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ABSTRACT

In this work, an electrochemical sensor is fabricated by decorating the surface of graphite electrode with NiO/graphene (NGM G)
nanoparticles and employed for the detection of dopamine (DA), tyrosine (Tyr) and ascorbic acid (AA). The structure and morph ology of
prepared NiO nanoparticles are examined by XRD,SEM, FTIR and Raman techniques. The electrochemical properties have been
investigated by cyclic voltammetry (CV), differential pulse voltammetry (DPV) and chronoamperommety. The modified electrode is
prepared by a simple drop casting method. The electrode shows good electro catalyticactivity towards oxidation of DA, Tyr and AA. It
successfully separates the oxidation current signals of AA, DA and Tyr into clearly visible three distinct oxidation peaks compared to a
single, overlapped oxidative peak on bare graphite electrode. The peak potential difference between AA-DA, DA-Tyr and AA-Tyris 228
mV, 303 mV and 565 mV respectively in cyclic voltammetry (CV) studies and the corresponding peak potential separations are 243 mV,
318 mV and 561 mV respectively in differential pulse voltammetry (DPV). It is found that oxidation mechanism of DA, AA and Tyron
NGMG are different owing to a different type of interaction of the modified layer with the bio-analytes. The modified electrode, NGM G
has high selectivity and sensitivity in addition to other factors like low cost, convenient and a hassle free electrochemical method for
simultaneous determination of DA, AA and Tyr in their ternary mixture.

Keywords: NiO/graphene modified graphite, Dopamine, Ascorbic acid, Tyrosine, Drop cast method, Cyclic voltammetry, Differential

Pulse voltammetry and Chronoamperometry.

1. INTRODUCTION

Over the years, significant efforts have been made in the
technological development of diagnostic tools used in medicine.
The present diagnostic tools have certain limitations in the early
detections of certain diseases like diabetes mellitus, cancer, and
neurological diseases which are often linked with metabolic
disorders [1].

Dopamine, ascorbic acid and tyrosine become some of
the biomarkers to analyze such diseases since their concentration
level in blood isrelated to metabolic disorders. Tyrosine (Tyr) is a
non essential aromatic amino acid produced by hydroxylation of
phenylalanine and acts as a biochemical precursor of dopamine
and norepinephrine. It is responsible for synthesis of melanin,
thyroxin, adrenaline and causative agent for genetic, hormonal and
neurological disorders. In fact, a few inborn disorders like
Tyrosinaemia-I, II and III type, Hawkinsinuria, and A lkpatonuria
(AKU) are caused by irregularities of tyrosine metabolism [1-5].

Since tyrosine belong to catecholamine family and a
neurotransmitter, its concentration is one of the controlling factors
of neurological disorders like stress and mood changes. A recent
report [6] published on tyrosine reveals that a high level of
tyrosine in blood tissue is a litmus test to foresee and analyzes the
level of certain metabolic disorders like type-2 diabetes, insulin
resistance, obesity and liver cancer. A healthy human being must
have a tyrosine in the concentration in the range of range of 30 —

200 uM in blood plas ma. Dopamine (DA) is a hormone belonging
to the family of catecholamine neurotransmitters and plays an
essential role in neural transmission. Its concentration in biological
fluids is pivotal and abnormal levels lead to diseases like
Huntington’s disease, Schizophrenia and Parkinson’s disease etc
[7-15].

Vitamin-C or Ascorbic acid is one of the water soluble
vitamins which play a prominent role in formation of collagen,
fiber and cartilage as well as it has been used for curing mental
illness and scurvy. The amount of AA level in biological fluid is
one of the ways of quantifying the stress level and its imbalance
can lead to diabetes mellitus, cancer etc [16-18].

