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g r a p h i c a l a b s t r a c t
� Nano-NiOx of peculiar shape is pre-
pared and applied for glucose elec-
trocatalysis in 0.3 M KOH.

� Calcination temperature and nano-
NiOx loading played a crucial role in
electrocatalysis.

� Highest activity is obtained at
loading 0.08 mg cm�2 and calcination
temp. 200 �C.
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Nickel oxide nanoparticles (nano-NiOx) of peculiar shape are prepared by solegel technique and its
electrocatalytic activity is evaluated at different conditions. The thus prepared nanoparticles are
annealed at three different temperatures, i.e., 200, 400 and 600 �C and anchored on glassy carbon (GC)
electrode. Nano-NiOx modified GG (nano-NiOx/GC) electrodes are subjected to surface analysis tech-
niques such as field emission scanning electron microscopy (FE-SEM) high resolution transmission
electron micrograph (TEM) and X-ray diffraction (XRD). Electrochemical characterizations are performed
using cyclic voltammetry and chronoamperometric techniques. The effects of annealing temperature on
the morphological structure, surface concentration and subsequently on the electrochemical properties
of nano-NiOx/GC are examined. Experimental results indicate that the grain size and electrochemical
characteristics of the nano-NiOx/GC are significantly affected by the annealing temperature. The elec-
trocatalytic oxidation of glucose at nano-NiOx/GC electrode is significantly enhanced especially with
nano-NiOx annealed at 200 �C compared to those annealed at 400 and 600 �C. Nano-NiOx is believed to
play a crucial role as a catalytic mediator to facilitate the charge transfer during the oxidation of glucose.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Metal oxide nanoparticles have been recently used for several
applications because of their superior properties [1e6]. Preparation
of such materials includes dry and wet techniques [7e14]. Solegel
technique is one of the widely used techniques [15e19] in
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preparation of metal oxide nanoparticles as it is simple and cost
effective. Also, the prepared materials have attractive properties like
electrical, optical, magnetic and mechanical properties. Metal oxide
nanoparticles are considered to be a host of other properties for
various useful applications in diverse fields. The development of
solegel synthesismethods for transitionmetal oxides coincidedwith
a growing interest in using nanoparticles of transitionmetal oxides as
catalysts for alcohol and sugar oxidation, medical applications,
wastewater treatment and food industry. Metal oxides are usually
prepared at different calcination temperatures and it has been re-
ported that the annealing temperature has dramatic effects on the
particle size and on the specific area of the prepared powder [20e23].

Structural modifications include changes in surface geometry
(crystal planes, clusters, adatomes), and variations in the electronic
state of the catalyst material. On the other hand the electro-
oxidation of glucose has attracted a lot of interest due to its po-
tential application in several areas, such as the development of
blood sugar sensors and fuel cells [24]. Glucose electrooxidation
was firstly studied about one hundred years ago in a sulfuric acid
electrolyte using a lead electrode [25]. Subsequently, it was
discovered that the electrooxidation of glucose depends highly on
electrode materials [26] and the crystalline orientation of their
surfaces. Glucose oxidation is most active in alkaline solutions
[27,28]. Several studies regarding the electrocatalysis of glucose
oxidation using transition metal oxides including both bulk and
nanostructures-based electrodes, such that NiOx [29,30], CuO [31],
and MnO2 [32] have been reported.

