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The development of innovative sensors for the detection of analytes at extremely low concentrations with great 

sensitivity and selectivity has been a major focus of this study. The electrochemical activity of chlorpheniramine maleate 

(CPRM) in the presence of a graphene modified GCE has been investigated. Cyclic voltammograms (CV) have been 

obtained in the linear dynamic range 3.5- 156 µM while the optimum pH range and the maximum peak current (IPa) have 

been measured at pH 7.3. The process on the electrode's surface, diffusion regulated, heterogeneous rate constant, charge 

transfer coefficient, and the number of electrons transferred among the physicochemical properties have been obtained. 

Differential pulse voltammetry (DPV) of CPRM at the modified has electrode revealed a good linear calibration curve with 

a linear range of 10 to 60 µM and limit of detection of 0.062 µM. The suggested sensor has been fabricated and utilized to 

determine CPRM in medicines as well as serum samples. 
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Chlorpheniramine maleate (CPM), also known as 
3- (4- chloro, phenyl)-n, n- dimethyl- 3- pyridin-2-yl
propan-1-amine (Structure 1), is a well-known
antihistamine that is commonly used to treat common
colds and allergy disorders, both alone and in
conjunction with other drugs

1-3
. Common adverse

effects include drowsiness, constipation, dizziness,
blurred vision, hallucinations, anxiety, disorientation,
nausea, dry mouth, restlessness, poor coordination,
shallow breathing, irritability, tinnitus, memory or
concentration disorders, and trouble urinating. As a
result, multiple approaches for its detection in
pharmaceutical dosage form and biological fluids
have been developed, including spectrophotometry

4
,

chromatographic methods such as HPLC
5-9

, 
LC-MS

10
, RP-HPLC

11-13
, and LC-MS-MS

14-16
. 

Other analytical methods, such aselectrophoresis
17,18

, 
chemiluminescence

19,20
, and capillary electrogenerated 

chemiluminescence
21,22

, have been used to quantify 
CPRM in drug preparations. CPRM has also 
determined electrochemically using modified glassy 
carbon

23-25
 and carbon paste electrodes

26-28
. 

Graphene nanosheets are a popular material for use 

as filler in electrochemical applications because of its 

exceptional qualities like as strong thermal and 

mechanical strength, huge surface area, and easy 

functionalization possibilities
28

. In this study, crucial 

and incredibly stable graphene nano sheet is employed 

for the first time to detect CPRM electrochemically. 

The analytes employed in this investigation have 

multiple functions. They have weakly and strongly 

interacting kinds with the electrode materials' surfaces. 

As a result, the needed surface must be highly 

heterogeneous in nature. Graphene, as everyone knows, 

is added to the matrix of electrode materials to improve 

electron capture and transport. Organics are not 

covalently bound to graphene in this case, but are 

simply distributed. Several researchers have performed 

a few types of electrochemical measurements using 

certain carbon materials. Some of them have 

performed caffeine sensor using graphene oxide
29-31

, 

acetaminophen sensor using g-C3N4
32

and biosensor

using MWCNT. But our innovative attempt is to 

measure electrochemical quantities with the help of 

CPRM with the electrode modified with only graphene 

produced by the Ullmann method at a scale that no 

researcher has ever thought of. 

Experimental Section 

Materials 

Chlropharm, copper metal powder, HNO3, 

chlorpheniramine maleate and NaH2PO4 and 0.1 M 

Na2HPO4 were received from SRL PVT Ltd. 
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Preparation of graphene nanosheets by a modified Ullmann 

method 

Initially, 10 g of Cu powder and 25 mL of CHCl3 

were heated at 200°C for 10 h before being cooled to 

room temperature (RT) in a Teflon-lined autoclave 

(100 mL capacity). The obtained greenish black 

precipitates were treated with a 6 M HNO3 solution at 

RT for 12 h and finally washed several times in DI 

water and filtered to eliminate water-soluble 

contaminants after drying in a vacuum at 100°C for 

10 h, giving 0.9 g of pure Graphene nanosheet
33,34

 

(Scheme 1).  
 

Fabrication of graphene modified GCE 

Preceding the formation, GCE the surface was 

polished on a glass like surface and subsequently 

polished with fine grade alumina powders of 0.05-

micron grain size. At that time, the electrode was 

washed with DI water and C2H5OH dried about at 

ambient temperature. At that time, 10 mg of graphene 

was scattered in 20 mL water. 5 μL of the suspension 

was taken from that stock solution, drop-casting onto 

the pre-treated GCE, and allowed to dry at ambient 

temperature to fabricated grapheme electrode; the 

control electrode was set up in a similar manner. 
 

Pharmaceutical preparation procedures 

Mortar was used to grind five pieces of CPRM 

tablets. In a 100 mL calibrated flask, a weight 

matching to the stock solution was taken and brought 

to volume with double deionized. After 10 min of 

sonication, the solution was diluted in buffer solution 

(pH = 7.3) to achieve the appropriate concentration. 

