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Graphene (GR) based noble metal composites such as Pt-GR and Au-GR were synthesized for sensitive
glucose biosensors. Aerosol spray pyrolysis (ASP) was employed to synthesize the noble metal
nanoparticles—-GR composites using a colloidal mixture of GO and noble metal precursor (H,PtClg - 6H,0
and AuCl, - 3H,0). The morphology of noble metal-GR composites was generally the shape of a crumpled
paper ball, and the average composite size was about 1 um. Crystalline Pt and Au nanoparticles less than
5 nm in diameter were uniformly deposited on the crumpled GR sheets, respectively. The charateristics
of the as-prepared biosensors were tested through cyclic voltammetry measurements. All the biosensors
based on the noble metal-crumpled GR composite exhibited a higher current flow as well as clear redox
peaks, which resulted in a superior ability of the catalyst in terms of an electrochemical reaction. The
amperometric response of the glucose biosensor based on the Pt—crumpled GR composite indicated the

highest sensitivity as 62 pA/mM cm?.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Graphene (GR) is a single atom thick sheet of carbon atoms
densely packed into a hexagonal two-dimensional (2D) nanosheet
[1]. The unique structure of GR has been demonstrated to have a
high specific surface area, high thermal conductivity, excellent
mechanical stiffness, good biocompatibility, and fast electron
transportation which results in promising applications in the fields
of nanocomposites, solar cells and electrochemical sensors [2-4].

Many materials such as metal oxides, semiconductors and
noble metals have been used widely to fabricate the functional
GR composites. In case of noble metals, those provide a suitable
microenvironment for biomolecules immobilization retaining
their biological activity, and facilitate electron transfer between
the immobilized proteins and electrode substrates [5,6]. Therefore,
it is expected that a composite of noble metals and GR can exhibit
improved sensitivity and selectivity as a glucose biosensor. But
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only a few studies were reported about the glucose biosensor base
on the noble metal-GR composite [7-9].

Lu et al. (2008) developed Pt-graphite nanoplatelets for a
glucose biosensor, which showed a high sensitivity and selectivity
[7]. The authors reported that graphite nanoplatelets incorporated
into the biosensor interface increased the effective electrode
surface area and served as an excellent support for Pt nanoparti-
cles. Baby et al. (2010) reported a prominent electrochemical
response to glucose with wide linear ranges and a high sensitivity
using Au-GR [8]. Chen et al. (2011) also fabricated Au-GR compo-
site for sensitive glucose biosensor [9]. Baby et al. (2010) and Chen
et al. (2011) reported that the good electrocatalytic activity might
be attributed to the synergistic effect of graphene and Au nano-
particles. These previous results indicated that noble metal nano-
particles provided a better environment for electrochemical
reaction for glucose biosensing applications, and GR is expected
to play an important role in improving the catalytic performance
of biosensing applications.

In this paper, we introduce GR based noble metal composites
synthesized by the aerosol spray pyrolysis (ASP) and their applica-
tion to glucose biosensors. All the previous studies employed the
liquid phase reaction including many time consuming stages such
as filtering, washing, and drying in order to synthesize noble metal
nanoparticles with GR. On the other hand, the ASP shows many
advantages for the synthesis of GR from GO because it is a very
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fast, simple and continuous process to fabricate self assembled
composites as a one-step method. It also takes a very short
reaction time of several seconds and does not require any post
heat treatment or purification [10-13]. Here, we synthesized the
noble metal-GR composites from a noble metal precursor
(H,PtClg - 6H,0 and HAuCl, - 3H,0) and GO by the ASP. Then, the
composites are characterized and tested for application as a
glucose biosensor through cyclic voltammetry measurements.

2. Experimental

Preparation of noble metal-GR composite and noble metal-GR/
GOD electrode: Colloidal graphene oxide (GO) was prepared by the
oxidation of graphite powder (Alfa Aesar, 99.9%) using a modified
Hummers's method [14-18].

