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The electrodeposition of a ¯lm of reduced graphene oxide (ERGO) with well-dispersed on a glassy
carbon electrode (GCE) was achieved using cyclic voltammetry (CV) in a graphene oxide (GO)
colloidal solution. Using square wave adsorptive stripping voltammetry (SWASV), the ERGO
¯lm was applied for the ¯rst time, in developing a high-sensitive electrochemical sensor for
detection of taxifolin. Compared with bare GCE, the resulting electrodes (ERGO/GCE)
exhibited excellent response toward the oxidation of taxifolin by signi¯cantly enhancing the
oxidation peak currents and the decreased peak-to-peak separation. Under selected conditions,
the reduction peak currents had linear relationship with taxifolin concentration in the range of
5:0� 10�8 – 1:5� 10�6 mol L�1, with detection limit of 4:0� 10�9 mol L�1. Besides, the method
was successfully applied to the quantitative determination of taxifolin in the Prince's-feather
fruit with satisfactory results.

Keywords: Electrodeposition of reduced graphene oxide; electrochemical sensor; voltammetric
sensor; taxifolin.

1. Introduction

Flavonoids have aroused increasing awareness be-
cause of their potential health bene¯cial e®ect.1

Taxifolin, a bio°avonoid found in the rind of
Siberian larch and Dahurian larch, has been widely
used in the treatment of cerebral infarction and se-
quelae, cerebral thrombus, coronary heart disease
and angina pectoris.2,3 Accordingly, accurate ana-
lytical method for taxifolin is necessary and some
determination techniques have been developed,
such as high-performance liquid chromatography
(HPLC),4–6 UV-Vis spectrophotometry,7 thin layer

chromatography (TLC)8 and capillary zone elec-
trophoresis (CZE).9 However, some of these meth-
ods are time-consuming, expensive or involve a
tedious extraction process before detection, which
hampers their further application. In contrast,
electrochemical method is simple, rapid, sensitive
and inexpensive. Furthermore, the redox properties
of drugs can provide insight into their metabolic
fate, their in vivo redox processes and their phar-
macological activity.10,11 Recently, much e®ort has
been devoted to the electrochemical behavior of
taxifolin on modi¯ed electrode,12 but very limited.
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Graphene, a perfect two-dimensional (2D) car-
bon material found in 2004,13,14 is an ideal mate-
rial for electrochemistry13 because of its very large
2D electrical conductivity, large surface area and
low cost. Hence graphene-based modi¯ed electro-
des prepared by various methods have been ex-
plored as electrochemical sensors platforms.14–18

However, graphene ¯lms on electrodes in these
researches are usually prepared by chemical re-
duction of graphene oxide (CRGO) sheets.19–22

Such a preparation methodology involves some
toxic chemicals. Recently, electrochemical reduc-
tion of graphene oxide (ERGO), which has been
reported by several research groups,14,23–25 has
arisen more interest due to its fast and green na-
ture. Generally, graphene oxide (GO) is ¯rst as-
sembled on the electrodes as precursor by solution
deposition methods, and then is subjected to
electrochemical reduction. By using electrons as
the reducing agent, this method is green, fast,
simple and will not result in contamination of the
synthesized material. Therefore, the electrochemi-
cal performances and applications of electrochem-
ically reduced GO are promising and will be
further developed.

In this work, the ERGO ¯lm was directly fabri-
cated on glassy carbon electrode (GCE) by using
cyclic voltammetry (CV) in a GO colloidal solution.
The ERGO ¯lm was characterized by electrochem-
ical methods and scanning electron microscopy
(SEM). Using square wave adsorptive stripping
voltammetry (SWASV), the ERGO ¯lm was ap-
plied for the ¯rst time, in developing a high-sensitive
electrochemical sensor for detection of taxifolin. The
electrochemical behaviors of taxifolin at the modi-
¯ed electrode were investigated in detail. Besides,
the method was also applied successfully in the
determination of the content of taxifolin in the
prince's-feather fruit.

