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ABSTRACT

A graphene oxide (GO) modified glassy carbon electrode (GCE), namely GO/GCE was prepared by cova-
lent coupling method, which was characterized by atomic force microscope (AFM), cyclic voltammetry
(CV) and electrochemical impedance spectra (EIS). On this modified electrode, it is found that the elec-
trochemistry of dopamine (DA) is greatly enhanced, while that of ascorbic acid (AA) is totally impressed,
showing that the modified layer of GO has completely different impact on the electrochemical response
of DA and AA. The probable mechanism to cause the different impact was proposed. GO/GCE was further
applied as a biosensor for the determination of DA in the presence of with AA, and the results showed that
the coexisted AA has no interference toward the electrochemistry of DA. The oxidation peak currents of
DA present a good linear relationship with the concentrations in the range from 1.0 wM to 15.0 uM with
a detection limit of 0.27 M. The electrochemical parameters such as the electron transfer rate constant,
catalytic rate constant, diffusion coefficient, and electron/proton transfer number of DA on GO/GCE were

also studied.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dopamine (DA) plays a significant role in the function of the
central nervous, renal and hormonal system as an important neu-
rotransmitter [1]. The DA biochemistry is believed to be related to
several diseases such as Schizophrenia, Parkinsonism and Hunting-
ton [2]. The studies on the electrochemistry of DA are helpful for
us to well understand its physiological functions and action mech-
anism in bodies [3]. Update, many electrochemical strategies have
been designed and applied for the detection of DA in samples [4-6].
However, due to the non-reversibility of its electrochemical behav-
iors, as well as the fouling of the electrode surface by the oxidation
products, poor results are often generated on the conventional elec-
trodes [7]. Additionally, another common biological molecule of
ascorbic acid (AA) that has higher concentration than DA in biolog-
ical samples often interferes the accurate detection of DA because
both of them have very close oxidation potentials [5,8,9]. Therefore,
the selective and sensitive determination of DA in the presence of
AA is still a major challenge in biological analysis. In order to real-
ize this goal, numerous materials such as organic redox mediators
[10], nanoparticles [11] and self-assembled monolayer [12] have
been applied as modification layer to construct the highly selective
and sensitive DA biosensor.

* Corresponding author. Tel.: +86 596 2591445; fax: +86 596 2520035.
E-mail address: axiang236@126.com (Q. Wang).

0925-4005/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.snb.2013.06.020

Recently, a new two-dimensional (2D) carbon material,
graphene (GR) attracts much attention in fabricating electrochem-
ical biosensors [13-16] because of its unique properties such as
exceptional thermal and mechanical properties, large surface-to-
volume ratio and high electrical conductivity. It has been reported
that GR can provide a favorable micro-environment for enhancing
the direct electron transfer of some redox enzymes such as glu-
cose oxidase [17], cytochrome C [18] and hemoglobin [19]. DA has
also been detected on graphene modified electrode. For example,
Wang et al. [20] have reported that DA can be selectively deter-
mined on a graphene-chitosan nanocomposite modified electrode
and the interference from AA can be completely eliminated by
the modified layer. The similar result has also been obtained at a
silanized graphene modified electrode [21]. However, on the most
common preparation method of GR or its composite, i.e., through
chemical reduction from graphene oxide (GO), a hazardous chem-
ical of hydrazine is often used as the reductant. In addition, GR is
hydrophobic and tend to form irreversible agglomerates or even
restack to form graphite through strong - stacking or van der
waals interaction [22]. All these disadvantages limit the practical
application of GR in electrochemistry field.

Relatively, the precursor for preparing the chemically reduced
graphene, GO shows good hydrophilicity and dispersibility in water
because it contains alarge number of hydrophilic functional groups,
such as—OH, —COOH and epoxides on the basal plane and the sheet
edge. Although the conductivity of GO is not as high as graphene,
it is also regarded as a suitable candidate for biosensing analysis
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due to its nano-scale effect, surface properties and strong affinity
with biological molecules [23]. For example, based on its exclusive
association with single-stranded DNA rather than double-stranded
DNA, it has been exploited as fluorescent platform for DNA sensing
analysis [24,25]. Additionally, it has also been applied as effective
nanocarriers to construct electrochemical enzyme/protein biosen-
sor [26] and immunosensor [27].

