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Abstract

A graphene nanosheets (GNS) film coated glassy carbon electrode
(GCE) was fabricated for sensitive determination of tyrosine (Tyr).
The GNS-based sensor was characterized by scanning electron
microscope and electrochemical impedance spectroscopy. The
voltammetric techniques were employed to study electro-oxidation
of Tyr. The results revealed that the modified electrode showed an
electrocatalytic activity toward the anodic oxidation of Tyr by a
marked enhancement in the current intensity and the shift in the
oxidation potential to lower values (50 mV) in comparison with the
bare GCE. Some kinetic parameters such as the electron transfer
coefficient (o) were also determined for the Tyr oxidation. The
detection limit for Tyr was found to be 2.0x10® M (n=9), and the
peak current increases linearly with the Tyr concentration within
the molar concentration ranges of 5.0 x10° to 1.2 x10® M. The
modified electrode shows good sensitivity, selectivity and stability.
The prepared electrode was applied for the determination of Tyr in
real sample.

2013 JNS All rights reserved

1. Introduction

The electrochemical methods with chemically
modified electrode (CMEs) have been widely used
as sensitive and selective analytical methods for
detection of the trace amounts of biologically
important compounds [1-3]. In recent years, with

the rapid development of nanostructure materials

and nanotechnology in the fields of biotechnology
and medicine, considerable attention due to their
novel properties have been received [4, 5].

It was P. R. Wallace in 1946 that first wrote on
the band structure of graphene and showed the
unusual semimetallic behaviour in this material.

Since the discovery of graphene, more and more
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attention is focused to develop the application of
the properties of graphene and its derivatives,
because unique properties, namely ballistic
conductivity, high elasticity, very high mechanical
strength, high surface area up to 2630 m?g, and
rapid heterogeneous electron transfer [6,7], make
grapheme as a good candidate in many
technological aspects such as nanoelectronics,
chemical/bio-sensors, nanocomposites, batteries,
etc. Graphene is a two-dimensional sheet of
sp’bonded carbon atoms, which can be viewed as
an extra-large polycyclic aromatic molecule [8]. In
addition, with the 2D structure, the monolayer
graphene has its whole volume exposed to the
environment, which can maximize the sensing
effect. The principle of graphene devices is based
on changes in device conductance due to chemical
or biological species adsorbed on the surface of
graphene, acting as electron donors or acceptors.
Recently, graphene-based gas molecule sensors
and biosensors have been reported [9-11].

Tyrosine, 4-hydroxyphenylalanine, is an
essential aromatic amino acid precursor of
important neurotransmitters such as dopamine.
Tyrosine is indispensable for humans. It maintains
a positive nitrogen balance [12,13] and its absence
could produce albinism, hypochondria, or
depression. In contrast, high tyrosine concentration
in culture medium increases sister chromatid
exchange. Tyrosine can be synthesized in the body
from phenylalanine. It is hydrophobic and the
phenolic hydroxyl of tyrosine is significantly more
acidic.In addition, tyrosine has an antioxidant
effect. Tyrosine is converted by skin cells into
melanin, the dark pigment that protects against the
harmful effects of ultraviolet light. It occurs in
proteins that are part of signal transduction and

also plays an important role in photosynthesis
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[14,15]. Thus, tyrosine has been of great interest in
research studies.

The development of analytical techniques for the
rapid analysis of Tyr is important for quality and
medical control. Numerous methods have been
reported for tyrosine determination such as
spectrophotometric, fluorimetric, flow injection,
chemiluminescence, liquid  chromatography—
tandem mass spectrometry, gas chromatography—
mass spectrometry and high-performance liquid
chromatography [16-22].A few studies involving
electrochemical determination of Tyr have been
reported [23,24].

The aim of this work is to fabricate a novel and
stable electrochemical sensor for ultra sensitive
determination of Tyr. In this paper, we described
the preparation and application of a graphene
nanosheets modified glassy carbon electrode
(GNS/GCE) as a new sensor for the determination
of Tyr in an aqueous buffer solution. Compared
with bare electrode, the electro-reduction peak of
Tyr was remarkably heightened at GNS modified
electrode, and it can be used as an analytical sign
for Tyr determination. In addition, we have
examined the effect of various parameters on the
electroactivity of modified electrode for electro-
oxidation ofTyr. Also we have evaluated this
method for the voltammetric determination of Tyr

in real sample.