The aim of this work is to use solegel technique to fabricate
nanostructured material of nickel oxide (nano-NiOx) with
outstanding technological applications such as electrocatalysis for
glucose oxidation. The fabricated nickel oxides nanoparticles will
be morphologically and electrochemically characterized. The ef-
fects of the annealing temperature on the morphology and elec-
trocatalytic properties of NiOx are also examined.
2. Experimental

All chemicals used in this work were of analytical grade. They
were purchased from Fisher and Sigma Aldrich and were used as
received without further purification. All solutions were prepared
using second distilled water.
2.1. Preparation of nickel oxide nanoparticles

For the preparation of nickel oxide nanoparticles, 5.8 g of nickel
nitrate (Ni (NO3)2.6H2O) and 4.2 g of citric acid (C6H8O7.H2O) were,
respectively, dissolved completely in 100 ml of deionized water.
Then the nickel nitrate solution was dripped in the citric acid so-
lution. The mixed solution was heated to 70 �C with mechanical
stirring for about 12 h. After the removal of water through evapo-
ration, a translucent green gel was formed. Next, the gel obtained
was aged and dried at 110 �C for 24 h; subsequently, divided into
three samples (sample 1, 2 and 3), then samples were calcined at
three different temperatures, i.e., 200 �C, 400 �C and 600 �C (for
samples 1, 2 and 3, respectively). For sample calcination, the oven
temperature was adjusted and left until it reached to the desired
temperature, i.e., 200 �C, 400 �C and 600 �C, and then the sample
was introduced to the oven and kept at this temperature (calci-
nated) for 4 h.

A suspension of NiOx nanoparticles (nano-NiOx), for being
anchored on GCE, was prepared by adding the proper mass of the
nano-NiOx powder in a test tube containing 5 ml ethanol þ one
drop of Nafion solution (5% in water). The above mixture was
sonicated for 30 min in an ice bath.
2.2. Electrode modification

Glassy carbon electrode, used here as the underlying substrate
for nickel oxide nanoparticles, is cleaned by mechanical polishing
with aqueous slurries of successively finer alumina powder (down
to 0.06 mm), then washed thoroughly with second distilled water
and then ethanol. Next, 50 mL of a freshly prepared nano-NiOx
suspension (prepared as given above) is casted onto the thus
cleaned GC electrode and left overnight for drying in air. The pre-
pared loading extents, by casting different volumes of the nano-
NiOx suspension, used here in this work are 0.13, 0.028, 0.057,
0.10 and 0.14 mg cm�2.

2.3. Electrochemical measurements

Electrochemical measurements were performed using an EG&G
potentiostat (model 273A) operated with E-chem 270 software. All
measurements were performed at room temperature (25 �C). An
electrochemical cell with a three-electrode configuration was used
in this study. A platinum spiral wire and an Ag/AgCl/KCl (sat.) were
used as counter and reference electrodes, respectively. All poten-
tials are givenwith respect to this reference electrode. The working
electrode was glassy carbon (diameter ¼ 3.0 mm). A field emission
scanning electron microscope, FE-SEM, (QUANTA FEG 250), high
resolution transmission electron micrograph, TEM and X-ray
diffraction, XRD (PANalytical, X'Pert PRO) operated with Cu target
(l ¼ 1.54 Å) were used to identify the crystallographic structure of
the nano-NiOx.

3. Results and discussion

3.1. Structure and morphological properties

Fig. 1 shows SEM images of nano-NiOx prepared by a solegel
technique described in the experimental section. Calcination tem-
peratures are (image a) 200 �C, (image b) 400 �C, and (image c)
600 �C. It can be clearly observed that nanoparticles size grew as
the calcination temperature increased. In the sample calcined at
200 �C (image a), the particles seems to form an aggregation of
irregular shape. The agglomeration of particles could be attributed
to the extra small individual particle size which is of high surface
energy [33,34]. The particle size of the aggregated particles is
estimated to be ~10 nm. Increasing the calcination temperature to
400 �C (image b), leads to the formation of spherical nanoparticles
of size around 20 nm. When the calcination temperature increased
to 600 �C a NiOx nanoparticles of about 42 nm is formed pointing to
the crucial role of the calcination temperature on the morpholog-
ical structure of the NiOx particles. Thus, nano-NiOx prepared at
annealing temperature of 200 �C have the smallest particle size and
that annealed at 600 �C have the largest particle size.

