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Abstract 

 
In this paper surface modified electrodes interfaced with cyclic voltammetry for data capture, has been 

used to study the redox properties of the betamethasone-clotrimazole (CB) matrix. 

The carbon graphite working electrode surface was modified using the betamethasone -clotrimazole 

matrix. The modified electrode is shown to display the redox properties of the modifying matrix. It is 

observed that the CB is very unstable on the electrode surface and not completely surface attached. This 

is confirmed by the data obtained from anodic peak current and scan rate values. 

The redox peaks are attributed to the imidazole derivatives from clotrimazole. 

CB on bentonite host matrix modified electrode, gave a redox profile with enhanced faradaic quality. 

Those cases where the CB was mixed with bentonite to form a composite mixture, which was then used 

as electrode modification material yielded well defined redox peaks for CB. 

P-Aminophenol appears to facilitate the CB redox process through the removal of oxidative stress 

associated with the redox process. 

The improved redox properties of CB on bentonite matrix are attributed to increased physical surface area 

rather than an incorporation of CB into the    and    layers in the montmorillonite. 

 

 

Keywords: Cyclic voltammetry; surface modified electrodes; betamethasone; clotrimazole; imidazole; host-

matrix; bentonite; p-aminophenol. 

 

1 Introduction 
 

Antimicrobial use has been common practice for at least 2000 years. Ancient Egyptians and ancient Greeks 

used specific molds and plant extracts to treat infection. 
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The antimicrobials are not a recent development they have been in use for over 2000years. The Greeks and 

the Egyptians pioneered this field by use of plant extracts in addition to selected moulds [1-7]. 

 

Louis Pasteur among other microbiologists contributed to the critical research in fermentation which led to 

the distinction between aerobic and anaerobic bacteria. 

 

Other scientists broadened the research field by developing antiseptics systems which became useful in 

sterilization of medical equipments or tools. 

 

Other important research resultst in the area of antimicrobials is epitomized by the discovery by Alexander 

Fleming that, a petri dish filled with staphylococcus exhibited formation of colonies due to the presence of 

the antimicrobial fungus Penicillium rubens. 

 

Antiparasitics developed were basically a class of medications used in the treatment of infectious diseases 

such as leishmaniasis and malaria. The parasites responsible for these infections include, nematodes, 

cestodes and trematodes. Antiparasitic medications include metronidazole, iodoquinol and albendazole [8]. 

As expected therapeutic antimicrobials, target for destruction only the infecting organism with no collateral 

damage to the host. 

 

Broad-spectrum therapeuticson the other hand target multiple classes of pathogens [9-14]. Azithromycin is a 

popular and the only identified broad-spectrum therapeutic therefore, research continuesfor new substances. 

Betamethasone is basically a synthetic glucocorticoid, a 20-oxo steroid, a 21-hydroxy steroid, a 17alpha-

hydroxy steroid, a fluorinated steroid, an 11beta-hydroxy steroid, a 3-oxo-Delta (1), Delta (4)-steroid, a 

primary alpha-hydroxy ketone and a tertiary alpha-hydroxy ketone. 

 

It has metabolic, anti-inflammatory and immunosuppressive activities (Betamethasone is known to bind 

specifically to intracellular glucocorticoid receptors, with the net effect of subsequently bindings to DNA 

and can modify gene expression.  

 

Betamethasone results in an overall reduction in autoimmune reaction and chronic inflammation. This is 

probably achieved through the synthesis of anti-inflammatory mediators and probably through inhibition of 

the production of inflammatory mediators.  

 

Betamethasone is a corticosteroid with immunosuppressive and anti-inflammatory properties. In general, it 

is mostly by external application to the affected area to manage inflammatory skin conditions such as 

eczema, and parenterally to manage several disease states including autoimmune disorders. 

 

In addition, Betamethasone has potent glucocorticoid activity and negligible mineralocorticoid activity. 

.  

In this paper, we present results where the surface of the carbon graphite working electrode has been 

modified using the CB and CB bentonite derivatives. The electrode is shown to display the electrochemical 

properties of the immobilized chemical. The redox properties of the moieties in the CB and CB derivatives 

are displayed by the modification electrode.  

