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Graphene sheets (GS) are first easily prepared via one-step solvent exfoliation of 

graphite powder in N-methyl-2-pyrrolidone (NMP) and then hybridizes with Ni(OH)2 

microparticles. The resulting insoluble GS-Ni(OH)2 hybrid is readily dispersed in 

water in the presence of surfactant hexadecyltrimethylammonium bromide (CTAB).  

Compared with the bare glassy carbon electrode (GCE), CTAB, pristine GS, Ni(OH)2, 

and GS-Ni(OH)2 composite modified GCEs shows enhanced oxidation signal for 

bisphenol A (BPA). Based on the cooperative enhancement effect of 

solvent-exfoliated graphene-Ni(OH)2 hybrid and CTAB, a novel electrochemical 

sensor with high sensitivity is developed for the detection of BPA. Under the optimal 

conditions, the detection limit (S/N =3) is estimated to be as low as 5.0 nM. In the end, 
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the fabricated electrochemical sensor is successfully used to determine the content of 

BPA in real water samples. 

 

Keywords: Graphene; Ni(OH)2; Bisphenol A; Electrochemical sensor 

 

Introduction 

Bisphenol A (BPA, 2,2-bis (4-hydroxyphenyl) propane) is a common industrial 

monomer compound for the synthesis of polycarbonate, polystyrene resins, and epoxy 

resin, which are widely applied to produce daily plastic products. More and more 

studies show that BPA is a kind of endocrine disruptor chemical that may potentially 

interfere the endocrine system of both the wildlife and human. Intake of low dose of 

BPA may induce cancer,
1
 decrease semen quality,

2
 reduce immune function,

3
 lead to 

learning deficits,
4
 and impair reproduction.

5
 Due to the daily use of plastic products 

such as plastic bag, plastic bottle, plastic toy and so on, humans may indirectly ingest 

trace amount of BPA. So it is of great importance to develop a fast and sensitive 

detection platform for monitoring the content of BPA. 

    Graphene, a two-dimensional and one-atom thick carbon sheet, has received 

considerable attention due to its unique physical properties.
6-8

 Especially in these 

years, multifarious graphene-based electrochemical sensors with low detection limit, 

high sensitivity and reduced resistance have emerged.
9-13

 However, among these 

studies, graphene was predominantly obtained via chemical oxidation exfoliation of 

graphite according to modified Hummer’s methods, which involve the consumption of 
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a large amount of strong oxidizing reagents, complicated and rigorous treatments, and 

irreversible structure defects. Therefore, it is necessary to prepare graphene through a 

simple, eco-friendly, and mild method with high quality. Recently, one-step solvent 

sonication exfoliation method has been proved to be feasible for preparation of 

pristine graphene.
14,15

 However, the solvent exfoliated graphene-based 

electrochemical is still very limited. 

On the other hand, nano metal and metal oxide, such as Au,
16

 Ag,
17

 CuO,
18 

Fe2O3,
19

 Ni(OH)2,
20

 TiO2
21

 and so on, are frequently used to enhance the 

electrochemical performance of graphene. In these graphene-based hybrid materials, 

Ni(OH)2 has gained considerable attention due to its high stability, large proton 

diffusion coefficient
22

 and strong catalytic reaction activity
23

.  

In this work, graphene sheets (GS) are easily prepared via one-step solvent 

exfoliation of graphite powder in N-methyl-2-pyrrolidone (NMP). The Ni(OH)2 

microparticles are synthesized by simple homogeneous precipitation method. 

