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Abstract. The development of non-enzymatic glucose biosensor has been the concern of many
researchers mainly because enzymes based sensor despite having excellent sensitivity and
selectivity, has the limitations such as poor stability, complicated enzyme immobilization, critical
operating conditions such as optimum temperature and reproducibility. This study developed a
cheap biocompatible non-enzymatic glucose biosensor based on silver nanoparticle (AgNPs)
stabilized with sodium tripolyphosphate (NaTPP) cross-linked chitosan. Direct electron transfer and
electro-catalytic activity of the AgNPs modified glassy carbon electrode (AgNPGCE) was
investigated using potentiometric and amperometric techniques. AgNPs was prepared and
characterized by Fourier transform Infra-red spectroscopy (FTIR), X-ray diffractometry (XRD) and
Scanning electron microscopy (SEM). The crystalline size of the AgNPs was revealed with XRD.
However, the SEM micrograph of AgNPs revealed the spherical shape with a non-uniform granular
shape attributed to bio-mediated ionic gelation process. The FTIR spectra of AgNPs shown peaks at
1054 — 1645 cm’! suggesting the presence of phosphonate linkages between ammonium, -NH3* of
chitosan and —PO3>" moieties of NaTPP during cross linking process. Electro-catalytic oxidation of
glucose at the AgNPGCE surface and the mechanism involved in glucose oxidation was revealed
via cyclic voltammetry. The AgNPGCE showed a better electrochemical response towards glucose.
This glucose sensor showed high sensitivity at +0.54 V. A low detection limit of 1.22uM (the

confident level k& = 3), and wide linear range of 2 to 24 u M with a correlation coefficient of 0.9987

were obtained. The calculated parameters revealed that AgNPGCE had shown better overall
electrochemical performance and response than enzymatic biosensor.

Introduction

Diabetes mellitus is a protracted disease that occurs when the pancreas fails to produce enough
insulin to regulate blood sugar or when the body is incapable to use the insulin produced efficiently.
Failure to treat diabetes effectively, will largely result into a number of other health complications,
such as eye problems (blindness), neuropathy, foot complications, kidney disease, heart diseases,
hypertension, stroke, hyperglycemic nonketonic syndrome, gastroparesis, heart disease, and mental
health disorders; death and disability in the entire globe, it may also affect pregnancy [1, 2].
Glucose (C¢Hi206) is an essential energy-providing substance in life, but excessive glucose
concentration in the body can result into many severe and even life-threatening diseases, such as
diabetes [3]. Particularly, accurate glucose measurement for diabetics is an effective tool in the
detection and treatment of diabetes mellitus [4].

For diabetic patients, a normal blood glucose level in human serum before a meal is around 4 — 6
mM (70 — 110 mg/dL) and < 7.8 mM (< 140 mg/dL) after 2 hours of mealtime [5]. Regular testing
of physiological blood glucose levels is necessary to avoid diabetic emergencies and is crucial for
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the confirmation of effective treatment [6]. For effective therapy and to prevent any hyperglycemia
or hypoglycemia, regular monitoring of physiological blood glucose levels is crucial.

Therefore, researchers have been looking for fast, accurate and steady methods to determine
glucose levels in vivo and in vitro [7]. Glucose sensors with high sensitivity, high stability and high
accuracy produced by optical [8], electrochemical [9] and other techniques are of great importance
in blood glucose monitoring of diabetic patients. The detection of blood glucose is of great
significance in the food process application, clinical medicine, and biology [10, 11]. Therefore, the
production of high sensitive, low-cost, reliable glucose sensors having an outstanding selectivity
has been the subject of interest for decades, not only in medical science but also in the food
industries [12]. Glucose oxidase (GOx)-based glucose biosensors have prevalently dominated the
glucose sensor research and development over the last four decades and the market place as well.
This is due to the increasing demand of sensitive and reliable blood glucose monitoring in
biological and clinical aspects [13-15]. Enzymes based sensor displays excellent sensitivity and
selectivity.

