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Hydrogen peroxide (H202) was secreted in the mitochondria during the cell production. Moreover, H20>
was act as a key member for reactive oxidative species. The imbalance of reactive oxidative species
causes various health risks. Therefore, it is important to develop a device to detect H2O». Thus, nickel
oxide nanoparticles (NiO NPs) were synthesized using the simple co-precipitation method for the
detection of H20.. The morphological and chemical composition of the as prepared NiO NPs was
characterized by using FESEM and XRD. Herein, we reported that the synthesized NiO NPs modified
GCE shows a selective detection towards the H.O,. Moreover, the NiO NPs/GCE has displayed wider
covering range of 8.6 nM to 433.24uM with the detection limit up to 4.28nM. The NiO NPs/GCE has
successfully examined with contact lens cleaning solution for the practical application for detection of
H20., which shows the appreciable found and recovery.

Keyword: Nickel oxide; H20 sensor; reactive oxidative species; electrochemical method; contact lens
cleaning solution.

1. INTRODUCTION

Hydrogen peroxide (H202) has been widely used in biological and pharmaceutical industrial
applications. Furthermore, H>O> acts a key member for the production of reactive oxygen species[1].
Moreover, the H20> has been produced naturally in the living cell at the mitochondria, which regulates
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the cell productions. Over secretion of H2O, will leads to aging and several neurotransmitter diseases[2].
Therefore, it is essential to develop a cost-effective and eco-friendly device for determination of H20..
In recent, there are various techniques are used to monitoring the H20: level. However, electrochemical
techniques are simple, rapid, easy to handle and cost effective[3]. While using the enzymatic sensors
encounters various issues such as instability, easily affected by the environment, lack of durability and
complicated immobilization procedures[4]. To overcome this, recently researcher had much interested
to develop the non-enzymatic sensor based on the metal oxides[5].

In recent nanostructured, metal oxides have been widely used in the field of electrochemical
sensors, supercapacitors, and solar cell applications[6]. Generally, transition metal oxides have been
investigated more in the field of electrochemical sensor compare with rare earth metal oxide[7, 8].
However, the rare earth metals have some unique properties such as providing larger surface area, less
size, and interfacial effects[9]. Among them NiO is a P-type semiconductor, so it has a wide range of
electrochemical application[10]. Furthermore, the nickel oxide holds the wide range band gap of 3.6 -
4.0 eV and significant refractive index of 1.93 [11, 12]. Thus, considering the unique properties of NiO
we have developed the electrochemical sensor based on it.

Herein, we reported the effective electrochemical sensor based on the NiO NPs for the H.O>
sensing. The NiO NPs modified nanomaterials shows the charger transfer resistance of Rt of the 105.02
Q. Furthermore, the NiO NPs/GCE significantly enhanced the detection of H20z, the as prepared sensor
shows the remarkable performance in the real sample such as contact lens cleaning solution.

2. MATERIALS AND METHODS

Nickel nitrate hexahydrate (Ni(NO3)2.6H.0) and Sodium hydroxide (NaOH), potassium
hydroxide (KOH), hydrogen peroxide solution (H202), D (+)-glucose, L-ascorbic acid, folic acid,
dopamine hydrochloride, uric acid and 3-Nitro-L-tyrosine were obtained from sigma-Aldrich and used
without any further purification. Double distilled water was used for all the experiments. 0.1 M KOH
was used as supporting electrolyte. Contact lens cleaning solutions were purchased from local pharmacy
in Taipei city, Taiwan.

The surface modification of the as-formed composite was probed using field emission scanning
electron microscope (FESEM-JEOL-7600F). PerkinElmer PHI-5702 investigated the quantitative
analysis, defects, and disorder nature of the as-prepared composite and the XRD, XPERT-PRO
spectrometer (PANalytical B.V.) was used to observe the crystallinity nature and purity of the composite.
The electrochemical property and electrocatalytic activity were scrutinized using electrochemical
impedance spectroscopy (EIS), cyclic voltammetry (CV), and it-Amperometry were carried out using
CHI 1205A. The CHI instrument consists of three electrodes system, whereas, the platinum wire and
Ag/AgCI (sat. KCI) were used as an auxiliary and reference electrode and pre-washed GCE (glassy
carbon electrode) act as a working electrode.
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3. EXPERIMENTAL SECTION

3.1. Synthesis of NiO nanoparticles

The NiO NPs were synthesized using simple co-precipitation method. 0.5M of Ni(NO3). .6H>0
was dissolved in 50 ml of distilled water and to the solution 1M NaOH were added slowly with vigorous
stirring. The obtained precipitate was centrifuged and washed with water for several time to remove the
Na* ions and calcinated at 400° C for 2 h[13].

3.2. Preparation of NiO NPs modified GCE

The GCE surface was polished three repeated times with 0.5mg of Al>Os3 slurry. Then, 1mg of
synthesized NiO NPs was dispersed in 1 ml of ethanol and sonicated for 15 min. Finally, the 6L of NiO
NPs colloidal were drop-coated on the polished GCE surface and dried at 50° C. The prepared NiO
NPs/GCE was used for further electrochemical analysis.