Considering the insolubility of GS and Ni(OH)2, CTAB, a common cationic surfactant, 

is selected as the dispersing agent. After then, GS-Ni(OH)2 hybrid is used to modify 

the surface of glassy carbon electrode (GCE). The electrochemical behaviors of BPA 

on the surface of bare GCE, CTAB-modified GCE (CTAB/GCE), Ni(OH)2-modified 

GCE (Ni(OH)2/GCE), GS-modified GCE (GS/GCE), and GS-Ni(OH)2 

composite-modified GCE (GS-Ni(OH)2/GCE) are systematically studied. CTAB/GCE, 

Ni(OH)2/GCE and GS/GCE shows an obvious signal enhancement responding to BPA 

oxidation compared with bare GCE, and the oxidation peak current is further 
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increased on GS-Ni(OH)2/GCE. Such remarkable enhancement effect for BPA 

oxidation may be attributed to the cooperative enhancement effect of GS-Ni(OH)2 

hybrid and CTAB, which leads to the notably improved accumulation efficiency of 

BPA. Therefore, a novel and simple electrochemical sensing platform is successfully 

fabricated for BPA detection. Compared with the reported electrochemical methods 

for BPA detection, this newly fabricated sensing platform for BPA exhibits higher 

sensitivity, as confirmed from Table 1. 

     

Experimental Section 

Reagents  

All chemicals are of analytical grade and used as received. BPA (Sigma) is dissolved 

into ethanol to prepare 0.01 M standard solution. Graphite powder (spectral pure), 

NMP, Ni(NO3)2, NH3⋅H2O (28 wt%), CTAB are purchased from Sinopharm Chemical 

Reagent Company (Shanghai, China). Ultrapure water (18.2 MΩ) is obtained from a 

Milli-Q water purification system and used throughout. 

 

Instruments 

Electrochemical measurements are performed on a CHI 660D electrochemical 

workstation (Chenhua Instrument, Shanghai, China). The working electrode is a 

glassy carbon electrode (GCE), the reference electrode is a calomel electrode with 

saturated KCl, and the counter electrode is a Pt wire. Scanning electron microscopy 

(SEM) is performed with a Nova NanoSEM450 microscope (FEI Company, 

Netherlands). Transmission electron microscopy (TEM) image is taken using a Tecnai 

Page 4 of 26Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 

 

G220 microscope (FEI Company, Netherlands). X-ray diffraction (XRD) pattern is 

conducted using a X’Pert PRO diffractometer (Panalytical Company, Netherlands).  

 

Preparation of GS and GS-Ni(OH)2 hybrid  

GS are easily prepared via one-step ultrasonic exfoliation of graphite powder in NMP 

solvent. In a typical preparation, 5.0 g graphite powder is added into 500.0 mL NMP, 

and then sonicates in a KQ-100B ultrasonicator (frequency: 40 kHz, power: 100 W; 

Kunshan Ultrasonic Instrument Co., Ltd, China) for 48 h. The resulting suspension is 

denoted as graphite@48 h. After that, the suspension is centrifugated, washed with 

ultrapure water and ethanol several times, and finally dried in vacuum at 60 
o
C for 5 

h.  

Ni(OH)2 microparticles are prepared by simple homogeneous precipitation 

method. Firstly, 23.2 g Ni(NO3)2 is dissolved in 20 mL distilled water, then the 

Ni(NO3)2 solution is added into a beaker containing 40 mL ammonia solution (28 

wt%) under magnetic stirring drop by drop at room temperature. After that, the mixed 

solution is transferred to a water bath with continuous magnetic stirring at 70 
o
C for 

18 h. Finally, after aging the product in mother liquor for 6 h, the light green 

precipitate is collected by centrifugation, washed with ultrapure water several times, 

and dried at 100 
o
C in vacuum for 8 h. 

For the preparation of GS-Ni(OH)2 hybrid, 10.0 mg GS and 10.0 mg Ni(OH)2  

are first exactly weighed, and then together added in 5 mL, 1 mg/mL CTAB solution. 
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After 30-min ultrasonic treatment, a stable black suspension with concentration of 2 

mg/mL GS-Ni(OH)2 composite is obtained.  

 

Fabrication of modified GCEs 

GCE with diameter of 3 mm is polished with 0.05 µm alumina slurry, and then 

sonicated in ultrapure water to give a clean surface. After being dried, a certain 

amount of GS-Ni(OH)2 suspension is coated on GCE surface, and then dried under an 

infrared lamp in air. For the comparison, GS and Ni(OH)2 are also dispersed in CTAB 

solution and used to modify the GCE according to the above procedure. The 

CTAB-modified GCE is similarly prepared using 1 mg/mL CTAB solution.  

