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Abstract: By using cyclic voltammetry method, eosin Y film was electrodeposited
on the surface of glassy carbon electrode (GCE) to obtain the modified electrode
(denoted as eosin Y/GCE). Scanning electron microscopy, -electrochemical
impedance spectroscopy and cyclic voltammetry techniques were used for
morphology and electrochemical property characterization of eosin Y/GCE. The
electrocatalysis capability of eosin Y/GCE to hydroquinone (HQ) and catechol (CC)
was investigated by cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) techniques. Compared with the bare GCE, eosin Y/GCE behaved an
outstanding electrocatalytic activity and reversibility towards the oxidation of HQ
and CC. The oxidation and reduction peak separation was decreased from 386 to 60
mV for HQ and from 340 to 56 mV for CC at eosin Y/GCE, respectively. The
differential pulse voltammetry results showed that the oxidation peaks of the two
isomers in acetate buffer solution could be clearly discriminated with a peak
potential separation of ca. 106 mV, which was wide enough to discriminate the two
dihydroxybenzene isomers. Under the optimal conditions, the oxidation peak
currents were linear to HQ/ CC concentration in the range from 1 pM to 130 pM
with the detection limit as 0.14 uM (30) for HQ and 0.12 uM (30) for CC,
respectively. Moreover, eosin Y/GCE exhibited an excellent anti-interference ability.
It was successfully applied to the simultaneous determination of HQ and CC in
spiked water samples with reliable recovery.

Keywords: cosin Y; modified electrode; simultaneous determination; hydroquinone;

catechol.
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1. Introduction

Phenol compounds are important contaminants in nature, since they are the essential
raw materials and byproducts of vast chemical industries. Hydroquinone
(1,4-dihydroxybenzene, HQ) and catechol (1,2-dihydroxybenzene, CC) are two
isomers of phenolic compounds, which are widely used in many fields such as
cosmetics, antioxidant, tanning, pesticides, medicines and photography chemicals [1].
Even at very low concentration, the two isomers are highly toxic to human health
and difficult to degrade in the ecological environment [2,3], so that they can be
regarded as the hazard materials. In addition, since the two isomers often coexist and
interference with each other due to their similar structure and physicochemical
properties, direct simultaneous determination of the two isomers remains a challenge
[4]. Thus, it is a thirst to develop simple, rapid and convenient analytical method to
simultaneously determine both HQ and CC.

Until now, sophisticated analytical methods have been proposed for detecting and
determining the two isomers, such as high performance liquid chromatography [5,6],
synchronous fluorescence [7], spectrophotometry [8], chemiluminescence [9],
capillary electrophoresis [10] and gas chromatography/mass spectrometry [11].
Although using these methods has been proven successfully for dihydroxybenzene
determination, some drawbacks still exist, such as complex operating conditions,
time-consuming processes, expensive equipments, and so forth. Compared with
these traditional methods mentioned above, electrochemical methods are preferable
and attractive for the simultaneous detection of such phenolic compounds due to the
high accuracy, fast response, simple operation, low cost, high sensitivity, and
excellent selectivity [12, 13]. If choosing conventional unmodified electrodes for
detection, however, there are still a few shortcomings, e. g., high overpotential for
oxidation of CC and HQ, poor detection selectivity, the overlapped
oxidation/reduction peaks of the two isomers [14]. Thus, much effort has been
devoted to utilizing versatile material as candidate to modify the electrode for
improving the detection performance. These years, the new developed materials,
such as graphene [15], carbon nanofiber [16], polyaniline/MnQO, [17], multiwalled
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carbon nanotubes-ionic liquid composite [18,19], carbon nanotube doped
poly(3,4-ethylenedioxythhiophene) [20], graphene nanosheet-poly(4-vinyl pyridine)
[21], poly(crystal violet)-graphene [22], polymeric ionic liquid- multiwalled carbon
nanotubes [23], graphitic mesoporous carbon [24], ultrathin CdSe nanosheets [25],
have been used as modified electrodes to explore their simultaneous voltammetric
determination of HQ and CC. However, there are still some disadvantages
accompanying with these electrocatalysts, e. g. high cost, complicated fabrication
process, and poor reproducibility. Thus, it is still a challenge to achieve novel
electrode material for the simultaneous determination of HQ and CC with high
stability and low cost. In recent years, electrodes modified by organic molecules
have attracted widespread attention, owing to their good stability, reproducibility,
more active sites, homogeneity in electrochemical deposition and strong attachment
to electrode surface [26, 27]. Thereinto, organic dyes, such as crystal violet [22],
furfural [28], malachite green [29], and thionine [30] have been used for fabricating
electrochemical sensors for detecting HQ and CC. As shown in Table 1, the
electrodes modified by organic dyes show outstanding electrochemical properties
toward the redox of HQ and CC compared with other modified ones. Based on the
modification from organic dyes, the larger peak potential difference (AE,,) between
HQ and CC makes the two isomers be separated more easily, and the lower detection
limit of HQ and CC results higher sensitivity, which is appropriate for the
quantitative determination of the two isomers. Therefore, it is believed that the
electrodes modified with organic dyes can act as potential candidates for
simultaneous determination of HQ and CC.

