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Abstract A glassy carbon electrode (GCE) modified with

poly(sulfosalicylic acid) (PSA) and poly(diallyldimethy-

lammonium chloride)-graphene (PDDA-GN) was prepared

by a simple self-assembly method. The formation of films

was ascribed to the electrostatic force between negatively

charged PSA and positively charged PDDA-GN as well as

the p–p stacking interaction between PSA and PDDA-GN.

The as prepared films were characterized by scanning

electron microscopy (SEM), Raman spectroscopy and

electrochemical methods. Under the optimized condition,

the modified GCE showed two well-defined redox waves

for catechol (CT) and hydroquinone (HQ) in cyclic vol-

tammetry (CV) with a peak potential separation of 111 mV,

which ensured the anti-interference ability of the electro-

chemical sensor and made simultaneous determination of

dihydroxybenzene isomers possible in real samples. The

corresponding oxidation currents increased remarkably

compared with those obtained at the bare GCE, PSA/GCE

and PDDA-GN/GCE, respectively. Differential pulse vol-

tammetry (DPV) was used for the simultaneous

determination of CT and HQ. The anodic peak current of

CT was linear in the concentration from 1 9 10-6 to

4 9 10-4 M in the presence of 3 9 10-5 M HQ, and the

detection limit was 2.2 9 10-7 M (S/N = 3). At the same

time, the anodic peak current of HQ was linear in the

concentration from 2 9 10-6 to 4 9 10-4 M in the pre-

sence of 2 9 10-5 M CT, and the detection limit was

3.9 9 10-7 M (S/N = 3). The proposed method was

applied to simultaneous determination of CT and HQ in tap

water with satisfactory results. These results indicated that

PSA/PDDA-GN is a promising modified material with great

potential in electrocatalysis and electrochemical sensing.
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1 Introduction

Catechol (CT) and hydroquinone (HQ) are the two sig-

nificant isomers of phenolic compounds being widely used

in medicines, cosmetics, pesticides, flavoring agents, dye

and photography [1]. Due to their high toxicity and low

degradability, CT and HQ are considered as environmental

pollutants by the US Environmental Protection Agency

(EPA) and the European Union (EU) [2]. To date, several

techniques including liquid chromatography [3], capillary

electrochromatography [4], electrochemiluminescence [5],

and spectrophotometry [6] have been applied to the

detection of CT and HQ. Compared with other analytical

strategies, electrochemical methods are attractive due to

the advantages of simple operation, time saving, low cost,

free of complicated samples pre-treatment, high sensitivity

and excellent selectivity. However, direct determination of
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these isomers at conventional electrodes such as glassy

carbon and gold electrodes is a challenge, because their

redox peak potentials are too close to distinguish. Recently,

various functionalized materials, including electrospun

carbon nanofibers [7], carbon nanoparticle–chitosan com-

posite [8], mesoporous carbon CMK-3 [9], graphene–

chitosan composite [10], penicillamine [11], carbon nano-

tubes (CNT) [12], poly(thionine) [13], layered tungsten

sulfide-graphene nanocomposite [14], graphene oxide

doped poly(3,4-ethylenedioxythiophene) [15], and

poly(brilliant-cresyl blue) [16], were developed for simul-

taneous determination of CT and HQ. Therefore, it is

meaningful to investigate novel electrode materials for the

simultaneous determination of dihydroxybenzene isomers.

In this context, significant advantages have been

achieved using conduction polymers to develop electro-

chemical sensors for measuring organic and inorganic

compounds. Conducting polymers can be easily prepared

as film electrodeposited over different substrates with good

homogeneity, chemical stability, and adherence, with the

possibility of incorporating different materials to form

composites [17]. The thickness and permeability of the

polymeric films can be controlled by the potential and

current applied. Fabrication of conducting polymer film is

flexible, hence, it provides an attractive mean to overcome

the problems caused by the solvent evaporation method

[18]. Poly(sulfosalicylic acid) has high concentrations of

negatively charged surface-functional groups (SO3
- and

COO-), which has attracted much attention in the deter-

mination of roxithromycin [19], adenine, guanine, thymine

[20], and dopamine [21], etc. As far as we know, it has not

been reported that poly(sulfosalicylic acid) film is used for

the determination of CT and HQ.