Though analytical methods like chromatography,
fluorescence, mass spectrometry and other techniques are
available for the detection of Tyr [19-22], DA [23-31] and AA
[32-38] in biological fluids, they are useful to certain extent due to
their own limitations. Owing to fast response, accuracy and
portability, the electrochemical methods using electrochemical
sensors [39] to analyze the DA, AA and Tyr coexisting in
biological fluid [40-43]
quantification of these bio-molecules. However, the problem with

are very promising in accurate
sensing of biological molecules is the inability of bare electrodes
to distinguish the potentials at which these electro active species
undergo oxidation and give oxidation current as analyte signal.
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One of the ways to overcome this problem is to
chemically modify the bare electrode surfaces. It is well known
fact that for modification of bare electrode surfaces, materials like
carbon, conducting polymers and metal oxide nanoparticles are
very attractive owing to their ability to separate the oxidation
potentials of electro active molecules and measure their
concentration as a function of oxidation current. The materials
used for modification should also enhance or amplify the current
obtained due to the oxidation of the electro active molecules.
Several modified electrodes have been used for the determination
of dopamine, tyrosine and ascorbic acid making use of different
materials like metal nanoparticles, conducting polymers and
carbon [44-45]. NiO nanoparticles have also been used to design
to determine

many electrochemical sensors amino acids,

neurotransmitters, sugars and other bio-molecules [46-51].

2. MATERIALS AND METHODS
2.1. Chemicals.
Nickel(IT)chloride, NaOH, ethanol, dopamine, ascorbic

acid, graphene and liquid paraffin were purchased from Sigma-
Aldrich and used as received. Potassium chloride, potassium
dihydrogen phosphate, dipotassium hydrogen phosphate, tyrosine
were purchased from Fischer Scientific Ltd. and used as received.
All other chemicals were of analytical grade and used without
further purification. Stock solutions of 0.01M of dopamine,
ascorbic acid and 0.002 M of tyrosine were prepared freshly using
double distilled water. Phosphate buffer solutions (PBS) were
prepared from stock solutions of 0.1M K,HPOy4, 0.1IM KH,;POy,,
0.5 M HCI and 0.5 M NaOH.

2.2. Equipment.

The synthesised NiO nanoparticles were physically
characterised by Powder X-Ray Diffraction (XRD) using X’Pert
PRO Diffractometer with Cu Ko radiation of wave length 0.15406
nm. The surface morphology of the synthesised particles was
observed using a scanning electron microscope (SEM) HITACHI
S4160. Fourier transforms infrared (FT-IR) spectra and UV-Vis
spectra (Thermo model, Instrument model A 35) of the material
were recorded to determine the functional groups. Raman spectra
of the material at room temperature (RT) were obtained using 3D
scanning confocal microscope with spectrometer nanofinder-S
(SOLAR TIIL, Ltd.).

2.3. Hectrochemical measurements.

The

voltammetry,

electrochemical measurements  like
differential
chronoamperometry were carried out using a potentiostat/
galvanostat, VSP, Biologic’s instruments, France. A three
consisting of NiO/Graphene

a platinum wire as

cyclic

pulse voltammetry and

cell
as working,

electrode electrochemical
modified graphite electrode
auxiliary and a saturated calomel electrode as reference electrode

3. RESULTS
3.1 Characterization.

The XRD pattern obtained for the synthesized NiO
nanoparticles is as shown in Fig.1(A). The XRD pattern shows
three distinct peaks at 36.5°, 43.5° and 63° with peak line
broadening at the base which is a characteristic feature of
materials having nanoparticles size. It is well known that XRD

Though plenty of research on the carbon based materials
is carried out, the development ofelectrochemical sensors
using graphene, MWCT and reduced graphene etc [52-62] is still
thriving the interest of researchers due to their novel properties
like high surface area, excellent electrical conductivity, high
mobility of charge carriers and quantum hall effect. In the present
work, NiO nanoparticles are prepared by co-precipitation method

and the synthesized NiO nanoparticles are characterized by XRD,
Raman andIR techniques. The NiO/graphene modified graphite
electrode is then used for the determination of DA, AA and Tyr in
their ternary mixture simultaneously. Such work i.e. synthesis and
application of NiO/graphene modified graphite electrode
particularly for the simultaneous determination of DA, AA and

Tyr are not reported to the best of our knowledge.

was used for all electrochemical measurements with 0.1 M
phosphate buffer solutions (PBS) + 0.1 M KCI as supporting
electrolyte.

