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Abstract
This research studies the effects of volume ratios on the properties of GO/(ZnxNi1-x)O ternary composite prepared by a
sol–gel technique. The ratios were produced by keeping the volume of graphene oxide, GO constant whilst varying the
volumes of zinc oxide, ZnO, and nickel oxide, NiO to produce the GO/ZnO0.4NiO0.6 and GO/ZnO0.6NiO0.4 nanocomposites.
The structural, morphological, elemental, optical, gas sensing and photocatalytic properties of the synthesized
nanocomposites have been investigated. EDS results confirmed the presence of graphene oxide, nickel oxide, and zinc
oxide in the composite. The band gap energy values for the GOZnO0.6NiO0.4 and GOZnO0.4NiO0.6 composites are 3.0 eV
and 3.4 eV, respectively with high absorbance properties. The functional groups and vibrational modes belonging to carbon,
oxygen, nickel, zinc were shown in the FT-IR spectra. The gas sensing properties were tested with ethanol and Cl2 at
100 ppm and 10 V; with the highest sensitivity recorded for Cl2. The synthesized ternary composite was highly effective in
dye degradation with efficiency of over 85% and high photocatalytic activity performance. Results from the characterization
showed potential application of the composites in gas sensing and photocatalytic devices.
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Highlights
● Sol–gel synthesis of (ZnxNi1-x)O binary composites at x values of 0.4 and 0.6.
● Compact morphology with cubic and hexagonal crystal structures.
● Good thermal conductivity with energy band gap values from 3.0 eV to 3.4 eV.
● Over 85% photocatalytic efficiency was gotten over time with the composites exhibiting maximum gas sensing ability to

Cl2 gas.
● Potential applications of composites in photocatalytic and gas sensing devices.

1 Introduction

In recent years, scientists have shown great interest in preparing
heterogeneous nanomaterials as a single nanocomposite [1].
Graphene oxide (GO) is a unique material that can be viewed
as a single monomolecular layer of graphite with various
oxygen-containing functionalities such as epoxide, carbonyl,
carboxyl, and hydroxyl groups [2]. When the GO is reduced
with a suitable process, the reduced graphene oxide (rGO)
formed resembles graphene but contains residual oxygen and
other heteroatoms, as well as structural defects [3]. GO-
incorporated membranes consist of a high mechanical strength
and thermal stability [4]. The emergence of nanocomposites
has positively affected nanotechnology and nanoscience in
different areas such as medicine, electronics, gas sensors, and
photocatalytic devices [5, 6]. Metamorphosing the chemical
composition of these nanostructures allows us to tune their
properties and therefore generate new properties so that the
nanomaterial would be more efficient [7–9]. Nano composites
exhibit additional properties and activities due to the improved
synergy between the physiochemical characteristic of the
mono-nano components [10]. Nano composites are potentially
important in various applications such as fuel cells, batteries,
photovoltaic devices, UV detectors, gas sensors, photocatalytic
degradation systems, and solar cells [11–13]. Various techni-
ques such as sol–gel [14], hydrothermal [15], homogeneous co-
precipitation [11], deposition precipitation [16], and impreg-
nation [17] have been developed for the preparation of nano
composites [18]. Among these techniques, sol–gel is one of the
facile, simplest, and cheapest methods of preparing nano
composites with relatively high specific surface area at low
temperatures that give room for diverse applications [19].