2. Experimental procedure
2.1. Instruments and chemicals

Voltammetric measurements were carried out by
computerized potentiostat/ galvanostat p Autolab
(model PGSTAT30). The experiments were
controlled with software, of general purpose
electrochemical system (GPES) and NOVA. All
the electrochemical studies were performed at

25+1 C with a three electrode assembly, including
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a 50 ml glass cell, an Ag/AgCl electrode as the
reference electrode, and a platinum wire as the
counter electrode. The working electrode was a
modified glassy carbon electrode (2 mm diameter).
The surface morphology of the modified electrode
was observed using scanning electron microscopy
(SEM) (Philips XL-30ESM). A metrohm pH meter
model 691 was also used for pH measurements.
Demineral water was produced with an ultra pure
water system (smart 2 pure, TKA, Germany). All
of the solutions were freshly prepared using
demineral water.

The pure form of tyrosine (Tyr) was supplied by
local pharmaceutical company (Iran). Graphene
nanosheets (GNS) was obtained from the Chinese
academy of sciences and had outside widths of
10.0— 20.0 nm, lengths of less than 1 - 2 pm and
purities of over 95%. The phosphate buffer
solutions were prepared from 0.1 M solutions of

phosphoric acid in the pH range from 2.0 - 11.0

2.2 Preparation of GNS suspension and
modified GCE

The GCE was carefully polished with 0.05 um
alumina slurry on a polishing cloth in sequence,
and was then washed in an ultrasonic bath of
methanol and water, respectively for 15 min. The
GNSs were dispersed in DMF (4.0 mg GNSs per
1.0 ml) using ultrasonic agitation for 20 min, to
obtain a homogeneous and stable suspension. The
cleaned GCE was coated by casting 7.0 pl of the

black suspension of GNSs and dried in the air.

3. Results and discussion
3.1. Electrochemical characterizations of the
modified electrode

The distribution of GNS/GCE over the surface
of modified glassy carbon electrode is shown by
SEM image (Fig. 1).
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Fig. 1. SEM image of the GNS/GCE (scale bare is
100 nm).

Electrochemical impedance spectroscopy (EIS)
was also employed to study the GNS/GCE. The
Nyquist plot of the bare GCE and GNS/GCE in 0.1
M phosphate buffer solution (pH= 3.0) containing
5.0 x 10°M [Fe (CN)¢]>™* is shown in Fig. 2. It
can be seen that the impedance spectrum of the
bare GCE electrode exhibits two distinct regions:
(1) a semicircle, related to the charge-transfer
process; (2) a line defining a region of semi-
infinite diffusion of species in the electrode. The
value of the electron transfer resistance (R,
semicircle diameter) depends on the dielectric and
insulating features at the electrode—electrolyte
interface [25]. Significant difference of R was
observed upon the stepwise formation of the
modified electrode. The R values for the bare
GCE and GNS/GCE were 1.22 kQ and 0.1 kQ

respectively.

The experimental results for the Nyquist plots
represented that GCE and GNS/GCE show the
high and low charge transfer resistance,
respectively. This might be due to the presence of
the grapheme nanosheets film on the GCE that
accelerates the transfer of the electrons at the

surface of the electrode.
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Fig. 2. The Nyquist plot of the bare GCE and
GNS/GCE in 0.1 M phosphate buffer
containing 5.0 mM [Fe(CN)]*"*.

solution

After proving the presence of the modifier at the
surface of the electrode by SEM and EIS, for an
approximate estimate of the -electrode-surface
coverage of the electrode, cyclic voltammograms
of this electrode obtained in the presence of probes
solution of Fe*’/Fe’” in 0.1 M phosphate buffer
solution (pH= 3.0) at various scan rates (not show).
The electrode-surface coverage was calculated by
the method used by Sharp et al [26]. The peak
current is related to the surface concentration of the

electroactive species I" by the following equation:
I,=n’ F> AT v/4RT (1)

Where n represents the number of electrons
involved in the reaction; A is the surface area
(0.0314 cm?) of the GNS/GCE; I' (mol cm™) is the
surface coverage and the other symbols have their
usual meanings. From the slope of the anodic peak
current versus scan rate, the calculated surface

concentration of GNS was 1.8 x10°mol cm™.

