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The electrodeposition of eosin Y (EY) on graphene oxide (GO) modified glassy carbon electrode (GCE)
was performed and the modified platform applied for the simultaneous determination of dopamine (DA)
and epinephrine (EP). The EY/GO modified GCE was characterized using electrochemical impedance
spectra. The modified electrode exhibited excellent electroanalytical performance for DA and EP by
cyclic voltammetry due to the synergistic effect of the good electrical conductivity of GO and
electrochemical activity of EY. The linear responses were found by differential pulse voltammetry
(DPV) between 0.2 and 100 uM concentration range for DA and EP, with detection limits of 50 nM for
DA and 30 nM for EP (S/N = 3), respectively. Further experiments were investigated for electrode
selectivity, stability and reproducibility. In addition, in order to evaluate electrochemical activities for
this proposed electrode, the simultaneous determination of DA and EP at EY/GO/GCE was explored in
diluted human urine samples.

Keywords: eosin Y; graphene oxide; dopamine; epinephrine; modified electrode

1. INTRODUCTION

Dopamine (DA) and epinephrine (EP), as the class of catecholamines, are typical
neurotransmitters that help cells transmit pulses of chemicals and relate to large variety of physiological
illnesses [1]. In recent years, monitoring DA and EP in human blood plasma and urine attracted great
attention because they can be signaling the emergence of various diseases such as Parkinson's disease,
schizophrenia and HIV infection [2-5]. Hence, the development of analytical techniques for selective
and sensitive determination is very important. A large number of methods, such as high-performance
liquid chromatography [6], spectrophotometry [7] and electrochemistry [8,9], are available for the
detection of EP and DA. Among all, electrochemical methods are considered to be the most preferred
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methods attribute to its distinct advantages of simplicity, reproducibility and cost efficiency. However,
DA and EP have similar structure and usually coexist in real samples. The recognition and detection of
them using bare solid electrode is difficult due to the overlap of potentials. Thus, some advanced
materials modified electrode is expected for the determining of DA and EP.

As the important member of the carbon based materials, graphene, which consists of 2D
structures with sp?-bonded carbon atoms in a hexagonal configuration, is ideal candidate material for
electrochemical sensors attribute to its excellent conductivity, high surface area, biocompatibility, and
robustness [10,11]. Moreover, graphene oxide (GO), which is a derivative of graphene, owns the
excellent properties of graphene and possesses other advantages including hydrophilicity, controllable
electronic properties and multiple oxygen moieties [12,13]. Recently, GO has attracted tremendous
attention in the field of electrochemical sensors [14-19]. For example, the graphene modified electrode
synthesized chemically by Wang et al. [19] was successfully employed in selective detection of DA in
presence of AA. Graphene and related derivatives with large surface area act excellent carrier to load
more active probes for molecules binding, giving significant amplification on the electrochemical
sensing signals. Nowadays, conducting polymers can be combined with GO to fabricate novel
conducting composites for improving the conductivity of GO in electrochemical applications [19].

Organic molecules owing to their good stability, reproducibility and more active sites can be
applied for conducting polymers to modify electrodes for sensitive determination of morin, TBHQ,
hydroquinone and catechol [20-22]. Eosin Y (2', 4', 5', 7'-tetrabromofluorescein disodium salt) is a
xanthene dye, which has been applied in the field of laser dye, fluorescent probe, biological stain,
sensitizer and electrochemical sensors [23-30]. He et.al [28] discovered that eosin Y modified GCE
enlarged the surface area of electrode and reduced the oxidation overpotential to HQ and CC. Our group
[29] have prepared the eosin Y film modified electrode, which showed excellent electrocatalytic activity
towards the oxidation of TBH2Q and BHA.

Herein, inspired from the excellent characteristics of GO and eosin Y, a novel modified electrode
combining GO and eosin Y was fabricated by electrodepositing eosin Y on the GO/GCE matrix, which
was obtained by casting a certain amount of well-dispersed GO suspension onto a bare GCE. Cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) were used to investigate the
electrochemical performance of EY/GO/GCE. This hybrid combines the properties of GO and eosin Y,
which shows a high catalysis performance for DA and EP.