 

Analytical procedure  

0.1 M phosphate buffer solution (pH 7.5) is used as the supporting electrolyte. After 

accumulation at 0.2 V under stirring for 180 s, differential pulse voltammetry (DPV) 

curves are recorded by applying a positive-going scan from 0.2 to 0.8 V, and the 

oxidation peak current at 0.49 V is measured. The pulse amplitude was 50 mV, the 

step increment was 4 mV, the pulse width was 40 ms, the sampling width is 16.7 ms 

and the scan rate is 40 mV/s. 

 

Results and discussion 

 

Morphology and structure characterization 
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In order to verify the bulk graphite is effectively exfoliated into graphene nanoflakes, 

SEM and TEM characterization of bulk graphite and graphite@48 h are conducted. 

As shown in Fig. 1A, the pristine graphite is consisted of large number of bulk 

particles on a micron meter scale. After applying graphene suspension that 

ultrasonically exfoliated for 48 h in NMP, plenty of graphene nanoflakes are observed, 

indicating graphite is effectively exfoliated (Fig. 1B). In addition, many transparent 

nanosheets can be seen from the TEM image of graphite@48 h (Fig. 1C). Apparently, 

graphene has been successfully obtained through the ultrasonic exfoliation of graphite 

powder in NMP.  

    Raman spectra measurements and XRD tests are also conducted to provide 

further insights into the structural differences of graphite and graphite@48 h. As 

displayed in Fig. 2A, three peaks at 1350 cm
-1

, 1580 cm
-1

 and 2700 cm
-1

 are easily 

observed with the graphite powder and graphite@48 h, which can be attributed to the 

natural D-band, G-band and 2D-band of carbon material, respectively. D-band is 

assigned to the disorder-related peak, which is due to the existence of defects in basal 

plane and edge of carbon material.
34,35

 The peak intensity ratio of ID/IG is often used 

to evaluate the surface defect level of carbon material. Obviously, the D-band 

intensities of graphite@48 h is significantly enhanced relative to pristine graphite, 

demonstrating a highly-effective exfoliation of bulk graphite and the generation of 

graphene. Moreover, for graphite@48 h, the intensity of the characteristic diffraction 

peak (002) of carbon material decreases greatly compared with pristine graphite, 

which suggests the wide-range periodicity associated with the stacking of graphene in 
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graphite has been destroyed by ultrasound exfoliation. So it can be concluded that 

graphene is obtained via one-step solvent exfoliation of graphite powder in NMP and 

this result has also been confirmed in our previous work.
36,37

 

    The surface morphology of different electrodes are characterized using SEM, and 

the results are shown in Fig. 3. As seen in Fig. 3A, a thin film is formed on the surface 

of CTAB-modified GCE. After modification with GS (B), the GCE surface is covered 

by a large number of nanosheets. The nanosheets indicates the bulk graphite powder 

is effectively exfoliated to graphene. On the surface of Ni(OH)2/GCE (C), corrugated 

appearance is observed, indicating high roughness of Ni(OH)2. Inset in Fig. C is the 

low magnification of SEM image of Ni(OH)2, it is clear that the obtained Ni(OH)2 

samples are composed of numerous of corrugated structure with micron-scale. In 

addition, the wrinkled structure is clearly found on the surface of graphene-Ni(OH)2 

composite (D), suggesting the graphene nanosheets are successfully hybridized with 

Ni(OH)2. From the comparison, it is apparent that the GS-Ni(OH)2 hybrid owns larger 

surface roughness and three-dimensional structure. 

