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In this contribution, we demonstrate a green, cost-effective, one-pot preparative route toward Ag
nanoparticles-graphene (AgNPs—G) nanocomposites in aqueous solution with the use of tannic acid
(TA), an environmentally friendly and water-soluble polyphenol, as a reducing agent. Such AgNPs-G
nanocomposites were synthesized through one-pot reduction of AgNO; and GO by TA. We
investigated surface enhanced Raman scattering (SERS) and electrochemical properties of the
resultant AgNPs—G nanocomposites. It is found that such AgNPs—G nanocomposites show excellent
SERS activity as SERS substrates and exhibit notable catalytic performance toward the reduction of
H,O,. This enzymeless H,O; sensor has a fast amperometric response time of less than 2 s. The linear
range is estimated to be from 1 x 10~* M to 0.01 M (r = 0.999) and the detection limit is estimated to
be 7 x 107° M at a signal-to-noise ratio of 3. A glucose biosensor was further fabricated by
immobilizing glucose oxidase (GOD) into chitosan—AgNPs—G nanocomposite film on the surface of a
glassy carbon electrode (GCE). This sensor exhibits good response to glucose, and the linear response
range is estimated to be from 2 to 10 mM (R = 0.996) at —0.5 V. The detection limit of 100 uM was
achieved at a signal-to-noise ratio of 3. More importantly, we demonstrate successfully its application
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for glucose detection in human blood serum.

1. Introduction

Since Geim and co-workers at Manchester University first
isolated single-layer samples from graphite in 2004, graphene
(G), a monolayer of sp>-bonded carbon atoms tightly packed
into a two-dimensional (2D) honeycomb lattice, and character-
ized as ‘‘the thinnest material in our universe”, has attracted
tremendous attention in recent years due to its high surface area
(~2600 m* g~ 1), high chemical stability, and unique electronic,
mechanical properties.! Therefore, numerous efforts have been
made to explore its potential applications in many technological
fields, such as nanoelectronics,’ nanophotonics,3 batteries,*
chemical and biological sensors.” However, the first challenge
for the practical applications of G is realizing its high economical
accessibility and easy processing of G nanosheets. Up to now,
numerous techniques such as micromechanical exfoliation,'
chemical vapor deposion,® chemical reduction of graphene oxide
(GO),7 electrochemical reduction of GO, photoreduction of
GO,’ and other special stratagies'® efc. have been successfully
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developed for synthesis of G. Among them, the chemical
reduction of GO holds the great advantage of low cost and
bulk quantity production.!! However, reduction reagents such as
hydrazine and its derivative are toxic and, on the other hand,
the strong van der Waals interaction between the reduced G
sheets causes them to aggregate in solution, limiting its further
application.12 This issue was subsequently circumvented by using
environmentally friendly reducing agents for preparation of G.
Up to now, however, only limited nontoxic agents including
sugar, chitosan, dopamine, dextran, protein, L-ascorbic acid and
poly(N-vinyl-2-pyrrolidone) (PVP) have been successfully devel-
oped to prepare G by a green route.!> Accordingly, developing
new environmentally friendly reducing agents for preparation of
G is highly desired.

Nanocomposites have aroused extensive interest over past
decades due to their new optical, electronic, thermal, mechanical,
and catalytic properties.'* Due to the large surface area and the
above mentioned excellent properties, G has been an attractive
choice as the matrix for nanocomposites.'> Hence, there are
increasing reports of composites which integrate GO or G with
different nanoscaled materials.'® Among them, metal-G nano-
composites are very useful in various engineering applications
such as fuel cell catalysis,'” electrochemical energy storage'® and
especially electrochemical sensing.!” This is because metal-G
nanocomposites could provide larger electrochemically active
surface areas and effectively accelerate the electron transfer
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between electrode and detection molecules, which could lead to a
more rapid and sensitive current response. However, the metal-G
nanocomposites are usually obtained from in situ reduction of
metallic salts on preformed G sheets or the decoration of G
sheets with presynthesized nanoparticles, which increased the
complexity of the process. Furthermore, the resulting composites
are mostly in the form of aggregation due to m—m stacking
interactions between G nanosheets. Therefore, a one-pot route
for synthesizing well-dispersed metal-G nanocomposites with
high performance is highly required.

