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Abstract

This study aims the amperometric enzyme-free glucose sensing of interlayered Polyaniline nanosheets @reduced grapheme
oxide (PANINS @rGO). Conductive PANINS were synthesized using in situ chemical oxidative polymerization method.
The PANINS @rGO nanocomposite was prepared by the solution mixing method and as-synthesized material was fully
examined using various spectroscopy and microscopy techniques. PANINS @rGO composite coated on screen-printed car-
bon electrode (SPCE) was studied for electrochemical behaviour for the detection of non-enzymatic glucose. The fabricated
sensor matrix was tested towards detection of glucose efficacy using cyclic voltammetry (CV) and Chronoamperometry (CA)
techniques in the presence of 0.1 M NaOH electrolyte in a range of 1-10 mM at an optimum working potential of 60 mV s~'.
PANINS @rGO/SPCE absorbed with high sensitivity (3448.27 pA mM~!' cm™?) and excellent low detection limit (LOD)
30 nM, (S/N =3). Furthermore, the obtained results of the proposed PANINS @rGO/SPCE fabricated a finite sensor for
non-enzymatic glucose sensor. Thus this report proves the practical opportunities for the development of environmentally
benign, cost effective and chemically stable electrode materials for sensors, which may be beneficial for the expansion of
economically viable enzyme free electrochemical glucose sensor devices.

1 Introduction

Diabetes mellitus is one of the major issues in clinical diag-
nostics for accurate determination of glucose concentration
[1-6]. Despite the lack of a sophisticated cure for diabetes
mellitus, the desire for continuous monitoring of blood glu-
cose levels has prompted demand for low cost, reliable and
accurate glucose detection. Hence, a lot of industries such as
clinical, biological, chemical diagnosis and food industries
are concentrating on monitoring the glucose levels. Later
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many methodologies have been developed by researchers
across the globe to enhance the glucose monitoring such
as electronic, optical, fluorescent, transdermal and electro-
chemical methods, where electrochemical sensors gained
huge attention due to low cost and easy synthesis [7—12].
Electrochemical glucose sensors are mainly enzyme and
non-enzyme based. Electrochemical enzyme-based sensors
show high selectivity and sensitivity; however, poor stabil-
ity, slow electrode kinetics, reproducibility, temperature, pH
and high-cost complications appear with enzymatic glucose
sensors [13—15]. Therefore, the simple reliable, low cost and
better stability sensor matrix required for accurate glucose
detection with direct electro-oxidation also called non-
enzymatic glucose sensing [16]. Recent studies have shown
that non-enzymatic glucose detection technique is one of
the most promising approaches than traditional Colorimetry
(usage of blood test) and high-performance liquid chroma-
tography (HPLC), due to its very low levels detection (10~°
to 10713 @), high selectivity, low cost and ease of operation.

Graphene, a fascinating two dimensional (2D) carbon
material, has emerged as future material for the electro-
chemical applications such as batteries, supercapacitor and
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non-enzymatic glucose sensing due to its exceptional electri-
cal, mechanical, thermal properties and high surface area.
Besides, rGO helps to connect more active sights that tightly
joining the polymer nanoparticles, which possibly prevents
the agglomeration of the active nanomaterials during the
redox and catalytic process [17].

