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In the present work we report a facile method for fabrication of glucose oxidase immobilized on the partially re-
duced graphene–gold nanocomposite (PRGO–AuNPs/GOx) as a novel biosensor for determination of glucose
concentration. Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were used to
study the morphology of PRGO and PRGO–AuNPs. Also, fast Fourier transformation infrared spectroscopy
(FTIR) and UV–Vis spectroscopy were used to confirm formation of graphene and graphene–gold composite.
Then, the electrochemical behavior of PRGO–AuNPs/GOxmodified electrode was studied by cyclic voltammetry
(CV). Our electrochemical studies, especially chronoamperometry (CA), showed that the PRGO–AuNPs/GOx
modified electrode has excellent electrocatalytic activity towards the glucose. The limit of detection and sensitiv-
ity towards glucose were estimated as 0.06 μM and 15.04 mA mM−1, respectively.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Diagnosis of diabetes as its importance and universality needs great
attention with precise monitoring of glucose level [1–3]. The typical
method for monitoring glucose level from finger sticks may be painful,
in addition to its relatively high cost, which needs more infection
cares. Since the glucose level in the blood has linear dependency to its
level in saliva, this may lead to an alternative non-invasive self-
measurement of glucose level. Glucose level in human saliva for healthy
body is in the range of 8–210 μM compared to blood glucose level (4–
8 mM) [4,5]. Low glucose level (hypoglycemia) symptoms occur
below this value (from 0.92 to 1.63 μM for salivary flow as average in di-
abetic patients [6]). Most of the existing biosensors work in milli-molar
range, somicro-molar sensing of glucose level in biofluidwith high sen-
sitivity has attracted great importance [5,7]. Glucose enzymatic sensing
based on glucose oxidase (GOx) has been commonly used due to its
high sensitivity; selectivity and low detection limit [8–12]. There are
several methods to determine the glucose concentration in which GOx
catalyzes the reaction of glucose with oxygen and yield oxidized form
of glucose. One of themost importantmethods to determine the glucose
concentration includes oxygen measurement [13,14]. However, due to
oxygen dissolution difficulties, detection of glucose concentration
based on the detection of hydrogen peroxides (H2O2) as a product of
the glucose oxidation reaction has been proposed. Hydrogen peroxide
has relatively high overpotential against standard cells [15,16]. Probabili-
ties of oxidationof the species during electrochemicalmeasurements lead
.

to comprehensive studies on electron transfer between enzyme and elec-
trode surface. Effective immobilization of enzyme is a crucial issue to
accomplish sufficient electrical communication between enzyme and
electrode surface [17–22]. Various materials and methods have been de-
veloped to immobilize enzyme, including nanostructures like conducting
polymers, carbon nanotubes (CNTs), graphene, metal and metal oxide
nanoparticles [11,16,23–30]. It was observed that functionalized surface
can affect the immobilization efficiency [31,32]. Recently, CNTs were in-
vestigated to immobilize the enzyme and the corresponding results con-
firm the importance of introducing appropriate functionalities [31,33].
Consequently, introducing a wide variety of functional groups especially
carboxylic acid group has been studied [11,33,34]. Moreover, coupling
of amino derivative group of glucose cofactor, Flavin Adenine Dincleotide
(FAD), with carboxylic acid moiety has been well defined [10,11,28,
33,34]. Of note, the enzyme active sites must be positioned efficient-
ly in close vicinity to the electrode surface for effective electron
transfer [31,34]. Also, it is proved that electrical conductivity and
biocompatible microenvironment matrix is an essential need for bio-
sensing purposes.

Graphene as an atom-thick two dimensional honeycomb carbon
structure with high electrical conductivity, large active surface area,
rapid electron transfer and good biocompatibility; has attracted great
interests in bioelectrochemistry [8,22,25,35–37]. It was reported that
the chemically reduced graphene oxide (RGO)may experience irrevers-
ible restacking because of van der Waals and πi–πi interactions,
resulting in difficulties in processability and decrease in active surface
area.

