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In this manuscript we have prepared nickel oxide nanoparticles (NiO NPs) using Calotropis gigantea latex (CGL)
through green synthesis method in which the latex acts as a capping agent. The synthesis part was optimized
using RSM-BBD methodology. Further the synthesized NiO NPs were subjected to various analytical techniques
like UV–Visible spectroscopy, Transmission ElectronMicroscope (TEM), X-ray diffractometer (XRD), Energy Dis-
persive Analysis (EDX), Particle Size Histogram and Zeta potential. We observed the cuboidal shape of NiO NPs
with 28 ± 2 nm as average particle size. Further the synthesized NiO NPs were subjected to degrade toxic
diazo dye Congo red (CR) and organic compound4-Nitro phenol in the presence of sunlightwithin short duration
of time. The results indicate that the NiO NPs degrades 95% of CR and 94% of nitro phenol.
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1. Introduction

Development of nanotechnology and nanoscience is limitless in the
current century [1,2]. When contrasting with other metals, nanoparti-
cles of transition metals have a favourable potency, so for synthesis of
transition metal nanoparticles are preferred [3,4]. The application of
the synthesized nanoparticles varies depending upon the shape, size,
surface morphology, structure and composition [5–7]. Nanoparticles
possess unique optical, magnetic, electronic and chemical properties
[5,7–9]. Nanoparticles helps in developing the advanced chemical sen-
sors, electronic devices etc. There are 3 fundamental practices for nano-
particles synthesise such as chemical, biological, and chemical
approaches. Chemical and physical methods will require more invest-
ment and consumemore timewhich likely results in toxic final product.
Henceforth the non-poisonous and least expensive natural (biological)
methodology was picked for nanoparticles synthesis [10–12]. Compar-
ing to other methods, biological approach was ecofriendly. Most of the
time the source for this approach was plant parts. In biological method,
an).
green synthesis plays a noteworthy job [13–15]. In this study, we pre-
pared Nickel oxide nanoparticles (NiO NPs) by eco-friendly method.
Nickel being a transition metal it has a good anti-corrosion property.
NiO NPs can be used as catalyst due to its high positive charge
[16–19]. NiO NPs have lot of applications in pharmaceutical industries,
biosensor, bio molecular separation, magnetic biocatalysts preparation,
etc. [20–23]. Already some of the researchers reported that NiO NPs are
used in carbon nanotubes because of their high electrical conductivity
[24].

We utilized CGL as our green source to synthesis NiO NPs.
C. gigantea belongs to the family of Apocynaceae and sub-family of
Asclepiadoideae. The CGL consists of various secondary metabolites
which can play a role as capping and stabilizing agent in the forma-
tion of metal nanoparticles [25,26]. This C. gigantea latex acts as an
eco-friendly capping agent which can cap and produce highly stable
metal oxide nanoparticles. Not only the latex but also the fibre from
the plant also has certain specialities because of which it can be used
in various nanoparticles synthesis.

In the view of applications, the synthesized nanoparticles have dif-
ferent contributions in day to day life. One of the major application
was said to be catalytic property, which is essential for many organic
transformations. NiO NPs were used in Ni-MH batteries which in turn
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Fig. 1. Structure of Congo red and 4-nitrophenol.

Table 1
Independent variables and there levels utilized in BBD model.

S. no Variables Range of values and levels

−1 0 1

1 Nickel acetate (mM) 0.5 1 1.5
2 Time (h) 3 4 5
3 Temperature (°C) 50 60 70
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is a reversible power source and pollution free. These eco-friendly syn-
thesized nanoparticles have ability to act as catalyst in various organic
applications and biological applications like antimicrobial, antitoxic, lar-
vicidal, etc. [24,27]. CRwas said to be one of the toxic diazo dyewith two
sulphur groups in structure (Fig. 1).Most of the industries released their
toxic effluents directly or indirectly to the environment which leads to
degrade the potency of natural resources [28]. To overcome this draw-
back, this report discuss on eco-friendly synthesis of NiO NPs, degrada-
tion of CR and nitrophenol.