Herein, we report a facile, cost-effective, environmentally
friendly, one-pot method to synthesize Ag nanoparticles-G
nanocomposites (AgNPs-G) with the use of tannic acid (TA,
Fig. S17), a water-soluble, phenolic hydroxyl-rich compound
and widely present in woods, as a reducing agent. Scheme 1
presents a scheme (not to scale) to illustrate the proposed one-
pot preparation of AgNPs-G nanocomposites via chemical
reduction of AgNO; and GO by TA. The resultant AgNPs-G
nanocomposites show excellent SERS activity as SERS sub-
strates and exhibit notable catalytic performance toward H,O,
reduction. More importantly, we demonstrate successfully its
application for glucose detection in both buffer and human
blood serum.

2. Experimental
2.1 Materials

Graphite powder, TA, H,0, (30 wt%), glucose, Na,HPO,, and
NaH,PO,4 were purchased from Aladin Ltd. (Shanghai, China).
p-Aminothiophenol (p-ATP), glucose oxidase (GOD) and
AgNO; were purchased from Aldrich Chemical Comp. All
chemicals were used as received without further purification. The
water used throughout all experiments was purified through a
Millipore system. Phosphate buffer saline (PBS) was prepared by
mixing stock solutions of NaH,PO, and Na,HPO, and a fresh
solution of H,O, was prepared daily.

2.2 Preparation of GO

GO was prepared from natural graphite powder through a
modified Hummers method.® In a typical synthesis, 1 g of
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Scheme 1 A scheme (not to scale) to illustrate the proposed one-pot
preparation of AgNPs—G nanocomposites via chemical reduction of
AgNO; and GO by TA.

graphite was added into 23 mL of 98% H,SO,, followed by
stirring at room temperature over a period of 24 h. After that,
100 mg of NaNO; was introduced into the mixture and stirred
for 30 min. Subsequently, the mixture was kept below 5 °C by ice
bath, and 3 g of KMnO, was slowly added into the mixture.
After heating to 35-40 °C, the mixture was stirred for another
30 min. After that, 46 mL of water was added into the above
mixture during a period of 25 min. Finally, 140 mL of water and
10 mL of H,O, were added into the mixture to stop the reaction.
After the unexploited graphite in the resulting mixture was
removed by centrifugation, as-synthesized GO was dispersed
into individual sheets in distilled water at a concentration of
0.5 mg mL ™" with the aid of ultrasound for further use.

2.3 Synthesis of AgNPs-G nanocomposites

In a typical experiment, 1 mL of GO was dispersed in 2 mL of
5mg mL~! TA aqueous solution under ultrasonic irradiation for
30 min. Next, 100 pL of 25 mM AgNOs; aqueous solution and
4 pL of 0.3 M NaOH aqueous solution were added into the
above TA-GO dispersion at room temperature, followed by
an obvious color change from brown to brown yellow and
accompanied by the presence of precipitates. At last, the
resulting mixture was heated at 90 °C over a period of 1 hin a
water bath to perform the reduction of GO. The products in the
brown black dispersion were centrifuged and washed twice with
distilled water to remove the excess TA and redispersed in water
for characterization and further use.

2.4 Preparation of AgNPs

For comparison, AgNPs were prepared with the use of TA as a
reducing and stabilizing agent. In brief, 100 pL of 25 mM
AgNO; aqueous solution and 4 pL of 0.3 M NaOH aqueous
solution were added into 2 mL of 5 mg mL~' TA aqueous
solution. The solution was kept at room temperature for
approximately 1 h.

2.5 SERS experiments

In the SERS experiments, p-ATP was used as the probe
molecule. Soaking was used to adsorb the molecule on the
surfaces of AgNPs—G nanocomposites. 50 pL of p-ATP aqueous
solutions with concentration of 2 x 10~ M was mixed with
10 pL of as-prepared AgNPs—G nanocomposites. After shaking
several times, the mixture was allowed to stay for 3 h to reach the
adsorption equilibrium for direct SERS detection in liquid
environment.