Several materials have been synthesized by sol–gel techni-
que under different deposition conditions. Nanocomposites of
graphene oxide/alumina have been prepared by a dry sol–gel
method by thermally decomposing the precursor in the pre-
sence of hexane [20]. The results show that the composites
were able to minimize agglomeration, increase surface cover-
age, and enhance the porous nature of the electrodes [21, 22].
Reduced GO/Silica nanocomposites having a carbon-controlled
phase were prepared in the presence of inert gas [23]. The

materials showed a crystalline structure with reduced defect
density and good dispersive properties in the matrix. GO/tita-
nium dioxide nanofilms were synthesized for photonic appli-
cation by dip-coating [24]. The results showed the reduced
energy band gap from 3.42 to 3.38 eV upon heat treatment,
lower Raman spectra as more GO was added, and better
photocatalysis after five hours. Lim et al. processed aerogels of
graphene from GO to increase the electrical conduction and
make the sample chemically stable [25]. The aerogels exhibited
good features for large-area fabrication of electrodes with good
performance. Hydroxyapatite/GO nanofilms were prepared at
low temperatures by Jang, Oh, and Lee [26]. The samples were
biocompatible with good crystallinity and good adhesive
properties.

In this study, we synthesized graphene oxide by sol–gel
processing technique at room temperature. The distin-
guishing factor from the reviews is that the volume of
graphene oxide (GO) was kept constant in this work whilst
varying the volume ratios of nickel and zinc by x values of
0.6 and 0.4 to yield GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6

nanocomposites respectively. The synthesized ternary
composites were characterized for their structural, mor-
phological, optical, field emission, elemental, and photo-
luminescent features. The gas sensing and photocatalytic
properties of the synthesized and characterized ternary
composite have also been investigated.

2 Experimental details

2.1 Materials and method

All the analytical grade chemicals were purchased from Sigma
Aldrich with 98% purity and used without further purification.
The chemical reagents used were graphene oxide, zinc nitrate
hexahydrate, nickel (11) acetate tetrahydrate, ethanol, ammo-
nium hydroxide, and polyethylene glycol. Graphene oxide, GO
was synthesized by sol–gel method while methanol was used
to dissolve 0.1M of GO powder in a beaker. 0.1M each of
Zinc nitrate hexahydrate and Nickel (II) acetate tetrahydrate
precursors were then dissolved in ethanol and mixed to prepare
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zinc oxide and nickel oxide composites. The appropriate
volume ratio of (x= 0.4 and 0.6) for the zinc and nickel
composites was mixed thoroughly at varying ratios while
maintaining a constant volume of the graphene oxide. The
ternary composites were refluxed by constantly stirring for 300
Rotations per hour (RPH) at a temperature of 80 °C for 4 h.
The solution was cooled to room temperature so that the sol
would be formed. The pH of the sol was maintained at 7.5 by
the drop-wise addition of ammonium hydroxide. The gel was
formed by mixing 10ml of polyethylene glycol (HO(C2H4O)

nH) with 90ml of distilled water in the ratio of 1:9, respec-
tively. The gel formed was mixed with the sol to form the
sol–gel and allowed to age for 24 h. The 24 h period will give
room for the mixture to have better homogeneity, uniform
distribution, and good stabilization. Washing was done on the
sol–gel several times to remove supernatant liquid and extract
the residue. The residue was dried in an oven at a temperature
of 343K for 8 h. The ternary composite obtained was then
crushed to powder and calcinated at 673K for 2 h. A flow chart
of the experimental process has been sketched below in Fig. 1.

2.2 Characterizations

The prepared samples were characterized for their structural,
morphological, elemental, optical properties, photocatalytic,
and gas sensing features. The crystal structure and crystallite
size of the GO/ZnO0.6NiO0.4 & GO/ZnO0.4NiO0.6 were con-
firmed by Japan Rigaku, Smart Lab X-ray Diffractometer
(XRD) using X-ray Source Cu Kα Model Miniflex 600 Make
Rigaku. The experimental setup for the XRD analysis includes
a radiation source, the sample preparation stage, instrument
setup, X-ray diffraction measurement, data acquisition, and

