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Simultaneous determination of hydroquinone
and catechol using electrode modified by
composite of graphene/lanthanum hydroxide
nanowires

Zhuo Guo*?, Yin Lu?, Jian Li*®, Xian-feng Xu?, Guo-qing Huang® and Ze-yu
Wang?®

A Nano-complex of Graphene and La(OH); nanowires (GR-La(OH);) was prepared for the
fabrication of voltammetric sensor used to simultaneously determine the two isomers of
dihydroxybenzene, hydroquinone (HQ) and catechol (CC). The modified electrode exhibited
excellent sensitivity and selectivity in determination of HQ and CC mixed in 0.1 M Na;HPO,-
C4H,07 buffer solution (pH 4.0). Both HQ and CC could response to be a pair of quasi-reversible
redox peaks and the potential difference between oxidation peaks of HQ and CC was 112 mv.
Under the optimized condition, the oxidation peak current of both HQ and CC was linear over the
range from 5 to 300 uM in the presence of 50 uM of the other one in the solution. The detection
limit was found 0.015 pM for HQ and 0.01 pyM for CC (S/N=3). The proposed method was further
successfully applied to the simultaneous determination of HQ and CC in artificial wastewater

samples, and the results showed good stability and high reproducibility.

Introduction

Hydroquinone (1,4-dihydroxybenzene, HQ) and catechol (1,2-
dihydroxybenzene, CC) are environmental pollutants with high
toxicity. The coexistence of the two dihydroxybenzene isomers
leads to strong demand in developing analytical methods for
simultaneous determination of HQ and CC with high sensitivity
and selectivity. For this purpose, various methods including
liquid chromatography," ? pH based flow injection analysis,>
extraction, fluorescence,’

solid-phase synchronous

spectrophotometryf’ 7 gas chromatography-mass spectrometlry8

10-14 otc.. have

chemiluminescence’ and electrochemical analysis
been established to achieve simultaneous determination of HQ
and CC.

Among these above-mentioned methods, electrochemical
analysis shows its unique advantages in fast response, cheap
instrument, low cost, time saving, high sensitivity and excellent

selectivity, !

making it preferable and attractive for the
simultaneous detection of the two isomers. Due to these
advantages, many materials have been used to achieve sensitive
and selective detection of HQ and CC, such as graphene,'> '°
MWCNTs,'” ' conducting polymers,'® MWCNTs+nanogold*
composites film to improve their simultaneously detecting

ability.

This journal is © The Royal Society of Chemistry 2013

Graphene (GR) has been widely used in electronic,

21-23 24, 25 26-28

nanocomposites, batteries, supercapacitors and

electrochemistry?-3?

areas due to its good electric conductivity,
fast electron transfer rate, low cost and robust mechanical
properties.®® 3* Graphene based nano hybrids have shown
potential applications in the area of chemical sensors, energy
storage and catalysis.*>” The synergistic effect of such hybrids
by dispersing nanostructured metal, metal oxide, metal
hydroxide and metal sulfidle on GR enhances their
functionalities and thus exhibits excellent properties in a variety
of applications.***

Among these inorganic compounds used in GR hybrids,
nanostructured rare-earth materials have attracted lots of
interest due to their unique chemical and physical properties
originated from the electron transitions within the 4f shell.** *°
These distinctive properties make rare earth materials suitable
for applications in optical and magnetic fields, batteries,
electrochemical sensor and catalysis supports.***® Lanthanum
hydroxide nanowires, as one of the important rare-earth
compounds, have attracted attentions in electrochemical
analysis area. Their nanostructured morphology has good film
forming ability and can disperse those easily agglomerate
components in complex.*’ The surface hydroxyl groups are able

J. Name., 2013, 00, 1-8 | 1
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to facilitate electronic transmission between electrode and
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analytes with hydrogen bonding groups.
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Figure 1. Schematic illustration of the fabrication process of electrochemical
sensors for the determination of HQ and CC

Currently however, no report has been concerned using GR
and La(OH); nanorods hybrid to modify glass carbon electrode
(GCE) on determination of HQ and CC. In this paper, we
present an easy and general method to prepare a GR/La(OH);
hybrid material by a simple grinding method, using GR and
La(OH); nanowires as starting materials. Figure 1 illustrates the
fabrication process of electrochemical sensor using GR and
La(OH); for the determination of HQ and CC. The
GR/La(OH); hybrid modified sensor exhibited sensitively
simultaneous determination of HQ and CC due to its high
surface area and enhanced catalytic activity, demonstrating
great potential as an effective material in fabrication of
electrochemical sensors.