2. Experimental section

2.1. Materials used

All the required compounds were obtained from Alfa Aesar, Mum-
bai, India. The Calotropis gigantea latexwas collected from in and around
Vellore Institute of Technology, Katpadi region, Vellore district,
Tamilnadu, India and its co-ordinates are 12.9693° N and 79.1559° E.

2.2. CGL purification

CGLwas separated into liquid and solid by adding 13mL of CGLwith
13 mL of distilled water and subjected for centrifugation (30 min @
3000 rpm). Further the supernatant were thrown away and process
was repeated once again to obtained clear product of CGL. Then
100mg of the hardenedmixture of CGLwas diffuse in 100mL of double
distilled water (DD-H2O) using ultrasonication and the resultant CGL
Fig. 2. Preparation of NiO NPs by CGL.
were deposited in refrigerator. Further the confirmation of CGL constit-
uents were characterized by GC–MS analysis.

2.3. CGL mediated NiO NPs synthesis

Around 80 mL of 1 mM Nickel acetate solution was prepared using
DD-H2O and labelled (Solution-A). Solution B was prepared by adding
20 mL of DD-H2O to 20 mg of CGL. Finally both the solutions were
shaken well and kept in water bath at 60 °C for 4 h. Every 30 min inter-
vals the mixture of sample solutions were collected and subjected to
UV–Visible spectroscopy. The resultant solutions were centrifuged for
30 min at 3000 rpm. Further supernatant was discarded and calcinated
with the help of crucible and furnace at 400 °C for 3 h [29]. Then the re-
sultant powder was stored in a refrigerator for further elucidation. The
reaction between Nickel acetate solution and CGL latex was explained
in Fig. 2. The constituents present in latex can act as a capping agent
to form NiO NPs.

2.4. Experimental modelling for optimization of NiO nanoparticles

Response surface methodology (RSM) was considering as one of the
important modelling tools for optimizing various reaction parameters.
Here we used, BBD (Box-Behnken Design) modelling for the synthesis
of NiO NPs. The three independent variables for optimize the parame-
ters (S1, S2, S3) were selected as, Nickel acetate concentration (mM),
Time (h), and Temperature (°C) in Table 1. The present study investi-
gated about, 15 run of different combination of parameters (Table 2).
The synthesis of NiO NPs results were fitted through following 2nd–
order equation (Eq. (1))

Abs nmð Þ ¼ β0 þ β1 S1 þ β2 S2 þ β3 S3 þ β11 S1
2 þ β22 S2

2

þ β33 S3
2 þ…………… ð1Þ

Here Abs denotes absorption maximum, β0 denotes constant, β1,
β11, β2, β22, β3, β33 denotes both linear and quadratic coefficients.
Table 2
The experimental parameters for BBD design along with theoretical values.

Std order Run order Pt type S1 S2 S3 Abs max

Experimental Theoretical

9 1 2 0 −1 −1 0.54 0.51
3 2 2 −1 1 0 0.78 0.78
13 3 0 0 0 0 1.25 1.25
14 4 0 0 0 0 1.25 1.25
8 5 2 1 0 1 1.02 1.01
5 6 2 −1 0 −1 0.62 0.62
12 7 2 0 1 1 0.94 0.96
2 8 2 1 −1 0 0.72 0.71
11 9 2 0 −1 1 0.75 0.76
7 10 2 −1 0 1 0.81 0.77
15 11 0 0 0 0 1.25 1.25
10 12 2 0 1 −1 0.78 0.76
4 13 2 1 1 0 0.99 0.97
1 14 2 −1 −1 0 0.56 0.58
6 15 2 1 0 −1 0.68 0.71



Table 3
GC–MS profiling in Calotropis gigantea latex (CGL).