The solution was investigated using the usual addition 

approach. The recovery studies were carried out using 

the conventional addition approach. The drug content 

of the tablet was determined using the regression 

analysis or calibration graph. 
 

Human urine and serum analysis 

The urine of four healthy participants of the same 

age group and gender was collected. Aliquots were 

centrifuged at RT (25 0.1 0104°C) for five minutes at 

7000 rpm, and urine samples were either analyzed 

immediately or kept at a low temperature till analysis. 

Serum samples from healthy patients were 

refrigerated until the test, and an aliquot was fortified 

with CPM to generate a final concentration of 1.0 

mM. The same serum sample was treated with 0.4 mL 

of acetonitrile and the volume was increased to 3.0 

mL while the liquid was vortexed for one minute 

before centrifuging for ten minutes at 4000 rpm to 

remove the protein residues; finally, the pH=7.3 

analysis and quantification were performed using the 

calibration plot method. 
 

Instrumentation 

The PXRD was taken using Cu K radiation (1.54), 

and the diffractometer X-ray tube current and voltage 

were adjusted to 30 mA and 40 kV, respectively. The 

morphology of graphene nanosheets was studied 

using the FEI-TECNAI T20 high resolution 

transmission electron microscopy (HR-TEM). The 

FT-Raman spectrum was captured with a Witec 

Confocal Raman apparatus and an Ar ion laser (514.5 

nm) (CRM200). The HR-SEM was powered by a 200 

keV with accelerating voltage and an energy 

dispersive X-ray analysis (EDX) system. At RT, FT-

IR from 400 to 4000 cm
-1

 was collected using a 

Bruker spectrometer. A CHI 1130a electrochemical 

workstation (CH Instruments) was used for all 

electrochemical investigations. 
 

Results and Discussion 
 

High resolution scanning electron microscope (HR-SEM) 

Figure 1 depicts the surface microstructure of 

graphene nanosheets. The SEM images clearly show 

that graphene nano sheets had a folded thin layer with 

some wrinkles. Furthermore, the chemical contents of 

produced graphene nanosheets were determined using 

an EDX spectrum, as shown in Fig. 1. The EDX 

studies revealed just carbon, oxygen, and chlorine 

(Cl), confirming the purity of the GNs while also 

revealing the chlorine, which is owing to the 

inadequate dechlorination process of GNs synthesis 

via the Ullmann reaction. 

 
 

Scheme 1 — Synthesis of few layered graphene nanosheets using 

Ullmann method. 
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Fig. 2 — HR-TEM image of graphene nanosheet. 

 

High resolution transmission electron microscope (HR-TEM)  

The graphene nanosheet were made using the 

hydrothermal technique and the Ullmann reaction; the 

precipitates were then treated with conc. HNO3 to 

remove copper chloride (a by-product) and, lastly, to 

generate pure graphene nanosheet. HR-TEM images, 

as shown in Fig. 2, confirmed the morphology of the 

prepared graphene nanosheet. The prepared graphene 

nanosheet had a big, chaotic, sheet structure with 

wrinkles, indicating that the graphene nanosheet was 

successfully prepared, and the results were also 

consistent with HR-SEM pictures as seen in Fig 1. 
 

PXRD, FT-IR and Raman analysis of graphene nanosheets  

PXRD was used to investigate the crystallographic 

character of the graphene nanosheet, and the observed 

patterns are displayed in Fig. 3. The graphene 

nanosheets diffraction peaks at 2θ = 17.16° (110), 

19.13° (020), 31.25° (220), 32.98° (201), 37.95° 

(310), 40.25° (221), 45.52° (040), 49.3° (400), 53.62° 

(241), shown in Fig. 3. Some of the most notable are 

very sharp peak locations such as 2 = 17.16° (110) 

and 32.98° (201)
30

, indicating that the graphene 

nanosheet   have   a  structure   that is  between   semi- 

 
 

Fig. 3 — PXRD analysis of few layered graphene nanosheets. 
 

 
 

Fig. 4 — FT-IR analysis of few layered graphene nanosheets. 
 

crystalline and amorphous. Furthermore, the very 

weak peak identified at 45.52° (040), indicating that 

Cu was unable to generate single-layered graphene 

nanosheet; they were composed of several layers. 

Peaks at 2938 and 3445 cm
-1

 in Fig. 4 were caused 

by C-H and O-H stretching, respectively. The C=O 

and C=C stretching’s occurred at 1654 and 1478 cm
-1

. 