For the synthesis of the noble metal-GR composite, a colloidal
mixture solution as a precursor was prepared by the as-prepared
GO colloid and noble metal precursor (H,PtClg-6H,0 and
HAuCly - 3H,0). The precursor was prepared with different weight
ratios of noble metal/GR from 0.05 to 0.2 while the concentration
of the GO was fixed at 0.5 wt% in the colloidal mixture. The
experimental apparatus for the ASP process consisted of an
ultrasonic atomizer, an electrical tubular furnace, and a filter
sampler. The ultrasonic atomizer was used to generate micron-
sized droplets of the noble metal-GO colloidal precursor. The
droplets were then carried into the furnace by 1.0 I/min of argon.
The evaporation of water, thermal reduction of GO and noble
metal precursor, and the self-assembly between GR and noble
metal nanoparticles were carried out in series in a tubular furnace.
The fabricated noble metal-GR composites were then collected by
a Teflon membrane filter. The operating temperature was 800 °C.
The schematic diagram for synthesizing the noble metal-GR
composites is shown in Fig. 1.

1 mg of the as-prepared noble metal-GR composite was dis-
persed in a 1ml of 10 mg/ml GOD solution (Sigma-Aldrich,
Aspergillus niger, 200 units/mg). For the cyclic voltammetry
measurement, 5 ul of noble metal-GR/GOD colloid was dropped
onto the surface of a glassy carbon electrode (GCE). Then, 10 pl of
0.05 wt% Nafion (Sigma-Aldrich) solution was additionally cast on
the surface of the modified GCE for fixing the noble metal-GR
composite. A p-(+)-glucose (Sigma-Aldrich, 0-8 mM) was used as
the reaction solution for glucose biosensor.

Analysis: The particle morphology and size of the noble metal-
GR composite were characterized by a field emission scanning
electron microscope and a transmission electron microscope (FE-
SEM, FEIl, Sirion, TEM, Philips, CM 12). The crystallinity of the
composite was analyzed by X-ray diffractometry (XRD, Rigaku, RTP
300 RC). Raman spectra were collected from 600 to 2000 cm™!
with 532 nm laser excitation (Lambda Ray, LSI Dimension P1).
The electrochemical properties of the glucose biosensor were
measured by a cyclic voltammetry (CV) method using an electro-
chemical interface instrument (Bio-Logics, VSP). A conventional

three-electrode cell was used, including a glassy carbon electrode
as the working electrode, an Ag/AgCl electrode as the reference
electrode, and a platinum foil as the counter electrode.

3. Result and discussion

Synthesis of noble metal-GR composites: The Raman spectrum of
the as-prepared GO showed a G band at 1600 cm™ and D band at
1337 cm™'. The G band of GO broadened compared to graphite,
mainly due to the extensive oxidation (Fig. S1) [19]. Our previous
study proved the characteristics of GO by XRD and XPS analyses
[18]. These results confirmed that GO was successfully synthesized
from graphite and matched well with previous results [19,20].

In Fig. 2, FE-SEM analysis reveals that the morphology of the
noble metal-GR composites was generally the shape of a crumpled
paper ball, and the average composite size was about 1 pm. Unlike
the two-dimensional GR sheets, the crumpled GR have both high
free volume and high compressive strength, and can tightly pack
without significantly reducing the area of accessible surface. It can
also deliver much higher specific capacitance and better rate
performance [12,22]. Then, the highly sensitive electrocatalytic
activity of glucose biosensors by the composites are expected. TEM
images of Fig. 2 also reveal that noble metal nanoparticles are
deposited on the surface of the GR crumples. In particular, Fig. 2
shows that Pt and Au nanoparticles of 3 and 5 nm in diameter are
uniformly deposited on GR sheets, respectively.

Fig. 3 shows the diffraction patterns of the noble metal-GR
composites according to the XRD analysis. The crystallinity each of
the as-prepared composites at synthesized 800 °C indicates the
same peaks as those of the noble metal reference. The peak
detected at around 25° exhibits GR. The crystallite sizes which
were calculated by the Scherrer equation were 3.3 and 5.5 nm in Pt
and Au, respectively.

Evaluation of the electrocatalytic activity of glucose biosensors:
The noble metal-crumpled GR composites were explored for their
application as glucose biosensors through cyclic voltammetry (CV)
measurements. The characterizations of the glucose biosensors
prepared with crumpled GR, and the noble metal-crumpled GR
composites were done with 2 mM of glucose solution in each case.

