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ABSTRACT

A graphitic mesoporous carbon (GMC) had been successfully synthesized using Ni-Fe layered dou-
ble hydroxide (LDH) as both template and catalyst under a relatively low pyrolysis temperature. The
techniques of X-ray diffraction, transmission electron microscopy, Raman spectrum and N, adsorp-
tion/desorption were used to characterize the physico-chemical properties of the as-prepared GMC.
Meanwhile, the voltammetric behaviors of hydroquinone (HQ) and catechol (CC) were studied at the
GMC modified glassy carbon electrode (GMC/GCE). The separation of the oxidation and reduction peak
(AE,) for HQ and CC were decreased from 369 to 42 mV and from 365 to 52 mV, respectively, and the
anodic peak currents for the oxidation of both HQ and CC were also remarkably increased at the GMC/GCE.
Furthermore, at the GMC/GCE, the two components could be entirely separated with a large oxidation
peak potential separation between HQ and CC. Under the optimized condition, the peak currents of HQ
and CC increased linearly with increasing HQ and CC contents. The detection limit for HQ and CC was

3.7 x 1077 and 3.1 x 10-7 mol L1, respectively.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Hydroquinone (HQ) and catechol (CC) are two important iso-
mers of phenolic compounds, which are often used in cosmetics,
pesticides, flavoring agents, antioxidant, secondary coloring mat-
ters, and photography chemicals [1-3]. Thus, these compounds can
be easily introduced into the environment as pollutants during the
manufacturing and application process. Meanwhile, most of them
are highly toxic to both environment and human even at very low
concentrations [4]. Because of their similar structures and proper-
ties, it is a challenge to directly and simultaneously determinate
the isomers [5-7]. Therefore, it is strongly demanded to develop
a highly sensitive and selective analytical method for the simulta-
neous determination of HQ and CC.

Up to now, several methods such as high performance lig-
uid chromatography (HPLC) [8], spectrophotometry [9], and
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electro-chemiluminescence [10] have been established for the
simultaneous determination of HQ and CC. Compared with the
chromatographic and optical methods, electrochemical methods
are preferable and attractive for the simultaneous detection of such
phenolic compounds due to the advantages of fast response, cheap
instrument, low cost, simple operation, time saving, high sensi-
tivity, and excellent selectivity [4,11]. Unfortunately, it cannot be
resolved at conventional electrodes such as gold and glassy car-
bon electrode (GCE) due to the overlapping of the oxidation peak
of these two phenolic isomers [9].

In order to address the above problems, many materials
have been used to fabricate modified electrodes to achieve their
simultaneous voltammetric determination [12,13]. Among them,
nanostructured carbon materials with graphitic framework struc-
tures have attracted widespread attention for a series of properties
such as high electrical conductivity, excellent chemical stability and
good field emission performance [14,15]. The unique properties of
these carbon materials, primarily in the field of storage and produc-
tion of energy, provide them with potential applications in many
areas [16-18]. Specifically, these nanostructured carbons possess
many structural characteristics (i.e., a high crystallinity, a relatively
large surface area and an open and accessible porosity), which can
meet the requirements for using them directly as catalysts or as the
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catalyst support materials [19]. According to the above-mentioned
points, it can be logically deduced that the nanostructured graphitic
carbon material would be a good alternative choice for application
in catalysis.

Although graphitic carbon materials possess superior electronic
properties and electrochemical performance, the complex methods
and severe preparation conditions limit the use of graphitic carbons
[20,21]. For instance, the conventional synthetic methods such
as electron beam radiation [22], arc discharge [23], and thermal
chemical vapor deposition (CVD) [24], which are used to prepare
graphitic carbons, require very high temperatures. This makes
them costly and complex in terms of scalability [25]. Consequently,
developing low-cost and facile synthetic processes have attracted
more and more attention. Until present, many researchers have
prepared graphitic carbon nanostructures successfully at relatively
low temperatures (<1000 °C) in the presence of certain transition
metals (Fe, Co, Ni, Mn, etc.) that act as graphitization catalysts
[21,26,27]. For example, Sevilla et al. [14] fabricated the graphitic
mesoporous carbon materials with silicon aerogel as template and
phenolic resin as carbon source respectively by using different
catalysts (Fe, Mn, or Ni). Bang [28] developed hollow graphitic car-
bon spheres by the polymerization of core/shell structured pyrrole
micelles followed by carbonization at 900°C and displayed good
electrocatalytic activity. Meanwhile, Zhang et al. [29] also prepared
CNTs with low degree of graphitization by catalytic chemical vapor
deposition of acetylene using Ni-Mg-Al layered double hydroxides
(LDHs) as catalyst.

