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ABSTRACT 

Titania nano particles were synthesized at carbon paste electrode by cyclic voltammetry and then it was employed for 
the determination of acetaminophen in phosphate buffer at pH 7.4. Carbon paste electrode with titania nano particle 
displayed excellent electrochemically catalytic activities by shifting the oxidation potential of acetaminophen towards 
the negative side. The mass transfer process at electrochemical interface was diffusion controlled. Electrochemical tech-
niques such as, electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization methods were used to 
measure the resistance of the electrodes. The resistance of the titanium electrode decreased in two orders when com-
pared to the bare carbon paste electrode; the decrease in the resistance of the electrode and increase in the surface area 
of the electrode are responsible for the negative shifting of the oxidation potential of acetaminophen. The present 
method was applied to the determination of actetaminophen in paracetamol tablet, urine and blood sample by using 
standard addition method and the obtained results were satisfactory with a good recovery of 98%. 
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1. Introduction 

Acetaminophen/paracetamol (ACOP) is an active in- 
gredient of several pharmaceutical products, widely used 
as an analgesic [1]. Acetaminophen overdose is a fre-
quent cause of fulminating hepatic failure in Europe and 
the USA [2]. However, recent studies have shown that 
paracetamol is associated to hepatic toxicity and renal 
failure despite of its apparent innocuous character [3]. 
Voltammetric techniques are more selective, less time- 
consuming and widely used for the determination of 
acetaminophen [4]. Carbon paste electrode (CPE), which 
is made up of carbon particles and silicon oil binder, has 
been widely applied in the electroanalytical community 
due to its low cost, ease of fabrication, high sensitivity 
for detection and renewable surface. To further improve  

the sensing properties of CPE they are modified by sur-
factants and nanoparticles. In this paper, a novel, simple, 
precise and sensitive, cyclic voltammetric method utiliz-
ing a tiatania nanoparticle modified carbon paste elec-
trode for the detection of acetaminophen was reported. 
The method was applied successfully for the detection of 
acetaminophen in paracetamol tablets, urine and serum. 

2. Experimental Part 

2.1. Materials 

0.05 g TiO2 dispersed in 25 ml of dimethylformamide in 
(Merck made), 0.04 M of glycine solution prepared in 
aqueous solution for modification of carbon electrode. 
ACOP was prepared 1 × 10−5 M stock solution was pre- 
pared by dissolving in distilled water solution. Phosphate 
buffer solution (PBS) was prepared sodium dihydrogen 
phosphate monohydrate and disodium hydrogen phos- *Corresponding author. 
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phate. Chemicals mentioned above were all of analytical 
grade. The water used in the preparation of solutions was 
double distilled water. 

2.2. Apparatus 

The electrochemical experiments were carried out using 
a CHI 660C. All experiments were carried out in a con- 
ventional three-electrode system. 

2.3. Preparation of Bare Carbon Paste Electrode 
and Polyglycine TiO2 Carbon Paste 
Electrode (MCPE) 

Bare carbon paste electrode was prepared as described 
[5], polyglycine TiO2 modified carbon paste electrode 
was prepared by dispersing TiO2 solution with 0.04 M 
glycine in pH7.4 PBS. Electropolymerisation was achi- 
eved by the formation of film that grew between −0.5 V 
and 1.8 V at the scan rate of 50 mV/s for 10 cycles using 
cyclic voltammetry as shown in Figure 1(a). 

3. Results and Discussion 

3.1. Cyclic Voltammetric Investigation of ACOP 
at MCPE 

The voltammetric behavior of ACOP was examined us- 
ing cyclic voltammetry. Figure 1 shows typical cyclic 
voltammograms of 1.0 × 10−5 M of ACOP, in PBS pH 
7.4 at scan rate 50 mV·s−1 recorded at two different 
working electrodes BCPE (solid line) and MCPE (da- 
shed). The MCPE shows significant increase in current 
(almost 9 folds) compare to BCPE and potential of 
 

 

Figure 1. Cyclic voltammogram of 10 mM acetaminophen 
at BCPE (solid line) and TiO2/glycine MCPE (dotted line) in 
0.1 M PBS pH 7.4 scan rate 50 mV·s−1 (a) Figure 1(a) Cyclic 
voltammogram for the electrochemical polymerisation of 
TiO2 dispersed glycine at carbon paste electrode (b) Figure 
1(b) Cyclic voltammogram of acetaminophen at different 
concentration at TiO2/glycine MCPE in 0.1 M PBS of pH 7. 

MCPE shifted to less positive when compare to BCPE, 
due to the improvement in the reversibility of the elec- 
tron transfer process and improvement of surface area of 
the modified electrode. The MCPE resulted in an ob- 
servable increase in the peak current, which indicated an 
improvement in the electrode kinetics and a decrease in 
the potential of oxidation substantially. The inset Figure 
1(b) shows the effect of concentration variation of ACOP 
at MCPE.  

3.2. Effect of Scan Rate on the Peak Currents of 
ACOP 

The effect of scan rate for ACOP was studied by CV at 
MCPE (shown in Figure 2). MCPE showed increase in 
the redox peak current with increase in scan rate (50 - 
100 mV·s−1) (Inset figure). The graph of current (Ipa) vs 
square root of scan rate (ν) was plotted. The graph ob- 
tained was good linearity between the scan rate and Ipa 
(Figure 3). In the range from 50 to 100 mV·s−1 the an-
odic peak currents were proportional to the scan rate (ν). 
The correlation coefficient was 0.9942, which indi- cate 
the electrode reaction was adsorption controlled (5).  

3.3. Electrochemical Impedance Spectroscopy 

Electrochemical impedance spectroscopy is considered to 
be an effective tool for investigating the property of elec- 
trode interface. Figure 3 shows the complex plane dia- 
gram (Nyquist plot, Z' versus Z''). The impedance be- 
havior of the electrochemical impedance spectroscopy of 
BCPE and MCPE was studied in PBS of pH 7.4. The 
equivalent circuit used analyze the impedance behavior is 
shown in the inset figure. A semicircle with a large di- 
ameter is observed at the unmodified electrode, indicat- 
ing the high charge resistance of BCPE (14.8 KΩ) and it 
 

 

Figure 2. Cyclic voltammogram of different scan rate in the 
presence of 10 mM acetaminophen in PBS at pH 7.4, scan 
rate 50 mV·s−1 100 mV·s−1 inset figure Graph of anodic 
peak current v/s scan rate.  
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4. Conclusion is difficult for the electron transfer at electrode surface. 
However, the diameter of semicircle diminishes signifi- 
cantly at MCPE. It was obvious that charge transfer re- 
sistance (6.7 KΩ) of the electrode surface decreased and 
the charge transfer rate sped up. Overall impedance study 
suggests on the surface of MCPE electron transfer is easy 
when compare to BCPE.  

The poly glycine TiO2 was synthesized, and then it was 
employed for detection of ACOP electrochemically in 
serum, tablets and urine. The study reveals that, the 
MCPE shows as an excellent electrochemical sensor and 
the same method can be applied for organic and inor-
ganic neurotransmitters.  

3.4. Detection of Acetaminophen in Tablets, 
Urine and Serum 
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In order to testify the performance of this sensor in real 
sample analysis, it was used to determine the content of 
ACOP in tablets. Then commercial pharmaceutical sam- 
ples (tablets) containing ACOP was analyzed to evaluate 
the validity of the proposed method (results tabulated in 
Table 1), analysis of ACOP in urine was done by using 
procedure of [6] and in the same manner detection of 
ACOP in serum carried out (Table 2).   
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