In this work, a GO modified glassy carbon electrode (GO/GCE)
was prepared by covalent method, which was characterized by
atomic force microscope (AFM) and electrochemical technologies.
The electrochemical behaviors of DA and AA on the modified elec-
trode were independently investigated, and the results show that
the redox signal of DA is greatly promoted by the modified GO layer,
but the electrochemical signal of AA is completely suppressed.
Based on this feature, the modified electrode was applied as a highly
selective biosensor for the detection of DA in the presence of AA.
It is found that DA can be detected from 1.0 wuM to 15.0 WM with
the detection limit of 0.27 wM without any interference from AA.
Also, the electrochemical parameters and electrochemical reaction
mechanism of DA on GO/GCE were carefully investigated in this
work. Compared with the DA biosensors based on the chemically
reduced GR materials [8,20], the biosensor developed in this work
is more environmentally friendly and easy to prepare rather than
losing the performance of high selectivity and high sensitivity.

2. Experimental
2.1. Reagents and apparatus

Graphite and AA of analytical grade were obtained
from Guangdong Xilong Chemical Co., Ltd (China). DA and
Tris(hydroxymethyl)aminomethane (Tris) of analytical grades
were purchased from Aladdin Reagent Co., Ltd (China).
N-Hydroxy succinimide (NHS) and 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDC) were purchased from
Shanghai Jingchun Reagent Co., Ltd (China). Hexaammineruthe-
nium(III) chloride ([Ru(NH3)g]**) was purchased from ABCR GmbH
& Co. KG (Germany). Phosphate buffer solution (PBS) was prepared
by mixing 0.02M NaCl and 0.05M NaH,PO4-Na;HPO4. 0.04 M
Britton-Robinson (B-R) buffer solutions with various pH values
were used as the supporting electrolytes. All the other chemicals
were of analytical reagent grade and were obtained commercially.
Doubly distilled water (DDW) was used throughout experiments.

All the electrochemical measurements were carried out on a CHI
650C electrochemical analyzer (China) consisting of a traditional
three-electrode system: a bare or GO modified GCE (GO/GCE) as the
working electrode, an Ag/AgCl as auxiliary electrode and a Pt wire

as counter electrode. AFM images were obtained with CSPM 5500

scanning probe microscope (China). The Raman spectroscopy was
conducted on a Renishaw in Via plus Raman microscope (America).

2.2. Preparation of GO/GCE

The water-soluble GO was prepared according to a modified
Hummer’s method using graphite powder as starting material [28].
Briefly, 1g natural-flake graphite and 0.5g NaNOs were reacted
with 23 mL concentrated sulfuric acid in an ice bath for 30 min.
Then, 3g KMnO4 was slowly added and went on reacting for
2 h. Afterwards, the mixture was heated to 35°C and maintained
for 30 min, followed by slow adding 46 mL water and going on
reacting at 98 °C for 15 min to fully oxidize graphite. After cooling
with water-bath, the reaction mixture was diluted with 140 mL
water and 3mL H,0, (30%). After the mixture was purified by
filter, multiple washing with 5% HCl and water, centrifugation
and decanter, the precipitate was dialyzed for 7 days in DDW to

remove the residual acid until the pH was close to 7. Finally, the
product was dried by vacuum overnight at room temperature.
The homogeneous GO suspension (1.0mgmL-1) was obtained by
dispersing 5mg GO in 5 mL DDW with ultrasonication for 5 h.