Experimental

Reagents and instruments

Voltammetry including cyclic voltammetry (CV), differential
pulse voltammetry (DPV) and electrochemical impedance
spectroscopy (EIS) were performed on a Metrohm Autolab-
PGSTAT302 electrochemical workstation. A three-electrode
system was used with a GR-La(OH);/GCE as working
electrode, a saturated calomel electrode (SCE) as reference
electrode and a platinum wire as counter electrode. X-ray
powder diffraction patterns were obtained on a Siemens D5005
X-ray powder diffraction apparatus using CuKa radiation (k =
0.15418 nm). Transmission electron micrographs (TEM) were
obtained on a Hitachi 600 using a copper grid type sample
holder.

Hydroquinone, catechol, La,O; and other chemicals were
analytical grade and were purchased from Aladdin Reagent Co.
(Shanghai, China). Graphene was purchased from Nanjing
Xianfeng Nano Co. (Nanjing, China). The water used was
double-distilled. All the other chemicals were analytical grade
and were used without further purification. Na,HPO,-C,H,0O,

2| J. Name., 2012, 00, 1-8

buffer solution (0.1 M) with various pH values was used as
supporting electrolyte. The stock solution (0.1 M) of HQ or CC
was freshly prepared by dissolving HQ or CC in Na,HPO,-
C,4H,0; buffer solution (0.1 M, pH 4.0) using an ultrasonicator
and stored at 4 °C. HQ and CC solutions with various
concentrations were prepared by diluting the stock solution in
buffer.

Preparation of nanosized lanthanum hydroxide (La(OH);)

The preparation of nanosized La(OH); was adapted from the
previous report.’? In a typical synthesis, 0.5 g of La,O; were
dissolved in nitric acid (10%, 10 ml) to form an aqueous
solution, then 10% KOH solution was added dropwise to adjust
the pH 12-14. The as-obtained colloidal precipitate was
transferred into a 50 ml autoclave, sealed and heated at 120 °C
for 24 h. The autoclave was then allowed to cool to room
temperature naturally. The precipitate was filtered, washed with
water remove ions possibly remnant in the final products, and
dried at 80 °C in air.

Preparation of GR-La(OH);

The hybrid was prepared by mixing GR with nanosized
La(OH); on a weight ratio of 1.5:1 in an agate mortar. The
mixture was ground by hand for 1 h, producing a colloidal
powder with uniform black-brown colour. The powder was
readily dispersed in water by vigorous ultrasonication of the
solution (1.0 mg mL™). The final solution was denoted as GR-
La(OH);.

Preparation of the hydroquinone and catechol sensor

A glass carbon electrode (GCE) was firstly polished stepwise
with 1.0, 0.3 and 0.05 pum alumina powders on silk, and then
washed with ethanol/water (1:1, V/V) and double-distilled
water in an ultrasonic bath for 30 min, separately. For preparing
the hydroquinone and catechol sensor (denoted as GR-
La(OH);/GCE), 10.0 pL of resulting GR-La(OH); colloid was
coated onto the surface of GCE and allowed to dry under an
infrared lamp in the air. For comparison, GR/GCE and
La(OH);/GCE were also fabricated using the same procedure.
These electrodes were ready for measurement.

Results and discussion

Characterization of La(OH); and GR-La(OH);

As shown in Figure 2, the reflection patterns of the
hydrothermal products can be readily indexed to that of the
hexagonal phase (space group P63/m) of La(OH); with lattice
constants a=6.5470 and ¢=3.8545 A (JCPDS 83-2034).2 XRD
characterization indicated the successful synthesis of La(OH);,
and the broaden peaks showed nanosized scale of products.*

This journal is © The Royal Society of Chemistry 2012
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Figure 2. X-ray powder diffraction pattern of La(OH)s.

Further characterization of size and morphology of GR-
La(OH); complex was confirmed by TEM. Figure 3 clearly
illustrates La(OH); nanorods are supported and well distributed
on the surface of GR. Most of the La(OH); products show
nanorod morphologies with diameters of 10-20 nm and lengths
of up to 150 nm.
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Figure 3. TEM image of the GR-La(OH)3 nanowires complex
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Figure 4. (A) CVs of bare GCE (a), La(OH)3/GCE (b), GR/GCE (c), and GR-
La(OH)s/GCE (d) in 1.0 mmol/L [Fe(CN)¢]*’* solution containing 0.5 mol/I KCI. (B)
Electrochemical impedance spectra of bare GCE (a), La(OH)s/GCE (b), GR/GCE (c),
and GR- La(OH)3/GCE (d) in 1.0 mmol/L [Fe(CN)s]}M’ solution containing 0.5 mol/I
KCI..

