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Abstract Simultaneous determination of catechol (CC) and
hydroquinone (HQ) were investigated by voltammetry
based on glassy carbon electrode (GCE) modified by poly
(diallyldimethylammonium chloride) (PDDA) functional-
ized graphene (PDDA-G). The modified electrode showed
excellent sensitivity and selectivity properties for the two
dihydroxybenzene isomers. In 0.1 mol/L phosphate buffer
solution (PBS, pH 7.0), the oxidation peak potential
difference between CC and HQ was 108 mV, and the peaks
on the PDDA-G/GCE were three times as high as the ones
on graphene-modified glass carbon electrode. Under opti-
mized conditions, the PDDA-G/GCE showed wide linear
behaviors in the range of 1×10−6−4×10−4 mol/L for CC
and 1×10−6−5×10−4 mol/L for HQ, with the detection
limits 2.0×10−7 mol/L for CC and 2.5×10−7 mol/L for HQ
(S/N=3) in mixture, respectively. Some kinetic parameters,
such as the electron transfer number (n), charge transfer
coefficient (α), and the apparent heterogeneous electron
transfer rate constant (ks), were calculated. The proposed
method was applied to simultaneous determine CC and HQ
in real water samples of Yellow River with satisfactory
results.
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Introduction

As important industrial raw and processed materials,
phenolic compounds catechol (CC) and hydroquinone
(HQ) are widely used in photography, dyes, cosmetics,
and chemical and pharmaceutical industries. Because of
high toxicity and low degradability, CC and HQ are
considered as environmental pollutants by the US Environ-
mental Protection Agency (EPA) and the European Union
(EU) [1]. Furthermore, due to their similar structures and
characteristics, CC and HQ usually coexist and interfere
with each other during their identification. Therefore, it is
crucial to develop a simultaneous, simple, and rapid
analytical method for the detection of dihydroxybenzene
isomers. Presently, numerous methods have been estab-
lished for the determination of the two compounds,
including liquid chromatography [2, 3], synchronous
fluorescence [4], chemiluminescence [5, 6], spectropho-
tometry [7], gas chromatography/mass spectrometry [8],
pH-based flow injection analysis [9], electrochemical
methods [10–28], etc. Among these techniques, the
electrochemical methods have attracted considerable atten-
tions due to the advantages of fast response, low cost,
simple operation, and high sensitivity. Thus, many efforts
have been devoted to the simultaneous determination of CC
and HQ by electrochemical methods. For instance, CC and
HQ were determined by using glassy carbon electrode
(GCE) in micellar solutions, and the oxidation peaks for the
two compounds appeared at 350 and 450 mV, respectively
[13]. Additionally, CC and HQ can also be simultaneously
determined on mesoporous carbon CMK-3 electrode with
high sensitivity and the peak-to-peak separation of the
oxidation potential was 125 mV [20]. Recently, simulta-
neous determination of CC and HQ had been performed at
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PASA/MWNTs composite film [17] and graphene-modified
GCE [26].

As a new member of the carbon family, two-dimensional
carbon material graphene has attracted much attention for
both fundamental research and technological applications.
Graphene has a lot of advantages, such as high conductivity
and superior mechanical and electronic properties, produc-
ing promising potential applications in sensors and electro-
catalysis [29–32]. However, graphene is hydrophobic and
tends to form agglomerates which may limit its further
applications [33]. Particularly in electrochemical sensors,
the prevention of aggregation is of vital importance for
graphene because most of its unique properties are only
associated with individual sheets [34]. Therefore, the
material, which is able to prevent graphene from aggregat-
ing, has received increasing interest nowadays. Poly
(diallyldimethylammonium chloride) (PDDA) is a linear
positively charged polyelectrolyte, and it has been found to
be attractive for functionalizing nanomaterials [35]. Thus,
PDDA might be used to noncovalently functionalize
graphene sheet. Additionally, PDDA has excellent binding
capability with graphene and could maintain the electronic
structure of graphene [34]. Therefore, the graphene func-
tionalized by PDDA could be an effective method to
increase the solubility in water.