Prior to modification with GO, a GCE was sequentially polished
with 0.3 wm and 0.05 wm alumina slurries and rinsed with ace-
tone, ethanol, and DDW under sonication for 2 min, in turn. Then
the cleaned electrode was oxidized at +1.5V for 15 s in an aqueous
solution containing 2.5% K,Cr,07 and 10% HNO3 to generate some
active groups [29]. After rinsing with water, 10 pL PBS containing
5mM EDC and 8 mM NHS was cast on the oxidized GCE for 5 h, and
arubber cap was fitted to prevent rapid evaporation. Subsequently
10 pL prepared GO suspension was cast on the surface of the acti-
vated GCE and dried naturally. Prior to use, the modified electrode
was carefully rinsed with DDW to remove the loosely attached GO,
and dried in an air stream. Thus the GO covalently modified GCE
was prepared, which is denoted as GO/GCE.

2.3. Electrochemical measurements

Electrochemical characterization of GO/GCE was carried out in
1.0mM [Fe(CN)s]*~/4~ (1:1) mixture containing 0.1 M KCl with
cyclic voltammetry (CV) and electrochemical impedance spec-
troscopy (EIS). The CV was scanned between —0.4V and +0.6V
and the EIS was collected at a potential of +0.177V in the fre-
quency range of 0.01-10% Hz with the voltage amplitude of 5mV.
The differential pulse voltammetry (DPV) was recorded within the
potential range from OV to +0.7 V with a pulse amplitude 0.05V,
pulse width 0.05s, pulse period 0.2s in 0.04 M B-R buffer solu-
tion. Standard solution of DA and AA were prepared using DDW
as solvent and stored under 4°C. Electrochemical analysis of DA
on GO/GCE was carried out in 0.04 M pH 5.0 B-R buffer solutions
containing a certain amount of AA. After each measurement, the
modified electrode was washed with water and scanned in blank
B-R buffer solution until the electrochemical signals of DA were
disappeared.

3. Results and discussion
3.1. Morphological and characterization of GO/GCE

The preparation of GO from graphite was characterized through
Raman spectroscopy. As well known, Raman spectroscopy is a
widely used tool to characterize carbon products due to increase
in Raman intensities by the conjugated and double carbon—carbon
bonds [30]. Fig. 1 shows the typical Raman spectra of graphite and
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Fig. 1. The Raman spectra of graphite and GO. All of the spectra correspond to an
exciting laser wavelength of 514 nm.
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Fig. 2. AFM images of (a) topographic (b) three dimensional and (c) cross-sectional graph of bare GCE (A) and GO/GCE (B).

GO. The Raman spectrum of the graphite displays a strong G band
at 1575cm™! assigning to the E»¢ phonon of C sp? atoms, and a
very weak D band at 1348 cm~! corresponding to the breathing
mode of k-point phonons of A;; symmetry; whereas for GO, the G
band is broadened and shift to more than about 1600 cm~! due to
the stress. In addition, the D band at 1348 cm~! increases substan-
tially, indicating the reduction in the plane sp? domains. This result
clearly shows that the graphite has been successfully oxidized to
GO.

The covalent immobilization process of GO on electro-oxidized
GCE with the aid of EDC and NHS was characterized by AFM, and
Fig. 2 shows the typical topographic (a), cross-sectional (b) and
three dimensional (c) images of GCE without (A) and with (B) mod-
ification with GO in an area of 0.5 wm x 0.5 pm. It is observed that
the bare GCE is relatively flat and smooth with the largest peak
height of 5.14nm (Fig. 2A). However on GO/GCE, lots of adjacent
peaks with the average height of 21.48 nm are observed (Fig. 2B).
This difference suggests that the material of GO has been modified
on GCE surface. Furthermore, from the AFM results, it was obtained
that the average roughness (R;) of GO/GCE were determined to be
6.0 nm, which is obviously larger than that (1.13 nm) on bare GCE,
indicating that GO had been anchored on GCE and improved the
surface effect of the electrode interface.