2. Experimental Methods

2.1. Apparatus and reagents

Model CHI 650A electrochemical system (CHI
Instrumental, Shanghai, China) and RST5000
electrochemical workstation (Zhengzhou Shiruisi
Instrument Co., Ltd., Zhengzhou, China) were
employed for electrochemical techniques. Scanning
electron microscopy (SEM) images were obtained
with a Quonxe-2000 ¯eld emission scanning electron

microscope (FEI Company, Holland). Atomic force
microscopy (AFM) images were obtained with a
BenYuan CSPM-5500 AFM (Guangzhou BenYuan
nanometer Instrument Co., Ltd., Guangzhou,
China). A standard three-electrode electrochemical
cell was used with GCE (d ¼ 3mm) or modi¯ed
GCE as a working electrode, platinum (Pt) wire as
an auxiliary electrode and a saturated calomel
electrode (SCE) as a reference electrode (the inter-
nal solution was saturated KCl solution). All the pH
measurements were made with a PHS-3C precision
pH meter (Leici Devices Factory of Shanghai,
China), which was calibrated with standard bu®er
solution at 25� 0:1�C every day.

Taxifolin was purchased from Shanghai Jinsui
Biological Technology Co., Ltd (Shanghai, China).
Stock solution (1:0� 10�3 mol L�1) of taxifolin was
prepared with absolute ethyl alcohol and stored at
4�C in the dark. Graphite was purchased from
Nanjing Xfnano Materials Tech Co., Ltd (Nanjing,
China). All reagents were of analytical grade and
were used as received. Double distilled water was
used for all preparations.

2.2. Preparation of the modi¯ed
electrode

Firstly, GO was synthesized from graphite by the
modi¯ed Hummers method.26 The exfoliated GO
was obtained by ultrasound of the GO dispersion,
and centrifugation at 3000 rpm for 15min. The
resulting GO deposited on the mica were charac-
terized by AFM. The results found that the GO
sheets were almost single-layered, and the average
thickness of single-layer GO sheets was approxi-
mately 1 nm, see Fig. 1.

Prior to modi¯cation, the bare GCE was
polished successively with 0.3�m and 0.05�m
Al2O3 power and rinsed thoroughly with doubly
distilled water between each polishing step. After
that, the GCE was sonicated in ethanol and doubly
distilled water each for 2min, and dried under N2

blowing. After that, the bare GCE was immersed
in pH 5.0 phosphate bu®er solutions (PBS) con-
taining 1.0mgmL�1 GO, and then, the electro-
chemical reduction of GO was carried out by cyclic
sweeping from 0.2V to �1.6V at 50mV s�1 for
10 cycles. The obtained electrode was denoted as
ERGO/GCE. The electrode was covered with an
electrode cap to protect the electrode surface when
not using it.
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2.3. Experimental procedure for
electrochemical analysis

A certain volume of stock solution of taxifolin and
10mL 0.1mol L�1 H2SO4 solutions (pH ¼ 0:95)
were added into an electrochemical cell, and then
the electrode was immersed into the cell. The CV
and square wave voltammetry (SWV) were per-
formed to investigate the electrochemical behavior
of taxifolin at ERGO/GCE.

2.4. Real sample assay procedure

The sample powder was obtained by grinding cer-
tain amount of dried Prince's-feather fruit. About
2 g of the powder was weighed and extracted with
50mL 80% ethanol for 2 h in an ultrasonic bath.
Then, the extractum was extracted with ethyl ace-
tate. Finally, the sample was obtained by silica-gel
column chromatography. The sample solution was
stored in the dark. Just before each measurement,
the sample solution was diluted quantitatively using
the supporting electrolyte.

3. Results and Discussion

3.1. Morphological characterization
of the ERGO/GCE

To obtain further information on the successful
preparation of ERGO ¯lms, morphologies of bare
GCE [Fig. 2(a)] and ERGO/GCE [Fig. 2(b)] were
characterized by using SEM. Figure 2 shows the
SEM images obtained from GCEs modi¯ed

without/with ERGO ¯lms. Compared with the
glazed surface of bare GCE, a close association with
each other to form thin and crumpled sheets was
displayed, and the edges of individual sheets were
distinguishable with kinked and wrinkled areas,
which is highly bene¯cial in maintaining a high
surface area on the electrode and helpful in con-
structing an interface for the electrochemical sen-
sors. Moreover, the ¯lms barely show aggregation,
indicating that the assembly of ERGO ¯lms by CV
on a solid substrate is a rapid and green way to
fabricate well-dispersed ERGO ¯lms.

