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Abstract— In past decades, 2D nanomaterial plays a significant role in electrochemical sensing techniques due to their 

excellent electron transfer and catalytic properties. This work reports on the graphene-based voltammetric sensor for the detection 

of bisphenol-A. A simple electrochemical sensing platform is developed to determine bisphenol-A (BPA), an endocrine 

disrupting compound (EDC), which potentially can cause adverse health effects. Graphene oxide (GO) nanomaterial was 

synthesized by a modified Hummers method.  Scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform 

infrared (FT-IR) and Ultraviolet spectroscopy (UV-Spectroscopy) were used for the characterization of the synthesized graphene. 

SEM confirms the presence of few-layered GO with 50 nm average thickness. XRD confirmed the amorphous structure rather 

than a pristine structure with d spacing 0.7084 nm. FT-IR confirms the presence of functional groups -OH and - COOH groups 

due to incomplete reduction. Cyclic voltammetry was used to study the electrochemical properties of the prepared graphene/GCE 

potassium ferricyanide as a redox probe. The developed Gr/GCE exhibited more facile electron kinetics and enhanced current. 

This modified electrode was used for sensing of BPA. Under the optimum conditions, the oxidation peak current of bisphenol-A 

varied linearly with concentration over a wide range of 5 µM to 100 µM and the detection limit of  0.3 µM using differential pulse 
voltammetry (DPV). The modified electrode exhibits excellent reproducibility and good stability. Thus the developed sensing 

platform is expected to be good choices for sensors involving good sensor characteristics. 

Keywords—graphene; endocrine disrupting compound; electrochemical detection; Bisphenol-A; Differential pulse 

voltammetry. 

I. INTRODUCTION  

There is an increasing concern about endocrine-
disrupting chemicals released into the environment due to 

rapid/ethnic disparities in health. Thus, Bisphenol-A (BPA), 2, 

2-bis (4-hydroxyphenyl) propane, has estrogenic activity and 

is acutely toxic [1, 2]. BPA is mainly used as raw material for 

the production of polycarbonate plastics, epoxy resins, and 

thermoplastics, and is found in food packages, beverage 

containers, food can linings and plastic bottles which are in 

direct contact with food that is to be consumed. It is generally 

exposed to the environment due to incomplete polymerization 

and degradation under high temperatures. Consistently, infant 

mortality, low birth weight rates, cardiovascular-related 

problems, dysfunctions, endometrial hyperplasia, recurrent 

miscarriages, abnormal karyotypes, and polycystic ovarian 
syndrome and diabetes can also be outstretched

 
as an outcome 

[3-5]. Although numerous risk factors have been identified, 

the basic biological mechanisms underlying these disparities 

remain unknown [6]. It is also suspected to be hormone–

receptor interaction of bisphenol-A which mimics like the 

natural female reproductive hormone estrogen, with its 

receptors: Estrogenic activity by prevaricating normal function 

of the endocrine system. Thus BPA is called endocrine 

disrupting compound (EDC). However, effects of BPA have 

been of continuous conflicts [7, 8]. Therefore, potential 

concerns on health have led to increased need for monitoring 

the trace amount of BPA.  

Among the techniques established in the literature to 

determine BPA concentration include high-performance liquid 

chromatography, liquid chromatography-mass spectrometry, 

flow injection analysis, and resonance light scattering [9-11]. 
While they give accurate measurements, these techniques are 

expensive and can involve cumbersome protocols. 

Electrochemical determination of various analytes is an 

approach that is highly attractive due to its simplicity, rapidity, 

versatility, accuracy, reproducibility, and cost-effectiveness. 

The key factor in the performance of a voltammetric 

electrochemical sensor is the sensing element, i.e., the 

electrode material. Its high electroactive area, its ability to 

selectively catalyze the redox reaction involving the analyte 

over a wide range of concentrations and its stability in both the 

analyte-containing extracts/solutions and ambient conditions 

are critical for better sensor performance measured by high 

sensitivity, low detection limit, good selectivity over other 

interferants, wide linear range, stability, reproducibility, and 

use in practical applications. This work examines the 

performance of graphene as an electrochemical sensing 

element for the detection of BPA. Graphene is a two-
dimensional material which has the high electroactive surface 

area, good electrical conductivity, and high chemical stability. 

It is a layered compound that is recently being studied for its 

applications in sensor and energy storage. It is a zero-band-

gap semiconductor which consists of a two-dimensional sheet 

of carbon atoms arranged in six-member rings (hexagonal 

configuration) with atoms connected by sp
2
 bonds. These 

bonds and this electron configuration provide the excellent 
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properties such as a very large surface area (2630 m2/g), good 

electron transfer rate, and absorptivity [13].  This material acts 

as an excellent anodic functional material because the 2D e
ˉ
- e

ˉ
 

correlations assisting in enriching electronic transport 

properties. A typical electrochemical determination of BPA 

involves electrooxidation of it.   