The main restrictions to these sensors are poor stability and reproducibility, which can impede the
sensor properties. Apart from deactivation of the enzyme some other disadvantages of enzyme-
based glucose determination includes complicated enzyme immobilization, critical operating
conditions such as optimum temperature and pH, chemical instability, and high cost [4, 16].
Electrochemical sensing techniques are versatile and powerful tools in providing real time and on-
site measurement in a variety of areas, including clinical diagnostic, environmental, agricultural,
and food monitoring [17-19]. The electrochemical sensing offers advantages in providing high
sensitivity, selectivity, accuracy, and cost effectiveness.

Therefore, non-enzymatic glucose sensors developed mainly based on creation of electrode surface
by direct oxidation of glucose without the help of enzyme, which had sustainable advantages in
terms of simplicity, manufacturability, portability, selectivity, stability, sensitivity and their low
cost [20-22]. Non-enzymatic glucose biosensors can escape that problem because of direct catalytic
oxidation of glucose on the surface of electrode [20, 21].

In order to increase specific surface areas and improve mass transport ability, these electrodes could
use nanomaterials as substrates like carbon nanotubes (CNTs) [22], nanowires [23, 24], meso
porous structure [25], etc., and modified with mental nanoparticles such as Pt [26], Ni [27], Ag [28],
and Cu [29]. In the present research, we want to investigate the synthesis of silver nanoparticles by
an environmental friendly procedure involving the in situ reduction of silver (Ag) and to investigate
the electrocatalytic activity of silver nanoparticle stabilized by chitosan on oxidation of glucose in
order to explore the possibility of developing biosensor that will respond to glucose measurement in
any system.

Experimental Procedure
Apparatus

Electrochemical measurements were carried out with a potentiostat/ galvanostat with a single
compartment Voltammetric cell coupled to a computer, equipped three electrodes: glassy carbon
electrode as working electrode with dimension of 5.0mm diameter and 8.0mm length, an electrical
contact provided by a copper wire, an Ag/AgCl (with 3M KCl) reference electrode of 4.0 mm

diameter, a copper wire contact, and a platinum wire acting as the counter electrode (diameter of
0.5mm). An ultrasonic bath, magnetic stirrer and a Thermostarted bath were also used.
Reagents

Chitosan produced from lobster shell wastes with 85% degree of deacetylation was purchased from
Aldrich and used as supplied. Hydrochloric acid, glacial acetic acid and Sodium hydroxide, were
supplied by Aldrich. Sodium borohydride (NaBH 4), sodium tripolyphosphate (NaTPP), Silver
nitrate (AgNO3), S —D —glucose, acetone and Ethanol were obtained from Sigma Chemical and Co
and used as received.
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All solutions were prepared with double distilled water, and all chemicals were used without further
purification. All the experiments were carried out at ambient temperature of 25+ 1°C.

Preparation and characterization of silver-chitosan Nanoparticle (AgNPs)

A silver-chitosan nanoparticle (AgNPs) was prepared according to a modified literature procedure
[30-32].

60mg chitosan was dissolved in 20 mL of 2% acetic acid to obtain chitosan solution. 5% of NaTPP
solution was added to chitosan solution in the ratio of 1:3 NaTPP to chitosan, with mild stirring
until an opalescent suspension was obtained. 10 mL of 0.35% of silver nitrate solution was added to
the chitosan-NaTPP hydrogel and stirred continuously for 30 minutes to obtain homogeneous
solution.

Final stage of the synthesis was the addition of 10 mL of 0.01 M sodium borohydride (reducing
agent). AgNO3/Chitosan- NaTPP gelatine is a colourless solution, but once the reducing agent
NaBH4 was introduce to the polymer suspensions, there was immediate colour change to dark
brown, indicating the formation of silver nanoparticle [30, 32]. The chitosan-silver nanoparticle was
separated from the liquid by centrifugation for one hour at 10,000 g. The supernatant was discarded
and the particles were washed thoroughly with acetone, ethanol, distilled water and then vacuum
filtered. The obtained particles were oven-dried at 110 °C.

The silver nanoparticle prepared was characterized using Fourier-transformed Infra-red
spectroscopy (FTIR), X-ray diffractometer (XRD), Ultraviolet-visible spectrophotometer, and
Scanning electron microscope (SEM).
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Note: The positive charges on the amino groups of chitosan resulting from its dissolution in acetic acid
mteract with the negative charges on the tnpolyphosphate anions, causing 1onic-gelation and formation of
hydrogel.