3.2. Electrochemical characterization
of ERGO/GCE

In order to highlight the particular feature of the
proposed electrode, its voltammetric response for
redox probe [Fe(CN)6]3�=4� was compared with bare
GCE. Figure 3 shows the cyclic voltammograms

Fig. 2. The SEM images obtained from the bare GCE (a) and
ERGO/GCE (b).

Fig. 1. AFM image of GO from its dilute aqueous dispersion on freshly cleaned mica.
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(CVs) of bare GCE (curve a) and ERGO/GCE
(curve b) in 1:0� 10�3 mol L�1 K3½FeðCNÞ6� þ
0:1mol L�1 KCl solution. A pair of redox peaks of [Fe
(CN)6]3�=4� is showedonbareGCEwith thepeak-to-
peak separation (�Ep) as 66mV at the scan rate of
50mV s�1.While on the ERGO/GCE, both cathodic
and anodic peak currents increase obviously with the
�Ep value decreased to 34mV. The larger peak
currents and the smaller �Ep of redox probe
Fe(CN)

3�=4�
6 is observed on the ERGO/GCE. The

results suggested that the ERGO ¯lms could e±-
ciently accelerate the electron transfer on the elec-
trode surface to amplify the electrochemical signal
due to its excellent electric conductivity and large
speci¯c surface area.

At the same time, according to Randles–Sevcik
formula27: ipa ¼ 2:69� 105n3=2AD

1=2
o cov

1=2, where
ipa refers to the anodic peak current (A); n is the
electron transfer number; A is the surface area of the
electrode (cm2); Do is the di®usion coe±cient
(cm2 s�1); co is the concentration of K3[Fe(CN)6]
(mol L�1) and v is the scan rate (V s�1). By ex-
ploring the redox peak current with scan rate, the
average electroactive area of bare GCE and ERGO/
GCE was calculated as 0.044 cm2 and 0.089 cm2,
respectively. The results further indicated that the
preparation of the ERGO ¯lms could signi¯cantly
improve the e®ective area of the electrode surface.

3.3. Electrochemical behavior of
taxifolin at ERGO/GCE

The electrochemical behavior of taxifolin on ERGO/
GCE was investigated by CV. For comparison, the

CVs of bare GCE were also conducted. At the bare
GCE (Fig. 4, curve a), a pair of relatively weak
redox peak currents corresponding to the electro-
chemical redox of taxifolin was observed at an an-
odic peak potential (Epa) of 0.637V and a cathodic
peak potential (Epc) of 0.425V (inset of Fig. 4).
When the ERGO ¯lms are deposited on GCE sur-
face, as can be seen from curve c of Fig. 4, taxifolin
exhibits a pair of well-de¯ned redox waves on the
ERGO/GCE with Epa ¼ 0:548V and Epc ¼ 0:532V
under the same experimental condition, of which the
peak current is about 146-fold higher than that of
bare GCE, and the peak-to-peak separation (�Ep)
is only 16mV. This results might be attributed to
the unique properties of ERGO ¯lm. Firstly, the
ERGO ¯lm provides a large speci¯c surface area to
increase the loading amount of taxifolin. Secondly,
thin, crumpled and the edges of individual sheets
exhibit excellent conductivity, making the ERGO
¯lm as a promoter to accelerate electron transfer
between the electrode and taxifolin in the solution.
Besides, it can also be seen from Fig. 4 that the
background current of ERGO/GCE is much larger
than that of the bare GCE, indicating high speci¯c
capacitance of ERGO ¯lms on electrode.

3.3.1. E®ect of scan rate

To further elucidate the electrode reaction of taxi-
folin at ERGO/GCE, the e®ect of scan rates (v) on
the voltammetric response of taxifolin on ERGO/
GCE was investigated. Figure 5(a) shows the
CVs of 4:0� 10�5 mol L�1 taxifolin in a 0.1mol L�1

Fig. 3. CVs of a bareGCE (curve a) andERGO/GCE(curve b)
in 1:0� 10�3 mol L�1 K3½FeðCNÞ6� þ 0:1mol L�1 KCl solution.

