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Abstract

Well-crystalline NiO-CeO, nanocomposites have been fabricated by ignition method and investigated by X-ray diffraction,
Fourier Transform Infrared, UV—Vis diffuse reflectance spectroscopy, Thermal gravimetric analysis, BET surface area, and
transmission electron microscopy. The detailed characterizations disclosed that the pre-calcine (700 °C) nanocomposite
(NCC) has two pure phases: cubic fluorite phase (CeO,) and cubic face-centered phase (NiO). Finally, the pre-calcine NCC
nanocomposite was applied as electron intermediators for the electrochemical sensing of 4-nitrophenol (4-NP). Compared
with as-grown modified electrode (NCG/GCE), pre-calcine electrode (NCC/GCE) exhibited more excellent conductivity and
better electrocatalytic mediator for 4-NP. It was found that the NCC/GCE sensor displayed diffusion-controlled kinetics and
excellent sensitivity (3.68 AuM~! cm™2). The reduction current is directly proportional to the 4-NP concentration, ranging

from 1 to 20 pM with lower detection limit of 2.48 pM.

1 Introduction

Phenolic compounds are very often exploited in manufactur-
ing processes and to some extent unload into atmospheres
[1]. Among phenolic compounds, nitrophenols and its deriv-
atives (2-NP, 4-NP and 2-methyl-4-NP) are extensively used
in the manufacturing of petroleum, insecticides, dyes, and
medications. They are phylogenesis, discomfort, and biore-
fractory organic compounds and considered as harmful pol-
lutants [2]. Among them, 4-NP is one of the most abundant
and highly stable, and causes considerable damage to the
surroundings and living systems [3]. In addition, its severe
consumption by hominids can cause headaches, drowsiness,
nausea, and cyanosis [4]. Since of toxic nature of nitrophe-
nols, it was registered as a pollutant of the US Environ-
mental Protection Agency [5]. So, the intensive monitoring
and sensing of 4-NP has become critical for fortification of
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the environments. Numerous performances were testified
for the identification of 4-NP, such as gas chromatography
[6], liquid chromatography [7, 8], spectrophotometric [9],
electrophoresis [10], flow and segmented injection tech-
niques [11], and enzyme-linked immunosorbent analytical
assay [12]. Then again, many of these methodologies are
very complex, expensive, time consuming, and numerous
kind of hazardous reagents and standards needs for testing
environmental samples. Therefore, to develop a short time,
sensitive and cost effective technique is of great importance
for the determination and identification of 4-NP. Electro-
chemical techniques have prodigious ability for detection
of various analytes because of the advantages of low-cost
instruments, easy operation, high sensitivity, and handy sam-
ple treatment [13, 14]. In this research area, electrodes are
key factor for the determination of analytes, however, the
detection of analytes specifically 4-NP at unmodified elec-
trodes shows low sensitivity, high overpotential, and faced
various kinds of interference issues [15]. The ideal materials
for electrodes must have excellence electron transport prop-
erty, electrocatalytic activity, porosity, BET surface area,
and high stability under suitable operating conditions. In
order to implement, it is commonly useful to modify elec-
trodes by suitable electrocatalytic materials. Then, the ideal
properties of electrodes can be boosted according their types
and structure of the material and also analyte to be detected.
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Therefore, for the detection of 4-NP, several kinds of chemi-
cally modified electrodes are widely used [16]. Producing a
capable and competent electrochemical sensor for its detec-
tion has generated much curiosity among electrochemists.
Although for the sensing of 4-NP with high life stability of
modified working electrodes have been reported such as car-
bon nanotubes [17], metal nanoparticles [18, 19], and ionic
liquids [20], but designing new composites with excellent
electro catalytic features using a simpler preparation remains
a challenge.