Electrochemical characterization of modified electrodes

These modified electrodes were first characterized by
comparing electrochemical behaviours of K;[Fe(CN)s] at each
electrode. Figure 4A showed the CVs recorded using these
modified electrodes in the mixture solution of 1.0 mmol/L
K;3[Fe(CN)g] and 0.5 mol/L KCI. On the bare GCE (curve a), a
pair of well-defined redox peaks appeared with the lowest
redox peak currents among all the electrodes, and the peak-to-
peak separation (AE;) was calculated as 0.403 V. At the
La(OH);/GCE (curve b), the redox peak currents increased
while the AE, value decreased to 0.351 V, which indicated that
the electron transfer of ferricyanide on GCE was enhanced by
the modification of using La(OH);. This result can be attributed
to the presence of nanosized La(OH); on the electrode surface,
which improved the reversibility of electrode reaction.

This journal is © The Royal Society of Chemistry 2012

At the GR/GCE (curve c), the redox peak currents also
increased with the AE, of 0.304 V, which could be attributed to
the excellent electric conductivity and fast electron transfer rate
of GR film on the electrode surface. The highest redox peak
currents appeared at the GR-La(OH)3/GCE (curve d), with the
lowest AE,, value of 0.142 V. The results could be attributed to
the synergistic effect of GR-La(OH); composite, which
enhanced the whole interfacial conductivity by increasing the
effective area on the electrode surface.*

Electrochemical impedance spectroscopy (EIS) is a
powerful tool for studying the capability of electron transfer on
the surface of different electrodes. Figure 4B illustrated the
typical results of EIS of the bare GCE, La(OH)3;/GCE, GR/GCE
and GR-La(OH)3;/GCE, respectively. Obviously, the whole
profile for bare GCE exhibited the largest semicircle, showing
the lowest electron transfer rate. The curve of La(OH);/GCE,
GR/GCE and GR-La(OH)3;/GCE exhibited gradually smaller
radius of semicircles compared with bare GCE, which showed
that the presence of La(OH); and GR could effectively
accelerate the electron transfer. And the smallest radius of GR-
La(OH);/GCE showed that their complex are able to
synergistically accelerate the electron transfer on the electrode
surface.

Cyclic voltammetric behaviour of modified electrodes

The electrochemical behaviours of HQ and CC at the bare
GCE, La(OH);/GCE, GR/GCE and GR-La(OH);/GCE in 0.1 M
Na,HPO,-C4H,0; buffer solution (pH 4.0) were studied using
CV (Figure 5). In Figure 5A, a pair of weak redox peaks for
HQ was observed on the bare GCE (curve a). When using

J. Name., 2012, 00, 1-8 | 3
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La(OH);/GCE as electrode, the redox peaks became relatively
stronger (curve b). The anodic and cathodic peaks of HQ were
observed at 381 and 16 mv and AE, was calculated as 365 mv.
While at the GR/GCE (curve c), the intensity of anodic and
cathodic peaks increased, and the anodic and cathodic peaks
appeared at 371 and 133 mv, respectively, which indicated that
modification of GR effectively increased surface area of the
electrode. At the GR-La(OH);/GCE (curve d), the intensity of
both anodic and cathodic peaks greatly increased. The anodic
and cathodic peaks were observed at 239 and 194 mv,
respectively. Apart from the increased peak intensity, the
anodic peak potential shifted from 381 mv to 239 mv and the
cathodic peak potential shifted positively from 16 mv to 194
mv, leading to a dramatically reduced AE, of only 45 mv,
which can be attributed to the synergistic effect of GR-La(OH);
on GCE. These results demonstrated that the overpotential of
HQ at GR-La(OH)3/GCE has been remarkably lowered and the
electrochemical reversibility of HQ at GR-La(OH);/GCE has
been strongly improved, indicating the modification of GCE
using GR-La(OH); can significantly accelerate the electron
transfer.

The electrochemical behaviour of CC at these different
electrodes was also studied under the same condition and the
CVs were shown in Figure 5B. There is no redox peak for CC
at the bare GCE (curve a’). Redox peaks of CC were shown at
all the other modified electrodes, and AE, of CC at each
modified electrode was gradually reduced in a sequence of
La(OH);/GCE (curve b’), GR/GCE (curve c¢’) and GR-
La(OH);/GCE (curve d’). In addition, the anodic peak current
also greatly increased at the same order. The above results
further confirmed that the overpotential of CC at GR-
La(OH);/GCE can be significantly lowered and the
electrochemical reversibility of CC at the GR-La(OH);/GCE
can be greatly improved, similar to the observation in the case
of HQ at the GR-La(OH);/GCE. The experimental conditions
were further optimized and described in the Supplementary
Information.