 

2 Experimental Section  
 

2.1 Instrumentation for cyclic voltammetry 
 

The electrochemical instrumentation used for generating the cyclic redox potential scans from the modified 

carbon graphite working electrodes comprised of Princeton Applied Research (PAR) model 173 

potentiostat-galvanostat and logarithmic current converter model 396 that controlled the current. This was 

used in conjunction with PAR model 175 Universal Programmer that generated triangular waves. The output 

signal was fed into the PAR RE0089 X-Y recorder.  
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A three-electrode assembly in an undivided cell was used throughout this work. These consisted of a 

saturated calomel electrode (SCE) as the reference electrode, platinum wire as the auxiliary or counter 

electrode and a carbon graphite, with a surface area of 0.38 cm
2 

as the working electrode. The counter 

electrode contained inert platinum wire supported by a glass tubing 10 cm long. The choice of a platinum 

electrode as a counter electrode is due to its inertness. It provides the current needed at the working electrode 

when potential is applied without undergoing any electrolytic reactions that would interfere with test 

reactions. The working electrode was supported by a 15 cm glass tube sealed on one side but having a 

contact wire passing through. This contact wire and the electrode were connected using mercury metal. 

 

 2.1.1 Modification of the carbon- graphite working electrode surface 

 

The bare carbon electrode was prepared for usage by polishing it until a smooth surface was obtained. This 

was then rinsed thoroughly with distilled water and allowed to dry at room temperature. This same 

procedure was followed every time bare carbon was used as the working electrode. 

 

The working electrode was modified using CB, Polyaniline and bentonite variously as described in results 

and discussion. 

 

 Conducting polymer-polyaniline and clay montmorillonite-Bentonite were used as host matrices.  

 

Clotrimazole and Betamethasone were used as received without further purification. The carbon graphite 

working electrode was dip coated with the modification cream and the slurry on the surface was smeared 

giving a uniform spread on the carbon graphite working electrode surface. 

 

To prepare bentonite modified electrode a small amount of this clay was put on a clean tile, and then electro-

inactive adhesive was added and mixed with it thoroughly until thick slurry was obtained. The slurry was 

smeared uniformly on a smooth surface of a freshly prepared carbon electrode. The electrode was left to dry 

at room temperature for 24 hours; as a result we obtained a dry bentonite on the surface of the electrode. 

 

Composite mixtures for preparing composite electrodes involved mixing the substances in the required ratios 

on a weight/weight basis. This mixture was then smeared uniformly on the working electrode surface as 

already discussed. 

 

Polyaniline, was prepared by electrodepositing polyaniline on a freshly polished bare carbon electrode by 

cycling the potential from -0.2V to 0.80V in a solution containing 0.1M aniline and 1M H2SO4. This is the 

optimum electrolyte composition for electrodepositing aniline. The scan rate was set at 20mV/s while the 

current scale was at      . The sensitivity of the recorder was set at        . 

 

2.2 Chemical reagents 
 

Clotrimazole and Betamethasone were used as received without further purification. 

 

The monomer liquid aniline (Aldrich, 98%), was triply distilled until a colorless liquid was obtained. It was 

then stored under inert gas nitrogen. This distillation process was repeated for each fresh experiment. All the 

chemicals and acids were analytical grade and were used as received without further purification. Two types 

of acids as supporting electrolyte were used namely sulphuric acid (Gowa), and hydrochloric acid (Gowa). 

Other chemicals used include sodium chloride (sigma). 

 

All solutions were prepared using high purity solvents. Distilled water was obtained from a Millipore water 

purification system. In the non-aqueous studies, acetonitrile (HPLC grade, Fischer) was used as received.  

 

All measurements were done using an analytical balance for maximum accuracy.  

 



 
 
 

Orata et al.; AJPAM, 4(3): 108-120, 2022; Article no.AJPAM.839 

 

 

 

111 
 
 

The bentonite (Athi River Mining Company Ltd., Kenya) has a mesh size ranging from 150 to 200 μm, 

cation exchange capacity (CEC) 1.18 – 1.22 mM/g and pH range of 8.4 – 9.6. The density of bentonite is 

1.25 g/cm
3
 which are comparable to other clay minerals from different parts of the world (Rask, 1984). It has 

an average solvent retention capacity of 22.5% and 4.8% for water and organic solvents respectively. It 

moisture content is 8.5%. It swells by a factor of 1.7 and 1.4 in water and organic solvents respectively.  