Fig. 4. CVs of taxifolin (4:0� 10�5 mol L�1) at bare GCE (a)
and ERGO/GCE (b); Supporting electrolyte: 0.1mol L�1

H2SO4 solutions (pH ¼ 0:95), v ¼ 0:05V s�1.
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H2SO4 solution at the ERGO/GCE with v ranging
from 0.10V s�1 to 1.00V s�1. It is clear that both
the redox peak currents were enhanced by increas-
ing the potential scan rate. As can be seen in
Fig. 5(b), the redox peak currents were found to be
linearly proportional to the scan rate. The linear
regression equations are ipa ¼ �0:0524� 1:586v
(R ¼ 0:999) and ipc ¼ 0:00614þ 1:628v (R ¼
0:999). This indicates that the modi¯ed electrode
reaction of taxifolin is an adsorption-controlled
process.28 Based on Laviron's theory of an adsorp-
tion-controlled process, the ip–v relation can be de-
scribed as follows29:

ip ¼
n2F 2A��v

4RT
¼ nFQv

4RT
:

This means that the electron-transfer number, n, can
be calculated as long as the CV peak area, Q, is
obtained under a certain scan rate. As the scan rates
varied from 0.10V s�1 to 1.00V s�1, n ¼ 2 was cal-
culated as an average. Moreover, with the increase of
v; the oxidation peak potential (Epa) was positively
shifted and the reduction peak potential (Epc) was
negatively shifted, indicating that the redox revers-
ibility of taxifolin was impaired.When v > 0:5V s�1,
the Epa and Epc were linearly dependent on the ln v
with the regression equations of Epa ðVÞ ¼ 0:0523 ln
vþ 0:625 (R ¼ 0:994) andEpc ðVÞ ¼ �0:0549 ln vþ
0:454 (R ¼ 0:999), see Fig. 5(c). Based on the
Laviron's theory30 with slopes of the lines RT=½ð1�
�ÞnF � and �RT=�nF , the value of the electron
transfer coe±cient (�) were calculated as 0.49.

3.3.2. E®ect of supporting electrolyte
and pH value

The types of supporting electrolytes played a key
role in the voltammetric responses of taxifolin. The
current responses of 4:0� 10�5 mol L�1 taxifolin
were estimated in di®erent supporting electrolytes
such as H2SO4, NaOH, phosphate bu®er, acetate
bu®er, Britton Robinson and borate bu®er solu-
tions. The results showed that higher peak current
and the better peak shape could be obtained in a
H2SO4 solution. Therefore, the H2SO4 bu®er solu-
tion was adopted as priority for the following
experiments.

To further investigate the mechanism of the
electrochemical redox of taxifolin, the e®ect of the
solution pH on the response of taxifolin was also
studied by CV. The results shows that both the

(a)

(b)

(c)

Fig. 5. (a) CVs acquired on ERGO/GCE with
4:0� 10�5 mol L�1 taxifolin in supporting electrolyte of
0.1mol L�1 H2SO4 solutions (pH ¼ 0:95) at di®erent scan rates
from 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.0V s�1

(from 1 to 10); (b) The plot of the redox peak currents of taxifolin
versus scan rate; (c) The relationship between Ep and ln v.
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anodic peak potential (Epa) and the cathodic po-
tential (Epc) shifted negatively with increasing the
solution pH (0.5–3.0), indicating that the electro-
catalytic oxidation of taxifolin at ERGO/GCE is a
proton-involved reaction. The relationship between
the formal peak potential (E 0 0

) and the pH could be
¯tted into the regression equation, E 0 0 ¼ 0:632�
0:049 pH (R ¼ 0:999). From the slope value, which
is very close to the theoretical value of �59mV, it is
indicated that the electrocatalytic redox of taxifolin
at the ERGO/GCE is an equal electron-and proton-
process. Since the redox of taxifolin is a two-electron
process, the number of protons involved should also
be two.

Based on these results, the electrochemical reac-
tion mechanism was expressed as Scheme 1.