In this study, graphitic mesoporous carbon (GMC) with high
specific surface area has been prepared using Ni-Fe layered dou-
ble hydroxide (LDH) as both catalyst and template by a simple
solid-phase technique under a relatively low pyrolysis tempera-
ture. Following this, GMC modified glassy carbon electrode was
used to simultaneously detect HQ and CC by using the technique of
cyclic voltammetry. Meanwhile, the electrochemical properties of
HQ and CC at the GMC modified electrode were also investigated
by differential pulse voltammetry. The results demonstrated that
two corresponding well-defined oxidation peaks with significantly
differing peak potential and enhanced peak currents of HQ and CC
appeared at the modified electrode. The GMC prepared with Ni-Fe
layered double hydroxide (LDH) has not been reported so far, and
it is demonstrated for the first time that the GMC/GCE has been
achieved for the simultaneous detection of HQ and CC with high
sensitivity.

2. Experimental
2.1. Preparation of graphitic mesoporous carbon (GMC)

Ni-Fe layered double hydroxide (LDH) (molar ratio of
Ni2*/Fe3* =2) was synthesized according to the previous report
[30]. Typically, Ni(NOs3),-6H,0 and Fe(NOs3)3-9H,0 with a molar
ratio of 2 were dissolved in 200.0 mL deionized water to form solu-
tion A. Solution B was prepared by dissolving sodium hydroxide
(0.5mol) and sodium carbonate (0.2 mol) in 200.0 mL deionized
water. Then, the above two solutions were added dropwise to a
beaker, containing 100.0 mL of deionized water under stirring at
303 K. After about 3.5-4h, to complete the addition, the precipi-
tates were aged at 338 K for 18 h in a thermostatic bath. The Ni-Fe
LDH was obtained by filtering and washing thoroughly with warm
deionized water until the filtrate showed no presence of NaOH and
subsequently was dried at 373 K overnight.

The graphitic mesoporous carbon was prepared as follows: 0.9 g
sucrose was dissolved in a 15 mL beaker containing 8.0 mL deion-
ized water. The as-prepared Ni-Fe LDH (0.5g) was added into
sucrose solution accompanied with continuous stirring for 1h to

get a mixture. After covered with taut saran wrap, the beaker was
put in the oven at 100°C for 6h, and then the saran wrap was
deserted. Following this, the reaction condition was adjusted to
160°C and kept at this temperature for 6 h. The precipitate was
dried and pyrolyzed at 900°C for 4 h under nitrogen flow. Finally,
the Ni-Fe LDH was removed by immersing in 3.0 mol L-! HCl solu-
tion at 80 °C for 24 h, followed by washing with copious deionized
water and drying in oven at 60 °C. The as-obtained graphitic carbon
product was denoted as GMC.

2.2. Physical characterization

The structure of the GMC was analyzed by a MSALXD2 X-
ray diffractometer (Cugy, 36kV, 20mA, and A=1.54056A). The
morphology was observed via a Philips TECNAI-10 transmission
electron microscope (TEM) using an accelerating voltage of 100 kV
and JEM2010 high-resolution transmission electron microscopy
(HRTEM) operating at 200 kV. The degree of crystalline structure
of GMC was investigated by a Raman spectroscopy, which was
recorded in a backscattering configuration using the 514.5 nm line
of an Ar* ion laser and a Renishaw in Via Plus Raman spectrometer.