4| J. Name., 2012, 00, 1-8
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Figure 5. Cyclic voltammograms of 1.0x10° M HQ (A) and 1.0x10° M CC (B) in pH
4.0 Na,HPO,4-C4H,0; buffer solution at bare GCE(a, a’), La(OH)3/GCE (b, b’),
GR/GCE (c, ¢’) and GR-La(OH)3/GCE(d, d’).

Individual determination of HQ and CC

DPV was employed for simultaneous determination of HQ and
CC at the GR-La(OH);/GCE because of its higher current
sensitivity and better resolution compared with CV. The
individual determination of HQ or CC in their mixture was
performed at the GR-La(OH);/GCE with changing the
concentration of one species while fixing that of another. Figure
6A shows DPV curves of different concentrations of HQ in 0.1
M buffer solution (pH 4.0) with the presence of a fixed
concentration of CC (1.0x10° M). With the increase of
concentration, the anodic peak currents of HQ were enhanced
and were proportional to the concentration from 5.0x10° to
3.0x10"* M. The linear regression equations can be expressed in
the two concentration ranges as follows:

I,,=18.60 + 0.138C (I;5: pA, C: uM) (5-50 pM) (1=0.996) (1)
I,,=21.97 + 0.052C (I;5: pA, C: uM) (50-300 pM) (r=0.997) (2)
and the detection limit of HQ is 1.5x10® M with a signal-to-
noise ratio (S/N) of 3. Similarly, as shown in Figure 6B, when
keeping a constant concentration of HQ at 1.0x10° M, the
anodic peak current of CC increased linearly to the
concentration from 5.0x10° to 3.0x10* M. The linear
equations in the two concentration ranges can be obtained as
I,,=16.86 + 0.159C (I;5: pA, C: uM) (5-30 uM) (r=0.997)  (3)
1,,=20.19 + 0.045C (I,,: pA, C: uM) (30-300 pM) (r=0.997) (4)

This journal is © The Royal Society of Chemistry 2012
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and the detection limit is 1.0x10® M (S/N=3). All of the above
results show that the proposed method has provided a sensitive
determination of the two dihydroxybenzene isomers without
interference from each other.

I/ pA
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E/V (vs SCE)
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Figure 6. (A) DPV graphs of (a) 0 M, (b) 5x10° M, (c) 7.5x10° M, (d) 1.0x10° M
() 3.0x10™ M, (f) 5.0x10™ M, (g) 1.0x10™ M, (h) 1.5x10™ M, (i) 2.0x10™ M and (j)
3.0x10™ M HQ in the presence of 5x10°M CC. Inset is the calibration plots of HQ.
(B) DPV graphs of: (a) 0 M, (b) 5x10° M, (c) 7.5x10° M, (d) 1.0x10™ M (e) 3.0x10°
> M, (f) 5.0x10° M, (g) 1.0x10™ M, (h) 1.5x10™* M, (i) 2.0x10™ M and (j) 3.0x10™
M CC in the presence of 5x10™° M HQ. Inset is the calibration plots of CC.

Simultaneous determination of HQ and CC

Figure showed DPV curves collected by detecting HQ and CC
in a mixture solution while their concentrations were
simultaneously changed. Two well-defined oxidation peaks
appeared and were independent on each other without
interference. The simultaneous detection of HQ and CC on GR-
La(OH);/GCE was therefore successfully achieved with a
separation of their oxidation peak potentials at 112 mV.
Meanwhile a comparison of the proposed method for
determination of HQ and CC at other modified electrodes is
listed in Table 1. It can be seen that the sensitivity of the
proposed method is higher than or comparative to the other
reported electrochemical methods.

This journal is © The Royal Society of Chemistry 2012
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Figure 7. DPV of various concentrations of HQ and CC from a to i: (a) 5x10° M,
(b) 7.5x10° M, (c) 1.0x10° M (d) 3.0x10™° M, (e) 5.0x10° M, (f) 1.0x10™ M, (g)
1.5x10™ M, (h) 2.0x10™ M and (i) 3.0x10™ M.

Reproducibility and regeneration of the GR-La(OH)3;/GCE

The reproducibility of GR-La(OH);/GCE was examined by the
detection of 5.0x10° M HQ in 0.1 M buffer solution (pH 4.0)
for five successive determinations. The relative standard
deviation (RSD) is 1.39%, showing that GR-La(OH)3;/GCE has
good reproducibility. The fabrication reproducibility was also
estimated with five different electrodes, which were fabricated
independently by the same procedure. The RSD is 4.1 % for the
peak current measuring in 5.0x10° M HQ, which demonstrates
the reliability of the fabrication procedure. At the same time,
the stability of one GR-La(OH);/GCE electrode was also
investigated two weeks after fabrication. The current responded
approximately 91.4% of the originally measured value. The
excellent long-term stability and reproducibility of the
composite electrode make them attractive in the fabrication of
electrochemical sensors.