3.2. Electrochemical properties
GNS/GCE

of Tyr at

In order to test the potentiality of electrocatalytic
activity of the GNS/GCE, its CV responses were
obtained in phosphate buffer (pH= 3.0) at 50.0
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mVs'. The obtained results demonstrate that the
electro-oxidation ofTyr can be catalyzed by the
addition of grapheme nanosheets over the surface
of GCE (Fig. 3). A remarkable increase in current
and a decrease in potential were observed in the
presence of 2.0x10° M Tyr. The obtained results
showed that Tyr oxidation at bare GCE occurred
with an anodic peak potential of 900.0 mV vs.
Ag/AgCl (Fig. 3c¢),
GNS/GCE appeared at 850.0 mV vs. Ag/AgCl
(Fig. 3d). Therefore, the oxidation of Tyr at the
surface of GNS/GCE occurs at a potential about 50
mV toward less positive potential than of the bare
GCE. On the other hand, the obtained data clearly

shows that the addition of graphenenanosheets

while its oxidation at

over the surface of GNS/GCE definitely improves

the characteristics of Tyr oxidation.
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Fig. 3. Cyclic voltammograms of (a) bare GCE in buffer
solution (pH= 3.0), (b) GNS/GCE in buffer solution (pH=

3.0), (c) bare GCE and (d) GNS/GCE in the presence of
x 10” M Tyr in phosphate buffer (pH= 3.0), scan rate: 5
mV/s.

3.3. Effects of pH

The effect of pH on the Tyr oxidation signal was
investigated by cyclic voltammetry, using 0.1M
phosphate solutions with pH values ranging from
2.0-11.0 and a scan rate of 20.0 mV s™' (data not

2.0
0.0
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shown). Within the pH range of 2.0 to 11.0, with
2.0x10° M Tyr in 0.IM phosphate buffer
solutions, the oxidation potential of the
electrochemical cell E, shifted toward less positive
potentials when the pH of Tyr solution increased,
due to the hindrance of the oxidation at low
concentrations of protons. The maximum anodic
current of Tyr was obtained at pH = 3.0, using
0.1M phosphate buffer solutions. Thus pH of 3.0
was adopted for further studies. According to the
Nernst equation (eq (2)), where n and m represents
the number of electrons and protons involved in
reaction, a and b represents the coefficients of the
reagents in the reaction equation, a slope of 56.0
mV/pH, indicates that participation of the same
protons and electrons in the electrochemical
process. The dependence of E, on the pH indicates
that the electrochemical reaction involves proton
transfer. The decrease of overpotential with
increasing pH shows the catalytic effect of
GNS/GCE on the oxidation of Tyr. Also, from the
intercept of the curve of Fig. 4B, the standard
formal potential (E”) of Tyr was obtained to be
1.34 V [24].

E=E"+(0.0591/n) log [(OX)*(R)"]—(0.0591m/n)
pH )
Epa (V vs. Ag/Ag Cl) = 1.34 - 0.0545 pH

3.4 Effect of scan rate

Useful information involving electrochemical
mechanism can usually be acquired from the
relationship between peak current and scan rate.
Cyclic voltammograms of the GNS/GCE, in 0.1 M
phosphate buffer solution containing 20.0 uM Tyr,
with different scan ratesis presented in Fig. 4. Inset
A shows that the anodic oxidation currents of Tyr

were proportional to the square root of the scan
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rate indicating that at sufficiently positive potential

the reaction is controlled by the diffusion of Tyr.
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Fig. 4. Cyclic voltammograms of GNS/GCE in a
phosphate buffer solution with pH = 3.0 for 2x 10° M
Tyr, using various scan rates: 10.0, 20.0, 30.0, 40.0,
50.0 and 90.0 mV s™' (from inner to outer). (A) Plot of
intensity: I vs. V"% (B) Tafel plot, derived from the
current potential curve, recorded at the scan rate of 20.0
mV s’