2.6 Fabrication of AgNPs—G nanocomposites-modified glassy
carbon electrode (GCE)

The modified electrodes were prepared by a simple casting
method. Prior to the surface coating, the GCE was polished with
1.0 and 0.3 pum alumina powder, respectively, and rinsed with
doubly distilled water, followed by sonication in ethanol solution
and doubly distilled water successively. Then, the electrode was
allowed to dry in a stream of nitrogen. To obtain the AgNPs-G
nanocomposites-modified GCE, 3 pL of the AgNPs-G nano-
composites dispersion was dropped on the clean surface of GCE,
and then 1.5 pL of chitosan (0.5%) solution was also dropped for
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stabilizing it. Finally, the electrode was allowed to dry in ambient
air to obtain chitosan/AgNPs—G/GCE. For the control experi-
ments, 3 pL of TA-reduced G (TA-G) and 1.5 pL of chitosan
(0.5%) solution were also dropped on the clean surface of GCE
to obtain chitosan/TA-G/GCE. Next, for the experiments of
glucose detection, the chitosan/GOD/AgNPs-G/GCE was also
prepared by the same method except for an extra dropping of
3 uL of 40 mg mL~' GOD, and then the electrode was dried at
4 °C for 2 h.

2.7 Characterization

Transmission electron microscopy (TEM) measurement was
made on a HITACHI H-8100 EM (Hitachi, Tokyo, Japan) with
an accelerating voltage of 200 kV. UV-visible absorption spectra
were obtained on a UV-5800 Spectrophotometer. Atomic force
microscopic (AFM) images were recorded by using a Nanoscope
MultiMode-V scanning probe microscopy (SPM) system (Veeco,
USA). The samples were drop-cast on freshly cleaved mica and
dried at room temperature. SERS spectra were collected with a
Renishaw 2000 model confocal microscopy Raman spectrometer
with a CCD detector and a holographic notch filter (Renishaw
Ltd., Gloucestershire, U.K.) at ambient conditions. Radiation of
514.5 nm from an air-cooled argon ion laser was used for the
SERS excitation. X-Ray photoelectron spectroscopy (XPS)
analysis was measured on an ESCALABMK II X-ray photo-
electron spectrometer using Mg as the exciting source.
Electrochemical measurements are performed with a CHI
660D electrochemical analyzer (CH Instruments, Inc.,
Shanghai). A conventional three-electrode cell was used, includ-
ing a GCE (geometric area = 0.07 cm?) as the working electrode,
a Ag/AgCl (saturated KCl) electrode as the reference electrode,
and platinum foil as the counter electrode. The potentials are
measured with a Ag/AgCl electrode as the reference electrode.
All the experiments were carried out at ambient temperature.

3. Results and discussion

3.1 UV-visible absorption spectra, Raman, XPS and TEM
characterization of AgNPs—G nanocomposites

The successful preparation of AgNPs-G nanocomposites was
firstly confirmed by UV-vis absorbance spectra, as shown in
Fig. 1. Curve a showed the absorption peaks of TA located at
214 and 274 nm, which were assigned to n—n* and n-m*
transitions, respectively.?! The UV-vis spectrum of GO showed
two absorption peaks at 230 nm and 300 nm (curve b). In the
suspension of TA-GO, the n—n* absorbance peak of TA was blue
shifted to 268 nm, as shown in curve c, indicating the presence of
-1 interaction between the aromatic rings of TA and GO
sheets.?! After the addition of 100 pL AgNOs; into the suspension
of TA-GO, we obtained a new absorbance band centered at
415 nm characteristic of the colloidal Ag surface plasmon
resonance band,*? providing evidence to support the formation
of Ag nanoparticles (curve d). The spontaneous formation of Ag
nanoparticles in our present study can be attributed to the direct
redox between TA and Ag”, where Ag" is reduced to metallic Ag
by the phenolic hydroxyls of TA. Indeed, bayberry tannin as a
phenolic hydroxyl-rich compound has recently been successfully
used as a reducing agent and stabilizing agent for the synthesis of

Au nanoparticles and Pd nanoparticles.>* Curve e is the UV-vis
spectrum of the resultant AgNPs-G nanocomposites after heat
treatment, and the peak of n—r* transition is further blue shifted
to 263 nm, due to the strengthened interaction between G and
the TA aromatic ring for the removal of oxygenic groups.’!
Fig. 1 inset shows photographs of the corresponding samples
and a distinct color change from brown yellow to black can
be observed after heat treatment. Such observation provides
another piece of evidence to support the formation of well-
dispersed AgNPs—G nanocomposites.

