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'e NiO-ZnO nanocomposite (NiO-ZnO NC) was synthesized by ecofriendly process by usingDiospyros kaki (D. kaki) extract of
leaves as reducing and capping agents. X-ray diffraction (XRD) was used for examined crystallinity, cell dimensions, and crystallite
size (7.6 nm). To determine the purity of sample and weight percentage, energy dispersive X-ray (EDX) is used. 'e surface
morphology was determined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). By using
Fourier transform infrared spectroscopy (FTIR), functional groups in samples were determined. By using diffuse reflectance data
(DRS), band gap energy calculated via Tauc plot was 3.23 eV. 'e photocatalytic activity was checked against brilliant green (BG)
and 4-nitrophenol (4-NP) and 92.5% and 69.7% of brilliant green (BG) and 4-nitrophenol (4-NP) were degraded with rate of
degradation which were 0.0281 and 0.011min−1.

1. Introduction

Due to industrial revolution, environmental pollution ex-
ponentially increases with passage of time by releasing
carcinogenic and mutagenic hazardous wastes and their side
products to aqueous environment [1, 2]. Major contributors
of water and air contamination are food, paper, textile, and
pharmaceutical industries; among these, textile industries
produce many toxic substances, and due to non-
biodegradability and stability of organic pollutants, they are
considered deadly [3, 4]. Different dyes such as methylene

blue, golden yellow, and eriochrome black T have wide range
of applications, but they are lethal for all life forms [5–7].
Brilliant green is used in paper printing and coloring silk, but
its effects investigated on bacteria and rats alarming de-
struction were noted in their renal tissues and reproductive
systems, so presence of these types of organic dyes in water
impose threat that is why purification and detoxification of
air and water are necessary to ensure safe of human and
aquatic life. As listed by US-EPA, 4-nitrophenol is a cancer-
causing pollutant [8]. Researchers are continuously
searching to find effective and ecofriendly ways to eradicate
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these toxic dyes and metals from water [9, 10]. Different
methods are in practice for eradication of dyes such as
adsorption, membrane filtration, biological treatment,
electrochemical treatment, photocatalytic degradation,
ozonation, oxidation, chemical precipitation, and ion ex-
change [11]. Photocatalysis is cost-effective, environment-
friendly method for removal of dyes where the photo-
catalysts such as NiO, TiO2, SnO2, ZnO, and WO3, are used
for removing dyes [4]. Development of photocatalytic
technology improves the water quality [12]. With the ad-
vancement, composite materials provide an opportunity to
prepare cost-effective and efficient products in limited re-
sources [13]. Nanocomposite has gained double interest in
photocatalysis due to their better light harvesting property
compared to individual components. NiO-Bi2O3 composite
is helpful to disintegrate dyes such as methyl orange and
methylene blue. Composite photocatalysts also improve the
problems of photocatalysed reactions such as light response
and low efficiencies [14]. Bimetallic composite shows better
magnetic, thermal, catalytic, and optical properties [15].
Nanocomposites of ZnO-NiO are used as photocatalysts and
have better properties than their individual particles and
their efficiency increases by increasing NiO concentration
[4]. NiO/ZnO nanocomposite is used in transparent con-
ducting thin films for OLED applications [16]. 'ese
composites possess great photocatalytic activity against dyes
such as methylene blue and Rhodamine B [17].

In the recent past, different methods such as combustion
method, coprecipitation method, and sonochemical route
had been employed to synthesize NiO-ZnO composites
[4, 18]. However, these methods include the used toxic
precursor chemical, solvents, and reducing and stabilizing
agents along with expensive instruments. Recently, nano-
particles have widely been synthesized by green method by
using plant extract and microorganisms as reducing and
capping agents. Among different biosynthetic methods, the
use of plant extract is more advantageous due to safe
handling and easy availability [19]. In this research work to
synthesize NiO-ZnONC,D. kaki leaves extract was used and
was analyzed by SEM, XRD, EDX, FTIR, and DRS. 'e
synthesized composite used was photodegradation of BG
and 4-NP in its aqueous solution under sunlight. Mathe-
matical equations were used for determining percentage
degradation and rate constant.

2. Materials and Method

2.1. Materials. Highly pure chemicals containing nickel
chloride hexahydrate, zinc chloride hexahydrate, sodium
hydroxide, brilliant green, and 4-nitrophenol were pur-
chased from Sigma-Aldrich and were used without more
purification.D. kaki leaves extract and the working solutions
were prepared in deionized water.

2.2. Preparation of Plant Leaves Extract. 'e collected leaves
of D. kaki were washed with tap water along with deionized
water and were dried in shade. For the extract preparation,
50 g of D. kaki leaves were added to a beaker containing

1000mL distilled water and boiled for three hours.'e crude
extract obtained was filtered, centrifuged, and stored at 4°C.