A Tafel plot is a useful device for evaluating the
kinetic parameters. Inset B of Fig. 4 shows the
Tafel plot, drawn by using the data derived from
the rising part of the current—voltage plotat a scan
rate of 20.0 mV/s. According to Eq (3- 6): [27]

n= (2.3RT / n,oF) log i°* + [2.3RT/ny(1 — a)F]

logi 3)
n=a-+blogl 4)
a= (2.3RT/n,0F) log i° (5)
b=2.3RT/n, (1 -a) F (6)

The number of electrons involved in the rate-
determining step (n,) and the exchange current
density (i°) can be estimated from the slope and the
intercept, respectively, of the Tafel plot [26]. The
obtained numerical value of 0.780 V decade -1
for Tafel slop indicate a one-electron process for a
rate-limiting step, assuming a charge transfer

coefficient of a =0.56 Also, the value of 1° was
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found to be 0.40 mA cm™ from the intercept of the
Tafel plot.

3.5. Chronoamperometric measurements

The catalytic oxidation of Tyr by GNS/GCE was
studied by
Chronoamperograms obtained from solutions

chronoamperometry.

containing various concentrations of Tyr ranging -
from 5.0 to 25.0 mM in phosphate buffer (pH=3.0)
at GNS/GCE, using a potential step of 1000 mV
(not shown). The diffusion coefficient (D) of Tyr
in the modified electrode can be determined by
chronoamperometric studies. For electroactive
materials (Tyr in this case) with a diffusion
coefficient of D the current for electrochemical
reaction (at a mass transport limited rate) is
described by the Cottrell equation: [27]

I=nFAD"’C, n "t"? (7)
Where D and C,, are the diffusion coefficient (cm?
s') and the bulk concentration (mol cm®),
respectively. Under the diffusion control condition

12 will be linear, and from the

a plot of I vs. t
slope, the value of D can be calculated. The mean

value of the D was found to be 3.0x10” cm?s™.
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3.6. Calibration curve and the detection limit

Since differential pulse voltammetry has several
advantages compared to cyclic voltammetry, such
as better resolution and negligible charging current
contribution to the background current, it was
applied to estimate the lower limit of detection of
Tyr. Obtained
voltammogramsfrom the oxidation of various
concentrations of Tyr at the GNS/GCE in 0.1 M
phosphate buffer solution (pH=3.0) in the presence

Differential pulse

of different concentrations of Tyr are shown in Fig.
5. The inset in Fig. 5 shows the dependence of the
oxidation peak current on the Tyr concentration
that is linear for the different concentration range
between 5.0 and 120.0 pM. The respective
calibration equation for this concentration range

1s:
i(LA)=0.0371C(uM)+0.0256(R*=0.9965) )

From the analysis of this data, we estimate that
the lower limit of detection of Tyr is of the order of
2.0x10®* M (n=9). The relative standard deviation
(R.S.D) was 1.23%, which showed excellent
stability and reproducibility. Table 1 compares
different modified electrodes that are used in the

electrocatalysis of tyrosine.

Table 1. Comparison of different modified electrodes that are used in the electrocatalysis of Tyr.

Substrate pH Linear Detection Ref
range/pM limite/M

Nanostructures modified gold 1.0 3.6-240.0 1.2x10° 14

electrode

(MWNTs)/4-aminobenzenesulfonic 7.0 0.2-107.0 0.1x10°° 28

acid modified GCE

Gold nanoparticle modified GCE 7.0 0.5-80.0 0.2x10°° 29

Sodium dodecyl sulfateand gold 3.0 0.1-10.0 5.5x10° 30

nanoparticles modified CPE

GNS/GCE 3.0 5.0-120.0 2.0x10° Present study
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Fig. 5. Differential pulse voltammograms of
GNS/GCE in 0.1 M phosphate buffer solution (pH= 3.0)
containing 5.0, 20.0, 30.0, 40.0, 50.0, 60.0, 80.0, 110.0,
120.0 uM of Tyr.The inset shows the calibration curve.