Metal oxide micro/nanostructures which have good opti-
cal and electrical properties received intensive attention in
electrochemistry. These are the promising materials for the
immobilization of different electron transfer mediator mol-
ecules and biomolecules because of their high conductivity,
surface to area ratio, wide ranging electrochemical working
window, excellent substrate attraction, significant mechani-
cal strength, and steady stable electrochemical properties
[21-23]. Controlling of compositions, size, morphology
and metal doping are considered as a proficient approach
to modify the electrocatalytic task of metal oxides. Metal
doping is a prominent tool to alter the structural, optical,
and electrical-sensing parameters which in turn provide
extended interface for various sensing devices. In addition,
it is very important to recognize the outcomes of dopant
concentrations on electrocatalytic and structural proper-
ties. Many scientists successfully applied limited available
high price noble metals and its doped metal oxides in order
to enhance the electrocatalytic activity, but it desirable to
search for new alternatives with more earth-abundant met-
als, such as Co, Ni or Ce [24-26]. Among the metal oxides,
composites of cerium oxide have high mechanical strength,
optical property, biocompatibility, nontoxicity, oxygen ion
conductivity, high thermal stability, and wide range of appli-
cations [27-30]. These properties are much applicable for
many analytes such as phenols [31], CO [32], ethanol [33],
and H,O, [34]. Low electrocatalytic activity and stability
and are the main drawbacks against commercial applica-
tions of the transition metals. Among the transition metals,
nickel is commonly used as an electro-catalyst for surface
redox reactions in many applications [35, 36]. The doping
of nickel oxide (NiO) is motivated electrocatalytic activity
through the synergistic benefit and induced electron transfer
from the combined properties of the components [35, 36].
Similar composites was also prepared and presented by Ran-
jbar et al. [37] and it showed the formation of Mg-MOF-74
synthesized successfully through microwave method with
using 2,6-pyridinedicarboxylic acid [37]. In other report,
hollow sphere-like ZnS/ZnAl,S, nanocomposites were
formed via solvo thermal process and characterized [38]. To
this continuation, the rod shaped zinc oxide nanostructures
were formed and to this formation pomegranate juice was
used as capping agent for self-assembly of nanostructures

@ Springer

[39]. The NiO nanoparticles were processed via solvent-
less route by solid-state thermal decomposition and physico
chemical characteristic were well characterized [40]. The
copper, tungsten and nickel (Cu(WO,) nanoparticles) based
nanocomposite were prepared and photocatalytic activ-
ity were accessed with methyl orange (MO) dye [41]. The
cerium-doped copper ferrite nanoparticles (CuFe,_,Ce, O,)
through an auto-combustion method and were used as pho-
tocatalyst application [42]. The novel MnWO,/TmVO, ter-
nary nano-hybrids were fabricated via sonochemical method
and were used for the degradation with different dyes such
as thodamine B (RhB), 2-naphthol (Na), phenol red (PhR),
and eosin Y(EY) under visible light for photocatalytic study
[43]. Over various properties, the nano composites mate-
rials were largely used as an electrochemical sensor such
as the cerium tungstate nanostructures were prepared and
their supercapacitive properties were accessed via electro-
chemical studies [44]. The copper carbonate nanoparticles
were used as an anode material, formed via solid-state ther-
mal decomposition reaction [45]. The terbium tungstate
(TWNPs) nanocomposite nanoparticles were also prepared
via sonochemical method and used as electrode materials
and applied as hybrid vehicle systems [46].

In present work, we have systematically investigated
the structural, thermal, optical, and sensing properties of
NiO-CeO, nanocomposites (NCCs) by various physio
chemical properties. The NCCs were prepared by self-com-
bustion method and were characterized through XRD, TEM,
TGA, FT-IR, UV/Vis-DRS and BET surface area. Further,
cyclic voltammetry (CV) has been used for the investigation
of the electro chemical properties and electrocatalytic activ-
ity of the nanocomposite-modified electrode.