To prevent single graphene sheets from agglomeration in dry state,
also addition of synergic effect of catalytic properties, conducting
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biocompatible nanostructures such as gold nanoparticles has been used
[38,39]. Fabrication of Au nanoparticles (AuNPs) and graphene sheet
composite is conducted through two main methods. The first method
includes using an intermediate as linker between AuNPs and graphene
[40–42]. Cao et al. have employed cationic polyelectrolyte protected
AuNPs in order to immobilize glucose oxidase using a layer-by-layer
method [43]. The decrease in conductivity of composite due to the pres-
ence of insultingmaterials has been reported as amajor disadvantage in
this method. The secondmethod is in-situ synthesis of graphene–AuNP
composite through co-reduction of graphene oxide and Au salt [44]. Cui
and Zhang have fabricated graphene–AuNP composite to use in electro-
chemical sensor to determine the epinephrine concentration [40]. How-
ever, there are some limitations to the second method which are still
challenging. Themain challenges are difficulties to control the reduction
process, homogeneous distribution of nanoparticles, and ability to con-
trol the morphology of AuNPs and the more important problem is lack
of good processability. Low processability occurs since the resulting
composite yield in the form of precipitate and biosensing applications
requires dispersed materials [41,45]. It should be noted that intercala-
tion of metal nanoparticles between reduced graphene oxide sheets
may not happen in the abovementioned approaches. However, stability
of graphene oxide in the presence of specific ionic strength is still under
investigation [46–48].

Herein, we employed the optimum conditions of graphene reduc-
tion to maintain the conductivity of graphene sheets while keeping
some of useful graphene oxide functionalities to ensure communication
of enzyme with electrode surface. Keeping the functional groups helps
to form stable colloid and provides homogeneous mixing of AuNPs
and PRGOwithout anymacromolecular additive. The stability of the col-
loids also improves processability and ease of casting of PRGO–AuNPs
on glassy carbon electrode (GCE). In the present work, AuNPs and
PRGO were synthesized separately by a well-defined method via
HAuCl4 reduction using sodium citrate. Condensation reaction between
amino groupmoiety of enzyme and carboxylic group of PRGO enhances
the kinetics of electron transfer.

2. Experimental

2.1. Materials

Glucose oxidase, hydrazine hydrate, and graphite powder were
purchased from Sigma-Aldrich Company and used as received. Other
chemicals were purchased fromMerck Company and used without fur-
ther purification. All solutions were prepared by using ultrapure water
from a Millipore-MilliQ system. All the experiments were performed
at ambient temperature.

2.2. Apparatus

All electrochemical experiments were carried out using an EG&G
potentiostat–galvanostat (model 263-A, USA) equipped with Power
Suite software package. Electrochemical studies were performed using
a conventional three-electrode cell. A 3 mm modified GCE electrode,
an Ag/AgCl and a platinum rod were used as working, reference and
counter electrodes, respectively. All potentials were measured and re-
ported against the Ag/AgCl reference electrode.

Scanning electron microscopy (SEM) was performed by Seron
AIS2100, using 15 kV accelerating voltage. Transmission electron mi-
croscopy (TEM) was performed by a LEO 912AB electron microscope
at 150 kV. Sampleswere preparedwithout gold coating due to sufficient
conductivity. At first, samples were dried out at room temperature to
avoid any excess reduction; thenmixedwith KBr to obtain test samples
for FT-IR spectroscopy. The IR spectra were obtained from 400 to
4000 cm−1 with a resolution of 4 cm−1 by a Nicolet-IR100 spectrome-
ter. UV–Vis spectra were obtained using a Cecil CE9200, England.
2.3. Synthesis of GO and PRGO