Furthermore, the crystal structure and the phase purity of the as-synthesized 

Ni(OH)2 is examined using XRD. As shown in Fig. 4, characteristic diffraction peaks 

of (003), (006), (101), (015), (018), (110) and (113) can be readily indexed as the 

α-Ni(OH)2 structure (JCPDS No. 38-0715).
38

 In addition, no diffraction peaks from 

impurities could be founded from the XRD image of Ni(OH)2, indicating the high 

purity of the resulting sample. 
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Cooperative enhancement effect of GS-Ni(OH)2 and CTAB for BPA response  

Fig. 5A shows the DPV curves of 0.5 µM BPA at different electrodes and Fig. 5B 

illustrates the corresponding variation of oxidation peak current. A negligible 

oxidation peak is observed at bare GCE (a), indicating poor accumulation ability of 

bare GCE. When using CTAB/GCE (b), the oxidation signal of BPA at 0.49 V can be 

seen, suggesting CTAB is conductive to the detection of BPA. This declares that 

surfactant can also be electrocatalytic active.
39

 The oxidation signal further increases 

at Ni(OH)2/GCE (curve c), suggesting its high electrochemical activity toward the 

oxidation of BPA. This enhanced oxidation signal may be attributed to the rough 

surface of Ni(OH)2. It is noticed that the oxidation peak current of BPA increases 

greatly on GS/GCE (curve d), indicating the prepared GS displays strong catalytic 

activity on BPA oxidation. Interestingly, GS-Ni(OH)2 hybrid film shows the highest 

oxidation current (curve e). In conclusion, the arresting signal amplification may be 

due to the cooperative enhancement effect of GS-Ni(OH)2 hybrid and CTAB, which 

leads to the remarkably increased accumulation efficiency for BPA. 

 

Detection of BPA 

Fig. 6A shows the effect of electrolyte pH on the current of 100 µM BPA on 

GS-Ni(OH)2/GCE. Different pH values containing 0.1 M phosphate buffer solution 

with pH of 6, 6.5, 7, 7.5, 8 and 9.15 are tested using cyclic voltammetry (CV) with 

scan rate of 100 mV/s. As seen in Fig. 6A, only an oxidation peak is observed during 

the cyclic sweep from 0.2 to 0.8 V, revealing the oxidation of BPA on GS-Ni(OH)2 
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hybrid film is totally irreversible. In addition, the oxidation peak current of BPA
 

increases gradually with the increase of the pH from 6 to 7.5. When further improving 

pH value to 9.15, the oxidation signal decreases gradually. Thus, 0.1 M phosphate 

buffer solution solution with pH of 7.5 is selected for BPA detection in the following 

study. 

    The effect of the accumulation potential on the oxidation signal of 0.5 µM BPA 

is studied in the range from -0.2 V to 0.4 V using DPV, and the results are shown in 

Fig. 6B. When the accumulation potential shifts toward positive from -0.2 V to 0.2 V, 

the oxidation peak current of BPA increases greatly. When further moving the 

potential to 0.4 V, the peak current of BPA
 
starts to decrease gradually. So 0.2 V is 

selected as the optimum accumulation potential for further measurements. 

    Fig. 6C shows the dependence of the oxidation signal of 0.5 µM BPA on the 

amount of graphene suspension. As illustrated in Fig. 6C, the oxidation peak current 

increases remarkably with the volume of graphene suspension over the range from 0 

to 2 µL, indicating an improved enhancement effect. When further extending the 

volume to 5 µL, the oxidation signal decreases remarkably, this may be attributed to 

the increase of nonconducting surfactant and Ni(OH)2 hinders the electron transfer. 

For the highest sensitivity, 2 µL graphene suspension is used. 

    The effect of the accumulation time on the oxidation peak current of 0.5 µM BPA 

is studied under the optimized conditions described above. As can be seen from Fig. 

6D, the oxidation peak current of BPA increases linearly with extending the 

accumulation time in the range of 0 to 180 s, this phenomenon suggests that 
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accumulation is rather efficient to improve the detection sensitivity. However, when 

further prolonging the accumulation time to 300 s, the increasing tendency of the 

oxidation current is not so obvious, suggesting the adsorption of BPA on the electrode 

surface tends to a limit value. In order to guarantee the detection sensitivity while 

keeping high detection efficiency of the sensor, an accumulation time of 180 s is 

chosen. 

