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Abstract: A Poly (arginine acid)/GCE modified electrode was prepared by electrochemical polymerization 
method, which showed an excellent electrocatalytical activity effect on the redox reaction of catechol and 
hydroquinone, significantly increased the reversible electrochemical reaction. The electrochemical behavior of 
catechol and hydroquinone at the modified electrode was studied by cyclic voltammetry (CV) and differential 
pulse voltammetry (DPV). The influences of scan rate and acidity factors on catalytic oxidation of hydroquinone 
in modified electrode were discussed. The results suggest that the modified electrode was controlled and pH = 7 
is the optimum acidity condition for the selective determination and of catechol and hydroquinone. The anodic 
peak current versus the concentration of hydroquinone showed a linear relation over the range of  
6.0×10-6~4.5×10-4 mol/L with a detection limit of 8.0×10-7 mol/L, R2=0.997. The anodic peak current versus the 
concentration of catechol also showed a linear relation over the range of 1.0×10-6~4.8 ×10-4 mol/L, the detection 
limit was 5.0×10-7 mol/L, R2=0.997. The modified electrode showed good selectivity and strong anti-
interference applied to the determination of a water sample with satisfactory results. Copyright © 2014 IFSA 
Publishing, S. L. 
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1. Introduction 
 

Catecholand hydroquinone are two important 
phenolic compounds, which are widely used in 
agriculture, dye, medicine, rubber, pharmaceuticals 
and other fields [1-3]. But they are toxic with great 
harm to humans and environment and difficult to 
degrade under natural condition [4-5]. As a 
consequence, many countries' environmental 
protection agencies have included catechol and 
hydroquinone in their lists of environmental 
pollutants [6]. Therefore, it is very important to 
develop a rapid, accurate and race analytical method 

for the determination of dihydroxybenzene isomers. 
The established methods for the determination of 
catechol and hydroquinone are enzymatic method, 
spectrophotomietry, high-performance liquid 
chromatography (HPLC) and electrochemical [7-8], 
etc. Among these methods, electrochemical method 
has received increasing great attention due to its 
simple operation, highly sensitive and fast response 
[9]. However, catechol and hydroquinone have 
similar structures, so the voltammetric peaks 
corresponding to oxidation/reduction of them are 
highly overlapped in many cases. Furthermore, the 
oxidation and adsorption competition of catechol and 
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hydroquinone at the electrode surface makes the 
relationship between the voltammetric responses and 
concentrations of the isomers nonlinear. That must be 
the most difficulty things for the determination of 
catechol and hydroquinone. Chemically modified 
electrodes (CMEs) with certain properties, can solve 
this problem better. Since arginine not only contains 
negatively charged carboxyl group, but also has 
electron-rich nitrogen impurity atoms, the poly 
(arginine acid) modified electrode showed excellent 
electrocatalytic ability towards the redox of 
hydroquinone and catechol with fast response time, 
high sensitivity, wider linear range, good 
repeatability and suitable stability [10]. The proposed 
method has been applied to selective determination of 
catechol and hydroquinone in a water sample with 
satisfactory results. 

 
 

2. Experimental 
 
2.1. Apparatus and Reagents  
 

LK2005A Electrochemical Workstation, a KQ 
3200E ultrasonic cleaner and a PHS-3C pH meter 
were used.  

Arginine acid was obtained from Tongda amino 
acids (Shanghai, China), catechol and hydroquinone 
were purchased from Sinopharm Chemical Reagent 
Co., Ltd., China. All other chemicals were analytical 
reagent grade and double-distilled water was used 
throughout. 0.10 mol/L phosphate buffered solution 
(PBS) was prepared from 0.10 mol/L NaOH and 
KH2PO4 and 0.10 mol/L KH2PO4. NaOH were used 
to control the pH. 

 
 

2.2. Preparation of Poly (arginine acid)/GCE 
Modified Electrode 

 
GCE (Φ=3 mm) was polished on a wet 

metallographic sandpaper (size 1000), then, polished 
with 0.3 μm and 0.05μm alumina/water slurry on a 
polishing cloth to a mirror-like. After that, the 
polished GCE was rinsed with water, absolute ethyl 
alcohol and water for 8 minutes, respectively. After 
being cleaned, the electrode was then placed in  
5×10-3mol/L arginine acid solution (pH =7.0, PBS), 
which was treated with cyclic scanning between -1.0 
and 2.5 V at a scan rate of 100 mV s-1, 8 times. Then 
poly(arginine acid)/GCE modified electrode was 
ready for using. 
 