In this paper, an excellent electrochemical activity toward the oxidation of HQ and
CC was found on eosin Y film, which was electrodeposited on GCE surface by
cyclic voltammetry (CV). The morphology and electrochemical properties of the
eosin Y film was characterized by scanning electron microscopy (SEM), CV and
electrochemical impedance spectroscopy (EIS). The electrochemical behavior of HQ
and CC on eosin Y/GCE was investigated by CV and differential pulse
voltammetries (DPV). The results show that the eosin Y exhibits attractive catalytic
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performances for simultaneous determination of the two isomers. Further, eosin Y
based electrochemical sensor for simultaneous determination of HQ and CC has
been constructed. Ultimately, due to its high electroactivity, selectivity and stability,
the eosin Y /GCE sensor was applied to the analysis of spiked water sample. To the
best of our knowledge, this is the first time that such high sensitivity has been
achieved for the simultaneously determination of HQ and CC using eosin Y
modified electrode.

2. Experimental

2.1 Apparatus and reagents

Electrochemical experiments such as CV and DPV were performed on a CHI660D
electrochemical workstation (Shanghai Chenhua Co., Ltd., China) cabled with a
conventional three-electrode cell. A bare or modified GCE was used as the working
electrode, and a platinum wire electrode was applied as the counter electrode. A
saturated calomel electrode (SCE) worked as the reference electrode. If there is no
specific indication, all potentials reported in this paper are quoted with SCE. EIS
measurements were performed using PARSTAT2273 (EG&G, USA). An S-2F digital
pH meter (Leici instrument factory, Shanghai, China) was used to determine pH
value of the buffer solution. The topography of the electrode surface was
investigated by a 3-dimensional Hirox KH 8700 Digital Optical Microscope.

All reagents were obtained as analytical grade and used without further purification.
Doubly distilled water obtained from a Milli-Q water purification system
(18MQecm) was for all experiments. HQ and CC were all analytical grade from
Shanghai Chemical Company, China. Eosin Y was purchased from Sigma.
Potassium ferricyanide (K;[Fe(CN)g]) and potassium ferrocyanide (K4[Fe(CN)g]),
sodium phosphate dibasic (Na,HPO,), sodium dihydrogen phosphate (NaH,POy),
sodium acetate (NaAc) and acetic acid (HAc) were obtained from Beijing Chemical
Reagent Factory (Beijing, China). All solutions were freshly prepared before each
experiment.

2.2 Preparation of modified electrode

Scheme 1 illustrates the procedure for the construction of eosin Y onto GCE. Firstly,

5
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GCE was polished sequentially with 0.3 and 0.05 pm alumina slurry and then
washed ultrasonically in nitric acid (1:1), acetone, ethanol and doubly distilled water
for a few minutes, respectively. After rinsing with distilled water, the electrode was
endured CV scanning from -0.4 V to 1.6 V in 0.1 M H,SO4 at 100 mV/s for 20
cycles [31]. Then the pretreated GCE was obtained. The electrodeposition of eosin Y
was carried out under CV sweeping from -1.2 V to 1.5 V at a scan rate of 100 mV/s
for 15 cycles. The concentration of eosin Y was 1.0x10° M in 0.1 M PBS (pH 7.0)
and the solution was deoxygenated for 20 min with nitrogen prior to
electrodeposition. After that, the eosin Y modified electrode was rinsed sufficiently

using double-distilled water to remove the unreacted eosin Y.
2.3 Morphology and electrochemical property of the modified electrodes.