In earlier, many enzyme-free glucose sensors have been
made based on the metal oxide NPs [18, 19], metal NPs [20,
21], polymer nanostructures [22], carbon-based materials
and composites [23]. Among all these materials, conduct-
ing polymers received huge attention because of its ease
of synthesis, tuneable electronic conductivity, excellent
mechanical strength, environmental stability, reversible dop-
ing/de-doping chemistry, versatile electrochemical switching
behaviour and suitability for making composites with dif-
ferent types of binders. Moreover, metals conduct electric-
ity via electrons in the conduction band that travels across
atoms in the lattice, while inorganic materials conductivity
occurs by the mobility of the delocalized n-electrons along
the polymer chain [24, 25]. Among the various conductive
polymers (CPs), PANI has gained much more attention
because it is a phenyl-based polymer having chemically
flexible -NH group in polymer chain flanked either side by
phenylene ring; this is responsible for protonation, deproto-
nation and various other physiochemical properties. PANI
is an oxidative polymeric product of aniline under acidic
conditions [26-32]. However, lack of solubility is one of the
major drawbacks of PANI because of its stiffness of back-
bone and H-bonding interactions between chains of adjacent
[25]. Over a decade, many researchers demonstrated that
PANI showed good conductivity in organic solvents such as
NMP, DMSO, DMF and Camphor sulphuric acid [33-35]
which showed improved processibility, spectroscopic, elec-
trical and optical properties.

To the best of our knowledge, till date no reports avail-
able based on PANINS @rGO composite coated on SPCE
prepared for the detection of non-enzymatic glucose for the
first time. Firstly, PANINS were synthesized from in situ
polymerization and rGO was reduced through the hydro-
thermal method. The PANINS @rGO composite obtained
through solution mixing procedure. This process involves
the dispersion of NPs in a polymer solution followed by dry-
ing of the solvent. This process requires extensive mixing/
sonication to disperse NPs homogeneously in the polymer
matrix for 8 h to avoid agglomeration that can sometimes
occur by resulting non-homogeneous distribution of NPs.
The fabricated PANINS @rGO sensor matrix shows better
selectivity, sensitivity and low detection limit towards an
enzyme-free glucose sensing.

2 Experimental
2.1 Materials and apparatus

Graphite Flakes (GFs), Sulphuric acid (H,SO,), Sodium
nitrate (NaNO;), Hydrogen Peroxide (H,0,), Potassium per-
manganate (KMnO,), Aniline obtained from Sigma-Aldrich.
Ammonium persulfate [(NH,),S,0;4], Hydrochloric Acid
(HCI), Sodium dodecyl sulphate (SDS), Ethanol, N-methyl-
2-pyrollidene (NMP), Sodium hydroxide (NaOH), Dimethyl
formamide(DMF), Ascorbic acid (AA), Dimethyl sulphoxide
(DMSO) Glucose, Fructose, Maltose, Lactose, Galactose were
of analytical grade and were used without any further process-
ing. The screen-printed Carbon electrodes (SPCE) purchased
from DropSens (Spain).

2.2 Electrochemical experiments

All electrochemical experiments including cyclic voltam-
metry (CV) and chronoamperometry were performed on
METROHM Auto lab (JNT University Hyderabad) PGSTA-
TA302N (Potentiostat/Galavanostat) with electrochemical
USB interface and run by NOVA software( Eco Chemie, Neth-
erlands) also have screen printed three electrode strip connec-
tor and a computer for storage and processing purpose. SPCE
is composed of three interdigitated electrodes with a 4 mm
diameter, graphite working electrode (WE), graphite counter
electrode (CE) and silver/silver chloride (Ag/AgCl) as a refer-
ence electrode (RE). All the experiments were done at room
temperature.

2.3 Physical characterization

The GO has been synthesized using modified hummers
method further reduced with the help of the hydrothermal
technique. The polyaniline nanosheets were prepared by in situ
polymerization. The as-obtained samples were characterized
with help of XRD to find out the crystallinity with Bruker
D8 X-ray diffractometer (Cu Ko; A=1.5418 A). A field emis-
sion scanning electron microscope (FESEM) and transmission
electron microscope (TEM) were employed for the surface
morphology analysis of obtained nanostructures. The func-
tional groups were conformed using (Perkin—Elmer-FTIR
Spectrum-100) Fourier transform infrared spectroscopy with
wavelength range 5004500 cm™". The solubility and absorb-
ance were characterized using UV-Vis spectrophotometer
2202 (Systronics Double Beam).
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2.4 Synthesis of interlayered polyaniline
nanosheets (PANINS)/rGO