The crystallinity and purity of the NiOx samples were evaluated
based on X-ray diffraction (XRD) patterns. Fig. 2 shows such pat-
terns of NiOx calcined at 200 �C (a), 400 �C (b) and 600 �C (c). In
spectrum (a) nano-NiOx calcined at 200 �C is amorphous. In spec-
trum (b) obtained for the sample calcined at 400 OC, the XRD
pattern consists of two sets of peaks, which are respectively cor-
responding to the nano-NiOx. For the sample calcinated at 600 OC
several peaks are obtained for the evaluated crystalline product
[34].

The characteristic peaks of NiOx appeared at 2q¼ 37.20�, 43.20�,
44.4�, 51.7�, 62.87�, 75.20�, 76.2� and 79.38� can be readily indexed
as (101), (012), (111), (200), (110), (113), (220) and (202) crystal
planes of the bulk NiO, respectively. Those peaks are indexed to the
face-centered cubic (FCC) crystalline structure of NiO in accordance
with that of the standard spectrum (JCPDS, No. 04-0835) [35]. The



Fig. 1. FE-SEM images of nano-NiOx. Nano-NiOx samples were calcined at (A) 200, (B) 400 and (C) 600 �C.

A.S. Danial et al. / Journal of Power Sources 293 (2015) 101e108 103
XRD pattern shows that the samples are single phase structure. The
average grain size D is estimated by means of the Scherrer formula
[36].

Dhkl ¼ k l / b cos q (1)

where, Dhkl is the Average crystallite size, k is a constant shape
factor z 0.9, b is the full width at half maximum, l is the wave-
length of the X-ray radiation, q is the angle of diffraction.

The average crystallite size Dhkl is estimated to be 26 and
50 nm at 400 �C and 600 �C, respectively. We could not estimate the
particle size of nano-NiOx calcined at 200 �C since it shows amor-
phous structure. No peaks of impurity were found in the XRD
pattern, indicating that nanocrystalline NiOx obtained via this
synthesis method consists of pure phase. In Fig. 2, the peak
sharpness and intensity increased with increasing the calcination
temperature indicating an improvement of the crystallinity of the
samples accompanying the crystal growth. It is obvious that upon
calcination at higher temperature (600 �C), the crystallite size
progressively increases with the crystal growth of the samples.

Fig. 3 shows TEM micrographs of NiOx particles calcined at (a)
200, (b) 400 and (c) 600 �C. Determining the particle size by TEM is
advantageous over XRD as the TEM is not affected by experimental
errors and/or other properties of the particles such as strain or a
distribution in the size. As can be seen spherical shape is exhibited
by the nano-NiOx that were calcinated at 200 �C. However, the
nanoparticles calcinated at 400 and 600 �C were found to have
nearly both hexagonal/cubic particle shape and hexagonal shape,
respectively. A slight tilting in the lattice angle can be attributed to
the non-stoichiometric composition of the oxide powder produced
during the production procedure. The number of hexagonally
shaped nanoparticles (nano-NiOx) increased as the calcination
temperature increased. The average particle size of the nano-NiOx
calcinated at temperatures of 200, 400 and 600 �C is estimated to
be about z5.3, 17.3, 38 nm, respectively. There was a z25% vari-
ation between the TEM and XRD results for particle size due to the
surface effect which is considered in TEM but not in the XRD
measurements.

The selected-area electron diffraction (SAED) patterns are
inserted in Fig. 3 as image a1, b1, and c1 for the samples calci-
nated at 200, 400 and 600 �C, respectively. The amorphous
structure of the sample (200 �C) is evident from the SAED image
(a1) which displayed a series of diffractional circles indicative of
typical amorphous structure [37]. In case of samples calcined at
400 and 600 �C (b1 and c1, respectively), in the other hand, these
diffractional circles disappeared and only separated bright dots
were observed, which demonstrated the crystallization of the
NiOx samples. The above finding is in agreement with the XRD
analysis.