The surface morphology was revealed by a field emission scanning electron
microscopy (FE-SEM, Zeiss Ultra 55). The electrochemical property of the
electrodes was also evaluated on CHI 660D electrochemical workstation in the
aforementioned three-electrode cell. High-purity nitrogen was used for purging
oxygen before each experiment. The measurements were carried through at ambient
temperature (25+2 °C). The electrochemical performance of eosin Y/GCE was
measured by CV and DPV techniques in acetate solution (pH= 5.0) in the potential
range of -0.2 ~ 0.6 V with the scan rate of 100 mV/s. Besides, the electrochemical

3-/4-

impedance spectroscopy was performed in 5 mM Fe(CN)g" ™" solution containing 0.1

M KCl, and the frequency range was from 102 to 10> Hz.

3. Results and discussion
3.1 Electrodeposition of eosin Y onto GCE.
Electrodeposition is a facile and efficient approach to immobilize organic film onto

solid state electrode surface, since film properties such as thickness, permeation and

charge transportation can be adjusted by controlling electrochemical parameters [32].

Fig. 1 shows the successive CV curves during the electrodeposition of eosin Y from
a phosphate buffer solution (pH 7.0) containing 1.0x10™ M eosin Y. As can be seen

from Fig. 1, two oxidation and reduction peaks are found at the potential of +0.804
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V (Epa1 ), 0.458 V (Epaz ), -0.742 V (E,c1) and -1.002 V (E,,c2) respectively. During the
electrodeposition process, the eosin Y molecules are reduced to free radicals, and
combine with the GCE surface rapidly [33]. After fifteen cycles, the peak currents
keep constant, so that fifteen cycles are chosen as the representative for the
modification process. A uniform film is produced on GCE surface, which indicates
that the eosin Y has been deposited on GCE surface by electrodeposition method [34,
35]. According to the detailed research carried through by Yoshida et al [36], the
electrochemical reaction of eosin Y, existing as EY?, will mainly proceed according
to Scheme 1 in neutral aqueous solution, and EY>*" free radical is the main product
during the electrochemical reduction. Although EY>*" can also react with H' to form
EYH?*", which will ultimately transform to EYH,”, the rate of the subsequent
processes is slow, so that the amount of EYH?* and EYsz'is small. It is assumed
the deposit is mainly composed by EY>*", which accumulates as the deposit

attaching on the surface.

Preferred position for Fig.1

Preferred position for Scheme 1

3.2. Surface morphology characterization

As shown in Fig. 2, SEM technique is employed to reveal the surface morphology of
bare GCE and eosin Y/GCE. The surface of bare GCE is very smooth (Fig. 2a). After
electrodeposition, the electrode surface is covered by a compact organic dye film
(Fig. 2b), which reveals that eosin Y has been deposited on GCE surface. There are
many ridges, valleys and craters existing on the surface, which can in return increase
the surface area of eosin Y. This unique morphological feature is beneficial because
of the large surface area, which will enable the as-modified electrode to act as active
platform for the electrocatalysis and electroanalysis of the target molecules.
Meanwhile, the specimen is also investigated by using a three-dimensional optical

microscope (Fig. 3). It is shown that a rough eosin Y film is formed on GCE surface
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(Fig. 3a), which is corresponding to the SEM characterization. Moreover, as shown
in the three dimensional topology (Fig. 3b), the height difference between the
highest and lowest sites on the surface can reach ca. 6 um. This rough characteristic

can firmly enhance the surface area of the electrode.