2.3. Preparation of the GMC (graphitic mesoporous carbon)
modified electrode

Before surface modification, the bare glassy carbon electrodes
(GCE) (4.0mm in diameter) were polished to a mirror-like with
0.05 pm alumina/water slurry on a polishing cloth, rinsed thor-
oughly with ethanol and double-deionized water and dried in
high-purity nitrogen blow. The detailed process for the prepa-
ration of the modified electrode was as follows: 3.0mg of the
as-prepared GMC was dispersed in 3.0 mL N,N-dimethylformamide
(DMF) and Nafion solution (0.5 wt%) under ultrasonic condition for
1h to obtain a 1.0mgmL~! black suspension, then 10 wL of GMC
suspension was dropped onto the surface of the pretreated GCE
(glassy carbon electrode). The solvent was dried under an infrared
lamp to obtain the GMC/GCE.

2.4. Electrochemical measurements

Electrochemical experiments were carried out using a CHI 660D
Electrochemical Analyzer in a conventional three-electrode cell.
The working electrode was a GCE (4.0 mm in diameter) or the
modified electrode, a platinum foil and an Ag/AgCl electrode (in sat-
urated KCl solution) was served as the counter electrode and the
reference electrode, respectively. High-purity nitrogen was used
for evacuating oxygen before each experiment. It should be noted
that without specification, all the potentials are referred to the
Ag/AgCl (in saturated KCl solution). The electrochemical perfor-
mance of GMC was measured by the cyclic voltammetry (CV) and
the different pulse voltammetry (DPV).

3. Results and discussion
3.1. Physical characterization

As shown in Fig. 1, the XRD patterns of the Ni-Fe LDH sample
are similar to the reported diagram [31]. The interlayer distance d
in LDH can be calculated using Bragg’s equation:

nA =2d sin 0 (1)

where n is the order of reflection [equal to 1 for (003)], A is the
wave length of Cug, radiation, and 0 is the half of the scattering
angle [32]. The calculated result shows that the intercalated LDH
possesses a basal spacing of 0.77 nm. The characteristic diffrac-
tion peaks at low 26 values are ascribed to the planes of (003),
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Fig. 1. XRD patterns of Ni-Fe LDH (a) and graphitic mesoporous carbon (b).

(006) and (009) corresponding to the basal spacing and higher
order diffractions of LDH, indicating that the LDH is typical HT-like
LDH material [33]. Moreover, Fig. 1 depicts the XRD pattern of the
graphitic mesoporous carbon. The results exhibit the well-resolved
diffraction peaks at 26°, 43°, 53° and 78°, which can be assigned to
the (002), (10), (004) and (110) planes of the graphitic frame-
work, respectively. The sharp and narrow (00 2) diffraction plane
of the GMC is associated with a high graphitic character [34]. The
dg o2 spacing value of the GMC is measured about 0.34 nm, suggest-
ing that the sample synthesized with Ni-Fe LDH is graphitic carbon
with high crystallinity. Therefore, it can be known that the highly
graphitic mesoporous carbon can be successfully prepared using
Ni-Fe LDH as both catalyst source and template.

The graphitic characteristic of GMC is further confirmed by
Raman spectroscopy (Fig. 2). The material exhibits two distinct
peaks at about 1350cm~! (D-band) and 1580 cm~! (G-band). In
addition, a peak at 2709 cm~! (2D-band) was clearly observed in
GMC, which can be observed only in highly-developed graphitic
carbon [35]. The G-band is related to the vibration of sp? bonded
carbon atoms in a two-dimensional hexagonal lattice, which often
relates to the formation of ordered graphite layers. The D-band is
oftenreferred to the “disorder” band, which results from the imper-
fection or loss of hexagonal symmetry of the graphite structure
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Fig. 2. Raman spectrum of the graphitic mesoporous carbon.

