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Abstract: We present a study of the effect of graphene—PANI nanocomposites on the sensitivity of the urea and glucose multisensory. We
used an electroctrochemical multisensor based on two electrodes located in a reservoir with two separate channels. The urease and glu-
cose oxidase (GOD) were employed for detecting the urea and glucose, respectively. We characterized the graphene and graphene-PANI
samples with X-ray Diffraction (XRD) analysis and scanning electron microscopy (SEM) observations. We further performed the Cyclic
voltammetry and Amperometry tests. The collected experimental results revealed that the intensity of the peak significantly increases with
the concentration of the urea and glucose.
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1. INTRODUCTION major end product of purine metabolism. Extraordinary amount of

The biosensors have been important in analytical science recent- UA are symptoms of several diseases, like hyperuricemia, gout,
ly. They are used in environmental analysis, clinical diagnostics, and Lesch-Nyan disease [16]. Today, biosensors based on optical
and food technology [1-9]. New Biosensors need fewer chemicals and electrochemical method have been extensively developed for
than older methods and a preparing of the samples can almost be glucose and Urea detection [17-19]. The first proposed glucose
eliminated. Enzymatic sensors are compact and have small re- sensor was developed by Clark and Lyons in 1962 [20]. Electro-
sponse time and so there are more suitable for fast and simple chemical methods, especially amperometric methods, have been
measurements in the field [10]. Multisensors are attractive and widely used in glucose detection. The two main categories of glu-
beneficial since they enable measurement of several elements sim- cose sensing which have been widely investigated and developed
ultaneously in a single sample [11]. Today one of the most occur- are the non-enzymatic and the enzymatic biosensing [21, 22] . In
ring causes of death and disability worldwide is diabetes [12]. the recent decade, the electrochemical methods for glucose detec-
Therefore, the glucose quantitative monitoring is very important in tion have attracted because of their simplicity of fabrication pro-
clinical applications for decreasing the risk of diabetes mellitus cess and application, low cost and excellent performance. In typi-
which can lead to heart disease, kidney failure, and sometimes cal electrochemical methods, very small volumes of samples can
blindness [13, 14]. Insulin deficiency causes metabolic disorder, be used as modern microelectronics allows building microelec-
and the blood glucose concentrations higher than the normal range trodes; hence, the sensitivity of the sensor is not affected during
of about 3.9-6.2 (empty stomach) or 3.9-7.8 (2 h after food) mM the measurements. In recent years, many matrix materials were
causes hyperglycemia [15]. Furthermore, another important factor developed for improving the sensitivity and selectivity of glucose
that is vital to be monitored is the Uric Acid (UA). Uric acid is the biosensors such as cellulose acetate, conductive polymers, as well
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2. EXPERIMENTAL PROCEDURE

2.1. Reagent and materials
Ammonia solution (28 wt %), aniline, graphite, ammonium

peroxydisulfate (APS), sulfuric acid, hydrochloric acid, ethanol and
hydrogen peroxide, hydrazine solution (50 wt %) as reducing
agent, potassium permanganate as oxidizing agent and glucose
oxidase (GOD) from Aspergillus niger with an activity of 100
U/mg and d-(+)-glucose were obtained from Sigma Aldrich. Phos-
phate buffer solutions (PBS) were produced by mixing the stock
solutions of 0.1 M NaH,PO, and 0.1 M Na,HPO,, and then adjust-
ing the pH with H;PO4 or NaOH. The glucose stock solution was
produced by 0.1 M pH 7.0 PBS and was permitted to mutarotate at
ambient temperature overnight before using. All other chemicals
were of analytical grade and were employed as received without
any purification process. Deionized double-distilled water (18.6
MQ) (Millipore Co. Ltd.) was employed throughout the experi-
ment.

2.2. Preparation and reduction of graphite oxide
(GO)

Graphite oxide (GO) was fabricated by following modified Hum-
mers technique [23]. In this method, graphite (2.0 g) was mixed
with 46 mL of H,SO, (95%) and the mixture was stirred for 45 min
in an ice bath. Potassium permanganate (6.0 g) was added very
slowly in the suspension with vigorous stirring while maintaining a
reaction temperature of 20 °C. Subsequently, the ice bath was elim-
inated, and the reaction mixture was stirred overnight at 35 °C. In
the next step, deionized water was added to the pasty solution with
constant agitation. Thereafter, the color of the solution changed to
yellowish brown. After 2 h of vigorous stirring, 50 mL of 30%
H,0, was added and the color turned immediately to yellow. In
order to get acid free solution, the mixture was washed several
times with 5% HCI and then deionized water. Then the reaction
mixture was filtered and dried under vacuum at 65 °C. 0.1 g of GO
was dispersed in 50 mL of deionized water for conducting the re-
duction. Then, 1 mL of hydrazine monohydrate was added to the
mixture and heated at 95 °C overnight. After the reaction was com-
pleted, the reduced GO was collected by filtration as a black pow-
der. The obtained powder was washed with deionized water several
times to eliminate excess hydrazine, and the final powder was dried
in a vacuum oven at 75 °C for one day.