    In this work, we find that the GS-Ni(OH)2-modified GCE is unqualified for the 

successive measurements because the oxidation peak currents of BPA increases 

continuously. Thus, it is just employed for the single measurement. The 

reproducibility between eleven GS-Ni(OH)2 modified GCEs is investigated based on 

the oxidation signal of 0.5 µM BPA. Each electrode undergoes one measurement and 

the resulting value of relative standard deviation (RSD) is 4.5%, suggesting excellent 

fabrication reproducibility and good detection precision.  

    The potential interferents are also studied for the
 
detection of BPA. Under the 

optimized conditions, the oxidation peak current of 0.5 µM BPA is measured after 

adding different concentrations of interferents, the interferents are added individually 

and the peak current change is then checked. It is found that 1000-fold amounts of 

Ca
2+

, Mg
2+

, K
+
, Cl

-
, SO4

2-
, NO3

-
, CO3

2-
,
 

80-fold amounts of o-nitrophenol, 

m-nitrophenol, p-nitrophenol, phenol, catechol, hydroquinone and 30 -fold amounts 

of o-aminophenol, m-aminophenol and p-aminophenol have no influence on the 

detection of BPA when the signals change are below 10%. 

    The linear range and detection limit for BPA are also examined using DPV under 
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the optimized conditions. As shown in Fig. 7, the oxidation peak current of BPA (Ip, 

µA) is proportional to its concentration (C, nM) over the range from 10 nM to 2000 

nM. The calibration curve and correlation coefficients are Ip (µA) = 0.0046 C (nM), R = 

0.998. In addition, the oxidation signals of 10 nM BPA at GS-Ni(OH)2 are recorded to 

estimate its detection limit. The standard deviation of eleven detection is calculated, 

and the limit of detection (LOD) for BPA is evaluated to be as low as 5 nM based on a 

signal to noise ratio of 3 with an accumulation time of 180 s.  

 

Analytical application 

In order to evaluate the sensing performance of this method, the fabricated 

GS-Ni(OH)2/GCE is used to determine BPA content in the real water samples. In brief, 

water samples collected from different place in Wuhan city are first filtered through a 

0.45 µm filter membrane. Then, 5.0 mL of water sample is added into 5.0 mL pH 7.5 

phosphate buffer solution. Afterward, the DPV curves are recorded from 0.2 to 0.8 V 

after accumulation for 180 s. The results illustrated in Table 2. show that no BPA is 

detected in these water samples. So the BPA standards with different concentrations 

are spiked into the water samples. Each water sample undergoes three parallel 

detections, and the RSD value is below 5%, suggesting high detection precision. The 

content of BPA in water samples are calculated by standard addition method, and the 

results are listed in Table 1. The value of recovery is in the range from 97.0% to 

105.0%, revealing the newly-developed method is accurate and has promising 

application. 
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Conclusions 

Graphene nanosheets are easily prepared via one-step solvent exfoliation of graphite 

powder and high surface roughness of wrinkled Ni(OH)2 are synthesized by simple 

homogeneous precipitation method. The fabricated graphene-Ni(OH)2 hybrid sensing 

film exhibits stronger signal enhancement on BPA oxidation, relative to pristine 

graphene and pure Ni(OH)2. The remarkably enhanced BPA oxidation signal may be 

attributed to the cooperative enhancement effect of GS-Ni(OH)2 hybrid and CTAB, 

which leads to the notably increased accumulation efficiency for BPA. Compared with 

the reported electrochemical methods for BPA detection, this newly fabricated sensing 

platform for BPA exhibits higher sensitivity. Furthermore, this analytic method is 

successfully applied to detect the trace level of BPA
 
in the real samples.  
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Captions for figures and table 

 

Fig. 1 SEM images of bulk graphite (A), graphite@48 h (B) and TEM image of 

graphite@48 h (C). 

 

Fig. 2 Raman spectrum (A) and XRD pattern (B) of graphite and graphite@48 h. 

 

Fig. 3 SEM images of CTAB/GCE (A), GS/GCE (B), Ni(OH)2/GCE (C) and 

GS-Ni(OH)2/GCE (D) at high magnification. Scale bar: 1 µm. Inset in Fig. 3C is the 

low magnification of SEM image of Ni(OH)2。 

 

Fig. 4 XRD pattern of Ni(OH)2. 

