE and MWCNTs/GCE derived from the 
reduction of HQ and CT. Compared with GCE, the 
PMR (curve b), PMR/MWCNTs/GCE (curve c), the 
hydroxyl MWCNTs (curve d) show slightly higher 
background current and better separation of the redox 
peaks of two isomers. However, the weak peak 
current and the still wide peak shape make it not a 
satisfactory modified electrode for the determination 
of HQ and CT. The introduction of MWCNTs onto 
the Cu-PMR coated GCE (Fig. 3, curve e) makes the 
background current increase greatly and enhances the 
electrochemical response toward HQ and CT, which 
may be due to the increase of electro-active sites and 
the electro-catalytic activity toward the redox of HQ 
and CT [27]. On the other hand, the redox over-
potential reduces distinctly with ΔEp (CT) of 50 mV 
and ΔEp (HQ) of 46 mV. All the results reveal that 
Cu-PMR/MWCNTs/GCE electrogenerated on GCE 
exhibits higher electrochemical property, and has 
better electrocatalytic activity than a bare GCE to HQ 
and CT. The remarkable enhancement of the peak 
current and the improvement of the reversibility are 
mainly due to the high surface area, excellent 
electrocatalytic activity and good conductivity of Cu-
PMR/MWCNTs/GCE. 

3.4. Effect of Cycle Number During  
Cu-PMR/MWCNTs/GCE Deposition  
on the Electrochemical Behavior of CT 
and HQ 

 

To the best of knowledge, the thickness of film is 
determined by the cycling number of CV during 
electro-polymerization. The PLM/MWCNTs films 
were prepared on the polished GCE over the scan 
cycle range of 5–20. The effect of PLM film 
thickness was studied on the electrochemical 
behavior of HQ and CT by CV. 

Fig. 4A and Fig. 4B show the variations in the 
electrocatalytic characteristic of PLM/MWCNTs 
modified GCE obtained after different cycle numbers 
toward to HQ and CT. The anodic peak currents of 
HQ and CT increase clearly with an increase of film 
thickness under the cycle number from 5 to 14. 
Moreover, at the 14th cycle, the peak currents of HQ 
and CT reach the maximum. However, the thickness 
of film had almost no effect on the ΔEp of both HQ 
and CT (Fig. 4A). As the cycle number increases 
further, the electrochemical activity of 
PLM/MWCNTs film becomes decreasing. It means 
the charges or electrons of HQ and CT would take 
longer time to transfer through a thicker 
PLM/MWCNTs film to the electrode surface. 
Therefore, the cycle number of 14 for polymerization 
was chosen for further experiments. 

 
 

 
 

 
 

Fig. 4. Dependence of the peak potentials (A) and peak 
currents (B) of 50 mM HQ and 50 mM CT on the cycle 

number during the electropolymerization of Cu-
PMR/MWCNTs/GCE. Scan rate: 100 mV/s. 



Sensors & Transducers, Vol. 178, Issue 9, September 2014, pp. 69-77 

 73

3.5. Effect of Amount of MWCNTs  
 

The effect of amount of l MWCNTs was 
investigated at the electrode surface on the peak 
currents of HQ and CT varying the volume of 
MWCNTs of 1.0 mg/mL from 1 uL to 11 uL (Fig. 5). 
The results show that both peak current of 
hydroquinone and peak current of CT increase 
greatly with the increasing of amount of hydroxyl 
MWCNTs, and reached a maximum at 9.0 uL, and 
then decreased weakly.  

 
 

 
 

Fig. 5. Effect of amount of MWCNTs by CVs in PBS 
containing the mixture of 0.1 mM HQ + 0.1 mM  

CT amount of MWCNTs:1, 3, 5, 7, 9, 11 uL.  
Scan rate: 100 mV/s.  

 
 

3.6. The Effect of Buffer Solution pH 
 

Since the protons participate in the electrode 
reaction, the electro-oxidation behavior of HQ and 
CT will be affected by the electrolyte acidity. In this 
work, the CV behavior of HQ and CT in different 
electrolyte solutions, like, KH2PO4–Na2HPO4 (PBS), 
HAc–NaAc, NaOH–KH2PO4 and Citric acid-sodium 
citrate buffer solution were investigated. The results 
indicate that PBS buffer solution shown the best 
effect on the electro-oxidation behavior  
of HQ and CT. Thus, we chose PBS buffer solution 
as the electrolyte. 

The effect of pH value on the electrochemical 
behaviour of 0.5 mM CT, 0.5 mM HQ in 1 M PBS at 
Cu-PMR/MWCNTs/GCE was carefully investigated 
by CV in the pH range of 4.8-7.0, respectively. It can 
be found in Fig. 6A, Fig. 6B that the anodic peak 
potentials shift negatively with arisein pH from 4.8 to 
7.0 for both HQ and CT and the oxidation peak 
current of CT and HQ increase with the enhancement 
of pH value until it reaches 5.7 and 5.4, respectively. 
And then decrease slightly, which may be attributed 
to the shortage of proton at higher pH value [28]. The 
pKa values of HQ and CT are 9.85 and 9.4, 
respectively. When the pH increases from 7.0 to 9.0, 
the increased amount of hydroxyl ions in the solution 

may decrease the adsorption capacity of the 
dihydroxybenzene isomers.  