GO was synthesized from graphite flake using modified Hummers
method [49]. Briefly, 1 g of natural graphite powder and 0.5 g of
NaNO3were added to 40ml of H2SO4 solution and the resultingmixture
was allowed to stir for 30 min (mild pre-oxidation step). Then, 4 g of
KMnO4 was added to this mixture and left it at 30 °C for 120 min, to
form a paste. In the next step, 200 ml of water and 17 ml of H2O2 solu-
tion (30 wt.%) were added to themixture to obtain graphite oxide mix-
ture. The graphite oxide mixture was then centrifuged and washed
three times with a 1.0 M HCl solution and water. Finally, the resulting
solutionwas sonicated (CD-4820 40W) for 30min to produce graphene
oxide dispersion.

In order to yield stable dispersion of partially reduced graphene
oxide (PRGO), chemical reduction with hydrazine was applied
through the procedures suggested by Li and co-workers [50]. Briefly,
GO dispersion was diluted to 0.5 mg/ml. Then, 85 ml of as-prepared
dispersion was mixed with 0.06 ml of hydrazine (55% wt in water).
The weight ratio of hydrazine to GO was controlled at 0.7. Also, pH
was adjusted with adding appropriate amount of ammonia solution
(28 wt.% in water) to convert carboxylic acid group to the corre-
sponding carboxylate form. The mixture was stirred using a magnet-
ic stirrer for 10 min, then it was put in a 95 °C water bath for 1 h. The
stable PRGO dispersion was yielded after removing the black precip-
itates via glass cotton filtration. Scheme 1 displays the GO and PRGO
synthesize route.
2.4. Synthesis of AuNPs and PRGO–AuNPs

Colloidal AuNPs were prepared according to the literature by reac-
tion of sodiumcitrate solution andHAuCl4 solutionwhichwasprevious-
ly heated up to 60 °C. Briefly, 0.5 ml of 1% (w/v) sodium citrate solution
as reducing agent was added dropwise to 50 ml of 0.01% (w/v)
HAuCl4·3H2O. The resulting mixture was boiled for 15 min. Then, the
prepared stable colloid was stored in dark glass bottle at 4 °C. Addi-
tionally, stable dispersion of AuNPs was added to PRGO colloid
with concentration of 0.5 mg ml−1 and mixed in a shaker for over-
night to ensure the complete intercalation of nanoparticles between
PRGO sheets. The weight ratio of AuNPs to PRGO was adjusted at 1.
Scheme 2 is a simple representation of the applied strategy for prep-
aration of PGRO–AuNPs.
2.5. Preparation of PRGO–AuNPs–GOx–GCE

At first, a GC electrode was polished with 0.5 and 0.05 μm Al2O3

powder to reach to the mirror finish surface. Then, it was rinsed with
water and sonicated in ethanol and doubly distilled water. The cleansed
GCEwas gently dried under a nitrogen atmosphere. In the next step, 5 μl
of PRGO–AuNP composite (1 mg ml−1) was dropcasted on GCE, and
then it was left in room temperature to evaporate its solvent. Finally,
2 μl of GOx solution (10 mg ml−1) was dropcasted on the PRGO–
AuNP modified electrode. The fabricated PRGO–AuNPs–GOx electrode
was rinsed with ultrapure water to wipe off any loosely attached
GOx. In a control experiment, to check the effects of AuNPs, the sim-
ilar procedure was repeated to modify a GCE in which pure PGRO
was dropcasted on the electrode. These two modified electrodes
were denoted as PRGO–AuNPs–GOx and PRGO–GOx, respectively.
The voltammetric behavior of PRGO–AuNPs–GOx and PRGO–GOx
modified electrodes was investigated at various pH (from 5.8 to
8) by cyclic voltammetry at a scan rate of 100 mV s−1 in the air
saturated condition. To determine the glucose concentration, electro-
chemical tests were performed in 0.1 M of phosphate buffer solution
(PBS). Scheme 3 is a graphical representation of the abovementioned
procedures.