data analysis stage. Fourier-transform infrared spectroscopy
(FTIR) was performed with IR Affinity—1 having a diamond
ATR Shimadzu Spectrometer and using FT-IR spectrum 2
(Perkin Elmer). The experimental setup for FTIR measurement
includes Michelson interferometer, beam splitter, mirrors,
sample cell, spectrum analyzer, and data detector. Absorbance
plots were gotten using LAMBDA 750 (Perkin Elmer) UV-
Vis-NIR Spectrophotometer. The experimental setup for UV-
vis characterization contains a light source, dispersion device
like a diffraction grating, a cuvette, detector, monochromator,
and data collector which aids data analysis. Field Emission
Scanning Electron Microscopy (FESEM) imaging and energy
dispersive X-ray spectroscopy (EDS) were performed using the
Carl Zeiss Model Supra 55 Germany. The experimental setup
for electron microscopy involves sample preparation, vacuum
operation for taking measurements, and image analysis for
unique features. The experimental setup for EDS character-
ization involves the excitation source, X-ray detector, pulse
processor, and spectrum analyzer. The EDS detector used is of
Oxford company manufacturing. Photoluminescence spectra
were performed using the Fluorolog (Horiba). Photo-
luminescence was performed using the JASCO Spectro-
florometer Model—FP-8300 WRE, and TEM images were
collected using the JEOL JEM 2100 plus. The experimental
setup for PL measurement includes a laser/light source, grating
monochromator, photodiode, cryostat, detector, and other
optical components. The experimental setup for photocatalytic
characterization involves a spectral analyzer, external four-lamp
reactor, a catalyst, and reactivity accesser. The experimental
setup for thermal conductivity measurement includes the
sample material, heater/coolant, and temperature detector. The
experimental setup for gas sensing includes the probing gas,

Fig. 1 Experimental flow chart
of the synthesized GO ternary
composites
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sample to be measured, and a sensing device. The equipment is
set up in good working condition at the Department of Physics,
SNJBs KKHA Arts, SMGL Commerce, and SPHJ Science
College Chandwad, 423101, India.

3 Results and discussion

3.1 X-ray diffraction (XRD)

Figure 2 represents the XRD patterns of GO/ZnO0.4NiO0.6 and
GO/ZnO0.6NiO0.4 composites respectively. The plots show
crystalline patterns that have prominent peaks revealed at dif-
ferent 2theta angles with the GOZnO0.4NiO0.6 composite
exhibiting better crystallinity. The GO/ZnO0.4NiO0.6 composite
shows a cubic structure with α= β= γ= 90o while the GO/
ZnO0.6NiO0.4 composite showed a hexagonal structure with
α= β= 90 o and γ= 120 o. This phase transformation from
the cubic to the hexagonal crystal structure is evidence of the
effect of volume concentration variations in both composites
[20]. The Miller indices labeled at the observed peaks of each
composite correspond to the JCPDS numbers: 96-723-8487
and 96-710-4641 for the GO/ZnO0.6NiO0.4 and GO/ZnO0.4-
NiO0.6 composites respectively. At 2theta angle values of 31.8

o,
34.4o, 36.4o, 43.3o, 63.1o, 72.8o, 74.8o, 77.1o, and 79.2o; the
composites recorded hkl indices of (100), (002), (003), (102),
(110), (105), (113), (202), and (006) respectively. The indices
obtained at 31.8o and 43.3o belong to the graphene oxide
component; the 34.4o, 36.4o, and 63.1o indices belong to the
zinc oxide component; while the rest of the indices belong to
the nickel oxide constituent. The most prominent peak
belonging to the (003) lattice plane was obtained at a 2theta
angle value of 36.1o. It can be observed that the intensity and
number of prominent peaks increased as the volume of NiO

increased from 0.4 to 0.6 in the ternary composites while the
noise level in the plots can be seen to reduce as the volume of
ZnO was reduced. Overall, the X-ray diffraction plots of the
ternary composites exhibited good crystallinity with slight
variations in their structural features owing to their different
material compositions [27].