2 Experimental
2.1 Synthesis of NiO/CeO, (NC) nanocomposite

Entire chemical reagents were analytical grade and used as
received without any further purification/modification. The
NC nanocomposites were synthesized by solution combus-
tion method using glycine as a fuel and metal nitrates as
oxidizer. In a typical reaction process, equimolar amounts
(0.5 mol L") of cerium nitrate (99.99%, BDH Chemicals
Ltd, England) and nickel nitrate (99.99%, E-Merck, Ger-
many) were added into 250 mL round bottom flask con-
taining appropriate amount of glycine fuel. The resultant
mixture was stirred at 90 °C for 1 h. Afterwards; the filtrate
mixture was transferred to a ceramic dish, which was placed
in a preheated muffle furnace at 300 °C. During heating,
the mixtures self-ignited and form highly spongy materi-
als. The obtained material was washed with water, ethanol,
and acetone. Further, it was annealed at 300 °C, 500 °C and
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700 °C for 5 h in nitrogen gas at the heating rate of 5 °C
min~!. The annealing temperature was used for the determi-
nation of crystallinity which in turn an important factor for
sensing of the processed powder.

2.2 Characterizations of NiO/CeO, (NC)
nanocomposite

The crystal phases of the prepared powders were recorded
via Rigaku diffractometer (Shimadzu XD-3A, Japan) using
filtered CuK, radiation (A=0.15405 nm). The thermal
decompositions of the precursor was performed by using
Mettler Toledo TGA/DSC 1 STARe thermal analyzer
(Switzerland) between 50 and 900 °C at the heating ramp
of 20 °C min~! in flow of nitrogen. The chemical compo-
sition was recorded on FTIR spectroscopy in the range of
400-4000 cm™!. Microstructure of the NCC nanocompos-
ite was inspected by means of a TEM (JEM-2100F, JEOL,
Japan) operating at an accelerating voltage of 200 kV. The
purity of nanocomposite material/elemental composition
was analyzed with the use of energy dispersive spectroscopy
(EDS), equipped with the provision of scanning electron
microscopy (SEM) at room temperature (JEOL, JED-2200
series, Japan). The BET surface areas of calcined catalyst
were measured on a Micromeritics TriStar 3000 apparatus
by the N, adsorption isotherm at 77 K. Sample degassing
was carried out at 300 °C prior to acquiring the adsorp-
tion—desorption isotherm. UV-DRS were recorded via
Hitachi U-3410 spectrophotometer from the wave length
range 200-800 nm, using optical-grade BaSO, powder as a
reference. All pH measurements were accomplished with a
pH-Meter PB-10 (Sartorius, Germany).

2.3 Electrochemical measurement of 4-NP

The electrochemical measurements have been carried out
by Metrohm autolab PG electrochemical system (Nether-
lands). Cell of three electrode system was fabricated using,
GC working electrode (surface area: 0.071 cm?), Pt auxiliary
electrode and Ag/AgCl/(sat 3MKCI) reference electrode.
The working electrode was made-up by coating the paste
of prepared electrocatalysts and binder on GCE, polished
with 0.5 pm alumina—water slurry. For the coating, a viscous
paste of nanocomposites was prepared with ethyl cellulose
binder with an appropriate ratio (70:30) and coated on pol-
ished electrode and it was dried overnight in air at room
temperature. The electrodes are named NCG/GCE and NCC/
GCE for as grown and pre-calcine composite at 700 °C,
respectively. All sensing measurement were carried out in
N,-saturated PBS solution (0.01 M) at room temperature in
absence and presence of 4-NP.