2.4. Synthesis of NiO nanoparticles.

Nickel oxide nanoparticles are synthesized by co-
precipitation method. In a typical procedure, 2.6 g of Nickel (II)
chloride was dissolved in 100 ml of distilled water. To this
NiClysolution, sodium hydroxide (0.1 M NaOH) was added drop
by drop under constant stirring. The resultant mixture obtained
was heated at 60° C and stirred at this temperature for 8 hours. It
was then refluxed at room temperature for 24 hours. The obtained
green precipitate was washed with double distilled water followed
by ethanol to remove any possible ionic remnants if formed. The
sample was dried by heating at 90°C in air and then calcined at
250° C when greenish sample turned into dark green color.

2.5. Preparation of NiO/Graphene modified graphite electrode
(NGMG).

A spectroscopic grade pure graphite (6 mm size)
cylinder, purchased from Sigma Aldrich, was inserted into the
hole of a teflon bar with the same internal diameter. The end of
graphite electrode was polished with emery papers of different
grades like 1000 and 800 until a mirror shining surface was
obtained. It was then sonicated with double distilled water for two
minutes. A NiO/graphene suspension was prepared by mixing
Smg of NiO nanoparticles with 5mg of graphene in 0.1 ml of
liquid paraffin and 0.9 ml of water by sonicating the mixture for
30minutes. The obtained homogenous black suspension of about
10 pL was dropped on clean surface of graphite electrode and
allowed for drying for about 3 hours at room temperature [63].
The resulting modified electrode acts as a working electrode and
referred to as NiO/graphene modified electrode (NGMG).

peak width increases as the size of the particle decreaseindicating
reduced defects in the prepared sample. No other peaks are present
in XRD pattern indicating that the prepared material is phase pure.
The well-defined peaks are indexed as (111), (200), (220), (311)
and (222) that correspond to face-cantered cubic (FCC) structure
of NiO and is in consistent with standard (JCPDS -file: 78-0429,
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Fm3m space group) data. The crystallite size can be determined
using Debye-Scherer’s formula given as follows,

d=KM (B cos 0)
Where d-Size of the crystallite, K-0.9, Scherrer’s constant, A-
Wavelength of the Cu-Ka radiation (1.5406 A), B- full width at
half maximum (FWHM) intensity, 2.783 and 0-43.3°, peak
position.

The average particle size of synthesized NiO material is
found to be between 10-12 nm. Fig.1(B) shows the SEM image of
NiO nanoparticles and it is clearly seen that the synthesised NiO
nanoparticles are spherical in shape. The SEM image also reveals
high agglomeration of nanoparticles leading to the formation of
cluster as well as ultrafine NiO nanoparticles. This provides larger
imparting
nanoparticles. The average particle size from SEM image was 19
nm.

surface area excellent catalytic activity for
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Figure 1. A) XRD pattern of NiO nano particles B)SEM image of NiO
nano particles C) FTIR Spectrum of NiO nano particles

Fig. 1(C) shows the IR transmittance spectrum for NiO
nanoparticles and it exhibits characteristic peaks at 590 cm™ and
610 cm which corresponds to the vibration of Ni-O nanoparticles
while other two distinct peaks at 1651 cm’ and 3635 cm’! are
attributed to H-O-H stretching indicating that sample contained
traces of water[64]. The prominent peak at 1010 cm™ belongs to
C-O stretching and a peak at 1510 cm’' confirms the presence of
carbonate groups. In UV-Vis absorbance spectrum shown in Fig.
2(A), it can be seen that the strong absorption peak around 349 nm
is assigned to the blue shift due to absorption by NiO
nanoparticles. Fig.(2B) shows the Raman spectrum of NiO
nanoparticles and it is observed that a characteristic peak around
500 cm’! belongs to stretching mode of NiO [65].
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Figure 2. A)UV-spectrum of NiO nano particles B) Raman spectrum of
NiO nano particles

3.2. Hectrochemical oxidation of DA and Tyr in presence of
AA at NiO/Graphene modified graphite.

DA and AA co-exist in the many biological fluids and
interfere with each other’s determination. In addition, they
undergo oxidation at very close potentials on bare electrode
surfaces making their analysis on bare graphite electrode difficult.
Tyrosene is also present in blood and other biological fluids and
its concentration are generally very low.