Williamson–Hall (W-H) theory was useful in determin-
ing the crystallite size and microstrain of the composites
using the equation β cos θ ¼ 4ε sin θþ Kλ

D in a plot of βcosθ
against 4sinθ [28, 29]. The gradient calculated gave the
estimated values of the microstrain (ɛ) as 0.195 and 0.453
for the GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6 composites
respectively. The crystallite size, D obtained for the GO/
ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6 composites were cal-
culated from Scherrer’s equation [30] as 13.35 and
11.30 nm respectively. The dislocation density (δ) which
was calculated using the formula δ= 1/D2 [31] yielded
0.0056 (nm)−2 and 0.0078 (nm)−2 values respectively for
the GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6 composites.
The variations observed in the peak intensities, crystallite
sizes, micro strains, and dislocation densities of the ternary
composites may be attributed to the changes in the volume
ratio of the ZnO and NiO materials in the composite [32].

3.2 Electron microscopy study

The electron micrographs of the composites synthesized at
various volume ratios were analyzed using scanning electron
microscopy (SEM) and transmission electron microscopy
(TEM) whose image outputs are shown in Figs. 3 and 4
respectively. The SEM micrographs in Fig. 3 were taken at a
magnification of 200 k and show compact nanopebbles that
are densely accumulated over the surface. The GO/ZnO0.6-
NiO0.4 micrograph showed interlocked agglomerates while
the GO/ZnO0.4NiO0.6 composite gave flake-like agglomerates
with reduced interlock. The effects associated with changing
the volume of zinc oxide can be seen as slight cracks due to
the induced stress at increased volume while a decrease in the
volume gave rise to a brighter contrast free of agglomeration
[33]. The differentials observed in the dense morphologies are
as a result of variations in the volume ratios of the ZnO and
NiO constituents. This is evidence of the effects associated
with varying the volume ratios of the compounds making up
the ternary composites. This dense morphology is useful for
photocatalytic and solar cell applications [34].

The transmission electron micrographs shown in Fig. 4 were
obtained at a magnification of 50 k. The micrographs reveal
web-like mesh of nanopores with good interconnectivity. The
GO/ZnO0.6NiO0.4 sample gave less dense morphology as
compared to the GO/ZnO0.4NiO0.6 sample due to the smaller
volume ratio of the nickel oxide component. The budding
feature of these composites decreases as the volume of the zinc
oxide increases and appears as agglomerates across the surface
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Fig. 2 X-ray diffraction plots of the synthesized GO/ZnO0.6NiO0.4 and
GO/ZnO0.4NiO0.6 composites
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[35]. The effect of the volume ratios are evident in the non-
uniform surface distribution seen in the micrographs which also
reflects in their different structural build-ups [34].

3.3 EDS analysis

The elemental composition of the nano composites was esti-
mated by the EDS technique. The EDS spectrum evidently
reflects the presence of carbon (C), oxygen (O), nickel (Ni),
and zinc (Zn) as shown in Fig. 5. The presence of these ele-
ments confirms the deposition of the ternary nano composites
and proper synthesis of the composites. The composites syn-
thesized at various volume ratios gave different percentages for
each element. The percentage of each atom present in the
GOZnO0.4NiO0.6 composite is C (11.48%), O (40.56%), Ni
(29.32%), and Zn (18.63%) while the elemental composition of
the GOZnO0.6NiO0.4 ternary composite is C (9.59%), O
(42.79%), Ni (9.04%) and Zn (38.58%) for. The percentage of

each element changes with the volume ratio of each constituent
oxide in the composites and confirms proper synthesis in the
correct proportion. The absence of other peaks shows the high
purity level of the synthesized ternary composites regardless of
their volume ratios [36].