2.3. Synthesis of NiO-ZnO NC. To make precursor salt so-
lution, 2.24 g of nickel sulphate hexahydrate was added in
50mL deionized water and thenmixed with 20mL ofD. kaki
extract and the pH was adjusted at 8 by adding NaOH
solution. For 30min at 60°C, the reaction mixture was
heated and the gel obtained was marked as solution
A. Similarly, the zinc sulphate hexahydrate solution was
synthesized by dissolving 2.20 g dissolved in 50mL deion-
ized water and mixed with 20mL leaves extract of D. kaki.
'e pH was maintained at 10 by adding NaOH solution and
the mixture was stirred and heated (60°C) for 30min and the
gel formed was marked as solution B. To synthesize NiO-
ZnO NC, both gels (solutions A and B) were mixed together
and for four hours stirred at 70°C. 'e solid product ob-
tained was left for overnight cooling at room temperature
and was then washed thrice with distilled water. 'e end
product was dried up in electric oven at 150°C and stored in
air tight bottle of polyethylene.

2.4. Characterization. 'e KBr pellet was analyzed by FTIR
model Nicolet 6700 (USA) in the range of 4000 to 400 cm−1

to identify the functional groups present on the surface of
the sample. 'e DRS model Lambda 950 was run in between
400 and 1000 nm and band gap energy was determined
through Tauc plot. 'e XRD pattern was recorded in the
range of 20 to 80 utilizing Panalytical X-Pert Pro, where Cu
source was used. 'e FWHM values of the diffraction peaks
were used to calculate the crystallite size. 'e morphological
analysis was carried out through SEM model 5910 (Japan)
and Hitachi H7700 TEM with an accelerating voltage of
100 kV, where sample was steak with sticky carbon tape. 'e
EDXmodel INCA 200 (UK) coupled with SEMwas operated
from elemental analysis.

2.5. Photodegradation Assay of BG and 4-NP. 'e photo-
catalytic experiments were performed second week of June,
2020, from 11 am to 3 pm.'e temperature in these days was
ranging from 38 to 45°C, where the UV index was lying
between 9 and 12. Photocatalytic efficiency of NiO-ZnO NC
was checked by the photodegradation of BG, where 20mg of
the synthesized catalyst was added to 50mL (10 ppm) so-
lution of dye. To ensure the dispersion of a catalyst in dye
solution, we stirred mixture in dark for 30min to the
attained adsorption-desorption equilibrium. 'e reaction
mixture was exposed to solar light and the decrease in the
absorbance maxima was monitored after a specific interval
of time (min). Sufficient volume of sample was analyzed via
UV spectrophotometer and absorbance was decreased
which was recorded as against time.

'e photodegradation of 4-nitrophenol by NiO-ZnO
NC was checked by taking 10mg of NC and we added it into
aqueous solution of 4-nitrophenol at room temperature.'e
reaction mixture was stirred for half an hour to attain ad-
sorption-desorption equilibrium. Afterward, the reaction
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was exposed to sunlight, and after regular interval, the
sample was taken and centrifuged, and decrease in absor-
bance was checked in UV-Vis spectrophotometer by de-
termining absorbance at 318 nm. 'e mathematical
equations (equations (1) and (2)) were applied to determine
photocatalytic reaction parameters [20].

% degradation �
Co − Ce

Co

× 100, (1)

ln
C

CO

  � −kt. (2)

3. Result and Discussion

3.1. FTIRAnalysis. FTIR spectroscopic analysis of NiO-ZnO
NC (Figure 1(a)) shows that presence of transmittance band
in the range of 3591–3222 cm−1 shows stretching vibration of
hydroxyl group attached with metal center [21]. 'e peak
originated at 2339 cm−1 depicts atmospheric CO2 adsorbed
on the surface of synthesized nanocomposite [22].'e peaks
at 1642 cm−1 and 1506 cm−1 are due to bending vibration of
OH bond in plane and out of plane, respectively [21, 22].'e
peak visible at 1379 cm−1 and 1116 cm−1 corresponds to OH
group [23]. 'e peak at 1047 cm−1 region indicates Zn-O
bond [22], whereas the peak appeared at 952 cm−1 is due to
Ni-O stretching vibrations [24]. 'e peaks at 685 cm−1 and
590 cm−1 show nickel and zinc metal oxides, respectively
[21]. 'e FTIR spectrum of D. kaki: Figure 1(b) exhibits
characteristic FTIR peaks at 3466, 3010, 2971, 1715.53,
1424.33, 1357.03, 1220.84, 1092.54, 895.57, 793.91, and
529.54 cm−1 attributed to the stretching of O-H, C-H (ar-
omatic), C-H (aliphatic), C�O, C�C, N-O in NO3, C-N of
primary amine, and C-X (halogen), respectively [25]. 'e
phenolic compounds in the leaf extract of D. kaki are re-
sponsible for the reduction of precursor’s salt and capping of
the metal cation, as shown in Figure 2 [26].