 

 

 

TABLE I.  DETECTION OF BPA ELECTROCHEMICAL TECHNIQUES- A SUMMARY OF STUDIES IN THE LITERATURE 

SENSORS ANALYTICAL 

TECHNIQUES 

LINEAR RANGE LIMIT OF 

DETECTION 

REFERENCES 

Au/CyS based peptide 

sequence 

CV 1-500nM 0.7nM 14 

rGo/Cys based peptide 

sequence 

EIS 10fM-10nM 5fM 15 

SGNF/AUNP/GCE LSV 0.08-250µM 3.5x10
-8

M 16 

GNCPE CV 9 x10
-8

 -2.5 x10
-4

M 55 nM 17 

GNP/GR/GCE CV 0.01µM - 10 µM 5nM 18 

Arg-G/GCE LSV 5.0x10
−9

 - 

4.0x10
−5

M 

1.1 x10
−9

M 19 

GR/AU-TYR-CS/GCE CV 2.5x10
-3

- 3 µM 1nM 20 

GR/GCE CV 5.0 x10
−8

  -1.0 

x10
−6

M 

4.689 x10
−8

M 21 

MIP–GR/ABPE. CV 8nM-  µM 6nM 22 

Thionine modified CPE AMPEROMETRY 1.5x10
-7 

-4.5x10
-5

 1.5x10
-7 

23 

AUNP/MoS2 CV 0.05 -100 µM 5x10
-9

M 24 

MoS2-SPAN/GCE; DPV 1.0 nM to 1.0 μM 0.6 nM. 25 

CV: cyclic voltammetry, DPV: Differential pulse voltammetry, EIS: electrochemical impedance spectroscopy, LSV: linear sweep 

voltammetry, Au- gold, Cys: cysteine, rGo- reduced graphene oxide, SGNF: AUNP: gold nanoparticles, 

 

 
Table 1 provides a summary of recent studies concerning the 

development of electrochemical sensors to detect BPA. This 

paper reports, a Graphene –oxide-based non-enzymatic 

sensing platform for voltammetric determination of BPA. A 

graphene-oxide modified glassy carbon electrode (GO/GCE) 

was used for determination of BPA using differential pulse 

voltammetry (DPV). It was observed that GO/GCE showed 

enhanced performance compared to bare GCE and that the 

electrode could detect BPA over reasonably wide linear range 

with good sensitivity, reproducibility, and stability. A 

schematic depiction of the overall work carried out is 

presented in  Figure 1. 
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Fig. 1. Schematic depiction of overall working methodology 

Experimental details 

All chemicals used were of analytical reagent grade. All 

solutions used throughout the experiment were prepared using 

double distilled water. The three electrode system was 

constructed using a glassy carbon working electrode, Ag/Ag-

cl as a reference electrode and a platinum wire as counter 

electrode. The anodic material was drop casted and made to 

air dry for using it in experiments. 

II. METHODOLOGY 

Graphene oxide was synthesized in-house using a modified 

Hummers method and was characterized to confirm the 

presence and study the properties of the synthesized material. 

With the prepared material, the further electrochemical studies 

are carried out to evaluate the sensor performance for 

detection of BPA. 

A. Preparation of graphene oxide 

Graphene oxide (GO) was synthesized by a modified- 
Hummers method.  Graphite powder of 4g was mixed with 
100 mL of 95% sulphuric acid in 500 mL container and it was 
made to stir for 30 minutes in an ice bath. 12 g of KMnO4 was 
added at many time intervals provided with vigorous stirring 
for 2 hours. All these setups have to be maintained below      
20

0
 C. the mixture was subsequently stirred for 8 hours at 

room temperature. Then 100 mL of distilled water was added 
slowly during which the temperature of the solution increases 
with brisk effervescence with a color change to yellow. This 
has to stir for other 12 hours at 98 

0
 C. then 40 mL of 30% 

H2O2 was added, and the mixture was washed by rinsing and 
centrifuging with 5% HCL, followed by washing with distilled 

water until the pH is neutral and then dried at 50 
0
 C.  Finally a 

brown color, powdered GO flakes are obtained. 

B. Preparation of Go-modified electrode 

1mg of synthesized GO was dissolved in 1 mL of distilled 
water and ultrasonicated for 10 minutes. A well surface 
polished GCE was modified by drop casting an aliquot of 10 
µL from 1 mL followed by air drying.   

III. RESULTS AND DISCUSSIONS 

A. Characterisation of synthesized material 

From the figure 2a, the SEM results confirm the presence of 
layered arrangement with average thickness 50 nm and 

average width 800 µm. Figure 2b graphs the XRD pattern of 

GO. Generally, the interlayer spacing for materials with XRD 

is proportional to the degree of oxidation. Diffraction peak 

becomes broader in the enlarged pattern of Graphite oxide at 

11.24°, the significant increase in spacing due to the oxygen 

functional groups intercalate in the interlayer of graphite. 

There is also a very weak diffraction peak about 42.95°, which 

is may be due to the incomplete oxidation.  The interlayer 

distance obtained was 0.7084nm (2θ= 11.241) in GO which is 

larger when compared to that of graphite (the major peak from 

(0 0 2) at 2θ= 26.4. The grain size of graphene oxide (D) 

formed is approximately 4.206 nm by the Scherrer equation. 