The high concentrations of DA and particularly AA may
interfere in the determination of tyrosene. Therefore, simultaneous
determination of DA, AA and Tyr is of great significance in
electro analysis research. The electrochemical behaviors of AA, DA
and Tyr at NGMG electrode were studied in their ternary mixture
using cyclic voltammetry and differential pulse voltammetry. Fig.
3(A) shows the CV profiles recorded in PBS buffer solution, pH 7.0
containing 200 pM DA, 500 pM Tyr and 5 mM AA at NGMG
electrode (e) and at bare graphite electrode (a). From the figure, it is
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very clear that the oxidation peaks of AA, DA and Tyr on bare
graphite electrode coalesce to appear as a single peak at a potential of
0.511 V with reduced peak current. From this, no information on the
concentrations of AA, DA and Tyr can be obtained. On the other
hand, at NGMG modified electrode, the oxidation peaks of AA, DA
and Tyr are very well separated and the peaks appear at different
potentials, 0.122V, 0.350 V and 0.653 V respectively. This indicates
that the modified electrode successfully separated and distinguished
the oxidation peaks of AA, DA and Tyr. The oxidation peak potential
differences between AA-DA, DA-Tyr and AA-Tyr on NGMG
modified electrode is found to be 228 mV, 303 mV and 565 mV
respectively in cyclic voltammetry (CV) studies.

Fig.3(B) shows the DPV curves for the oxidation of 200
pM DA, 500 uM Tyr and 5 mM AA temary mixture at NGM G
electrode. It is clear from the figure that on bare graphite a single
overlapped peak appears for the oxidation of all the three analytes
under study. However, at the NGMG modified electrode, the
oxidation peak potentials of AA, DA and Tyr are clearly seen
separated and three distinct peaks appear. The peak potential
separation between, AA-DA, DA-Tyr and AA-Tyr in DPV are found
to be 243 mV, 318 mV and 561 mV respectively. From the above
discussion, it is clear that the NGM G modified electrode has good
electro-catalytic activity towards the oxidation of AA, DA and Tyr
in their ternary mixture compared to that on the bare graphite
electrode. This proves that the simultaneous determination of DA,
Tyr is possible at the NGMG electrode in the presence of high

concentration of AA.
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Figure 3. A) Cyclic voltammograms of a) Bare graphite with DA 200
uM, 500 uM Tyrand SmM AA b) NGMG electrode no analyte c) NGMG
electrode with 200 uM DA d) NGM G electrode with SmM AA ¢) NGM G
graphite with 200 uM DA, 500 uM Tyr and 5 mM AA; Scan rate 50 mV
s'! B) Differential pulse voltammogram of a) Bare graphite with 200 pM
DA, 500 uM Tyr and 5 mM AA b) NGMG graphite with 200 uM DA,
500 uM Tyrand 5 mM AA

3.2. Hectrochemical behavior of DA, Tyr and AA individually
atNiO/Graphene modified graphite electrode.

Electrochemical oxidation of DA, AA and Tyr were
studied using NiO/Gr modified graphite electrode by cyclic

voltametry. The measurements are done in presence of S00uM of
DA, 5mM of AA and 500 uM of Tyrosine individually at
NiO/graphene modified graphite electrode (NGMG) and results
are compared with that on bare graphite electrode. All experiments
were performed at neutral conditions using phosphate buffer
solution (PBS, pH=7.0) due to the fact that all these coexist in
biological fluids at neutral pH.