The grafting of GCE with GO was further characterized by elec-
trochemical methods. It is well known that GO contains rich —OH
and —COOH and presents negative-charge characteristic, thus the
electrode coated with GO should repel anionic species through
electrostatic repulsion while attract cationic species through elec-
trostatic attraction. Fig. 3A and C shows the CV results of 1.0 mM
[Fe(CN)s]3~/4~ and 1.0mM [Ru(NH3)g]2*/3* at bare (curve a) and

GO/GCE (curve b), respectively. It can be clearly found that a pair
of well-defined redox peaks that correspond to the electron trans-
fer of Fe!l/Fe!ll couple appears at bare GCE (Fig. 3A, curve a). After
modification of GCE with GO, the redox peaks of [Fe(CN)g]3~/4~
decrease significantly (Fig. 3A, curve b). In contrast, the electro-
chemical response of [Ru(NH3)s]** ions show great enhancement
on GO/GCE (Fig. 3C, curve b) in comparison with that on bare
GCE (Fig. 3C, curve a). These different changes clearly testify that
the negatively charged GO has been immobilized on GCE sur-
face.

EISis also a sensitive electrochemical technology to monitor the
impedance variation of the electrode interface. From the EIS results
showed in Fig. 3B, one could see that a small resistance value (Ret ) of
495 Q2 is estimated for bare GCE. However, on GO/GCE, the R value
is sharply increased to 7321 2, which further suggests that GO has
been successfully immobilized on GCE, and the electron transfer
kinetic of [Fe(CN)g]3~/4~ on GO/GCE is inhibited by the GO layer.
Furthermore, the coverage degree (6) of the electrode surface was
calculated through the increase extent of charge transfer resistance
according to the following equation [31]:

bare
Ret

0=1-
Re?

(1)

where Rb"® and RSP are the charge-transfer resistance measured
at bare GCE and GO/GCE, respectively. From the values of Ret
on bare GCE and GO/GCE, the value of 6 was then calculated to
be 93.24% via Eq. (1), which clearly shows that GO has occu-
pied most of the GCE surface by the developed covalent coupling
method.



F. Gao et al. / Sensors and Actuators B 186 (2013) 380-387 383

Fig. 3. Cyclic voltammograms (A) and electrochemical impedance spectroscopy (B)
of 1.0mM [Fe(CN)s]>~/4- (1:1) with 0.1 M KCl on bare GCE (a) and GO/GCE (b); (C)
shows the cyclic voltammograms of 1.0 mM [Ru(NHs)g]** with 0.1 M Tris-HCI (pH
7.0) on bare GCE (a) and GO/GCE (b).

3.2. Different electrochemistry of DA and AA on GO/GCE

Fig. 4A shows the electrochemical behaviors of DA at bare GCE
(curve a) and GO/GCE (curve b). It is observed that a pair of redox
peaks is appeared at +0.375V and +0.141V, respectively, which is
in accordance with the electrochemical behaviors of DA in previous
reports [8,32,33]. When GO/GCE was used, the redox peaks were
significantly increased, suggesting that the GO film is very effec-
tive for enhancing the electrochemistry of DA. However for AA, a
completely opposite change in electrochemistry was observed, i.e.,
the characteristic oxidation peak of AA at +0.2V appeared on bare
GCE (curve a, Fig. 4B) is totally disappeared when GO/GCE was used
(curve b, Fig. 4B). We think that this difference might be caused by
the following reasons: (1) Under the measured acidity (pH 5.0), DA
(pKa=8.9) and AA (pK, =4.2) are positively and negatively charged
[34], respectively; thus, the protonated DA is easily permeated into
and accumulated within the anionic GO layer on the electrode
interface, which resulted in a large redox response; In contrast,
the negatively charged AA molecules are inhibited to approach the
electrode surface by the GO film because of the existence of electro-
static repulsion between them. (2) It has been reported that the GO
has some unoxidized aromatic rings with rich delocalized 7 elec-
trons, which make the material owning strong ability to interact
with the substances of phthalocyanine [35], single-stranded DNA

Fig. 4. CVs of 0.1 mM DA (A) and 0.1 mM AA (B) on bare GCE (a) and GO/GCE (b) in
0.04 M B-R buffer solutions with pH 5.0.