S.
no

Retention
time

Name of the compound Molecular
formula

Chemical structure

1. 28.57 4,4,6a,6b,8a,11,11,14b-Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-octadecahydropicen-3
(2H)-one

C30H48O

2. 28.89 (E)-3-(6-hydroxy-6-methylhept-4-en-2-yl)-2a,5a,8,8-tetramethyltetradecahydro-1H,12H-cyclopenta[a]
cyclopropa[e]phenanthren-9-yl acetate

C32H52O3

3 29.11 (2,2,6,6-Tetramethyl-3-(3-methylbut-2-en-1-yl)cyclohexyl)methyl acetate C18H32O2
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2.5. Characterization techniques

Phase identification of CGL mediated NiO NPs was carried out using
an X-ray diffraction method, company Bruker, Germany, model D8 in
the 2θ range from 10 to 80°. The TEM (transmission electron micros-
copy) figures were attained on a Philips, CM 200, operating at
20–200 kV and resolution: 2.4 Å. Energy-dispersive X-ray spectroscopy
(EDX) was obtained on the Bruker, Germany instrument. UV–Visible
(UV–Vis) absorption spectra were acquired with a Shimadzu UV–
Visible spectrophotometer, model UV 1800. The zeta potential of the
CGL mediated NiO NPs was measured using Horiba Scientific.
Brunauer-Emmett-Teller (BET) technique was utilized to identify the
surface area of the NiO NPs. Perkin Elmer GCMS instrument was used
to identify the constituent present in CGL.
2.6. Degradation of azo dye by CGL mediated NiO NPs

Photocatalytic performance of CGL mediated NiO NPs were evalu-
ated by the degradation of CR. About 0.1 g of NiO NPs was dissolved in
100 mL CR solution (10 mg/L) in each experiment. Prior to
Fig. 3. GC–MS chromatogram of CGL latex.
photocatalytic measurements, the photocatalyst was pre-treated in
darkness (30 min) to reach desorption-adsorption equilibrium of CR.
After irradiation at particular time intervals, 3mL of the solutionwas re-
moved and centrifuged to separate the particles of photocatalyst. The
concentration change in CR was examined on UV–Vis absorption of
the suspensions at its peak absorbency at 520 nm. The cycling experi-
mentwas done under sunlight to test the reusability and photocatalytic
stability of the optimized catalyst. The catalyst used in the reaction was
washed and filtered thoroughly with DD-H2O. Fresh CR solution was
added to the used catalyst and repeated the experiments for serveral
times.
2.7. Catalytic reduction of 4-nitrophenol

The photo catalytic degradation of 4-nitrophenol was performed
in 5 × 10−5 M solutionwith the combination of NiO NPs (50mg), and
4-nitrophenol (50 mL). The control reactions were carried out in the
absence of catalyst. All experiments were performed using identical
conditions. The adsorption equilibrium took place at the first 5 min
of every run. The degradation of 4-nitrophenol was examined via
disappearance of corresponding 400 nm absorption peak acquired
by progressive UV–Visible data.
Table 4
ANOVA for synthesis of NiO NPs.

Source DF Adj SS Adj MS F-value p-Value

Model 9 0.829593 0.092177 94.06 0.000
Linear 3 0.258250 0.086083 87.84 0.000
S1 1 0.051200 0.051200 52.24 0.001
S2 1 0.105800 0.105800 107.96 0.000
S3 1 0.101250 0.101250 103.32 0.000

Square 3 0.564468 0.188156 192.00 0.000
S1 ∗ S1 1 0.193206 0.193206 197.15 0.000
S2 ∗ S2 1 0.247206 0.247206 252.25 0.000
S3 ∗ S3 1 0.210467 0.210467 214.76 0.000

2-Way interaction 3 0.006875 0.002292 2.34 0.190
S1 ∗ S2 1 0.000625 0.000625 0.64 0.461
S1 ∗ S3 1 0.005625 0.005625 5.74 0.062
S2 ∗ S3 1 0.000625 0.000625 0.64 0.461

