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ABSTRACT 

Objective: The aim of this study was to develop a simple, reliable voltammetric method and its validation for determination of nonsteroidal anti-

inflammatory drug diclofenac (DFC). 

Methods: The proposed method was based on electro-oxidation of DFC at poly (erichrome black T) modified glassy carbon electrode (PEBT/GCE) 

in 0.2 M phosphate buffer solution of pH 7.0. Cyclic voltammetry and differential pulse voltammetric techniques were employed to study electro-

oxidation behavior. Under the optimal conditions, variations of EBT concentration, effect of pH, scan rate on the oxidation of DFC was studied. 

Results: A well-defined oxidation peak at about +0.59 V vs. standard calomel electrode was observed for voltammetric detection of DFC. pH effect 

shows the participation of an equal number of protons and electrons in the mechanism. The relation between a logarithm of peak current with the 

logarithm of scan rate indicated adsorption controlled behavior of electrode process. Concentration variations show a good linear response in the 

range 0.05 µM to 40 µM with the detection limit of 5.25 × 10-8 M.  

Conclusion: The prepared sensor exhibited good selectivity, sensitivity, and stability for the detection of DFC in the pharmaceutical dosage form 

and real samples. The developed method could possibly be adopted for pharmacokinetic studies and also in clinical and quality control laboratories 

where time and economy were important. 
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INTRODUCTION 

Diclofenac (2-(2-(2,6-dichlorophenylamino)phenyl)acetic acid), as 

shown in (fig. 1) is a non-steroidal anti-inflammatory drug. It is 

widely used as an analgesic, anti-rheumatic, anti-inflammatory, anti-

thermal and for the treatment of arthritis and degenerative joint 

disease [1, 2]. These drugs are applied both for acute and long-term 

chronic cases [3]. Clinically, the sodium salt of diclofenac is the most 

generally used painkiller [4]. Patients are frequently given special 

formulations of DFC or a co-treatment agent as a therapeutic 

strategy to attenuate the gastrointestinal tract complications that 

limit the use of DFC and other NSAIDs [5-7]. 

 

 

Fig. 1: Chemical structure of DFC 

 

Drug analysis is an important branch of analytical chemistry and 

plays an important role in drug quality control. Electro-analytical 

techniques have been used for the determination of a wide range of 

drug compounds. Numerous analytical methods have been reported 

for the determination of DFC [8-24]. Compared to voltammetric 

methods, most of the methods reported in the literature are costly, 

need complex pre-concentration as well as derivatization. Many 

methods require expensive instruments, long analysis time, a highly 

skilled technician and laborious sample pretreatment, which make 

them unsuitable for routine analysis. Taking the above-mentioned 

lacune, electrochemical methods are characterized by portability, 

simplicity, minimal cost, and reasonably short analysis time. 

DFC shows the low current response at the bare electrodes. This 

problem can be solved through modification of electrodes. Chemical 

modification such as nanoparticle composite electrodes and polymer 

modified electrodes have attracted great attention as they have good 

stability and reproducibility for sensitive determination of 

pharmaceutical drugs [25-26]. Electro-polymerization is a good 

approach to immobilize polymers because adjusting the electrochemical 

parameters can control film thickness, permeation and charge transport 

characteristics [27-33]. Poly (eriochrome black T) modified glassy 

carbon electrode [34-37] have attracted more attention because of their 

novel electrode material which exhibits several excellent 

electrochemical properties and high electrochemical stability. 

To the best of our knowledge, very little work has been reported on 

the electrochemical determination of DFC. In this work, the 
electrocatalytic activity of a PEBT/GCE was investigated for the 

electrochemical oxidation of DFC in buffer solution using cyclic 
voltammetry. The objective of the current work was to develop a 

simple and sensitive method for the determination of DFC, based on 
the excellent electrochemical properties and high electrochemical 

stability of EBT. 

MATERIALS AND METHODS 

Experimental 

Apparatus 

Electrochemical experiments were carried out on Model CHI1112C 

(Version 9.03) USA with a traditional three electrode compartment. 

A calomel electrode, a platinum wire, and a PEBT/GCE were used as 
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the reference, auxiliary and working electrodes, respectively. Elico 

pH meter was used for pH measurements. 