 

3 Results and Discussion 
 

The Clotrimazole-Betamethasone cream (CT) was dip coated on the carbon graphite working electrode. The 

potential of the modified electrode was cycled from -0.30V to 0.90V in a solution containing 1.0M sulphuric 

acid. The potential scan rate is 2mV/sec.  

 

The resultant cyclic voltammetric response is shown in Fig. 1. We observe well defined quasi reversible 

redox peaks with the oxidation and reduction peak potentials occurring at 0.70V and 0.33V respectively. 

 

 
E(V) Versus SCE 

 

Fig. 1. Cyclic voltammetric response of C-T on Carbon Graphite working electrode 

 

Potential range: - 0.30V to 0.90 V, Scan rate 20mV/sec 

 

The redox peak has a diffusion tailing suggesting that the redox process is diffusion limited. When the scan 

rate is varied by a factor of 2.5, the redox peaks shift by 100mV. 

 

The redox peaks are attributed to the electroactive moieties in CT. In this case we do not expect any redox 

activities from clotrimazole given its chemical structure (see Fig. 2) which is expected to display significant 

redox stability, since the 2-chlorophenyl, phenyl and imidazole moieties are relatively electrochemically 

stable. 
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Fig. 2. clotrimazole (1-[(2-chlorophenyl) diphenylmethyl]-1H-imidazole 

 

The betamethasone (Fig. 3) has ketonic functionalities which are expected to display significant redox 

activity. 

 

 
 

Fig. 3: Chemical structure of Betamethasone (C22H29FO5) 

 

The ketonic groups on undergoing electrochemical changes are expected to give quinone type derivatives 

which are characterized by quasi reversible redox peaks such as those in Fig. 1. 

 

We repeated the same experiment with the CB modified electrode in a 01M sulphuric acid solution but 

varying the positive potential limit to 0.70V, 0.75V, 0.80V, 0.85V and 0.90V, at a scan rate of 20mV/sec 

(see Fig. 4). 

 
 

Fig. 4. CB modified electrode in a 0.1M sulphuric acid solution but varying the positive potential limit 

to 0.70V, 0.75V, 0.80V, 0.85V and 0.90V, at a scan rate of 20mV/sec 
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We observe an increase in the reduction peak with increasing potential, clearly indicating the increased 

concentration of redox active species as the positive potential limit is increased. Even though the oxidation 

peak is incomplete during the potential cycling, it is clear that for every incremental increase in the oxidative 

peak current there is a corresponding increase in the reductive peak current.  

 

The redox process associated with the peaks appears to be diffusion limited as seen in the peak tailing and 

confirmed by the relatively linear plot for oxidative peak current versus square root of scan rate. See values 

in Table 1.0. 

 

Table 1.0. Anodic peak current the square root of scan rate values 

 

                      

0.0194 3.16 

0.0164 2.24 

0.0132 1.414 

 

The Betamethasone and clotrimazole probably in the acidic media undergo the following processes leading 

to the formation of products as shown below: 

 
 

Scheme 1. Proposed degradation products of clotrimazole and betamethasone in acidic medium 

 

The products from betamethasone and clotrimazole have ketonic, quinone and pyrollic redox active centers  

We propose that the redox peaks in Fig. 1, is representative of the redox activity of these redox moieties. 

Given the proximity of the quinone and pyrollic redox centres, if they mirror the redox behaviour of quinone 

in the electro-degradation of polyaniline and polypyrolle redox activity (2-9) then in that case, the redox 

centers can interact. 

 

We propose that as a result of these interactions, the oxidation and reduction peaks are relatively broad as 

opposed to the sharp peaks characterizing faradaic processes characterized by fast charge transfer /and or 

electron transfer kinetics.  
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These redox- active moieties probably diffuse into the solution based on Fickian diffusion principles. This is 

confirmed by the observation that, a plot of oxidative peak current versus scan rate is not linear i.e., the 

species is not strictly surface attached. 

 

When the CB modified- electrode was transferred to electrolyte solutions containing 0.1M, 0.5M and 1.0M 

sulphuric acid and the potential of the working electrode cycled from -0.3V to 0.90V relative to SCE, it is 

observed that the oxidation peak potential shifted towards positive potentials and the reduction peak shifts 

negatively as the solution pH is lowered. 