Graphene (GN) has great attraction as a novel single-

atom-thick two-dimensional graphitic carbon electrode

material [22] because of their large surface area, high

thermal and electrical conductivities, impressive mechani-

cal properties, and low cost [23]. It has been reported that

graphene-based electrodes were successfully applied to

detect some biological and organic molecules, including

dopamine [24], ascorbic acid [25], hydrogen peroxide [26],

serotonin [27], L-cysteine [28], epinephrine [29], methyl

parathion [30], L-lactic acid [31] etc. However, GN is

hydrophobic and tends to form agglomerates which may

limit its further applications. An enormous amount of

efforts have been concerning on covalent or non-covalent

methods to functionalize GN in order to obtain solution-

processable GN. Covalent interactions are mostly obtained

by doping or chemical reaction with the functional groups

which are formed during the synthesis of GN. The former

approach partly destroys the GN conjugation system and

results in suppression of its intrinsic properties. However,

non-covalent interactions via Van der Waals forces,

electrostatic attraction, hydrogen bonding, coordination

bonds or p–p stacking interactions mostly preserve the

natural properties of GN [32, 33]. As a linear positively

charged polyelectrolyte, poly(diallyldimethylammonium

chloride) (PDDA) [34] has been found to be an effective

material to non-covalently functionalize GN sheets [35].

The use of PDDA both as a reducing agent and a stabilizer

resulted in the successful reduction of GO and well-dis-

persed graphene in aqueous solution. Interestingly, the

positively charged PDDA-functionalized graphene

(PDDA-GN) has been employed as a matrix to anchor

some negatively charged materials for fabricating multi-

functional composites [36].

Herein, we prepared poly(sulfosalicylic acid) (PSA) and

poly(diallyldimethylammonium chloride)-graphene

(PDDA-GN) modified glassy carbon electrode for simul-

taneous determination of CT and HQ. A layer of PSA film

was obtained at a glassy carbon electrode (PSA/GCE) by

electrochemical polymerization. The PSA film has high

concentrations of negatively charged surface-functional

groups (SO3
- and COO-) [37], which could effectively

increase the adhesion and stability of PDDA-GN layer.

Furthermore, the combination of PDDA-GN with PSA will

produce some synergistic effects, such as improved

mechanical stability, enlarged active surface area and

enhanced electric conductivity. CT and HQ exhibited two

corresponding, well-defined oxidation peaks with suffi-

ciently differing peak potential and enhanced peak currents

at the modified electrode. The proposed method would

potentially be applied to multi-component analysis in

environmental control and chemical industry.

2 Experimental

2.1 Apparatus

The electrode materials were characterized by field emis-

sion scanning electron microscopy (SEM) (Hitachi S-4800)

and Raman spectroscopy (Horiba Jobin Yvon T64000

system with 633 nm radiations). Electrochemical mea-

surements were carried out on a CHI660A electrochemical

workstation (Shanghai Chenhua). A conventional three-

electrode system was employed with a bare or modified

GCE (3 mm diameter) as working electrode, a platinum

wire as the counter electrode, a saturated calomel electrode

(SCE) as the reference electrode. All potentials reported in

this paper were referenced to the SCE.

2.2 Chemicals and materials

Natural graphite was purchased from Qingdao Hengrui

Industrial, China. Sulfosalicylic acid, catechol and

1060 J Appl Electrochem (2014) 44:1059–1067

123



hydroquinone are all analytical grade from Shanghai

Chemical Factory, China. Phosphate buffer solutions (PBS)

were prepared by mixing the stock solutions of 0.1 M

KH2PO4 and 0.1 M Na2HPO4, and then adjusting the pH

with HCl and NaOH. [Fe(CN)6]3-/4-/KCl solution

(10 mM) was prepared by mixing 0.1 M KCl, 10 mM

K3[Fe(CN)6] and 10 mM K4[Fe(CN)6]. Aqueous solutions

were prepared with three distilled water.

2.3 Synthesis of the PDDA-GN and electrode

preparation

First, graphene oxide (GO) was synthesized from natural

graphite powder by the modified Hummers method [38],

then PDDA (20 % in water, 0.2 mL) was added into the

homogeneous GO dispersion (0.5 mg mL-1, 20.0 mL).

After being sonicated for 30 min, the solution was placed

in a household microwave oven for 8 min (power: 600 W.

Notice: after continuous heating for 2 min, the microwave

oven should stop for a 2-min rest). The product was iso-

lated, and the residual PDDA was removed by centrifu-

gation at 10,000 rpm for 20 min, followed by consecutive

washing/centrifugation cycles two times with water. The

collected product was redispersed readily in water/ethanol

mixture to produce a colloidal PDDA-GN suspension.

