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Electrochemical response characteristics of modified carbon paste 

electrode towards detection and determination of paracetamol was 

investigated by cyclic voltammetric technique in 0.1 M acetate buffer 

solution containing 0.1 M KCl as supporting electrolyte. Nickel 

Hexacyanoferrate modified carbon paste electrode was developed by 

immobilizing different ratios of Nickel Hexacyanoferrate. The best 

ratio for kinetic parameter and paracetamol determination was 20% 

(w/w) NiHCF; 55% graphite and 25% (w/w) paraffin oil respectively. 

For the determination of paracetamol concentration, an accurate 

amount of 500 mg Paramol,Cadimol,Paracetamol and Panamol tablets 
were transferred to four different 100 ml volumetric flask and this 

volume completed with acetate buffer (pH 7.5).The percentage 

content or concentration of acetaminophen in these 500 mg 

paracetamol tablet samples were determined. The detection limit of 

the modified carbon paste electrode was 8.89 x 10-5 M for 

paracetamol. The relative standard deviations for the determination of 

paracetamol was less than 2.%.Transfer coefficient (α) and 

heterogeneous electron transfer rate constantk for catalytic reaction 

were found tobe 0.705 and 2.37 × 10-2s-1respectively. 
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Introduction:-  
The voltammetric study of pharmaceutical drugs is by far the most common application of electrochemistry in 

pharmaceutical analysis. As a rule many of the pharmaceutically active constituents are readily oxidized or reduced. 

The functional groups show excellent voltammetric properties in the redox behavior at the working electrode. 

Electro analytical chemistry along with the use of oxidation-reduction reactions and other charge-transfer 

phenomena had its origins eight decades ago. Electroanalytical techniques have been shown to be excellent for the 
determination of pharmaceutical compounds in different matrices. Many of the active constituents of formulations, 

in contrast to excipients, can be readily oxidized. The selectivity of this method is normally excellent because the 

analyte can be readily identified by its voltammetric peak potential. The advance in experimental electrochemical 

techniques in the field of analysis of drugs is because of their simplicity, low cost and relatively short analysis time 

as compared to other techniques [1]. 

 

In voltammetrya time-dependent potential is applied to an electrochemical cell,and the current flowing through the 

cell is measured as a function of that potential.A plot of current as a function of applied potential is called a 
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voltammogram and is the electrochemical equivalent of a spectrum in spectroscopy, providingquantitative and 

qualitative information about the species involved in theoxidation or reduction reaction [2]. 

 

Paracetamol (PAR, N-acetyl-p-aminophenol or acetaminophen) is an effective and safe analgesic agent used to 

reduce fever, cough and cold. It is also used worldwide for the relief of mild to moderate pain associated with 

headache, migraine headache and noninflammatory conditions in patients prone to gastric symptoms [3]. 
Paracetamol described as 4-hydroxyacetanilide or N-acetyl-p-aminophenol and in the US Pharmacopoeia it is 

known as acetaminophen and its chemical formula, C8H9NO2 and its structure is as shown in fig1.  

 
Fig 1:- Structure of paracetamol 

 

Acetaminophen is an odorless, slightly bitter taste white crystalline powder. It is soluble in organic solvents such as 

methanol and ethanol but slightly soluble in water and ether. Its pH range is 5.5 - 6.5 based on saturated aqueous 

solution. The melting point of this compound 169 -170 OC. Paracetamol is most stable at saturated aqueous 

solutions. Its pKa value is 9.5 in aqueous media. The stability decreases in acid or alkaline conditions. Chemically 

N-(4-Hydroxyphenyl) acetamide is derived from the interaction of p-aminophenol and an aqueous solution of acetic 

anhydride [4]. 

 

A number of quantitative analytical methods have been reported for paracetamol determination in pharmaceutical 
formulations, biological samples and even wastewaters, individually or associated to other active compounds (in 

combination with other drugs). The methods are titrimetric analysis [5], Spectrofluorimetry [6], Chronoamperometry 

[7], Colorimetry [8], Amperometry [9], Chemiluminescence [10], Spectrophotometry (Uv-spectrophotometry) [11], 

Derivative Spectrophotometry [12], various kinds of High Performance Liquid Chromatography [13], Quantitative 

Thin-layer Chromatography (TLC), [14]. Flow Injection Analysis (FIA) (using different methods of detection), [15]. 