This large interlayer spacing has been ascribed to the 

formation of different functional groups such as hydroxyl, 

epoxy, carboxyl, and carbonyl, which is again confirmed by 

IR spectroscopy results in figure 3. FTIR spectra analysis was 
performed to investigate the structure and functional groups of 

the materials. The Graphene Oxide sample showed apparent 

adsorption bands for the carboxyl C=O (1723cm 
-1

), aromatic 

C=C (1619cm 
-1

), epoxy CO (1383 cm 
-1

) and hydroxyl OH 

(3396cm 
-1

) groups. Figure 2d shows the UV spectrum for 

prepared GO. It exhibits a strong absorption band at 231nm 

and a shoulder at 303nm. The bigger hump near the margin 

shows the π-π* transition and the small shoulder further down 

through the curve shows the n- π
*
 transition. The π-π* 

transition takes place due to the sample containing conjugation 

and the n- π*   transition takes place due to the sample 

contains highly electronegative groups like Oxygenated 

groups. This makes the above-mentioned transitions to 

happen, which may result in a UV-vis spectrum with two 
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humps. 

 
 

Fig. 2. a) SEM images of GO, b) XRD pattern of GO 

 

 

Fig. 3. The FT-IR spectrum of graphene oxide (GO) 

 

Fig. 4. The UV-visible spectrum of graphene oxide (GO) 

Figure 5 shows the electrochemical behavior of bare GCE and 

GO/GCE. These electrochemical studies are performed using 

redox probes as the analyte, in order to study electron transfer 
characteristics of oxidation and reduction reaction.  0.5 mmol 

of potassium ferricyanide [Fe(CN)6]
3−/4−

.t  From the obtained 

cyclic voltammetry plot which is performed at 50 mV/s scan 

rate. We can clearly conclude that the prepared material has 

good transfer rate and better catalytic property than that of 

bare GCE which enhances sensor performance like the 

sensitivity of the glassy carbon electrode. The linear 

dependence of oxidation and reduction peak currents on the 

square root of the scan rate showed that the process is 

diffusion controlled as shown in Figure 3. A correlation of 

0.984 was obtained from the linear line equation. This result 

exhibits good linearity with respect to scan rate. 
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Fig. 5.  CV for bare and GO/GCE in 500 µM BPA at 50 mV/s 
scan rate. 

 

Fig. 6. CV for GO/GCE for different scan rate. 

B. Voltammetric detection of BPA and  Sensor performance 

The electrochemical behavior of BPA in a solution 

containing  500 µm BPA with pH 7.45 (phosphate buffer) 

are studied using cyclic voltammetry techniques. Figure 4 
shows the oxidation peak of BPA at 0.3 V. the reaction is a 
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single step electron transfer process. Figure 5 shows the 

differential pulse voltammetry results in varying 

concentration of BPA. Since DPV is known for better 

sensitivity, it was chosen for voltammetric determination 

of BPA. The response of different concentration of BPA is 

studied and plotted. The developed sensing platform 

exhibits a linear response from 5 to 100 µM after which 

the current deviated from the linear behavior with 
sensitivity 0.0069 µA. The calibration equations for 

obtained linear range y=0.0673x+70.902;R² = 0.9917. 
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Fig. 7. . Differential pulse voltammograms for BPA with 

concentrations        

                     from a) 5 µM to 200 µM in phosphate buffer 

(pH 7.45) 

A statistical method was employed to calculate the 

detection limit of the sensing platform GO/GCE. This was 

done with the standard protocol of running voltammetry 

studies in blank and with the analyte for seven times and 

performing a one-sided t-test to find lower detection limit 
(smallest significant difference from that of blank). It was 

calculated as 0.3 µM. 

 

 

 

Fig. 8.  Calibration plot for figure 7, BPA varying 
concentrations. 

Further, the ability of GO/GCE to reproducibly and 

stability determine BPA was studied by experimenting 

DPV with 500 µM   BPA as an analyte. The relative 

standard deviation as calculated from the obtained peak 

values and it was found to be 3.4% which indicated the 

sensor could sense in a reproducible manner. For the 

stability test, the experimental cycle was carried out at 10
th
, 

7
th   

and 3
rd

 day and peak current was calculated. There was 

only approximately 2% current drop from the 10 days. As 

this adds that the sensor is stable for long-term. 

IV Conclusion 

In this study, the electrocatalytic behavior of bisphenol-A 
has been studied on graphene oxide modified glassy 
carbon electrodes. GO was prepared using modified 
Hummers method which showed an interlayer spacing of 
0.78 nm, a layered arrangement of GO sheets with average 
thickness 50 nm and average width 800 nm with functional 
groups added to it which was confirmed using IR 
spectroscopy.  The developed sensor showed a good 
sensitivity 0.0069 µA linear range of 5 to 100 µM and a 
detection limit of 0.3 µM. These electrodes also showed 
good reproducibility and stability. These preliminary 
results indicate that the GO/GCE has good potential to 
determine BPA.  
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