2. MATERIALS AND METHODS

2.1 Materials

All chemicals were of analytical reagent grade and used as received, with no further purification.
Eosin Y (EY) was received from Sigma-Aldrich (USA). Graphite was obtained from XFNANO
Materials Tech Co., Ltd. Dopamine (DA) and epinephrine (EP) were provided by Aladdin Chemical
Reagent Co. Ltd. All other chemicals were of analysis grade from Shanghai Chemical Reagent Co., Ltd
(China). Phosphate buffer solution with different pH values was prepared by mixing an appropriate
quantity of 0.1M NaH2PO4, Na;HPO4, H3PO4 and NaOH.



Int. J. Electrochem. Sci., Vol. 15, 2020 3683

2.2 Apparatus

The electrochemistry measurements were carried out on CHI 660E electrochemical working
station (Shanghai, China). Electrochemical impedance spectroscopy (EIS) were recorded with the
frequency range from 0.1 Hz to10 kHz at 0.25V. A three electrode cell were used to perform cyclic
voltammetry (CV), linear sweep voltammetry (LSV) and differential pulse voltammetry (DPV)
techniques at room temperature.

2.3 Fabrication of GO and EY/GO modified electrode

Graphene oxide was prepared by Hummers’ method [31] from natural graphite powder. The GCE
was cleaned with chamois leather containing alumina slurry (0.3 and 0.05 um), and then it was cleaned
with CoHsOH and doubly distilled water each for 1 min ultrasonically, respectively. Then, the electrode
was conducted by CV between —0.4 and 1.6 V in 0.1 mol-L* H2SO4 at 100 mV- st until reached a steady
state. GO suspension was fabricated by dispersing 4 mg of GO in 2 mL DMF by ultrasonicating for 1 h
to obtain a brown suspension. 4 puL of the GO suspension was dropped onto the prepared GCE and then
dried to obtain a GO modified electrode, denoted as GO/GCE. Then, the EY/GO/GCE was obtained by
electrodeposited eosin Y film on the GO/GCE. The eosin Y film in 0.1 mol-L* of phosphate buffer
solution (pH = 7.0) containing 1.0x10" mol-L? eosin Y was prepared on the surface of the GO/GCE by
electrodeposited with a scanning rate of 100 mV- s from —1.6 to 1.5 V for 15 cycles [28, 29].

2.4 Detection of DA and EP in spiked human urine

Human urine samples, obtained from healthy volunteers, were diluted 50 times (by volume) with
0.1 M phosphate buffer solution (pH=6.0). Spiked urine samples were obtained by preparing 9 mL of
diluted urine with known amounts of 1 mL DA or EP solution. The peak currents of the spiked urine
samples were recorded. Recovery tests were conducted by DPV under optimized conditions.

3. RESULTS AND DISCUSSION

3.1 Characterizations of modified electrode

Fig. 1 shows the successive cyclic voltammograms (CVs) for the electrodeposition of 1 mM
eosin 'Y at the bare GCE and GO modified GCE in phosphate buffer solution (pH 7.0). As seen, the eosin
Y molecules were reduced to free radicals during the electrodeposited process and rapidly combined
with the electrode surface [28, 29, 32]. The electrochemical process for EY? can be summarized in
scheme 1. Meanwhile, the background current of GO/GCE was much higher than that of bare GCE,
which mean that GO modified electrode had better electrochemical performance with higher
electrocatalytic activity and more electroactive sites to the electrodeposition of eosin Y.

Electrochemical impedance spectroscopy (EIS) spectra can be assess the electrochemical
properties of the different electrodes (bare GCE, GO/GCE, EY/GCE and EY/GO/GCE) in [Fe(CN)s]*
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/- system as a redox probe. The interfacial charge transfer resistance (Rc) was equal to the diameter of
the semicircle in the EIS spectra. As shown in Fig. 2, the Rt value of bare GCE was estimated to be 600
Q. When GO or EY was introduced on bare GCE, the Rt value significantly decreased that of bare GCE,
suggesting the high electron conductivity of GO and eosin Y materials. Moreover, the Nyquist plot of
EY/GO/GCE was an almost straight line attribute to the synergistic effect of GO and eosin Y. The
improved electrochemical characteristic implied that EY/GO/GCE could be a promising candidate for

sensing applications.
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Figure 1. The successive CVs for the electrodeposition of 1 mM eosin Y at the GCE and GO/GCE
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Scheme 1. Redox reactions of eosin Y[29]
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Figure 2. Nyqiust plots of bare GCE, GO/GCE, EY/GCE and EY/GO/GCE with frequency range of
0.1-10° Hz, a bias potential of 0.25 V vs. SCE. Inset: Randle equivalent electrical circuit.
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3.2 Electrochemical responses of DA and EP at EY/GO/GCE