Error 5 0.004900 0.000980
Lack-of-fit 3 0.004900 0.001633
Pure error 2 0.000000 0.000000

Total 14 0.834493



Fig. 4. The 2D contour plots for all independent variables a) S2 Vs S1 b) S3 Vs S1 c) S3 Vs S2.
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3. Results and discussion

3.1. GC–MS analysis of CGL

Bioactive compounds present in CGL were investigated via
GCMS analysis. From that GC–MS chromatogram, we confirmed
that the existence of phytochemical components with various re-
tention times as presented in Table 3. Fig. 3 represented that the
Fig. 5. The 3D surface plots for all independent
chromatogram of CGL latex. The current study finds to predict
the molecular formula and structure of the three bioactive
components.

3.2. The RSM and ANOVA analysis

The preparation of NiO NPs was investigated using RSM methodol-
ogy. The BBD experimental runs were calculated and presented in
variables a) S2 Vs S1 b) S3 Vs S1 c) S3 Vs S2.



Fig. 6. XRD spectrum of CGL mediated NiO NPs.

Fig. 7. (a–c) TEM images of CGL mediated NiO NPs, d - SAED p
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Table 2, according to the table values the 2nd order regression equation
(2) for three independent parameters,

Abs Max ¼ 1:2500þ 0:0800 S1 þ 0:1150 S2 þ 0:1125 S3−0:2288 S1
� S1−0:2587 S2 � S2−0:2388 S3 � S3 þ 0:0125 S1 � S2
þ 0:0375 S1 � S3−0:0125 S2 � S3

The ANOVA Table 4, investigated for the significance and adequacy
of the present model. From this table, F-value (252.25) and p-value
(b0.001) represents the model should be high significant. The R2 value
of the current model was 99.41% and R2 (adj) was 98.36 %. Both values
represents the model should be highly adequate and significant. Mean-
while, the 2D and 3D plots (Figs. 4(a–c) & 5(a–c)) are used for identify
the adequacy of the model. It can be observed that, RSM analysis illus-
trate that the interaction between two indexes, nickel acetate (S1) and
Time (S2) as well as nickel acetate (S1) and Temperature (S3) are signif-
icant. Finally the best optimum condition was identified as 1 mM of
nickel acetate, 4 h time and 60 °C. It is also confirmed by experimental
results.
attern of CGL mediated NiO NPs (e–f) fijo fringes of NiO.



Fig. 9. Zeta potential of synthesized CGL mediated NiO NPs.

Table 5
Comparative methodology for Green synthesis.

S. no Methodology Particle size References

1. Hot-injection method. 100 nm [41]
2. Sol-gel method 32.9 nm. [42]
3. Thermal oxidation 30 nm [43]
4. Thermal decomposition 62 ± 1 nm [44]
5. Thermal decomposition. 55 nm [45]
6. Green synthesis 24 nm Current study
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3.3. XRD data

NiO NPs formation was determined by X-ray diffraction which
shown in Fig. 6. All the diffraction peaks can be unequivocally assigned
to face-centered cubic phase of NiO [29]. The lattice constant of CGLme-
diated NiO NPs from XRD spectrum was found to be a = 4.1769 Å,
which is good agreement with JCPDS 78-0643 [30]. Five broad charac-
teristic peaks located at 37.2°, 43.29°, 62.91°, 75.43° and 79.38° can be
indexed respectively to the (111), (200), (220), (311) and (222) planes.
The average crystalline size was calculated from the Debye Scherrer's
Equation [31,32] to be around 29 nm, whichwas consistent with the re-
sults of TEM.
3.4. Morphological analysis of NiO NPs

