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Nitrogen doped graphene (NG) was prepared by thermally annealing graphite oxide and melamine mix-
ture. After characterization by atomic force microscopy and X-ray photoelectron spectroscopy etc., the
electrochemical sensor based on NG was constructed to simultaneously determine small biomolecules
such as ascorbic acid (AA), dopamine (DA) and uric acid (UA). Due to its unique structure and properties
originating from nitrogen doping, NG shows highly electrocatalytic activity towards the oxidation of AA,
DA and UA. The electrochemical sensor shows a wide linear response for AA, DA and UA in the con-
centration range of 5.0 x 1076 t0 1.3 x 1073 M, 5.0 x 1077 to 1.7 x 10~*M and 1.0 x 107 t0 2.0 x 10> M
with detection limit of 2.2 x 1076 M, 2.5 x 10~7 M and 4.5 x 10~8 M at S/N =3, respectively. These results
demonstrate that NG is a promising candidate of advanced electrode material in electrochemical sensing
and other electrocatalytic applications.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Carbon-based materials, especially carbon nanotubes (CNTs)
and graphene discovered during the past two decades have
been shown to be the hot topics of materials research. CNTs as
nanoscaled building blocks have been employed for sensors, elec-
tronic devices (Banks et al., 2006; Deng et al., 2009a) etc. Currently,
graphene emerging as a “superstar” material has also attracted
tremendous attentions due to its unique structure and electronic
properties (Allen et al., 2010; Rao et al.,, 2009). Researches on
graphene in field of nanoelectronics (Pang et al., 2009; Wang et al.,
2010a), biosensors (Shang et al., 2008; Tang et al., 2009; Shao et al.,
2010; Guo et al., 2010a), and energy storage (Zhou et al., 2010;
Elias et al., 2009) have been greatly developed. Due to the demands
of investigation in these areas, different approaches have been
developed to synthesize graphene with various microstructures.
For example, chemical vapor deposition (CVD) was commonly used
to prepare graphene (Kim et al., 2009; Reina et al., 2009). In this
approach, the metal catalysts are usually incapsulated in the prod-
ucts, which makes the explanation of their intrinsic electrocatalytic
properties difficult as in the case of CNTs (Jones et al., 2007; Pumera,
2007).
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Chemical doping with heteroatoms such as nitrogen or boron
atoms is an effective strategy to modulate electronic properties
and surface chemistry for carbon materials (Zhou et al., 2000). For
instance, nitrogen atoms can be easily doped into carbon structures
via forming C—N bonds due to the similarity of atomic size and five-
valence-electron structure. To date, nitrogen doped CNTs (N-CNTSs)
have been successfully prepared by CVD in the presence of nitrogen
containing species (i.e., NH3 and pyridine), and by pyrolysis of metal
complexes with macrocycles containing nitrogen atoms (Lee et al.,
2009; Gong et al., 2009). The resultant N-CNTs show much higher
sensitivity in biosensing applications and excellent electrocatalytic
activity towards oxygen reduction reaction (ORR) (Deng et al.,
2009b; Xu et al., 2010). Owing to the structural similarity of CNTs
and graphene, the doping methods for CNTs have been directly
extended to prepare nitrogen doped graphene (NG) (Panchakarla
et al,, 2009; Wang et al., 2009a; Guo et al., 2010b). Wang et al.
(2009a) reported NG with n-type semiconductive properties could
be obtained through electrothermal reactions in ammonia gas. Qu
et al. (2010) first reported that NG possesses much better electro-
catalytic activity towards ORR, long time stability, and tolerance
to crossover effect than platinum in alkaline fuel cells. Recently, it
has been also reported that NG can promote the electrochemical
reduction of hydrogen peroxide (H,0,) and direct electron trans-
fer kinetics of glucose oxidase (Wang et al., 2010b). As a result,
detection of glucose can be achieved by determining H,0, gener-
ated from the enzymatic reaction in the presence of O,. We recently
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reported a facile approach to synthesize NG by thermally annealing
a mixture of graphite oxide and melamine (Sheng et al., 2011) and
the NG also show highly catalytic activity towards ORR in alkaline
solution.