3.4 Ultraviolet-visible (UV-vis) spectrophotometry

Figure 6 shows the absorbance versus wavelength plots of the
GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6 composites respec-
tively. These absorbance plots have the Tauc plots seen as an
inset which was useful in determining the energy band gap
values of the synthesized materials. The broad humps could
be due to the large surface area created by the synergy
between the different composite materials. The reduced
absorbance curves seen towards the visible light region could
be attributed to the effect of varying the volume of the pre-
cursors during the composite formation [37]. The absorbance

Fig. 4 TEM images of the synthesized (a) GO/ZnO0.6NiO0.4 and (b) GO/ZnO0.4NiO0.6 ternary composites

Fig. 3 SEM images of the prepared graphene oxide ternary nanocomposites
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plots recorded maximum values of 0.28 and 0.27 respectively
for the GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6 composites at
wavelengths of 276 nm and 257.5. Their corresponding direct
energy band gap values obtained (as seen in the insets) are
3.4 eV and 3.0 eV. The slightly varying energy band gap
values associated with electron transfer could be due to
changes in the volume ratio of the precursors. These volume
changes also led to shifts in the estimated energy band gap
values of the composites. It can be observed that reducing the
volume of zinc oxide led to a slight decrease in their energy
band gap values due to increased energetic interactions
between the component atoms [38].

3.5 Photoluminescence (PL) studies

For the PL measurement, 10 mg of the nanocomposites were
added to 10 ppm of methylene dye at an intensity of 80W/

m2 in a photocatalytic reactor. The samples were taken at an
exposure time interval of 20 min for 120min. The obtained
photoluminescence (PL) spectra of the synthesized ternary
composites at different volume ratios were recorded in the
wavelength region from 200 to 800 nm as shown in Fig. 7.
The different color emissions are shown to represent dif-
ferent PL intensities attained by the composites at different
wavelengths within the ultraviolet and visible electro-
magnetic spectra. The GO/ZnO0.4NiO0.6 composite recorded
more PL counts than the GO/ZnO0.6NiO0.4 sample in the
near-visible spectrum. The differentials exhibited by the
ternary composites in their PL intensities can be attributed to
the variational composition which led to a reduction in the
PL intensity at higher wavelength regions [39]. The varia-
tions in the volume ratios of the zinc oxide and nickel oxide
constituents also contributed to slight peak shifts in the
observed spectra. It can be observed that as the volume of
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Fig. 6 Absorbance plots of the ternary (a) GO/ZnO0.6NiO0.4 and (b) GO/ZnO0.4NiO0.6 composites with the energy band gap plots attached as the insets

Fig. 5 Energy dispersive spectra of the (a) GO/ZnO0.6NiO0.4 and (b) GO/ZnO0.4NiO0.6 ternary composites

Journal of Sol-Gel Science and Technology



ZnO in the composite decreases, the number of PL peaks
and intensity reduces. The three labeled PL peaks observed
correspond to approximately 3.0 eV, 2.2 eV, and 1.9 eV
energy values respectively. A deconvolution of the humps
confirmed the presence of other absorption edges which
could be due to the presence of more than one energy band
gap value in the spectra [40].

3.6 FTIR analysis

Figure 8 shows the FTIR spectra of the GO/ZnO0.4NiO0.6

and GO/ZnO0.6NiO0.4 ternary nanocomposites in the
range of 0 to 4000 cm−1. The absorption peaks around
554, 670, 1220, 1357, 1622, 1721, 2833, 2849, and
2929 cm−1 correspond to following functional group
C-Cl (strong), C=S (strong), carbon-carbon double bonds
(C=C), Ketone (moderate), OH (weak), and CH= CH
(strong) respectively. Other peaks include absorption
peaks at 3443 cm−1 and 3411 cm−1 representing the
hydroxyl groups also belonging to the GO. The dis-
tinctive bands at 554 to 1040 cm−1 could be attributed to
the stretching vibration of the metal oxides, in this case,
due to NiO or ZnO metal group, suggesting the suc-
cessful synthesis of the composites. These spectra
revealed characteristic peaks between 426 and 670 cm−1

which correspond to Zn-O and Ni-O vibrational stretch-
ing modes. It can be noticed that the intensities and
stretching vibrations of the ternary composites are higher
at higher volume ratios of the NiO constituent [41]. These
results confirm that the ternary composite is successfully
synthesized. It can also be observed that as the volume of
ZnO increases, the number of bands increases. The band
shifts observed could be attributed to the volume ratio of
ZnO and NiO; hence, ascertaining that the volume ratio is
responsible [42].