Preferred position for Fig.2

Preferred position for Fig.3

3.3 Electrochemcial property of eosin Y/GCE.

EIS is an effective tool to study the electron-transfer phenomena during the
electrochemical reaction [37]. In this report, EIS measurements were carried through
by using 5.0 mM Fe[(CN)s]* ™ as the redox mediator to study the surface property
of the pristine and as-modified electrodes. As shown in Fig. 4A, each of the EIS
curve includes a well-defined semicircular part at high frequencies and a straight
linear part at low frequencies, demonstrating that the electrode process is controlled
by electron transfer at high frequencies and by diffusion at low frequencies [38]. The
semicircle portion corresponds to the electron-transfer process, and the diameter is
equivalent to Re, which is the most direct and sensitive parameter that responds to
electrochemical reaction on the electrode and solution interface [26]. The R from
eosin Y/GCE is revealed as 500 Q, which is much lower than that from bare GCE
(1600 Q). The notable decrease of R indicates that eosin Y/GCE behaves
chemically more active than the primary GCE surface, and the as-formed film can
efficiently facilitate the electrochemical reaction. Therefore, the electron transfer
kinetic between the target molecules and electrode can be enhanced steadily.

Further, CV curves shown in Fig. 4B prove the enhanced current response on eosin
Y/GCE toward Fe(CN)¢™*, indicating the increased electrochemical activity. The
anodic-to-cathodic peak separation (AE,) for eosin Y/GCE is larger than 59.5 mV,
which is attributed to its quasi-reversibility characteristics. The results are in good
agreement with the EIS experiments. Moreover, the electrochemically active surface
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area can be calculated according to the following equation: i, =
(2.99x10°)n(an,)"?ACD"*"?, in which i, n, A, C, D and v represent the peak
current, the number of electrons involved in the reaction, the electroactive surface
area, reactant concentration, the diffusion coefficient of the reactant species and the
scan rate, respectively [39]. Assuming a = 0.5 and n, = 1, the redox reaction of
Fe(CN)63'/4' involves one-electron transfer (n =1), and the diffusion coefficient (D) is
6.30x10° cm® s [40]. The values of the electrochemically active surface area for
eosin Y/GCE and bare GCE are calculated as 0.144 cm? and 0.073 ¢cm?, respectively.
The results reveal that the modified electrode has larger reaction surface area than
the unmodified one, which demonstrates that the eosin film can steadily enhance the
surface area of the electrode.

Preferred position for Fig.4

3.4 Electrochemical behavior of HQ and CC at modified GCE

The electrochemical behavior of HQ and CC is investigated at eosin Y/GCE and
bare GCE in 0.10 M acetate buffer solution (pH 5.0) using CV and DPV techniques.
Fig. 5 shows the CV response in the presence of 100 uM HQ and CC at bare and
eosin Y modified GCE, respectively. At the bare GCE, the redox peaks of HQ and
CC are located at -0.054/0.332 V and 0.066/0.406 V, respectively. In contrast, at the
eosin Y/GCE, the redox peaks are measured at 0.082/0.142V and 0.182/0.238 V, and
the peak potential differences (AE,) between anodic and cathodic peak (i.e., 60 mV
and 56 mV for HQ and CC, respectively) are smaller than those on bare GCE (i.e.,
386 mV and 340 mV for HQ and CC, respectively), indicating that the
electrochemical reaction reversibility is improved.

CV and DPV response for the mixture of HQ and CC at bare and eosin Y/GCE is
shown in Fig. 6. From Fig. 6A(i), bare GCE shows two weak cathodic peaks for HQ
and CC, and the oxidation peaks of HQ and CC are overlapped to form a broad
anodic peak. For eosin Y/GCE illustrated as Fig. 6A(ii), a pair of well-defined redox
peaks can be observed for indicating the existence of both HQ and CC. The anodic
and cathodic peak potential differences (denoted as AE,, and AE,.) between HQ and