3.7. The effect of the amount and injected

volume of GNS composite

The optimum conditions for GNS composite
film deposition was investigated by various
amount and injected volume of GNS composite
with voltammetry determination of Tyr. The results
show that peak current reached a maximum at 7.0
ul of 4.0 mg of GNS composite and at higher
values of GNS composite, a decrease in the signal
was observed. This decrease in the signal was
probably due to the aggregation of grapheme
nanosheets, which reduce the electroactive surface

area.

3.8 Stability of GNS/GCE

The ability to generate a modified electrode
with a reproducible surface was examined using
DPV data obtained in optimized experimental
prepared GNS/GCE

RSD calculated for wvarious

conditions, from five
separately. The
parameters can be accepted as the criterion for a

satisfactory surface reproducibility (1-5 %). This
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degree of reproducibility is virtually the same as
that expected for the renewal or ordinary glassy
carbon electrode. Furthermore, the stability of the
checked by DPV

determination of a solution containing 50.0 mM

method was successive
Tyr for a two week period. When DPVs were
recorded after the modified electrode, that was
stored in an atmosphere at room temperature, the
peak potentials for Tyr oxidation were decreased
by less than 1.22 % and the current signals showed
only less than 7.09 % decrease of the initial
response. DPVs were recorded in the presence of
Tyr at a scan rate of 100.0 mV s . Therefore, at
the surface of GNC/GCE, not only the sensitivity
of Tyr increases, but also the fouling effects of the

electrode and oxidation of Thy decrease.

3.9 Interference study

The influence of common interfering species
was investigated in the presence of 20.0 uM Tyr.
The tolerance limit was determined as the
maximum concentration of the materials that
caused a + 5% relative error in the determination of
Tyr. The tolerated concentrations were 3.5x10° M
for Ca (NO;),. 2 H,0, 2.1x10° M for NaNO;,
1.5x10° M for NH,Cl and 1.0x10° M for
penicillin, amoxicillin, erythromycin, ascorbic acid
and dopamine. Also phenilanalyin and L-cyctein
in five and two times

showed interference

determination of Tyr, respectively.

3.10 Analysis of Tyr in human blood serum

Human serum was selected as real sample for
analysis by the proposed method using the standard
addition method. For preparing the serum, 10.0 ml

of blood was separated after putting the sample in
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an incubator at 37.0°C for 30.0 min and
centrifuging it. All samples were diluted with
phosphate buffer (pH= 3.0) and then appropriate
amounts of these diluted samples were transferred
to the electrochemical cell. For the determination
of each species using DPV and the potentials were
controlled between — 0.2 and 1.2 V at the scan rate
20.0 mV s™. The data are given in Table 2.

Table 2. Determination of Tyr in human blood serum
(n=4).

No. Added Found Recovery RSD
(M) (M) (%) (%)
1 0.0 - - -
2 8.0 7.4 90.5 2.5
3 15.0 15.2 102.0 3.1
4 30.0 28.5 95.0 3.6

4. Conclusion

The present study demonstrates the construction of
a GNS/GCE and its

determination of Tyr. The results show that the

application for the

oxidation peak current of Tyr increased obviously
and the oxidation peak potential shifted more
negatively on GNS/GCE, indicating the excellent
catalytic ability of the modified electrode. The
detection limit of Tyr, the electron transfer
coefficient (a), and diffusion coefficient (D) were
calculated from differential pules voltammetry,
cyclic voltammetry and choronoamperometric
responses. In addition, high sensitivity and
selectivity, reproducibility of the voltammetric
responses, low detection limit, ease of preparation
and surface regeneration, makes the proposed
modified electrode very wuseful for accurate
determination of Tyr. Finally the results obtained
in the analysis of Tyr in serum samples
demonstrated the applicability of the method for

real sample analysis.
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