2.3. Preparation of Graphene—PANI modified
electrodes

The Graphene—PANI nanocomposite was chemically synthesized
by oxidative polymerization of aniline using ammonium peroxydi-
sulfate [(NH4),S,0s)] under controlled conditions. The purified
aniline was dissolved in 1M HCI at a concentration of 0.3 M gra-
phene oxide dispersed in the obtained solution by bath-sonicating
for 1 h. During vigorous stirring of the solution at ambient tempera-
ture, another solution of ammonium peroxydisulfate, with the mole
ratio to aniline of 1:4, in 1 M HCI was rapidly poured into that the
solution. Ammonium peroxydisulfate (0.025 M) was also dissolved
in 20 mL of 1 M HCI solution, and the reaction was continued for
one day. The green product of the graphene oxidase—PANI nano-
composites obtained from the reaction vessel was filtered and
washed with deionized water, methanol, acetone, and diethyl ether
for the removal of the low molecular weight polymer and oligo-

Figure 1. The schematic of two electrodes that is covered with
urease (left) and GOD (right)

mers. Subsequently, chemical conversion of graphene oxide to
reduced graphene oxide was carried out with regard to the reported
method. 0.1 mL of hydrazine monohydrate was added and the mix-
ture was heated at 95 °C for 1 h. While the reaction was completed,
the color of Graphene-PANI nanocomposite became black. In order
to eliminate the excess hydrazine, the obtained product was washed
with deionized water several times and eventually it was dried in a
vacuum oven at 60 °C.

2.4. Preparation of the amperometric glucose bio-
sensors

In this research, the stable dispersion of graphene-PANI in aque-
ous solution was fabricated. For this purpose, 4 mg of grapheme-
PANI was added into 2 mL of solution to form a homogeneous
dispersion through ultrasonication. 50 pL of 4 mg/mL of GOD was
mixed in 0.02 M PBS (pH 7.0), afterward, 50 pL of 2 mg/mL of
graphene-PANI suspension was added to it, and then the mixture
was sonicated vigorously for about 30 min at ambient temperature
for GOD adsorption. Au electrode was modified by deposition of 5
uL of the above achieved solution on its center. The PANI/GOD
biosensor was fabricated following a similar process but without
the presence of graphene.

For the fabrication of the multisensore, we needed to make an-
other electrode. For this purpose, we used 50 pL of 2 mg/mL ure-
ase with the same mediator composition at another electrode. In
order to increase the accuracy, we made a reservoir with a specific
capacity for each electrode. It is worth mentioning that the volume
of the reservoir for the two electrodes was equal. A schematic of
the two electrodes with their reservoir is shown in Fig. 1.

2.5. Characterization and Electrochemical meas-
urements

In order to find the composition of the prepared samples, X-ray
diffraction (XRD) patterns were employed at room temperature
using an INEL Equinox3000 (Cu-Ka radiation) operating at 40 kV
voltage and and 30 mA current. The prepared samples were evalu-
ated in the 20 angle range of 10-100°. The samples were coated
with a thin layer of gold by sputtering (EMITECH K450X) and
then the microstructure of the samples was inspected using scan-
ning electron microscope (SEM; Tescan Vega 2XMU) operated at
an acceleration voltage of 15 kV. The electrochemical measure-
ments were carried out by potentiostat via a conventional two-
electrode system. A platinum wire and a saturated calomel elec-
trode (SCE) were used as working counter and reference elec-
trodes, respectively. The working electrode was prepared by depo-
sition of graphene-PANI nanocomposite on the electrode. For the
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Figure 2. XRD patterns of PANI, grapheme-PANI nanocomposite
samples.

amprometric test, we employed two amprometric systems simulta-
neously.