Scheme 1. Schematic diagram of synthesizing the GO and PRGO.
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3. Result and discussion

3.1. Characterization of PRGO–AuNPs

Fig. S1 (Supplementary information) shows FT–IR spectrum of syn-
thesized GO produced from oxidation of graphite. Oxygen containing
groups on GO surfaces can be confirmed by bands located at 3438,
1640 and 1031 cm−1; indicating the stretching vibration of O–H,
C_O, and C–O bond, respectively [51,52]. The morphology of GO prod-
uct was characterized by SEM (Fig. 1). As shown in Fig. 1, crumpled lay-
ered GO and folded edges can be observed for GO compared to stacked
structure of pristine graphite [53]. Reduction process of GO was moni-
tored by UV–Vis absorption method. An important characteristic prop-
erty of conjugated carbon atoms is π–π* transition of C_C band;
supported by an absorption peak around 230 nm [54]. Fig. 2 represents
the reduced sample with a maximum absorption peak around 256 nm
and this is raised from retained conjugated bonds in the carbon based
backbone [41,54]. Higher red shifts observed for amaximumabsorption
peak (up to 280 nm) have been reported previously. Thus, this sample
can be considered as partially reduced GO with partly restored
Scheme 2. Schematic diagram of
conjugated electron path and partly remained oxygen containing func-
tional groups [54]. The conjugated bonds play an important role in con-
ductivity; and also the remaining functional groups are critical scaffolds
for enzyme immobilization.

Fig. S2 (Supplementary information) represents stable aqueous col-
loids of GO and PRGO. High stability of reduced GO results in better pro-
cessability and considerable electrical behavior; in addition to form
homogeneous solutionwith awide variety of materials [53,55]. Synthe-
sized AuNPs were characterized by UV–Vis spectroscopy. The surface
plasmon resonance band in the range of 520–540 nm is an evidence
for a colloid solution of spherical gold nanoparticles. Fig. S3 (Supple-
mentary information) displays absorption peak at 526 nm which is in
agreement with previously reported works [56,57].

UV–Vis spectroscopy test was also employed to examine PRGO–
AuNP colloid and depicted as Fig. 2. As seen in Fig. 2, characteristic ab-
sorbance bands of PRGO and AuNPs can be distinguished. It should be
considered that a slight excess in reduction of PRGOmay occur after en-
countering sodium citrate; resulting in a red shift from 256 to 264 nm
for the characteristic band [54]. The morphology of PRGO–AuNP nano-
composite was studied by TEM (Fig. 3). TEM images demonstrate the
fabricating the PRGO–AuNPs.



Scheme 3. Schematic diagram for preparation PRGO–AuNPs–GOx modified GC electrode.
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relatively uniformdistribution of AuNPs on PRGO surface. Also, air dried
PRGO shows restacked morphology in comparison with nanoparticle
intercalated composite. The particle size distribution analysis was
done for TEM images using the ImageJ program (Fig. 4).