In this work, the PDDA-functionalized graphene-
modified glassy carbon electrode (PDDA-G/GCE) was
employed for simultaneous determination of CC and HQ.
Electrochemical behaviors of CC and HQ on modified
electrode were investigated by using cyclic voltammetry
(CV) and differential pulse voltammetry (DPV) method.
Experimental results indicated that the two isomers of
dihydroxybenzene can be simultaneously determined. The
low detection limit and wide linear range were obtained on
the modified electrode, and the kinetic parameters showed
that this modified electrode was superior to some reported
electrode. The proposed electrode was successfully applied
to CC and HQ detection in the real samples of Yellow River
without previous chemical or physical separations, and
obtained good recoveries.

Experimental

Reagents and apparatus

CC and HQ were obtained from Tianjin Guangfu Chemical
Research Institute (Tianjin, China http://www.guangfu-
chem.com). Graphite powder (KS-10) and PDDA (20%)
were purchased from Sigma Co (St. Louis, MO, USA
http://www.sigma-aldrich.com/). Hydrazine hydrate was
from Nanjing Reagent Co. Ltd (Nanjing, China http://
www.nj-reagent.com). All other chemicals were of analyt-

ical grade and used without further purification. All
solution was prepared with ultrapure water. Phosphate
buffer solution (PBS, 0.1 mol/L) was prepared by mixing
the stock solution of 0.10 mol/L NaH2PO4 and 0.1 mol/L
Na2HPO4, and the pH was adjusted by NaOH or H3PO4;
0.10 mol/L stock solution of CC or HQ was freshly
prepared by dissolving CC or HQ in boiling water and
kept at 4 °C. The stock solution was diluted to various
concentrations by mixing with the buffer solution.

Electrochemical measurements were performed on a
CHI 1210A workstation (Shanghai Chenhua, China) with
a conventional three-electrode system comprised of a
platinum wire auxiliary electrode, a saturated calomel
electrode as reference electrode and the modified or bare
glass carbon working electrode. The morphology of the
samples was observed using field-emission scanning
electron microscopy (S-4800, Hitachi, Japan) and transmis-
sion electron microscopy (TEM, Tecnai G2F30, FEI, USA).
X-ray diffraction (XRD) data were collected on XRD-6000
(Shimadzu, Tokyo, Japan) using Cu-Kα (1.5406Å) radia-
tion. The ultrapure water was prepared by the Milli-Q
system (Millipore Inc. nominal resistivity 18.2 MΩ cm). All
pH measurements were performed using a pHs-3B digital
pH-meter (Shanghai Lei Ci Device Works, Shanghai,
China).

Synthesis of the functionalized graphene and electrode
preparation

Graphite oxide (GO) was synthesized from graphite powder
by using the modified Hummers method [36]. One hundred
milligrams of GO was dispersed in water (100 mL) to
obtain a yellow-brown dispersion by ultrasonication for
12 h, then by centrifugation to remove any unexfoliated
GO. Subsequently, the homogeneous GO dispersion
(100 mL) was mixed with 5 mL PDDA (20%) solution
and stirred for 30 min. The resulting mixture was further
treated with 5 mL hydrazine hydrate and allowed to react
for 24 h at 90 °C. Finally, the black PDDA-G was collected
by filtration and further washed with water.

Prior to the surface modification, the bare GCE was
polished with alumina slurry down to 0.05 μm, then
washed successively with anhydrous alcohol and ultrapure
water in an ultrasonic bath, and dried in room temperature.
The PDDA-G was dissolved in ultrapure water at a
concentration of 1 mg/mL with the aid of ultrasonic
agitation for 6 h, resulting in a homogeneous black
suspension. Afterword, 5 μL PDDA-G solution was
deposited on the fresh prepared GCE surface. The electrode
was dried in the room temperature. The obtained electrode
was noted as PDDA-G/GCE. For comparison, graphene/
GCE was fabricated with the similar procedure but the
graphene was dissolved in dimethylformamide solution.
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Experimental procedure

The diphenol stocking solution was diluted to the required
concentration by PBS in an electrochemical cell. The water
samples were prepared by adding known concentration CC
or HQ in Yellow River water. Before electrochemical
experiments, the solution was bubbled with nitrogen for
30 min to remove dissolved oxygen, and all the experi-
ments were carried out at room temperature. The determi-
nation was carried out by DPV from −0.10 to 0.40 V and
the DPV conditions were as follows: increment potential,
0.004 V; pulse amplitude, 0.05 V; pulse width, 0.05 s;
sample width, 0.0167 s; pulse period, 0.2 s; and quiet
time, 2 s.