 

This shift in redox potential with solution pH is a clear indicator of the importance of 

protonation/deprotonation equilibria in the redox process. This is not surprising since protons play a key role 

in generating the proposed redox -active moieties shown in scheme 1. 

 

Similarly, the observation that, increasing the positive potential limit does not affect the redox peak 

potentials is expected given that the formation of the redox active moieties proposed in scheme 1 does not 

depend on precursors generated because of the positive potential window. 

 

When the scan rate was varied, there was a shift in the redox peak potential as shown in Fig. 5. 

 

This is expected given that, the protonation equilibria in the formation of the redox active moieties is not 

linear, therefore the electrochemical population and character of the redox centers are time dependent. 

 

 
 

Fig. 5. The shift in the redox peak potentials with scan rate 
 

3.1 Clotrimazole-betamethasone on Polyaniline Modified Electrode (PANI) 
 

Polyaniline modified electrode was prepared by cycling the potential of the carbon graphite from -0.30V to 

0.90V at a scan rate of 20mV/sec in a solution containing 1.0M sulphuric acid. The cotrimazole-

betamethasone paste is then dip-coated on the PANI electrode. The modified electrode CB-PANI is then 
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placed in a solution containing 1.0 M sulphuric acid and its potential cycled from -0.30V to 0.90V at a scan 

rate of 20mV/sec. 

 

The cyclic voltammogram obtained is shown in Fig. 6, showing the redox peaks obtained in 0.1M, 0.5M and 

1.0M sulphuric acid. The redox peaks obtained are broad and poorly defined, but the redox profile improves 

significantly as the solution pH is lowered and appear to result from complimentary interaction between the 

PANI and CB redox centers.  

 
 

Fig. 6. The cyclic voltammogram showing the redox peaks obtained in 0.1M, 0.5M and 1.0M Sulphuric 

acid. Potential range: -0.30V to 0.90V. Scan rate 20mV/sec 

 

It is also important to mention that, the cyclic voltammogram appears to have more of PANI electrochemical 

features than CB. 

 

Therefore, the PANI host matrix which has redox centers, appear to interfere with the redox processes 

associated with betamethasone and clotrimazole. 

 

When the scan rates are varied no CB redox peaks are observed unlike in the case of CB modified electrode.  

When the positive potential limit was varied (0.70V, 0.75V, 0.80V,0.85V and 0.90V), the oxidative and 

reductive peak currents did not increase significantly. This is expected since, the redox process is being 

carried out in the presence of an electrolyte solution not containing aniline monomer therefore, no formation 

of anilinium radical cations which are precursors for polymer formation. 

 

3.2 Clotrimazole-betamethasone on Bentonite Modified Electrode (BME) 
 

The carbon graphite electrode was modified by dip-coating the electrode surface with bentonite as already 

described in the experimental section. The betamethasone -clotrimazole paste was similarly applied to the 

BME. The CB/BME electrode had its potential cycled from -0.30V to 0.90V at a scan rate of 20mV/sec in 

separate electrolyte solutions containing 0.1M, 0.5M and 1.0 M       and     
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The cyclic voltammetric responses obtained are shown in Fig.s 7. The redox profile for the CB/BME in 

      yielded poorly defined broad bands rather than peaks. This was not the case with HCl, where the 

oxidation -reduction peaks were well defined bands occurring at approximately 0.60V/ 0.40V.  

 

The differences in the redox response can be attributed to the differences in the anions in the supporting 

electrolyte and in the nature of the host matrix. When the same experiment was repeated in a solution 

containing NaCl, the response was now subdued just as in      . Based on these observations it is apparent 

that the redox process for CB on bentonite is catalyzed by the presence of the high charge density     in the 

supporting electrolyte. Replacement of   with    appears to suppress the CB redox process, bringing into 

the light once again the importance of protonation/deprotonation equilibria in the CB redox process. 

 

 
Fig. 7. The cyclic voltametric responses obtained for the CB/BME modified in      . Potential range: 

-0.30V to 0.90V. Scan rate 20mV/sec 

 

The insignificant role of the bentonite clay montmorillonite matrix in influencing the CB redox process is 

expected given the clotrimazole and betamethasone are bulky molecules which cannot ingress into the 

bentonite lattice consisting of    and    layers. 