3.4. SWV investigations

To overcome the in°uence of the blank current for
the detection sensitivity, we chose the reduction
peak as the object to investigate. Moreover, we
found that the peak corresponding to the di®erential
pulse waveform is more distant from the back-
ground discharge, but the square wave waveform is
preferable because of its highest sensitivity and its
high scan rate, which is time e±cient. So the SWV
was employed in the determination of taxifolin. The
optimum instrumental parameters (pulse-amplitude
Esw, frequency f) were studied for a 1:0�
10�6 mol L�1 taxifolin solution. The results indi-
cated that the ipa increased by increasing Esw from
10mV to 50mV or f in the range of 10–50Hz (see
Fig. 6), but the peak potential shifted to more
positive values, and the peak changed unshapely. So
30mV was chosen as the optimum amplitude and
25Hz was chosen as the optimum frequency.

3.5. Analytical applications and
methods validation

3.5.1. Accumulation conditions

For consideration of the adsorption of taxifolin on
the ERGO/GCE surface, SWV technique coupled

with accumulation procedure was used in the study.
With an increase in the accumulation time (tacc),
the ipc increased. When tacc was 300 s, ipc achieved a
maximum value in the taxifolin solution of
5:0� 10�7 mol L�1. A plateau appeared for
prolonging the tacc afterward, and the accumulation
potential had a small e®ect on the peak current. So
the tacc of 300 s under open circuit was used for
further studies.

3.5.2. Calibration curve, detection limit,
repeatability and stability

Series concentrations of taxifolin standard solutions
were detected under the optimized working condi-
tions described above. Figure 7 displayed the re-
sponse of di®erent concentrations of taxifolin by
SWASV. A linear relationship could be established
between ipa and the concentration of taxifolin in the
range of 5:0� 10�8–1:5� 10�6 mol L�1 (the inset of
Fig. 7). The linear regression equation and correla-
tion coe±cient are:

ipc ¼ 8:89þ 495:4c ðR ¼ 0:999Þ
where ipc is the reduction peak current in �A and
c is the concentration of taxifolin in �mol L�1.
Standard deviations (SD) for the slope and inter-
cept of the calibration curve were 4.94 and 6.53,
respectively. Based on the signal-to-noise ratio of
3 (S/N),31 the detection limit was obtained as
4:0� 10�9 mol L�1. These values con¯rmed the sen-
sitivity of the proposed method for the determination

OHO

OH

OH

OH

OH

O

OHO

OH

OH

O

O

O

-2e, 2H+

+2e, 2H+

Scheme 1. Redox mechanism of taxifolin at ERGO/GCE.

Fig. 6. Square wave anodic stripping voltammograms of
1:0� 10�6 mol L�1 taxifolin at di®erent frequencies: (1–9) 10,
15, 20, 25, 30, 35, 40, 45 and 50Hz; scan increment of 4mV and
pulse amplitude of 30mV; the other experimental conditions
are the same as those described in Fig. 4.
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of taxifolin. To estimate the repeatability of the
proposed electrode, the R.S.D. of ¯ve times successful
measurement the peak current of 1:0� 10�6 mol L�1

taxifolin was calculated to be 4.7%, which demon-
strated a good repeatability of the proposed elec-
trode. The ERGO/GCE can be stored for about 2
weeks and the decrease of the response was obtained
as 2.9%, which indicated that ERGO/GCE had good
stability.

3.5.3. Interference studies

For the possible analytical application of the pro-
posed method, various possible interfering species
were evaluated, with a ¯xed taxifolin concentration
of 1:0� 10�6 mol L�1. The tolerance limit for a for-
eign species was taken as the largest amount yielding
a relative error < � 5% for the determination of
taxifolin. The experiment results showed that no
interference could be observed for the following or-
ganic compounds: glucose (60), citric acid (30),
glutamic acid (30), oxalic acid (50), ascorbic acid
(10), uric acid (3), quercetin (5) and norepinephrine
(3), where the data in brackets denote the molar
ratio of interfering compound to taxifolin. At the
same time, the inorganic species, such as Ca2þ,
Zn2þ, Cu2þ, Mg2þ, NHþ

4 , Cl
�, PO3�

4 and Ac� did
not interfere. The results indicate that the present

method was adequate for the determination of
taxifolin in real samples.

3.6. Determination of taxifolin in the
real sample

In order to evaluate the validity of the proposed
method, it was employed in the determination of the
content of taxifolin in the prince's-feather fruit. The
standard addition method was used to determine
the content of taxifolin. All the samples were de-
termined for three times under the same conditions.
The results are listed in Table 1. The recoveries of
taxifolin at ERGO/GCE are in the range from
96.2% to 101.7%, declaring that this method is ef-
fective and reliable.

