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Abstract: Cationic surfactant, cetyl trimethylammonium bromide (CTAB) modified carbon paste 

electrode was fabricated and it was applied to determine the electrochemical response of 

trimethoprim (TMP). The modified electrode shows excellent electrocatalytic activity towards the 

oxidation of TMP in phosphate buffer solution (PBS) of pH 3.0 by cyclic voltammetric and 

differential pulse voltammetric techniques. Cyclic voltammetric parameters such as pH, scan rate, 

concentration and effect of surfactant on TMP were studied. The analyte showed one well-resolved 

irreversible oxidation peak at around +1.17 V, which served as the analytical response. The scan rate 

study reveals that the electrode process was controlled by diffusion of the analyte. The limit of 

detection (LOD) and limit of quantification (LOQ) of trimethoprim were found to be 0.15 µM and 

0.455 µM, respectively. CTAB modified carbon paste electrode showed excellent electrocatalytic 

effect towards the detection of trimetheoprim. 

Keywords: Cyclic voltammetry, Trimethoprim, Cetyl trimethylammonium bromide, Carbon paste 

electrode 

Introduction 

Trimethoprim, chemically 5-(3,4,5-trimethoxybenzyl)pyrimidine - 2,4-diamine, the structure 

is shown in Figure 1, it  belongs to the class of chemotherapeutic agents known as 

dihydrofolate reductase inhibitors
1
. It is a synthetic antibiotic used in prophylaxis treatment 

and urinary tract infections for HIV-affected patients, which interferes with the production 

of tetrahydrofolic acid from dihydrofolic acid and it is an antibacterial drug widely used in 

the treatment of intestinal and respiratory infections
2
. 

 Compounds containing pyrimidine rings play a significant role in many biological 

systems. The pyrimidine ring system, present in nucleic acids, several vitamins, coenzymes 

and antibiotics, provides potential binding sites for metal ions, many compounds of 

therapeutic importance contain the pyrimidine ring system. So, substituted 2, 4-diamino-

pyrimidines widely employed as metabolic inhibitors of pathways leading to the synthesis of 

proteins and nucleic acids
3
. 
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 Analytical methods for the determination of TMP range from liquid chromatography
4-6

 

spectrophotometry
7-9

, potentiometry
10

, capillary zone electrophoresis and capillary 

electrophoresis with amperometric detection at carbon electrodes
11,12

, NMR
13 

and 

electroanalysis
14

. In the earlier electrochemical methods the determination of TMP was 

achieved by polarographic reduction in acidic solutions
15

. Electrochemical methods are very 

sensitive and selective. These techniques are used in the analysis of ions and electroactive 

compounds, require small sample volumes, and can be used for the determination of a great 

variety of samples. Modification of electrodes with suitable biocompatible materials enables 

the electrochemistry of the redox biological compounds to proceed without hindrance, 

which results in increased selectivity and sensitivity of analytical determination
16

. 

 CTAB, a cationic surfactant  with a hydrophilic head compatible with water on one 

side and long hydrophobic tail compatible on the other side. They have been widely used 

in electrochemical and electro analysis chemistry field
17

 to change the electrochemical 

process through adsorption at interfaces or aggregation into supramolecular structure. 

Adsorption of surfactant aggregates on the electron transfer, gently enhance the peak 

current, change the redox potential or charge transfer coefficients or diffusion coefficients 

as well as alter the stability of electro generated intermediates or electrochemical 

products
18

. 

 In this work, the immobilisation of CTAB at carbon paste electrode was explored by 

cyclic voltammetry. The experimental results showed that the surfactant CTAB had a 

distinct enhancement effect on the electrochemical responses of TMP at the carbon paste 

electrode. Electrochemical parameters of the TMP oxidation were investigated. 
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Figure 1. Chemical structure of trimethoprim 

Experimental  

Trimethoprim (TRM) was purchased from Himedia chemicals and all other chemicals were 

of analytical grade. Stock solutions of TMP with a concentration within the 1×10
-3

 mol dm
-3 

level were prepared in methanol, stored at 4 
o
C and used without further purification. 

Supporting electrolytes phosphate buffer solution was prepared from KH2PO4 and K2HPO4 

and the pH was adjusted with 0.1 N NaOH solution. Other chemicals used were of analytical 

grade except for spectroscopically pure graphite powder. All Solutions were prepared with 

deionised water (Millipore water). 