[36] and multiwalled carbon nanotubes [37] through -7 stak-
ing mode. As compared with AA, DA has a special aromatic ring,
therefore the interaction and electron communication between GO
and DA can be further strengthened via -7 stacking force. Sum-
marily, the different electrochemical response of DA and AA on
GO/GCE observed in this work can be explained by the following
principles (as illustrated in Fig. 5): The positively charged aromatic
DA molecules can easily approach the sensing interface of GO/GCE
through -1 stacking and/or electrostatic attraction with the GO,

Fig. 5. Proposed different the electrochemistry of DA and AA on GO/GCE.
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Fig. 6. CVs of 0.1 mM DA at GO/GCE at 0.04 M B-R buffer solutions with pH 5.0 at
different scanrate: 0.01Vs~'(a),0.02Vs~!(b),0.04Vs~1(c),0.06Vs~!(d),0.08Vs!
(e),0.10Vs~! (f).

and produce large electrochemical response. However, the w-1
stacking force between AA and GO is absent because AA has not aro-
matic ring, and even more the electrostatic repulsion between the
modified GO film and AA prevents the approaching of AA toward
the transducer interface, leading to the complete disappearance
of its electrochemical signal. It is also necessary to pointed out
that, as compared with the previously reported graphene-based
DA biosensors [20,21,38], the biosensor presented in this work has
the following merits: (1) the GO is much more convenient and safe
to prepare, and the obtained GO is more stable than the graphene
materials; (2) The covalent modification of GO/GCE make the DA
biosensor having the better stability and reproducibility than those
fabricated through physical adsorption of graphene-related mate-
rials.

3.3. Electrochemical parameters of DA on GO/GCE

In order to better understand the electrochemical mechanism
of DA on GO/GCE, some electrochemical parameters of DA on the
modified electrode were further investigated. Fig. 6 shows the CVs
of DA at GO/GCE at different scan rate (v). It is observed that
the electrochemical response of DA varies accordingly with the
changes of v. The oxidation peak currents (Ipa) show good linear
relationship with the square root of scan rate (v'/2) with the equa-
tion of Ipa/pA=—59.830 v1/2/(V1/2 s-1/2) _ 4,069 (r=0.9946) (inset
of Fig. 6), suggesting that the diffusion process in bulk solution is
a controlling factor to impact the electrochemical response of DA
[39].

The electro-transfer kinetic parameters such as the electron
transfer coefficient (o) and the standard electron transfer rate con-
stant (ks) of DA on the modified electrode were also investigated
according to the following Laviron’s equations [40]:

EY +2.3RT
Epa = (1= a)nF log v (2)
g _ EY—23RT 3)
P “anF log v
RT (1 — a)anF AEp
log ks = alog(1 — a)+(1 — o) log o — log (m) - 5a3RT

(4)

Fig. 7. Chronoamperometry response on GO/GCE in the absence (a) and presence
(b) of 0.1 mM DA in 0.04 M B-R buffer solutions (pH 5.0). Inset A and B show plots
of Ieae/IL vs. t'12 and Iy vs. 112, respectively.

where n represents the number of electron transferred in reaction,
and the other symbols have their usual meanings.

The linear relationships between the oxidation peak
potential (Epa) and reduction peak potential (Epc) with
the logarithm values of v (logv) were established to
be  Epa/V=0.08232logv/(Vs~1)+0.48663 (r=0.9953) and
Epc/V=-0.07223logv/(Vs~1)+0.04435 (r=0.9996), respectively.
Then according to Egs. (2) and (3), the values of o and n were
calculated to be 0.53 and 2.2, respectively. Furthermore, based
on Eq. (4), the average value of ks was calculated to be 1.59s71,
which is larger than those reported in the previous literatures
[41,42], showing that the modified electrode in this work has
higher catalytic capacity to promote electron transfer kinetics of
DA.