3.7 Gas sensing measurements

3.7.1 Thermal conductivity study

Figure 9a, b give the relationship between the current versus
voltage and current versus operating temperature for the
synthesized GO/ZnO0.4NiO0.6 and GO/ZnO0.6NiO0.4 ternary
nano composites obtained at 100 ppm and an applied
potential of 10V. The composite having a higher volume
ratio of the zinc oxide constituent recorded slightly higher
increase in current. This corresponds to the lower energy band
gap of the higher zinc oxide-containing composite as com-
pared to that of the nickel oxide. The thermal conductivity
curves showed a similar pattern for both the GO/ZnO0.6NiO0.4

and GO/ZnO0.4NiO0.6 samples and were taken from 50 to
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400 °C operating temperature. The plots show a steady flow
of as the operating temperature increased to 325 °C for both
composites. Above 325 °C, the ternary composites exhibited
high conductivity which could be due to the synergy during
the synthesis process and led to increasing current flow [43].
The linear nature of the plots suggests that the nanocompo-
sites exhibit ohmic characteristics [44].

3.7.2 Gas response test

Figure 10a, b shows the gas response versus operating
temperature for the GO/ZnO0.6NiO0.4 and GO/ZnO0.4NiO0.6

ternary nanocomposites obtained at 100 ppm and 10 V. The
responses exhibited by the gases are unique and distinctive.
The composites showed the highest response to chlorine gas
Cl2 at an operating temperature of 300 °C while their
highest response to ethanol was recorded at 400 °C. The gas
responses are seen to increase as the operating temperature
increases from 100 to 400 °C. At 50 °C near room tem-
perature, the samples exhibited an upward shift in their
response to chlorine gas. This sudden increase in the gas
response as compared to the 100 and 150 °C temperatures
may be attributed to the lower energy values obtained from
the photoluminescence spectra at higher values [45]. The
differential in the gas responses over a range of operating
temperatures shows the effect of variational volume ratios.
As the volume of ZnO increases in the nano composite; the
sensitivity to ethanol and chlorine gas increases due to the
relative lower energy band gap of ZnO as compared to NiO
[46–48]. This increase could also be due to large crystallite
size of GO/ZnO0.6NiO0.4 as related to GO/ZnO0.4NiO0.6.
Overall, the composites showed higher response to chlorine
gas as compared to ethanol.

3.8 Selectivity and gas concentration in ppm
analysis

The relationships between their responses and the gases have
been shown in Fig. 11a for the GO/ZnO0.6NiO0.4, and GO/
ZnO0.4NiO0.6 composites. The nano composites measured at
300 °C, 100 ppm, and 10V were highly sensitive to chlorine
(Cl2) and less sensitive to ethanol. The graphs show a steady
increase in the sensitivity at higher ZnO volume percentage.
The high sensitivity exhibited by the nano composite could be
linked to the synergy in the nano composite during the sol–gel
synthesis process. The gas response relationship versus ppm
has also been illustrated in Fig. 11b. The graph shows a steady
increase in the gas response as the ppm increases until at about
150–ppm where the nano composites attained maximum gas
response sensitivity. It can be observed that further increase in
ppm caused no further increase in the sensitivity and this
stability was maintained up until 420 ppm. This is because the
electron at the surface of the composites got completely
attached and no further increase in the ppm created any
increase in the gaseous sensitivity of the nano composites [49].