Ascorbic acid (AA), uric acid (UA) and dopamine (DA) play
important roles in physiological function of organisms. The defi-
ciency or maladjustment of their levels may lead to the symptoms
of many diseases such as cancer, Parkinson’s disease and cardio-
vascular disease (Arrigoni and De Tullio, 2002; Heien et al., 2005;
Dutt and Mottola, 1974). Hence, determination of AA, DA and UA
is of great importance for developing nerve physiology, making
diagnosis and controlling medicine. However, in real systems, AA,
DA and UA usually coexist in the extra cellular fluid of the cen-
tral nervous system and serum. Electrochemically individual and/or
simultaneous determinations of them on traditional electrodes are
very difficult since they usually foul the detection electrodes and
their oxidation potentials are severely overlapped. To these prob-
lems to be addressed, various approaches have been proposed to
individually determine these biomolecules (Chen et al., 2009; Liu
et al,, 2008a; Han et al., 2010). Recent reports demonstrated that
graphene based electrodes could be used to selectively determine
DA in the existence of AA (Guo et al., 2009; Wang et al., 2009b).
In this work, on the basis of synthesis, NG's electrocatalytic activ-
ity towards AA, DA and UA will be systematically studied. It is
found that the high electrocatalytic activity of NG towards these
three molecules originates from its unique geometric structure and
properties. The NG-based electrochemical sensor can be used to
simultaneously determine AA, DA and UA with high selectivity and
sensitivity.

2. Experimental
2.1. Reagents and materials

Graphite powder (99.9995% purity, —100 mesh, briquetting
grade, mesh)was purchased from Alfa Aesar. Melamine was bought
from Sinopharm Chemical Reagent CO. Ltd (China), and recrys-
tallized with water prior to use. Ascorbic acid was bought from
Sinopharm Chemical Reagent CO., Ltd (China), dopamine and uric
acid were bought from Sigma and used as received. Analytical grade
H,S04, KMnOy4, N,N-dimethyl formamide (DMF) were purchased
from Nanjing Chemical Reagent CO. Ltd (China). All solutions were
prepared with Millipore water having a resistivity of 18.2 M2
(Purelab Classic Corp., USA). AA, DA and UA solutions were freshly
prepared in phosphate buffer solutions (PBS) prior to use.

2.2. Instruments and measurements

Atomic force microscopy (AFM) images of NG were collected
on an Agilent 5500 AFM/SPM system. Imaging was performed in
tapping mode under ambient conditions. The morphology of NG
was also characterized on a field-emission scanning electron micro-
scope (FE-SEM, S-4800, Hitachi, Japan) at an accelerating voltage
of 10kV and a transmission electron microscopy (TEM, JEM-2100,
JEOL, Japan) with a 200 kV accelerating voltage. Room-temperature
Raman spectrum was recorded using a micro-Raman system (Ren-
ishaw InVia, UK) with an excitation wavelength of 514 nm. X-ray
photoelectron spectroscopy (XPS) analyses were carried out on a
Thermo Fisher X-ray photoelectron spectrometer system equipped
with Al radiation as a probe (K-alpha, Thermo Fisher Scientific, USA)
at a chamber pressure of 5 x 10~9 Torr. The source power was set
at 72W, and pass energies of 200eV for survey scans and 50 eV
for high-resolution scans were used. Electrochemical measure-
ments were performed on a CHI 900 electrochemical workstation
(CH Instruments, USA). A conventional three-electrode system was

used throughout the measurements. The working electrode was a
bare or modified glassy carbon electrode (GCE, ¢ =3.0 mm), a plat-
inum wire as the counter electrode and an Ag/AgCl electrode as the
reference. Individual or simultaneous determination of AA, DA and
UA was carried out using differential pulse voltammetry (DPV).

2.3. Synthesis of nitrogen doped graphene

In a typical procedure, the mixture of graphite oxide (Guo et al.,
2009) and melamine with a mass ratio of 1:10 was placed in the
center of a corundum tube. Then the annealing temperature was
increased to 800°C at a rate of 5°C/min and maintained for 1h
in argon atmosphere. When the temperature was cooled down to
room temperature, the final product was taken out of the corundum
tube. When changing the mass ratio of graphite oxide: melamine,
NG products with different nitrogen content can be obtained.

2.4. Preparation of NG modified GCE

GCE was polished successively using 0.3 wm and 0.05 pm Al, O3
powder and rinsed thoroughly with ethanol and water each for
5min, and then dried with blowing N,. 5 mg NG was dispersed in
DMF by ultrasonication, and resulted in 1 mg/mL suspension. A5 L
NG suspension was then pippetted onto the pretreated GCE surface
and dried at room temperature.