[36]. It is known that the relative intensity ratio between the D and
G bands (Ip/Ig) reflect the degree of graphitization. Accordingly,
the low Ip/Ig value indicates a high degree of graphitization [37].
The Ip/Ig value of GMC is 0.66, suggesting that the GMC has highly
graphitic characteristic with high degree of graphite ordering. Fig. 3
shows the TEM and HRTEM images of the graphitic mesoporous car-
bon. It can be observed that GMC exhibits carbon nanocages with
the porous structure (see Fig. 3A). An enlarged TEM image from B
area of Fig. 3A is shown in Fig. 3B, presenting the detailed structure
characteristics such as mesopores, micropores graphitic structure
and amorphous carbon. To further reveal fine morphology, Fig. 3C
and D shows HRTEM images of C and D areas in Fig. 3B. The fringe
of the graphite crystallite and layered ribbon-like graphitic struc-
ture are distinctly presented in Fig. 3C. The interlayer spacing is
measured and found to be ca. 0.34 nm, which are perfectly corre-
sponding to the (002) distance of graphitic carbon lattice. Some
worm-like mesopores and micropores can be found, as shown in
Fig. 3D, resulting from the removal of the LDH nanoparticles dis-
tributed inside the carbon matrix. This result is in accordance with
the above XRD and Raman analysis.

The Brunauer-Emmett-Teller (BET) surface area and the pore
structure of Ni-Fe LDH and graphitic carbon material are examined
via nitrogen adsorption-desorption measurement and the results
are shown in Fig. 4. The isotherm of LDH possesses the character-
istic type-IV shape with type H1 hysteresis loops defined by IUPAC
[38]. This suggests that it is plate-like particles. The LDH is predom-
inantly mesoporous in the range of 3.8-4.8 nm and the surface area
is 168 m2 g~! with a pore volume 0.11 cm? g~1. A type IV isotherm
with H2 hysteresis loop is found on the graphitic mesoporous car-
bon material, as shown in Fig. 4B. The surface area and pore size
of GMC are 178 m? g~ and 9.1 nm, respectively, which are higher
than that of the LDH template.

3.2. Electrochemical experiments

3.2.1. Electrochemical behavior of HQ and CC at GMC modified
GCE

The electrochemical behaviors of HQ and CC were carefully
investigated at the bare GCE and GMC/GCE using cyclic voltam-
metry. The electrochemical responses obtained on the bare GCE
and the GMC/GCE in 0.10molL-! PBS solution (pH 3.0) with
5x 107> molL~1 HQ (A) and 5 x 10~> mol L-! CC (B) are given in
Fig. 5. At the bare GCE (curve a), the oxidation peak potential
and the reduction peak of HQ and CC appear at about 0.501/0.132
and 0.598/0.233 V, respectively. The respective large peak potential
separation (AEp) for HQ and CC are 369 and 365mV, indi-
cating that HQ and CC exhibit an irreversible electrochemical
behavior at bare GCE [4,5]. In contrast, at GMC/GCE (curve b),
the anodic and cathodic peaks for HQ and CC are 0.325/0.283
and 0.436/0.384V, respectively. The dramatically reduced AE, of
only 42 and 52mV for HQ and CC manifests the fast electron
transfer between HQ (or CC) and electrode due to the pres-
ence of GMC. In addition, the peak currents also increase about
six-fold at the GMC/GCE. The results indicate that the GMC mod-
ified electrode lowers the oxidation overpotential of HQ and
CC, and thus greatly improved electrochemical reversibility of HQ
and CC.

Fig. 6 depicts the CVs and DPVs obtained for the mixture of
5x 10> molL-! HQ and 5x10~>molL-! CC at bare GCE and
GMC/GCE at a scan rate of 20mVs~! in 0.1 molL~! PBS solution
(pH 3.0). At the bare GC electrode, there is a broad oxidation peak
at 0.551V owing to the overlap of the oxidation peaks of HQ and
CC, and two-reduction peaks at 0.160 and 0.266V, correspond-
ing to the reduction of HQ and CC, respectively. It indicates that
the oxidation of HQ and CC at the bare GCE is irreversible and
electron transfer kinetics is sluggish. Therefore, it is impossible to
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Fig. 3. TEM and HRTEM images of the graphitic mesoporous carbon.