To exploit the potential application of the EY/GO/GCE, the electrochemical behaviors of DA
(Fig. 3a), EP (Fig. 3b) and simultaneous detection of EP and DA (Fig. 3c) were studied on the
EY/GO/GCE in 0.1 M phosphate buffer solution with pH value of 6.0 by cyclic voltammetry (CV). For
comparison, the CV was conducted at bare GCE, GO/GCE and EY/GCE. As seen in Fig 3a, DA
displayed a pair of redox peaks (AEp=117 mV) with the cathodic peak current of 2.78 pA at the bare
GCE. The CV of DA at GO/GCE or EY/GCE has a couple of redox peaks and the potential difference
of their peaks (AEp) was decreased. Moreover, the peak intensity was remarkly increased, which can be
attributed to the large specific area of GO and the electrocatalytic performance of EY. As for EY/GO
modified electrode, the sharp cathodic peak current of 24.56 pA was observed, which was nearly 9-fold
larger than that of the bare GCE. The outstanding enhanced electrocatalytic characteristic might be due
to the synergistic effect of EY and GO.

The similar results for the electrochemical reaction of EP were also investigated in Fig. 3b. Only
a small cathodic peak of EP was found at the GCE. Compared with the bare GCE, a pair of peaks of EP
at GO/GCE and EY/GCE were observed, the cathodic peak potential located at -0.170 V and -0.164 V
at GO/GCE and EY/GCE, respectively, and the peak currents were about 3.74 pA and 4.79 pA. The
obviously largest peak current (about 30.58 pnA) at EY/GO/GCE.
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Figure 3. CVs of 0.1 mM of DA (a), 0.1 mM EP (b) and a mixture of 0.1 mM DA and 0.1 mM EP (c) at
bare GCE, GO/GCE, EY/GCE and EY/GO/GCE in 0.1 M (pH 6.0) phosphate buffer solutions at
scan rate: 100 mV/s.
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The simultaneous detection of EP and DA were also conducted (Fig. 3c). At bare GCE, two
oxidation peaks for DA (0.145 V) and EP (-0.222 V) with low current intensity were observed. When
the GO or EY was modified on the GCE, the cathodic peak currents of EP and DA increased significantly
and the cathodic peak potentials were positively shifted. Compared with the other electrodes, the
reductive of EP and DA at EY/GO/GCE exhibited significantly increased current signals. Moreover, two
separated reduction peaks corresponding to EP (-0.195 V) and DA (0.147 V) were obtained. A separation
of 342 mV in reduction peak potentials was achieved, it is similar to the method reported (357 mV) [33].
The hybrid of GO and EY with high conductivity may offer more active sites and high surface area,
which might be beneficial of the electrocatalysis. Moreover, the enhanced current signals could also
result from the fact that the synergistic effect of GO and EY might be increase the electrochemical
adsorbing amount of DA and EP. Overall, the GO and EY hybrid possess the superior performance
toward electrochemical reaction of DA and EP.

3.3 Effect of phosphate buffer solution pH
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Figure 4. (a) LSV curves of 0.1 mM DA and 0.1 mM EP with different pH at EY/GO/GCE at scan rate
of 100 mV/s. (b) Effect of pH on peak potentials for reduction of DA and EP. (¢) Effect of pH on
peak currents.
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The proton is usually involved in the electrochemical reactions of many organic compounds.
Therefore, LSV test was employed to investigate the effect at EY/GO/GCE with pH values ranging from
4.0 to 8.0 in 0.1 M phosphate buffer solutions containing 0.1 mM DA and 0.1 mM EP (Fig. 4a). As
shown in Fig. 4b, the potential moved to lower potentials as pH was increased, indicating that the proton
participated in the electrochemical reaction [34].

It was found that the potentials of reduction peaks (Epc) of DA and EP was linear with pH value
ranging from 4.0 to 8.0. The linear regression equations were Epc (V)=0.5375—0.061 pH (R=0.985) for
DA and Epc (V)=0.1975—0.064 pH (R=0.990) for EP, respectively. According to equation:

dE, 2.303mRT

dpH  nF

wherein m and n are the number of the protons and electrons, respectively. The value of m/n was
calculated to be 1.03 (=1) for DA and 1.08 (=1) for EP from the slope of the E,—pH plot, demonstrating
that the electrochemical redox reaction of two compounds at EY/GO/GCE underwent a two electron and
two proton process, consistent with other previous reports [35,36]. According to the experimental results
and the literature [37], the reasonable reaction mechanisms of DA and EP at EY/GO/GCE were proposed

as follows:
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Moreover, the relationship between the reduction peaks currents and pH of EP and DA were
displayed in the Fig. 4c, the peaks currents of EP and DA reached the highest value at pH 6.0. Therefore,
pH 6.0 was applied for the detection of two compounds at EY/GO/GCE.