9
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CC are up to 111 mV and 103 mV, respectively. Thus, their peaks are well separated
and their simultaneous determination can be achieved. Fig. 6B shows DPV response
to the mixture of HQ and CC at GCE and cosin Y/GCE. At bare GCE, a small and
broad peak is observed. Meanwhile, two well-defined peaks are observed at eosin
Y/GCE, and the peak potentials locate at more negative values than those of GCE.
Moreover, the peak current increases significantly, and the peak-to-peak separation
for HQ and CC reaches about 111 mV. It is well known that the increase in oxidation
peak currents, negative shift in oxidation peak potential, and well separation of the
oxidation peak at the electrode are prerequisite for simultaneous determination of
isomers in mixture solutions [16, 41]. From the above evaluation, it is clear that
eosin Y/GCE has higher electrocatalytic activity to the oxidation of HQ (or CC) than
that of bare GCE.

Preferred position for Fig.5

Preferred position for Fig.6

3.5 Effect of cycle number during eosin Y deposition on GCE

The thickness of eosin Y film also plays a critical role for the determination of HQ
and CC. Film thickness can be effectively controlled by changing the scan cycle
number during the electrodeposition process [42]. In this report, the dependency
relationship between CV cycle number for eosin Y deposition and HQ (or CC) redox
ability is also excavated. Fig. 7 illustrates the variation of electrochemical behavior
toward to HQ (or CC) on eosin Y/GCE with different cycle numbers for achieving
eosin Y films. In Fig. 7A, when the cycle number for eosin Y deposition adopts 15,
Ep. and E, reach the minimum and maximum value, respectively. Meanwhile,
oxidation peak currents of HQ (or CC) also arrive at a maximum value in the same
case (Fig. 7B). However, when the cycle number increases further, the
electrochemical activity of eosin Y film will decrease. Since the as-achieved thick
film has higher impedance, it is hard for electrons to penetrate through the layer to
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reach the electrode surface [6]. In other words, a very thick or thin film is not
beneficial for electrode response. Only optimum thickness originated from
reasonable CV cycle number (15 cycles) can enable the lowest AE, and the highest

sensitivity.

Preferred position for Fig.7

3.6 Influence of pH to the electroanalytical property

Electrolyte acidity affects electro-oxidation behavior of HQ (or CC), because proton
participates in the electrode reaction [31]. In this work, the voltammetric behavior of
HQ and CC in different electrolyte solutions, i. e., KH,PO4-Na,HPO,4 (PBS),
HAc-NaAc (acetate buffer solution), NaOH-KH,PO,, Britton-Robinson buffer
solution (B-R) are investigated. The results indicate that well-defined and sensitive
peaks are observed in acetate buffer. Thus, the acetate buffer is chosen as the
supporting electrolyte in the following study.

CV investigation is carried out to evaluate pH effect to electrochemical behavior of
HQ and CC at eosin Y/GCE in the pH range of 3.8~6.0. As shown in Fig. 8A, it is
noticeable that with the increasing pH, the peak currents of the two isomers will
increase until pH reaches 5.0 and then slightly decrease. These results may be
explained by the two reasons as follows: Firstly, it has been reported that the pK,
value of HQ and CC is 9.85 [43] and 9.4 [44], respectively. In high pH range, HQ
and CC will gradually de-protonate and turn into anions. Meanwhile, eosin Y on
electrode surface is also negatively charged due to trianion radical formation. The
electrostatic repulsion between the two isomers and electrode will be enhanced with
the increase of pH value, which leads to low adsorption capacity on the electrode
surface and low peak current. Secondly, Fig. 8A also illustrates that the oxidation
peak (Ej.) and reduction peak (E,) potentials of the two isomers shift to more
negative values with the pH increase, which indicates a direct participation of
protons in the oxidation process [45, 46]. The solution with high pH value is not
advantageous for electrochemical reaction due to the shortage of proton. Therefore,
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acetate buffer solution (pH 5.0) was chosen as the optimum pH value for the
detection of HQ and CC. Also, Fig. 8B shows the relationship between the anodic
peak potential and pH value. The linear equations between E,, and pH are E,, (V) =
-0.0603 pH + 0.5288 (R = 0.9951) for HQ and E,, (V) = -0.0611 pH + 0.4237 (R =
0.9884) for CC, respectively. The slope value is 60.3 mV pH™' for HQ and 61.1 mV
pH™ for CC, which is close to the theoretical value of -59.0 mV pH™. It suggests that
the ratio of electrons to protons involved in the electrochemical redox process of
both HQ and CC is 1. As is known, the electrochemical oxidation of the two isomers
is a two-electron process [30]. Thus, the proton numbers involved in the
electrochemical oxidations of both HQ and CC should be 2, and the mechanism of

the electrooxidation of HQ and CC can be proposed in Scheme 2 [3].