3. Results and discussion
3.1. Characterization of the nitrogen doped graphene

Firstly, the surface morphology of the NG film modified on
GCE was characterized by FE-SEM. As shown in Fig. 1a, the NG
nanosheets are randomly packed on the GCE surface with folded or
stacked structures. Zoomed-in SEM image (inset of Fig. 1a) shows
that the graphene sheets with lots of ripples are still observable,
demonstrating the graphene structure remaining on the electrode
surface. Similarly, the AFM image (Fig. 1b) shows that the exfoli-
ated NG is of nanosheet-like structure with an average thickness of
~0.8 nm. In the low magnification TEM image of NG (Fig. S1a) the
corrugated nanoflakes with thousands of square nanometers look
like a veil of silk covered on the Cu grid.

Fig. S1b shows the Raman scattering spectrum of NG prepared
with a graphite oxide:melamine mass ratio 1:10 at 800°C. The
high intensity of D band at ~1352cm~! indicates the existence of
many defects in the NG layers. These defects can be ascribed to
the destruction of sp? C and nitrogen doping (Yang et al., 2005). A
sharp G band located at 1576 cm™! is assigned to the Ey¢ phonon
of sp? C atoms, which demonstrates that after nitrogen doping
graphene basically maintains its unique two dimensional structure.
The 2D band is the most characteristic feature in Raman spectrum
of graphene (Ferrari et al., 2006). The broad 2D band correspond-
ing to a few layers graphene structure appears at 2697 cm~!, which
further confirms the existence of graphene structures in the final
products. X-ray photoelectron spectroscopy (XPS) was carried out
to analyze the composition and chemical configuration of nitro-
gen atoms in NG. As shown in the survey scan spectrum of Fig. 1c,
besides the core levels of C1 s and O1 s locating at ~284.7 eV and
~532.1eV, N1 s signal is also observed at ~398.2 eV clearly. In the
high resolution C1 s spectrum (Fig. S1c), the peak can be resolved
into three components respectively located at ~284.7 eV (—C=C),
285.8 eV (—C=N),and 287.0 eV (—C—N). Similarly, after fitting based
on shirley algorithm, N1 s peak can be fitted into three compo-
nents (Fig. 1d). The intense peaks locate at 398.2 eV and 399.5eV is
assigned to nitrogen atoms with “pyridinic” and “pyrrolic” chem-
ical structures, and the peak at 401.0eV corresponds to N atoms
linked with three carbon atoms at the same (denoted as “graphitic”
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Fig. 1. (a) SEM image of the nitrogen doped graphene modified GCE with enlarged image as inset. (b) AFM images of the exfoliated nitrogen doped graphene. XPS spectrum

of the nitrogen doped graphene: survey scan (c) and high resolution scans for N1 s (d).

N atoms) (Matter et al., 2006; Maldonado and Stevenson, 2005).
These XPS analyses reveal that nitrogen atoms have been success-
fully incorporated into graphene frameworks and exist as three
kinds of chemical status in graphene layers. When changing the
mass ratio of graphite oxide:melamine from 1:1 to 1:50, NGs with
different nitrogen content can be obtained (Table S1).

3.2. Electrochemical behaviors of AA, DA and UA

The individual electrochemical behaviors of AA, DA and UA at a
bare GCE and a NG/GCE were first investigated by cyclic voltamme-
try (CV) (Fig. 2a and Fig. S2a). In the case of AA, the oxidation peak
corresponds to the oxidation of hydroxy groups to carbonyl groups
in furan ring of AA on NG/GCE. Because AA at pH 6.0 is negatively
charged (pK; aa =4.1), the enhanced electron transfer kinetics at the
NG/GCE may be due to the formation of hydrogen bonds between
the ascorbate and graphene layers in NG films. For DA, the appear-
ance of a well defined redox couple with a 55 mV peak separation
shows the reversibility of DA on the NG/GCE is much better than on
bare GCE (AE=215mV). This couple of redox peaks corresponds to
two-electron oxidation of DA to dopaminequinone and the subse-
quent reduction of dopaminequinone to DA (Kalimuthu and John,
2009). The improved reversibility could be due to the w- inter-
actions between the benzene ring of DA molecule and graphene
layer, and the hydrogen bonds formed between hydroxyl or amine
group in DA molecule and nitrogen atoms within graphene layers.
For UA, there appears a well-defined oxidation peak and a broad
reduction peak on the NG/GCE. This CV curve reveals that UA is
first oxidized to quinonoid, and then undergoes a rapid chemical
reaction, which is considered as an EC mechanism (Safavi et al.,
2006). In addition, it is found from the CV curves that the oxidation
potentials are negatively shifted by 500mV, 140 mV and 84 mV,
respectively and the peak currents increase by about three times