Prior to modification, the bare GCE was polished suc-

cessively with 0.3 and 0.05 lm Al2O3 slurry on the tracing

paper. Then it was washed successively with 1:1 nitric

acid, acetone and water in an ultrasonic bath and dried

under a stream of nitrogen. The GCE was immersed in PBS

of pH 5.5 containing 10 mM sulfosalicylic acid. By cyclic

sweeping from -1.0 to 2.0 V at 100 mV s-1 for 25 cycles,

the PSA/GCE was obtained. Afterwards, the PSA/GCE

was carefully rinsed with doubly distilled water and

immersed in PDDA-GN (1 mg mL-1) for 2 h to form the

PSA/PDDA-GN/GCE and finally dried by nitrogen. For

control experiments, the PSA/GCE was prepared in the

same electropolymerization process, and the PDDA-GN/

GCE was prepared in the absence of PSA.

3 Results and discussion

3.1 Characterization of PSA/PDDA-GN

SEM was used to surface characterization of PSA/GCE and

PSA/PDDA-GN/GCE and the results are presented in

Fig. 1a, b. From Fig. 1a, it can be clearly seen that PSA

film was a rod-like structure indicating that the film was

successfully polymerized on the surface of GCE. The

image of PSA/PDDA-GN film, as shown in Fig. 1b, indi-

cated that PDDA-GN was distributed homogeneously on

the surface of PSA/GCE. The formation of films was

ascribed to the electrostatic force between negatively

charged PSA and positively charged PDDA-GN as well as

the p–p stacking interaction between PSA and PDDA-GN.

Raman spectroscopy is a powerful tool to characterize

the structure and quality of carbonaceous materials, espe-

cially for distinguishing ordered structures from disordered

structures. G band is usually assigned to the E2g phonon of

C sp2 atoms, while D band is a breathing mode of j-point

phonons of A1g symmetry [39]. Raman spectroscopy

(Fig. 1c) for both GO (curve a) and PDDA-GN (curve b)

exhibited two remarkable peaks at around 1,330 and

1,598 cm-1, which assigned to the well-defined D band

and G band, respectively. The frequencies of the D band

and G band in PDDA-GN were similar to those observed in

GO. However, PDDA-GN had an increased D/G intensity

ratio compared with GO. This change indicates a decrease

in the size of the in-plane sp2 domains and a partially

ordered crystal structure of PDDA-GN.

EIS is widely used to investigate the interfacial prop-

erties of solid electrodes and solution bulk for information

such as electron transfers, electrode impedances, electric

double layer, and the surface charge transfer resistance

(Rct). The results are usually shown as a semicircular part

at higher frequencies corresponds to the kinetic control,

and a linear part at lower frequencies corresponds to the

mass transfer control. The diameter of the semicircle rep-

resents the Rct at the electrode surface while the linear part

represents Warburg impedance (Zw) [40]. The Nyquist

plots of 10 mM [Fe(CN)6]3-/4- and 0.1 M KCl at bare

GCE, PSA/GCE, PSA/PDDA-GN/GCE within the fre-

quency range of 0.01 Hz–100 kHz are shown in Fig. 1d.

For the bare GCE (curve a), the Rct value was estimated to

be 313.6 X. After the electrochemical polymerization of

sulfosalicylic acid, the Rct value decreased to 159.5 X
(curve b), implying PSA played an important role in

accelerating the electron transfer between electrode and

probe molecules. The value of the PSA/PDDA-GN/GCE

increased to 446.6 X (curve c), indicating that the PDDA-

GN could self-assemble on the PSA/GCE and hindered the

electron transfer from the redox probe to the electrode

surface. These results demonstrate the successful immo-

bilization of PSA and PDDA-GN.

3.2 Optimization of PSA/PDDA-GN-modified GCE

on the response of CT and HQ

A series of cyclic voltammetries (CVs) were carried out for

the polymerization of sulfosalicylic acid on GCE. It is well

known that the thickness of the polymer film is directly

related to the number of potential cycles during electrop-

olymerization [41]. The effect of film thickness was studied

on the response of CT and HQ (Supporting Information

Fig. S1). The PSA film was prepared on GCE in pH 5.5
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PBS containing 10 mM sulfosalicylic acid, using cycles

ranging from 5 to 35. Figure S1a illustrated the variations

in the electrocatalytic nature of the PSA film with the

different number of cycles. It can be seen that the oxidation

peak current and the reduction peak current of CT and HQ

increased with the increasing electrodeposition cycle until

the cycle number reached 25. When the electrodeposition

cycle increased to more than 25, both the oxidation and

reduction peak currents started to decrease. It may be

associated with the thickness of PSA film related to the

obstruction of electron transfer on the electrode surface

[13]. Cycle number 25 during polymerization was therefore

considered as the optimum number and was used in further

experiments. Moreover, Fig. S1b illustrated the effect of

the different immersion time on the electrochemical

detection of CT and HQ. It was clear that the current

change was inconspicuous, therefore, 2 h was selected.