4. Conclusions

We have successfully employed an electrochemically
reduced grapheme oxide-modi¯ed electrode for the
sensitive detection of taxifolin. The proposed mod-
i¯ed electrode showed enhanced electron transfer
properties and high resolution capacity to the taxi-
folin. The method was also applied successfully in
the determination of the content of taxifolin in the
prince's-feather fruit. Compared with other meth-
ods, it is a simple, but highly sensitive, green and
promising method for determination of taxifolin.

Acknowledgment

The authors would like to thank the ¯nancial sup-
ports from the Natural Science Foundation of
Henan Province in China (No. 122300410284).

References

1. C. S. Yang, J. M. Landau, M. T. Huang and H. L.
Newmark, Ann. Rev. Nutr. 21, 381 (2001).

Table 1. Determination results of taxifolin in the prince's-
feather fruit sample by SWASV.

Sample

Amount
found

(mg g�1)
RSD
(%)

Stand
added

(mg g�1)

Total
found

(mg g�1)
Recovery

(%)

1 4.764 2.7 2.104 6.814 97.4
2 4.567 4.1 2.104 6.707 101.7
3 4.674 3.4 2.104 6.697 96.2

Fig. 7. Square wave anodic stripping voltammograms and
their associated calibration plot (inset) for increasing con-
centrations of taxifolin at ERGO/GCE under optimum condi-
tions; taxifolin concentration: (1) 0.0mol L�1, (2) 5:0�
10�8 mol L�1, (3) 1:0� 10�7 mol L�1, (4) 1:5� 10�7 mol L�1,
(5) 3:0� 10�7 mol L�1, (6) 5:0� 10�7 mol L�1, (7) 7:0�
10�7 mol L�1, (8) 9:0� 10�7 mol L�1, (9) 1:1� 10�6 mol L�1

and (10) 1:5� 10�6 mol L�1.

1550044-7

A Rapid, Green and Controllable Strategy to Fabricate Electrodeposition of RGO Film

N
A

N
O

 2
01

5.
10

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
13

.9
6.

14
9.

14
5 

on
 0

6/
15

/1
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.

www.sp
m.co

m.cn



2. M. B. Plotnikov, O. I. Aliev, M. J. Maslov, A. S.
Vasiliev and N. A. Tjukavkina, Phytotherapy Res.
17, 276 (2003).

3. M. B. Plotnikov, D. M. Plotnikov, O. I. Aliev, M. Y.
Maslov, A. S. Vasiliev, V. M. Ali¯rova and N. A.
Tyukavkina, Clin. Hemorheol. Microcirc. 30, 449
(2004).

4. Y. Wei, X. Chen, X. Jiang, Z. Ma and J. Xiao, J.
Food Composit. Anal. 22, 154 (2009).

5. K. R. Vega-Villa, C. M. Remsberg, Y. Ohgami, J. A.
Yanez, J. K. Takemoto, P. K. Andrews and N. M.
Davies, Biomed. Chromatogr. 23, 638 (2009).

6. P. B. Tsydendambaev, B. S. Khyshiktuev, A. A.
Dutov, S. M. Nikolaev and A. V. Savin, Biome-
ditsinskaya Khimiya 53, 212 (2007).

7. D. Liu, S. Y. Lin and G. L. Liang, Prog. Mod.
Biomed. 8, 331 (2008).

8. J. He and Y. J. Zhai, J. Liaoning College of Tradi-
tional Chin. Med. 7, 622 (2005).

9. Q.-F. Zhang, S.-C. Li, W.-P. Lai and H.-Y. Cheung,
Food Chem. 113, 684 (2009).

10. D. T. Burcu, J. Solid State Electrochem. 17, 1059
(2013).

11. Y. W. Wang, H. Liu, F. Wang and Y. M. Gao,
J. Solid State Electrochem. 16, 3227 (2012).

12. G. Ziyatdinova, I. Aytuganova, A. Nizamova,
M. Morozov and H. Budnikov, Collection Czecho-
slovak Chem. Commun. 76, 1619 (2011).