as compared to bare GCE. So graphene doped with nitrogen atoms
can accelerate the electron transfer and decrease the overpotential
of UA oxidation as well. It is obvious that AA, DA and UA molecules
with different structure have different interaction modes with NG.
As a result, NG can decrease the overpotentials of AA, DA and
UA oxidation at different levels according to their interaction
modes, which is the key factor to realize simultaneous determi-
nation AA, DA and UA.

The excellent electrocatalytic activity of NG towards the oxi-
dation of these three biomolecules is also investigated by the
differential pulse voltammetry (DPV) experiments (Fig. 2b) with
a mixture of 1.0mM (AA), 0.05mM (DA) and 0.1 mM (UA) in 0.1 M
PBS (pH 6.0). At the bare GCE, the electrooxidation of the three
biomolecules presents only a small broad peak so that simultaneous
determination of these molecules is impossible. On the contrary,
on the NG/GCE three well defined oxidation peaks with larger
peak separations and peak currents corresponding to the oxida-
tion of AA, DA and UA appear, respectively, confirming that NG
with much higher electrocatalytic activity can be used to construct
electrochemical sensor for simultaneous determination AA, DA and
UA. Both the CV and DPV experiments demonstrate that NG pos-
sesses good electrocatalytic activity towards the oxidation of these
molecules. The highly electrocatalytic activity of NG could be due
to the fact that nitrogen atoms in NG layers may interact with these
molecules via hydrogen bond, which can activate the hydroxy and
amine groups and accelerate the charge transfer kinetics of these
molecules at NG surface. At the same time, the m-m interactions
between graphene layers and these molecules can also promote
the charge transfer of the three molecules (Wang et al., 2009b).
Consequently, the observed fast heterogeneous electron kinetics
of these three molecules on NG can be attributed to its particular
two dimensional microstructure and properties originating from
nitrogen doping.
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Fig. 2. (a) Cyclic voltammograms (CVs) of 1.0 mM AA, 1.0 mM DA and 1.0 mM UA in 0.10 M PBS (pH 6.0) at NG modified GCE at a scan rate of 100 mV/s. (b) Differential pulse
voltammograms (DPVs) for 1.0 mM AA, 0.05 mM DA and 0.10 mM UA in a 0.1 M PBS (pH 6.0) at bare GCE (A) and NG/GCE (B), respectively.

As we know the nitrogen doping level could manipulate the
electronic properties of NG and then alter the electrocatalytic activ-
ity of graphene. This is exactly observed from the DPVs of AA,
DA and UA on NGs with different nitrogen doping level. Fig. S3
shows that the catalytic oxidation currents for AA (0.5 mM), DA
(0.1 mM) and UA (0.1 mM) increase significantly with the increase
of nitrogen doping level from 5.6% to 8.4% of NG products. How-
ever, peak potentials for the oxidation AA, DA and UA keep nearly
unchanged. The potential differences among these biomolecules
are in the range of 194-200 mV (AEpa-aa), 124-132mV (AEya-pa)-
So we suggest that it is not the peak potentials but peak currents
for the oxidation AA, DA and UA that are influenced by the nitro-
gen doping level in graphene. In addition, it may imply that the
pyridine-like nitrogen component determines the electrocatalytic
activity of NGs towards the oxidation of AA, DA and UA because
nitrogen bonding configurations in all NG samples in the present
work are composed mainly of pyridinic nitrogen, which is similar
to the results in ORR application (Sheng et al., 2011). According to
the above results, NG with 8.4% (at.%) nitrogen content was used to
simultaneously determine AA, DA and UA using DPV approach in
the following experiments.