Fig. 1. Schematic representation of reaction path for the preparation of the Chitosan-silver
nanoparticle

Electrode preparation

The surface of the Glass Carbon Electrode (GCE) was polished with the alumina suspension using a
polishing cloth to a mirror finish. The electrode surface was then cleaned in an ultrasonic bath for
15 minutes and washed with ethanol and deionized water to remove adsorbed particles [33, 34].
This procedure was repeated after each voltammetric experiment. Other materials, including
glassware, containers, pipette tips and the electrochemical vessels, were washed and sterilized with
heat prior to use.
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Preparation of silver nanoparticle (AgNPs) modified glassy carbon electrode (GCE)

The electrode surface was uniformly coated with 2 plLof 1% silver nanoparticle solution in 1%
acetic acid and air-dried, after which it was immersed in 50 pLof 0.1 M NaOH (to stabilize the
silver nanoparticle) and again air-dried.

The electrochemical characteristics of silver nanoparticle-supported glassy carbon electrode

The electrochemical performance of the silver nanoparticle modified glass carbon electrode
(AgNPGCE) and bare glass carbon electrode (GCE) as control was investigated in 2 mM glucose
and 5ml of 0.IM sodium hydroxide as supporting electrolyte at 150mV/s scan through cyclic
voltammetry (CVs) procedure. The electro-catalytic activity of AgNPs-modified glassy carbon
electrode was investigated through cyclic voltammetry using 10 mM glucose in 5 ml of 0.1 M
sodium hydroxide solution, at different scan rate of 10, 25, 50 100 and 150 mV s!, with a potential
window of 0.0 V and 1.0V at 0.1 Vs,

Electro-catalytic characterization and charge transfer Kinetics of AgNPs-glassy carbon
electrode

Cyclic voltammetry assay of AgNPs-glassy carbon electrode was performed in air-saturated S ml of
0.1 M sodium hydroxide (supporting electrolyte) at room temperature at scan rate of 10 mV s’
within a potential window of 0.0 V and 1.0V at 0.1 Vs'!, with addition of different concentrations of
glucose corresponding to (a) 2, (b) 4, (¢) 6, (d) 8, (e) 10 mM [34-36].

Results and Discussion

Silver nanoparticles (AgNP) prepared from chitosan was characterized using scanning electron
microscopy (SEM), X-ray diffractometry (XRD) and Fourier transform Infra-red spectroscopy (FT-
IR). The SEM micrograph of silver nanoparticle derivatives were recorded and the micrograph are
shown in figure 2, while the XRD and FT-IR spectra of silver nanoparticle derivatives are shown in
figure 3 and 4 respectively.

i--:-“h .

e

Fig. 2. Scanning Electron Micrograph (SEM) of AgNPs
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The morphological features of silver nanoparticles derivatives were studied by NOVA Nano -
Scanning Electron Microscope (JSM - 6480 LV). The SEM slides were prepared by making a smear
of the solutions on slides. A thin layer of platinum was coated to make the samples conductive.
Then the samples were characterized in the SEM at an accelerating voltage of 5 KV, emission
current of 75 — 80 A and working distance of 6 — 13 nm. The particle morphology was determined via
SEM analysis. Silver nanoparticles image enlargement was carried out on a scale of 150 um with
HV 5.0 Kv as presented in figure 2 above. The surface morphology of the silver nanoparticle
morphology presented in figure 2 shows a relatively spherical shape, high density structure with a
non-uniform granular shape credited to bio-mediated ionic gelation process. The surface of the
synthesized silver nanoparticles has a spherical shape and slightly elongated with a big propensity
to aggregate and form larger particle clusters.

