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Abstract. Graphene nanosheets (GN) were efficiently prepared through one-step liquid-phase
exfoliation of graphite powder, and then used to modify the surface of glassy carbon electrode (GCE)
by drop to form a GN/GCE nanointerface. Subsequently,
4-amino-5-cyano-2-mercapto-6-phenylpyrimidine  (ACMP) was electropolymerized onto the
GN/GCE surface to provide a composite film-modified electrode (PACMP/GN/GCE). Finaly, a
sensitive and rapid electrochemical sensor was successfully constructed for the determination of
sunset yellow.

Introduction

Graphene, asingle atomic layer of sp>-bonded carbon atoms arranged in ahoneycomb lattice, exhibits
large specific surface area, high thermal conductivity, and extraordinary electronic transport
properties [1]. Graphene have been applied in various fields because of these exciting properties [2].
Recently, graphene-based composites have been highly concerned in widespread applications,
ranging from environmental science, energy conversion, to sensing [3]. Conducting polymers with
high conductivity, thermal and environmental stability [4], have attracted much attention in the field
of electrochemistry, and have been widely used to construct modified electrodes [5]. Particularly, it
has been demonstrated that conducting polymer/GN nanomaterials, used as sensing platforms,
display remarkable electro- chemical performance. As is well-known, chemica oxidation is usually
applied to synthesize polymeric films, however, electrochemical polymerization is a convenient and
feasible way for in-situ preparation of polymeric films [6]. Moreover, the morphology and thickness
of the resulting layers can be easily altered by controlling the experimental parameters, such as
concentration, potential and deposition time. Then it could be expected that the integration of
polypyrimidine and GN would not only significantly improve the electrocatalytic properties of
substrates but also increase the reaction rate.

Monitoring of synthetic dyesin foodsis very important owing to their potential harmful effects on
human beings. Sunset yellow (SY) is a synthetic organic food dye found in common food products,
such as softdrinks, baked products, candies, beverages, and dairy products. Therefore, its sensitive,
rapid and convenient detection is highly desired. Different graphene-based modified electrodes, such
as graphene/ mesoporous TiO, composite-coated electrode [7], graphene layer-wrapped
phosphotungstic acid (PTA) hybrid modified GCE [8], and
b-cyclodextrin/poly(diallyldimethylammonium chloride)/graphene com- posite modified GCE [9],
have been developed for the electrochemical determination of SY.

In this work, exfoliated graphene was easily obtained through short-time mild ultrasonication of
graphite powder in low-toxic N,N-dimethylformamide (DMF) with the assistance of sodium citrate.
The resulting GN suspension was then used to modify the surface of glassy carbon electrode (GCE).
After that, ACMP was electropolymerized onto the surface of GN-modified GCE (GN/GCE),
constructing a poly- ACMP and GN composite film-modified GCE (pACMP/GN/GCE). The
oxidation behavior of SY was examined, and an independent oxidation wave was observed.
Compared with the bare GCE, the GN/GCE and the poly-ACMP modified GCE (pACMP/GCE)
apparently increased the oxidation peak current of SY. Interestingly, the polypyrimidine and GN
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exhibited synergetic enhancement effects toward the oxidation of SY, and further enhanced their
oxidation signals greatly. Hence, a new highly sensitive and rapid electrochemical method was
established for SY determination and softdrink sample analysis.

Experimental

Reagents and Chemicals. All chemicals were of analytical grade and used directly. ACMP was
synthesized according to the reported procedure with some modifications [10]. Graphite powder
(spectral pure) and DMF were purchased from Sinopharm Chemical Regent Co., Ltd (Shanghal,
Chind). SY was obtained from Aladdin Industrial Corporation (Shanghai, China). Phosphate buffer
solutions (PBS) were prepared from KH,PO,4 and NaoHPO,. Ultrapure water was obtained from a
Milli-Q water purification system.

Instruments. Electrochemical measurements were performed on a CHI 660E electrochemical
workstation (Chenhua Instrument, Shanghai, China). Field emission scanning electron microscope
(FE-SEM) images were recorded with a ZEISS Sigma FE-SEM (Carl Zeiss, Oberkochen, Germany).
A GCE, asaturated calomel electrode, and a Pt wire were used as the working, reference, and counter
electrodes, respectively.

Preparation of GN Suspension. The graphene suspension was prepared by sonicating the
mixtures of graphite powder and sodium citrate in DMF solvent [11]. Typically, 15 mg of graphite
powder and 5 mg of sodium gallate were added into 5 mL of DMF, and then sonicated in a
KQ-2200DE ultrasonicator (frequency: 50 kHz, power: 220 W; Kunshan Ultrasonic Instrument Co.,
Ltd, China) for 3 h at room temperature. Thus, 3.0 mgmL™* GN suspension was obtained.