3.2.1. Electrochemical studies of DA at the NiO/Graphene
modified Graphite electrode (NGMG).

Fig. 4(A) shows the cyclic voltammogram of 250 uM DA
at bare graphite electrode (2) and at NGMG electrode (4) in PBS
(pH=7.0) solution. In the absence of DA, the bare graphite
electrode exhibits no obvious oxidation and reduction peaks in
PBS, pH 7.0 solution (a) and the NGMG modified electrode
shows an anodic peak at 0.241V and a cathodic peak at 0.126V
corresponding to oxidation and reduction of Ni /NI redox
couple of NiO nanoparticles respectively(c). On the other hand,
DA undergoes reversible oxidation and reduction at bare graphite
electrode with an oxidation peak located at about 0.257 V (b) and
at the modified electrode, its oxidation peak is observed at 0.204
V. The oxidation peak potential of DA at NGMG modified
electrode shifted towards negative side by around 60 mV
compared to that at the bare graphite. In addition, there is
significant enhanced of oxidation peak current on the modified
electrode indicating better electro catalytic behavior of
NiO/Graphene nanoparticles towards DA oxidation. The
oxidation peak at +0.204 V on the CV curve of DA at the
modified electrode is assigned to the formation of
dopaminoquinone (DA ") (product of dopamine oxidation) and the
cathodic peak at +0.125V is assigned to the reduction of DA™ to
leucodopanoquinone [66]. Fig. 4(B) shows the CV profiles of DA
at different concentrations and it is clear from the figure that the
oxidation current of DA increases linearly with an increase in
concentration at the NGM G modified electrode. The additional
cathodic peak observed at 0.280 V is attributed to the reduced
species of dopaminequinone in the solution [67].
3.2.1.1. Effect of scanrate.

To understand the electron transfer kinetics of DA
oxidation at NGMG@G, CV profiles were recorded at different scan
rates starting from 50 to 400 mV s”'and are as shown in Fig. 4(C).
From the figure, it is found that the peak potentials shift as the
scan rates are varied. A plot of peak current (/,,) against the square
root of scan rate (ul/z) (inset in the figure) shows a linear
relationship with almost zero intercept confirming a diffusion-
controlled process [68]. The linear relationship between peak
current and square root of scan rate confirms that the modified
layer NiO/graphene is electroactive, conducting and confined to
the surface. In order to find the kinetic parameter, charge transfer
coefficient (), E,, vs. log v graph was plotted and is as shown in
Fig. 4C (inset). The slope of the linear equation of E,, vs. log v
plot is equal to -2.303RT/(1-0)nF and is used to determine the
kinetic parameter, o; where R, T and F are the molar gas constant,
temperature and faraday constant. From the linear regression
relation, E,, =0.033log v +0.163 obtained for the plot of E,, vs.
log o, the anodic charge transfer coefficient (a) was calculated to
be 0.104. The calculated Tafel slope or NGMG electrode is found
to be 0.066 V dec™ whichis less than theoretical value of 0.118 V
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dec™ for an one electron process suggesting no adsorption of
dopamine occurs on the electrode surface. Also electron transfer
rate constant (k) calculated using Laviron’s equation [69-70] (eq.
1) for the NGMG electrode was around 0.28 s at0.05 V' s™.
logk,=alog (1-a) + (1-0) log o - log (RT/nFn) - a(1-a)
nFE/2.3RT------- (1)

According to the kinetics of electrode process, if rate
constant is greater than0.01 s, the electron transfer process is fast
and reversible. Thus the oxidation of DA at NGMG electrode is
fast, reversible and diffusion controlled with a two proton coupled
two electron processes.
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Figure 4. A) Cyclic voltammograms of: a) Bare graphite b) Bare
graphite with 250 uM DA ¢) NGMG electrod) NGM G with 250 uM DA:
Electrolyte solution 0.1M Phosphate buffer solution (pH 7.0) + 0.1M
KCl B) Cyclic voltammograms of DA of various concentrations at
NGMG electrode: a)125 uM b)250 pM ¢)500 uM d)1 mM. Scan rate: 50
mV s7'C) Cyclic voltammograms of 500 yM DA at NGMG electrode at
different scan rates a) 50 b)100 ¢)150 d)200 €)300 f) 400 mV s™! Inset:
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3.2.1.2. Effect of pH.