TA is a mild reducing agent with a redox potential from
—0.57 to —1.05 V (pH = 3.03-6.24).* Compared with the redox
potential of —0.82 to —1.09 V needed for GO, the reduction of
GO by TA is thermodynamically favoured and there has been a
recent successful report.>! In our study, the successive reduction
of GO and AgNO; to AgNPs-G nanocomposites by TA was
further verified by Raman spectroscopy and X-ray photoelectron
spectroscopy (XPS), as shown in Fig. S2 and Fig. S3.1 It is well-
known that G obtained by chemical reduction of GO exhibits
two characteristic main peaks: the D band at ~1350 cm !,
arising from a breathing mode of k-point photons of A,
symmetry; and the G band at ~ 1575 cm™ !, arising from the first
order scattering of the E,, phonon of sp> C atoms. In our present
study (Fig. S2f), it is seen that GO exhibits a D band at
1357 cm™ ! and a G band at 1608 cm ™', while the corresponding
bands of AgNPs—G nanocomposites are 1357 and 1593 cm ™',
respectively. The G band of AgNPs-G nanocomposites that red-
shifts from 1608 to 1593 cm ™! is attributed to the high ability for
recovery of the hexagonal network of carbon atoms. It is also
found that AgNPs-G nanocomposites shows relative higher
intensity of D to G bands (1.08) than that of GO (0.83). These
observations further confirm the formation of new graphitic
domains after the heat treatment process.?® Fig. S3+ shows the
Ci;s XPS spectra of GO and AgNPs-G nanocomposites,
respectively. The C, spectra of GO and AgNPs-G nanocompo-
sites could be deconvoluted into three peaks at 284.5, 285.6, and
288.4 eV, which are associated with C-C, C-O, and C=0,
respectively. It is seen that the peak intensity of C-O is strong in
GO (Fig. S3at); In contrast, after a heat treatment process, the
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Fig. 1 UV-vis absorption of aqueous dispersions of (a) TA; (b) GO; (c)
TA-GO; (d) AgNPs-GO nanocomposites; (¢) AgNPs-G nanocompo-
sites. Inset: optical images of corresponding samples.
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peak intensity of C-O in AgNPs-G nanocomposites (Fig. S3b¥)
is tremendously reduced. Note that TA consists of a large
amount of -OH and -COOH, and thus makes a much greater
contribution to the intensity of C—O and C=O peaks in AgNPs—
G nanocomposites. All the observations suggest that the most
oxygen-containing functional groups are successfully removed
after the heat treatment process.”’” The XPS pattern of the
resulting AgNPs-G nanocomposites also shows significant Ag
3d signals corresponding to the binding energy of metal Ag (Fig.
S3ct),?® which further supports the conclusion that AgNPs have
been effectively assembled on the surface of G nanosheets.

Fig. 2 shows the TEM images of these samples thus formed.
Fig. 2a shows a TA-functionalized GO sheet in the suspension of
TA-GO. After the addition of AgNO; into the suspension of
TA-GO, it is seen that the GO sheet has been decorated with a
large amount of Ag nanoparticles about several nanometres to
20 nm in diameter (Fig. 2b and 2c). When the reaction mixture
was further heated at 90 °C for 1 h, GO was reduced to G based
on previous characterization and the G sheet decorated with
many Ag nanoparticles can be observed (Fig. 2d).

3.2 SERS activity of AgNPs—G nanocomposites

To evaluate the SERS activity of the AgNPs—G nanocomposites,
p-aminothiophenol (p~ATP) was used as a model Raman probe.
Because it has been well-characterized by SERS and most of the
prominent Raman bands have been assigned.?’ Fig. 3 displays
the SERS spectra for 1 x 1073 M p-ATP with the G, Ag NPs
and AgNPs-G nanocomposites as SERS substrates, respectively.
As shown in curve b, there are no apparent Raman peaks of p—
ATP detected on the surface of G without AgNPs. Compared to
the spectrum of the solid p—ATP (curve a), the SERS spectrum
obtained on AgNPs-G nanocomposites (curve d) shows distinct
frequency shifts for some changes in band intensity. The vcg
band shifts from 1092 cm™' to 1074 cm ', and another

Fig. 2 TEM image of the samples: (a) TA-GO; (b, ¢) AgNPs-GO
nanocomposites and (d) AgNPs-G nanocomposites.