3 Results and discussion
3.1 XRD analysis

Figure 1 display influence of calcination temperature on the
prepared composite for the arrangement of crystal struc-
ture. It was observed that the powder calcined at 300 °C
and 500 °C temperature exhibited wide and diffuse peaks,
which designate small crystallites and disordered structure.
Furthermore, the peak sharpness and intensities seemingly
improved with increase of calcination temperature, by parti-
cle sintering, crystal ordering, and crystallite growth. Before
the calcinations, the sample seemed to be contained CeO,
(28.7° and 47.4°) and NiO (37.2° and 63.2°) diffraction
peaks. After calcinations (500 and 700 °C), sharp diffrac-
tion peaks observed at 28.7° (111), 33.1° (200), 47.4° (220),
56.4° (311) 59.3° (222), 69.8° (400) 76.9° (331) and 79.3°
(420) corresponded to the diffraction peaks of CeO,. These
peaks imply that CeO, exhibits a cubic fluorite structure
[47]. In addition, three other peaks are observed at 37.2°
(111), 43.5° (200), and 63.2° (220) in the nanocomposite
correspond to face-centered cubic phase NiO [48]. There
are no other phases are detected, indicating that the product
is of high purity. The characteristic diffraction peaks related
to the CeO, and NiO phases are matched with JCPDS card

ocl2* 3 (*) CeO
700 °C|= ] 2 35)
g v = (¢)NiO
S_2 c
Q o —~
=S a8 = =8
e agd 2 o
o - -’
¢ bl 2 ®e
[ ]

10 20 30 40 50 60 70 80
2 Theta (deg)

Fig.1 XRD patterns of the NiO-CeO, nanocomposites calcine at
various temperatures
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no. 01-075-0076 and 01-078-0429, respectively. The most
intense peak is (111) for CeO, and (200) for NiO. The crys-
talline size of most intense peak, (111) for CeO, and (200)
for NiO was calculated by Scherrer’s formula and founded
~10 nm and 15 nm, respectively. It is indicative that the
pre-calcine nanocomposite (NCC) at 700 °C is desired for
electrochemical sensing of 4-NP.

3.2 Thermal study of the precursor

Figure 2 displayed the TG-DTG peak profile of the fabri-
cated precursor. There are two mass loss appeared in TGA
graph; the first mass loss below 250 °C, and is described
by a small and weak DTG peak at 155 °C and second pro-
nounced mass loss between 250 to 600 °C, and its described
by a wide and strong DTG peak at 415 °C. The mass loss
below 250 °C is described the thermal degradation of physi-
cal adsorbed solvents, moisture and nitrate ions (~ 5% mass
loss). The second mass loss between 300 to 600 °C can be
attributed to the combustion type decomposition of free gly-
cine and glycine complexes followed by solid state reactions
(~29% mass loss).

3.3 FTIR spectroscopic analysis

In order to identify the functional characteristics of synthe-
sized sample at different heat treatment it was examined by
FTIR spectroscopy. Figure 3 demonstrated through various
well-defined absorption peaks at 3425, 2923, 2345, 1618,
1365, 881, 555 and 470 cm™" of synthesized nanocompos-
ites. It was observed that peaks become small with increas-
ing calcination temperature. The presence of three absorp-
tion bands at 3425, 2923 and 1617 cm™! were attributable
to stretching and bending vibration of surface hydroxyl or
adsorbed water and carbonation on the surface of NiO-CeO,
nano structures from surroundings, respectively [49-51].
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Mass loss (%)

--0.00060

DTG ( °C min
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100 200 300 400 500 600 700 800 900
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Fig.2 TG and DTG curves of NiO-CeO, precursor
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Fig.3 FTIR spectra of NiO-CeO, nanocomposite at different tem-
perature

The presence of sharp and strong absorption peak appeared
at 555 and 470 cm™" is demonstrated the formation of metal-
oxide (M-O) bonds and confirmed that the formation of
nanocomposite of NiO-CeO, [52-54]. The appearance of
two small absorption peaks at 1365 and 881 cm™! are due to
the presence of nitrate group.