XRD Analysis

The phase variety and grain size of synthesized silver nanoparticles was determined by X-ray
diffraction Spectroscopy (Philips PAN analytical). The synthesized nanoparticle was studies with
Cu-Ka radiation at voltage of 30 kV and current of 20 mA with scan rate of 0.03 0/s, A = 1.54 A.
Figure 3 presents XRD spectra of silver nanoparticle derived hybrid. The XRD spectrum of silver
nanoparticle in figure 3 shows that silver nanoparticles have been formed. The structures of
synthesized silver nanoparticles confirm the cubic face-centered structure of silver nanoparticle.
This was supported by the observed sharp four diffraction peaks with peaks intense appeared at 20
=38.09°, 44.15°, 64.67°, and 77.54° as shown in figure 3 which are indexed to 111, 200, 220, and
311 Bragg’s reflection [37], respectively. This confirms the crystalline structure of silver
nanoparticles. The data obtained was matched with JCPDS card no. (65-2871) and the sharpness of
the peak clearly reveals the crystalline nature of the particles. The crystallite size of the obtained
silver nanoparticles were calculated to be 16 nm applying Debye-Scherrer Equation (D = kA/Bcos 0)
with a relative deviation of 4.65%, where D is the average crystallite size of the nanoparticles, k is
the geometric factor called Scherrer constant with a value of 0.9. A is the wavelength of X-ray
radiation source (0.15406 nm), 0 is the Bragg’s angle and B is the angular full-width at half
maximum (FWHM = 0.004) of the XRD peak at the diffraction angle 0 [38]. XRD patterns
(JCPDS, File No. 04-0783) and the structure of synthesized silver nanoparticles were found to be
face-centered cubic (FCC) crystal as reported by [39].

Intensity(Counts)

4
Theta(deq)
Fig. 3. XRD spectrum of Silver Nanoparticle (AgNPs)
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FTIR Analysis

The FTIR spectra of silver nanoparticle derivative are shown in figure 4. Silver nanoparticle
spectrum gave peaks at 1054 — 1645 cm™! signifying the presence of phosphonate linkages between
ammonium, -NH3" of chitosan and —POs*>" moieties of NaTPP during cross linking process. The
spectrum showed two peaks, one at 1140 cm™ and another at 1279 cm™, indicating symmetric and
asymmetric stretching of phosphonate linkage, respectively [40]. It was also observed that the
asymmetric peak is known to occur due to restricted rotation [41]. The two terminals —PO3* groups
of NaTPP molecule appears to be connected with two -NH3", (CH3COO") groups of two chitosan
monomers.

Meanwhile the spectrum of silver nanoparticle display a broadening of the band starting at
approximately 3500 cm ™' and extending to and almost obscuring the CH. stretching region around
2900 cm!. There is also and a loss of the small features on the band. This broadening is suggestive
of increased intermolecular hydrogen bonding between NH and OH. A maximum at approximately
3880 cm ! is exhibited by the silver nanoparticle. This band broadening is similar to that found in
the literature for chitosan-NaTPP nanoparticles and for chitosan succinlyated nanoparticles [42] and
1s ascribed to the formation of hydrogen bonded networks. The AgNPs show a low intensity but
very broad band centred around 3263 cm!. This observation suggests that silver chitosan
complexes prepared contain mostly nanoparticles.
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Fig. 4. FTIR spectrum of Silver Nanoparticle (AgNPs)

UV-Visible Analysis

The brown colored silver nanoparticle solution that formed due to excitation of surface Plasmon
vibrations of the silver nanoparticles was subjected to UV-Visible spectra recording using
Shimadzu UV-1601 double beam spectrometer with quartz cuvettes of 1cm path length. The UV-
Visible spectrum of AgNPs is presented in figure 5. Surface Plasmon Resonance (SPR) peak of
AgNPs which is an equivalent of maximum absorbance peak occurred at around 420 nm. Previous
report confirmed that AgNPs with size range 7-10 nm mostly show the SPR peaks at 420 nm as
reported by Modrzejewska et al 2010 [43].
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The absorbance and broadening of the peak at around 420 nm shows that the particles were mono-
dispersed and indicating the surface plasmon resonance (SPR) absorption band as a result of
combined vibration of electrons in resonance with UV-visible light [44-46]. The overall
observations suggest that the bio reduction of (silver ions) Ag’ to Ag’ was confirmed by UV-
Visible spectroscopy.
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Fig. 5. UV-visible spectrum of Silver Nanoparticle (AgNPs)

Comparison Of Bare Glassy Carbon Electrode (DCE) And Silver Nanoparticle Modified
Glassy Carbon Electrode (AgNPGCE)
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Fig. 6.Cyclic voltammograms of silver nanoparticle modified glass carbon electrode (AgNPGCE)
and bare glass carbon electrode (GCE) in the presence of 2 mM glucose and 150 mV/s scan rate.

