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A new composite electrode has been prepared with doping graphene into the paste consisting graphite and ionic liquid,
n-octyl-pyridinum hexafluorophosphate (OPFP). This electrode shows an excellent electrochemical activity for the redox of
hydroquinone (HQ), catechol (CC), and resorcinol (RS). In comparison with bare paste electrode, the redox peaks of three
isomers of dihydroxybenzene can be obviously, simultaneously observed at graphene doping paste electrode. Under the optimized
condition, the simultaneous determination of HQ, CC, and RS in their ternary mixture can be carried out with a differential pulse
voltammetric technique. The peak currents are linear to the concentration of HQ, CC, and RS in the range form 1 × 10−5 to
4× 10−4, 1× 10−5 to 3× 10−4, and 1× 10−6 to 1.7× 10−4 mol L−1, respectively. The limits of detection are 1.8× 10−6 mol L−1 for
HQ, 7.4× 10−7 mol L−1 for CC, and 3.6× 10−7 M for RS, respectively.

1. Introduction

Catechol (CC), resorcinol (RS), and hydroquinone (HQ) are
three isomers of dihydroxybenzene, which have been widely
recognized as important environmental pollutants by the US
Environmental Protection Agency (EPA) and the European
Union (EU) due to their high toxicity and low degradability
in the ecological environment [1]. The absorption of CC or
HQ from the gastrointestinal tract can induce some disease
such as renal tube degeneration and liver function decrease
[2]. In addition, inhalation of high concentration of RS can
directly lead to the death of human beings. Therefore, a
highly sensitive and selective analytical method is necessary
for the simultaneous determination of the three dihydrox-
ybenzene isomers. Up to now, various methods have been
exploited for the determination of the dihydroxybenzenes,
such as high performance liquid chromatography (HPLC)
[3, 4], spectrophotometry [5, 6] Electrochemiluminescence
[7], synchronous fluorescence [8], gas chromatography/mass
spectrometry [9], capillary electrochromatography [10],
pH-based-flow injection analysis [11], and electrochemical

methods [12–23]. Among these methods, electrochemical
method is of particular interest due to its high sensitivity,
low cost, good selectivity, and rapid detection. For most
electrochemical methods, more attention is focused on
the simultaneous determination of CC and HQ due to
their redox peaks are overlapped at ordinary electrode
[12–20]. However, the simultaneous determination of HQ,
CC, and RS by electrochemical methods is few reported.
Recently, a number of novel material-based electrochemical
electrodes for detection of dihydroxybenzene isomers have
been reported. For example, an enhanced electrochemical
platform based on graphene-polyoxometalate nanomaterials
for sensitive determination of diphenolic compounds had
been reported [21] and the glassy carbon electrode (GCE)
modified by multiwall carbon nanotubes (MWCNTs) can
separate oxidation peaks of HQ and CC [12]. Moreover,
the simultaneous determinations of HQ, CC, and RS have
been performed at single-wall carbon nanotube (SWCNT)
[22], MWCNT [23], graphene [24], graphene-chitosan [25],
graphene/BMIMPF6 composites [26], and polymer func-
tionalized graphene [27] modified GCE. Nevertheless, it is
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Figure 1: CVs for 0.1 M KCl solution containing 0.1 mM
Fe(CN)6

3−/4− at CILE (a) and graphene-doped CILE (b), scan rate:
100 mV/s.

still interesting to investigate novel electrode material for the
simultaneous determination of HQ, CC, and RS.