Results and discussion

Characterization of PDDA-G

The functionalized graphene was first characterized by
XRD (Fig. 1). The XRD pattern of GO (curve a) has a
characteristic peak centered about at 11.0°, but the
PDDA-G (curve b) appears a peak centered at 22.5°, in
agreement with previous report [34], indicating that GO
was reduced to graphene by hydrazine hydrate. The peak
at around 43° is associated with the plane of the
hexagonal structure of carbon [37]. The inset shows the
image of water dispersion of graphene without (left) and
with (right) PDDA. The dispersity of graphene in water
was obviously improved through the noncovalent adsorp-
tion of PDDA which produce positive charge avoiding
aggregation. Otherwise, the graphene would aggregate

without PDDA functionalization. The morphology of
functionalized graphene was characterized using TEM
and SEM. The TEM (Fig. 2A) image shows transparent
sheets and wrinkled flake-like shapes. Similar to the TEM
image, the wrinkle can be seen clearly in the SEM image
(Fig. 2B), and a nonuniform membrane with rough
surface is observed. The wrinkled surface has contribu-
tions to the high surface area of PDDA-G on the
electrode. The above results show that PDDA prevents
the aggregation of graphene.

Electrochemical behavior of CC and HQ

The electrochemical behavior of CC and HQ on bare
GCE, graphene-modified GCE, and PDDA-G/GCE were
studied by using CV method. Two reduction peaks
(Epc), located at −0.071 and 0.053 V, respectively, were
observed on the bare GCE (Fig. 3, curve a). However,
only one broad oxidation peak (Epa) appears at potential of
0.286 V indicating that the oxidation potential of CC and
HQ overlapped at bare GCE. While at the graphene-
modified GCE (curve b), two pairs of current peaks are
clearly observed, which show that the oxidation and
reduction peaks of CC and HQ can be separated. The
oxidation peaks are at potential of 0.192 and 0.082 V, and
the reduction peaks are at potential of 0.135 and 0.025 V
for CC and HQ, respectively. Compared with the bare
GCE, the oxidation and reduction peaks of CC and HQ
can be separated completely. Compared with the graphene-
modified GCE, the current peak intensities on the PDDA-
G/GCE (curve c) are about three times as high. For CC,
the oxidation peak and the reduction peak locate at
potentials of 0.178 and 0.147 V, respectively. The potential
difference (ΔEp) is 0.031 V, smaller than the ΔEp on the
graphene-modified GCE, and reveals a faster electron
transfer process on the PDDA-G/GCE. Similar to CC, the
oxidation peak and the reduction peak of HQ appear at the
potential of 0.08 and 0.047 V, respectively, and the
corresponding ΔEp is 0.033 V. Additionally, the oxidation
peak potential difference between hydroquinone and
catechol is 108 mV. These results indicate that the
PDDA-functionalized graphene-modified electrode cannot
only identify the CC and HQ, but also enhance the
detection sensitivity.

Influence of the amount of PDDA-G

The optimal amount of PDDA-G composite solution
dropped on the GCE surface was studied through the
electrochemical experiment (Fig. S1 in Supplementary
material). The maximum peaks of CC and HQ appeared
at 5 μL. The results demonstrated that 5 μL of PDDA-G
composite solution was the optimal amount.

Fig. 1 XRD patterns of graphene (a) and PDDA-G (b), inset photo of
aqueous dispersion (1 mg/mL) of graphene and PDDA-G
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Chronocoulometry

The electrochemically effective surface areas (A) of
graphene/GCE and PDDA-G/GCE were investigated by
chronocoulometry (Fig. S2 in Supplementary material). A
was calculated to be 0.36 cm2 for graphene/GCE and
0.41 cm2 for PDDA-G/GCE, indicating that PDDA prevent
the aggregation of graphene sheets.

Influence of pH

The influence of pH on the electrochemical behavior of CC
and HQ were carefully studied. The maximum anodic peak

current appeared at pH 7.0 (Fig. 4A) for the two
compounds. With the further increase of buffer solution
pH, the oxidation peak current decreased obviously. This
could be related to the fact that proton took part in the
electrochemical reaction. When the pH value was high, the
shortage of proton prevented the oxidation and reduction of
CC and HQ, leading to the decrease of current peak
intensity. On the other hand, the diphenol, as it is well
known, tends to form anions and make the peak current
decrease [26]. Therefore, pH 7.0 was selected as the
optimum pH for the electrochemical detection of CC and
HQ.