In most of the cases, the pH is an important factor
concerning electrochemical reaction. The dopamine undergoes
structural changes with change in pH of the solution and is studied
by cyclic voltammetry. Fig. 5 shows the CV profiles of DA
NGMG electrode in PBS solutions of different pH ranging from 3-

11 at a scan rate of 50 mV s™ at. In acidic media (between pH 3-
6), high anodic peak currents were observed and in basic
media(above pH 8), the anodic current peak decreases. At pH 7.5,
the anodic peak current is highest and has biological environment
for detection of DA. As the pH increases, the anodic and cathodic
peak potential shifts to more negative potential indicating that
dopamine oxidation is easier with decreasing pH and combined
with proton coupled electron transfer reaction. When the pH is
around 7.5 DA exists in deprotonated state (DA’2) and undergoes
oxidation with higher kinetic rates [71-72]. This might be due to
the of NiOOH which the DA to
dopaminequinone and reaction as follows [73]

formation oxidizes

NiO + OHF — NiOOH + H,0 +¢’

The value of proton involved in electrochemical oxidation of DA
can be obtained using the following equation:

E, = E°-0.059p/npH

Where p-the value of proton in the electrode reaction and n-
number of electrons involved in the reaction. Based on the above
equation, good linearity was found between E,and pHwith a slope
0f0.0593 (see Fig.5 inset) suggesting that the number of protons is
equal to number -electrons participated in electrochemical
oxidation of DA at NGMG [74]. The possible reaction for DA as
follows:
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3.2.2. Electrochemical studies of AA at the
NiO/graphenemodified Graphite electrode (NGMG).

Fig. 8(A) shows the electrochemical behavior of SmM AA at
NGMG in PBS, pH 7.0 solution. The CV profile of AA at NGMG
shows an irreversible oxidation with an anodic peak potential at
0.089 V (d). However, on bare graphite electrode (a), AA
undergoes oxidation at a potential of 0.408 V and on the NiO
modified graphite electrode(c) the oxidation is observed at 0.241
V. It is very clear that the oxidation peak potential of AA shifted
towards negative side by about 150 mV. A strong negative shift in
the peak potential and an enhancement of anodic peak current
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indicates that AA wundergoes oxidation on NGMG modified
electrode easily than on the bare graphite electrode. Fig. 8(B)
shows the CV profile of AA at different increasing concentrations
and a plot of anodic peak current vs. concentration shows a linear
relationship. The effect of scan rate on the oxidation reaction of
5mM AA was also studied in the range 50 to 400 mV s™') and is
as shown in Fig. 8(C). From Randels- Sevcik equation, a good
linear relation is obtained between /,, and v'? with zero intercepts,
L= 0.0710"? — 0.35, indicating that it is a diffusion controlled
process(Fig. 8(C), inset). A plot of £,, vs. logv was also drawn to
evaluate the kinetic parameters like charge transfer coefficient (o)
and Tafel value (graph not shown). The linear plot obtained gives
a slope of 0.128 which upon calculation gives a charge transfer
coefficient (o) of 0.769. The Tafel value was found to be 0.256 V
dec'and is relativelyhigher than the theoretical value of 0.118 V
dec for one electron transfer process and indicates that reaction
to be proceeding surface adsorption of
chargedintermediates species. A plot log /,, vs. log v (Fig. 8(C),

seems through

inset) with a unit slope confirms that reaction proceeds through the

formation of some adsorbed species at the surface of the electrode.
The possible mechanism of electrochemical oxidation of AA is as

T )
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Figure 7. Oxidation reaction of AA
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3.2.3. Electrochemical studies of L-Tyrosine at NGMG.

Fig. 9 (A) shows the cyclic voltammetry studies Tyr at
NGMG modified electrode in PBS solution. On bare graphite
electrode, Tyr undergoes irreversible oxidation with the anodic
peak located at 0.804 V (b). On the other hand, on NGMG
modified electrode, it undergoes irreversible oxidation with the
anodic peak located at 0.621 V with an enhanced peak current.

The shift in oxidation peak potential and enhancement in
the anodic peak current suggests that the NGM G electrode shows
good electro catalytic activity towards try detection. In order to
determine the effect of scan rate, cyclic voltammetry profiles were
recorded at NGMG in PBS 7.0 solution containing 500 puM
tyrosine and are as shown in Fig. 9(B). Using Randels- Sevcik
equation , a plot of I,, verses square root of scan rate (50 to 400
mVs™) shows good a linear relationship with zero intercept, La =
0.0400"? - 0.166 ( inset in Fig. 6(B). This suggests a diffusion
controlled process for the oxidation of Tyr at NGMG electrode.