The use of solid materials, such as composite electrodes,
as detectors for electrochemical analysis is commonly known
[28]. Over the past five decades, carbon paste electrode
as a type of composite electrode that was composed by
a mixture of carbon powder and a binder has become
one of the most popular electrode used as the sensors
and detectors [29]. Generally, nonconductive reagents, such
as mineral oil or paraffin oil were used as binders, but
their electrochemical capability was poor due to their low
conductivity. Therefore, it is still interesting to find a better
binder to promote the performance of the carbon paste
electrode. In the past years, ionic liquid (IL) has been proved
to be an efficient binders and/or modifiers in the preparation
of carbon composite electrodes [30]. By substituting the
nonconductive organic binder with IL, carbon ionic liquid
electrode (CILE) has been exhibited the advantages such
as high conductivity, ease of fabrication, low cost, and
renewable surface [31]. Maleki and coworkers fabricated
n-octyl-pyridinium hexafluorophosphate-modified carbon
paste electrode for the simultaneously determination of the
dopamine, ascorbic acid, and uric acid [32]. Shang et al.
reported that the direct electrochemistry of glucose oxidase
(GOx) had been achieved by its direct immobilization
on CILE with a conductive hydrophobic ionic liquid, 1-
butyl pyridinium hexafluorophosphate as binder [33], which
demonstrated that CILE has its unique superiority.

In recent years, graphene, considered as a “rising star”
nanostructured carbon material, is a counterpart of graphite
with well-separated two-dimensional aromatic sheets com-
posed of sp2-bonded carbon atoms. By virtue of its unique
characteristic such as high surface area [34], remarkable
electrical conductivity [35], and high thermal conductivity
[36], graphene nanosheets have attracted more and more
attentions in the preparation of sensors and biosensors. It
has been reported that graphene was used as an electrode

material for sensing a range of target analytes such as
nitric oxide [37], dopamine [38], and hydrogen peroxide
[39]. Recently, a graphene-doped carbon paste electrode was
prepared with the addition of graphene into the carbon
paste mixture and used for the successful determination
of ascorbic acid [40]. Therefore, graphene should be an
excellent modifier to fabricate carbon paste electrode.

In this paper, the graphene-doped carbon ionic liquid
electrode was prepared, and the fabricated electrode can
respond to all three isomers of dihydroxybenzene. Based on
this, a simple and fast assay for the simultaneous determina-
tion of HQ, CC, and RS can be constructed with differential
pulse voltammetry. Meanwhile, the presented method has
been applied successively to simultaneous determination of
HQ, CC, and RS in wastewater samples with good recovery.

2. Experimental

2.1. Reagents. Catechol, resorcinol, and hydroquinone were
purchased from Shanghai Chemical Reagent Corporation
(Shanghai, China). Graphene were purchased from Nan-
jing JCNANO Tech Co., Ltd. The ionic liquids, octyl-
pyridinum hexafluorophosphate (OPFP), were purchased
from Chengjie Chemical Co., Ltd. (Shanghai, China).
Graphite powder (average particle size 30 µm) and other
chemicals are of analytical grade. All solution was prepared
by using doubly distilled water.

2.2. Apparatus. All the electrochemical experiments were
carried out in a three-electrode cell controlled by CHI
660B electrochemical workstation (CH Instruments, USA).
Graphene-doped CILE was used as the working electrode. An
Ag/AgCl electrode and a platinum wire electrode were used
as the reference and the auxiliary electrodes, respectively. All
the measurements were carried out at room temperature.

2.3. Preparation of Graphene-Doped CILE. The bare CILE
was prepared by hand-mixing, in a mortar, the graphite
powder and OPFP with a ratio of 50/50 (w/w). A portion of
the resulting paste was packed firmly into one end of a glass
tube (Φ = 3 mm), and a copper wire was inserted through the
opposite end to establish an electrical contact. The electrode
was then heated either in an oven to a temperature higher
than the melting point of OPFP (mp 65◦C) or simply by
using a hair drier for 2 min. It was then left to cool to room
temperature. A new surface was obtained by smoothing
the electrode onto a weighing paper. The graphene-doped
CILE was fabricated using the same procedure except the
introduction of a portion of graphene into the bare CILE.