3.4 Effect of scan rate

The CVs of 0.1 mM DA and 0.1 mM EP at EY/GO/GCE at various scan rates were shown in
Fig. 4a and c. The dependence of CVs of DA and EP on the scan rate (v) was shown in the Fig. 4b and
d. It was found that all the peak currents (lp) were proportional to the scan rate (v) at EY/GO/GCE over
the range from 60 to 340 mV s*. Their linear regression equations can be expressed as: lpa (LA) = —
0.1431v (mV-s) —7.688 (R=0.972) and Ipc (uA) = 0.0856v (MV-s1)+40.90 (R=0.971) for EP, Ipa (1A)
= —0.1238v (mV-s) —34.60 (R=0.981) and Ipc (nA) = 0.1241 (mV-s?) + 9.433 (R=0.993) for DA,
respectively, suggesting that the electrode reactions of the two compounds at EY/GO/GCE were
absorption-controlled processes [38].
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Figure 5. CVs of 0.1 mM DA (a) and 0.1 mM EP (c) at EY/GO/GCE with different scan rates (60, 80,
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320 and 340 mV s, respectively). Plot
of the peak currents (/) of DA (b) and EP (d) versus scan rates (v).

3.5 Analytical performance

To verify and compare the electrochemical performances of EY/GO modified electrode with and
without the potential interference of each molecule, Fig. 6a plots the DPV responses of DA to various
concentrations of 0.2 — 70 uM in phosphate buffer solutions (0.1 M, pH 6.0) with a constant 40 uM EP
at EY/GO/GCE. The result indicated that the cathodic peaks current of DA gradually increased with the
concentration of DA increased. From the Fig. 6a inset, the linear regression equation was lpc (LA) =
0.1492C (uM) + 0.2037 (R = 0.990) with the detection limit (LOD) of 0.05 uM (S/N = 3). Similar trend
was found for EP with the presence of DA, Fig. 6b plots the DPV responses of EP to various
concentrations in 0.1 M phosphate buffer solutions (pH 6.0) with a constant 30 uM EP. The reduction
peak currents of EP were also linear with the EP concentration in the range of 0.2 — 70 uM, and the
regression equation was lpc (LA) = 0.1948C (uM) + 0.3581 (R = 0.989). The detection limit (S/N=3) was
0.03 uM for EP.

DPV of the simultaneous detection of EP and DA (Fig. 6¢) was conducted with concentrations
ranging from 0.2 to 100 uM. Two well-defined reduction peaks were observed. In addition, the good
relationship between the reduction peak current and the DA/EP concentration were obtained. As seen in
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the inset of Fig. 6¢, the linear regression equations were lpc (WA) = 0.1373C (uM) + 0.0396 (R = 0.998)
for DA and Iy (uA) = 0.2083C (uM) + 0.3902 (R = 0.991) for EP, respectively. From the linear
regression equations, the detection limit was estimated to be 50 nM for DA and 30 nM for EP (S/N = 3),
respectively. Moreover, Table 1 summarized the comparison of the electrochemical performance of two
compounds detection at the proposed electrode with other reported sensors. As can been seen, the linear
range and the detection limit of the obtained modified electrode were improved in some cases and was
comparable with some of them [33, 35, 38-42]. It was manifested that the sensor presented in this work
possessed excellent electrochemical performance, which had a promising prospect for the simultaneous
detection of DA and EP.
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Figure 6. (a) DPV curves of EY/GO/GCE in 0.2, 1.0, 5.0, 10.0, 15.0, 20.0, 25.0, 35.0, 50.0, 60.0 and
70.0 uM DA solutions with the presence of 40 uM EP, inset: relationship of reduction peak
current vs. concentration of DA. (b) DPV curvesin 0.2, 1.0, 5.0, 10.0, 15.0, 20.0, 25.0, 35.0, 50.0,
60.0 and 70.0 uM EP solutions with the presence of 30 uM DA, inset: relationship of reduction
peak current vs. concentration of EP. (c) DPV curves in the concentrations of the DA and EP, 0.2,
1.0, 5.0, 10.0, 25.0, 40.0, 80.0 and 100.0 uM, inset: the calibration curves of DA and EP.