Preparation of the poly (EBT)-modified electrode 

Prior to the modification, for good reproducible results and to improve 

sensitivity and resolution of voltammetric peaks, GCE was polished 

with 1 μm, 0.3 μm and 0.05 μm α-alumina powder, and then washed 

successively with doubly distilled water in an ultrasonic bath, and 

allowed to dry at room temperature. Later, the PEBT/GCE was 

prepared by electropolymerization of GCE in 0.5 M H2SO4 containing 

different concentrations of EBT. Best results were obtained for 1.0 

mmol EBT within the potential series of -0.4 V to 1.5 V for 20 cycles 

with the scan rate of 0.025 Vs-1. The surface area of the modified 

electrode was evaluated and compared with the bare electrode.  

Analytical procedure 

The PEBT/GCE was first stabilized in 10 ml 0.2 M phosphate buffer 

solution (pH 7.0) by 3 cyclic voltammetric (DPV) sweeps between 0.0 

V to 1.4 V. Then, the electrode was transferred into another glass 

conventional cell containing an adequate amount of 0.2 M phosphate 

buffer solution (pH 7.0), and aliquots of the stock solution of DFC were 

added. 

The DFC determinations in pharmaceutical and urine samples were 

carried out by differential pulse voltammetry. A systematic study of 

DPV parameters was conducted, and the best chemical conditions 

were initially evaluated. After optimization of the parameters, the 

DPV voltammograms were obtained in a potential range from +0.3 V 

to +0.8 V vs. Ag/AgCl (3.0 mol L-1 KCl) with an accumulation time of 

60 s. The analytical curve was constructed using the DPV 

voltammograms obtained after the successive addition of aliquots of 

the DFC stock solution into the electrochemical cell containing an 

appropriate amount of 0.2 M phosphate buffer solution (pH 7.0). 

Each concentration was a measurement in triplicate.  

Pharmaceutical sample preparation 

Commercial samples (50 mg DFC tablets) were obtained from a local 

market. Ten DFC tablets were weighed and ground to a 

homogeneous powder in a mortar and then placed into a 250 ml of 

conical flask. Little warm water was added into the flask and the 

sample was sonicated for 30 min to dissolve completely and left to 

cool. The sample solution was filtered through a filter paper 

(Whatman No. 42) into 100 ml volumetric flask and made up to the 

volume with 0.2 M phosphate buffer pH 7.0. 

Urine sample preparation 

The fresh human urine samples were collected in dark glass 

containers, filtered through Whatman 42 filter paper, stored in a 

refrigerator and analyzed within 8 h after collection. Without any 

pre-treatment, samples were diluted with the buffer solution of pH 

7.0 to the working range of the determination of DFC, and then it 

was used for analysis. The standard addition method was used for 

the determination of an analyte in real samples. 

RESULTS AND DISCUSSION 

Electrocatalytic oxidation of DFC at poly (eriochrome black T) 

modified GCE 

The electrochemical behavior of DFC was studied by cyclic 

voltammetry in a 0.2 mol L-1 phosphate buffer solution (pH 7.0). The 

cyclic voltammogram obtained for a 1.0 × 10-4 mol L-1 DFC solution 

using the PEBT/GCE was compared with the cyclic voltammograms of 

GCE (fig. 2). In the bare GCE, a low oxidation peak was observed at 

+0.62 V. Under identical experimental conditions, a higher anodic peak 

current density was observed for PEBT/GCE at +0.59 V. This result is 

clear evidence of catalytic behavior of developed electrode towards 

DFC. The cyclic voltammograms presented an anodic peak due to the 

oxidation of DFC and no peak in the reverse direction was observed, 

indicating that the oxidation of DFC on the electrodes is an irreversible 

process. 