Intensity (a.u.)

1092
a A y

Jo_x
|

T T T T T T T T T T T T T
400 600 800 1000 1200 1400 1600 1800

Raman shift (cm’w)

Fig. 3 (a) Raman spectrum of solid p~ATP, SERS spectra of p-ATP
(1 x 107¥ M) on (b) G, (c) AgNPs, and (d) AgNPs-G nanocomposites.

frequency shift from 1598 cm ™! to 1580 cm ™' was also observed.
Such observations clearly show that the -SH group of p—ATP
makes direct contact with the AgNPs by forming a strong Ag-S
bond.>° The Raman spectrum of p-ATP on the AgNPs-G
nanocomposites exhibited four b, modes at 1580, 1442, 1394,
and 1143 cm ™! and one a; mode at 1074 cm ™', which is quite
similar to those of p~ATP absorbed on Ag nanoparticles.*! The
two peaks at 1394 and 1442 cm ™' are caused by the formation of
p.p'—dimercaptoazobenzene produced from p—ATP by selective
catalytic coupling reaction on the Ag surface.”> AFM data
shown in Fig. S4t reveal the average thickness of the resultant G
sheet ranges from 2.4 to 4.0 nm. Given TA molecules are
anchoring on the surface of G and the thickness of single-layer G
is about 1.0 nm,?"*? it is believed that most of the G sheets exist
in the form of a mixture with bilayer and trilayer. It is established
that SERS activity is sensitive to the layer number of
mechanically exfoliated G and single-layer G provides much
larger SERS enhancement than few-layer G due to that the n—n
interactions between pure G layers degrades G’s characteris-
tics.>**> In our present study, the SERS intensity of the p-ATP
on the AgNPs—G nanocomposites (curve d) is much stronger
than that on the AgNPs (curve c) with the same concentration of
p—ATP. Tt indicates that such few-layer G (bilayer and trilayer),
although obtained by chemical reduction of GO, can also
provide SERS enhancement and thus the AgNPs—-G can serve
as an effective substrate for SERS application. The observed
enhancement can be attributed to the increasing density of
AgNPs on the surface of G sheets as “hot spots” for strong
localized electromagnetic fields produced by the gaps between
neighboring AgNPs and the strong electronic interactions of the
AgNPs and the G sheet. 3¢

To determine the enhancement effect of p—ATP on the
AgNPs-G nanocomposites quantitatively, we calculated the
SERS enhancement factor (EF) values of p—ATP in the AgNPs—
G nanocomposites using the following expression: EF = (Isgrs/
Nads)/Tpun/Npuk), Where Isgrs stands for the intensity of a
vibrational mode in the SERS spectrum of p—ATP and Iy, for
that of a solid sample. N,ps and Ny,y are the number of p~ATP
molecules adsorbed on the SERS substrate and bulk molecules

This journal is © The Royal Society of Chemistry 2012
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illuminated by the laser light to obtain the corresponding SERS
and ordinary Raman spectra, respectively. N,qs can be obtained
according to the reported method,?” which is N5 = NgAjaserA n/
a, Where Ny is the number density of the AgNPs on the AgNPs—
G nanocomposites, Ay, 1S the area of the focal spot of laser, An
is the AgNPs footprint area, and o is the surface area occupied
by an adsorbed p—ATP molecule. Ny and Ay can be obtained
from the TEM image shown in Fig. 2d, and A, is estimated to
be 1 um from the diameter of the laser spot. It was reported that
each p—~ATP molecule occupies about 0.20 nm?, indicating that ¢
can be adopted as 0.20 nm*molecule.*® The total number of
surface adsorbed molecules (N,qs) within the illuminated laser
spot can then be obtained at 2.15 x 10°. Npu is the molecule
number of the solid p—ATP in the laser illumination volume. In
our experiment, the laser spot of 1 um in diameter and the
penetration depth (2 um) of the focused laser beam are used.
Since the density of the solid p—~ATP is 1.18 g cm™ >, Npui was
calculated to be about 8.9 x 10° within the illuminated laser
light. Taking the intensity at 1074 cm ™! (curve d) and 1092 cm ™!
(curve a) into account, the EF at the AgNPs—G nanocomposites
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Fig. 4 (a) Cyclic voltammograms of different electrodes in Ny—
saturated 0.2 M PBS at pH = 7.4 in the presence of 2 mM H,0, (scan
rate: 50 mV s !). (b) Typical steady-state response of the chitosan/
AgNPs-G/GCE to successive injection of H,O, into the stirred Np—
saturated 0.2 M PBS at pH = 7.4. Inset: the corresponding calibration
curve (Applied potential: —0.3 V).