Fig. 7(a–c) confirmed the TEM photographs of NiO NPs synthesized
via CGL extract. The synthesized single-crystalline cubic CGL mediated
NiO NPs showed regular hexahedral in shape and uniform in size distri-
bution [33]. Sizes of the NiONPs were differing from 20 to 100 nm, with
a common of 24 nm and the presence of some large aggregates. Fig. 7d
illustrates the SAED pattern indicating the single and highly crystalline
structure of CGL mediated NiO NPs. Compare to all other chemical
methods, the CGL mediated NiO NPs showed excellent crystalline
nature and lesser particle dimension in Table 5. Moreover, chemical
composition evaluation performed using energy dispersive X-ray spec-
troscopy (EDS). The EDS spectra of the CGL mediated NiO NPs (Fig. 8)
showed the presence of C, O, Ni and the content of C, O, Ni are 3%,
14%, and 83% respectively. Furthermore, we complemented the particle
size of CGL mediated NiO NPs by Diffused Light scattering (DLS)
technique. As shown in Fig. 9, the CGL mediated NiO NPs were formed
and resulted in −53.5 mV, which is in agreement with the particle
Fig. 8. EDAX spectrum of CGL mediated NiO NPs.
size distribution given by a Horiba Scientific dynamic light scattering
analysis.

3.5. UV–Visible spectroscopy

The UV–Vis peaks of CGLmodified NiO NPs were studied at different
time intervals as represented in Fig. 10. The absorption band was ap-
peared in the range of 225–275 nm (Fig. 10). It was likely correlated
to the sufficient peak development of CGL mediated NiO NPs at
120 min [34]. From UV image, the intensity of peaks was minimized
also detected in lower wavelength, which specifies the interactions
between CGL extract and NiO. The conventional Tauc's relation
[(αhν)1/n = A(hν-Eg)] was utilized to find the band gap. Whereas hν
denotes as the incident photon energy, ‘A’ denotes as a constant, and
‘n’ denotes exponential value [35,36]. By extrapolating the intercept at
α = 0 of the graph of (αhν)2 Vs hν the Eg value can be determined.
The obtained Eg value is 2.7 eV [29] for the CGL mediated NiO NPs at
120 min.
Fig. 10. UV–Visible spectra of CGL mediated NiO NPs.



Fig. 11. UV–Vis spectra of CR degradation: a) In presence of NiO photocatalyst, b) In presence of CGL Cextract, c) In presence of CGL mediated NiO photocatalyst.
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3.6. Photocatalytic degradation of Congo red

Degradation of environmental contaminants under suitable condi-
tions i.e., using solar spectrum in aqueous solution is the aim of this ap-
plication. To evidence this photocatalytic performance, as a trail
reaction the photocatalytic decomposition of CR was performed ac-
cording to the literature [28,39]. Photocatalytic activity tests were
done, on adding catalysts to an aqueous CR solution (Fig. 11(a–
c)), the resulting suspensions were equilibrated in the dark for
30 min, and the suspensions were irradiated with the sun light
for 35 min. The adsorption of CR on the CGL mediated NiO NPs
under dark was insignificant. As mentioned in earlier work, exper-
iment in dark and without photo catalyst does not remove the CR
dye notably. Only small change in the concentration of the solution
can be observed when CR solution was irradiated in dark and in the
absence of any catalyst. After 35 min of irradiation under sunlight,
the degradation ratio of CR was 95 % (Fig. 11c) in the presence of
CGL mediated NiO NPs whereas, 36 % (Fig. 11a) and 28 %
(Fig. 11b) of CR were decomposed by NiO and CGL extract respec-
tively. Therefore, we envision that the superior photocatalytic ac-
tivity for catalyst can be obtained because of the existence of CGL
mediated NiO NPs. The catalytic activity also compared with P25
[37] CR dye degradation exhibited that 91.5 % was obtained in
the existence of Ba/Alg/CMC/TiO2 composite. Also Bhagwat et al.
[38] reported the MgTiO2-P25 showing 98 % of degradation of CR
in 120 min. Ullah et al. [39] also reported that W@TiO2
nanoparticles can be a low-cost preference for visible light induced
photocatalytic degradation of CR dye.