The catalytic reaction of DA on the surface of GO/GCE was also
studied by chronoamperometry using the potential step technique.
Fig. 7 shows the chronoamperometry response on the supporting
electrolyte (B-R buffer)in absence (curve a) and presence of 0.1 mM
DA (curve b) on GO/GCE. The catalytic rate constant (kca¢) for elec-
tron communication between DA and the mediator of GO was
determined by the following equation [43]:

9 (ko) (5)
where Iy is the catalytic current of the GO/GCE in the presence
of DA, I is the limiting current in the absence of DA, and Cy and
t are the substrate concentration and time elapsed, respectively.
Inset A in Fig. 7 shows the plot of I¢a¢/I;, versus t'/2 in a small time
range, which is found to well obey the linear relationship of Eq. (5).
Thus, for the given concentration of DA (0.1 mM), the value of kca¢
was calculated to be 6.80 x 102 M~! s~1, which is obviously larger
than that reported in literatures [44,45], further suggesting that the
material of GO has significantly catalytic action toward the redox
of DA.

In addition, the diffusion coefficient (D) of DA in the system was
determined according to the following Cottrell’s law [46]:

Icat = NnFADY/2Com=1/2¢-1/2 (6)

where A the electrode area, and the other symbols are the same with
the aforementioned equations. The plot of I¢;: versus the inverse
square root of time elapsed (t~1/2) is displayed in Inset B of Fig. 7.
Then, from the slope of the plot, the value of the diffusion coef-
ficient was calculated to be 2.26(+£0.01) x 10~ cm? s~!, which is
consistent with the values reported in the literature [34,47,48].
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Fig. 8. CVs of 0.1 mM DA on GO/GCE in 0.04 M B-R buffer solutions with various pH
values (a-f): 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0; Inset: plots of I, and Ep, vs. pH values.

In this work, the effect of the pH values of the supporting
electrolyte (B-R buffer) on the electrochemical behaviors of DA
were also investigated, and the results are showed in Fig. 8. It is
found that the redox peak potentials shift to more negative val-
ues as pH increased over a range from 4.0 to 9.0, and the oxidation
peak potentials present a linear relationship with the pH values,
Epa/V=0.695-0.059 pH (r=0.9910) (inset of Fig. 8). Since Ej, can be
expressed as (at 25°C):

Ep=E° - (%) 0.059pH (7)

where E? is the standard potential, and m the number of protons
transferred, the value of m/n was then obtained to be 1 from the
slope of the relationship of E,—pH. This also means that the number
of protons involved in the electrode reaction is two, which is well
in accordance with the classical electrochemical characteristic of
DA [7,38].

On the other hand, from Fig. 8 it can be seen that the acidity
of the buffer also has significant effect on the peak currents of DA.
As showed in the inset of Fig. 8, the oxidation peak currents (Ipa)
increase with the decrease the pH values until it reaches 5.0 and
then decrease when the pH value is further decreased. So, pH 5.0
of B-R buffer was chose as the optimal acidity in this experiment.

3.4. Electrochemical determination of DA in the presence of AA

The initial studies in this work have shown that the electro-
chemistry of AA can be totally eliminated by the modification film
of GO, but the electrochemistry of DA can be significantly promoted.
Based on this feature, the GO/GCE was utilized as a sensor for the
highly selective and sensitive determination of DA coexisted with
AA. Fig. 9 shows the CVs of 0.1 mM DA in the presence of increas-
ing amounts (0.1-1.5mM) of AA. It can be clearly observed that
with the increase of the amount of AA, the redox signals are almost
constant, suggesting that the co-existed AA in a wide concentra-
tion range has no impact on the electrochemical response of DA on
GO/GCE.