The electrochemistry of surface- adsorbed species like
inactive complexes or intermediates [75] were also confirmed
fromthe slope of 0.879 in the log /,, vs. logv shown in inset of
Fig. 9(B) according to the linear equation ; log 1,, = 0.879 logv —
2.3. The charge transfer coefficient (o) was calculated from slope
of the plot of E,, vs. logowith a linear regression equation, £y, =
0.112logv + 0.425 (graph not shown). The charge transfer
coefficient (o) for NGMG electrode in the presence of tyrosine
was found to be 0.485 and estimated Tafel slope (b) was 0.23
Vdec™.

The obtained results are correlated to theoretical value of
charge transfer coefficient (o) for diffused controlled process i. e
0.5 and that of Tafel value the rate determining step of one
electron process is 0.118V dec™. The high Tafel value indicates
adsorption of reactants or intermediates on the electrode surfaces
or into the porous electrode. So electrochemical oxidation of Tyr
at NGMG electrode is diffusion controlled process with some
adsorbed species making the process sluggish and exhibits
irreversibility.
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Figure 9. A) Cyclic voltammograms of a) Bare graphite electrode b)
Bare graphite with 500uM Tyr ¢) NGMG electrode with 500 uM Tyr
solution 0.1IM Phosphate buffer solution (pH 7.0) 0.IM KCI B) Cyclic
voltammo grams of 500 uM Tyr at NGMG electrode at different scan
rates )50 b) 100 ¢)150 d)200 €)300 f) 400 mV s' Inset plots; Plot of I,

vs. 0”2

and log I, vs.log v.
3.3. Selective determination of DA in the presence of tyrosine
and ascorbic acid at NGMG.

DA and Tyr have similar structures and coexist in
biological fluids. In addition, they undergo oxidation at close
potentials on bare electrodes and the determination of one in
presence of the other becomes significant for researchers. The
cyclic voltammetry studies were conducted in a binary mixture
containing a constant concentration of tyrosine (500uM) and
varying concentration of DA was shown in Fig. 10(A). In another
experiment, cyclic voltammetry profiles were measured in a
binary mixture containing a constant concentration of AA and
varying concentration of DA at the NGMG in PBS solution (graph
not shown). The cyclic voltammetry results of the studies are
given in Table 1. From the peak potential and peak current values
from the Table 1, it is clear that it is impossible to deduce any
information about the concentration of analytes on bare graphite
since anodic peaks coalesce broad peak. On other hand, at NGM G
electrode, a remarkable difference between oxidation peak
potential of two analytes, DA -AA or DA-Tyr was observed. Peak
potential difference of about 397 mV and 194 mV for DA -Tyr and
AA-DA respectively proves that the NGMG electrode has a better
electro-catalytic activity for selective identification of DA in
biological fluids.

3.4. Selective determination of Tyrosine in the presence of
ascorbic acid at NGMG electrode.

The cyclic voltammetry curves of binary mixture
containing tyrosine and AA on bare graphite (Fig. not shown)
shows a solitary anodic peak which cannot yield any information
about the amount of the two analytes. However, on the modified
electrode two distinct peaks for AA and tyrosine are clearly visible
and the results of the studies are tabulated in table-2. From table 2

it is clear that there is a significant enhancement in the anodic
peak current (f,, ) for AA and Tyr at the NGMG modified
electrode compared to that at the graphite electrode. Also, a
prominent peak potential difference of 586 mV between AA and
Tyr clearly indicates that tyrosine can be determined in the
presence of a high concentration of AA.

0.4

(A)

P Tyr

e
N
1

Current, | / mA
(=]
[=}
1
w

-0.2 4

-0.4 1.2

0.0 0.4 0.8
Potential, E/ V vs. SCE
Figure 10.A) Cyclic voltammograms of variation of concentration of
DA a) 100 b) 200 ¢) 300 d) 400 e) 500 uM ; Concentration of Tyr- 500
uM at NGMG electrode: Electrolye solution 0.1 M Phosphate buffer
solution. (pH7.0)+ 0.1 M KCl: Scan rate 50 mV s’!