Electrode Modification. A GCE with diameter of 3 mm was polished with 0.05 mm aumina
slurry and then rinsed and sonicated with HNOg (1:1), ethanol and water for 5 min. Firstly, 5L of the
resulting graphene suspension was coated on the GCE surface, and then dried at 45 °C in an oven.
After that, electropolymerization of ACMP on the GN/GCE was carried out by successive potential
sweeps between 0.20 V and 1.60 V at a scan rate of 50 mV>s'* in 0.10 molst™* NaOH containing
1.0x10 3 mol£~* ACMP. Then, the modified el ectrode surface was thoroughly washed with ultrapure
water to remove any adsorbed species. Finally, the resulting nanocomposite showed strong signal
enhancement effects for SY detection.

Analytical Procedure. Unless otherwise noted, 0.1 mol ™! PBS at pH 6.5 was used as supporting
electrolyte for SY detection. After 80-s accumulation at 0 V, the square wave voltammetries (SWVs)
were recorded from 0.4 to 0.9 V, and the oxidation peak current at 0.71 V was used for SY
determination. The amplitude was 25 mV, and frequency was 15 Hz.

Results and Discussion

The surface morphologies of different modified GCEs were characterized by SEM. The surface of
GN/GCE was coated by flaky sheets, indicating that graphite was exfoliated into graphene nanosheets
(Fig. 1A). After ACMP was electropolymerized on the surface of GN/GCE, numerous sticks with
sizes of several micrometers was observed on the surface, as depicted in Fig. 1B. These sticks further
enhanced the surface roughness of GN/GCE, and provided more active sites. Therefore, the pACMP
and GN composite film exhibited much stronger accumulation abilities, resulting in higher
electrochemical activity.
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Fig. 1. FE-SEM images of GN/GCE (A) and pACMP/GN/GCE (B).

The electrochemical behaviors of SY on different GCEs were investigated using cyclic
voltammetry (CV), and the results are shown in Fig. 2. One oxidation wave with extremely low peak
currents was observed on the surface of bare GCE (curve @), suggesting that the electrochemical
activity of SY wasvery low on the bare GCE surface. However, apair of redox peaks appeared on the
surfaces of pACMP/GCE (curve b), GN/GCE (curve c) and pACMP/GN/GCE (curve d). The
oxidation peak potential for SY was 0.714 V, and the reduction peak potential was 0.729 V. The
appearance of sensitive redox waves and the greatly-enhanced peak currents manifested that the
asprepared modified electrodes, especidly pACMP/GN/GCE, obviously improved the
electrochemical activity of SY.

The SWVs of the composite film-modified electrode (PACMP/GN/GCE) under the optimized
conditions at different concentrations of SY (0.003-5.4 pmolt™!) were recorded (Fig. 3A). As
illustrated in Fig. 3B, the regression equation was |, = —0.1896 + 3.6825c (I in pA, cin pmol>t.” ! and
R =0.9994) for SY (S/N = 3). Electrochemical performance of the as-prepared el ectrode to detect SY
was compared with previous works, the merits of analytical characteristics were summarized in Table
1

SY in softdrink sampleswastested with the proposed film-modified el ectrode using the calibration
method to demonstrate the applicability of the proposed method. The results are described in Table 2.
Therecoverieswerein the range of 95.8%-104.6%, which indicated the applicability and reliability of
this method.
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Fig. 2. CV curvesof 3 umoliL™* Fig. 3. (A) SWV curves of pACMP/GN/GCE in PBS (pH
SY in PBS (pH = 6.5) on GCE 6.5) at different concentrations of SY (a® j: 0, 0.003, 0.006,
(&), pPACMP/GCE (b), GN/GCE 0.03, 0.06, 0.3, 0.6, 1.8, 3.6, and 5.4 pmolL™Y); (B)

(c), and pACMP/GN/GCE (d).

Calibration plots of SY.

Table 1. Comparison of different electrodes for SY determination.

. Linear range Detection limit
Entry  Electrode materias [umol )L_l]g [umolsL "] References
1 TiO,-graphene/ CPE 0.02-2.05 0.006 7
2 GN-PTA/GCE 0.0332-0.464 0.0011 8
3 Ni-graphene/GCE 0.0074-0.44 0.002 12
4 Expanded Graphite/CPE ~ 0.05-2 0.005 13
5 MWCNT/GCE 0.055-11 0.022 14
6 Graphene/ GCE 0.0025-0.25 0.001 15
7 MWCNTs-IL/CCE 0.4-110 0.1 16
8 pACMP/GN/GCE 0.003-5.4 0.00095 Thiswork
Table 2. The determination of SY in softdrink samples.
Sample  Added[pmoli™!]  Found[umoli™!]  Recovery [%] RSD [%)]
1 05 0.479 95.8 4.2
2 1.0 1.046 104.6 4.6
3 2.0 2.050 102.5 25
4 3.0 2.890 96.3 3.7

Conclusions

In thiswork, graphene wasfacilely obtained via one-step solvent exfoliation of graphite powder based
on organic salt assistance in common organic solvent. A graphene/polypyrimidine composite
film-modified electrode was conveniently fabricated by drop and € ectropolymerization method. The
resulting el ectrode demonstrated synergetic signal enhancement toward the oxidation of SY. On the
basis of this, a new electrochemical sensor was successfully constructed for SY detection, which
possessed apparently higher sensitivity and lower detection limit (Table 1). This presented method
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displayed high sensitivity, rapid response, and good handling convenience with numerous potential
application.
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