 
 

 
 

 
 

 
 

Fig. 6. CVs at PLM/MWCNTs in CPS with different pH 
containing 50 mM HQ (A), 50 mM CT (B)  

and 50 mM HQ + 50 mM CT (C). Scan rate: 100 mV/s. 
 
 
The top views in Fig. 6A, Fig. 6B show the 

relationship between the peak potential and pH. The 
regression equations are: 

(HQ) 0.49 pH 056.0Epa +−=  

pcE 0.068 pH 0.58 (HQ)= − +
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paE 0.061 pH 0.58 (CT)= − +  

pcE 0.068 pH 0.69 (CT)= − +  

These two almost parallel lines indicate that 
protons are involved in the electrochemical redox 
reaction of HQ and CT and the number of protons 
and electrons involved in the redox process of HQ or 
CT are equal. The slopes of the regression equations 
for HQ and CT are close to theory value of 
58.5 mV/pH [29]. On the other hand, it also means 
the electrochemical redox of both HQ and CT is a 
two-electron/two-proton process on the modified 
electrode. In addition, we also studied the effect of 
pH value on the electrochemical behaviour of 
0.5 mM CT+0.5 mM HQ in 1 M PBS, The equations 
for peak potential with the pH for HQ and CT were  

paE 0.069 pH 0.68 (HQ)= − +  

pcE 0.065 pH 0.6 (HQ)= − +

paE 0.064 pH 0.54 (CT)= − +  

pcE 0.067 pH 0.50 (CT)= − +  

Thus, further experiments were investigated in 0.1 M 
PBS (pH 5.7) for CT, PH 5.4 for HQ, PH 6.0  
for CT+HQ. 
 
 

3.7. The Effect of Scan Rate 
 

Fig. 7(A) and Fig. 7(B) show the CVs of 
0.5 mM HQ and 0.5 mM CT in pH 7.0 PBS at Cu-
PMR/MWCNTs/GCE modified electrode with scan 
rate from 20 to 340 mV/s by CV. It can be seen that 
with the increasing scan rates, the peak current 
signals for both HQ and CT were enhanced, and the 
oxidation peak potentials of HQ and CT shift to more 
positive potential, while the reduction peak shift to 
more negative potential. In addition, the oxidation 
and reduction peaks current of CT and HQ exhibited 
a good linear relation to the square root of the scan 
rate, suggesting that the redox reactions of HQ and 
CT were diffusion controlled. The regression 
equations of HQ were: 

1/2 1/2
paI ( A) 30.994v 80.12(mV/s)μ =− +  

1/2 1/2
pcI ( A) 26.66v 75.78(mV / s)μ = −  

with correlation coefficients (R2) of 0.995 and 0.996, 
respectively. The regression equations of CT are: 

1/2 1/2
paI ( A) 28.40v 85.42(mV / s)μ = − +  

1/2 1/2
pcI ( A) 17.88v 64.47(mV / s)μ = −  

with correlation coefficients (R2) of 0.995 and  
0.993, respectively.  
 
 

3.8. Determination of HQ and CT  
at Cu-PMR/MWCNTs/GCE 

 
3.8.1. Individual Determination of HQ or CT 

in Their Mixtures 
 

It is well known that DPV technology possesses 
higher sensitivity and better resolution than CV 

technology, thus, DPV method was used for the 
simultaneous determination of HQ and CT at Cu-
PMR/MWCNTs/GCE. 

 
 

 
 

 
 

Fig. 7. CVs of 0.5 mM HQ and 0.5 mM CT at the 
PLM/MWCNTs /GCE in 0.1 M pH 6.0 PBS at different 

scan rates: 20, 40, 60, 80, …, 340 mV/s. 
 
 

The individual determination of HQ or CT in 
their mixtures was performed at the modified 
electrode by changing the concentration of one 
species, while keeping the other as a constant.  
Fig. 8A shows DPV curves of different 
concentrations of HQ in 0.10 M PBS (pH 6.4 ) with a 
constant CT concentration of 2.0×10−5 M. The anodic 
current of HQ was linearly increased with the 
increasing concentration of HQ changed from 
5.0×10−7 to 2.0×10−4 M, while the peak currents of 
CC at 0.16 V essentially unchanged. The regression 
equation is  

6 2
paI ( A) 5.98 10 c-58.43 (μmol / L)( 0.993)Rμ = − × = .  