To evaluate the selectivity of the EY/GO modified electrode. The possible interferences of other
compounds were also investigated at the modified electrode. Some foreign species were added into
phosphate buffer (0.1 M, pH 6.0) containing 10 uM DA and 10 uM EP. Different concentration of
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histamine (100 uM), uric acid (30 uM), tyramine (30 uM), L-cysteine (60 uM), tryptamine (300 uM),
glucose (1.5 mM), H20> (1.5 mM) and ascorbic acid (1 mM) had no evident effect on determination of
DA and EP (signals change below 5%), demonstrating the good selectivity of the modified electrode for
the further application.

Table 1. Comparison of performances of different sensors for simultaneous detection of EP and DA.

Materials Linear Detection Reference

range (LM) limit (uM)

DA EP DA EP
AgNP/S10,/GO/GCE? 2.0-80.0 0.23-83.3 0.26 0.27 [8]
poly(isonicotinic acid)/CPE ~ 80-700 5-100 20.0 1.0 [33]
B-MWCNTs/AuNPs/GCE®  323-1020 323-1020 0.20 0.30 [35]
PAIUCPE® 0.8-300 2.0-150 0.17 0.32 [38]
0-CD/CNT/GCE! 2.0-1000 .0-150 1.0 0.5 [39]
Poly(taurine)/GCE 1.0-800 2.0-600 0.1 0.3 [40]
Poly(DA)- nanogold/GCE®  1.0-80 1.0-80 0.08 0.1 [41]
Poly-FA/MWCNT/GCE! 5.0-120 73-1406 221 22.28 [42]
EY/GO/GCE 0.2-100 0.2-100 0.05 0.03 This work

a b

: mesoporous silica nanoparticles, graphene and silver nanoparticles; *: boron-doped multi-walled
carbon nanotubes/gold nanoparticles; ¢: pre-anodized inlaying ultrathin carbon paste electrode; ¢: o —
cyclodextrin and carbon nanotubes; °: polydopamine and gold nanoparticles; ' poly ferulic acid /multi-
walled carbon nanotubes.

3.6 Reproducibility and stability of EY/GO/GCE

The reproducibility of the EY/GO modified electrode was evaluated in 50 uM DA and 50 uM
EP solutions by using six different electrodes prepared under the same conditions, and the relative
standard deviation (RSD) of their electrochemical responses was measured to be only 3.44% to DA and
2.61% for EP, respectively. In order to examine the stability of the modified electrode, after two weeks
of storage at refrigerator, it retained about 86.7% of their initial current value, suggesting the excellent
stability of the proposed electrode.

3.7 Real samples analysis

A recovery test was conducted to evaluate the practical efficiency of the proposed EY/GO/GCE
by the standard addition method. The application of the sensor for the detection of DA and EP in the real
samples such as human urine was investigated. The recovery was studied by spiking certain amounts of
DA and EP. The results were summarized in Table 2. The recoveries were 95.3-106.5 % for the two
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compounds, indicating that the EY/GO/GCE was efficient and sensitive for the assay of DA and EP in
real biological samples.

Table 2. Determination of DA and EP in human urine samples on EY/GO/GCE (n=3)

Sample Analyte Added Found? RSDP  Recovery®(%)
(1M) (uM) (%)
Urinel DA 10 9.76x0.28 2.9 97.6
EP 10 11.53+0.22 1.9 115.3
Urine2 DA 20 21.30£0.42 2.0 106.5
EP 20 19.05+0.53 2.8 95.3

a Standard addition method. ° Relative standard deviation for 3 successive measurements.

4. CONCLUSION

In this work, a glassy carbon electrode modified with eosin Y by electro-deposition on the surface
of coating GO modified electrode was successfully proposed and applied for the sensitive and selective
detection of DA and EP. The EY/GO/GCE enhanced the reduction peak currents towards DA and EP
and the positive shift of the reduction peak potentials. The improving electrochemical performance was
attributed to the synergistic effect of GO and EY with large surface area and high conductivity. The
proposed EY/GO/GCE achieved high selectivity, long-time stability and good reproducibility for DA
and EP. Moreover, the obtained sensor successfully detected the concentration of DA and EP in real
urine samples.
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