3. Results and Discussion

3.1. Electrochemical Characteristics of the Graphene-Doped
CILE. Generally, Fe(CN)6

3−/4− is used as a redox probe to
characterize new prepared electrodes. In order to investigate
the action of graphene doped into CILE, cyclic voltammetric
experiments were carried out in 0.1 M KCl solution contain-
ing 0.1 mM Fe(CN)6

3−/4−. Figure 1 shows the typical cyclic
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Figure 2: CVs of 5.0 × 10−5 M HQ (A), 5.0 × 10−5 M CC (B), and 1.0 × 10−4 M RS (C) in 0.10 M HAc-NaAc (pH 5.0) at CILE (a) and
graphene-doped CILE (b). Scan rate: 100 mV/s.

voltammograms (CVs) recorded at the graphene-doped
CILE and CILE, respectively. It is obvious that the electro-
chemical response of Fe(CN)6

3−/4− at graphene-doped CILE
is improved, which attributes to the excellent conducting
property of graphene. Meanwhile, it also indicated that the
graphene was doped into the CILE successfully.

3.2. Electrochemical Responses of HQ, CC, and RS at the Doped
CILE. In order to investigate the electrochemical response of
the doped electrode to three isomers of dihydroxybenzene,
CV experiments were carried out in acetate buffer (HAc-
NaAc) solution containing HQ, CC, or RS, respectively.
Figure 2 shows the typical cyclic voltammograms of HQ (A),
CC (B), and RS (C) at the bare CILE and the doped electrode,
respectively. At bare CILE, the electrochemical response of
three isomers of dihydroxybenzene can be observed. But

the redox peak currents are very small. Especially, for 1.0
× 10−4 M RS, almost no anodic peak can be observed. As
expected, under the same concentration, higher redox peak
currents can be obtained at the graphene-doped electrode,
which indicates the presence of graphene can accelerate the
electron transfer between hydroquinone and electrode and
the doped graphene provide a remarkable synergistic promo-
tion for the electrochemistry of the dihydroxybenzene.

Figure 3 showed the cyclic voltammograms of the mix-
ture of 1 × 10−4 M HQ, CC, and RS at bare CILE and doped
CILE in 0.10 M acetate buffer (pH 5.0). At the bare CILE
(curve a), two abroad, unobvious anodic peaks appear at
0.322 V and 0.222 V, respectively. This is attributed to the
oxidation of CC and HQ. Meanwhile, oxidation peak of RS
almost cannot be observed. At the reverse scan, there are
also two broad cathodic peaks appeared at about 0.259 V
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Table 1: Linear regression equations for peal potentials (Ep) of the three isomers of dihydroxybenzene versus pH.

HQ CC RS

Epa
Epa (V) = −0.0527pH + 0.4945

(R = 0.9956)
Epa (V) = −0.0542pH + 0.6062

(R = 0.9916)
Epa (V) = −0.0463pH + 0.9951

(R = 0.9963)

Epc
Epc (V) = −0.044pH + 0.377

(R = 0.9956)
Epc (V) = −0.0432pH + 0.4922

(R = 0.9973)

Table 2: The linear regression equations for peak currents (Ipa or Ipc) of HQ, CC, and RS versus scan rate (ν).

HQ CC RS

Ipa
Ipa = −14.73ν− 3.70

(µA, mV/s, R = 0.9994)
Ipa = −14.18ν− 6.15

(µA, mV/s, R = 0.9990)
Ipa = −12.2ν− 8.79

(µA, mV/s, R = 0.9976)

Ipc
Ipc = 18.99ν + 3.409

(µA, mV/s, R = 0.99971)
Ipc = 14.47ν + 1.282

(µA, mV/s, R = 0.99926)
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Figure 3: CVs of the mixture solution of 1 × 10−4 M CC, RS and
HQ at CILE (a) and the graphene-doped CILE (b) in 0.10 M acetate
buffer (pH 5.0). Scan rate: 100 mV/s.

and 0.160 V, which correspond to the reduction peak of
CC and HQ. Comparatively, at the doped CILE (curve b),
three well-defined anodic peaks are observed at 0.234 V,
0.344 V, and 0.755 V for HQ, CC, and RS, respectively.
In addition, two obvious cathodic peaks are obtained at
0.158 and 0.269 V, corresponding to the reduction of the
oxidation products of HQ and CC, respectively. It is clear
that the anodic or cathodic peaks of CC, RS, and HQ can be
distinguished effectively and all peak currents can be detected
independently at the doped CILE. It is no doubt that the
increase in peak currents and the decrease in the separation
of the peak potential at the graphene-doped CILE can be
attributed to the high surface area, excellent catalytic activity,
and good conductivity of graphene. This also suggests
that the simultaneous determination of three isomers of
dihydroxybenzene can be performed at the graphene-doped
CILE.