Effect of interfering substances

The influence of various substances on determination of
5.0x10° M HQ and CC was studied by DPV. It is found that
1000-fold Na*, K*, NH,", Mg®’, Ca*', Cu*', zZn*", Fe*', CI,
NO;, SO4%, L-cysteine, ascorbic acid, uric acid and phenol did
not interfere with the DPV signals of targeting analytes at GR-
La(OH);/GCE, indicating the proposed sensor has a high
selectivity and good anti-interference ability. Figure showed
the typical current-time response curves of GR-La(OH);/GCE
to several materials.

Analytical applications

To investigate the applicability of the proposed method for
simultaneous determination of HQ and CC, GR-La(OH);/GCE
was applied in quantitative analysis of local tap water samples.
Since the amounts of HQ and CC were unknown in tap water
samples, the spike and recovery experiments 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 tap water sample were determined by
calibration method and were summarized in

J. Name., 2012, 00, 1-8 | 5
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Table 2. The recoveries were 99.33-101.50% for HQ and
97.50-100.50% for CC, indicating the satisfactory applicability
and reliability of the proposed method.

Table 1. Comparison of the fabricated electrode for HQ and CC detection
with other electrodes.

Electrode Method  Isomer Linear Detection Ref.
range(uM)  Limit(uM)
GR- HQ 5-300 0.015 This
LaOHY/GCE — DPV (¢ 5300 0010  work
Go-MnO,/GCE HQ 0.01-0.07 0.007
DPV cC 0.03-1 0.01 [54]
GR/GCE HQ 1-50 0.015
DPV cC 1-50 0.01 (16]
Pyridine-NG HQ 5-200 0.38
DPV ccC 5-200 1 (53]
RGO- HQ 8.0-391.0 2.6
MWNTs/GCE DPV cc 555400 18 [56]
PCV-GR/CILE HQ 0.12-600 0.033
DPV cC 0.36-600.0 0.097 (53]
GR-OMC/GCE HQ 2-50 0.37
DPV cC 2-70 0.31 (571
MWNTs-IL- HQ 0.2-35 0.18
Gel/GCE DPV cc 0.18-35 0.06 [11]
PIL- HQ 1-500 0.4
MWCNTs/GCE DPV cc 1-400 017 [10]
CMK-3/GCE HQ 10-200 0.076
DPV cC 10-300 0.1 (58]
Carbon HQ 0.8-100 0.2
nano_partlcle— DPV cc 0.8-100 02 [59]
chitosan
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Figure 8. The amperometric response of 1.0x10" M phenol, uric acid, p-cresol,

ascorbic acid at bisphenol at the GR-La(OH);/GCE spiked with 1.0x10° M HQ in
stirred 0.1 M Na,HPO,-C4H,0; buffer solution. Applied potential: 0.24 V. Inset:

6 | J. Name., 2012, 00, 1-8

the amperometric response of 1.0x10* M phenol, p-cresol, ascorbic acid, uric
acid and bisphenol at the GR-La(OH)s/GCE spiked with 1.0x10° M CC in stirred
0.1 M Na,HPO,4-C4H,0- buffer solution. Applied potential: 0.35 V.

Table 2. Recovery results for HQ and CC in tap water.

Page 6 of 8

Sample Added (uM) Found (uM) Recovery (%)
No. HQ CC HQ CC HQ CcC
1 20 60 20.30 59.70 101.5 99.50
2 30 50 29.80 49.10 99.33 98.20
3 40 40 39.80 40.20 99.50 100.50
4 50 30 50.60 29.40 101.20 98.00
5 60 20 59.80 19.50 99.67 97.50
Conclusions

An electrochemical analysis method with high sensitivity and
selectivity for simultaneous measurement of HQ and CC was
developed by using GR-La(OH); modified electrode, since GR-
La(OH); hybrids are able to facilitate electron transfer due to
their excellent catalytic activity, high surface area and
nanosized structure. Under the optimum condition, the
modified electrode showed good selectivity, excellent linear
relation from 5 to 300 uM and high sensitivity with a detection
limit of 0.015 uM for HQ and 0.010 uM for CC from their
mixture solution. Moreover, the result also indicates GR and
La(OH); composite has good synergistic effects with the
potential applications in the area of electrochemical analysis.
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