3.2. DRSAnalysis. Diffuse reflectance spectroscopy (DRS) is
useful technique for the determination of band gap which in
turn provides base of mechanism of photocatalysis. 'e
absorbance spectrum recorded in the range of 250–1200 nm
for NiO-ZnO NC is given in Figure 3, which shows max-
imum absorbance in the UV range. 'e absorbance was
successively decreased with increasing wavelength sug-
gesting that the electronic transition occurred in UV range.
From the absorption edges of reflectance spectra, band gap is
calculated by using Tauc plot (inset in Figure 3) by using the
following equation:

(αh]) � C(h] − Eg)
n
, (3)

where α is the absorption coefficient of material, h is Plank’s
constant, ] is the frequency, C is the proportionality con-
stant, Eg is the band gap energy, and the exponent n can have
values of 1/2, 2, 3/2, or 3 depending on the type of transition:
direct, forbidden direct, indirect, or forbidden indirect. 'e
optical energy band gap of NiO-ZnO NC is 3.34 eV.

3.3. SEMAnalysis. SEM is a valuable technique to determine
surface morphology and particle size. 'e low and high
magnified SEM micrographs of the NiO-ZnO NC are
presented in Figure 4. 'e micrographs show that after the
dehydration, compact solid structures are formed. Several
small particles with definite boundaries are seen on the
surface of the hard solid structures that have no specific
shape and size.

3.4. TEM Analysis. 'e TEM micrograph at a resolution of
70000, given in Figure 5, shows that the particles are em-
bedded in an amorphous layer. Probably, the layer is
composed of phytochemicals that exist in the aqueous ex-
tract of D. kaki. 'e majority of the particles are highly
agglomerated, forming a compact structure where the
boundaries between the particles are indistinguishable.
However, some well-defined oval/nearly spherical particles
are also seen in the image, which exhibit lucent boundaries.
'e particle size estimated ranges from 48.84 nm to
79.05 nm, with an average size of 63.24 nm.

3.5. XRD Analysis. 'e XRD data of NiO-ZnO NC are
presented in Figure 6, possessing Bragg’s reflections for both
NiO and ZnO. 'e diffraction bands for NiO had appeared
at 2θ position 33.19 and 59.91° corresponding to hkl values
(001) and (110), respectively. 'ese peaks corresponding to
monoclinic phase of NiO are having space group C2/m with
cell constants a� 5.11, b� 2.95, and c� 2.95 Å as per refer-
ence card (01-072-1464). 'e Bragg’s signals for ZnO
appeared at 2θ position along with hkl values 31.74(100) and
35.74(101) attributed to hexagonal geometry of ZnO with a
space group of P63mc where the cell constants are a� 3.24,
b� 3.24, and c� 5.20 corresponding to JCPDS card (00-
0361451). 'e XRD pattern exhibits peaks for both NiO and
ZnO suggesting the formation of hetero-structure, whereas
the noisy spectrum suggests the presence of some amor-
phous content in the sample. 'e Scherer formula was used
to calculate the crystallite size (7.62 nm) considering the
FWHM values of diffraction bands, where β is full width at
half maximum and λ is the X-ray wavelength.

t �
0.9λ
βcosθ

. (4)

3.6. EDX Analysis. 'e EDX is a significant technique to
determine the chemical composition [27]. EDX spectrum is
shown in Figure 7, which reveals that the elements within
synthesized NiO-ZnO NC are nickel, zinc, oxygen, and
carbon. 'e existence of carbon in the sample may point the
use of plant during synthesis or it may also be due to the use
of carbon tape during analysis. 'e short signal appeared at
0.2 keV is of carbon, due to the use of carbon tape during
study, or might be because of plant materials. 'e medium
band at 0.6 keV assigned to oxygen (O) is due to the for-
mation of oxide of Ni and Zn. 'e signals at 0.9, 7.5, and
8.2 eV are because of nickel, whereas the bands appeared at
1, 8.6, and 9.5 eV attributed to the presence of zinc in
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product. 'e weight percentages of carbon, nickel, zinc, and
oxygen estimated by EDX analysis are 1.03, 13.98, 32.50, and
52.43%, respectively. 'e EDX results were found compa-
rable with those reported by Karthikeyan et al. [28].