Because differential pulse voltammetry (DPV) commonly has
the higher sensitivity than the CV technology, the DPV technology
was applied for the quantitative detection of DA in the presence of
AA. The corresponding results are showed in Fig. 10. As seen, in the
presence of 0.1 mM AA, also only a well-defined oxidation peak cor-
responding to the electro-oxidation of DA is observed, and the peak
currents enhance gradually with the adding of DA. The oxidation

Fig. 9. Effects of increasing concentrations (a-h: 0.1-1.5 mM) of AA on the CVs of
0.1 mM DA in 0.04 M B-R buffer on GO/GCE.

peak currents (Ipa) show a good linear relationship with the con-
centrations of DA (Cpa ) ranging from 1.0 wM to 15.0 wM. The linear
equation is Ipa/A=—0.5545Cpp /M — 5.4316 (r=0.9980) (curve a
in inset of Fig. 10), which is very close to the case in the absence of
AA (curve ain inset of Fig. 10), further showing that the co-existed
AA has no effect for the detection of DA. Moreover, based on 3¢
(where o is the standard deviation of a blank solution, n=6), the
limit of detection (LOD) was estimated to be 0.27 WM. The compar-
ison of the proposed method with other electrochemical methods
reported for the determination of DA is summarized in Table 1
[8,9,38,39], showing that the developed sensor also has high sensi-
tivity for the determination of DA.

3.5. Reproducibility and stability of the modified electrode

The reproducibility and stability of the modified electrode was
also evaluated in these sensing studies. Five GO modified elec-
trodes were made and their current responses to 0.1 mM DA were
investigated. The relative standard deviation (RSD) was found to
be 3.5%, indicating excellent reproducibility of the sensor prepared.

Fig. 10. DPVs of 1.0 wM (a), 3.0 wM (b), 5.0 M (c), 7.0 wM (d), 9.0 M (e), 11.0 uM
(f), 13.0 uM(g), 15.0 M (h) of DA in the presence of 0.1 mM AA on GO/GCE in 0.04 M
B-R buffer solutions with pH 5.0. Inset: plots of Iy, vs. Cpa in the presence (a) and
absence (b) of AA.
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Table 1

Comparison of some characteristics of the different graphene-based electrodes for the determination of DA.
Electrode Electrolyte Methods Linear range (M) Detection limit (M) Refs.
Graphene/GCE PBS (pH 7.0) DPV 4-100 2.64 [8]
Graphene-Au nano particles/GCE PBS (pH 6.0) DPV 5-1000 1.86 [9]
Graphene/GCE PBS (pH 7.0) DPV 2.5-100 0.5 [38]
TiO,-graphene/GCE PBS (pH 7.0) DPV 5-200 2 [39]
GO/GCE B-R (pH 5.0) DPV 1.0-15 0.27 This work

The stability of the GO/GCE was checked in two weeks. After mea-
surements GO/GCE was stored in a B-R buffer. Before subsequent
measurement the GO/GCE was only washed with water. In two
weeks, the current responses of 0.1 mM DA decreased by less than
5% of the initial response, indicating that the GO/GCE was stable for
electrochemical application.

4. Conclusion

A GCE interface covalently anchored with GO film (GO/GCE)
was prepared and applied as DA sensing platform in this work.
The electrochemical experiments show that the GO film has abso-
lutely different effect on the electrochemistry of DA and AA, i.e.,
the redox signals of DA on GO/GCE is greatly enhanced as com-
pared with bare GCE, while the electrochemical response of AA on
GO/GCE is completely shielded. The possible mechanism to cause
this difference was proposed. The electrochemical parameters such
as electron transfer rate constant (ks), the diffusion coefficient (D),
and catalytic rate constant (kcar) of DA on GO/GCE were investi-
gated. Furthermore, based on the different response of DA and AA
on GO/GCE, the modified electrode was applied as a sensor for the
determination of DA in the presence with AA, and the results show
that the coexisted AA has not any effect for the determination of
DA, suggesting that the interference of AA to the determination of
DA can be completely precluded by the sensor. Although similar
results have been reported on graphene or its composite modified
electrode [8,20,38], the biosensor developed in this work is more
environmentally friendly and easy to prepare but without losing
high selectivity and high sensitivity, which make it having more
promising in the real application.
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