The kinetic behaviourwas carried out to further elucidate the photo-
catalytic activity. As shown in Fig. 12(a–d), the plots of CR dye decom-
position matched the pseudo-first order kinetic correlation [40]. The
kinetic expression can be presented as follows (1):

ln
C
C0

� �
¼ −kappt

where, C denotes the CR dye concentration at initial t (mg/L); C0 de-
notes the CR dye concentration at t = 0 (mg/L); kapp also denotes the
pseudo first-order rate constant (min−1); and t denotes the time of re-
action (min). Evidently, the result for CGL mediated NiO NPs (0.9027)
was the highest among all the other samples, which was consistent
with the conclusion of photocatalytic degradation. To check the stability
of the CGL mediated NiO NPs in the process of photocatalytic activity,
we also carried out repeated photodegradation of CR dye experi-
ments. The results shows that the photocatalytic efficiency of the
CGL mediated NiO NPs during CR degradation was significantly
higher.

3.7. BET surface area measurements

The photocatalytic behaviour of the materials was mainly based on
the amount of the pore in their surface, which was investigated using



Fig. 12. Photocatalytic degradation curves of CR dye: a) Degradation rate curve in presence of NiO photocatalyst, b) Degradation kinetics in presence of NiO photocatalyst, c) Degradation
efficiency in presence of CGL C extract, d) Degradation efficiency in presence of CGL mediated NiO NPs.

Fig. 13. BET analysis for NiO NPs.
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BET analysis. Here synthesis of NiO NPs was calcinated at 300 °C for 1 h
due to the removal of water and other organic pollutants. At constant
temperature of 77 K the NiO NPs were analysed via them to absorb ni-
trogen gas. As adsorption occurs, until it attains equilibrium, the pres-
sure in the sample varies. Further surface area was found out using
following equation

P=P0

V 1−
P
P0

� � ¼ 1
cVm

þ C−
1

cVm
P
P0

� �

Here

P - represents as the equilibrium pressure
P0 - represents the equilibrium and saturation pressures of the
adsorbed gas,
P/P0 - represents the relative pressure,
V - denotes volume of adsorbed gas per kg adsorbent,
Vm - denotes volume of monolayer adsorbed gas/kg adsorbent, and
c – Denotes the constant from the heat

The BET (N2 adsorption/desorption isotherm) analysis of NiO nano-
particles was exhibit in Fig. 13. Surface area of NiO NPs, was obtained as
11.248 m2/g respectively. Total pore volumes for pores 0.456 cm3/g
with radius of 5.863e−03 cm3/g are calculated for NiO NPs employing
a Barret-Joyner-Halenda (BJH) model. From, this analysis we identified
that the surface area increases in NiO content.



Fig. 14. (a) Photo catalytic degradation of 4-nitro phenol. (b–d) Kinetic graphs for degradation of 4-nitro phenol.
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3.8. Catalytic activity of 4-nitro phenol

The photo catalytic process was observed utilizing UV–Vis spectro-
photometry as exhibited in Fig. 14(a–d). The 4-Nitrophenolates ions
were once obtained in excessive absorption peak placed at 400 nm.
Fig. 15. Photocatalytic degradation mechanism of CR an
Subsequently, emerging the nanoparticles, current absorption peak
constantly declined throughout the path of reaction. After 50 min of
the reaction time, the 400 nmabsorption peakwas absolutely vanished.
The conversion of 4-nitrophenol to 4-aminophenol, indicates that look
of new and weak peak at 290 nm. The kinetic plots are shown in
d 4-nitro phenol over NiO NPs under visible light.



Fig. 16. (a & b) Recyclability of NiO NPs for catalytic activity of CR dye and 4-nitro phenol.

Table 6
BET analysis for photocatalytic degradation.