 
 

Fig. 1 — HR-SEM images of graphene nanosheets with EDAX spectrum. 
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The C-O stretching mode was related to the band 

within this 1038 cm
-1

 range, and surface 

functionalization with -COOH, -OH, -COOC-, and -

C-O-C- happened even during the post-synthesis 

chemical process. Another well-known method for 

producing surface oxygen functionality is nitric acid 

treatment, with poor adsorption at 735 cm
-1

 indicating 

the existence of covalently attached chlorine groups
31

. 

Raman spectral analysis (Fig. 5) depicts four typical 

peaks in the 1200-1700 cm
-1

 range. Because of the 

inclusion of the sp
3
 character, the topological  

faults or disorder of the generated s were attributed  

to the peak of about 1348 cm
-1

, D-band. The peak  

at 1598 cm
-1

 was noticed as a result of the  

increased sheet thickness, and it is known as the  

G-band
32

. 
 

Electrochemical behaviour of bare and graphene modified 

electrodes for detection of CPRM 

Cyclic voltammetry using 0.1 M phosphate buffer 

solution (pH 7.3) at a 50 mV s
-1

 scan rate in the 

presence of CPRM was used to investigate the 

electrochemical behaviour of several electrodes, 

including bare GCE and GCE@graphene (Fig. 6). 

The CPRM concentration was 20 µM, and the peak 

current and peak potential were both high for the 

modified GCE@graphene compared to the naked 

electrode. It was discovered that the CPRM oxidation 

peak utilizing GCE@graphene occurred at 7.4 V, 

which is lower than the bare GCE (3.8 V). At the 

same time, CV was used to investigate the 

electrocatalytic activity of GCE@graphene at varied 

CPRM concentrations ranging from 0.10 to 60.6 M 

(Fig. 7). 
 

 

Influence of scan rate on Graphene@GCE modified electrode 

The influence of scan rate on peak current was 

investigated using 0.1 M PBS with a pH of 7.4, 

0.1 mM, and 20 µM CPRM at different scan rates 

10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 mV s
−1

. 
Examining the scan rate impact is crucial in the 

analysis of many physicochemical characteristics, and 

the peak current equals the voltammetric scan rate 

used. The slope of log IP as a function of the log was 

0.613, very near to the expected value of 0.5 for 

diffusion-controlled systems,
33,35

 [Fig. 8(b)] according 

to the equation;  

log Ip = 0. 6313 log υ + 1.049                              …(1) 
 

R
2
 = 0.9987                                                          …(2) 

 

 
 

Fig. 5 — Raman analysis of few layered graphene nanosheets. 

 

 
 

Fig. 6 — Cyclic voltammogram in the presence of 0.1 mM of  

10 μM CPRM (a) bare GCE and (b) graphene@GCE in phosphate 

buffer solution pH 7.3 at a scan rate of 50mVs−1. 

 

 
 

Fig. 7 — Cyclic voltammogram in the presence of 0.1 mM 

CPRM, at the Graphene@GCE in phosphate buffer solution pH 

7.3 at a scan rate of 50mVs−1 and the linear range 10 to 60.6 μM. 



MURUGAN et al: GRAPHENE MODIFIED GCE FOR ELECTROCHEMICAL QUANTIFICATION OF CPM DRUGS 

 

 

 

717 

Meanwhile, when the scan rate rose, the oxidation 

peak (Epa) became positive. The movement of two 

electrons and protons occurred during the oxidation of 

CPRM. The proposed electrochemical oxidation 

mechanism of CPRM is illustrated Scheme 2. 
 

Influence of pH on GCE@graphene modified electrode 

Proton is always present in organic compounds 

electrochemical reaction and had a substantial impact 

on the reaction speed. As a result, the effects of 

solution pH on the CPRM electrode reactivity were 

measured in the pH range 3.0 - 11.0 at a chosen scan 

rate of 0.05 Vs
-1

 [Fig. 9(a)]. A minor peak was found in 

the pH range 3.0 to 5.0 as the solution pH increased. 

From pH 6.0 to 11.0, the potentials of the peaks were 

moved to fewer positive values. The slope of 62 

mV/pH for an equal number of electrons and proton 

transfer [Fig. 9(b)] agrees well with the Nernstian value 

of 59.0 mV/pH for the same amount of electrons and 

proton transfer (Fig. 9a)
36 

with linear equation:  

Ep= 0.048 pH + 1.09                                            …(3)  
 

R
2
 =0.9976                                                          …(4) 

 

According to the plot of peak current as a function of 

pH, the maximum peak current was attained at pH 7.3. 
 

 

Oxidation mechanism 

The anodic peak on a forward scan suggested 

CPRM oxidation, but no any peak was identified on a 

reverse scan; hence, the results in this irreversible 

system imply two-electron transfer mechanisms 

involved in CPRM oxidation, as depicted in  

Scheme 2. 
 