3.2. Electrochemical characterization

Modified electrodes calcined at 200, 400 and 600 �C were elec-
trochemically characterized by recording CVs at different scan rates
(data are not shown). Before recording CVs the potential of elec-
trodes were cycled in KOH solution. Cycling of potential in KOH



Fig. 2. X-ray diffractograms of nano-NiOx samples calcined at (A) 200, (B) 400 and (C) 600 �C.
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solution resulted in increasing the anodic and cathodic peak cur-
rents for nickel oxide species and sharpening the peaks. Cycling of
potential was continuing until steady behavior and stable CVs were
obtained. The characteristic redox peaks of NiOOH/Ni(OH)2 were
obtained in the potential range of 0.35e0.45 V [38,39]. The value of
the peak current of the anodic and cathodic sweeps has the order:
200 �C> 400 �C> 600 �C. Thismay be attributed to the differences in
the particles size of the nano-NiOx which give rise to differences in
the electronic and geometric effects and hence enhancement in the
charge transfer during the Ni(II)/Ni(III) redox transition. According to
the theory of quasi-reversible system, the latter redox process is a
quasi-reversible process according to the following findings: jp in-
creases with n1/2 but not in a linear manner (the jp e n1/2 is linear
only at low scan rates (data are not shown here)), DEp is higher than
that of 59/n mV expected for a reversible system and DEp increases
with the scan rate [40]. The anodic and cathodic peak currents, jp and
jc show straight line relations with the scan rate, n indicating a
typical behavior for the surface confined redox transformation. The
values of the cathodic and anodic peak potentials were found to shift
towards negative and positive directions, respectively (i.e., peak
separation increases) with increasing the scan rate.
The dependence of jp on the scan rate, n may be attributed to
electrochemical activity of immobilized redox couple at the surface
of the nano-NiOx/GC electrode. The surface coverage, G of nickel
oxide species was estimated by integrating the area under the
anodic peak of the redox Ni(OH)2/NiOOH [41]:

G ¼ Q
nF

(2)

where Q is the charge density in coulombs/cm2. The surface con-
centration was estimated for the three electrodes (200, 400 and
600 �C), using Eq. (2) to be 2.25 � 10�8, 1.68 � 10�8 and
1.10 � 10�8 mol cm�2 for nano-NiOx annealed at 200, 400 and
600 �C, respectively. It is noticed from the above values of G that the
surface concentration of NiOx species increases with decreasing the
annealing temperature. We may conclude that despite the equal
amount of loading of nano-NiOx on the electrode surface, the
concentration of electrochemical active species depends on the
annealing temperature. That is to say, at lower particle size (at
200 �C), there is an increase in the corners, edges and defects on the
NiOx surface which results in higher electrochemical activity of
NiOx species. The above values of G were used to estimate the



Fig. 3. TEM images of nano-NiOx. The samples were calcined at (A) 200, (B) 400 and
(C) 600 �C.

Fig. 4. CVs for (a, c) bare GC and (b, d) nano-NiOx/GC in (a, b) 0.3 M KOH containing (c,
d) 10 mM glucose. NiOx was calcined at 200 �C.
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loading of Ni(OH)2 at the different temperatures by using the
relation; {loading (mg cm�2)¼ G * Molar mass of Ni(OH)2*103}. The
loading estimated from the mentioned approach was found to be
2.08 � 10�3, 1.56 � 10�3 and 9.8 � 10�4 mg cm�2 at 200, 400 and
600 �C, respectively. The utilization percentage, UP can be defined
as:
UP ¼ Estimated loaing
Acutal loading

� 100 (3)

The actual loading as given above is 0.028 mg cm�2. In this case,
UP was estimated to be 7.42, 5.57 and 3.5% which points to the
surface nature of the process.

