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ABSTRACT

In this work, a stable electro active thin film of Nickel hexacyanoferrate (NiHCF) was placed on the surface of a
Graphene and p-Peraphenylenediamine composite electrode using a humble method. Cyclic voltammetric
experiments presented two pairs of well-defined peaks for this NtHCF modified electrode which displayed excellent
electrocatalytic possessions for the oxidation of glucose at a reduced over potential of 50 mV and over a
concentration range of 3.33x10(-6) to 1.0x10(-3)M with a slope of 0.208 micro A/micro M with respectable
sensitivity. The effect of the supporting electrolyte on peak current and peak potential were also gained in addition
with effects of common meddling on the response of the improved electrode. Various parameters that influence the
electrochemical behavior of the improved electrode were heightened by varying scan rates and pH. In the
Electrochemical impedance spectroscopy studies recommended that the electrode reaction of the NiHCF film is
mainly controlled by transport of counter ion and immobilized NiHCF preserved its redox activity presenting a
surface controlled electrode reaction with the electron transfer. The results of the differential pulse voltammetry
(DPV) using the modified electrode was applied for the determination of glucose, in the commercially obtainable
drugs. The results obtained expose that the electrode under study could be used as an effective sensor for online
nursing of glucose.
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INTRODUCTION
In both the chemical and pharmaceutical industry having attention in the compound of Glucose. mainly,
saccharide identification magnetizes the concentration of biochemists and medicinal chemists not only for
the reason that saccharides are complicated in cell-cell communications within biological creatures other
than also because saccharide sensing offers to assure for medical analytical applications such a blood
sugar level,! pathogens, and cancer. In earth carbohydrates are the most abundant in the organic system of
material, figures biological construction blocks plus dietary mechanisms, are classified as single sugars
(monosaccharides) and their polymers, namely oligosaccharides and polysaccharides. In living organisms,
Monosaccharides are most commonly and the humblest and most basic of carbohydrates, allocating both
as energy fuels and primary elements. For illustration, five-carbon sugars are present in information
carriers, for example, deoxyribose in DNA and ribose in RNA. D-glucose is the finest known 6-carbon
sugars, also known as whichever sugar of grape or sugar of blood. milk sugar formation occurs when D-
fructose, fruit sugar; and D-galactose are combined with glucose.”> A range of saccharides-related
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diseases are familiar in clinical practice, include, Splendour disease (acid maltase deficiency), fatness,
hypoglycaemia, hyperactivity (mostly in children), and diabetes.®’.

All the overhead qualities craft their detection and quantitation problems of considerable logical attention.
As significance, current movement has been directed headed for the improvement of sensitive and
discerning analytical technique for the determination of Glucose in a variety of sample matrices. There
are so many other methods also existing for the quantitative determination of glucose from different
matrices. in recent times metal hexacyanoferrates have also established applications in electrochromic,
electrocatalysis, ion exchange selectivity, corrosion protection , etc. to develop sensors and biosensors.®
There as various methods such as adsorption, covalent binding, polymer coating, sol-gel, screen-printing
and mixtures in Chemically modified electrodes. Recently Chemically modified electrodes is a dynamic
area of research. So many methods are informed to prepare chemically improved electrodes. We here a
new-fangled approach for the fabrication of a surface modified nickel hexacyanoferrate electrode using a
PPD functionalized graphite powder. Cyclic voltammetry and electrochemical impedance methods were
used for the electrochemical characterization of the modified electrode.’!> The purpose of nickel hexa
cyanoferrate surface modified electrode towards electro catalytic oxidation of Glucose was investigated.
The manufacturing procedure was brought into being to be humble, reproducible, cost-effective and the
sensor exhibits good sensitivity and reproducibility for the purpose of glucose.'®?

EXPERIMENTAL
Chemicals & Reagents
Graphite powder (1-2 Im) and glucose were purchased from Aldrich Chemicals, All other reagents were
of analytical grade. All aqueous solutions were prepared using distilled water. Studies on the effect of pH
were carried out using 0.1 M HCl and 0.1 M NaOH solutions. p-Phenylenediamine (PPD) solution (10
mM) and 0.01 M of nickel solution were prepared by dissolving a suitable amount in dry ethanol and dry
dimethylformamide (DMF), respectively.