Gas Chromatography [16], Capillary Electrophoresis conducted in single component as well as multi-component 

systems have to be mentioned [17]. and Electrochemical detection in single component or multi-component systems 

using different types of working electrodes like glassy carbon electrode, chemically modified glassy carbon 

electrode, carbon paste electrode, modified carbon paste electrode [18,19-23]. In most of the methods considerable 

time is required for purification and extraction steps. But the electroanalytical methods do not require purification 

and extraction process. Due to its electroactive properties, acetaminophen has been also investigated by various 
electrochemical methods performed in a variety of supporting electrolytes and using different kinds of electrodes 

[20-22]. In this work, paracetamol concentration and kinetic parameters (Transfer coefficient (α) and heterogeneous 

electron transfer rate constant, k) were determined using Nickel Hexacyanoferrate Modified Carbon Paste Electrode 

in 0.1 M acetate buffer solution containing 0.1 M KCl as supporting electrolyte. 

 

Experimental part:- 
Reagents and Chemicals:- 
Graphite powder (BDH, England), paraffin oil (Nice), pure paracetamol (Addis pharmaceutical factory, Ethiopia), 

glacial acetic acid (Finken), sodium acetate trihydrate (LobachemiPvt.Ltd., India), and NaOH (Scharlau, Spain), 

HCl, Potassium chloride (Nice chemicals Pvt.Ltd.) Nickel chloride (Nice), potassium hexacyanoferrate III 

(KiraLight, India), paracetamol tablets brand named paramol, paracetamol, panamol and Cadimol were used in the 

experiment. 

 

Apparatus:- 
All cyclic voltammetric measurements and processing of data were carried out in glass voltammetric cell, using 

BAS 50W CV voltammetric analyzer, which was connected to Dell Pentium personal computer containing three 

electrode system,  Nickel (II) hexacyanoferrate (III) modified carbon paste electrode (NiHCF) as a working 

electrode, silver-silver chloride as a reference electrode and platinum wire as auxiliary electrode. The pH of the 
buffer solution was measured with a 353 ATC digital pH meter with combination glass electrode. 1ml Syringe 

O

N
H

OH
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(Plastipak, Spain) and Whatman filter paper (Whatman, England) were used for the preparation of the working 

electrode in the experiment. 

 

Preparation of Nickel (II) Hexacyanoferrate (III):- 
Nickel (II) Hexacyanoferrate (III)compound was prepared by mixing 0.25 mol L

-1
 potassium hexacyanoferrate (III) 

solution and a 0.5 mol L-1 Nickel chloride solution with the atomic ratio of Ni/Fe  2. The precipitate obtained was 

filtered in whatman filter paper, washed with distilled water several times and dried at 25 OC for 72 hrs. 

 

Sample preparation of Paracetamol tablet:- 
The content of acetaminophen in four different commercial brands of 500 mg paracetamol tablet was determined. 

For the analysis of tablet formulation, an accurate amount of each 500 mg paracetamol tablets were transferred to 

four different 100 ml volumetric flask and this volume completed with acetate buffer (pH 7.5). 5 ml of these samples 

were poured in to the electro chemical cell containing 20 ml of 0.1 M acetate buffer solution containing 0.1 M 

potassium chloride solution. The final solution was homogenized with a stirrer with the rest solution; the cyclic 

voltammograms were recorded by cycling the potential between 300 and +1200 mV Vs Ag/AgCl at a scan rate of 

100 mV/s. The percentage content or concentration of acetaminophen in these 500 mg paracetamol tablet samples 

was determined from the calibration curve.   

 

Result and Discussion:-  
Determination of Paracetamol Using NiHCF Modified Carbon Paste Electrode:- 
The applicability of NiHCF modified carbon paste electrode for the determination of acetaminophen was verified 

analyzing four different paracetamol tablet samples. The pharmaceutical samples analyzed were collected from 

medical shops at Mekelle, Ethiopia. Four tablets having acetaminophen were examined for estimation of content of 

acetaminophen in different brand name paracetamol tablets. Samples of these drugs were produced in Ethiopia and 

abroad.  

 

The content of acetaminophen was determined using calibration curve method with correlation coefficient r2, 0.983. 

A concentration range of 25 mM to 35 mM of paracetamol was chosen for calibration curve preparation. Cyclic 

voltammograms of the tablets at pH 7.5 were recorded under optimized conditions. Analysis of paracetamol tablets 

available at drug store under different trade names (panamol, paracetamol, paramol and Cadimol) using the 
proposed cyclic voltammetry determination procedure resulted in the values shown in table 1. 

 

Table.1:- Amount of paracetamol with the corresponding % RSD, present in four different brands of paracetamol 

tablets available in Mekelle drug stores. 