separate HQ and CC from each other by voltammetric determi-
nation at the bare GCE. However, at the GMC/GCE, two pairs of
well-defined oxidation peaks of HQ and CC appear at 0.323/0.281
and 0.426/0.391V, and the separation of anodic and cathodic
peak potentials (AEp) are 42mV and 35mV, respectively. The
smaller values of AE, indicate that the oxidation overpotential
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of HQ and CC are significantly lowered and fast electron-transfer
kinetics occurs at the GMC/GCE. Moreover, the anodic peak cur-
rents remarkably increase and the separation of oxidation peaks
between HQ and CC arrives at about 103 mV, which is large
enough to separate the two components. As shown in Fig. 6B,
DPV has much higher current sensitivity and better resolution
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Fig. 4. N, adsorption-desorption isotherms of (a) Ni-Fe LDH and (b) graphitic mesoporous carbon.
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Fig. 5. Cyclic voltammograms at a scan rate of 50mVs~! for 5 x 10> molL~" HQ (A) 5 x 10~ mol L~! CC (B) at bare GC (a) and the GMC/GC (b) electrodes in 0.1 molL~! PBS

(pH=3.0).

than CV, thus DPV is used for the determination of HQ and
CC.

The good electrocatalytic response of dihydroxybenzenes at the
GMC/GCE may be caused by the following reasons. Firstly, a large
number of exposure edge plane defect sites at the surface of GMC
may attribute to a large peak current and low oxidation overpo-
tential through providing many active sites to accelerate electron
transfer between the electrode and electrolyte [39,40]. Secondly,
different space resistances to the different dihydroxybenzenes and
the high electron-transfer kinetics of the GMC/GCE are favorable for
the separation of HQ and CC during the voltammetry [2]. Thirdly,
the GMC possesses two natures: the porous structure (large surface
area) and graphitic structure (-1 interactions, conductivity). The
GMC with large surface area can adsorb molecules to enhance the
regional concentration of the molecules and the graphitic structure
offers an electron-rich substrate for electron transfer during the
surface reactions, which have great advantages in surface chem-
istry, especially in catalysis [41]. In addition, the electron cloud
density of HQ is lower than CC, so HQ is easier to be oxidized
than CC. Therefore, different oxidation-reduction potentials of the
dihydroxybenzenes can be observed at the GMC modified electrode
interface.

3.2.2. Effect of scan rate on the electrochemical properties of the
GMC/GCE

In order to further investigate the electrochemical behaviors
of HQ and CC at the modified electrode, the effect of the scan
rate on the electrochemical behavior of 5x 10~>molL~1 HQ
and 5x 107> molL-! CC was studied on the GMC/GCE by cyclic
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voltammetry. As shown in Fig. 7, the oxidation peak currents of HQ
and CC at the GMC/GCE are directly proportional to the scan rates,
indicating that the electrode reaction of HQ and CC is surface con-
trolled redox process rather than a diffusion-controlled process.
The linear equations for HQ and CC are obtained as represented in
Egs. (2) and (3), respectively.

Ipa =23.05+236.9v (R =0.9989)
Ipa =27.55+273.5v (R =0.9990)

(2)
(3)

where I, is the anodic peak current in WA and v is the potential
scanning rate in the unit of Vs~! and R is a correlation coefficient.
Moreover, Epq is shifted to more positive values along with scan
rates increasing, which suggests that the electron transfer is
quasi-reversible [42].