3.9 Photocatalytic measurements

The photocatalytic activity measurement of GO/ZnO0.6NiO0.4

and GO/ZnO0.4NiO0.6 ternary nanocomposites measured at
80W/m2 and 10 ppm are illustrated in Fig. 12a, b. The effi-
ciencies of the 10mg nanoparticles used for the methylene
blue degradation were 88.7 and 87.2% respectively. The GO/
ZnO0.6NiO0.4 composite recorded slightly higher degradation
efficiency than the GO/ZnO0.4NiO0.6 composite. The high
absorbance features show that the nanocomposite materials
are good photocatalytic materials [11, 24].
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The reaction rate equation [ln(Co\Ct)=Kt] gives the rela-
tionship between ln(Co\Ct) and the exposing time t from
which the pseudo-first order rate constant, K was determined
[50]. From the equation; Co is the concentration at an exposing
time of zero while Ct is the concentration at an exposing time t.
The graph of this relation is illustrated in Fig. 13a while
Fig. 13b is the fitted first order graph. The slope of the graph
represents the pseudo-first order rate constant (K) with
obtained values for the GOZnO0.6NiO0.4 and GOZnO0.4NiO0.6

ternary composites as 0.022 per min and 0.023 per min
respectively. The pseudo-first order rate constant increased as
the volume of ZnO increased in the nano composite. This
shows that the volume ratio affects the pseudo-first order rate
constant. Table 1 describes the several parameters of pseudo-
first order rate constant, K. The degradation efficiency

obtained at different degradation times was also calculated.
The synthesized ternary composite was highly effective in dye
degradation with efficiency of over 85% respectively obtained
over time for the pseudo-first order rate constant [51, 52].

4 Conclusions

Ternary composites of GOZnO0.6NiO0.4 and GOZnO0.4NiO0.6

were synthesized by a sol–gel technique using reflux reaction.
The deposited ternary nano composites were characterized for
their structural, morphological, elemental, optical, photo-
luminescent, conductive, gas sensing, and photocatalytic
properties. XRD results showed prominent peaks with cubic
and hexagonal crystal structures revealed. The micrographs
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showed dense nano web-like morphology distributed over the
surface. The EDS results revealed the presence of all the basic
elements in the ternary nanocomposite with their corresponding
percentages attached as insets. The optical plots gave high
absorbance features in the ultraviolet region with energy band
gaps ranging from 3.0 to 3.4 eV gotten from the Tauc’s plots.
The PL spectra showed different emission peaks with energy

values varying from 1.9 to 3 eV at different wavelength
regions. The different functional groups and vibrational modes
present in the ternary composites were revealed in the FTOR
spectra. The composites exhibit higher gas sensing capacity to
chlorine gas as compared to the ethanol. High thermal con-
ductivity and good photocatalytic activity of the synthesized
samples have been shown from the characterization. These

Table 1 Degradation parameters
for the (a) GO/ZnO0.6NiO0.4 and
(b) GO/ZnO0.4NiO0.6

composites

a b

Time
(min)

Ct Co/Ct ℓn (Co/
Ct)

Degradation eff. (%) Ct Co/Ct ℓn(Co/Ct) Degradation eff. (%)

0 1.68 1.00 0.00 0.0 1.65 1.00 0.00 0.0

30 0.68 2.47 0.90 59.5 0.68 2.43 0.89 58.7

60 0.51 3.29 1.19 69.6 0.28 5.89 1.77 83.0

90 0.19 8.84 2.18 88.7 0.21 7.89 2.07 87.2
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500 550 600 650 700 750 800
0.0

0.5

1.0

1.5

A
bs

or
ba

nc
e 

(a
.u

.)

Wavelength (nm)

 0 min
 30 min
 60 min
 90 min

1.68

0.19

(a)

500 550 600 650 700 750 800
0.0

0.5

1.0

1.5

A
bs

or
ba

nc
e 

(a
.u

.)

 0 min
 30 min
 60 min
 90 min

Wavelength (nm)

(b) 1.65

0.21

Fig. 12 Plots showing the photocatalytic responses of the measured (a) GO/ZnO0.6NiO0.4 and (b) GO/ZnO0.4NiO0.6 composites

Journal of Sol-Gel Science and Technology



variations in the obtained results could be linked to the varia-
tions in the volume ratio of ZnO and NiO. The fabricated
composites exhibited qualities that are potentially useful in gas
sensing and photocatalytic devices.
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