3.4 Optical properties

Optical properties of the produced NiO-CeO, NCs were
examined by UV—Vis in DRS mode. Figure 4 reveals that
the absorption spectra and its corresponding band gap ener-
gies at different temperature (300, 500 and 700 °C) the syn-
thesized nano composite. It was found that the as-prepared
sample show one broad peak and calcine composite display
two peaks in visible range, Fig. 4a. This result suggests that
all composites are potential candidate for photocatalytic
applications in visible region. The presence of two distinc-
tive absorption peaks in calcine samples confirms the forma-
tion of nano composite due to the presence of both NiO and
CeO, nanoparticles, which are good agreement with XRD
data. In addition, the absorption band shifted towards visible
region with an increase of calcination temperature.
The optical energy was calculated by Tauc’s equation:

ahv = A(hv - Eg)n
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Fig.4 a UV-Vis absorption
spectra b plots of (ahv), as (a)
function of energy of NiO-
CeO, nanocomposite at differ-
ent temperature

Absorbance (a.u.)

700°C (b)
1.64
500 °C .
e
=
I
1.59
/
300 OC “1"‘:"““‘““"\’"5"-4,[
300 400 500 600 700 800 %0 | 3 ' | 5

Wavelength (nm)

where a, h, v, Eg and A are absorption coefficient, Planck’s
constant, photon frequency, optical band gap energy, and a
constant, respectively, and ‘n’ is based on the nature of opti-
cal transition of a semiconductor [55]. Figure 4b illustrate
a plot between (ahv)? and hv. The tangent lines were drawn
to determine the band gaps of the synthesized catalysts. The
calculated band gap energy of samples was increased gradu-
ally with temperature from 1.48 to 1.64 eV with calcina-
tion temperature, which is smaller than the value for bulk of
CeO, (3.19 eV).

Fig. 5 Morphology of NCC
nanocomposite at low (a) and
high (b) magnification

3
hv (eV)

3.5 Morphological and porosity measurements

The morphology of NCC nanostructures were analyzed via
the TEM images at room temperature and presented as in
Fig. 5, under high Fig. 5a and low Fig. 5b magnifications
scales. From the obtained images, it is observed that the
majority of NCC particles are composed of well dispersed
nanocubes. The acquired data reveals that the average size of
each cubes are ~20+ 5 nm. Small grown NPs, when sintered
at high temperature are comes closer due to high energy and
to form a cubes shaped nanostructures. The average particle
diameter of each nanocube (~204+ 5 nm) is in very close and
consistent with the XRD analysis.

@ Springer



17648

Journal of Materials Science: Materials in Electronics (2019) 30:17643-17653

The nitrogen sorption isotherm and pore-size distribu-
tion curve for the NCC powder is presented on Fig. 6. This
isotherm is the characteristic of adsorption—desorption of
mesoporous solids (Fig. 6a). According to [UPAC classifica-
tion, isotherm represents type IV isotherm and H3 shaped
hysteresis loop with relative pressure in a range of 0.6 <P/
P0<0.98, implying appearance of ordered mesoporous
structure, which was caused by accumulation of NPs [56,
57]. The BET surface area, mesopore volume and aver-
age pore size were found 15.82 m? g”!, 0.085 cm? g~! and
21.92 nm, respectively. Figure 6b, shows the couple of
mesoporous centered at 11.60 and 46.10 A, indicates that
this calcine sample possess double porous framework.

The elemental composition of annealed (at 700 °C) sam-
ple of NiO-CeO, nanocomposite was examined by EDS
spectroscopy at a specified area shown through SEM image
(Fig. 7a, b). The elemental analysis (EDS spectrum) shows
that only nickel (34.70%), cerium (65.30%) appeared in the
spectrum and this depicts that the formed nanocomposite
structures were synthesized through the nickel and cerium
salt. There are no other organic impurities such as byproduct
or other element was found in the spectrum, which again
justifies that the synthesized nanocomposite (NiO-CeO,)
structures are highly pure.