3.2. Electrochemical behavior of PRGO–AuNPs–GOx

To investigate the electrochemical behavior of PRGO–AuNPs and
PRGO–AuNPs–GOx electrodes, cyclic voltammograms were recorded
in PBS of PH= 7.0 at a scan rate of 100mV s−1 (air saturated solution).
The potential range was−0.55 to−0.35 V against Ag/AgCl, also the re-
sponse of modified electrodes compared to the bare electrode voltam-
mograms (shown in Fig. 5). As seen, there is no Faradaic peak for bare
electrode in the potential range studied. It is observed that a sluggish
electron transfer reaction may occur, as shown in Fig. 8. Compared to
PRGO–AuNPs–GOx electrode, the peak shape and height are suppressed
for both GO–GOx and PRGO–GOx modified GCE. Of note, GO–GOx volt-
ammogram was nearly as same as PRGO–GOx. It has reported that due
to the orientation of the FAD in the cleft, direct FAD oxidation by an elec-
trode is kinetically unfavorable. After incorporation of gold nanoparti-
cles, the electron transfer behavior becomes faster and facile, thus we
conclude that the gold nanoparticles will act as electron relay between
enzyme and graphene sheets due to their small size which allows com-
municating with enzyme active centers. It is observed that the formal
potential for redox process of the GOx on AuNPs–PRGO modified sur-
face is located at−0.44 V which is very close to the standard potential
of FAD/FADH2 couple (−0.46 V in pH 7.0). This evidence indicates the
Fig. 1. SEM of (a) stacked structure of graph
native structure of immobilized GOx on modified electrode surface
[58]. It can be concluded that the absence of macromolecular additive,
hence keeping the functional groups available for biosensor preparation
results in formation of stable colloid and provides homogeneousmixing
of AuNPs and PRGO. The stability of the AuNPs and PRGO colloids will
advance the ease of casting of PRGO–AuNPs on glassy carbon electrode
(GCE) without the need of any binder. Elimination of binder from the
biosensor structure will also result in a lower charge transfer and
ohmic resistance of electrode material. Furthermore, the peak potential
difference between the anodic and cathodic peaks (ΔEp) is approxi-
mately 17 mV; indicating the fast electron transfer kinetic due to facili-
tated direct electron transfer between FAD/FADH2 redox couple and
electrode [59,60].

3.3. Effect of pH on electrochemical properties of PRGO–AuNPs–GOx

The effect of pH on the redox behavior of immobilized GOx at the
PGRO–AuNPs–GCE surface was investigated in a relatively wide pH
range from 5.8 to 8.0 by cyclic voltammetry. As seen in Fig. 6, the ca-
thodic peak current was increased with increase in pH from 5.8 to 7.0,
and then it decreased by increasing pH from 7.0 to 8.0. It can be consid-
ered as a reason for pH dependency of the redox response of GOx on
gold nanoparticles. The maximum cathodic current was obtained at
pH 7.0, therefore it was chosen as the optimal pH for next experiments.
Also, the results showed that the slope of Epc against pH is 61.5 mV
pH−1 over the applied pH range. This value was close to the theoretical
Nernstian value of 59.2 mV for a two-electron, two-proton process
ite powder, and (b) wrinkled GO layers.



Fig. 2. UV–Vis absorption spectra of (a) GO, (b) PRGO, and (c) PRGO–AuNP nanocomposite.
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found for GOx Faradaic behavior in previously reported works. The
mechanism of electrocatalytic activity of GOx at the electrode surface
is fairly well-known in which the main active center of enzyme, FAD,
will reduce to FADH2 by giving 2e−/2H+ as below.

GOx FADð Þ þ 2Hþ þ 2e−→GOx FADH2ð Þ

Thus, it is expected to see a slope of approximately 59.0mV for E–pH
plot data which is very close to 61.2 mV in the present work.

3.4. Effect of the scan rate on the electrochemical behavior of PRGO–AuNPs–
GOx

One of the most important experiments to check the reversibility of
a redox reaction is studying the response of the electrochemical system
against the scan rate. Fig. 7A illustrates the voltammograms of PRGO–
AuNPs–GOxmodified electrode recorded at different scan rates ranging
from 50 to 1000 mV s−1. Moreover, both anodic and cathodic peak
currents increased linearly with scan rate, as expected for surface-
controlled redox reactions. Although the GOx redox reaction (FAD and
FADH2) is a quasi-reversible process, small value of ΔEp can be consid-
ered as an evidence for a relatively fast electron transfer (Fig. 7B).