Apparatus

By using three-electrode configuration electrochemical measurements were completed using a
workstation CH Instruments of Electrochemical (750). In a cell of the volume of 100 ml, All
electrochemical experiments were carried out. The working electrode was surface modified NiHCF
graphite wax composite. A platinum wire was used as the counter with a standard calomel electrode, an
Ag/AgCl used as standard reference electrode. The complete cell was preparedly connected to
electrochemical workstation CH Instruments. The working electrode was a 3 mm diameter NiHCF
graphite composite electrode.

Fabrication of modified electrodes

Initially, Hummers’ method used to prepare GO from spectral graphite. Second, with a slight change, GR
was obtained according to the reported technique. In a 10 mL glass vial 1.0 mL of GO aqueous solution
(1.0 mg/mL), 0.9 g of graphite, 3.0 mL of glucose solution (80 wt% in distilled water) and the 1.0 mL of
ammonia solution (28 wt% in distilled water) was added In a typical procedure for the chemical
conversion of GO to GR. the airproofed and put into a constant temperature (95°C) for 10 h After being
vigorously shaken for 1 h. By using ultra-pure distilled water the resulting precipitate was collected by
centrifugation, and washed subsequent to uniform mixing of 30 min. At room temperature, the purified
solid was dried. By using a conventional method Modified carbon paste was prepared. To final paste
collected precipitates were a suitable amount of silicone oil in a filling for 40 min. At one end of a glassy
carbon tube (d = 3 mm), a portion of the obtained carbon paste was filled and copper wire was inserted
through the opposite end to assemble an electrical contact.

RESULTS AND DISCUSSION
FESEM image of nickel hexacyanoferrate surface modified graphene with PPD composite electrode
shown in Fig.-1A was used to characterize their morphological structures, respectively, FESEM
expressions a layer of film with scraggy and a rough surface, which delivers large reaction surface.
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Figure-1B shows that HRTEM nickel hexacyanoferrate modified graphene with PPD composite

electrode. The structure as large thick dark flakes. NiHCF increases with the number of layers transferred
21-24

on the electrode.

Fig.-1(A.): FESEM image of nickel hexacyanoferrate modified graphene with PPD composite electrode,
(B.) HRTEM image of nickel hexacyanoferrate modified graphene with PPD composite electrode.

Nickel hexacyanoferrate (NiHCF) layers voltammetrically arranged in a solution of 0.5mM NiCl, and
0.5mM K;Fe(CN)e.”® Figure-2A (arcs a and b) represents the typical cyclic voltammograms of the bare
and the NiHCF modified electrode in 0.1 M NaCl medium. Redox peaks with proper potentials 0.25 V
and 0.33 V vs. Ag/AgCl experiential %32

Effect of supporting electrolyte on the NiHCF modified electrode

The manufacture of the NiHCF modified electrode fabricated was characterized as Explained: Cyclic
voltammograms scans were showed in an unstirred solution of 0.1 M NaCl at a scan rate of 50 mVs™! in
the potential range of 0 to 1.0 V vs Ag/Agcl,*. Figure-2B represents the electrochemical performance of
the NiHCF modified electrode at altered scan rates from 10 to 100 mVs™ in 0.1M NaCl electrolyte in the
potential range of 1.0 V vs. Ag/AgCl was studied **3>. Together the anodic, as well as cathodic peaks
currents for both the redox pairs, were proportional to the square root of the scan rate the redox processes
occurring at the modified electrode are dispersion skillful. This reveals that in the range examined pH has
no considerable effect on the voltammetric response of the NIHCF modified electrode
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Fig.-2(A): Cyclic voltammograms electrodeposition of (a) bare electrode and (b)nickel hexacyanoferrateelectrode
noted at 50 mV s'in 0.1 M NaCl(pH 7.0), (B) The Cyclic voltammograms of electrodeposition of nickel
hexacyanoferratesurface modified graphene with PPD composite electrode at scan rate of 50 mV/s in 0.1 M NaCl
electrolyte(pH 7.0).

The comparisons of the electrochemical behavior for NiHCF electrode, NiHCF modified electrode and a
NiHCF modified electrode with 0.25 uM at altered scan rates from 10 to 100 mVs! in 0.IM NaCl
electrolyte in the potential range 1.0 V vs. Ag/AgCl.