3.3 Electrochemical oxidation behavior of CT and HQ

Figure 2 depicted the cyclic voltammograms of a mixture

of 2.0 9 10-4 M HQ and 2.0 9 10-4 M CT at different

electrodes in PBS (pH 3.0). There was only one pair of

redox peaks at the bare GCE (curve a), and the redox peaks

of CT and HQ overlapped each other. In the case of

the PDDA-GN/GCE (curve b), two pairs of peaks were

exhibited, which indicated that the oxidation and reduction

peaks of CT and HQ can be separated, but the peak

currents were rather small. However, there were two pairs

of well-defined reversible peaks of CT and HQ at the PSA/

GCE (curve c). The overpotential of the redox peaks was

obviously decreased and the peak currents were improved.

Interestingly, at the PSA/PDDA-GN/GCE (curve d), two

advantages were found: (1) the peak currents were much

stronger than those at the other electrodes. (2) The redox

Fig. 1 a SEM image of the

PSA/GCE b SEM image of the

PSA/PDDA-GN/GCE c Raman

spectroscopy of GO (a) and

PDDA-GN

(b) d Electrochemical

impedance spectra of bare GCE

(a), PSA/GCE (b) and PSA/

PDDA-GN/GCE (c) in 10 mM

[Fe(CN)6]3-/4- and 0.1 M KCl

solution. Rb bulk resistance, Rct

charge transfer resistance,

Q constant phase element

(CPE), W Warburg

Fig. 2 Cyclic voltammograms of 2.0 9 10-4 M CT and 2.0 9 10-4

M HQ in pH 3.0 PBS at different electrodes. a bare GCE, b PDDA-

GN/GCE, c PSA/GCE and d PSA/PDDA-GN/GCE. Scan rate:

100 mV s-1. Inset Cyclic voltammograms of PSA/PDDA-GN/GCE

in pH 3.0 PBS
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peaks of CT and HQ can be easily divided. It was found

that the oxidation peak potential separation was 111 mV.

Therefore, the PSA/PDDA-GN/GCE made the simulta-

neous and sensitive determination of CT and HQ possible.

The excellent performance of PSA/PDDA-GN/GCE

may attribute to the following reasons. Firstly, the hydro-

xyl, carboxyl and sulfonic groups in PSA/PDDA-GN could

interact with the hydroxyl groups in two isomers (CT and

HQ) via H-bonding. In the PBS of pH 3.0, the negatively

charged PSA [37] could also interact with the positively

charged HQ (pKa 9.96) and CT (pKa 9.48) through the

favorable electrostatic attraction. These interactions may

help to lower the activation energy of the redox reactions

required. The overpotential of reactions was therefore

decreased. Secondly, the two isomers can be enriched on

PSA/PDDA-GN/GCE due to the large surface area of the

PDDA-GN. Thirdly, the good combination between the

PDDA-GN and PSA may be favorable for the charge

transfer. Facilitation of charge transport of CT or HQ

molecules by the PSA/PDDA-GN/GCE is schematically

shown in Scheme 1.

3.4 Influence of scan rate

To study the effect of potential sweep rate on the peak

current, cyclic voltammetry was recorded at different

potential sweep rates in a wide range of 50–470 mV s-1 in

PBS (pH 3.0) containing 2.0 9 10-4 M HQ and

2.0 9 10-4 M CT on the PSA/PDDA-GN/GCE (Fig. 3).