 

Studies on variation of scan rate and increasing the positive potential limit of the potential window, had no 

significant effect on the CB redox process on bentonite in the       supporting electrolyte. This suggests 
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that, the potential does not affect the population of the redox centers, neither is the population of the redox 

centers dependent on time. 

 

It is important to mention that, the redox profile of CB on bentonite remains unchanged on cycling over a 

long period of time and is reproducible, making bentonite a host matrix useful in qualitative detection of CB. 

 

3.3 Bentonite-CB (w/w) composite modified electrode 

 

Equal proportions of CB and bentonite are mixed forming a homogeneous paste which is then dip-coated on 

the working electrode surface. 

 

The electrode potential is then cycled from -0.30V to 0.90V at a scan rate of 20mV/sec in solution 

containing 0.1M, 0.5M and 1.0M HCl. 

 

The resultant cyclic voltammetric response, shows a significant improvement in the faradaic quality of the 

redox peaks with oxidation peak potentials occurring at 0.10V and 0.48V respectively (see Fig. 8). There are 

no reduction peaks. 

 

 
Fig. 8. The cyclic voltammogram characterized by an improved faradaic quality of the redox peaks. 

Potential range: -0.30V to 0.90V. Scan rate 20mV/sec 
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The two oxidation peaks are the intrinsic redox peaks for clotrimazole and betamethasone derivatives 

resulting from protonation . See scheme 1. 

 

This improvement in the redox signal is not a result of CB being incorporated in the bentonite matrix, since 

as already explained the CB components are bulky molecules. The improved signal is probably a physical 

effect resulting from the increased surface area of exposure for the CB protonation derivatives on the 

bentonite particles. The oxidation-reduction peak profile is much more improved at higher scan rates 

suggesting that the concentration of the redox moieties is time dependent. 

 

When the positive potential limit is increased to 0.70V, 0.75V, 0.80V,0.85V and 0.90V during potential 

cycling, the redox peak profiles are unchanged as expected. This as already explained is because, we are not 

forming precursors to the redox active species by increasing the potential as in the case of polymerization of 

polymers from radical cations as in the case of conducting polymers. 

 

Thus, increasing the potential limit just alters the potential geometry in the CB/bentonite matrix. 

 

The CB-bentonite modified electrode was then transferred to a solution containing . 

 

It is apparent that for the qualitative detection of CB, the CB-bentonite modified electrode serves the purpose 

as we obtain an excellent redox signal which is electrochemically stable. 

 

3.4 CB-p-Aminophenol (w/v) composite modified electrode 
 

The CB-p-Aminophenol composite modified electrode was prepared by dip-coating the mixture on the 

surface of the carbon graphite working electrode. The potential of the electrode was then cycled from -0.30V 

to 0.90V at a scan rate of 20mV/sec in a solution containing 0.1M, 0.5M and 1.0M sulphuric acid. The 

current potential profile obtained is shown in Fig. 9. 

 

 
Fig. 9. The CB-p-Aminophenol composite modified electrode cyclic voltametric response. 

Potential range: -0.30V to 0.90V. Scan rate 20mV/sec 
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We observe well defined oxidation peak at 0.58V and reduction peaks at 0.47V and 0.66V. 

  

We propose that the p-Aminophenol removes the oxidative stress associated with the CB redox process. The 

peak at 0.70V in the CB-carbon graphite electrode probably corresponds to the new peak at 0.58V and the 

peak at 0.33V on CB-carbon graphite corresponds to the new peak at 0.47V  

 

4. Conclusion 
 

The bentonite host matrix and p-Aminophenol significantly improve the redox properties of CB. 

 

The actions in improving the faradaic qualities can be attributed to electrocatalytic action on the part of p-

Aminophenol to increased reaction surface area for the bentonite. 

 

The use of surface modified electrodes to qualitatively and quantitatively determine electro-active redox 

moieties in antimicrobial creams is fundamental in that, other then accuracy to nano levels, the signals are 

unambiguous and the analytical process smart as compared to many spectrophotometric methods, whereby 

the preparation of an antimicrobial cream for analysis can interfere with the sample integrity.  
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