3.3. Effects of scan rate and pH on the electrochemistry of AA, DA
and UA

The effect of scan rate on the CV responses of AA, DA and UA
at the NG/GCE was studied. As shown in Fig. S4 the oxidation peak
currents of AA, DA and UA increase with increasing the scan rate,
while their oxidation peak potentials gradually shift to positive val-
ues. Plots of the anodic peak currents as a function of the square root
of scan rate in the range of 5-500 mV/s show linear relationships,
which indicates the electrode reactions of these three molecules
are diffusion-controlled processes.

The influence of solution pH on the peak currents and peak
potentials of the electrocatalytic oxidation of AA (500 wM), DA
(100 wM) and UA (100 wM) at the NG/GCE was also investigated
by DPV in the pH range of 3-7.4 (Fig. S5a). It is clear that with
the increase of solution pH the oxidation peak potentials of the
three molecules shift to negative values. Linear relationships of
the peak potential of DA, UA and AA as function of solution pH
with slopes of 62.2, 64.7 and 47.0 mV/pH, respectively are observed
(Fig. S5b), indicating protons are directly involved in the overall
oxidation reactions, i.e., the oxidation reactions occur via electron-
transfer step followed by protonation process. The electrochemical
oxidation of DA and UA has been proven to be a two-electron
process, thus, the numbers of protons involved in their oxidation
should also be two. While for AA, a slope of 47.0 mV/pH is relatively
lower than that expected from the Nernst equation, which may

suggest that the electrochemical oxidation of AA on the NG/GCE
occur with less than one proton involved. Moreover, it is found
that the oxidation peak currents increase with the solution pH in
the range of 3-6 and then decrease when solution pH increases
further to 7.4. The decrease at high solution pH could be due to the
electrostatic repulsion between AA (UA) and NG nanosheets since
AA (pK;=4.1) and UA (pK, =5.7) will be deprotonated at solution
pH> 6 (Kalimuthu and John, 2010). On the contrast, the oxidation
peak current of DA (pK;, = 8.8) gradually increases with the solution
pH in the whole studied solution pH (3-7.4) since no deprotona-
tion process occurs in the studied solution pH range. Furthermore,
it is clear that the oxidation peak separations among the three
molecules are larger than 170 (AA/DA), 120 (DA/UA), and 291 mV
(AA/UA) in the studied pH range of 3.0-7.4. Therefore, individ-
ual and/or simultaneous detections of AA, DA and UA from their
mixed solutions can be realized at the NG/GCE in a wide solution
pH range. If considering the separation effect and detection sen-
sitivity, the buffer solution pH of 6.0 was chosen in the following
measurements.

3.4. Simultaneous/individual determination of AA, DA and UA on
NG/GCE

For individual determination of AA, DA and UA at the NG/GCE,
DPV was carried out in the potential range of —0.1 to 0.6V in PBS
(pH 6.0). In these measurements, only concentration of the tar-
get biomolecule was changed, while concentrations of the other
two biomolecules were kept constant. As shown in Fig. 3, the
electrochemical response of AA, DA, or UA increases linearly with
the increase of the target biomolecule concentration. The linear
ranges for the determination of AA, DA and UA are 5.0 x 1076
to 1.3x103M, 50x1077 to 1.7x10*M and 1.0x 1077 to
2.0 x 107> M with detection limit of 2.2 x 1076 M, 2.5 x 10~7 M and
4.5 x 1078 M at S/N=3, respectively. It is also found that addition
of the target biomolecules into the electrochemical cell does not
have significant influence on the peak currents and peak potentials
of the other two biomolecules. The present results are compared
to those in literature (Table 1). It clearly shows that the analyt-
ical parameters including detection limit and linear range using
NG/GCE are better or comparable to the results reported for simul-
taneous determination of these biomolecules at different modified
electrode surfaces.