3.3. Electrochemical Behaviors of HQ, CC, and RS at the Doped
CILE. The effect of pH of supporting electrolyte on the elec-
trochemical behaviors of three isomers of dihydroxybenzene
was carefully investigated in the pH value range from 3.0 to
7.0 and the results were shown in Figure 4. Figure 4(a) shows
the relationship between the peak potential and pH. With
increasing pH, both anodic and cathodic peak potentials
decrease linearly. The linear regression equations of the three
isomers of dihydroxybenzene are listed in Table 1. The slopes
of the five regression equations are close to the theory value
of 58.5 mVpH−1for the electrode reaction process of equal
electron and proton [42–44], indicating that the electrode
process of HQ, CC, and RS at graphene-doped CILE should
be a two electrons and two protons process. Figure 4(b)
shows the dependence of anodic peak currents of three
isomers of dihydroxybenzene on pH. From Figure 4(b), it
can be seen that the peak currents of HQ, CC, and RS
increase with increasing pH value until pH reaches 5.0, and
then they decrease when pH increases further. Therefore,
considering the determination sensitivity, pH 5.0 is chosen
as the optimal experimental condition.

The effect of scan rates on the CV behaviors of the
three dihydroxybenzene isomers at the doped CILE is also
investigated. With increasing scan rate from 50 to 500 mV/s,
all the redox peak currents of three dihydroxybenzene
isomers increase linearly. The linear regression equations of
peak currents (Ipa or Ipc) versus scan rate (ν) are listed in
Table 2. The good linear relationship between peak currents
and scan rate indicates that the electrode process of all three
dihydroxybenzene isomers is a typical adsorption-controlled
process.

3.4. Simultaneous Determination of HQ, CC, and RS. Differ-
ential pulse voltammetry (DPV) is performed to investigate
the relationship between the peak current and concentration
of three dihydroxybenzene isomers due to its higher sensitiv-
ity. The individual determination of CC, RS, or HQ in their
mixtures is carried out when the concentration of one species
changes whereas those of other two species remain constant.
The typical cyclic voltammograms are shown Figure 5. From
Figure 5(a) to 5(c), it can be seen that the determination
of individual CC, HQ, or RS is independent of others.
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Figure 4: The dependences of all peak potentials (a) and anodic peak currents (b) of CC, RS, and HQ on pH.

Table 3: Performance comparison of the fabricated electrode for HQ, CC, and RS detection with other electrodes.

Electrode Method
Linear range (10−6 M) LOD (10−6 M)

Ref.
HQ CC RS HQ CC RS

MPE DPV 50–2000 20–50 — — — — [14]

IL-CPE DPV 10–1500 — — 4.0 — — [15]

PASA/MWNTs/GCE DPV 6–100 6–180 — 1.0 1.0 — [17]

MWNTs/MA Amperometry 1–100 1–100 6–100 0.3 0.2 0.6 [41]

MWNTs/GCE DPV 2–100 2–100 5–80 0.6 0.6 1 [23]

Graphene/GCE DPV 1–50 1–50 — 0.015 0.010 — [24]

Graphene-chitosan/GCE DPV 1–300 1–400 1–550 0.75 0.75 0.75 [25]

Graphene/BMIMPF6/GCE DPV 0.5–50 0.5–50 — 0.01 0.02 — [26]

PDDA-Graphene/GCE DPV 1–500 1–400 — 0.25 0.2 — [27]

Graphene doped CILE DPV 10–400 10–300 1–170 1.8 0.7 0.4 This work

Table 4: Recovery results for HQ, CC, and RS in water samples.