3.6 Electrochemical properties of modified
electrodes

3.6.1 Preliminary test

Cyclic voltammetry (CV) experiments were performed to
test the electrochemical properties of the NCs electrodes in
0.01 M PBS solution (pH 7.4) to finalized the detection of
4-NP. Electrochemical performances for the bare and modi-
fied electrodes in absence and presence of 4-NP of as-grown
and pre-calcined sample at 700 °C were examined over the

potential range from — 0.1 to +1 V at a scan rate of 100
mV s~ and obtained CV profiles are shown in Fig. 8. It
can be observed that calcine electrode (NC C/GCE) exhib-
ited better electrocatalytic activity than bare GCE and as-
grown electrode (NCG/GCE) in presence of 4-NP. It is also
observed that in absence of 4-NP modified (NCC/GCE)
electrode showed higher electrocatalytic behavior than
(NCG/GCE) in presence of 4-NP. It can be noted that in
presence of 4-NP, (NCC/GCE) modified electrode showed
broad cathodic peak at 0.38 V (vs. Ag/AgCl), an irreversible
reduction of the nitrogroup to the corresponding hydroxy-
lamine group. An obvious increase of currents suggests the
higher electrocatalytic behavior of (NCC/GCE) electrode
which may be attributed to the excellent conductivity and
presence of different nature of the reactive sites onto the
electrode surface. No redox peak was observed on the bare
GCE and (NCG/GCE) surface in presence of 4-NP, possibly
due to the unfavorable orientation of molecules on the elec-
trodes surface and owing to its limited electrical conductiv-
ity. Therefore, the smallest size of NC nanocomposite cal-
cine to 700 °C was chosen for subsequent detection of 4-NP.

3.6.2 Effect of concentration

The CV of NCC/GCE electrode in 0.01 M buffer in presence
of different concentrations (1-20 uM) 4-NP were recorded at
a scan rate of 100 mV s~! and the consequences are shown
in Fig. 9a. Each cyclic voltammetric response demonstrate a
sigmoidal curve roughly, indicating the presence of a steady-
state diffusion-limited current. It is clearly seen that the elec-
trochemical reduction peak currents increase with 4-NP con-
centration. The peak became more and more pronounced and
potential shifted right with increasing of 4-NP concentration
and it implying that the NCC/GCE can effectively catalyze
the electro chemical reduction of 4-NP.

Fig.6 Adsorption—desorption
isotherm (a) and BJH plot (b)
for NCC nanocomposite
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Fig.7 Low (a & b) and high (c¢) magnified SEM images and their EDS of NCC nanocomposite
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Fig.8 Cyclic voltammetry responses of modified electrodes in the
absence and presence of 4-NP (4 pM) in 0.01 M phosphate buffer
(pH 7.4). Scan rate: 100 mV s~

The calibration curve deduced from reduction peak cur-
rent verses 4-NP concentration is shown in Fig. 9b. The
NCC/GCE electrode gives a linear response which suggest a
diffusion controlled process [58]. The sensitivity was calcu-
lated from the slope of calibration curve, which was found to
be 3.69 AuM~! cm~2. The detection limit for the developed
sensor as estimated (LOD = 3.36/Slope) from this curve is

2.48 M.

3.6.3 Effect of scan rate

In order to recognize the kinetics of the electrochemical
process, CVs were carried at various scan rates. Figure 10a
elucidates the influence of scan rate on the current of 4-NP
(4 uM) at NCC/GCE in 0.01 M PBS. It is observed that
with increasing the scan rate, the reduction peaks current
(Ip.) increases correspondingly and peaks are shifted toward
more negative potentials suggest that the reduction process