2.4.1 Synthesis of PANINS

For the past few decades, the tuned synthesis of Polyani-
line nanostructures with unique morphologies has acknowl-
edged huge attention [36—42]. The conductive PANINS were
prepared using in situ chemical oxidative polymerization
method. Firstly, Aniline hydrochloride solution is prepared
by adding aniline monomer at different ratios 1:10:3 to
100 mL DI water and stirred for 15 min in the presence of
ice bath, followed by the addition of SDS to aniline, and
stirring was continued for another 15 min; the temperature
was maintained around 5 °C. Separately, (1:2) molar ratio of
aniline and (NH,),S,04, an oxidizing agent solution was
prepared and added slowly, by drop wise to aniline—hydro-
chloride resulted solution changes its colour from yellow to
blue then green colour, specifies the formation of PANI. The
solution was allowed to stand for 48 h at room temperature.
The green colloidal solution was precipitated by addition
of acetone and filtered to obtain residue. It was washed for
several times with acetone, ethanol and DI water until the

filtrate was colourless. The precipitate was dried in an oven
at 60 °C for 14 h and then ground into a mortar—pestle into
a fine green powder to obtain conductive PANINS (Emeral-
dine salt) [43] as shown in Fig. 1b.

2.4.2 Synthesis of reduced graphene oxide

Figure 1b illustrates the synthesis of GO using a modified
Hummers method with slight modifications, and it was
reduced using Hydrothermal method by few steps. In the
first step, the as-obtained 2 g of GFs and 1 g of NaNO;
were uniformly mixed in 90 mL of concentrated H,SO, in
500 mL beaker for 30 min. In the second step, 7 g of KMnO,
was slowly added to the above slurry in presence of an ice
bath to maintain temperature less than 15 °C. After that, DI
water was slowly added to reaction mixture and its internal
temperature was raised up to 98 °C. Then the solution was
stirred for 60 min at 800 rpm using magnetic stirrer at room
temperature until a thick paste material is formed. In the
third step, 3 mL of H,0, was slowly added to that above
suspension to stop the reaction and then the colour of reac-
tion mixture changed from brown to yellow. The as-prepared
GO paste washed with DI water for several times until pH

HCI +SDS
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Fig.1 Schematics of a synthesis of Polyaniline nanosheets (PANINS) b Preparation of GO by modified Hummers method and reduction by
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becomes neutral. It was centrifuged at 5000 rpm for sev-
eral times with DI water and 10% HCI to remove unreacted
products. The collected paste was dried in a vacuum oven
overnight at 90 °C to get powdered GO [44]. The obtained
GO was dispersed in DI water and it was ultrasonicated for
30 min to get a uniform brown colour suspension. Then this
suspension is transferred to Teflon autoclave (100 mL) and
maintained the temperature at 140 °C for 6 h. After that, it
was allowed to cool down to room temperature. The final
product was washed with DI water and dried at 90 °C for
10 h.[45].

2.4.3 Synthesis of PANINS@rGO

0.0198 g of PANINS was taken in a 50-mL beaker and two
portions of 1% rGO [46] in another 50-mL beaker in DI
water and were magnetically stirred individually for 15 min
and then solutions were mixed. This method requires exten-
sive mixing to achieve a homogeneous dispersion of rGO
in a polymer matrix for approximately 8 to 10 h in order
to avoid possible agglomeration that can occur sometimes
which leads to non-homogeneous dispersion of NPs in the
polymer matrix as displayed in Fig. 1c. The final as-obtained
product was dried at a temperature of 60 °C for 12 h to
obtain PANINS @rGO composite [47].