3.5.Amperometric studies of DA and AA using NGMG
electrode.

In order to find out the sensitivity of the NGMG
electrode, the electrochemical studies have been continued with
detection of DA and AA using chronoamperometry since this
experiment under stirred conditions has much higher current
sensitivity than cyclic voltammetry. Furthermore, this was also
meant to determine the detection limit of DA and AA at the
NGMG electrode.In separate experiments a given volume of DA
and AA were adding into stirring 0.1M PBS solution (pH 7.0), the
NGMG responded swiftly and the current increases sharply to

reach a steady value.
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Figure 11. Amperometric response of NGMG in 0.1 M PBS, pH 7.0 for,
A) each addition of 50 mM UA and the current was measured at constant

applied potential of 300 mV and B) each addition of 50 mM AA and the
current was measured at a constant applied potential of 120 mV
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To maintain homogeneity of the solution, a magnetic
stirrer was used with 100RPM. In case of DA, Figure 11(A) shows
the amperogram at NGM G electrode for successive additions of
50 uM DA which indicates linear increase in measured currents
with each addition of 50uM DA. As well as a linear increase of
current observed in the amperogram of Figure 11(B) obtained
from the successive additions of 100 uM AA. Anyhow both DA
and AA show the lowest detection point was 0.1 uM. Moreover,
the anodic current of the sensor reached 95% of the steadystate
value within 5 s in case of DA and 4s in case of AA revealed that
fast amperometric response behavior.

3.6. Stability and reproducibility.
The stability of the NiO/Graphene modified graphite

electrode has been evaluated by measuring its voltammetry
response on storage for 1-3 weeks of long term duration. The
modified electrode was used for the selective detection of 200 uM
DA, in presence of 500 pM Tyrand 5 mM AA in PBS pH 7.0. It is
found that the modified electrode could distinguish the (Fig. not
shown) oxidation peaks of Tyr, DA and AA in their mixture and

shows good response to the selective determination of DA
retaining 95, 93 and 89% of its initial current response when
stored for 1, 2 and 3 weeks respectively.

To ensure the reproducibility of the results, experiments
were performed with the same NGMG modified electrode for
repeated measurement of 50 uM DA using chronoamperommetry.
After each measurement the modified electrode was washed in
PBS pH 7.0 and transferred into another standard solution of 50
uM DA to record its oxidation peak current. It is found that the
modified electrode lost 9.9 % of initial amperometric response
after 15 repeated measurements at a constant Dopamine
concentration of 50 UM DA and the step potential applied was 450
mV.

Another experiment was conducted with a single
modified electrode and the standard deviation for 10 successive
measurements was less than 4% in PBS pH 7.0 solution
containing 50 mM DA. This indicates the excellent
reproducibility of the modified electrode.

Table 1. Electrochemical parameters on bare graphite and NGM G electrodes during determination of DA in presence of Tyr and AA

Electrode Parameters DA in thepresence of tyrosine

Dopamine Tyrosine
(500 uM) (500 uM)

DA in thepresence of AA
Dopamine
(200 pm)

Bare E,/NV 0.225 The peaks of DA and Bothare oxidized at 0.441V and
graphite I,i/mA 0.015 Tyr merge to appear as
single A single peak for DA and AA was observed
NGMG E,/V 0.219 0.630 0.285 0.0907
I,,/mA 0.213 0.129 0.383 0.4337

Table 2. Electrochemical parameters on bare graphite and NGM G electrodes during determination of AA in presence of Tyr

Electrode Parameters Tyrin the presence of AA

Ascorbic acid

Tyrosine

(5 mM)

(500 uM)

Bare Ep/V No specific peak observed
graphite L,i/mA 0.1247

E,/V 0.0927 0.6787
NGMG L

L,,/mA 0.4183 0.3568

4. CONCLUSIONS

The NiO/graphene modified graphite electrode exhibits
good electro catalytic activity towards the oxidation of DA, AA
and Tyr. Large separations between peak potentials of AA, DA
and Tyr allow the detection and determination of Tyr, DA and AA
at the modified electrode using cyclic voltammetry and differential
pulse voltammetry and chronoamperometry. No electrode fouling
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