@ Springer
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Fig.9 a Cyclic voltammetric -14
responses of NCC modified
electrode as a function of 4-NP
concentration. b Calibration -24
curve between 4-NP concentra- -~
tion and magnitude of peak S 34
current. Scan rate: 100 mV s~ =
E
5 41
Q
-5
T T T T T -6 ) T T T T L)
-1.0 -0.5 0.0 0.5 1.0 0 4 8 12 16 20
Applied potential (V)(Ag/AgCl) Concentration (M)
Fig. 10 a Cyclic voltammetric 0.00015 -0.000033
responses of NCC modified ——1mvs' (a) (b)
electrode in the presence of 0.00010- -0.000044 4
4-NP (4 pM) as a function of *
at different scan rates. b Linear 2 2'0‘000055 1 .
dependence of peak current < 0.00005+ = 0000066 -
with the square root of scan rate s 5
£ 0.00000 = -0.0000771 .
= =
Q Q -0.000088 -
-0.00005 A
-0.000099 4
-0.00010 -0.0001104 .
10 05 00 05 10 2 46 8 10
Applied potential (V)(Ag/AgCl) v'2 (mV/s)"?
occurred at the surface of electrode is diffusion controlled 0.000204 .
and irreversible. Figure 10b shows a plot of cathodic peak -
. . . 0.00015¢
current against the square root of the scan rate which exhibits oo
a linear relationship between the two parameters that again ~ 0.00010 - son
confirms the occurrence of diffusion-controlled electron ~ 0.000054 =
transfer process on the CNN/GCE surface [59]. The linear = et o)
regression equation is Ip,=—8.23x 107+ (-2.44x 107 £ 0-000001
V2 (mV/s)"2. The correlation coefficient (r*) was found to =-0.00005 4
be 0.995 =
o -0.00010 -
3.6.4 Reproducibility and stability of the sensor -0.00015
-0.00020 4, . i . .
The reproducibility and stability of the fabricated sensor -1.0 05 0.0 0.5 1.0
were also evaluated. Figure 11 shows the five consecutive Applied potential (V)(Ag/AgCl)

cycles the NCC/GCE electrode in presence of 4-NP (4 uM)

?H 0.01 MPBS. The s.ensor shows an ex?ellent reproducibil- Fig. 11 Five consecutive cycles for the sample in presence of 4 pM
ity over five consecutive measurements in presence of 4-NP. 4'Np) in 0.01 M PBS at 100 mV s, inset: stability test first and
The observed relative standard deviation (RSD) was found to  after 45 days at the same conditions

2.6%, which confirmed that the prepared electrode possessed

satisfied reproducibility. The long-term stability of the sen-

sor was also evaluated (inset Fig. 11). Tests carried out first ~ of the voltammetric cycle with a difference of the reduction
day and after 45 days, during which the sensor was stored at ~ current of about 4.49% compared to its initial value, con-
ambient conditions, and showed only a little change in shape  firming a good long-term stability. These results confirm
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that the NCC/GCE electrode has a high stability as well as
good reproducibility makes it applicable for practical use.

4 Conclusions

In the present work, we have successfully synthesized
NiO—-CeO, nanocomposites via solution combustion method
by using glycine as the fuel and metal nitrates as oxidizers.
The prepared materials were well characterized using many
techniques such as X-ray diffraction pattern (XRD), trans-
mission electron microscopy (TEM), UV-Visible diffused
reflectance (UV-DRS) and Fourier transform spectroscopy
(FTIR) to study the structural, morphological, optical, and
surface functional properties respectively. These analyses
have been identified as good candidates for electrochemical
detection of prepared 4-NP. The simply fabricated calcine
nanocomposite at 700 °C electrochemical sensor showed
superior electrochemical performance for the determina-
tion of 4-NP relative to as-prepared and bare electrodes.
The effect of concentration and scan rate variation on the
electrochemical activity was also investigated. The prepared
electrode showed excellent stability, reproducibility, and
electrocatalytic activity towards the reduction of 4-NP with
a high sensitivity (3.68 AuM~! cm~2) and a low detection
limit (2.48 uM) with a wide linear range (1-20 uM).
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