2.5 Modified PANINS@rGO electrode fabrication
and electrochemical studies

The as-prepared PANINS @rGO composite was fabricated
for electrochemical determination of glucose using SPCE.
Firstly, 1 mg of PANINS @rGO powder and 1% of PVDF
binder were dispersed in 1 mL of NMP, and sonicated for
20 min to achieve homogeneous distribution. From this ali-
quot 5 uL is dropped cast on SPCE and was allowed to dry
for 12 h at room temperature. The electrochemical behav-
iour of PANINS @rGO-SPCE was used for non-enzymatic
glucose determination using voltammetry and amperometry
techniques in 0.1 M NaOH solution. The electrochemical
behaviour oxidation and reduction was observed by increas-
ing the concentration in the range from 1 to 10 mM.

3 Results and discussion

The as-synthesized nanomaterials were identified with
various characterization techniques. XRD is one of the
extensively using non-destructive techniques to analyse the
crystallite size, orientation and average spacing of atomic
layers. X-ray diffraction (XRD) patterns of the as-prepared
GO, rGO, PANINs and PANINS/rGO materials are shown
in Fig. 2. This GO showed reflection peak of (001) at 20
value of 10.5° with an interplanar (d) spacing of 0.94 nm

PANINS@rGO

c i\ (004) rGO

Intensity(a.u)

PANINS

20 40 60 80
Two Theta(Deg.)

Fig.2 XRD patterns of PANINS, GO, rGO and PANINS @rGO

which clearly indicates an oxidized form of graphite with
a decoration of functional groups and it was further con-
firmed from FTIR spectroscopy. A broad peak was observed
at 26.4° in case of rGO which confirms GO was reduced
using the hydrothermal method. The 20 reflection peaks of
PANINS at 19.84° and broad peak at 26.56° clearly indicates
the formation of PANINS @rGO composite. The exhibited
peaks of PANINS@rGO are observed at 19.84°, 23.86°,
26.01°, 28.01°, 32.26°, 33.03° and 38.5° reflection peaks
indexed as (110), (200), (003), (210), (120), (121) JCPDS
card No. 53-1718 and 53-1890) of PANI [48]. The crystal
size and d-spacing of individual materials and a clear shift in
PANINS @rGO composite are shown in Table 1.

_ kA
- pcos@ 1)
ni
d= 2sin @ 2)

where ‘D’ is the average crystallite size, ‘d’ is interplanar
spacing, ‘O’ is Bragg’s angle, ‘A’ is the wavelength of X-ray
and ‘P’ is the full width half maximum (FWHM).

The solubility of PANINS was found by dissolving in
NMP, ethanol and DI water. Fig. 3a shows the absorbance
of PANINS in NMP. The absorbance value is more in NMP
than DI water which is in correspondence to high to low
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Table 1 Crystal parameters

of PANINS, 1GO and rGO@ Sample name 20 Crystal size D = 2= d-spacingd = %5 Reference  hkl
PANINS (average) nm (JCPDF)
PANINS 19.26 0.4602 0.464 (110)
26.01 03421 0.3406 (003)
33.03 0.2708 0.2691 (120)
385 0.2335 0.2331 (310)
RGO 26.4 03372 0.3375 (002)
545 0.1681 0.1681 (004)
PANINS @rGO 19.84 0.4445 0.464 (110)
26.56 0.3352 0.3375 (002)
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Fig.3 a UV-Visible spectroscopy of PANINS, rGO and PANINS @rGO (inset: PANINS absorbance in DI water and ethanol). b FTIR spectros-

copy of PANINS, GO, rGO, PANINS @rGO

solubility (Fig. 3a inset showing the solubility in DI water
and ethanol). PANINS/NMP exhibited n—n* transition of
a benzenoid ring at 290 nm. Similarly, n—n* transition of
quinoid rings of PANINS/ NMP showed a peak at 635 nm
which leads to blue shifts. Figure 3a displays absorbance
of pure rGO in organic solvents exhibits at 270 nm which
is responsible for m—n* transition of aromatic ¢ =c bonds.
After ultrasonication of PANINS and rGO about 8 h at
800 rpm, n—x* transition of quinoid ring peak of PANINS in
PANINS @rGO is shifted from 635 to 560 nm and rGO peak
appeared at 272 nm. This is because of n—r stacking between
the rGO and PANINS quoined rings. This clearly confirms
that the PANINS was stacked on the surface of rGO sheets
and these results were also inter-related to XRD and FTIR
absorption spectra are shown below [49, 50].The reaction
mechanism of PANINS/rGO in NMP is shown in Fig. 4.[51].

