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In this research study, NiO nanoparticle (NiO-NPs) was synthesis using a
simple strategy method (chemical precipitation), then it was utilized for
amplification of paste electrode (PE) at the presence of paraffin oil and 1-
hexyl-3-methylimidazolium hexafluorophosphate (HPF6). NiO nanoparticle
was characterized using the transmission electron microscopy (TEM) and
energy-dispersive X-ray spectroscopy (EDS) method. The NiO-NPs/HPF6/PE
was used as electrochemical sensor for determination of epinephrine in
pharmaceutical and urine samples. The sensor improved the oxidation signal
of epinephrine about 2.87 times. The pH investigation confirmed that the
electro-oxidation of epinephrine was relative to pH changing in the presence
two electrons and two protons. The square wave voltammetric investigation
showed that the oxidation current of epinephrine has linear relation with its
concentration in the range 1.0 nM-300 uM with detection limit 0.5 nM.
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Introduction

Measuring medicinal compounds from
different angles is necessary for the health of
the body [1-3]. On the other hand, it is very
important to determine the correct dose of
drugs using analytical methods [4-14]. Among
the wvarious analytical methods such as
chromatography, spectroscopy and
electrochemistry that have been proposed for
the measurement of drug compounds,
electrochemical methods have been used more
in recent years than other methods [15-23].
Electrochemical techniques have attracted
more attention from companies due to their
high analysis speed than other methods
[24-26].

Epinephrine is a catecholamine drug with
unique properties that shows a lot of biological
activity in the body [27]. Epinephrine or
adrenaline plays an important role in the fight-
or-flight response by pupil dilation response,
output of the heart, increasing blood flow to
muscles, and blood sugar level [28].
Determination of epinephrine in human body is
very important to study human healthy [29, 30].
Nanomaterials, especially metal nanoparticles,
have revolutionized many scientific fields [31].
Changing the properties of metals by moving
towards nanostructures has caused metal
nanoparticles to show interesting properties
[32, 33]. Nickel oxide nanoparticles are one of
the most widely used metal nanoparticles that
have high electrical conductivity and are used in
the manufacture of electrochemical sensors
[34]. The presence study describes a simple
strategy for synthesis of NiO nanoparticle as
conductive mediator. In continuous, the NiO-
NPs/HPF6/PE was fabricated using the
synthesized NiO nanoparticle and then used as
an electrochemical sensor for determination of
epinephrine in pharmaceutical samples.

Experimental
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Materials and methods
Epinephrine  (95%), nickel(Il) nitrate
hexahydrate, graphite powder, 1-hexyl-3-
methylimidazolium hexafluorophosphate,

paraffin oil, sodium hydroxide were purchased
from the Sigma and Merck companies.
Potentiostat/Galvanostat machine

Vertex) was used for [-V investigations.

(Ivium-

Synthesis of NiO-NPs

100 mL nickel(Il) nitrate hexahydrate (0.5
M) was prepared and stirred for 30 min at 35 °C.
In continuous, 100 mL sodium hydroxide (1.0
M) was add in nickel salt solution and stirred
was continuous for
temperature. The precipitated sample was
washed five times and dried at 100 °C for 13 h.
The green powder was calcinated at 350 °C for
4 h.

20 min at same

Preparation of NiO-NPs/HPF6/PE sensor

To fabricate the NiO-NPs/HPF6, 0.95 g
graphite powder+0.5 g NiO-NPs was dispersed
into 10 mL methanol. After evaporation of
ethanol, suitable amount of paraffin oil+HPF6
was added for converting of powder to paste.

Real sample preparation

Injection and dextrose saline
purchased from local pharmacy and diluted by
phosphate buffer solution (pH=7.0) and used
for real sample analysis

were

Results and Discussion
NiO-NPs characterization

TEM image of NiO-NPs is demonstrated in
Figure 1a. Results confirmed that the NiO-NPs
were successfully synthesized by chemical
precipitation method with spherical shape. EDS
analysis data confirmed the presence of the Ni
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and O elements, showing the purity of the
synthesized nano-powder.