Effect of supporting electrolyte and solution pH 

The voltammetric behavior of DFC was investigated by cyclic 

voltammetry in many supporting electrolytes, such as sulfuric acid, 

phosphate buffer, acetate buffer, Britton-Robinson buffer, and KCl 

solutions. The best anodic peak with regard to the definition and 

smaller potential work for DFC oxidation was obtained in phosphate 

buffer solution. After this study, the effect of solution pH on the 

oxidation of DFC at the PEBT/GCE was investigated in a 0.2 mol L-1 

phosphate buffer solution over the pH range from 3.0 to 9.2. Cyclic 

voltammograms of 1.0 × 10-4 mol L-1 DFC (scan rate 50 mV s-1) were 

recorded (fig. 3A). It has been noticed that the anodic peak potentials 

shifted to less positive potentials when the pH increases as shown in 

fig. 3B with regression equation Epa=-0.0539 mV/pH+0.8346, 

R2=0.9813. In addition, the analytical signal gradually increased from 

pH 3.0 to 7.0 and the highest value was observed at pH 7.0 (fig. 3C). 

Thus, a pH 7.0 (0.2 mol L-1 phosphate buffer solution) was selected as 

supporting electrolyte for further study. 

 

(a)

(b)

 

Fig. 2: Cyclic voltammograms of 0.1 mmol DFC at poly (EBT) 

modified glassy carbon electrode in 0.2 M phosphate buffer 

solution of pH 7.0 with scan rate 0.05 V/s. a) PEBT/GCE b) bare GCE 
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Fig. 3A: The effect of phosphate buffer pH on the peak current of 

0.1 mmol DFC at pH: 3.0-9.2. Scan rate 50 mV s−1 
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Fig. 3B: The relationship between the peak potential and pH at 

50 mVs−1 using PEBT/GCE 
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Fig. 3C: Relationship between the oxidation peak current and 

the pH 

 

Effect of accumulation potential and adsorption time 

The effect of accumulation potential on the oxidation of 1.0 ×10-4 M 

DFC was investigated on the PEBT/GCE. The range of potential 

evaluated was from 0.0 to 1.4V, and the obtained peak current 

density was constant in this potential range, suggesting that the 

accumulation potential had no effect on the oxidation peak current 

density. Thus, an open-circuit accumulation of analyte was adopted. 

The influence of the accumulation time on the oxidation peak 

current density of DFC was also studied (fig. 4). The anodic peak 

increases with the accumulation time from 0 to 60 s. After this time, 

it remained practically constant due to saturation of the electrode 

surface. Therefore, an accumulation time of 60 s was selected for 

further work. 
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Fig. 4: Effect of accumulation time on peak current of 0.1 mmol 

DFC 

 

The effect of scan rate 

The electrochemical response of 0.1 mmol DFC at PEBT/GCE was 

investigated at different scan rates from 50-250 mVs-1. The 

PEBT/GCE showed an increase in the peak currents with the 

increase in the scan rates with a small shift in the oxidation peak 

potential towards more positive potential. This result is in 

accordance with Randles-Sevick’s equation, confirming the kinetic 

limitation of the electrochemical process. The plot of anodic peak 

current (Ip) versus scan rate (υ) gives almost straight line (fig. 5A) 

with linear regression equation of Ip(µA)=0.915 ν (mVs-1) +1.9089; 

R2= 0.9926. The plot of log peak current vs log scan rate shows a 

linear relationship with the slope value of 0.784, which is nearly 

equal to 1.0, indicates that the electrode process was controlled 

predominantly by adsorption process rather than diffusion process 

in the investigated scan rates [38]. With an increase of ν, the peak 

potential (Epa) shifts positively and there is a linear relationship 

between them, the regression equation is: Epa = 0.038 log ν + 0.523; 

(Epa in V, ν in Vs-1, R2 = 0.980, fig. 5B). For irreversible electrode 

process, Leviron equation was used to calculate the number of 

electrons transferred and heterogeneous rate constant [39]: 

 

Value of α was calculated by the following equation as given by Bard 

and Faulkner [40],  

 

Here EP/2 is the potential when the current is at half the peak value. 

From this, the value of α was calculated to be 0.7014. The αn is 

calculated to be 1.556 hence n is equal to 2.21. Other symbols are 

having their usual meanings. Further, the heterogeneous rate 

constant k° was calculated from the intercept of the log scan rate vs. 