Figure 3b shows FTIR spectra of PANINS, GO, rGO, and
PANINS @rGO in range of 4500-500 cm™". For the confir-
mation of quality of PANINS, the intense peak at 3441 cm™!
was attributed to N-H stretching and predominant peak

@ Springer

observed at 1297, 1486 and 1580 cm™! are corresponding
to —C—N stretching vibration, -C=C stretching vibrations in
benzenoid ring and —C=C stretching of the quinoid rings,
respectively, and also peak appeared at 796 cm™" is attrib-
uted to C—Cl stretch (shows the Emeraldine salt). The peak
of rGO at 1635 cm™! is corresponding to SP? hybridization
of carbons. PANINS @rGO contains characteristic peaks
of both PANINS and rGO. The redshift occurs because of
the transformation of quinoid rings into benzenoid rings
and also proves n—= stacking between PANINS and rGO in
PANINS @rGO. This indicated that PANINS were interlayer
in between rGO successfully.

The morphological analysis of PANINS, rGO, PANINS @
rGO was examined using a FESEM and TEM. Figure 5a
shows the structure layer-like sheets of rGO with a diam-
eter of 200—700 nm. This confirms that the reduction of GO
through hydrothermal route was helpful and it also (corner)
looks like one single fine layer was stacked with another
single layer. Figure 5b displays the formation of Polyaniline
nanosheets (PANINS) with sodium dodecyl sulphate which
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(PANINS)

— (PANINS@rGO/NMP)

Fig.4 Reaction of NMP with PANINS @rGO

Fig.5 a—c FESEM images of rGO, PANINS and PANINS @rGO d—f TEM images of PANINS @rGO and SEAD pattern
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played as structure directing agent through in situ polymeri-
sation and Fig. Sc—e proves the formation of interlayered
PANINS @rGO composite. Polyaniline contains many
sp? carbon atoms which encourage delocalized transport
of charge carriers and may act as conducting conduits that
bounds with rGO and plays as sensitizing agents to enhance
the performance of the sensor. It was further confirmed from
TEM. From both FESEM and TEM analysis, it was noticed
that PANINS stacked on rGO sheets. The stacked PANINS
size on rGO sheets is smaller and this could be useful to
enhance the electrochemical utilization of PANINS for direct
electron mobility during the glucose oxidation. Moreover, an
rGO sheet is used due to the large surface area and also helps
to increase the conductivity of the composite. Figure 5f
shows the selected area electron diffraction (SAED) which
reveals the increased crystalline nature of composite. These
results were interconnected with XRD and FTIR results.
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Fig.6 The cyclic voltammetry response of a bare SPE and
PANINS @rGO/SPCE with presence and absence of glucose. b CVs
of PANINS @rGO/SPCE at different scan rates (10, 20, 40, 60, 80
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3.1 Electrochemical characterization