In addition, the rate constant of the electrochemical reaction of FAD/
FADH2, ks (s−1), was estimated by using the Laviron equation at high
rate conditions as [61]:

logks ¼ α log 1−αð Þ
þ 1−αð Þ logα− log RT=nFϑð Þ−α 1−αð ÞnFΔEp=2:3RT
Fig. 3. TEM images of (a) drying induced multi-layered PRGO and its s
where R is an ideal gas constant, T is the temperature in Kelvin; F is the
Faraday's constant, υ is the potential scan rate, n is the number of elec-
trons in redox reaction (n = 2), and ΔEp is the difference between ca-
thodic and anodic peak potentials. Also, charge transfer coefficient (α)
is assumed to be approximately 0.5 for surface confined condition. The
electron transfer rate constant (ks) was determined to be 5.01 s−1,
which is an evidence for facile electron exchange kinetics through
immobilized enzyme [58,60,61].

In addition, the surface concentration of redox species (FAD/FADH2)
was estimated using the slope of peak current against the potential scan
rate [61]:

ip ¼ n2 F2ϑAΓ=4RT

where Γ is the amount of GOx participated in reaction at enzyme
covered electrode surface (mol cm−2), A is the electrode area, υ is the
scan rate, and also n, F, R and T have their usual value as mentioned
before. The amount of electroactive GOx, Γ, is estimated as
1.80 × 10−11 mol cm−2 which is greater than its theoretical mono-
layer on the surface (6.35 × 10−13 mol cm−2). This result suggests
increasing electroactive surface area because of incorporation of
AuNP flocks into the PRGO scaffold which is in good agreement
with previously reported works [58,62].

3.5. Chronoampherometric detection of glucose

In order to check the electrocatalytic activity of modified electrode
towards the glucose, hydrodynamic chronoamperometry was per-
formed. The amperometric response of PRGO–AuNPs–GOx modified
electrode at an optimized potential step of −0.45 V vs. reference elec-
trode was recorded upon successive addition of glucose into cell solu-
tion. Also, corresponding amperometric plot for real sample spiking is
provided as Fig. S4 (Supporting information). It was found that the am-
perometric current reached to the steady state within 5 s upon succes-
sive additions of glucose sample over a wide range of concentration.
The amperometric response is linear against the concentration of glu-
cose within 0.14 to 4.0 μM.

Using the linear regression method (Fig. 8), the limit of detection of
glucose concentration (LOD) was estimated to be 0.060 (±0.001) μM
(the regression equation was obtained as i(μA) = 0.11 × Conc.
(μM)+0.31 and analytical sensitivity of 0.115 μA μM−1). Table 1 repre-
sents the comparison of PRGO–AuNPs–GOx modified electrode with
some similar biosensors, reported previously for determination of
glucose concentration. As seen, the electrochemical and analytical per-
formance of the present biosensor is superior compared to these report-
ed works. To check the interference effects of the most important
interferences in biological media, especially ascorbic acid and urea, glu-
cose determination analysis was performed in a synthetic real sample
solution including these interferences, and we have found insignificant
chematic representation (inset), (b) PRGO–AuNP nanocomposite.



Fig. 4. (a) TEM images of AuNP particle distributionmeasuring sample, (b) high resolution image of AuNPs demonstrating the spherical shape of nanoparticles, (c) particle size distribution
from ImageJ program.
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changes in analytical performance of the biosensor at high concentra-
tions (concentration of interferences was at least 100 times larger
than the glucose concentration, Supplementary information Fig. S4).
Corresponding amperometric plot for real sample spiking is provided
as Fig. S4 (Supplementary information). Also, in a separate test, analysis
of acid ascorbic and urea standard solutions at high concentrations was
examined by spiking the synthetic real sample between glucose addi-
tion steps. Inconsiderable changes (less than 2.5%) were observed rela-
tive to current height occurred for addition of standard solution of
glucose (shown as Fig. S5, Supplementary information).