3.3. Electrocatalytic characteristics

Glucose oxidation in alkaline solution is used here as a probing
reaction to test the electrocatalytic characteristics of the prepared
nano-NiOx. Fig. 4 shows the cyclic voltammetry responses of (a, b)
bare and (c, d) nano-NiOx/GC electrodes at a scan rate of 100mV s�1

in 0.3 M KOH both in the absence (a,c) and presence (b, d) of 10 mM
glucose. The loading of NiOx is 0.028 mg cm�2 at annealing tem-
perature of 200 �C. At the bare GC electrode, the CV does not show
any features in blank (curve a) and the current is slightly increased
in the presence of glucose at high potential (curve b). The electro-
chemical behavior of the glassy carbon electrode modified with
electrochemically deposited nickel oxide (NiOx/GC) has already
been reported in the literature [42e45].

At nano-NiOx/GC electrode, a well-defined redox peaks for the
Ni(OH)2/NiOOH couple, centered at a potential ca. 0.45 V is ob-
tained (curve c). In the presence of glucose (curve d), a tremendous
increase in the current and a well-defined peak for glucose oxida-
tion is obtained. Note that while the anodic peak increases, the
cathodic peak of NiOOH reduction diminishes and also the peak
potential of glucose oxidation shifted to more positive value. This
may indicate a typical electrocatalytic process. The onset potential
of the glucose oxidation is obtained at around 0.35 V. The
enhancement of the glucose oxidation is attributed to the higher
reactivity of the nano-NiOx, and there are two possible reasons
responsible for its reactivity. The first: the physical and chemical
properties of NiOx such as adsorption. One other reason can be
discussed by considering the different forms of NiOx. The NiOx has
two forms, stoichiometric (green in color) and non-stoichiometric
(black in color); the non-stoichiometric NiOx is more active in
catalytic activity and more conductor. The oxidation state under
oxygen-rich reaction is only slightly lower, which makes the redox
couple Ni(ІІ)/Ni(ІІІ) more probable for glucose oxidation by oxygen.
Ni(ІІІ)-O bond energy is lowered andmeanwhile Ni(ІІІ) ions quickly
reduced into Ni(ІІ) ions, therefore easily forming a redox cycle of
Ni(ІІ)/Ni(ІІІ). The hybridization between d-orbital of Ni and p-
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orbital of oxygen explain the metallic conductivity in this com-
pound [46,47]. In curve d, in the back scan anodic peak is observed.
It has been reported that this peak corresponds to the oxidation of
glucose at electrode free from poisoning of the oxidation product
[48,49]. In the reverse half cycle, after removal of the poisoning
species at high anodic potentials, the glucose is oxidized passing
through a maximum. In fact the appearance of reverse anodic peak
is a distinct feature of the electrocatalytic oxidation of hydroxyl-
containing compounds.

Fig. 5 depicts LSV (linear sweep voltammetry) responses of
Nano-NiOx/GC in 0.3 M KOH containing 10 mM glucose at a scan
rate of 100 mV s�1. The NiOx was annealed at 200 (curve b), 400
(curve c) and 600 �C (curve d). Curve a, in the other hand, shows
LSV for bare GC under the same conditions. Fig. 5 demonstrates that
the peak current for glucose oxidation increases as the annealing
temperature decreases. This can be discussed in the light of struc-
tural properties discussed above for the SEM and TEM images. As
shown above (Figs. 1e3) the particle size of NiOx annealed at 200 �C
has lower size than that obtained at 400 and 600 �C. The smaller
size of NiOx has better electrocatalytic properties due to electronic
and surface enhancement of the smaller particle size. Such an
enhancement with decreasing the particle sizemay be attributed to
a stronger binding of the adsorbed glucose to the NiOx of smaller
particle size due to the low-coordination NiOx sites such as corners,
edges and defects [50]. Similar enhancement of metal oxide based
catalysts due to the decease in the particle size at lower calcination
temperature is reported in literature [51].