Brand name  Labeled acetaminophen 

content in mg 

Acetaminophen found by 

calibration curve ,mg 

%  content  of 

Acetaminophen 

% RSD 

Paramol 500 498 99.6 2.33 

Cadimol 500 492.4 98.4 2.33 

Panamol 500 489.7 97.9 2.01 

Paracetamol 500 496.1 99 2.05 

The content of the tablets in commercial formulations determined by the proposed method was in good agreement 

with the reported values of the company. 

 

Effect of Paracetamol Concentration on Peak Current:- 
The effect of concentration of paracetamol was studied at NiHCF modified carbon paste electrode in 0.1 M acetate 

buffer solution containing 0.1 M potassium chloride of pH 7.5 with scan rate 100 mV/s, Fig. 2 below shows the 

successive enhancement of cyclic voltammograms peak current on increasing paracetamol concentration from 5x10-

4 M to 7.5 x10-3 M. 
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Fig 2:- Cyclic voltammograms of different concentration of paracetamol (10-3) (a-e; a= 0.5, b= 1, c= 2.5, d= 5 and e

7.5) at NiHCF modified carbon paste electrode in 0.1 M acetate buffer solution containing 0.1 M potassium 

chloride of pH 7.5 with scan rate 100 mV/s. 

 

The plot of peak current versus the respective concentration of paracetamol was found to be linear in the range of 

5x10-4 M to 7.5x10-3 M with a correlation coefficient r2  0.990 as shown in Fig.3 below. The enhancement of cyclic 

voltammograms peak current on increasing paracetamol concentration is due to the presence of more ions in the 

solution which makes the flow of electrons easy and the molecules collide together. The detection limit of 
paracetamol was calculated by using the formula (1) and it was found to be 8.89 x 10-5 M. 

           LOD = 3S/M ………………….. (1) 

 
Fig 3:- Effect of variation of concentration of paracetamol on anodic peak current in 0.1 M acetate buffer solution 

containing 0.1 M potassium chloride of pH 7.5 with scan rate 100 mV/s at NiHCF modified carbon paste electrode. 

Determination of kinetic parameters:- 
The transfer coefficient (α) can be calculated from the slope of the resulted curve of Ep vs. log v using equation (2) 
[24]. 

𝐸𝑃𝑎 = 𝐾 +
2.3RT

2 1− 𝑛
𝑙𝑜𝑔𝑣 ………… (2) 

 Slope = 
2.3RT

2 1− 𝑛
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Where α is transfer coefficient, nαis the number of electrons involved in the rate-determining step, v is scan rate, R is 

gas constant, Epa is peak potential. 

 

 

 
 

Fig 4:- Graph of Ep vs. log v  

 

Based on Fig.4 and Eq. (2), the value of transfer coefficient (α) was calculated as  

 

0.119 = 
2.3RT

2 1− 𝑛
 

The value of transfer coefficient (α) from this calculation is 0.705. Higher value of transfer coefficient (α) indicates 

deviation from reversible system. By calculating α from the slope of Ep vs. log v curve, k can be obtained from 

equation (3) [24]. 

 

log ks =  log 1 −  +  1 −  log− log  
RT

nFv
 −  1−  nF

ΔEp

2.3RT
………………….. (3) 

 

Where α is transfer coefficient, nαis the number of electrons involved in the rate-determining step, ksis 

heterogeneous electron transfer rate constant. Based on Fig.4 and Eq. (2), the value of α was calculated as 0.705 and 

n = 2. By substituting the above values in Eq. (3), we found that the heterogeneous electron transfer rate constant k= 

2.37 × 10-2 s-1. The calculated ks value and transfer coefficient, α are summarized in Table 2. 

 

 

Table 2:- The electrochemical reaction parameters of paracetamol at NiHCF Modified carbon paste electrode. 

Parameter Value 

Transfer coefficient, α 0.705 

Heterogeneous electron transfer rate constant, k  (s-1) 2.37 × 10-2 

 

Conclusion:- 
In this work, NickelHexacyanoferrate Modified Carbon Paste Electrode showed good electrocatalytic response for 

the determination of paracetamol concentration and kinetic parameters. NickelHexacyanoferrate Modified Carbon 

Paste Electrode was successfully used for the determination of acetaminophen in paracetamol tablets directly 

without separation steps with good percentage and precision content of acetaminophen > 97 % and percentage 

Relative Standard Deviation < 2.5 %. Transfer coefficient (α) and heterogeneous electron transfer rate constantk for 
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catalytic reaction were found tobe 0.705 and 2.37 × 10-2s-1 respectively. High sensitivity, low cost, easy preparation, 

surface regeneration of the NickelHexacyanoferrate Modified Carbon Paste Electrode and the reproducibility of the 

voltammetric response make the prepared modified system very useful in the construction of simple devices for the 

determination of acetaminophen in pharmaceutical samples.    
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