Additionally, the electrode stability and reproducibility as important
features of a biosensor were examined. To accomplish it, glucose deter-
mination analysis by amperometric method was performed in a time
period of at least one month (each day signal recording was done),
and it was found that the biosensor response only decreased 6% after
twoweeks. Thus, it was concluded that the biosensor stability is consid-
erable. Moreover, successive cyclic voltammograms for PRGO–AuNPs–
GOx electrode were recorded in PBS electrolyte and insignificant
decrease in either peak current or peak potential (less than 3%) was ob-
served after 100 cycles. Also, the relative standard error for such analysis
was estimated as 2.5% for at least seven repetitive determination of glu-
cose concentration using PRGO–AuNPs–GOx electrode. Considering the
Fig. 5. Cyclic voltammograms recorded for Bare GC (red plot), PRGO–GOx/GC (blue), and
PRGO–AuNPs/GOx/GC electrode (black) in 0.1M pH7 PBS. The scan rate is 100mV/s at air
saturated condition.
whole results provided, we suggest the PRGO–AuNPs–GOx electrode as
reliable and suitable biosensor to determine the low level concentra-
tions of glucose.
Fig. 6. (A) Plot of Ipc vs. pH of PRGO–AuNp/GOx/GC electrode in 0.1M PBS at pH 6.2, 6.8, 7,
7.4, 7.6, 7.8 and 8.0, and (B) the plot of Epc vs. pH.



Fig. 7. A) Cyclic voltammograms recorded for PRGO–AuNp/GOx/GC electrode at different
scan rates in 0.1 M pH 7 PBS at air saturated condition, B) the plot of Ip vs. scan rate for
PRGO–AuNPs/GOx/GC electrode in 0.1 M phosphate buffer solution at pH 7.

Table 1
Comparison of analytical performance of PRGO–AuNPs/GOx biosensorwith previously re-
ported similar glucose biosensor.

Electrode Linear range
μM

LOD
μM

Sensitivity
μA μM−1

Eappavs.
Ag/AgCl
V

Ref.

GOx/AuNPs/Pb NW/Pt 5–2200 2 0.136 0.19 [63]
GOx/nafion/AuNPs–MWCNTb 50–22,000 20 0.0004 −0.5 [64]
Chitosan-GOx-AuNPs 5–2400 2.7 – 0.7 [65]
GOx/AuNPs–graphene–chitosan 2000–10,000 180 0.099 −0.2 [39]
GOx/RGO 100–27,000 – 1.85 −0.44 [60]
GOx/GO/MWCNTb 100–28,000 28 0.0026 −0.40 [66]
PPyb–GOx–RGO 2–40 3 – 0.2 [8]
GOx/PEDOTb/PtNP/graphene 10–50,000 0.3 – – [67]
GOx/ERGOb–AuNPs 200–2000 17 0.0569 0.39 [68]
GOx/PRGO–AuNPs 0.4–4 0.06 15.04 −0.445 This

work

a Applied potential to biosensor.
b (MWCNT): Multiwall carbon nanotube, (PEDOT): poly 3,4-ethylenedioxythiophene,

(PPy): polypyrrole, (ERGO): electrochemical reduced graphene oxide.
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4. Conclusions

We report a facile method to design a novel glucose biosensor using
gold nanoparticles decorated reduced graphene as a reliable scaffold for
enzyme immobilization. Our electrochemical studies revealed that the
Fig. 8. Calibration curve for the PRGO–AuNPs/GOx/GC electrode recorded by
chronoamperometry in 0.1 M pH= 7 of PBS against the glucose concentrations added.
AuNPs enhanced the electron transfer behavior of the glucose oxidase.
The PRGO–AuNPs–GOxmodified electrode demonstrated good electro-
catalytic activity towards the glucose oxidation reaction, thus it was
used to determine the concentration of glucose. This biosensor presents
excellent limit of detection and sensitivity towards glucose concentra-
tion. Also, it was found that the present biosensor can work in the pres-
ence of high concentration of ascorbic acid and uric acid as the most
important interferences in the biological samples, especially blood
serum. Thus, PRGO–AuNPs–GOx biosensor can be considered as a reli-
able candidate for determination of glucose concentration in biological
samples for medical purposes.
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