Electrocatalytic Oxidation of Glucose
The electrocatalytic property showed by the NiHCF modified electrode for oxidation of Glucose in 0.1 M
NaCl is also exposed in Fig.-3B. It is seen that on bare graphite electrode, the oxidation of 0.25 uM
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glucose arises at a higher potential around 0.35 V whereas on the NiHCF modified electrode, the
oxidation of Glucose occurs at about 0.25 V. The CV responses of different scan rates are shown in Fig.-
3B. it can be seen that the both anodic (I,.) and cathodic (I,) peak currents enlarged linearly with
increasing the scan rates from 10 to 100 mVs™. At the scan rate of 50 mVs™, Since, the low peak

separation (50 mV) at scan rate 10 mV/s and I, I, ratio becomes equal to the unity of surface type
behavior appeared at the modified electrode.
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Fig.-3(A): Cyclic voltammogram of (a). nickel hexacyanoferrate electrode, (b). nickel hexacyanoferrate surface
modified electrode with graphene and PPD composite electrode (c). nickel hexacyanoferrate surface modified
electrode with graphene and PPD composite electrode with 0.25 pM glucose and at a scan rate of 50 mV/sin 0.1 M
NaCl electrolyte solution (pH 7.0); (B) Cyclic voltammograms of the nickel hexacyanoferrate surface modified
graphene with PPD composite electrode in the presence of altered with 0.25 pM glucose at a scan rate of 50 mV/s in
0.1 M NaCl electrolyte solution (pH 7.0)
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Fig.-4(A):LSVof the nickel hexacyanoferratesurface modified electrode with graphene and PPD composite electrode
with 0.25 uM glucose and at a scan rate of 50 mV/s in 0.1 M NaCl electrolyte solution (pH 7.0), (B) DPV of the
nickel hexacyanoferratesurface modified electrode with graphene and PPD composite electrode with 0.25 pM
glucose and at a scan rate of 50 mV/s in 0.1 M NaCl electrolyte solution (pH 7.0).[36]

In Fig.-4A shows that the electrochemical finding signal of looks at the 0.28 V. For the incessant
additions of the nickel hexacyanoferrate surface modified electrode with graphene and PPD composite
electrode with 0.25 uM glucose film shows well notable anodic oxidation peaks which linearly dependent
on the increasing concentrations of, respectively. This result authenticates the capability of the glucose
film will be apposite for the finding of in the certain linear ranges in 0.5 M NaCl.>’

Differential pulse voltammetry (DPV) technique was recycled to investigate the presentation of the
developed biosensor for the determination of the nickel hexacyanoferrate surface modified electrode with
graphene and PPD composite electrode at a scan rate of 50 mV/s in 0.1 M NaCl electrolyte solution (pH

7.0). Fig.-4B shows that the reduction currents of peak increased linearly with glucose concentrations in
the range of 0.25 uM.

Chronoamperometric Determination of Glucose
The chronoamperometric of the NiHCF modified electrode towards the quantification of glucose by
electrocatalytic oxidation carried out and the results are represented in Fig.-5. The figure shows the
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current-time recording achieved in a stirred solution of 0.1 M NaCl for the consecutive addition of
0.25uM glucose at consistent intervals. As NiHCF modified electrode responds very quickly to the
changes in the glucose concentration. Inset in Fig.-5 shows that under the ideal conditions, the modified
electrode presented a linear response to glucose. With a correlation coefficient of 0.699.3%42
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Fig.-5: Chronoamperometric current response of nickel hexacyanoferrate surface modified electrode with graphene
and PPD composite electrode with 0.25 uM glucose.

CONCLUSION
The results of the above studies sanction that the NiHCF modified graphene with PPD composite
electrode invented using a new technique and then prove to be an outstanding amperometric sensor for the
determination of glucose. amperometric and Hydrodynamic studies revealed the applicability of the
modified electrode in flow inoculation investigation. And also the modified electrode was functional for
the determination of a glucose in marketable samples with good accuracy. The new proposed process
furnishes a new The NiHCF modified graphene with PPD composite electrode expressions very
respectable catalytic activity with good linearity for glucose determination over a range of 1.7763 x 10-4
to 1.0 x 10-3 M with a detection limit of 7.0768 x 10-6 and a correlation coefficient of 0.699.The
modified electrode can overcome the kinetic restriction of glucose and the oxidation at a bare electrode by
the catalytic process and can lower the overpotential for the oxidation reaction. The sample investigation
reveals the fact that this method of determination to be appropriate for the analysis of glucose and
addition of features like stability, excellent, rugosity, reproducibility and low cost of manufacture
confirms the above fact and makes this sensor a definite applicant for well-organized determination of
glucose.
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