4. RESULTS AND DISCUSSION

4.1. FESEM and XRD NiO NPs

The morphological structure of the synthesized nanomaterials was explored using FE-SEM. Fig.
1A-B displays the FESEM image of the NiO NPs with different magnification. In Fig.1A, particles are
slightly agglomerates and arranged irregular shape. Further, the magnified FESEM image of the NiO
NPs clearly shows that numerous particles are in sphere like structure as displayed in Fig.1B.

The synthesized NiO XRD pattern were displayed in Fig.1C it shows the characteristic peaks at
37.24%(111), 43.27°(200), 62.88°(220), 75.41°(311), 79.40°(222). The obtained peaks were agreeing with
the standard XRD of NiO (JCPDS No. 047-1049)[14]. The synthesized NiO belongs to the cubic crystal
system. The crystalline size of the synthesized NiO and found to be 9.27nm using the Scherrer equation
(DI15]

D = (kA/B cos 0) (1)

Were D is the crystalline size of the particle(nm), k is the dimensionless shape factor (0.94), A is
the wavelength of X-Ray (1.54178A), B was the Full width at half maximum of the diffraction peak
(FWHW) and 9 is the diffraction angle.
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Figure 1. FE-SEM of NiO NPs (A-B) XRD spectrum of NiO (C)
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4.2. EIS and Electrochemical study of different electrodes

The EIS spectrum for the bare GCE (a) and NiO NPs/GCE (b) were performed with the frequency
range of 100MHz to 100KHz using 0.1M KCI containing 0.05M [Fe(CN)s]*”*" were shown on Fig.2A.
The EIS Spectrum was fitted according to the Randle’s equivalent circuit model displayed on inset
Fig.2A were Ret, Zw, Rs and Cq are charge transfer resistance, Warburg impedance, ohmic resistance and
the double layer electron-transfer resistance. Further, the larger semicircle portion with the higher
frequency obtained for the bare GCE and the R value was measured to be 182.32 Q. Moreover, the
smaller semicircle region with the lower frequency obtained at NiO NPs/GCE and it R¢: value was
calculated to be 105.02 Q. Thus, the conductivity between the GCE surface and the electrolyte was
improved by NiO modified electrode.
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Figure 2. (A) EIS of bare GCE (a) and NiO NPs/GCE (b) in 0.1 M KOH 0.05M [Fe (CN)s]*"*. (B) CV’s
of bare GCE (a) and NiO NPs/GCE (b) in presence of 50uM H20; at 0.1 M KOH

The CV curve response for bare GCE (a) and NiO NPs/GCE (b) at 0.1 M KOH containing 50uM
of H20. with fixed scan rate of 0.05V/s was shown on Fig.2B. NiO NPs/GCE shows excellent cathodic



Int. J. Electrochem. Sci., Vol. 15, 2020 8185

peak current of -4.54pA at lower reduction potential of -0.41 V comparing to the bare GCE. This
confirms that NiO NPs fabricated GCE shows excellent sensitivity towards the detection of H20..

4.3. Influence of concentration and scan rate on NiO NPs/GCE

The influence of H2O» concentration were examined by varying the concentration from 25uM to
200uM with a constant scan rate of 0.05V/s were displayed on Fig.3A. The cathodic peak current
increased linearly with every consecutive addition of H>O.. Additionally, the correlation between
cathodic current vs H202 concentration has shown on Fig.3B. The regression equation for cathodic
current was written as y= -0.03195x -3.1723 with correlation coefficient of R?=0.9930. Fig.3C shows
the different scan rate curve ranging from 0.02 to 0.2V/s for NiO NPs/GCE in 0.1M KOH consist of
100uM of H202. The cathodic current increase linearly with increase in scan rate. Fig.3D shows the
cathodic peak current obtained for H.0, vs (Scanrate)*?(Vs™1)Y2. The regression equation for reduction
peak was written as y = -12.139x - 3.3237 with correlation coefficient of R2 = 0.9979, which shows that
reduction of H2O2 by NiO NPs/GCE was diffusion-controlled process[16].
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Figure 3. Effect of concentration 20 to 200uM H202 on NiO NPs/GCE (A) and CVs occurred for NiO
NPs/GCE at increasing scan rates (0.02 to 0.2 Vs™) (C) in 0.1 M KOH containing 100uM H.0x.
Linear plot for redox current peak Vs DA concentration (B) and square root of scan rate (D).
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4.4. Amperometric detection of H202 using NiO NPs modified GCE