3. RESULTS

3.1. XRD analysis

Fig. 2 shows the X-ray diffraction patterns of the PANI (2b) and
GO/PANI (2a) nanocomposite, respectively. The strongest peak at
2h= 14.1 corresponds to the (0 0 1) diffraction peak of GO, which
is a typical layered material (see Fig. 2, trace a). The 2h value cor-
responds to an interlayer spacing (Ic) of 0.628 nm. Upon intercala-
tion, the (0 0 1) diffraction peak for GO/PANI nanocomposite
shifts to a lower angle, and the Ic of GO/PANI nanocomposite
increased to 1.11 nm from 0.628 nm of GO (Fig. 2, trace b). The
0.48 nm interlayer expansion is the result of removing one layer of
H20 (approximately 0.28 nm) and inserting a single layer of
GO/PANI nanocomposite. Therefore, the net expansion due to an
intercalated monolayer of PANI corresponds to 0.76 nm and is
comparable to that found in most conjugated polymer-intercalated
composites, in which parallel polymer chains lie ordered between
the host sheets [12, 24]. The XRD result also indicates that the
chains of PANI with extended-chain conformation exist in a
dimensionally confined environment (1.11 nm), thus GO/PANI
composite is a nanocomposite. We hypothesize that the driving
force of the reassembling should be the hydrogen bond formation
between —NH,@N- and —OCH3 groups of PANI and the oxygen
functional groups of the GO layers.

3.2. SEM observations
Fig. 2 shows the SEM images of graphene—PANI nanocompo-
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Figure 3. Scanning electron microscopy (SEM) of PANI (a),
grapheme-PANI nanocomposite (b) samples

sites comparison to PANI. It can be seen that the morphology of
the graphene—PANI nanocomposites differs entirely from that of
pristine PANI. The graphene composite has close grained sheet
morphology (Fig. 2b). On the other hand, the PANI has a sphere
agglomeration appearance (Fig. 2a). These results also indicate that
the nanocomposite structure has been formed by our method.

3.3. Amperometric measurements

It is known that the normal range of the urea is changed from 15
to 40 mg/dl and this range for glucose is from 50 to 100 mg/dl.
Therefore, we performed our test for two different scenarios: one
with a solution of urea 40 mg/dl and glucose 100 mg/dl and the
other one for a solution of urea 15 mg/dl and glucose 50 mg/dl. The
results are shown at figures 4.

As indicated by these figures, we can see that the intensity of the
peak is significantly increased when the concentration of the urea
and glucose is increased.
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Figure 4. The comparison between amprometric tests of two dif-
ferent solutions; (a) urea 40 mg/dl and urea 15 mg/dl and (b) and
glucose 50 mg/dl and glucose 100 mg/dl solution

3.4. Cyclic voltammetry of the biosensors

We performed the cyclic voltammetry test for the two strips in
the reservoir setup similar to the previous test. The results are
shown at figures 5 and 6.

It is shown that when we used the higher concentration of urea
and glucose, the current intensity is increased. Therefore, it can be
concluded that the density of the free electrons as the end product
of the interaction between the enzyme and the analyte is intensi-
fied.

4. DISCUSSION — GRAPHENE AND PANI AP-
PLICATIONS

Recently, functional nanostructured materials and their applica-
tions have received considerable attentions because of several re-
markable properties. These have extended their use in broad areas
such as catalysts, solar cells, supercapacitors, chemical sensors,
biosensors and biomedical fields. In fact, chemical sensors have
potential applications in several fields such as environmental moni-
toring, medical diagnoses, etc. [25].

Owing to the large surface to volume ratios, functional
nanostructured materials have been predicted and ascertained to be
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Figure 5. The cyclic voltammetry test of solution of (a) ureal5
mg/dl and (b) glucose 50 mg/dl
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Figure 6. The cyclic voltammetry test of solution of (a) urea 40
mg/dl and (b) glucose 100 mg/dl