As shown in the inset of Fig. 3, a good linear relationship

between the peak current (I) and the square root of the scan

rate (v1/2) was obtained. This demonstrated that the redox

process of CT and HQ at the PSA/PDDA-GN/GCE was

controlled by diffusion. The equations for I with v1/2 for CT

and HQ were expressed as follows:

CT :
Ipa lAð Þ ¼ 5:918 v

1
2� 23:268 v inmV s�1 ; R¼ 0:998ð Þ

Ipc lAð Þ ¼ �3:900 v
1
2 þ 16:033 v in mV s�1 ; R ¼ 0:997ð Þ

HQ :
Ipa lAð Þ ¼ 5:543 v

1
2 � 19:897 v in mV s�1; R ¼ 0:998ð Þ

Ipc lAð Þ ¼ �2:763 v
1
2 þ 13:632 v in mV s�1 ; R ¼ 0:999ð Þ

3.5 Effect of pH on the electrochemical behavior of CT

and HQ

The effect of pH value on the electrochemical behavior of

2 9 10-4 M CT and 2 9 10-4 M HQ in the mixed solu-

tion at the PSA/PDDA-GN/GCE was carefully investi-

gated by CV in the pH range from 3.0 to 9.0 (Fig. 4a). The

inset of Fig. 4b revealed that the largest peak current was

Scheme 1 Schematic illustration of facilitated charge transport for CT or HQ oxidation by the PSA/PDDA-GN/GCE

Fig. 3 Cyclic voltammograms at the PSA/PDDA-GN/GCE with

different potential scan rates in PBS (pH 3.0) containing a mixture of

2.0 9 10-4 M CT and 2.0 9 10-4 M HQ. The scan rates are 50, 80,

110, 140, 170, 200, 230, 290, 350, 410, 470 mV s-1, respectively.

Inset the dependence of the peak current on the square root of scan

rates. a Ipa of CT, b Ipa of HQ, c Ipc of CT, d Ipc of HQ
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obtained at pH 3.0. Thus pH 3.0 was chosen as the opti-

mum pH value for the detection of CT and HQ in order to

achieve high sensitivity. In addition, the relationship

between pH and the anodic peak potential was investigated

(Fig. 4b). It was observed that the anodic peak potentials of

the two isomers shifted to more negative with the increase

of pH in the range of pH 3.0–9.0. The two regression lines

were almost parallel, indicating that the peak-to-peak

separation between CT and HQ was constant at different

pH solutions. The equations for peak potential with pH for

CT and HQ were expressed as follows:

EHQ ¼ 54:8 pH þ 485:9 mV; R ¼ 0:991ð Þ
ECT ¼ 55:8 pH þ 603:4 mV ; R ¼ 0:986ð Þ

The slopes of these equations were close to the theoretical

value of 59 mV pH-1, suggesting that the redox reaction of

CT or HQ at the PSA/PDDA-GN/GCE should be a two

electrons and two protons process. This result is consistent

with the previous reports [42–44].

3.6 Simultaneous determination of CT and HQ using

differential pulse voltammetry

The electrooxidation processes of CT and HQ in the mix-

ture were also investigated by DPV in PBS (pH 3.0) at the

PSA/PDDA-GN/GCE. When the concentration of one

species changed, the other one was kept constant. Exami-

nation of Fig. 5a showed that the peak current of CT

increased with an increase in the CT concentration while

Fig. 4 a Cyclic voltammograms of 2.0 9 10-4 M CT and

2.0 9 10-4 M HQ at the PSA/GN/GCE in PBS with different pH.

b The dependence of the potential on pH. Inset the dependence of the

oxidation peak current on pH

Fig. 5 a Differential pulse voltammograms at the PSA/PDDA-GN/

GCE in PBS (pH 3.0) containing different concentrations of CT (0,

1.0 9 10-6, 5.0 9 10-6, 1.0 9 10-5, 5.0 9 10-5, 1.0 9 10-4,

2.0 9 10-4, 3.0 9 10-4 and 4.0 9 10-4 M). The concentration of

HQ was kept constant at 3.0 9 10-5 M. Inset the dependence of the

CT peak currents on concentrations. b Differential pulse voltammo-

grams at the PSA/PDDA-GN/GCE in PBS (pH 3.0) containing

different concentrations of HQ (0, 2.0 9 10-6, 5.0 9 10-6,

1.0 9 10-5, 5.0 9 10-5, 1.0 9 10-4, 2.0 9 10-4, 3.0 9 10-4 and

4.0 9 10-4 M). The concentration of CT was kept constant at

2.0 9 10-5 M. Inset the dependence of the HQ peak currents on

concentrations
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the concentration of HQ was kept constant (3 9 10-5 M).