In addition, in the selected pH range the formal peak
potentials also negatively shift with the increase of
solution pH. As shown in Fig. 4B, for CC, two linear
relationships between formal peak potential and solution
pH for CC were obtained in the investigated pH range: Epa

(V)=0.560–0.054 pH with a correlation coefficient (R) of
0.999 for the oxidation process and Epc (V)=0.533–0.054
pH (R=0.999) for the reduction process. Similar to CC,
for HQ the regression equations of Epa (V)=0.476–0.056
pH (R=0.998) for the oxidation process and Epc (V)=
0.441–0.057 pH (R=0.999) for the reduction process. The
slopes of the four regression equations are close to the
theory value of 58.5 mV pH−1. According to the following
formula [38]: dEp/dpH=2.303mRT/nF, in which, m is the
number of proton, n is the number of electron, and m/n is
calculated to be 0.95 and 0.95 for the oxidation and
reduction process of CC, respectively. Similarly, m/n=0.98
and 0.99 for the oxidation and reduction process of HQ. It
indicates that the number of proton and electron involved
in the electrochemical redox process of CC and HQ is
equal.

Fig. 3 Cyclic voltammograms of 1×10−5 mol/L CC and HQ in
pH 7.0 PBS at different electrodes (a) GCE, (b) graphene (5 μL)/GCE,
and (c) PDDA-G (5 μL)/GCE. Scan rate, 50 mV s−1

Fig. 2 The TEM (A) and SEM (B) image of as-synthesized PDDA-G
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Influence of scan rate

To investigate the reaction kinetics, the influence of scan
rate on the peak current of CC and HQ in the mixture was
also investigated. As can be seen in Fig. 5, the oxidation
(Ipa) and reduction (Ipc) peak currents for CC and HQ
increase regularly with increase of scan rates from 10 to
1,000 mV s−1. Both CC and HQ show a pair of symmetrical
redox peaks. For CC (Fig. 6A), the redox peak currents
follows the linear regression equation of Ipa (μA)=2.66+
92.1 v (mV s−1) and Ipc (μA)=−0.453–112.2 v (mV s−1)
with the R=0.998 and 0.999, respectively. For HQ, two
linear regression were also obtained: Ipa (μA)=7.93+187.4
v (mV s−1, R=0.993) and Ipc (μA)=−4.31–202.1 v (mV s−1,
R=0.998), respectively (Fig. 6B). As we know, linear
relationship between scan rate and peak currents is the

Fig. 5 Effect of scan rate on the redox behavior of 1×10−5 mol/L CC
and HQ. (a–p) 10, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500,
600, 700, 800, 900, and 1,000 mV s−1

Fig. 4 Effects of pH on the oxidation peak current (A) and oxidation
peak potential (B) of CC and HQ. A (a) HQ; (b) CC. B (a) Epa of CC;
(b) Epc of CC; (c) Epa of HQ; (d) Epc of HQ

Fig. 6 The redox peak currents of CC (A) and HQ (B) vs scan rate

J Solid State Electrochem (2012) 16:1323–1331 1327



character of an adsorption and desorption process. There-
fore, the redox process of CC and HQ on the PDDA-G/
GCE is an adsorption and desorption process. However, on
the graphene/GCE (Fig. S3 in Supplementary material), the

peak currents are proportional to the square root of the scan
rate, showing a mass diffusion-controlled process. The
following reasons might explain the different results. The
functionalized graphene have more functional groups than
graphene, and the functional group favored the absorption
of the two dihydroxybenzene isomers by electrostatic
interaction.

Furthermore, the influence of scan rate on the redox peak
potential was also investigated for calculating the kinetic
parameters. With the increase of scan rate, the oxidation
peak potential shifted positively and the reduction peak
potential shifted negatively, and at higher scan rates, the
anodic (Epa) and cathodic (Epc) peak potential showed
linear relationship with the logarithm of scan rate (log(v)).
For CC, two linear regression equation: Epa (V)=0.221+
0.0597 log (v) (V s−1, R=0.992) and Epc (V)=0.0924–0.051
log (v) (V s−1, R=0.988) were obtained. For HQ, the linear
relationship equation were Epa(V)=0.135+0.066 log(v)
(V s−1, R=0.990) and Epc(V)=−0.0094–0.0525 log(v)
(V s−1, R=0.989) for the anodic and cathodic peak
potential, respectively. According to Laviron’s model
[38], the slope of the line for Epa and Epc could be
expressed as 2.3RT/n (1−α) F and −2.3RT/nαF, respec-
tively. Therefore, for CC, the electron transfer coefficient
(α) and electron transfer number (n) were calculated as
0.531 and 2, respectively. Similarly, α equals 0.558 and n
equals 2 were obtained for HQ. Additionally, the apparent
heterogeneous electron transfer rate constant (ks) can also
be obtained according to reference [38] based on the
Eq. 1:

log ks ¼ a logð1� aÞ þ ð1� aÞ log a � log
RT

nFv
� a 1� að ÞnFΔEp

2:303RT

ð1Þ
Here, n is the number of electrons involved in the

reaction, ΔEp is the peak-to-peak potential separation, α is
the charge transfer coefficient, and v is the scan rate.
According to this equation, the ks for CC were calculated as
3.85 and 3.65 s−1 for HQ. Furthermore, the ks was
calculated by the square-wave voltammograms [39], and
the results were similar (Supplementary material).

The ks of the graphene/GCE were calculated by Laviron’s
model (Supplementary material), and the result is smaller

�Fig. 7 A DPVs of CC at PDDA-G/GCE in the presence of 1×
10−5 mol/L HQ in 0.1 mol/L PBS (pH 7.0). CC concentrations (from a
to i): 0, 1×10−6, 5×10−6, 1×10−5, 5×10−5, 1×10−4, 2×10−4, 3×10−4,
and 4×10−4 mol/L. B DPVs of HQ at PDDA-G/GCE in the presence
of 1×10−5 mol/L CC in 0.1 mol/L PBS (pH 7.0). HQ concentrations
(from a to j): 0, 1×10−6, 5×10−6, 1×10−5, 5×10−5, 1×10−4, 2×10−4,
3×10−4, 4×10−4, and 5×10−4 mol/L. C DPVs of PDDA-G/GCE in
0.1 mol/L pH 7.0 PBS containing the different concentration of CC
and HQ. (a–i): 0, 1×10−6, 5×10−6, 1×10−5, 5×10−5, 1×10−4, 2×10−4,
3×10−4, and 4×10−4 mol/L
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than the PDDA-G/GCE, indicating the PDDA-functionalized
graphene film can effectively promote the electron transfer.

Simultaneous determination CC and HQ

The above investigations indicated that PDDA-G/GCE
exhibited obvious electrocatalytical effect to the oxidation
of CC and HQ. Subsequently, DPV was employed to
investigate the simultaneous determination of CC and HQ.
The principle of measurement was based on the individual
determination of CC, or HQ in their mixtures when the
concentration of one species changed, whereas the other
species remained constant. Firstly, keeping HQ concentra-
tion constant as 1×10−4 mol/L, DPVs of CC at different
concentrations (Fig. 7A) were investigated. With increase
of concentration, the oxidation peak of CC increased
obviously. From the insert of Fig. 7A, it can be seen that
the logarithm of the oxidation peak current of CC is linear
with the logarithm of concentration in the range of 1×10−6

to 4×10−4 mol/L, and the regression equation is log I (μA)
=4.610+0.723 log C (mol/L, R=0.997). The detection limit
(S/N=3) was calculated as 2.0×10−7 mol/L for CC.
Similarly, the DPVs of HQ with different concentrations

in the presence of 1×10−4 mol/L CC (Fig. 7B) were also
investigated and linear relationship was observed between
the logarithm of the oxidation peak current and the
logarithm of concentration in the range of 1×10−6 to 5×
10−4 mol/L (Fig. 7B, inset). The regression equation was
log I (μA)=4.324+0.654 log C (mol/L, R=0.995), and the
detection limit (S/N=3) was 2.5×10−7 mol/L. The simulta-
neous determination of HQ and CC was demonstrated by
changing their concentrations simultaneously. As shown in
Fig. 7C, the current peak of HQ is separated from that of
CC obviously, and the oxidation peaks were increase
conformably. The logarithm of oxidation peak currents of
HQ and CC increased linearly with the logarithm of
concentration of their own in the range of 1.0×10−6 to
4.0×10−4 mol/L (Fig. 7C, inset). For CC (a), the regression
equation is log I (μA)=5.093+0.869 log C (mol/L) and R=
0.992, while for HQ (b), the regression equation is log I
(μA)=4.997+0.839 log C (mol/L) and R=0.991. Compared
with other electrochemical methods (Table 1), the proposed
electrode shows rational linear range and acceptable
detection of limit. From above studies, it is obvious that
PDDA-G modified GCE is sensitive and efficient for the
simultaneous detection of CC and HQ.