Epa if the value of E°’ is known. The value of E°’ in above can be 

obtained from the intercept of Epa vs. ν curve by extrapolating to the 

vertical axis at ν = 0[41]. In our system the intercept for Epa vs. log ν 

plot was 0.523 and E°’ was obtained to be 0.514 and the k° was 

calculated to be 104. 84 s-1. 
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Fig. 5A: Dependence of peak current on scan rate for 0.1 mmol 

DFC 
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Fig. 5B: Plot of variation of peak potential (EP/V) with logarithm 

of scan rate (log υ/mVs-1) 

 

Mechanism 

Oxidation of DFC takes place at the positive potential, which 

depends on pH and the type of the electrode used. pH effects show 

oxidation potential is pH dependent with a slope of -0.0539 mV/pH 

which was equal to the expected Nernst value for a two-electron, 
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two-proton electrochemical reaction. The number of electrons 

calculated was 2.0. Based on the experimental observations and 

earlier reported results [15, 42-44], electro-oxidation of diclofenac 

leads to 5-OH diclofenac as shown in scheme 1. 

 

Scheme 1: Electro-oxidation of DFC at PEBT/GCE 

 

(1)

(9)

 

Fig. 6A: Differential pulse voltammograms with increasing 

concentration of DFC (1-9: 0.05-40 µM) 

 

The effect of concentration on PEBT/GCE 

The effect of varying concentration of DFC was studied at PEBT/GCE 

in 0.2 M PBS H 7.0 at a scan rate of 50 mVs-1 as shown in the fig. 6A. 

It is clearly observed that anodic peak current of DFC was increased 

as the concentration of DFC increases in the range 0.05 × 10-6 to 40 × 

10-6 M. The plot of Ip versus concentration of DFC shows linearity in 

the graph (fig 6B). The linear equation was Ip(µA)= 0.24029 

(DFC×10-6 M/l) +1.087. The limit of detection and limit of 

quantification was calculated by using equation (1) and (2). 

LOD=3S/M …. (1) 

LOQ=10S/M …. (2) 

Where S is the standard deviation and M is the slope of calibration 

plot. The limit of detection and limit of quantification for DFC was 

found to be 5.25 × 10-8 mol L-1and 1.71×10-7 mol L-1respectively. The 

characteristics of the calibration plot are as given in table 1. The 

linear range and detection limit of proposed sensor was compared 

with some of the earlier reported sensors as shown in table 2. 
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Fig. 6B: Calibration plot showing a linear variation of peak 

current 
 

Table 1: Regression data of the calibration lines for quantitative determination of diclofenac 

Parameters DPV 

Measured potential (V) 

Linearity (µM) 

Slope 

Intercept 

R2 

LOD (μM) 

LOQ (μM) 

Repeatability of peak current (RSD%) 

Repeatability of peak potential (RSD%) 

Reproducibility of peak current (RSD%) 

Reproducibility of peak potential (RSD%) 

0.3-0.8 

0.05-40 

0.2356 

1.08 

0.999 

0.0525 

0.175 

1.78 

1.61 

4.31 

4.91 

 

Table 2: Comparison of the analytical parameters of several modified electrodes for diclofenac determination 

Electrode Linear range LOD Reference 

Tyrosine modified carbon paste electrode 10 μM–140 μM 3.28 μM 18 

Ionic liquid multiwall carbon nanotubes paste electrode 0.3μM–750 μM 0.09 μM 44 

Ionic liquid-modified carbon nanotubes paste electrode 0.5μM–300 μM 0.2 μM 21 

Multi-Walled Carbon Nanotube-Ionic Liquid Composite Modified Carbon 

Ceramic Electrode 

50 nM–20 µM 27 nM 20 

Cu-Doped Zeolite-Expanded Graphite-Epoxy Electrode 0.2μM-30 μM 5×10−8 M 45 

Carbon Nanotube-Graphite Mixture 0.15μM-6.7 μM 5.06 ×10−8 M 23 

Silica Nanoparticles Modified Carbon Paste Electrode 0.1 μM-500.0 μM 0.046 μM 46 

Immobilized copper ions on MWCNTS-Chitosan modified GCE 0.3 mmol-200 mmol 0.021 mmol 47 

Poly(EBT) modified GCE 0.05 μM–40μM 5.25×10−8 M Present method 

 

Reproducibility and stability 

The prepared sensor should exhibit regeneration and reproducibility to 

get more accurate results. These two properties are important for 

the prepared sensor. The reproducibility of the sensor was 

monitored by four parallel electrochemical measurements for 

1.0 × 10-6 mol L-1 DFC and the results showed that a relative 

standard deviation (RSD) of 5.2 % (n=4) was estimated, 
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exhibiting a high reproducibility of the constructed sensor. To 

evaluate the stability of the PEBT/GCE, electropolymerized GCE 

was kept undisturbed in an elevated condition for one week. No 

obvious changes were found in the current response to the same 

sample concentration.  