From the inset of Fig. 5a, it can be seen that the oxidation

peak current of CT was linear with its concentration in the

range of 1 9 10-6–4 9 10-4 M. The regression equation

was Ipa = 0.1921 C ? 0.9850 lA; 10�6 M; R ¼
�

0:9972Þ, the detection limit for CT was estimated to be

2.2 9 10-7 M (S/N = 3). Similarly as shown in Fig. 5b,

keep the concentration of CT concentration constant as

2 9 10-5 M, the oxidation peak current increased linearly

with the increasing concentration of HQ in the range of

2 9 10-6–4 9 10-4 M. The regression equation was

Ipa = 0.1414 C ? 0.1192 lA; 10�6 M; R ¼ 0:9989
� �

, the

detection limit for CT was estimated to be 3.9 9 10-7 M

(S/N = 3). A comparison of the proposed method with

other electrochemical methods is listed in Table 1.

3.7 Repeatability, stability and interferences

The modified electrode presented a good repeatability and

durability. The relative standard deviation (RSD) of the peak

current is below 4 % for seven determinations of CT and HQ.

The peak currents remain 90 % of their initial values after the

modified electrode was kept for one month at room tem-

perature. The possible interferences of some ions were also

investigated. The results show that 1,000-fold concentration

of Ca2þ, Zn2þ, Cl�, CH3COO�, NO�3 , SO2�
4 and five-fold

concentration of resorcinol have no effect on determination

of dihydroxybenzene isomers (2.0 9 10-4 M).

3.8 Analytical applications

The utilization of the proposed method in real sample

analysis was also investigated by direct analysis of CT and

HQ in tap water by using DPV technique. The known

concentrations of CT and HQ were added to the samples,

then the amounts of CT and HQ in the tap water sample

were determined by calibration method and the results are

summarized in Table 2. The recoveries were 97.5–103.3 %

and 97.7–103.3 % for CT and HQ, respectively, which

clearly indicates the applicability and reliability of the

proposed method.

4 Conclusions

In this work, the electrochemical behavior of CT and HQ

was investigated at PSA/PDDA-GN/GCE by cyclic vol-

tammetry and differential pulse voltammetry. Compared

with the bare GCE, the PSA/GCE and the PDDA-GN/

GCE, the PSA/PDDA-GN/GCE exhibited high electrocat-

alytic activities towards the oxidation of CT and HQ,

which was testified by the remarkably increasing oxidation

peak currents and completely separating peak potentials.

The advantage could attribute to the synergistic effect of

the electrocatalytic property of PSA and PDDA-GN. The

fabricated electrode exhibited excellent reproducibility and

good stability. In addition, the proposed method was

Table1 Performances

comparison of PSA/PDDA-GN/

GCE with other material

modified electrodes in

simultaneous determination of

CT and HQ

a Electrospun carbon nanofiber-

modified carbon paste electrode
b Penicillamine
c Poly(3,4-ethylenedioxy-

thiophene)/graphene oxide

Electrode Technique Linear (lM) LOD (lM) Sensitivity

(lA mM-1 cm-2)

Ref.

CT HQ CT HQ CT HQ

ECF-CPEa DPV 1–200 1–200 0.2 0.4 848.5 780 [7]

Graphene–chitosan DPV 1–400 1–300 0.75 0.75 842.8 800 [10]

PCAb DPV 25–175 15–115 0.6 1.0 1514.3 2242.8 [11]

MWNT DPV 2–100 2–100 0.6 0.6 1714.2 1457.1 [12]

WS2-graphene DPV 1–100 1–100 0.2 0.1 446.7 372.9 [14]

PEDOT/GOc DPV 2–400 2.5–200 1.6 1.6 – – [15]

PSA/PDDA-GN DPV 1–400 2–400 0.22 0.39 2744.2 2,020 This work

Table 2 Simultaneous

determination of HQ and CT in

tap water samples

a Average of five

determinations

Sample Added (lM) Founda (lM) RSD (%) Recovery (%)

HQ CT HQ CT HQ CT HQ CT

1 30.00 10.00 29.58 9.750 0.48 0.77 98.60 97.50

2 30.00 50.00 29.80 50.67 2.68 2.10 99.35 101.3

3 30.00 100.0 30.18 103.3 1.22 1.05 100.6 103.3

4 10.00 20.00 9.770 19.59 1.04 0.57 97.71 97.96

5 50.00 20.00 51.64 19.73 2.87 2.57 103.3 98.65

6 100.0 20.00 101.4 19.55 2.48 2.63 101.4 97.75

J Appl Electrochem (2014) 44:1059–1067 1065

123



applied to determine CT and HQ in water samples with

satisfactory results. Thus, a sensitive, selective, reproduc-

ible and cost-effective electroanalytical method was

developed for the discrimination and measurement of

dihydroxybenzene isomers, which holds great potential in

electrocatalysis and electrochemical sensing.
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