for the band located at 1074 cm™ ! can be calculated to be as
large as 2.16 x 107 at 514 nm excitation.

3.3 Enzymeless electrochemical sensor for H,O, detection

To demonstrate the electrochemical sensing application of such
AgNPs-G nanocomposites, we first constructed an enzymeless
H,0O, sensor by immobilizing AgNPs-G nanocomposites with
chitosan on a GCE surface. Fig. 4a shows the electrocatalytic
responses of bare GCE, chitosan/TA-G/GCE, and chitosan/
AgNPs-G/GCE in 0.2 M PBS at pH 7.4 in the presence of 2 mM
H,0,. It is seen that the responses of both the bare GCE and
chitosan/TA-G/GCE toward H,O, are quite weak. In contrast,
the chitosan/AgNPs—G/GCE exhibits notable catalytic current
about 58 pA in intensity at —0.5 V in the reduction process of
H,O0.,. It is also important to note that the chitosan/AgNPs-G/
GCE exhibits no electrochemical response in the absence of
H,0,. All these observations indicate that such AgNPs-G
nanocomposites exhibit notable electrocatalytic activity toward
the reduction of H,O,. The relative standard deviation (RSD)
of the amperometric response to 2 mM H,0, is 4.0% for 5
successive measurements, indicating the good reproducibility of
the chitosan/AgNPs-G/GCE.

Fig. 4b shows typical current-time plot of the chitosan/
AgNPs-G/GCE in N,-saturated 0.2 M PBS buffer (pH = 7.4) on
consecutive step change of H,O, concentrations. Although the
chitosan/AgNPs—G/GCE exhibited the biggest response signal at
—0.50 V, determination of the H,O, was carried out at —0.3 V.
Such a low applied potential can ensure sufficient current
response with lower background or less interference of other
electroactive species in the solution.® When an aliquot of H,0,
was dropped into the stirring PBS solution, the reduction current
rose steeply to reach a stable value. The sensor could accomplish
96% of the steady state current within 2 s, indicating a fast
amperometric response behavior. It is apparently seen that the
steps shown in Fig. 4b are more horizontal in the region of lower
concentration of H,O, and the noises become higher with
increased concentration of H,O,. Inset (Fig. 4b) shows the
calibration curve of the sensor. The linear detection range is

2mM

20

40

Current (uA)

60

80

80

Current (yA)

60

40

100 ~
| 10mm »

2 4 6 8 10
120 . [ X { l of gluo?se (mM)

T £ T T
-0.8 -0.6 -0.4 -0.2 0.0 0.2

Potential (V)

Fig. 5 Cyclic voltammograms of chitosan/GOD/AgNPs-G/GCE in O,
saturated 0.2 M PBS at pH 7.4 in various concentrations of glucose. Inset is
the calibration curves corresponding to amperometric responses at —0.5 V.

542 | RSC Adv., 2012, 2, 538-545

This journal is © The Royal Society of Chemistry 2012


https://doi.org/10.1039/c1ra00641j

Published on 10 November 2011. Downloaded on 27/01/2026 10:33:52 PTG.