The results indicated that nano-NiOx/GC modified electrodes
can catalyze the electrooxidation of glucose to gluconolactone [52]
due to the existence of Ni (ІІ) ions according to the following
reactions:

2Ni (ІІ) / 2Ni (ІІІ) þ 2e� (4)

2Ni (ІІІ) þ glucose / 2Ni (ІІ) þ gluconolactone (5)

The redox transition of nickel species from Ni (ІІ) to Ni (ІІІ) oc-
curs, and then in a next step glucose is oxidized on the modified
surface.

NiO(OH) þ glucose / Ni(OH)2 þ glucolactone (6)
Fig. 5. LSVs for glucose oxidation obtained at (a) bare GC, (bed) nano-NiOx/GC elec-
trodes in 0.3 M KOH containing 10 mM glucose at a scan rate 100 mVs�1. The NiOx

were calcined at (b) 200, (c) 400 and (d) 600 �C. NiOx loading is 0.14 mg cm�2.
Optimization of catalyst loading is an important parameter for
many applications such as fuel cells and biosensors. The effects of
the loading extent of NiOx on the electrocatalytic oxidation of
glucose at the modified electrodes have been investigated at
calcination temperature of 200, 400 and 600 �C. NiOx is responsible
for the electrocatalytic oxidation of glucose due to presence of the
Ni(ІІ)/Ni(ІІІ) redox couple; so small loadings of the NiOx on the GCE
results in a significant enhancement in the electrocatalytic oxida-
tion of glucose as show in Fig. 6. The latter shows LSV responses of
Nano-NiOx/GC in 0.3MKOH solution containing 10mMglucose at a
scan rate of 100 mV s�1. The loading extent slightly shifts the onset
potential to less positive values but markedly increases the peak
current of glucose oxidation. This can be summarized in the inset of
Fig. 6. Inset shows that as the loading extent increases the peak
current of glucose oxidation increases before it reaches constant
value at loading extent �0.06 mg cm�2. It may be concluded that a
loading extent of 0.08 mg cm�2 is a proper loading of the NiOx at
the prevailing experimental conditions.

Fig. 7A shows LSV responses of nano-NiOx/GC, annealed at
200 �C, in 0.3 M KOH containing 20 mM glucose at various scan
rates. The peak potential for the catalytic oxidation of glucose shifts
to increasingly positive potentials with increasing scan rate as a
characteristic of irreversible voltammetric behavior. It is worth
mentioning that, in the present study, in all electrochemical in-
vestigations, a strong supporting electrolyte (KOH) of relatively
high concentration (0.3 M) was employed; thus, the possibility of
potential shift to more positive values due to higher ohmic drop is
expected to be negligible. Meanwhile, the anodic peak current
obtained for glucose oxidation after subtracting the background
(the response in absence of glucose) is proportional to the square
root of the scan rate (Fig. 7B), indicating a typical behavior for a
mass transfer controlled reaction. The slope increases in the order;
200 > 400 > 600 �C. The peak current, jp of diffusion-controlled
totally irreversible process can be given by RandleseSevcik equa-
tion (Eq. (7)) [41]:

jp ¼ 2:99x105n ða naÞ0:5A CðDnÞ0:5 (7)

where jp is the peak current (A), n is the total number of electrons, a
is the charge transfer coefficient, na is the number of electrons in
the rate determining step (na ¼ 1), A is the surface area of the
Fig. 6. LSV for glucose oxidation obtained at nano-NiOx/GC electrode in 0.3 M KOH
solution containing 10 mM glucose at a scan rate of 100 mVs�1. The loading of NiOx: (a)
0.0 (bare GC), (b) 0.014, (c) 0.03, (d) 0.06, (e) 0.10 and (f) 0.14 mg cm�2. Inset shows the
variation of jp of glucose oxidation with the loading extent.