The electrochemical analysis of synthesized materials of
PANINS @rGO was performed at room temperature in the
presence of 0.1 M NaOH which are shown in Fig. 6a. No char-
acteristic response is observed in the presence and absence of
glucose for unmodified SPCE, whereas PANINS @rGO-modi-
fied SPCE showed characteristic peaks towards glucose oxida-
tion at 20 mV s~! scan rate with a potential window of —0.2
to 0.8 V. Figure 6a shows CVs of PANINS @rGO/SPCE with
onset potential of 0.056 V, and maximum peak potential was
noted at 0.50 V. In the presence of glucose, oxidation is hap-
pening towards with inset potential of 0.047 V and maximum
peak potential was observed at 0.48 V. The decrease in peak
potential of glucose oxidation of PANINS @rGO/SPCE sur-
face proves the improved electrocatalytic activity. The signifi-
cant improvement in the current is due to solubility of PANI
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in NMP. The higher the solubility of the materials being dis-
solved, the higher the conductivity, thereby increases in elec-
trode sensitivity. However, there is no noticeable oxidation
peaks of PANINS @rGO/SPCE were observed in absence of
glucose in 0.1 M NaOH. This means higher solvency leads to
more solubility of the PANI materials and therefore the con-
ductivity, and in turn the electrode sensitivity, increases. The
sensitivity of the PANI in NMP is shown and also compared
with DMSO and DMF solvents in Supplementary data (S1).

3.2 Effect of scan rate

Figure 6b shows the CVs of PANINS @rGO/SPCE recorded
at different scan rates from 5 to 100 mV s~!ina 0.1 M NaOH
electrolyte in the presence of 1 mM of glucose. Increase the
redox peak current of PANINS @rGO/SPCE with increasing
the scan rate. At the scan rate of 60 mV/s redox maximum
peak shifts absorbed, oxidation peak showed the positive shift
and reduction peak has shown negative shifts with R*>=0.984
and R*=0.986, respectively.

3.3 Electrocatalytic characteristics of PANINS@rGO/
SPCE

In this present work, as-prepared PANINS/ rGO composite has
been used for electrocatalytic oxidation of glucose. Electron
transfer pathways occurred at PANINS @rGO/SPCE in the
following reactions. The basic reaction mechanism between
NaOH and PANIN/rGO/SPCE with glucose is as follows and
shown in Fig. 7.

nNaOH — nNa* + nOH~ 3)

Oxidation : G — PANI + nOH™ — G — PANI** : nOH"
4

Reduction : G — PANI?* : nOH™ + ne - G — PANI** + nOH™
(5)

Fig.7 Non-enzymatic glu-
cose sensing of Interlayered
PANINS @rGO

Glucose Mechanism

G — PANI + nOH™ —» G — PANI** : nOH™ + ne (6)

G — PANI** : nOH™ + ne + glucose
— G — PANI" + Gluconolactone 7

3.4 Effect of concentration

Furthermore, the electron mobility between 0.1 M NaOH
electrolyte and PANINS @rGO/SPCE electrode with vari-
ous concentrations of glucose ranging from 1 to 10 mM
was recorded using CV at a scan rate of 60 mV s~! with a
potential range of — 0.2 to 0.8 V shown in Fig. 6d. The elec-
trochemical oxidation of anodic peak and the cathodic peak
was increased with the increasing glucose concentration.
The main factors for catalytic oxidation were mainly due
to particle size and specific surface area which give more
electrical signal transformation through active sites. For
PANINS @rGO, the solubility of PANINS can be affected by
interaction among PANI chains and associated counter ions
and (Organic) solvents including NMP. Thus, the interactive
effect can result in enriched performance for glucose sens-
ing, specifying that the modified electrode can be applied for
low-level glucose detection.

3.5 The amperometric response of PANINS@rGO
towards glucose

Figure 8a shows the amperometric response of current ver-
sus time from 1 to 1000 uM in 0.1 M NaOH solution at
the response time within < 3 s. After addition of glucose
repeatedly, modified PANINS @rGO/SPCE exhibits a step-
wise graph with a rise in current. The current—time step
graph response mainly depends on the glucose concentra-
tion present in the electrolyte solution. Figure 8b shows the