Determination of the magnitude of CPRM based on the 

differential pulse voltammetry 

The differential pulse voltammetry (DPV) 

approach is typically more sensitive to CV. As a 

result, this method might be utilized to detect CPRM 

quantitatively at graphene-modified GCE under ideal 

 
 

Fig. 8 — (a) Effect of the scan rates on the cyclic voltammetric responses in buffer solution of pH 7.3 at the graphene@GCE for 0.1 mM 

CPRM at various scan rates (from 10 to 100): 10, 20, 30, 40, 50, 60, 70, 80, 90 & 100 mV s−1 and (b) The relationship of anodic peak 

currents and the scan rate for CPRM (0.1 mM). 
 

 
 

Scheme 2 — Possible electrode oxidation reaction mechanism of CPRM. 
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circumstances with a scan rate of 50 mVs
-1

.  

Figure 10(a) depicts a DPV reaction to the addition of 

CPRM. According to the findings, a well-defined 

reaction was found with the sequential addition of 

CPRM. The response current, as observed, is linear in 

the CPRM concentration range of 5.5 to 68.1 µM, 

with the linear equation  
 

Ipa/A = 0.0977 [CPRM]/µM + 1.989                   …(5) 

R2 = 0.9989                                                        …(6) 

A correlation coefficient of 0.9989 was obtained 

[Fig. 10(b)], indicating that the regression line 

extremely well fits the experimental data and that the 

regression equation may be utilized to predict the 

unknown sample. 
 

Interference study 

The current study looked at how different 

substances affected the measurement of 50 μM 

CPRM under ideal conditions. The tolerance limit 

was established as the greatest concentration of the 

interfering material that caused a less than 5% error in 

CPRM determination, and the results demonstrated 

that the presence of these coexisting species had no 

influence on the current response of 100 M CPRM. 
 

Modified electrodes of reproducibility and stability 

The reproducibility of 5 replicate assessments of  

20 µM CPRM was studied, yielding a relative 

standard deviation (R.S.D.) of 1.96%. Table 1 

compares the findings of this study to previously 

published voltammetric techniques for evaluating 

CPRM, and the analytical features are equivalent or 

superior to those reported for CPRM measurement at 

the surface of other modified electrodes, as seen. 

The graphene-modified GCE was stable in 0.1 M 

buffer solution at 4°C for two weeks, with no obvious 

changes in the present response when using the same 

 
 

Fig.9 (a) — Cyclic voltammograms of 0.1mM CPRM at the surface of the graphene@GCE immersed in in phosphate buffer solution  

PH 3-11, scan rate 50 mV/s and (b) variation of anodic peak potential verses. various pH values in 0.1 mM CPRM. 
 

 
 

Fig. 10 — (a)DPVs of 5.5to 68.1μM CPRM on the graphene@GCE under the optimum conditions and a scan rate of 50mVs−1 and (b) 

Plot of the peak current in differential pulse voltammetry versus the concentration of CPRM. 
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sample concentration. After three weeks, the current 

responses for detecting 20 M of CPRM decreased by 

less than 5% of the original response, indicating that 

the suggested electrode's durability was adequate for 

electrochemical applications. 
 

Analysis of CPRM in serum, drug samples 

The calibration plot was used to assess the 

unknowns after drug-free urine samples were spiked 

with a known dosage of the drug. The ease of 

assessing CPRM was only achievable due to the 

method's simplicity and the absence of a pre-

extraction process for urine samples. Subsequently, 

the results of recovery investigations revealed that 

amazing recoveries ranged from 99.0% to 99.5%, 

with a percentage of RSD of 2.25%. (Table 2). 

Furthermore, the acquired results provided a clear 

indication of the method's suitability for determining 

CPRM from genuine biological matrices. The process 

for spiked human serum samples with the analyte has 

been previously discussed in pharmaceutical 

preparation procedures. The recoveries in various 

samples were found to be between 98.0% and RSD is 

found to be 2.35%. 

 

Conclusion 
In conclusion, it has been demonstrated that the 

oxidation behaviour of CPRM on graphene-modified 

GCE, significantly improved the electrochemical 

performance of CPRM and clearly demonstrates the 

graphene@GCE's better electrocatalytic activity 

toward CPRM oxidation. Under ideal circumstances, 

the oxidation peak current is proportional to CPRM 

concentration in the range of 5.5-68.1 µM, with a 

detection limit of 0.062 µM, indicating that the 

modified electrode is successful in detecting CPRM in 

actual samples with high sensitivity. The study 

findings allow us to conclude that DPV may be used 

to quantitatively identify these drugs alone or in 

combination, as is commonly done in pharmaceutical 

formulations, with various advantages. The graphene 

@GCE's high sensitivity can be due to its enormous 

surface area. It has great stability, a lower detection 

limit, a wide linear dynamic range, excellent catalytic 

activity, and repeatability. Graphene@GCE has 

provided considerable benefits by combining 

exceptional conductivity and unique properties. 
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