3.7. Photocatalytic Activity. 'e NiO-ZnO NC prepared by
greenmethod was used as photocatalyst for the deterioration
of BG and 4-NP. Before the photocatalytic experiment, a
self-photolysis experiment was carried out in the absence of
catalyst, and after 90min, a slight decrease was seen in the
absorbance maxima and determined percent degradation
was found to be 2.78%. To degrade, BG reaction was carried
out in sun radiations during 11 am to 2 pm. For the pho-
tocatalytic experiment, 20mg of catalyst was added into
50mL of BG solution (10 ppm) and stirred in dark for 30min
for establishing adsorption-desorption equilibrium [20].
After that, the mixture was placed under sunlight, and with
the passing time, the decrease in the absorbance maxima was
noted, as shown in Figure 8(a). Similar procedure was re-
peated for 4-NP and the results obtained are given in

Figure 9(a). 'e activity of pure NiO-ZnO NC was checked
in terms of percentage degradation, which was calculated by
applying equation (2). 'e percentage degradation of BG
was determined to be 92.5% after 90min (Figure 8(b)),
whereas 69.7% of the 4-NP was degraded in 45min, as
shown in Figure 9(b). 'e kinetics for the photocatalytic
reaction was determined by using Langmuir–Hinshelwood
equation (equation (2)) and the straight line obtained
(Figures 8(c) and 9(d)) suggest the reaction follows pseu-
dofirst order and the determined rate constant is 2.8×10−2

min−1 and 1.13×10−2 min−1 for BG and 4-NP, respectively.
'e stability/reusability of the NiO-ZnO NC was checked by
addition of fresh BG solution into the reactor under same
reaction condition. 'e process was repeated for four times
under the same condition, and the data obtained are shown
in Figure 7(d), which shows during the initial experiment,
the mineralization rate was high and a gradual reduction was
seen in afterward cycles. 'e percent degradation was
recorded to be 92.52, 90.38, 87.69, and 84.30% during 1st,
2nd, 3rd, and 4th cycles, respectively. 'is shows the stability
of the synthesized NiO-ZnO NC and can be used for several
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Figure 1: (a) FTIR spectrum of NiO-ZnO NC and (b) FTIR spectrum of D. kaki.
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step degradations of organic pollutants. 'e photocatalytic
activity of synthesized NiO-ZnO NC was compared against
other organic dyes, as shown in Table 1.

When solar radiations having energy equal or greater
than catalyst’s band gap fall on NiO-ZnO NC surface, va-
lence electrons of both oxides of nickel and zinc get excited
to the conduction band and positive holes get created in the
valance band. 'e photo-generated electrons from

conduction band of NiO get transferred to the conduction
band of ZnO, whereas the positive holes get shifted from
ZnO to NiO, thus keeping the electrons and holes apart as
shown in Figure 10 [29]. Photo-generated holes react with
the water or surface hydroxyl group and form hydroxyl
radical and photo-induced electrons produce superoxide
anion by reacting with oxygen which by further reaction
produces hydroxyl radicals. 'ese hydroxyl radicals degrade
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Figure 4: Low (a) and high (b) magnification SEM micrographs of NiO-ZnO NC.

Journal of Chemistry 5



Figure 5: TEM micrograph of NiO-ZnO NC.
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Table 1: 'e photocatalytic efficacy of NiO-ZnO NC against different organic pollutants.

S. no. Nanocatalysts Time (min) Percentage degradation References
1 Rhodamine B 120 70 [17]
2 Rhodamine 6G 390 92.8 [31]
3 Methyl orange 150 91.89 [32]
4 Eriochrome black T 90 83.36 [33]
5 Methylene blue 120 65 [17]
6 Brilliant green 90 92.5 Present work
7 4-Nitrophenol 45 69.7 Present work

0 4020
Time (min)

-10

0

10

20

30

40

50

60

70

80

%
 d

eg
ra

da
tio

n

(c)

10 20 30 600 40 50
Time (min)

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

ln
 (C

/C
o)

(d)

Figure 9: (a) Absorption spectra of 4-nitrophenol. (b) Degradation profile, (c) percent degradation, and (d) kinetic isotherm.
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the dye and convert it into harmless substances [30]. 'e set
of chemical reaction given in Figure (10) summarizes the
hole-electron shifting and degradation of BG and 4-NP.

4. Conclusion

To synthesize NiO-ZnONC, greenmethod was found to be a
very efficient, fast, and economical process. FTIR and EDX
confirmed the formation of binary nanocomposite.'e XRD
analysis shows that amorphous content was also present
along with crystalline phase and also confirms the formation
of hetero-structure. 'e band gap calculated from DRS for
NiO-ZnO was different from their individual nanoparticles
which confirm the formation of new material. SEM reveals
the roughness and agglomeration of particles after dehy-
dration. 'e photocatalytic degradation of NiO-ZnO NC
was checked against BG and 4-NP, which reveals that under
the applied conditions, the NiO-ZnO NC shows marvelous
photocatalytic performance and could be used in the future
for waste water treatment on large scale.
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