13. J. L. Zhang, H. J. Yang, G. X. Shen, P. Cheng, J. Y.
Zhang and S. W. Guo, Chem. Commun. 46, 1112
(2010).

14. L. Y. Chen, Y. H. Tang, K. Wang, C. B. Liu and
S. L. Luo, Electrochem. Commun. 13, 133 (2011).

15. C. X. Lim, H. Y. Hoh, P. K. Ang and K. P. Loh,
Anal. Chem. 82, 7387 (2010).

16. Y. R. Kim, S. Bong, Y. J. Kang, Y. Yang, R. K.
Mahajan, J. S. Kim and H. Kim, Biosens. Bioelec-
tron. 25, 2366 (2010).

17. M. Zhou, Y. Zhai and S. Dong, Anal. Chem. 81,
5603 (2009).

18. N. G. Shang, P. Papakonstantinou, M. McMullan,
M. Chu, A. Stamboulis, A. Potenza, S. S. Dhesi and
H. Marchetto, Adv. Funct. Mater. 18, 3506 (2008).

19. X. Z. Zhang, X. L. Gu, K. M. Qu and C. Z. Zhao,
J. Chin. Chem. Soc. 61, 687 (2014).

20. F. Wang, X. Yu, H. Li, M. Li and Q. Feng, J. Chin.
Chem. Soc. 60, 1019 (2013).

21. D. W. Zhao, H. Liu, F. Wang, Q. M. Feng and M. Li,
Anal. Sci. 29, 625 (2013).

22. F. Wang, J. Zhou, Y. Liu, S. J. Wu, G. Song and
B. X. Ye, Analyst 136, 3943 (2011).

23. K. Q. Deng, J. H. Zhou and X. F. Li, Colloids Surf. B
Biointerfaces 101, 183 (2013).

24. Q. F. Shi, M. Chen and G. W. Diao, Electrochim.
Acta 114, 693 (2013).

25. Y. Y. Shao, J. Wang, M. Engelhard, C. M. Wang
and Y. H. Lin, J. Mater. Chem. 20, 743 (2010).

26. W. S. Hummers and R. E. O®eman, J. Am. Chem.
Soc. 80, 1339 (1958).

27. A. J. Bard and L. R. Faulkner, Electrochemical
Methods, Fundamentals and Applications, 2nd edn.
(Wiley, New York, 2001).

28. Y. F. Li, K. J. Li, G. Song, J. Liu, K. Zhang and
B. X. Ye, Sens. Actuators B Chem. 182, 401 (2013).

29. M. Sharp, M. Petersson and K. Edstr€om, J. Elec-
troanal. Chem. 95, 123 (1979).

30. E. Laviron, J. Electroanal. Chem. 101, 19 (1979).
31. J. N. Miller and J. C. Miller, Statistics and Chemo-

metrics for Analytical Chemistry, 4th edn. (Pearson
Education Limited, London, 2000).

1550044-8

Y. Wu et al.

N
A

N
O

 2
01

5.
10

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
13

.9
6.

14
9.

14
5 

on
 0

6/
15

/1
5.

 F
or

 p
er

so
na

l u
se

 o
nl

y.

www.sp
m.co

m.cn


	A Rapid, Green and Controllable Strategy to Fabricate Electrodeposition of Reduced Graphene Oxide Film as Sensing Materials for Determination of Taxifolin
	1. Introduction
	2. Experimental Methods
	2.1. Apparatus and reagents
	2.2. Preparation of the modified electrode
	2.3. Experimental procedure for electrochemical analysis
	2.4. Real sample assay procedure

	3. Results and Discussion
	3.1. Morphological characterization of the ERGO/GCE
	3.2. Electrochemical characterization of ERGO/GCE
	3.3. Electrochemical behavior of taxifolin at ERGO/GCE
	3.3.1. Effect of scan rate
	3.3.2. Effect of supporting electrolyte and pH value

	3.4. SWV investigations
	3.5. Analytical applications and methods validation
	3.5.1. Accumulation conditions
	3.5.2. Calibration curve, detection limit, repeatability and stability
	3.5.3. Interference studies

	3.6. Determination of taxifolin in the real sample

	4. Conclusions
	Acknowledgment
	References