excellent functional material candidates for solar cells, catalysis
and ultrasensitive sensors/biosensors [26, 27]. The mentioned func-
tional materials include inorganic materials, organic materials, and
organic-inorganic hybrid materials. Graphene, the two-dimensional
monolayer of sp’-bonded carbon atoms, which is one of the most
cited functional materials, has been used in several industries in
recent years mainly due to its large specific surface area, low fabri-
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cation cost and thermal and high electrical conductivities. As such,
it has been employed for applications in preparation of nanoelec-
tronic devices, transparent electrodes, sensors/biosensors, and
nanocomposites [28-33]. In particular, the graphene-polymer com-
posites are of scientific and industrial interest due to their synerget-
ic/complementary characteristics. Recently, the research and study
on graphene and its composites has been mainly focused on the
fabrication, modification and different applications (such as sen-
sors/biosensors, etc) [34-38]. For example, Liu et al. [28] employed
graphene sheets as a novel DNA biosensor by using the GO in an
array format to identify specific DNA/DNA hybridization interac-
tion. Fang et al. [29] revealed graphene nanosheets that were func-
tionalized with cationic polyelectrolyte poly (diallyldimethyl am-
monium chloride) (PDDA) functionalized (GNs) as the building
block in the self-assembly of GNs/Au nanoparticle (NP) hetero-
structure increased the electrochemical catalytic ability, and used
the high-loading Au NPs on graphene (GN/Au-NPs) as the product
for H,0, electrochemical sensing. Wang et al. [39] evaluated the
influence of graphene oxide on the characteristics of its composite
with PANI. These results demonstrated the increased specific ca-
pacitance and cycling life implying a synergistic effect between the
two compounds.

There are many reports on graphene and its composites in the
literature. Yan e al. [40] prepared the electrochemically active,
free-standing and biocompatible graphene oxide/PANI and gra-
phene/PANI hybrid materials. These hybrid materials showed an
outstanding combination of excellent electrochemical performances
and biocompatibility, introducing them for new kinds of bioscience
applications. Xu et al. [41] reported a facile technique to construct
hierarchical nanocomposites by combining 1D conducting PANI
nanowires with 2D graphene oxide nanosheets. PANI nanowire
arrays are aligned vertically on graphene oxide nanosheets. The
morphologies of PANI nanowires could be modulated by adjusting
the ratios of aniline to graphene oxide which are related to different
nucleation processes. The hierarchical graphene oxide-PANI nano-
composite structures were further confirmed by XRD analysis.

Zhang et al. [35] fabricated chemically modified graphene and
PANI nanofiber composites. The obtained graphene oxide-PANI
composites with different ratios were decreased to graphene using
hydrazine followed by re-oxidation and re-protonation of the de-
creased PANI to result in the graphene-PANI nanocomposites.
They found that the modified graphene and the PANI nanofibers
formed a uniform nanocomposite with the PANI fibers absorbed on
the graphene surface and/or filled between the graphene sheets. Al-
Mashat et al. [33] displayed the synthesis of a graphene-PANI
nanocomposite and its application in the development of H, gas
sensors. It revealed that the graphene-PANI nanocomposite-based
material sensitivity is 16.57% toward 1% of H, gas, which is much
larger than the sensitivities of the sensors based on only graphene
sheets and PANI nanofibers. Yan et al. [40] fabricated a graphene-
PANI nanocomposite with high specific capacitance.

On the other hand, conducting polymers also have been extreme-
ly researched and applied in several organic devices and functional
films [42, 43]. In order to boost the performances or extend the
functions and applications of the materials, conducting polymers
usually have to be nanostructured or modified with different nano-
modifiers. Polyaniline (PANI) is a typical conducting polymers
with interesting electroactivity, good environmental stability and

unusual doping/dedoping chemistry. Nano/microstructured PANI
could be prepared via various chemical methods and they have
been widely used for producing chemical sensors/biosensors [44-
52].

Several references showed graphene/graphene oxide and PANI
nanocomposite with some enhanced properties especially electro-
chemical characteristics [34, 52-57]. It is noticeable that most of
the applications are mainly focused on the sensors or biosensors.
The utilized conductive polymers (PANI) with graphene, presented
in this work and displayed good responses to the mentioned ana-
lytes, is another good example for obtaining chemical biosensors
with controlled sensitivity and selectivity, such as for glucose and
urea.

5. CONCLUSIONS

A multisensor for the determination of glucose and urea was
developed. The sensivity of the sensor to urea and glucose was
increased by using a graphene—PANI nanocomposite. The gra-
phene-PANI nanocomposite works as an excellent mediator for
enhancing the characteristics of the electrochemical sensor by gen-
erating a large density of electrons on the surface of the strips. The
cyclic voltammetry test emphasized the effect of this nanocompo-
site on the mulisensors. Compared with a similar macro sensor, the
miniaturized multisensor showed an increased current density and
two times higher sensitivity for all analytes. This research showed
the successful combination of microelectrode materials with the
immobilization of biochemical components such as enzymes. Fi-
nally, the developed multisensory provided the advantages of a
biosensor and microelectrode features. These enhanced results
advocate the nanocomposite based multi-sensors for application in
variety of biosensors.
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