Fig. 7. A) LSV responses obtained at nano-NiOx/GC electrode in 0.3 M KOH solution containing 10 mM glucose. Potential scan rate: (a) 20, (b) 60, (c) 100, (d) 200, (e) 400 mVs�1. The
NiOx was calcined at 200 �C. B) The variation of jp with square rate of the scan rate obtained at nano-NiOx/G electrode in 0.3 M KOH containing 10 mM glucose at different
calcination temperatures: (a) 200 �C, (b) 400 �C and (c) 600 �C. Dashed line shows RandleseSevcik Theoretical plot for irreversible process given by Eq. 7
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working electrode (cm2), D is the diffusion coefficient of the
glucose, C is the bulk concentration of the glucose and v is the scan
rate (V s�1). The theoretical plot based on RandleseSevcik equation
is given in Fig. 7B (dashed line). It was calculated using values of
D ¼ 6.7 � 10�6 cm2 s�1 [53], A ¼ 0.07 cm2 and a ¼ 0.59 (as
calculated from the slope of Tafel plot given in Fig. 8). As clearly
shown RandleseSevcik equation is strictly followed indicating a
diffusion controlled process. However, theoretical values of jp are
not exactly equal to the experimentally determined values. It is
noteworthy to mention that the enhancement of glucose oxidation
at the present modified electrode is either similar or superior, in
term of current and/or peak potential, to those reported at nickel
oxide modified electrodes in same medium [54e58].

Fig. 8 depicts Tafel plots derived from a currentepotential curve
obtained at nano-NiOx/GC annealed at 200 �C (A), 400 �C (B) and
600 �C (C) in the presence of 5 mM glucose using scan rate of
20 mV s�1 electrode. The plots demonstrate the enhancement of
the glucose oxidation on nano-NiOx/GC annealed at 200 �C
compared to that annealed at the other temperatures. Tafel slope
estimated from the plots is 130 mV/dec (±3 mV) for the nano-NiOx/
Fig. 8. Tafel plots for nano-NiOx/GC electrode in 0.3 M KOH containing 5 mM glucose
at a scan rate 20 mV/s. The NiOx was calcined at 200 (A), 400 (B) and 600 �C (C). NiOx

loading is 0.06 mg cm�2.
GC annealed at the different temperatures. This indicates that the
mechanism of glucose oxidation does not change on the different
electrodes and it is one-electron controlled process (see Eqs. (5)
and (6)). Several values for the Tafel slope based on the modifica-
tion of the electrode and the underlying substrate in the case of the
same modifier have been reported [59e63]. For example at nickel
oxide modified electrodes Tafel slopes equals 167.5 and
128.3 mV decade�1 for nickel oxide modified carbon nanotube and
glassy carbon, respectively, have been reported [59,60]. A value of
120 mV decade�1 has been reported at porous Cu film deposited on
a Pt/Ti/Si [61], 98 mV decade�1 on gold nanowire array and
63 mV decade�1 on Fe2O3 nanowire arrays [62]. A value around
120mV, as in the present case, indicates that one electron process is
participating in the rate determining step, while a one around
60 mV decade-1 indicates two electrons are participating in the
rate determining step. In the present case the value of
120 mV decade indicates that a one-electron transfer would be the
rate-limiting step.

4. Conclusions

Glassy carbon electrode modified by casting nickel oxide
nanoparticles prepared by solegel technique (nano-NiOx/GC) has
been used for glucose electrooxidation in alkaline solution. The
impacts of annealing temperature of NiOx powder and the loading
extent on the structural and electrocatalytic properties of Nano-
NiOx/GC were studied. The followings could be extracted from this
piece of work;

1. The calcination temperature of nano-NiOx played a prominent
role in the structural and electrocatalytic properties of the
prepared nano-NiOx.

2. The electrocatalytic activity of nano-NiOx/GC towards glucose
electrooxidation increases with increasing loading of nano-NiOx
with a pronouncing effect of loading.

3. A trial was introduced for optimization of the annealing tem-
perature and loading extent under the prevailed experimental
conditions.
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