The detection limit was 1.0×10−8 mol/L (S/N=3). 
Similar behavior was acquired for CT with respect to 
HQ without any mutual interference. As shown in 
Fig. 8B, further increasing the CT concentration will 
cause the oxidation peak of HQ to decrease 
somewhat, and the anodic peak current of CT 
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increase linearly with its concentration from 8×10−7 

to 4×10−4 M. A linear equation is  
6 2

paI ( A) 10 c-16.23 (μmol / L)( 0.999)Rμ = − = , 

and the detection limit is 5.0×10−8 M (S/N=3). It 
indicated that the proposed method was reliable for 
simultaneous and quantitative determination of HQ 
and CT. 
 

 

 
 

 
 

Fig. 8. DPVs of CT with different concentrations 0.8, 5, 
15, 20, 30, 50, 100, 150, 200, 300, 350 and 400 μM) in the 

presence of 2.0×10−5 M HQ (A); DPVs of HQ with 
different concentrations 0.5, 5, 10, 15, 20, 25, 30, 40, 60, 

80, 100, 150 and 200 μM) in the presence  
of 2.0×10−5 M CT (B). 

 
 

3.8.2. Simultaneous Determination of HQ 
and CC  

 
The exploit of the Cu-PMR/MWCNTs/GCE for 

the simultaneous determination of HQ and CT was 
demonstrated by simultaneously changing their 
concentrations. As shown in Fig. 9, this response 
proves that the oxidation of HQ and CT at Cu-
PMR/MWCNTs/GCE occurs independently. The 
oxidation peak currents of HQ and CT increased 
linearly with the concentration of their own in the 
range of 8×10−7 and 2.0×10−4 M,  

6
paI ( A) 10 c-82.05 (μmol / L)μ = −  for HQ and  

6
paI ( A) 10 c-103.65 (μmol / L)μ = − for CT, with 

correlation coefficients of 0.994 and 0.997 (S/N=3), 
respectively. Therefore, the modified electrode was 
suitable for the simultaneous detection of mixed 
systems of HQ and CT, what’s more, the method was 
simple, rapid and accurate. 

 
 

 
 

Fig. 9. DPVs of CT and HQ with different 
concentrations: 0.8, 5, 10, 15, 20, 30, 50, 80, 100,  

150 and 200 M). 
 
 
3.9. Reproducibility, Stability  

and Interference  
 

Under optimal experimental conditions, the 
relative standard deviation (RSD) of HQ and CT 
peak current were 2.3 % and 2.8 % for HQ and CT 
peak current, respectively. This result reveals that the 
method have good reproducibility. After the 
modified electrode was stored for a week, the 
decrease of peak current for HQ and CT were 
obtained of 6.1 % and 9.5 %, respectively. 

The possible interferences of some organic 
compounds and inorganic ions were investigated 
with a mixed dihydroxybenzenes solution  
(5.0×10−5 M HQ and CT for each). For the 
determination of HQ and CT, it was found that 
resorcinol and phenol (c≤10−3 M) have no influences 
on the signals of HQ and CC. In addition, the results 
also showed that NH4

+, Zn2+, Mn2+, Mg2+, Ca2+, Fe3+, 
K+, Cu2+, Cl-, SO4

2-, CrO4
2-, Br-, NO3

-, 20-fold 
ascorbic acid, glycine, glucose, sulfanilic acid, 
glycine (4-fold) have no effect on the determination 
of HQ and CT. A satisfactory selectivity of the 
proposed method was obtained. 
 
 

3.10. Determination of Simulated Water 
Samples 

 

The Cu-PMR/MWCNTs modified electrode was 
applied for the determination of CT and HQ in water 



Sensors & Transducers, Vol. 178, Issue 9, September 2014, pp. 69-77 

 76 

samples, which were spiked with three levels of HQ 
and CT (10, 20, 30 μM). The recovery experiments 
results listed in Table 1 suggest that this modified 
electrode is an effective tool for the determination of 
HQ and CT. 

 
 

Table 1. The determination results of real samples. 
 

Spiked 
isomer 

Added 
(µM) 

Found 
(µM) 

Recovery 
(%) 

10 10.23 102.3 

20 20.12 100.6 HQ 

30 29.76 99.2 

10 10.25 102.5 

20 20.28 101.4 CT 

30 29.81 99.4 

 
 

4. Conclusions 
 

In this work, a simple and rapid electrochemical 
analytical method for simultaneous determination of 
hydroquinone and catechol has been investigated at 
the Cu-PMR/MWCNTs/GCE. Compared with the 
bare GCE, this modified electrode exhibited high 
electrocatalytic activities towards the oxidation of 
CT, HQ testified by the large peak-to-peak separation 
and the remarkably increased oxidation peak 
currents, which could be attributed to the super 
performance of MWCNTs. This fabricated electrode 
showed excellent reproducibility and good stability. 
In addition, the proposed method was applied to 
determine CT and HQ in water samples with 
satisfactory results. 
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