Figure 6 shows the cyclic voltammograms (CVs) of the bare GCE and AgNPGCE with glucose
recorded in 0.1 M sodium hydroxide at a scan rate of 150 mVs™'. The bare GCE did not give any
noticeable redox peaks in the potential range recorded. However, high catalytic activity with an
observable redox peaks against glucose oxidation in the alkaline solution was found for AgNPGCE
compared to the bare GCE due to the increase in the active surface area of the electrochemically
modified electrode as offered by the AgNPs attached to the GCE which suggest that the prepared
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electrode can be useful for glucose sensing phenomena [47, 48]. The AgNPs modified electrode
exhibited an improved electrochemical reactivity, only one anodic peak at +0.54 V (vs. Ag/AgCl)
was observed, which represent the oxidation of Ag® to Ag", while a cathodic peak at 0.32V was also
noticed and may be connected with the reversible conversion of Ag" back to Ag’. The
electrochemical redox phenomena of Ag/Ag" which occur at the working electrode surface in a
basic solution can be represented as

Ag+OH™ AgOH +e”

An oxidation reaction was suggested by the working electrode potential covered in silver
nanoparticles and the electrode kinetic reaction at the surface of the AgNPGCE is represented thus.

(s

olution pha\se‘ Catalyst layer
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Fig. 7. Description of the mechanism of redox process at the electrode/analyte interface

This suggested that gluconolactone is produced by the glucose oxidation at the surface of
AgNPGCE. The mechanism of oxidation of glucose at the AgNPGCE surface is as follow:

o o

OH OH

HO
Glucose Gluconolactone

Furthermore, the existence of chitosan stabilized silver nanoparticles may increase the electrode
surface area with the analyte, thereby increasing the voltage. This is because using AgNPs on the
electrode facilitate increased direct electron transfer between the glucose and the electrode surface.
This is because the use of silver nanoparticles on electrode could increase the direct electron
transfer between the glucose and the electrode surface, adding that the presence of silver
nanoparticles stabilized with chitosan could increase the surface of the electrode with the analyte
thereby increasing the voltage.

Effect of Different Scan Rate on the Electrochemical Responses of Silver Nanoparticle
Modified Electrode (AgNPGCE)

Figure 8 shows the cyclic voltammograms of AgNPGCE with different scan rates in 0.1 M sodium
hydroxide solution containing 1 mM of glucose. The peak current (I,) is increased with increasing
scan rates 10, 25, 50 100 and 150 mVs™'. As can be seen in the figure 9, the plot of I, versus scan
rates and it shows that I, was increased linearly with increasing scan rate. The redox peak currents
and peak potential separations increased with scan rates. The reduction and oxidation peak currents
were directly proportional with scan rates from 10 to 150 mVs™, the result suggesting that the
electrochemical kinetic is a characteristic surface-confined process i.e. the process is regulated by
surface adsorption of glucose molecule at AgNPGCE [49, 50].
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It can also be seen from the voltammograms that at 10 mV s, the observed redox peaks had formal
peak potential (AE ) of 0.43V and peak-to-peak separation (AE ) of 54.8 mV; the result was

similar to previous literatures [51], which indicates reversible electrochemical reactions and rapid
electron transfer process.