NiO NPs/dye Before degradation After degradation

Surface area Pore volume Surface area Pore volume

Congo red 11.248 m2/g 0.426 cm3/g 3.540 m2/g 0.194 cm3/g
4-Nitro phenol 11.248 m2/g 0.426 cm3/g 4.955 m2/g 0.137 cm3/g
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Fig. 14(b–d). From the kinetic analysis, we found that 94% degradation
of 4-nitro phenol occurs in 50 min. It also follows a pseudo-first order
reaction. It was beneficial to make reference to that in the absence of
theNiONPs; therewas no significantmodification in position and/or in-
tensity of the peak due to the 4-nitrophenolate ion. Specifically, the re-
duction of 4-nitrophenolate ion to 4-aminophenol was unable to
perform in control experiments. It was known that, NiO NPs to be a
strong reducing agent.

3.9. Mechanism of photocatalytic degradation

The several steps containing possible mechanism for sunlight medi-
ated degradation of CR was shown in Fig. 15. From the initial step, the
light energy was irradiated on the semiconductor, then valance band
electrons absorbs energy and shifts to the conduction band. Conse-
quently the charge bearers (hole in the valence band and electrons in
the conduction band) are produced. In the following stage, the dye ma-
terial & organic material are directly interact with these generated
charge carriers to degrade them or transfer to the semiconductor sur-
face. Further, these primary materials are degrade/reduce, go on
Fig. 17. Effect of pH
secondary reactions. The resultant products, are free radicals like -OH,
HO2, O2

−. Then the free radicals also degrade/reacts them to produce
non-toxic products. The band gap of the NiO NPs was 2.7. From this
above possiblemechanism, the organic pollutant CB electrons are trans-
fers highly into VB, and then degraded.
3.10. Reusability of NiO NPs

The reusability was one of the significant factors for feasible applica-
tion. Fig. 16 (a & b) represents that the reusability of the NiO as a photo
catalyst for degradation of CR & 4-nitrophenol. Thus the reusable cycle
test was accomplished for NiO NPs under UV light for 10 cycles. Each
time, the photo catalyst used to be re-utilized as fresh catalyst for the
following cycles of photocatalytic experiment. After the 10th cycles
photo degradation result was observed that the photo catalyst was
still stable. It was further supported by BET analysis. In CR dye has its
maximum efficiency (photo degradation rate 92.6 % of and above) and
for 4-nitrophenol has moderate efficiency in all the 10 cycles.
3.11. Surface area study for after degradation

The NiO NPs surface area performs a vital role in photocatalytic deg-
radation reactions. Before and after the photocatalytic reactions, the
pore volume, pore diameter, and surface area of synthesized NiO NPs
were presented in Table 6. It can be noticeably spotted that N2 isotherm
of NiO NPs for photo catalytic degradation, which confirmed pore vol-
ume decreased, and surface area increased.
and catalyst.
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3.12. Influence of pH and NiO catalyst on degradation studies

The photo catalytic degradation of CR dye and 4-nitro phenol
investigated using NiO NPs as a catalyst. In degradation studies,
the amount of catalyst and pH also considerable as one of the im-
portant factor. To optimize the parameters we have changed the
catalyst quantity (10, 30, and 50 mg), and pH of the solution (5,
7, and 9). Same parameters applied in both CR and 4-nitro phenol
degradation studies. It was observed that while increasing the cat-
alyst, % of degradation also increased. Also, the pH at acidic condi-
tion (pH = 5) showing good degradation efficiency. Fig. 17
represents the effect of the pH and catalyst in both degradation
studies. It was interesting that the no considerable change in both
degradation studies.
4. Conclusion

In summary, we have developed a CGL mediated NiO NPs by eco-
friendly method without using any hazardous chemicals. The degrada-
tion study results revealed that CGL mediated NiO NPs shows consider-
ably enriched photocatalytic activity.
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