K series 12.17

Oxygen

Nickel K series 87.83

Figure 1. a) TEM image of NiO nanoparticle. b)
EDS analysis of NiO nanoparticle

Electrochemical behavior of epinephrine

SW voltammograms of epinephrine was
recorded at the pH range of 5-9. As can be seen,
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the maximum oxidation current of the
epinephrine was recorded at pH=7.0 and this
pH was selected as optimum condition (Figure
2). In addition, the potential-pH curve of
epinephrine showed a slope of 57.1 mV/pH that
confirmed two electron and two proton are
presence in redox reaction of this compound
(Scheme 1).

SW voltammogram of 100 uM epinephrine
was recorded at the surface of PE (Figure 3,
curve a), NiO-NPs/PE (Figure 3, curve b),
HPF6/PE (Figure 3 curve c) and NiO-NPs/HPF6
(Figure 3 curve d), respectively. With moving of
PE to NiO-NPs/HPF6/PE oxidation current of
epinephrine was improve from 7.18 pA to 20.6
HA that confirm high conductivity of two
mediators.

Linear  sweep  voltammmogram  of
epinephrine was recorded at the surface of the
NiO-NPs/HPF6/PE at optimum
(Figure 4). Linear relation between the current
and v1/2 was observed for the epinephrine in
this study, confirming the diffusion process for
the redox reaction of drug at surface of NiO-
NPs/HPF6/PE.

condition

pH=9.0 ~<«—————pH=5.0

pH

Figure 2. Ep-pH curve for electro-oxidation of 100 uM epinephrine. Inset) Relative SW
voltammograms for electro-oxidation of 100 uM epinephrine
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Scheme 1. Electro-oxidation mechanism of epinephrine
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Figure 3. SW voltammogram of 100 pM epinephrine at surface of a) PE, b) NiO-NPs/PE, c) HPF6/PE
and d) NiO-NPs/HPF6
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Figure 4. I-v1/2 curve for electro-oxidation of 500 uM epinephrine. Linear sweep voltammogram of
500 pM epinephrine at scan rate a) 10, b) 30, c) 60 and d) 120 mV /s

SW voltammograms of epinephrine was UM at surface of NiO-NPs/HPF6/PE (Figure 5).
recorded in the concentration range 1.0 nM-300 Results showed a linear relation between
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oxidation current of epinephrine and its
concentration in the range 1.0 nM-300 uM with
detection limit 0.5 nM (Figure 5).

Selectivity of NiO-NPs/HPF6/PE as new
analytical determination of
epinephrine was assessed in this step. The
results revealed that the NiO-NPs/HPF6/PE has
good selectivity for determination of 5.0 uM
epinephrine at the presence of folic acid,

sensor for

70 -

60 4

50 y = 0.1987X+1.4476
R? = (.9988

40

I/pA

30 1

20 A1

methionine, valine, Li*, Cl, Mg?+, phenylalanine
and glucose. In the final step, the NiO-
NPs/HPF6/PE was used to determine the
epinephrine in the injection and dextrose saline
samples using the standard addition method.
The results are shown in Table 1, confirming the
high ability of the NiO-NPs/HPF6/PE for
determination of the epinephrine in real
samples.
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Figure 5. I-C curve for electro-oxidation of epinephrine in concentration range 1.0 nM-300 pM. SW
voltammograms of epinephrine in concentration range 1.0 nM-300 uM

Table 1. Determination of epinephrine in real sample

Sample Added (uM) Expected (uM) Founded (uM) Recovery %
Injection --- 2.00 2.11+0.34 105.5
10.00 12.00 12.56+0.78 104.66
20.00 20.00 19.87+0.95 99.35
Dextrose Saline - - <LOD --
5.00 5.00 4.87+0.34 97.4

Conclusions

The presence study suggested a simple
strategy for the synthesis of the NiO-NPs. The
synthesized NiO-NPs demonstrated a good
catalytically activity for the fabrication of the
epinephrine electrochemical sensor. The NiO-
NPs/HPF6/PE showed a linear dynamic range

1.0 nM-300 uM with the detection limit of 0.5
nM for determination of the epinephrine in
aqueous  solution.  Finally, the NiO-
NPs/HPF6/PE was used to determine the
epinephrine in injection and dextrose saline
samples with acceptable recovery data. The
square wave voltammetric
revealed that the

investigation

oxidation current of
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epinephrine has linear relation with its
concentration in the range 1.0 nM-300 uM with
the detection limit of 0.5 nM.
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