 
2.3. General Procedure 
 

The electrochemical properties were characterized 
by using a three-electrode electrochemical cell ,which 
consisted of bare GCE electrode and poly(arginine 
acid)/GCE as the working electrode, Ag/AgCl as the 

reference electrode and Pt wire as a counter 
electrode(shown potential are relative to SCE) and all 
electrochemical detection were carried out on an 
LK2005A instrument. Cyclic voltammetry and 
differential pulse voltammetry were carried out in 
PBS (0.1 mol/L, pH=7.0) buffer medium for the 
determination of catechol and hydroquinone. The 
experimental parameters of CV is: a scan rate of  
100 mV/s and a voltage range of -0.4 to 0.6 V. The 
experimental parameters of DPV is: the potential 
increment is 9 mV, Pulse amplitude is 5 mV, pulse  
0.5 s. All experiments were carried out on the 
electrolytic cell without stirring at room temperature. 
 
 
3. Results and Discussion 
 
3.1. Electrocatalytic Oxidation of Catechol 

and Hydroquinone 
 

Fig. 1a and Fig. 1b show cyclic voltammograms 
of catechol and hydroquinone at bare GCE (a) and 
poly (arginine acid)/GCE modified electrode (b), 
respectively. From the Fig. 1a, it can be seen that the 
oxidation and reduction of catechol and 
hydroquinone result in broad waves with a smaller 
current signal at the bare GCE electrode. However, 
the redox peak current of catechol and hydroquinone 
at poly(arginine acid)/GCE modified electrode 
increased significantly and the anodic peak potential 
obviously shift to more negative from 0.20 v to  
0.10 v, the oxidation peak current were 38 μA and  
44 μA, respectively, which indicated that the poly 
(arginine acid)/GCE modified electrode has more 
sensitive catalytic effect on electrochemical oxidation 
of catechol and hydroquinone. 

 
 

3.2. The Electrochemical Distinction of 
Catechol and Hydroquinone by the  
Poly (arginine acid)/GCE 

 
Fig. 2 shows the cyclic voltammograms for the 

binary mixtures of catechol and hydroquinone at the 
GCE (curve 2) and PCCA/GCE (curve 1) electrode. 
As shown in curve 2, the bare electrode cannot 
separate the voltammetric signals of catechol and 
hydroquinone, only one broad voltammetric signal 
was observed for both analytes. However, from curve 
1, it can be seen that the poly (arginine acid)/GCE 
modified electrode resolved the mixed voltammetric 
signals into two well defined voltammetric peaks. 
Furthermore, the peak current of catechol and 
hydroquinone at poly(arginine acid)/GCE modified 
electrode increased significantly, the peak current 
were 41 uA and 36 uA, respectively, peak potential 
difference 102 mV. That is to say, the modified 
electrode can be used for both selective determination 
of catechol and hydroquinone. 
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Fig. 1.  Cyclic voltammograms of PLA/GCE /CME (1) and 
GCE /CME(2) in 1. 0 ×10-4 mol/L p-benzenediol (A) and 1. 
0 ×10-4 Lmol/L o-benzenediol(B) scan rate: 100 mV / s;  
pH = 7. 0. 
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Fig. 2. Cyclic voltammograms of PLA/GCE/CME (1) and 
GCE /CME(2) in pH =7. 0 buffer solution containing 1.0 
×10-4 o-benzenediol (a) and 1. 0 ×10-4 p-benzenediol (b) 
scan rate: 100 mV/s. 

 
 

3.3. The Effect of Buffer Solution pH 
 

The effect of buffer solution pH on the poly 
(arginine acid)/GCE modified electrode for catechol 
and hydroquinone were examined in the 0.1 mol/L 

PBS solutions at various pH values by DPV. Fig. 3 
clearly shows that maximum response was reached at 
pH 5.8~8.0. It was found that peak potential shifted 
negatively with the increase of solution pH (Fig. 3), 
which indicating that the same number of protons and 
electrons are involved in the redox reactions of the 
two dihydroxybenzene isomers. The peak current 
gradually increased with increasing pH from 5.8 to 
7.0, and reached the maximum value at pH 7.0, then, 
it decreased slightly. Therefore, the PBS buffer at pH 
7.0 was used as supporting electrolyte. 
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Fig. 3. Effect of pH on the direct electron transfer of 
1.0×10-4 o-benzenodiol (a) and 1.0×10-4  p-benzenediol (b) 
at PLA/GCE /CME pH: a. 5.8; b. 6. 2; c. 6.6; d. 7. 0 ; e. 7. 
4; f.8.0 PBS; scan rate: 100 mV/s. 
 
 
3.4. The Effect of Scan Rate 
 

The effect of scan rates at the poly (arginine 
acid)/GCE modified electrode was investigated by 
the cyclic voltammetry (Fig. 4). As scan rate 
increased in the range of 40–160 V/s, the anodic peak 
intensity increased continuously and the peak current 
also increases. In addition, the oxidation and 
reduction peaks current of catechol and hydroquinone 
exhibited a good linear relation to the square root of 
the scan rate with the linear regression equation:  
Ipa (μA) = -5.467-0.343 v (mV/s) (correlation 
coefficient, R2 = 0.999), Ipc (μA) = -5.7-0.293 v 
(mV/s) (correlation coefficient, R2 = 0.999), 
suggested that the electrode reaction of catechol and 
hydroquinone were typical diffusion-controlled 
process. 