Fig. 4 shows the cyclic voltammetry result of a glucose biosensor
prepared by the composites at a 0.2 weight ratio of noble metal/GR.
The current flow of the biosensor prepared by the Pt-GR was higher
than another composite. Also, the redox peak of the electrochemical
reaction by the Pt/GR was the strongest at —0.07 and -0.25 V. As we
can see in Fig. 2(a), many of the Pt nanoparticles of 3 nm in diameter
are uniformly deposited on the surface of GR in comparison with the
Au-GR composites. This result demonstrated that biosensor perfor-
mance is significantly affected by metal loading, particle size, and
distribution [9]. In other words, the noble metal-crumpled GR
composite covered with uniformly distributed noble metal nanopar-
ticles had higher electrochemical activity since noble metals can
enhance the electron transfer between the enzyme and the electrode.
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Fig. 1. Schematic illustration of the formation of noble metal-crumpled GR composite from colloidal mixture of noble metal precursor and GO via aerosol spray pyrolysis.
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Fig. 2. FE-SEM and TEM images of the as-prepared noble metal-crumpled GR
composites ((a) Pt=GR and (b) Au-GR) prepared at the fixed experimental condition
(weight ratio of noble metal/GR: 0.2, GO: 0.5 wt%, temperature: 800 °C, and carrier
gas flowrate: 1 1/min).
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Fig. 3. The X-ray diffraction of patterns of the as-prepared noble metal-GR
composites ((a) Pt=GR and (b) Au-GR) prepared at the fixed experimental condition
(weight ratio of noble metal/GR: 0.2, GO: 0.5 wt%, temperature: 800 °C, and carrier
gas flowrate: 11/min).
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Fig. 4. Cyclic voltammograms of the glucose biosensor prepared by noble metal-
GR (Pt-GR and Au-GR) at the fixed experimental condition (weight ratio of noble
metal/GR: 0.2, GO: 0.5 wt%, glucose concentration: 2 mM, potential range: —1.0-
1.0V, and scan rate: 50 mV/s).

On the other hand, as we mentioned earlier, the higher electroche-
mical activity could be originated by the crumpled GR that can tightly
pack without significantly reducing the area of accessible surface and
can also deliver much higher specific capacitance and better rate
performance [22].

The amperometric responses by the glucose biosensors based on
the Pt—-GR and Au-GR composite were linear against the concentra-
tion of glucose ranging from 0 to 8 mM at —0.25 and 0.47, respectively.
The sensitivity indicated 62 and 15 pA/mM cm? for the Pt-GR and Au—
GR composites, respectively (Fig. S2). Although both noble metal-GR
biosensors indicate good sensitivity and electrochemical activity,
higher sensitivity was obtained from the Pt-GR composite. The as-
obtained sensitivity of the Pt—-GR and Au-GR electrodes in this study
was higher than that of the Pt-graphite and Au-GR electrode in the
previous studies, respectively [7,8]. It should be noted that aerosol
process could prepare the noble metal-crumpled GR composite that
could exhibit highly sensitive glucose biosensor much faster than
previous methods.

4. Conclusions

Sensitive glucose biosensors were successfully prepared with
noble metals—crumpled graphene (Pt-GR and Au-GR) composites,
which were synthesized via the aerosol spray pyrolysis (ASP). The
morphology of the composites was crumpled and the noble metal
nanoparticles were well dispersed on the surface of the crumpled
GR. The biosensors prepared by the noble metal-crumpled GR
composite exhibited higher current flow as well as a clear redox
peak. This result shows that loading of noble metal nanoparticles
such as Pt and Au less than 5 nm in diameter on the surface of
crumpled GR demonstrate superior ability as catalyst in terms of
the electrochemical reaction. The highest amperometric response
of the glucose biosensor was prepared by the Pt-crumpled GR
composite, which indicated the sensitivity at about 62 pA/
mM cm?. The noble metal-crumpled GR composites show pro-
spective materials as the enhanced glucose biosensor.
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