Therefore, the stability of the proposed electrode was good enough 

for the electrochemical application. 

 

Selectivity 

Selectivity of the method was tested by adding an excess of interfering 

substances into the detecting system, containing a fixed concentration of 

the analyte. No remarkable change in the potential was observed by the 

addition of 100 fold excess of ascorbic acid, dextrose, lactose, urea, 

lactose, oxalic acid, fructose indicates the good selectivity of the prepared 

sensor. The results are tabulated in table 3. 

Table 3: Influence of potential excipients on the oxidation potential of DFC 

Excipients(1.0 mmol)+ drug (1.0 × 10-6) Potential observed (V) Signal change (%) 

Only DFC 

Glucose 

Gum Acacia 

Sucrose 

Citric acid 

Dextrose 

Lactose 

Tartaric acid 

Starch 

0.596 

0.574 

0.621 

0.576 

0.605 

0.582 

0.598 

0.584 

0.582 

- 

-3.69 

4.19 

-3.35 

1.51 

-2.34 

0.33 

-2.01 

-2.43 
 

Analytical application 

Determination of DFC in pharmaceutical dosages 

DPV technique was employed to the direct determination of DFC in 

tablet dosage forms, using the related calibration curve after adequate 

dilutions. The results show that the proposed methods were successfully 

applied for the assay of DFC in its pharmaceutical dosage forms (table 4). 

Determination of DFC in spiked urine samples 

The measurement of DFC in urine sample was performed as 

discussed in the experimental section. The applicability of the 

proposed methods to the human urine sample, the calibration graph 

was used. Analysis of drugs from biological samples usually requires 

extensive time-consuming sample preparation, use of expensive 

organic solvents and in sometimes, use of other chemicals. In this 

study, the urine samples were collected in a dark container, and 

diluted with the supporting electrolyte and directly analyzed. It has 

been found that using the proposed technique, no sample pre-

treatment was required, other than dilution step. No oxidation 

compounds and no extra noise peaks present in biological material 

peak occurred in the potential range where the analytical peak 

appeared. The recovery results are as shown in table 5. 

 

Table 4: Recovery of DFC in pharmaceutical preparations 

Diclofenac DPV 

Labeled claim (mg) 

Amount found (mg)a 

R. SD (%) 

Added (mg)a 

Found (mg) 

Recovered (%) 

R. SD of recovery (%) 

50 

48.48 

2.67 

2.0 

1.92 

96.37 

1.49 

 

Table 5: Recovery of DFC in spiked human urine samples 

Sample Added (× 106 M) Found (mean±SDa) (×106 M) Recovery (%) RSDb (%) 

1 

2 

3 

4 

5 

2 

4 

6 

8 

10 

2.03±0.044 

3.99±0.061 

5.87±0.160 

8.02±0.063 

10.15±0.145 

101.56 

99.87 

97.82 

100.23 

101.46 

2.14 

1.55 

2.72 

0.79 

1.43 

SDa: Standard deviation of five replicate determinations, RSD: Relative standard deviation, bAverage of five replicate determinations 

 

CONCLUSION 

The present work illustrates the oxidation behavior of DFC on the poly 

(erichrome black T) modified glassy carbon electrode. When the 
potential was made to move, DFC produced one anodic peak at ∼0.59 

V in 0.2 mol L-1 phosphate buffer solution (pH 7.0). The oxidation 
process was irreversible and adsorption controlled. This method could 

be used successfully to determine DFC in the pharmaceutical samples. 

The proposed method offers the advantages of accuracy, as well as the 
simplicity of reagents and apparatus. In addition, the analysis of DFC 

present in spiked urine samples demonstrated the applicability of the 
method for real sample analysis. Furthermore, the present method 

could possibly be adopted for pharmacokinetic as well as clinical and 
quality-control laboratories. 
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