3.2.3. Effect of pH value on the electrochemical properties of the
GMC/GCE

The acidity of electrolyte has a significant effect on the HQ and
CC electro-oxidation because protons participate in the electrode
reaction [43]. Effect of pH values on the peak potentials and the peak
currents of HQ and CC at GMC/GCE were carefully investigated by
DPV over a pH range of 2.0-7.3, as shown in Fig. 8. It is noticeable
that as pH value increases, the peak currents of CC sharply increase
until the pH value reaches 3.0, and then decrease. In the case of
HQ, a big peak current is also kept at pH 3.0. Afterwards, the peak
currents of CC and HQ both gradually decrease with the increase
of pH values, which could be caused by the shortage of protons at
higher pH value. Moreover, in high pH solution, HQ and CC are easily
turned into anions, resulting in the electrostatic repulsion between
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Fig. 6. Cyclic voltammograms (A) and differential pulse voltammograms (B) of 5 x 10-> molL~' HQ and 5 x 10> mol L~' CC in 0.1 mol L-! PBS (pH =3.0) solution at the bare
GC (a) and the GMC/GC (b) electrodes. DPV conditions: potential incremental, 5 mV; amplitude, 50 mV; pulse width, 50 mV; period, 75 ms.
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GMC/GCE. The inset is the separation of the peak potentials AE,. DPV conditions: potential incremental, 5mV; amplitude, 50 mV; pulse width, 50 mV; period, 75 ms.

the two dihydroxybenzene isomers and the GMC, which may be
another reason leading to the decreased peak current values [2].

Fig. 8B shows the relationship between the pH values and the
anodic peak potentials of the HQ and CC. With the increase of
pH values, the peak potentials of HQ and CC are shifted almost
linearly to more negative values, indicating that the protons are
directly involved in the electrochemical redox process [44]. The
linear regression equations are expressed in Eqs. (4) and (5) for HQ
and CC, respectively.

Epa =0.5145 - 0.0619pH (R =0.9997) (4)

Epq =0.6100 — 0.0600pH (R = 0.9998) (5)

where Ejq is the anodic peak potential in V and pH is the corre-
sponding pH value of the solution and R is a correlation coefficient.
The peak potentials for HQ and CC show a linear variation with
a slope of about 60mV pH-!, suggesting that two protons are
involved in the redox reactions of HQ and CC [45]. Base on the
above results, the possible reaction mechanisms of HQ and CC at
the GMC/GCE are proposed, as shown in Scheme 1 [2]. In addition,
the inset of Fig. 8B shows that the maximum separation of peak
potentials for HQ and CC are observed at pH 3.0. Therefore, in order
to obtain high sensitivity and good selectivity, pH 3.0 was chosen
as an optimum pH value for the electrochemical detection of HQ
and CC.

3.3. Simultaneous determination of HQ and CC

DPV possesses higher current sensitivity and better resolution
than CV, so it is adopted for the simultaneous determination of HQ
and CC at the GMC/GCE. Under the optimized conditions, DPVs of
HQ from 2 x 106 molL-! to 5x 10> molL-! in the presence of
5x 10> molL~! CC are shown in Fig. 9A. It can be seen that the
peak currents of HQ are linear to the concentration of HQ in the two

© ¢ ’H+ = (a)
OH O
+2H =+ 2e”

Scheme 1.

\\
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Table 1

Performance comparison of the fabricated electrode for HQ and CC detection with other electrodes.
Electrode? Technique Linear range (10~ molL-1) Detectionlimit(10-6 mol L-1) Reference

HQ CcC HQ cC

PPABA/GCE DPV 1.2-600 2-900 04 0.5 [5]
Pen/GCE DPV 15-115 25-175 1.0 0.6 [6]
PASA/MWNTs/GCE DPV 6-100 6-180 1.0 1.0 [7]
Graphene-chitosan/GCE DPV 1-300 1-400 0.75 0.75 [11]
MWNTs/GCE DPV 1-100 0.6-100 0.75 0.2 [45]
LDHf/GCE DPV 12-800 3-1500 9.0 1.2 [46]
GMC/GCE DPV 2-50 2-70 0.37 0.31 This work

2 LDHF: Zn/Al layered double hydroxide film; PASA: poly-amidosulfonic acid; Pen: penicillamine; MWNTSs: multi-wall carbon nanotubes; PPABA: poly(p-aminobenzoic

acid); IL-CPE: ionic liquid modified carbon paste electrode.
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Fig. 9. DPVs obtained at the GMC/GCE in 0.1 molL~! PBS solution (pH 3.0). (A)
a-k:2.0x10°%,40x10%,6.0x106,80x10% 1.0x107>,1.5x107>,2.0x 1075,
2.5x1075,3.0x 1075, 4.0 x 10~%, and 5.0 x 10> molL-! of HQ in the presence of
5x 10-> mol L-! CC. Insert: calibration plots of HQ. (B) a-1: 2.0 x 106, 4.0 x 10-,
6.0x107% 80x105 1.0x10° 1.5x107%,2x10°, 3x107°,4x107>,5x 1075,
6.0x 107>, and 7.0 x 10->molL~" of CC in the presence of 5x 10->molL-! HQ.
Insert: calibration plots of CC.