Preferred position for Fig.8

Preferred position for Scheme 2

3.7 Effect of scan rate to the electroanalytical performance

The influence of scan rate on the redox of HQ and CC was further examined on the
eosin Y/GCE. CV plots with different scan rates (30.0-240.0 mV s™) in 50 uM HQ
and CC are shown in Fig. 9A. Two pair of well-defined redox peaks appear at
different scan rates, and the oxidation peak potentials of HQ and CC are observed to
shift positively with increasing the scan rate, which reveals that the electron transfer
is quasi-reversible [24]. In addition, both the anodic and cathodic peak currents of
HQ and CC enhance with increasing the scan rate. As is shown in Fig. 9B, both the
oxidation and reduction peak currents (I,,) are linear to the square root of the scan

) The regression equations are worked out as Ip, = -1.605 v+ 1.6845 (LA,

rate (v
mV/s, R = 0.9991) for HQ and I,= -2.1453 v"* + 1.7473 (uA, mV/s, R = 0.9993) for
CC, indicating the diffusion-controlled process of HQ and CC at eosin Y/GCE
surface [47].
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Preferred position for Fig.9

3.8 Interference of coexisting substances

In order to evaluate the selectivity of eosin Y/GCE for determining two phenolic
isomers, the possible interference from some inorganic ions and organic compounds
is investigated by DPV in acetate buffer solution containing 50 uM HQ and CC. The
tolerance limit is defined as the maximum concentration of the foreign substances to
cause a ca. 5% relative error in their determination. These results show that
500-fold of Na*, K", NH,", NOs, Zn**, Ac’, SO,*, CI, 100-fold Ca®’, Mg*", AI*",
Fe*', Li*, Br, Cu*", §, glucose, 50-fold concentration of ascorbic acid, uric acid,
glycine, L-cysteine, 10-fold L-glutamine, proline, methionine will not show
interference to the detection of the two isomers. However, 5-fold phenol, resorcinol
interferes the determination due to their co-adsorption at eosin Y/GCE. The above
results confirm that the as-modified electrode performs good selectivity.

3.9 Simultaneous determination of HQ and CC.

DPV technique performs higher current sensitivity and better resolution than CV
during the electroanalytical application [4]. Thus, by increasing the concentration of
one isomer while keeping the concentration of the other isomer constant at 20 uM,
the linear range and detection limitation are further studied using DPV technology
under the optimum conditions Fig. 10A illustrates that signal of HQ oxidation
increases obviously with the increasing of its concentration, while the peak currents
of CC at 0.238 V remain constant. The oxidation peak current of HQ is linear to its
concentration in the range of 1 uM~130 uM with a regression equation of I,, =
-0.1669 ¢ -4.6178 (LA, uM, =0.9962) (Fig. 10A), and the detection limit is 0.14 pM
(S/N = 3). By fixing HQ concentration at 20 pM, the anodic peak current of CC is
linear to its concentration in the range of 1 pM~130 uM with a regression equation
of Ipa = -0.1559 ¢ — 1.6201 (pA, pM, r = 0.9965) (Fig. 10B). The detection limit for
CC is 0.12 pM (S/N = 3). The above results reveal that this proposed method can

13
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realize the simultaneous and sensitive determination of HQ and CC without
interference to each other. Meanwhile, a comparison of the as-proposed method with
other electrochemical approaches is listed in Table 1. It is shown that eosin Y/GCE
can lead to a large anodic peak potential difference (AEp,) between HQ and CC,
which reveals that the two isomers can be separated more easily and the oxidation of
dihydroxybenzene isomers in solution mixture occurred independently. By making
comparison among the different organic dyes, eosin Y/GCE has slightly larger
anodic peak potential difference, i. e., 111 mV, than organic dyes including
poly(crystal violet) and poly(thionine), whose value is 108 and 100 mV, respectively.
Although eosin Y/GCE has smaller anodic peak potential difference than
poly(malachite green) related composite material MWCNT-PMG/GCE (147 mV),
the detection limit of the former is more favorable than the later. It indicated that the
as-prepared electrode is sensitive and appropriate for the quantitative determination
of the two isomers.