Sample
number

Detected (µM) Added (µM) Found (µM) Recovery (%)

HQ CC RS HQ CC RS HQ CC RS HQ CC RS

1 ND ND ND 40 40 40 39.5 40.6 40.2 98.8 101.5 100.5

2 ND ND ND 30 30 30 30.8 31.0 29.8 102.7 103.3 99.3

3 ND ND ND 20 20 20 20.4 19.6 19.6 102.0 98.0 98.0

4 ND ND ND 10 10 10 10.4 10.6 10.2 104.0 106.0 102.0
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Figure 5: Dependences of peak currents (Ip) on concentrations (C). Inset: linear plots of Ip versus C. (a) DPVs of the doped CILE in the
presence of 5.0 × 10−5 M CC and RS containing different concentrations of HQ (a–i: 1.0 × 10−5, 2.0 × 10−5, 3.0 × 10−5, 4.0 × 10−5, 5.0 ×
10−5, 1.0 × 10−4, 2.0 × 10−4, 3.0 × 10−4, 4.0 × 10−4 M), (b) DPVs of the doped CILE in the presence of 5.0 × 10−5 M HQ and RS containing
different concentrations of CC (a–h: 1.0 × 10−5, 2.0 × 10−5, 3.0 × 10−5, 4.0 × 10−5, 5.0 × 10−5, 1.0 × 10−4, 2.0 × 10−4, 3.0 × 10−4 M), (c)
DPVs of the doped CILE in the presence of 5.0 × 10−5 M HQ and CC containing different concentrations of RS (a–i: 1.0 × 10−6, 5.0 × 10−6,
1.0 × 10−5, 2.0 × 10−5, 3.0 × 10−5, 4.0 × 10−5, 5.0 × 10−5, 1.0 × 10−4, 1.7 × 10−4 M).

The good linear relationship between peak currents and the
concentration of three dihydroxybenzene isomers can be
obtained and is shown as inset in Figure 5. Under the optimal
conditions, peak currents are linear to the concentrations
in the range from 1.0 × 10−5 M to 4.0 × 10−4 M for HQ,
from 1.0 × 10−5 M to 3.0 × 10−4 M for CC, and from 1.0
× 10−6 to 1.7 × 10−4 M for RS, respectively. The limit of
detection (LOD) is 1.8 × 10−6 M for HQ, 7.4 × 10−7 M
for CC, and 3.6 × 10−7 M for RS, respectively. Above
results suggest that this prepared electrode allows us to
simultaneously and sensitively determine of CC, RS, and
HQ without interference with each other. A comparison of
the proposed method with other electrochemical methods
is listed in Table 3. It can be seen from the table that the
proposed method shows rational linear range and acceptable
LOD.

3.5. Reproducibility and Stability of Graphene-Doped CILE.
The reproducibility for ten doped CILEs was investigated by
comparing the DPV peak current of 5 × 10−5 M HQ, CC,
and RS in a mixed solution. The relative standard deviation
(RSD) is 2.53% for HQ, 2.86% for CC, and 3.70% for RS,
indicating an acceptable reproducibility. Additionally, the
stability of the doped electrode is also tested. The results
show that the peak currents remained 94% of their initial
values after the electrode was kept for 15 days.

3.6. Sample Analysis. In order to assess the possible appli-
cations of the proposed method, the simultaneous deter-
minations of HQ, CC, and RS in local tap water samples
and lake water samples were performed. However, no aimed
analytes can be detected. Then, 10 µL of different standard
concentrations of the dihydroxybenzenes was added into
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5.0 mL water sample. The amounts of HQ, CC, and RS in
water samples were then determined again by calibration
method, and the results are listed in Table 4. The recoveries
were in the range from 98.0% to 106.0%. Therefore, the
simultaneous determination of HQ, CC, and RS with the
prepared electrode is feasible.

4. Conclusions

In this paper, a simple and sensitive electrochemical ana-
lytical method for simultaneous determination of HQ, CC,
and RS has been developed employing the graphene-doped
carbon ionic liquid electrode. The electrode combines the
unique and attractive electrocatalytic behavior of graphene
and the excellent reproducibility and good long stability
of IL. The proposed electrode can be further used for
multicomponent analysis in environmental control and
chemical industry.
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