The anodic and cathodic peak current had a linear relationship with the square root of scan rates as
shown in figure 10. The heterogeneous electron transfer rate constant (k) and transfer coefficient
(a) were estimated using Laviron’s equation [52]. The heterogeneous electron transfer rate
constant (k_) was estimated to be 6.736 x 107 cms™ while the electron transfer or symmetry
coefficient () was found to be 0.54 which is close to the theoretical value of 0.5 for reversible
system. This indicates that electron transfer was effectively and efficiently promoted on the AgNPs

electrode.
The surface coverage (¢ ) was found to be 3.46 x 10® molcm™. This value is much higher than that

reported in other literatures [53, 54], suggesting AgNPs had high adsorption capacity for GCE.
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Fig. 8. Cyclic voltammograms of silver nanoparticle modified glass carbon electrode (AgNPGCE)
in the presence of 2 mM glucose at different scan rate
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Fig.10. Anodic and cathodic peak currents versus square root of scan rate

Effect of Concentration Changes on the Electrochemical Responses of Silver Nanoparticle
Modified Glassy Carbon Electrode (AgNPGCE)

Furthermore, the electron transfer capacity between electrolyte and electrode surface with the
glucose concentrations ranging from 2 mM to 10 mM was investigated using cyclic voltammetry in
0.1 M sodium hydroxide solution at 10 mVs™! and the result is shown in figure 11. Anodic peak at
+0.54 V increases as concentration of glucose increases i.e.; peak current varied linearly in
proportional to the concentration of glucose in the range of 2 — 10 mM, presented in figure 12. It
can be seen from figure 6 that at every scan rate the anodic peak was observed at 0.54V, therefore,
0.54 V is chosen as the ideal detection potential. The electro-catalytic oxidation of glucose is
mainly particle size dependent, which can provide the active sites for redox reaction and biological
electrical signal transmission at AGNPGCE. Hence, the synergistic influence can result in enhanced
performance for detection of glucose [55].
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Fig. 11. Cyclic voltammograms of silver nanoparticle modified glass carbon electrode (AgNPGCE)
in air-saturated NaOH (0.1M) at scan rate of 10 mVs™' with the additional of 2 mM (a), 4 mM (b) 6
mM (c), 8 mM (d) and 10 mM (e)

0.6 ~

0.5 ~

ip (MA)

y =0.026x +0.296

0.3 - R? = 0.9985

0.2 4

0.1 -

Concentration (mM)

Fig. 12. Plot of relation between oxidation peak currents and concentrations of glucose
Amperiometric Detection of Glucoses

To further investigate the relationship between oxidation current and glucose concentration, the
chronoamperometry technique was used and the results obtained are presented in figure 13a and
13b respectively.
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Fig. 13a. Amperometric current versus time curve of silver nanoparticle modified glass carbon
electrode (AgNPGCE) for successive glucose addition in the ranges of 2 uM to 24 uM
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Fig. 13b. Amperometric current versus time curve of silver nanoparticle modified glass carbon
electrode (AgNPGCE) for successive glucose addition in the ranges of 80 uM to 120 uM

Figure 13a and Figure 13b display a typical current time response of AgNPGCE modified electrode
was assessed by the successive addition of 2 uM glucose concentrations over the range of 2 — 24 p

M and 80 — 120 puM respectively into 0.1 M sodium hydroxide at an optimal detection potential of

+0.54 V under constant stirring at room temperature. The response time was less than 5s, signifying
a facile electron transfer occurred through the AgNPGCE, which displayed well-defined
concentration dependence.

The relationship between the steady-state oxidation current with increasing glucose concentration is
shown in figure 14a and 14b respectively.
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Fig. 14a. Calibration plot of stead—state current versus concentration of glucose
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Fig. 14b. Calibration plot of steady—state current versus concentration of glucose
As it shown in figures 14a and 14b above, the current was linear over the glucose concentration
range of 2 to 24 u M with a correlation coefficient of 0.9987. With higher concentrations of glucose,

the currents also increased linearly over a wide concentration ranges from 86 to 106 uM. The
sensitivity determination is done by dividing the slope from the linearity curve with the surface area
of the working electrode used which gave the sensitivity value of 25.02 pA mM! cm™ for the

modified electrode and the results are presented in table 1.
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Table 1. Electrochemical Parameters of AgNPGCE Electrode for glucose sensing in aqueous
solution at room temperature

AgNPGCE Values
Heterogeneous electron transfer rate constant (k) 6.736 x 107 cms™!
Charge transfer coefficient () 0.54

Sensitivity 25.02 p A/mM/cm?
Detection limit 1.22uM
Regression coefficient 0.9987