concentration intervals. The respective two concentration inter-
vals are 2x1076-1.0x10° and 1.0x 107>-5.0 x 10~> mol L.
The corresponding linear regression equations in the above two
different concentration intervals are expressed in Eqs. (6) and (7).

Ipa = 6.372 +1.091c (R = 0.9983) (6)

Ipg = 12.96 +0.4390c (R = 0.9992) (7)

where I is the anodic peak current in wA and c is the concentra-
tion of HQ in the unit of wmol L~!.The corresponding slopes of the
above equations (sensitivity) are 1.091 and 0.4390 wA pmol L1,
respectively. The detection limit is 3.7 x 10~ molL~! with a
signal-to-noise ratio (S/N) of 3. Similarly, as shown in Fig. 9B, the
anodic peak currents of CC increases linearly to the CC concentra-
tion over two concentration intervals of 2 x 1076-1.0 x 10> and
1.0 x 107°-7.0 x 10~> mol L~1. The corresponding linear regression
equations are given in Egs. (8) and (9).

Ipa =5.175+1.170c (R = 0.9993) (8)
Ipa = 11.99 + 0.5527¢ (R = 0.9987) 9)

where I, is the anodic peak current in wA and c is the concen-
tration of CC in the unit of wmolL~1.The slopes of the above
equation are 1.170 and 0.5527 wA uM~!, and the detection limit is
3.1 x 1007 mol L1 (S/N =3). Thus, this proposed method allows the
simultaneous and sensitive determination of HQ and CC without
interference each other. Meanwhile, a comparison of the proposed
method for determination of HQ and CC at other modified elec-
trodes is listed in Table 1. It can be seen that the sensitivity of the
proposed method is higher in comparison with some reported
electrochemical methods.

3.4. Reproducibility, stability, and interference of GMC/GCE

Under the optimized conditions, the relative standard devia-
tion (RSD %) of the modified electrode in successive eight scans
for HQ and CC are 0.33% and 0.12%, respectively. Eight GMC/GCEs
were prepared independently under the same conditions, revea-
ling an acceptable reproducibility with the RSD 2.0% and 2.98% for
HQ and CC. Finally, the stability of the modified electrode was also
examined by storingitin a place at4 °C for two weeks. The peak cur-
rent remained 93.1% of the originally measured value. These results
confirm the excellent reproducibility and stability of the GMC/GCE.

The possible interferences of some species on the simultaneous
determination of HQ and CC were studied by DPV. The results
showed that there are no significant interference from many com-
mon cations and anions such as Ca2*, Ni%*, Ac™, Zn2*, Cl-, SO42-,
K*, Na* (each of c=1 x 10~2 mol L 1), with signal deviations below
5%. Moreover, a certain concentration of phenol and resorcinol do
not cause any interference with the quantitative detection of HQ
and CC.

4. Conclusions

Graphitic mesoporous carbon (GMC) with high specific surface
area was successfully prepared by a simple solid-phase technique
under a relatively low pyrolysis temperature. GMC modified GC
electrode was developed for the simultaneous determination of
HQ and CC by using CV and DPV. Well-defined oxidation peaks
with lower anodic overpotential and the significantly increased
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peak current of HQ and CC were observed at the GMC/GC electrode,
which is attributed to the large specific surface area and large num-
ber of exposure edge plane defect sites at the surface of GMC. At the
GMC/GC electrode, HQ and CC exhibited two well-distinguished
anodic peaks, indicating that simultaneous determination of HQ
and CC was possible. Moreover, the GMC modified electrode
also presented lower detection limit. Based on the obtained
results, it is evident that the GMC has great potential for isomers
determination.
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