 

Fig. 5A DPV curves of 0.5 µM BPA at bare GCE (a), CTAB/GCE (b), Ni(OH)2/GCE 

(c), GS/GCE (d) and GS-Ni(OH)2/GCE (e) in 0.1 M phosphate buffer solution (pH 

7.5). Fig. 5B Variation of oxidation peak current of 0.5 µM BPA on different 

electrodes. Accumulation potential: 0.2 V, accumulation time: 120 s, amount of 

modifier: 2 µL.  

 

Fig. 6 Effect of pH values (A), accumulation potential (B), amount of GS-Ni(OH)2 

suspension (C), and accumulation time (D) on the oxidation peaks current of BPA. 

Error bar represents the standard deviation of triple measurements.  
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Fig. 7A DPV curves of BPA on GS-Ni(OH)2/GCE with different concentration. Fig. 

7B Calibration curve of BPA. Accumulation potential: 0.2 V, accumulation time: 180 

s, amount of modifier: 2 µL. Error bar represents the standard deviation of triple 

measurements.  

 

Table 1 Performance comparison of electrochemical methods for BPA detection. 

 

Table 2. Determination of BPA in real water samples by GS-Ni(OH)2 composite. 
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Fig. 1 

 

 

 

Fig. 2 
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Fig. 3 

 

 

 

Fig. 4 
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Fig. 5 

 

 

Fig. 6 
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Fig. 7 
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Table 1 

Electrodes Linear range 

(M) 

Detection limit 

 (nM) 

References 

RGO
a
/GCE 5.0×10

-8
-1.0×10

-6
 47 [24] 

Bi2WO6/CPE
b
 7.0×10

-8
-1.3×10

-6
 20 [25] 

Mesoporous SiO2/CPE 2.2×10
-7

-8.8×10
-6

 38 [26] 

PGA
c
-MWCNT

d
/GCE 1.0×10

-7
-1.0×10

-5
 20 [27] 

BMIMBF4
e
/CPE 1.0×10

-7
-1.1×10

-5
 83 [28] 

SGNF
f
-Au/GCE 8.0×10

-8
-2.5×10

-4
 35 [29] 

MNPs
g
-RGO/GCE 6.0×10

-8
-1.1×10

-5
 17 [30] 

Tyrosinase-graphene/GCE 1.0×10
-7

-2.0×10
-6

 33 [31] 

Tyrosinase-SWNT
h
/CPE 1.0×10

-7
-1.2×10

-5
 20 [32] 

Li4Ti5O12-MWCNT/GCE 1.0×10
-7

-1.0×10
-5

 78 [33] 

GS-Ni(OH)2/GCE 1.0×10
-8

-2.0×10
-6

 5.0 This work 

a 
RGO Reduced graphene oxide 

b 
CPE Carbon paste electrode 

c 
PGA Polyglutamate acid 

d 
MWCNT Multi-walled carbon nanotube 

e 
BMIMBF4 1-butyl-3-methylimidazolium tetrafluoroborate 

f 
SGNF Stacked graphene nanofibers 

g 
MNPs Magnetic nanoparticles 

h 
SWCNT Single-walled carbon nanotube 
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Table 2 

Samples Measured 

(M) 

Spiked 

(M) 

Expected 

(M) 

Founded 

(M) 

RSD 

(%) 

Recovery 

(%) 

1 - 2.0×10
-8

 2.0×10
-8

 2.1×10
-8

 4.2 105.0 

2 - 5.0×10
-8

 5.0×10
-8

 4.9×10
-8

 3.8 98.0 

3 - 2.0×10
-7

 2.0×10
-7

 2.1×10
-7

 3.4 105.0 

4 - 5.0×10
-7

 5.0×10
-7

 5.1×10
-7

 2.7 102.0 

5 - 1.0×10
-6

 1.0×10
-6

 9.7×10
-7

 4.5 97.0 
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