Table 1 Performance comparison of the modified electrode for CC and HQ detection with other electrodes

Electrode Technique Linear range (10−6 mol/L) LOD (10−6 mol/L) Reference

CC HQ CC HQ

CILE DPV 0.5–200 0.5–200 0.5 0.2 [12]

IL-CPE DPV – 10–1,500 – 4 [15]

PASA/MWNTs/GCE DPV 6–180 6–100 1 1 [17]

CMK-3-Nafion/GCE DPV 0.5–20 0.5–25 0.1 0.1 [20]

PPABA/GCE DPV 2–900 1.2–600 0.50 0.40 [21]

MPE DPV 20–50 50–2,000 – – [23]

Graphene/GCE DPV 1–50 1–50 0.015 0.01 [26]

Graphene–chitosan/GCE DPV 1–400 1–300 0.75 0.75 [28]

CCM-CPE Amperometry – 0.1–137.5 – 0.05 [40]

PDDA-G/GCE DPV 1–400 1–500 0.20 0.25 This work

PASA poly-amidosulfonic acid, CILE carbon ionic liquid electrode, MWNTs multi-wall carbon nanotubes, PPABA poly(p-aminobenzoic acid),
CCM-CPE core-shell magnetic nanoparticles supported on carbon paste electrode, IL-CPE ionic liquid modified carbon paste electrode, MPE
mesoporous platinum electrode, DPV differential pulse voltammetry

Table 2 Simultaneous determi-
nation results for CC and HQ in
mixture water

Sample Mixture water containing (1×10−5 mol/L) Found (1×10−5 mol/L) Recovery (%)

CC HQ CC HQ CC HQ

1 5.00 5.00 4.95 4.90 98.9 98

2 7.00 7.00 6.86 7.17 97.9 102.4

3 10.00 10.00 10.31 9.82 103.1 98.2
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Reproducibility of PDDA-G/GCE and interference studies

Eight modified electrodes were fabricated for the reproduc-
ibility studies. The mixture, containing 5×10−5 mol/L CC
and 5×10−5 mol/L HQ, was determined under the opti-
mized conditions by the eight modified electrodes. The
relative standard deviation of the oxidation peak current
was 5.4% for CC and 4.9% for HQ, respectively, indicating
that the PDDA-G/GCE shows good reproducibility.

The influence of some possible interference in wastewa-
ter was investigated by analyzing a standard solution of
5.0×10−5 mol/L CC and HQ in pH 7.0 PBS. The 1,000-
fold concentrations of K+, Na+, Cu2+, Ca2+, Mg2+, Al3+,
NO3

−, Cl−, Ac−, and SO4
2− did not show interferences to

the detection of CC and HQ. Moreover, 100-fold concen-
trations of resorcinol and 50-fold phenol did not show
interference, too.

Sample analysis

Simultaneous determination of CC and HQ in Yellow River
water, as a water sample after filtrating out sediment, was
tested for the assessment of possible applications of the
modified electrode. Since the amounts of HQ and CC were
unknown in water samples, the spike and recovery experi-
ments were performed by measuring the DPV responses to
the samples in which the known concentrations of HQ and
CC were added. The amounts of HQ and CC in the water
sample were then determined by calibration method and the
result was showed in Table 2. The recovery rate was in the
range 97.9–103.1%. From there results, the electrode can be
used for the detection of dihydroxybenzene isomers in real
samples.

Conclusions

In this work, a modified GCE by PDDA-functionalized
graphene nanosheets was fabricated and the electro-
chemical behaviors of CC and HQ on the modified
electrode were investigated by using CV and DPV
techniques. PDDA was employed to functionalize gra-
phene nanosheets, and adsorbed onto the surface of
graphene via the electrostatic interaction. After function-
alization, the water solubility and the analyte adsorption
of functionalized graphene were enhanced. The pro-
posed method can completely separate the oxidation
peaks of CC and HQ. Meanwhile, the proposed method
exhibited many excellent performances, such as high
sensitivity and selectivity, low detection limit, and wide
linear range. Thus, it was very useful in the applications
for quantitative determination of CC and HQ alone or
mixed. In addition, satisfactory results were obtained

when the proposed method was applied to determine
CC and HQ in real water samples.
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