The excellent electrocatalytic activity of NG also promises to
simultaneous determination of AA, DA and UA using the NG/GCE.
The electrochemical response of AA, DA or UA still increases
linearly with the increase of their concentrations (Fig. 4). The cor-
responding linear ranges for AA, DA and UA determination are
1.0x10°t06x 1074 M, 1.0x 10 6to 1.4 x 104 M and 2.0 x 106
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Fig. 3. DPV profiles at NG/GCE in 0.1 M PBS (pH 6.0) (a) containing 4 wM DA, 2 uM UA and different concentrations of AA from 5 wM to 1300 wM, (b) containing 100 wM AA,

5 wM UA and different concentrations of DA from 0.5 wM to 170 wM, and (c) containing 100 wM AA, 5 wM DA and different concentrations of UA from 0.1 M to 40 M. Inset:
plots of the anodic peak current as a function of AA, DA and UA concentrations.

to 1.6 x 10~* M with detection limit of 3.5 x 1076 M, 2.8 x 10-7 M due to the excellent electrocatalytic activity of NG itself towards

and 5.7 x 107 M at S/N=3, respectively. These results demon- these biomolecules. Thus, NG nanosheets with unique structural
strate that individual or simultaneous determination of these and electrocatalytic properties are promising candidate for con-
biomolecules on NG/GCE can be achieved with high sensitivity and struction of sensitive and selective biosensors, bioelectronics and
selectivity. The lower detection limit and wider linear range are biofuel cells.
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Fig. 4. (a) DPV profiles at NG/GCE in 0.1 M PBS (pH 6.0) containing different concentrations of AA, DA and UA. From bottom to up the concentrations from 10 to 1600 M for
AA, 1 to 200 M for DA and 1 to 200 wM for UA, respectively. (b)-(d) Plots of the oxidation peak currents as a function of AA, DA and UA concentrations, respectively.
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Table 1

The detection limits and linear ranges of different modified electrodes for the determination of AA, DA and UA.
Electrode materials Detection limit (wmol L~1) Linear range (nmol L) Ref.

AA DA UA AA DA UA

MWCNT/CCE? 7.71 0.31 0.42 15-800 0.5-100 0.55-90 Habibia and Pournaghi-Azar (2010)
CNF-CPEP 2 0.04 0.2 2-64 0.04-5.6 0.8-16.8 Liu et al. (2008b)
PGE* 13 0.11 1.4 25-500 1-20 2.5-30 da Silva et al. (2008)
OMC/Nafiond 20 0.5 4.0 40-800 1-90 5-80 Zheng et al. (2009)
Graphene - 2.64 - - 4-100 - Kim et al. (2010)
3D graphene nanoflake - 0.17 - - 1-50 - Shang et al. (2008)
Pd/CNF-CPE® 15 0.2 0.7 50-4000 0.5-160 2-200 Huang et al. (2008)
ZnO/RMf 14 0.7 45 15-240 6-960 50-800 Tang et al. (2008)
Pt-Au hybrid 103 24 21 103-165 24-384 21-336 Thiagarajan and Chen (2007)
(p-ATD)® 2.01 0.33 0.19 30-300 5-50 10-100 Kalimuthu and John (2010)
Chitosan-graphene 50 1 2 50-1200 1-24 2-45 Han et al. (2010)
NG 2.2 0.25 0.045 5-1300 0.5-170 0.1-20 This work
2 Multiwalled carbon nanotube modified carbon-ceramic electrode.
b Carbon nanofiber modified carbon paste electrode.
¢ Pyrolytic graphite activated electrodes.
d Ordered mesoporous carbon/Nafion composite film.
e

f
g

4.

an

Palladium nanoparticle- loaded carbon nanofiber modified carbon paste electrode.
Zinc oxide-electrogenerated redox mediator hybrid film.
Electropolymerized film of 2-amino-1,3,4-thiadiazole.

Conclusions

The present work shows that nitrogen doped graphene with
average thickness of ~0.8 nm has been successfully synthe-

sized by thermally annealing the mixture of graphite oxide and
melamine. It is found that the resultant nitrogen doped graphene
shows excellent electrocatalytic activity towards the oxidation of
ascorbic acid, dopamine and uric acid. Detailed electrochemical
characterizations unravel the fact that the observed electrocat-
alytic activity is relating to the structure of target biomolecules,
the interactions of hydrogen bond and -1 stack between the tar-
get biomolecules and nitrogen doped graphene, and the unique
structural and properties of nitrogen doped graphene. In addition,
the electrooxidation of these three biomolecules on the nitro-
gen doped graphene modified electrode shows three well defined
oxidation peaks with larger peak separation. Therefore, a sensi-
tive electrochemical sensor has been elaborated to individually
or simultaneously determine these biomolecules from their mix-
ture solution. The present work demonstrates that nitrogen doped
graphene nanosheets are promising candidate for construction of
sensitive and selective biosensors, bioelectronics and other cat-
alytic applications.
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