Eosin Y/GCE is further demonstrated to be effective for determining both isomers
even their concentrations are simultaneously changing. As shown in Fig. 10C (inset),
two well-defined anodic peaks are observed, and the peak potential difference is ca.
106 mV, which reveals that simultancous determination of HQ and CC can be
achieved at eosin Y/GCE. The anodic peak currents of HQ and CC increase linearly
with their own concentration in the range of 1 uM~130 uM. The regression equation
is Ipa = -0.1408 ¢ — 5.3669 (nA, uM, r=0.9911) for HQ and I,, = -0.1356 ¢ — 3.7255
(LA, pM, r=0.9951) for CC, respectively. Thus, both HQ and CC can be

simultaneously determined on eosin Y/GCE with high selectivity and sensitivity.

Preferred position for Fig.10

Preferred position for Table 1

3.10 Reproducibility, stability of the modified electrode

Besides the sensitivity and selectivity, reproducibility and stability are also

14

Page 14 of 33



Page 15 of 33 Analytical Methods

1

2

2 401  considered as two key parameters to assess the applicability of the sensor [1]. Under
g 402  the optimal conditions, eight eosin Y/GCE are prepared independently, and they are
7 403  used parallel to determine the oxidation peak current of the mixed solution
8

9 404  containing 50 pM HQ and 50 uM CC by DPV technique. The relative standard
10

11 405  deviation (RSD) is 3.29% for HQ and 3.47% for CC, indicating the intrinsically
12

13 406  good reproducibility. For evaluation the stability of the electrode, after keeping eosin
14

15 407  Y/GCE at 4 °C for three weeks [58], the peak current response is still ca. 93.2% of
16 C .

17 408  the initial value. It reveals that the as-modified electrode presents an excellent
ig 409  repeatability and durability for determination of HQ and CC.

3(1) 410  3.11 Samples analysis

5:23 411  Taking national standard (GB 8978-1996) of China as an example, the permitted
24 412 emission concentration of phenolic compounds is regulated as 0.5 mg L (for
25

26 413 dihydroxybenzene, 4.54 x10™ M) [44]. According to this value, we have made the
27

28 414  spiked solutions having the pollutant concentration much lower than the standard to
29

30 415  confirm the practical applicability of the as-prepared electrochemical sensor. Spiked
31

32 416  samples containing HQ and CC in local tap water were used to assess the validity of
22 417  the as-modified electrode. By standard addition method, the DPV responses of the
gg 418  samples were acquired for quantitative determination, and the results are listed in
g; 419  Table 2. Under the optimal experimental conditions, the recoveries are 98.70% ~99.67%
Zg 420  and 98.40% ~ 100.2% for HQ and CC, respectively. It indicates that eosin Y/GCE can
41 421  be used for simultaneous determination of HQ and CC in real water sample.

42

43 422

44

jg 423 Preferred position for Table 2

47 424

48

49 425 4. Conclusions

50

g; 426  In this work, eosin Y film is prepared onto GCE by electrodeposition approach. For
gj 427  the first time, the as-fabricated electrode is proposed to use as an electrochemical
55 428  sensor for simultaneous determination of HQ and CC. The eosin Y modified glassy
56

57 429  carbon electrode is proved to have high electrocatalytic activity and reduce the
58

59

60 15
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oxidation overpotential to HQ and CC. Based on the large peak-to-peak separation
between HQ and CC, the simultaneous determination of the two isomers is achieved
by DPV technique. This fabricated electrode shows excellent reproducibility, good
stability and low detection limit. Based on the obtained results, it is evident that eosin

Y/GCE has great potential for HQ and CC determination.
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3 Fig. 1. CV curves during the electrodeposition of eosin Y onto GCE with scan rate 100 mV/s.
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Scheme 1. The modification procedure to get the target electrode.
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34 11 Fig. 2. SEM images of (a) bare GCE (b) eosin Y/GCE.
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Table 1. Comparison of the electrochemical sensor for HQ and CC detection.