Apparatus  

Electrochemical measurements were carried out with a model-201 electrochemical analyzer 

(EA-201 chemlink systems) in a conventional three-electrode system. The working electrode 

was carbon paste electrode, having cavity of 3 mm diameter. The counter electrode was 

platinum electrode with a saturated calomel electrode (SCE) as a standard reference 

electrode completing the circuit.  
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Modification procedure  

Preparation of bare carbon paste electrode  

Bare carbon paste electrode was prepared by hand mixing of graphite powder 70% and 

silicon oil 30% in an agate mortar for about 30 min to get homogenous carbon paste. The 

paste was then packed into the cavity of a Teflon tube electrode (3 mm diameter). Before 

measurement, the modified electrode was smoothened on a piece of transparent paper to get 

a uniform, smooth and fresh surface. 

Preparation of modified carbon paste electrode  

Carbon paste was then packed into the cavity of a homemade carbon paste electrode and 

smoothed out on a weighing paper. CTAB modified carbon paste electrode (CTAB/MCPE) 

was prepared by immobilizing 10 µL of CTAB on the surface of the carbon paste electrode 

for 10 mins. 

Results and Discussion 

Electrochemical response of potassium ferrocyanide at CTAB modified carbon 

paste electrode 
Potassium ferrocyanide was used as the electrochemical redox probe to investigate the 

electrochemical properties of CTAB modified carbon paste electrode (Figure 2). The cyclic 

voltammogram of potassium ferrocyanide at CTAB modified carbon paste electrode  (solid 

line in Figure 2) showed that the redox peak current increased than that of bare carbon paste 

electrode (dashed line in Figure 2). At the BCPE the cyclic voltammogram of K4Fe(CN)6 

showed a pair of redox peaks, with the cathodic peak current (Ipc) 22.2 µA and anodic peak 

current (Ipa) 30.3 µA. The electrochemical cathodic peak potential (Epc) 208 mV and 

anodic peak potential (Epa) 292 mV. After modification with CTAB/MCPE shows 

enhancement of both electrochemical anodic peak current (Ipa) 66.8 µA and cathodic peak 

current (Ipc) 60.3 µA anodic peak potential (Epa) 278 mV and cathodic peak potential (Epc) 

232 mV. The effective area of the modified electrode was found to be 0.0382 cm
2
. The 

results of the enhancement of peak current showed excellent catalytic ability of CTAB 

modified carbon paste electrode. 

 
 

Figure 2. Comparison of 1 mM K4[Fe (CN)6] in 1 M KCl solution at CTAB/MCPE (solid 

line) and BCPE (dashed line) 

Potential, V 
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Electrochemical behavior of TMP at CTAB modified CPE 

Figure 3 shows the cyclic voltammograms of TMP at BCPE (b), CTAB/MCPE (c) and at 

blank solution of CTAB modified CPE (a) at scan rate of 50 mVs
-1

 with supporting 

electrolyte 0.2 M PBS of pH 3.0. At BCPE the oxidation of TMP showed poor sensitivity 

and CTAB/MCPE in blank solution oxidation peak was not observed. However, the 

voltammogram obtained for CTAB/MCPE in the same condition was with high current 

signal with slight shifting in the anodic peak potential towards the negative side comparing 

to BCPE. TMP showed that only one oxidation peak at 1209 mV and a anodic peak current 

of 220.2 µA at bare CPE, whereas an oxidation peak at 1170 mV and a anodic peak current 

of 314.6 µA at the CTAB modified CPE, in the potential range +400 to +1600 mV. No 

reduction peak was observed in the reverse scan, suggesting that the electrochemical 

reaction was a totally irreversible process.  

 
 

Figure 3. Comparison of TMP at CTAB modified CPE (c), Bare CPE (b) and Blank 

Solution in Phosphate buffer (a) at 50 mVs
-1 

Effect of pH  

Figure 4a shows the effect of solution pH on the TMP current response in the range of pH 2 

to 9. TMP showed a single well-defined oxidation peak at all pH values. The anodic peak 

current increases from pH 2.0 to 3.0 but gradual decrease in oxidation peak current could be 

observed with further increasing the pH of the solution upto pH 9.  The highest current 

response was observed at pH 3.0 therefore pH 3.0 was used for all subsequent 

determinations of TMP. The relationship between anodic peak potential (Epa) and pH was 

shown in Figure 4b. From the figure it is evident that with the increase in pH values, anodic 

peak potentials shift to more negative values and the linearity was obtained between the 

anodic peak potential (Epa) and pH of the solution in the range 2.0 - 9.0. 