Fig.4A shows the it-Amperometric response of the NiO NPs/GCE towards sequential addition
of H202 in 0.1M KOH with the applied potential of -0.35 V with 1200 rotation per minute. For every
addition of H>O: linear increase of current has observed and the responsive current reach get stabilized
within 5s. Fig.4B displays the current versus H>O> concentration and the linear regression equation was
found to be Ipc/uM =0.0824[H20.]/uM+0.0479. The linear range for the working concentration was
8.6nM to 433.24 uM with the limit of detection (LOD) 4.28 nM. The LOD was determined using the
formula, LOD= 3csu/S where s, was the standard deviation of 20 blank measurement and S is the
sensitivity. So, the developed NiO NPs/GCE shows an excellent sensitivity towards the H.O> compared
to previously reported literature (Table-1).
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Figure 4. (A) it-Amperometry response for the increase in concentration of H.O in 0.1 M KOH with
respect to NiO NPs/GCE. (B) Linear plot of anodic peak current Vs H2O2[uM].

4.5. Interference and Stability of the NiO NPs/GCE

The selectivity and stability are the two vital elements for the electrochemical sensor. The it-
Amperometry study was performed to confirm the selectivity of NiO NPs/GCE towards H>O> detection.
The selectivity was performed in presence of 5 fold of higher possible interferons like dopamine (DA),
uric acid (UA), glucose (Glu), folic acid (FA), ascorbic acid (AA), 3 nitro-I-tyrosine (3NT) were given
in Fig.5A it clearly shows that the NiO NPS modified GCE exhibit a particular selectivity towards the
H20- sensing. The working stability of the NiO NPs/GCE were performed in the presence of 0.1M KOH
consist of 200uM of H,0- for 15 days and the electrode was stored under 4° C after every use was shown
in Fig.5B The electrode showed 93.04% of its initial current response. It shows that synthesized NiO
NPs modified electrode shows an excellent stability towards the H20- detection.
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Figure 5. (A) Selective responses of NiO NPs/GCE towards H>O> using it-amperometry technique. (B)
Stability of NiO NPs/GCE for continuous usage for 15 days towards 100uM of H20; in 0.1M
KOH.

Table 1. Comparative studies of H>O» detection by NiO NPs/GCE with different electrodes from the
earlier reports

Electrodes Linear range Limit of Reference
(M) Detection
(M)
%Fe-NGCs/Pit-amp 1-5000 0.53 [17]
¢AgNPs/CQDs/’it-amp 0.2-27.0 0.08 [18]
9HRP/LDH-CMC/’it- 20.6000 12.4 [19]
amp
¢Ag-mSiO,/it-amp 4-10000 3 [20]
TAUNPs-NH2/Cu 5-850 1.2 [21]
MOF/*it-amp
9H-ERGO/GCE/Pit-amp 25-8850; 8.33 [22]
8850-28850
NiO NPs/GCE 8.6nM to 0.00428 This work
433.24 uM

&-M-Nx (M = Fe, Co, Ni, Cu) doped graphitic nano cages.

b_ jt-Amperometry

¢-Silver nanoparticles/ carbon quantum dots.

d_Chitosan/2D layered double hydroxide-carboxymethyl chitosan.

€-Silver Doped Mesoporous Silica Nanoparticles.

_Ammoniated- Au nanoparticles/ Cu-based metalorganic framework modified glassy carbon
electrode.

9-Facile Preparation of Hemin-functionalized Reduced Graphene Oxide Nanocomposite/ Glassy
carbon electrode.

4.6. Real sample analysis of NiO NPs/GCE

The practical application for the NiO NPs/GCE was tested using the it-Amperometric technique.
Thus, the practical applicability of the of the prepared the sensor was tested in the contact lens cleaning
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solution. However, these solutions already contained inherent H>O> and hence directly spiked into the
supporting electrode and amperometry experiments were performed by following the optimized
experimental conditions of lab samples. As the results, NiO NPs/GCE provide the owing found and
recovery values, which are tabulated in table.2. In the end, the prepared NiO NPs/GCE established as
an effective electrode for the practical application.

Table 2. Real sample analysis of H20- in spiked contact lens cleaning solution on NiO NPs/GCE

Added/nM Found/nM  Recovery/% *RSD/%

Real Samples (n23)
50 50 100.84 +2.18

Contact lens
cleaning solution 100 103 102.65 +2.42
200 201 100.57 +1.69

* Related standard deviation (RSD).

5. CONCLUSION

In summary, NiO NPs were successively prepared using the simple chemical co-precipitation
method and its morphology and purity were confirmed using FE-SEM and XRD Studies. Further, NiO
NPs fabricated GCE owing an excellent electrochemical response towards the detection of H2Oo.
Moreover, the proposed NiO NPs/GCE shows a linear range of 8.6nM to 433.24 uM with the detection
of limit 4.28 nM. Additionally, the NiO NPs/GCE exhibit the higher selectivity and excellent stability
towards the H>O. detection. Further, the practical application were performed using the contact lens
cleaning solution, which shows the good recovery. To our knowledge, the as synthesized NiO NPs is
one of the most effective electrocatalyst for the detection of H.O>.
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