 
 

3.5. The Selective Determination of Catechol 
and Hydroquinone by the Poly (arginine 
acid)/GCE 

 
The determination of catechol (hydroquinone) in 

the mixtures was performed at the poly (arginine 
acid)/GCE modified electrode when the 
concentration of one species changed, whereas those 
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of the other species remained constant. As shown in 
Fig. 5, while catechol (hydroquinone) peak current 
increased with the increase in (hydroquinone) 
concentration, the peak current of hydroquinone 
(catechol) kept almost constant, confirmed that the 
responses of catechol and hydroquinone at the 
modified electrode are independent. Furthermore, the 
peak current of catechol increased with its 
concentration increasing from 1.0×10-6~ 
∼4.8×10-4 mol/L. A linear regression equation was 
obtained as Ipa (μA) = -0.011c-2.423 (μmol/L)  
(R2 = 0.997). According to the generally accepted 
definition, the lower detection limit of catechol was 
5.0×10-7 mol/L. The peak current was linear with the 
value of hydroquinone concentration ranging from  
6.0×10-6~4.5×10-4 mol/L. The regression equation is 
Ipc (μA) = 23.29+0.379v (μmol/L) (R2= 0.997) and 
the detection limit was 5.0×10-7 mol/L. 
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Fig. 4. CV curves of 1×10-4 mol/L o-benzenediol and  
p-benzenediol at PLA/GCE /CME with different potential 
sweep rate. Sweep rate: 40,50, 60, 70, 80, 90, 100, 110, 
120, 130, 140, 150, 160, 170 mV/s. 

 
 

3.6. Reproducibility and Interference 
 

Under the optimized conditions, the poly 
(arginine acid)/GCE modified electrode was used to 
determine 2×10-4 mol/L benzodiazepines mixture for 
10 times. The relative standard deviation (RSD) of 
the cathodic peak current was 2.3 %. The possible 
interferences of some inorganic ions and organic 
compounds were investigated with the  
4.0×10-5 mol/L benzodiazepines mixture containing 
PBS (the relative error was ≤ ±5 %). It is found that 
100-fold Ag+, NO3

-, K+, Ba2+, Cl-, SO4
2-, Ca2+, Co3+, 

Na+, Cu2+, I-, Cro4
2-, Mn2+, NH4

+, Br-, 20-fold Pb2+, 
NO3

-, 10-fold Ni2+, 50-fold glycine, glucose, 
sulfanilic acid, 20-fold ascorbic acid, 20-fold sucrose 
do not interfere with the determination, which reveals 
the good stability and reproducibility of the poly 
(arginine acid)/GCE modified electrode. 
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Fig. 5. (a) DPVs at PLA/GCE /CME in 0. 1 mol/L PBS 
(pH 7. 0) containing 100 μmol/L o-benzenediol and 
different concentrations of p-benzenediol; (b) in 0.1 mol/L 
PBS(pH 7.0) containing 100 μmol/L p-benzenediol and 
different concentrations of o-benzenediol A: p-benzenediol 
(1~14) :6, 8, 20, 40, 80, 110, 130, 180, 220, 320, 400,  
450 μmol/L B: o-benzenediol (1~14) :1, 8, 30, 60, 120, 
150, 180, 220, 250, 300, 420, 480 μmol/L. 
 
 
3.7. Determination of Simulated  

Water Samples 
 

The poly (arginine acid)/GCE modified electrode 
was applied for the determination of catechol and 
hydroquinone in water samples including 5×10-4 Ag+, 
NO3

-, I-, Ca2+, Br-, Na+.  
 
 
4 Conclusions 

 
A poly (arginine acid)/GCE modified electrode 

was prepared by electrochemical polymerization 
method, showed an excellent selectivity to catechol 
and hydroquinone. The results suggest that the 
calibration curves obtained were linear in the 
concentration range of 6.0×10-6~ 4.5×10-4 mol/L with 
a detection limit of 8.0×10-7 mol/ L for hydroquinone 
(R2=0.997) and 1.0×10-6~4.8×10-4 mol/L with the 
detection limit of 5.0×10-7 mol/L for catechol 
(R2=0.997). In addition, the modified electrode 
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shows excellent electrochemical properties, such as 
strong anti-interference, wider linear range and 
favorable stability. The proposed method has been 
applied to simultaneous determination of catechol 
and hydroquinone in a water sample with satisfactory 
results. 
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