Anodic peak Linear range Detection limit
Electrode Technique potential (M) (M) Reference
difference (mV) HQ CC HQ CC

PDA-RGO/GCE DPV 100 1-250 1-250 0.62 0.74 [3]
ECF-CPE DPV 108 1-200 1-200 0.2 0.4 [16]
GMC/GCE DPV 103 1-500 1-400 0.4 0.17 [24]
Grapheme-chitosan/GCE DPV 100 1-300 1-400 0.75 0.75 [43]
Au-G/GCE DPV 102 1-100 1-100 0.2 0.15 [47]
PIL-MWCNTs/GCE DPV 104 1-500 1-400 0.4 0.17 [48]
GO-PEDOT /GCE DPV 100 2.5-200 2-400 1.6 1.6 [49]
LDH-PCNT/GCE DPV 100 20-200 10-200 0.54 0.27 [50]
NH,-SBA15/CPE DPV 115 0.8-160 1-140 0.3 0.5 [51]
MWNTs/MA Amperometry 109 1-100 1-100 0.3 0.2 [52]
PPABA/GCE DPV 104 1.2-600 2-900 0.4 0.5 [53]
GNPs/CNF/Au DPV 110 9-500 5-350 0.86 0.36 [54]
PDDA-G/GCE DPV 108 1-500 1-400 0.25 0.2 [55]
LDH{/GCE DPV 104 12-800 3-1500 9 1.2 [56]
PCV/GCE DPV 108 0.12-600 0.36-600 0.033 0.097 [22]
MWCNT-PMG/GCE DPV 147 10-480 30-1190 1.6 5.8 [29]
PTH/GCE DPV 100 1-120 1-120 0.03 0.025 [30]

Eosin Y/GCE DPV 111 1-130 1-130 0.14 0.12  This work

* PDA-RGO: polydopamine-reduced grapheme oxide; ECF: electrospun carbon nanofiber;
PCV: poly(crystal violet); GMC: graphitic mesoporous carbon; PMG: poly(malachite green);
PTH: poly(thionine); Au-G: gold-graphene nanocomposite; PIL: polymeric ionic liquid;
MWCNTs:  multi-walled  nanotubes;  GO-PEDOT:  grapheme  oxide  doped
poly(3,4-ethylenedioxythiophene); LDH-PCNT: Zn-Al layered double hydroxide-poly acrylic
acid- functionalized multiwalled carbon nanotubes; NH,-SBA15/CPE: amino-functionalized
SBA-15 mesoporous silicamodified carbon paste electrode; MA: multielectrode array;

PPABA: poly-(p-aminobenzoic  acid); GNPs/CNF/Au: gold nanoparticle/carbon
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nanofibers/Au; PDDA-G: poly(diallyldimethylammonium chloride) functionalized graphene.
LDHT{: Zn-Al layered double hydroxide film.
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78 Table 2. Determination results of HQ and CC in spiked water solution samples (n = 6).
Found (uM) Added (uM) Total (uM) RSD (%) Recovery (%)
samples
HQ CC HQ CcC HQ CcC HQ CcC HQ CcC
1 9.88 991 10.00 10.00 19.81 19.75 254 332 9930 98.40
2 9.84 997 20.00 20.00 29.58 29.81 3.07 261 98.70 99.20
3 996 9.89 30.00 30.00 39.86 39.69 224 386 99.67 99.33
4 992 9.85 40.00 40.00 49.57 4993 3.18 1.95 99.13 100.2

79 Every primary sample contained HQ (10 pM), CC (10 pM) and some common ions Na*, K*, Mg**, Cu®** and CI in water.
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80