The linear regression equation is given by:  

Epa (V) = 1239.2592 – 6.352 pH (R = 0.99159). 

Effect of scan rate  

Effect of applied scan rate for TMP in 0.2 M PBS of pH 3.0 was examined by the cyclic 

voltammetric technique at CTAB/MCPE. The electrochemical response of TMP at CTAB 

modified carbon paste electrode was studied between the range 25 to 300 mVs
-1

 and the 

cyclic  voltammograms were shown in Figure 5a.  The  experimental results obtained at  

Potential, V 
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CTAB/ MCPE showed increase in the oxidation peak currents with increase in the applied scan 

rate. From Figure 5b, it was found that the oxidation peak current increases linearly with the 

increase in scan rate with a correlation coefficient of 0.99348. However linearity was also 

obtained for the plot of square root of scan rate versus the oxidation peak current with a 

correlation coefficient of 0.99774 in Figure 5c which indicates an diffusion controlled process 

occurring at the CTAB modified carbon paste electrode. The relationship between the anodic 

peak potential and scan rate can be explained by plotting the anodic peak potentials versus 

Natural logarithm of scan rate (Figure 5d) by considering the relation: Epa= 

33.466lnυ+1038.1282; R= 0.99947 and the relationship between the anodic peak current and 

scan rate can be explained by plotting the Logarithm of anodic peak current versus Logarithm 

of scan rate (Figure 5e) by considering the relation: logipa= 1.3761 +0.02460 logυ; R= 0.99448. 

 According to Laviron’s theory
19

 the slope is equal to RT/αnαF.  For a totally irreversible 

electrode reaction the nα was calculated as 3.8211, which indicated that four electrons were 

involved in the oxidation process (Scheme 1) of TMP at the CTAB/modified CPE.   

  

Figure 4a. Plot of anodic peak current vs. 

pH of TMP at CTAB/ MCPE 

Figure 4b. Plot of anodic peak potential vs. 

pH of  TMP at CTAB/ MCPE 

  

Figure 5a. Cyclic voltammograms of 

TMP at CTAB/MCPE with different scan 

rate were (a) 25 -(h)275 mVs
-1

 

Figure 5b. Plot of Anodic peak current vs. 

scan rates of TMP at CTAB MCPE 
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Figure 5c. Plot of Anodic peak current 

(Ipa) versus Square root of Scan rates of 

TMP at CTAB/MCPE 

Figure 5d. The Plot of Anodic peak 

potential versus Natural logarithm of Scan 

rates of TMP at CTAB/MCPE 

 
 

Figure 5e. The Plot of logarithm of anodic peak current versus logarithm of scan rates of 

TMP at CTAB MCPE 
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Scheme 1. Oxidation mechanism of TMP 

Effect of trimethoprim (TMP) concentration  

The variation of concentration of TMP was studied at CTAB/MCPE in 0.2 M phosphate 

buffer of pH 3.0 at a scan rate of 50 mVs
-1

. Figure 6a shows the cyclic voltammograms of 

TMP at CTAB/MCPE at different concentrations. The results showed that by increasing 

concentration of TMP the anodic peak current also increased. Figure 6b shows the linear 

relationship between the oxidation peak current (Ipa) with TMP concentration in the range.  

 The linear regression equation: Ipa (µA) = 57.685+263.667c (R = 0.9997). 
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 The limit of detection (LOD) and limit of quantification (LOQ) of TMP were found to 

be 0.1592 µM and 0.4551 µM respectively.  

  

Figure 6a. Effect of variation of 

concentration of TMP on anodic peak 

current at CTAB/ MCPE.; υ=50 mVs
-1

 

Figure 6b. Plot of anodic peak current vs. 

TMP concentration at CTAB/MCPE 

 

Differential pulse voltammetry (DPV) studies of TMP 

Differential pulse voltammetry (DPV) was used to investigate the possibility of SDS 

modified carbon paste electrode for determination of TMP. The current responses of TMP 

changed by changing the concentrations of TMP. As illustrated in Figure 7 DPV responses 

of the modified electrode of TMP increased linearly with increase of their concentration. 

 
 

Figure 7. DPV of TMP at different concentrations (1x10
-5 

to 6x10
-5

 M) 

Conclusion 

In this work, a simple, rapid and sensitive electrochemical procedure for the 

determination of TMP at a carbon paste electrode in the presence of surfactant was 

proposed. Results showed that the oxidation peak current of TMP was enhanced at 

CTAB modified carbon paste electrode. The electrochemical response is diffusion 

controlled and irreversible in nature. 
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