Interlayered
PANINS@rGO

LS

rGO sheets

PANI nanosheets
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Fig.8 a Amperometric current vs. time curve of 1-4000 uM of
PANINS@rGO/SPE. b Calibration plot of steady-state current vs.
concentration of glucose (c¢). Amperometric response (i—t) curve for

calibration plots of PANINS @rGO where the concentration
of glucose versus current and sensitivity was calculated by
the slope of the calibration curve and active surface area
of the electrode(the equation is shown below). The graph
showed better linearity from 1 to 4 mM with high sensi-
tivity of 3448.27 pA mM~! Cm~2 and calculated limited
detection(LOD) was 0.03 pM where considered (S/N=3).
The low detection limit of glucose, sensitivity, linear range
compared with existing literature as shown in Table 2. The
PANINS sheets showed good catalytic activity [29] and
interlaying of these sheets at rGO improved the catalytic
activity towards the glucose oxidation, LOD, due to the large
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Number of Tests

PANINS @rGO/SPCE to the glucose and interfering substances. ¢
Repeatability of PANINS/rGO (6 tests)

surface area of PANINS @rGO rise the more active sites
for the electrocatalytic activity. This proves our PANINS @
rGO is a sustainable and high-performance non-enzymatic
glucose sensor.

Ly

2.69 X 105 x n2/3 x D1/2 x 91/2 x C

3

where [, is the peak current, C is the bulk concentration of

glucose solution, n is a number of electron transfer, D is the
diffusion coefficient (1.8 x 107%) and 9 is the scan rate.

Active surface area =
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Table 2 Comparing the performance of non-enzymatic glucose sensing
Working electrode Linear range (uM) The detection limit ~ Sensitivity References
(HM) (prAM M~ em™?)
CuO/PANINS-NF/FTO 0.25 uM to 4.6 mM 0.24 1359 [30]
GOx-graphene/PANINS/AuNPs/GCE 4.0-1.12 0.6 - [31]
PANINS @CuNi 1-5.6 mM 0.2 1030 [32]
NiHCF/PANINS/graphene 0.001-0.765 mM 0.5 487.33 [33]
NiC02S4/rGO@PANINS 1-7000 pM 0.14 4.924 [34]
NiO/Au/PANINS/rGO/GCE 90-6000 0.23 - [35]
AuNPs/PANINS/CC 0.0126-10.0 3.08 150 [36]
PANINS 1-4000 pM 0.04 2003.4 [21]
RGO@PANINS 1-4000 pM 0.03 3448.27 Present work

3.6 Interference study

Furthermore, the capacity of anti-interfacing of synthe-
sized PANINS @rGO/SPCE was examined in various
electroactive interferences such as AA, UA, Galactose,
maltose, fructose and lactose. UA and AA did not pose any
oblivious effect on the glucose essay. Besides, the addi-
tion of Galactose, Fructose, Lactose and Maltose, there
was a negligible change in the current seen. However,
in the addition of 1 mM of glucose, the apparent current
responded as shown in Fig. 8c. The stability and repeat-
ability of PANINS @rGO/SPCE with SD, RSD and LOQ
was calculated as 0.99, 0.96 and 0.133 of six successive
amperometric (n =6) measurements at room tempera-
ture which indicating excellent repeatability as shown in
Fig. 8d.

4 Conclusion

In conclusion, interlayered PANINS @rGO was prepared
successfully through the solution mixing method. It was con-
firmed from FESEM and TEM the formation of PANINS @
rGO. The Amperometric studies of PANINS @rGO were
for the detection of non-enzymatic glucose. The obtained
results show that high sensitivity was obtained as 3448.27
pA mM~! cm™2 with detection limit 30 nM (S/N =3). There-
fore PANINS @rGO/SPCE showed high sensitivity and also
low detection limit (LOD). Also, PANINS show good elec-
trochemical activity which acts as an electron mediator in
the electrocatalytic glucose oxidation with high conductivity
which leads to high sensitivity and low detection limit. The
synergic effect of interlayered PANINS at rGO layers can
provide an improved performance which makes it a promis-
ing material for enzyme-free glucose sensing.
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