The surface coverage (@) 3.46 x 10” molcm™

While the detection limit is obtained from the equation, Detection limit or limit of detection (LOD)

= M where k& is a constant chosen to be 2 or 3; k£ value 2 corresponds to a confident level of
m

92.1% while k value 3 corresponds to a confident level of 98.3%. sb is the standard deviation of
the blank and m 1is the calibration sensitivity which is the slope of the linear plot between
concentration and current. The detection limit obtained was found to be 1.22 uM taken k value to

be equal 3. This result of the developed AgNPs modified electrode compared favorably well with
previously reported enzymatic glucose biosensor [54, 56], suggesting electro-catalytic activity of
the silver nanoparticle on glucose, which shows that the working electrode coated with silver
nanoparticles has a good ability to measure glucose levels. The non-enzymatic glucose sensors have
shown pronounced long-term stability than the enzyme-based glucose sensors.

The eco-friendly stability of the chitosan based silver nanoparticle sensor was examined by keeping
in air for three weeks under varying environmental conditions and its sensitivity was examined in
accordance with the established procedure and the results are presented in figure 15a and 15b
respectively.
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Fig. 15a. Amperometric current versus time curve of silver nanoparticle modified glass carbon
electrode (AgNPGCE) for successive glucose addition in the ranges of 2 uM to 24 uM (after being
kept in air for two weeks)
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Fig. 15b. Calibration plot of steady—state current versus concentration of glucose

The fabricated silver nanoparticle sensor shows comparable sensitivity of 24.12 uAmM'cm™ which
equivalent to 98% of the initial value this demonstrate a very good sensitivity and durability of the
sensor for the glucose detection. The good adhesion towards electrode and structural stability of
silver nanoparticles could be ascribed to long-term stability. 1.24% relative standard deviation
(RSD) with highly reproducible current for eight successive amperometric measurements was
gotten for 2 mM glucose on the AgNPGCE electrode. This demonstrates that AgNPGCE electrode
can be repeatedly used and the electrode was not infected by the product of oxidation. The highly
reproducible mode of fabrication was established with the attainment of 2.48% of RSD using eight
electrodes responses measured towards 2 mM glucose.

Conclusion

Silver nanoparticle was prepared and characterized by Fourier transform Infra-red spectroscopy
(FTIR), X-ray diffractometry (XRD) and Scanning electron microscopy (SEM). The electro-
catalytic activity of the synthesized AgNPs was investigated through potentiometric and
amperometric techniques. The crystalline size of the AgNPs was revealed with XRD. The cubic
face-centered structure of the synthesized silver nanoparticle was confirmed. This was supported by
the observed sharp four diffraction peaks with peaks intense appeared at 20 = 38.09°, 44.15°,
64.67°, and 77.54°. However, the SEM micrograph of the synthesized AgNPs revealed the spherical
shape of AgNPs with a non-uniform granular shape attributed to bio-mediated ionic gelation
process. The surface of the synthesized AgNPs has a spherical shape and slightly elongated with a
big tendency to aggregate and form larger particle clusters. Whereas, FTIR spectra of AgNPs gave
peaks at 1054 — 1645 cm™! suggesting the presence of phosphonate linkages between ammonium, -
NH;" of chitosan and —POs* moieties of NaTPP during cross linking process. The electro-catalytic
oxidation of glucose at the electrode was examined and the mechanism involved in glucose
oxidation was revealed. The silver nanoparticle modified glassy carbon electrode (AgNPGCE)
electrode showed a better electrochemical response towards glucose. This glucose sensor shows
high sensitivity at +0.54 V. A low detection limit of 1.22 u M taken the confident level k£ to be 3,

and wide linear range of 2 to 24puM with a correlation coefficient of 0.9987 were obtained. The
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calculated parameters revealed that AgNPGCE has shown better overall electrochemical
performance with a response which compare and compete favorably well with enzymatic biosensor.
The fabricated AgNPGCE sensor shows comparable sensitivity (98%) of the initial value,
demonstrating the very good sensitivity and durability for the glucose sensing. The long-term
stability and reproducibility of the AgNPGCE could be ascribed to the good adhesion of AgNPs
towards the electrode and its structural stability.
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