View Article Online

%7 3.5mm
-20
!
=}
S 40
=]
o < 50
g -60
-60 3
\ -70
-80
7.5 mM T : - s
-80 T Concentration of glucose (mM)
T ¥ T v T d T ¥ T ¥ T
-0.8 -0.6 -0.4 -0.2 0.0 0.2

Potential (V)

Fig. 6 Cyclic voltammograms of chitosan/GOD/AgNPs-G/GCE in
O, saturated 1.5 mL real blood serum sample and 3.5 mL PBS solution
(0.2 M, pH 7.4) in the presence of various concentrations of glucose: 3.5,
4.5, 5.5, 6.5 and 7.5 mM. Inset is the calibration curve (R = 0.998)
corresponding to amperometric responses at the reduction peak (scan
rate: 50 mV s~ ).

estimated to be from 1 x 1074 M to 0.01 M (r = 0.999), and the
detection limit is estimated to be 7 x 10~° M at a signal-to-noise
ratio of 3.

3.4 Glucose sensing

It is well known that diabetes mellitus is a worldwide public
health problem and thus the detection of glucose in blood serum
is particularly important.** Based on the high electrocatalytic
activity of chitosan/AgNPs-G/GCE toward H,0,, a glucose
sensor was further developed by immobilizing GOD into
chitosan/AgNPs—G nanocomposites film on a GCE surface.
The sensing mechanism is that GOD can selectively catalyze the
oxidation of glucose in the presence of oxygen to form H,O,,
which can be electrochemically detected.*' Fig. 5 shows the cyclic
voltammograms of the chitosan/GOD/AgNPs-G/GCE in 0.2 M
PBS solution at pH 7.4 with various concentrations of glucose in
saturated O,. It is seen that a strong reduction current peak at
—0.5 V is observed, which is attributed to the electrochemical
reduction of O, and H,O,. It is also found that the reduction
current at negative potential increase with the increased amount
of glucose in saturated O,. Fig. 5 inset shows the calibration
curves to corresponding amperometric responses at —0.5 V.
Good linear relationship is observed between the catalytic
current and glucose concentration at ranges from 2 to 10 mM
(R = 0.996) at —0.5 V. The detection limit is estimated to be
100 uM at a signal-to-noise ratio of 3. The RSD of the current
response to 6 mM glucose at —0.5 V is 4.3% for 5 successive
measurements. Compared to the RSD (5.2%) of the Pt
nanoparticle-based glucose biosensor,** our AgNPs-G nano-
composites-based sensor has better reproducibility.

Since the blood glucose levels of normal persons are in the
range of 4 to 6 mM,* our glucose biosensor may be used for
glucose determination of real samples due to its wide linear
response ranges. The original glucose concentration of the
human blood sample is hypothesized as 5 mM. The electrolyte
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Fig. 7 The variation in the response current of 2 mM glucose in PBS
solution (pH = 7.4) at the GOD/AgNPs-G/GCE for 5 days. Scan rate:
50 mV s~

solution containing 1.5 mL of serum sample and 3.5 mL
phosphate buffer solution (0.2 M, pH 7.4) is used for cyclic
voltammetry experiments. The reduction peak current increases
with successive addition of 1 mM glucose into the blood serum
saturated with O,, as shown in Fig. 6. Fig. 6 inset shows that the
peak currents increase linearly with increased glucose concentra-
tions saturated with O, (R = 0.998). The RSD of the current
response to 6.5 mM glucose is 3.6% for 5 successive measure-
ments.

The long-term stability of the prepared glucose biosensor is a
critical factor in practical detection application. To evaluate the
stability of this glucose biosensor, the chitosan/GOD/AgNPs-G/
GCE was stored at 4 °C. The stability was examined by
periodical measurements of the biosensor responses to 2 mM
glucose in PBS solution (pH 7.4) at a scan rate of 50 mV s~ '. The
variation of the response current at the chitosan/GOD/AgNPs—
G/GCE decreases to about 92% of its initial response current on
the 2nd day and about 82% on the 5th day, as shown in Fig. 7.
The loss of the response current could be ascribed to the decrease
of the enzyme activity during these days.

Conclusions

In conclusion, we have developed a facile one-pot, cost-effective
method to synthesize AgNPs—G nanocomposites with the use of
environmentally friendly TA as a reducing agent. The resultant
AgNPs—G nanocomposites show excellent SERS activity as
SERS substrates and exhibit notable catalytic performance
toward H,O, reduction. More importantly, we demonstrate
successfully its application for glucose detection in both buffer
and human blood serum. Our present finding is important
because it provides us a green and facile one-pot method for the
preparation of metal nanoparticles-G nanocomposites on a large
scale for applications.
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