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In this research, nickel oxide (NiO) peculiar nanosheets with a thickness of less than 50 nm
were produced via a low-cost, one-step, safe hydrothermal process. The reaction was con-
ducted with two concentrations of Ni (NO,),-6H,0 (0.01 and 0.03) at 120°C for 3 h. Methylene
Blue (MB) dye was used to examine the photoactivity of NiO nanosheet films under sunlight.
The prepared NiO nanosheet films were evaluated using XRD, FE-SEM, EDX and UV-visible
techniques. Accordingly, (FE-SEM) images confirm that the films synthesized by a hydrother-
mal method were flower-like nanosheets with a diameter of 33.4-52.7 nm, and the thickness
of the NiO film is about 3.629 yum. The average particle size and crystalline structures were
estimated using XRD Analysis. However, both films were then exposed to direct sunshine for
80 min. The respective photocatalytic efficiencies of films were calculated to be 85% and 88%.
The effectiveness of the photocatalytic degradation for eliminating Methylene Blue (MB)
depends on the concentration, proving that the efficiency can be improved by increasing the
concentration.

Keywords: Nickel oxide; hydrothermal method; nanosheets; photocatalytic activity; methylene
blue; photodegradation.

www.worldscientific.com

1. Introduction

The wide variety of physical properties of transition
metal oxides (TMOs), along with their potential
applications in nanotechnology, microelectronics,
materials science and renewable energy, has spurred
fundamental research into TMOs in recent years.'*
NiO has attracted interest for its ability to destroy
organic contaminants via photocatalytic activity.’
This is because NiO, a p-type semiconductor, has
a broadband gap of roughly (3.2eV—4eV) and
excellent transparency.® NiO thin films have low

“Corresponding author.

toxicity, a low cost of manufacture, physical and
chemical properties exhibit a high degree of stabil-
ity, and a powerful capacity to effectively degrade
organic contaminants into harmless types such as
carbon dioxide (CO,), water (H,0) and other sim-
ilar compounds.”™ '? To create NiO nanoparticles, a
variety of techniques are available, such as the sol-
gel method, chemical co-precipitation synthesis,
reflux synthesis, microwave synthesis, hydrother-
mal synthesis, thermochemical approach, etc.>17
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Light’s role as a catalyst in the photo-catalysis
activity process accelerates a photo-reaction, which
is the method by which the organic pollution is
broken down by photo-catalysis. No substance used
as a catalyst changes or runs out during chemical
reactions. The activation of a semiconductor par-
ticle (such as NiO, TiO,, ZnO, and WO,) to facil-
itate a redox reaction on its surface is achieved by
subjecting it to UV-visible light with an appropri-
ate energy level corresponding to its bandgap. This
process is known as Metal-Oxide photo-catalysis.
One of the essential requirements for achieving
efficient metal-oxide-semiconductor photo-cataly-
sis activity is the appropriate redox potential of
the charge pair, or (e- h+), which falls inside the
photo-catalyst process’ bandgap area.'s

The objective of this study is to improve the
photocatalytic efficiency of NiO nanostructures.
Therefore, it was essential to investigate the impact
of synthesis concentration on this feature. Water
purification plants could benefit from RB deterio-
ration since it facilitates RB removal.

2. Experimental

2.1. Materials

All of Table 1 chemical ingredients were used directly
from the lab without any further purification.

2.2. Synthesis of NiO nanostructures

The hydrothermal technique was utilized to pro-
duce the NiO nanosheets. Initially, 80 milliliters
of distilled water were stirred to dissolve aque-
ous solutions of 1% and 3% M nickel nitrate (Ni
(NO,),6H,0) and 1% and 3% M hexamethylenete-
tramine (HMT) in 80 milliliters deionized water
(DI). These solutions were mixed and kept stirring
for 0.5 h. The mixed solution that was acquired was
put into a glass autoclave. The prepared substrates
were immersed vertically inside the autoclave.

Table 1. Materials used in this work.
Material Purity (%) Company
Nickel nitrate hexahydrate 99 AAG, Espana
Ni(NO,),6H,0
Hexamethylenetetramine 99 Hi-media India

HMT, C,H,N,

Methylene Blue (MB) 98.5 Sigma-Aldrich,
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Fig. 1. Graphical scheme for fabrication of NiO thin film
using a hydrothermal method with (0.01 and 0.03).

The resultant mixture was transferred and main-
tained in the oven for 3 h at a temperature of 120°C.
After removing the salts from the deposited layer
by washing it with distilled water, it was dried on a
hotplate at 60°C for 10 min. Subsequently, the film
underwent annealing at a temperature of 400°C for
2h, as shown in Fig. 1.

3. Characterization

A Shimadzu-UV1800 spectrophotometer was uti-
lized to measure UV-visible spectra within the
wavelength range of 200900 nm. To confirm the
synthesis of NiO nanostructures. FE-SEM analy-
sis was performed to ascertain the nanostructure’s
shape and mean particle size. All specimens were
studied through FESEM-EDX (Hitachi-S 4160-
Japan) in the Chemistry Analysis Center (CAC)
of research/Iran-Tehran. X-ray apparatus (model
XRD6000; manufacturer: Shimadzu; Japan). The
X-ray source utilized was Cu-Ka radiation with a
wavelength of 0.15406 nm. The device can operate at

—Ni0: 0.01 M
—NiO: 0.03 M
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S3CINIS H16 C Germany Fig. 2. rl?he XRD patterns Of. NiO produced at various
concentrations (0.01 and 0.03) using a hydrothermal method.
2350087-2

29-Jan-24 4:59:33 PM



WSPC/175-1JN 2350087 (O] 2nd Reading

NiO Nanosheets’ Photocatalytic Activity

an emission current of 30 mA and a voltage of 40 kV.  degraded after being exposed to sunlight. The
The specimen is scanned at an angle of (20, 90°). MB solution’s absorption peak was measured to

be 550 nm across a wide spectrum of wavelengths.

For 30 min in the dark, the produced films were
4. Photocatalytic Degradation immersed in 50 mL of 10 mg/L MB solution to
Nanostructures’ photoactivity was measured by  remove surface impurities. Then, spectra of absorp-
observing how quickly an aqueous solution of MB  tion were taken both in the dark and after being

200 nm EHT = 10.00 kV Signal A = SE2 Date :18 Jul 2021 ZEISS] 200 nm EHT = 10,00 kV Sigaal A= SE2 Date:18 Jul 2021 ZEISS
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Fig. 3. The FE-SEM Images of NiO thin films prepared with different precursor concentrations, (a, b) samples prepared with
0.01 M, (c, d) with 0.03 M.
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Fig. 4. (a) EDX spectrum and (b) Cross-section image of the NiO thin film for 0.01 M.
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Fig. 5. The UV—Vis absorption of the NiO prepared by

0.01 M and 0.03 M at 120°C for 3 h.

exposed to sunlight for 80 min. The photocatalytic
efficiency (P) can be calculated by

— C{J—Cf

P L % 100%, (1)

o

where we consider C (mg/L) and C, (mg/L) as
the concentrations of dye before and after light
exposure.

5. Results and Discussion

5.1. X-ray diffraction diffraction
patterns

Figure 2 displays the XRD diffraction of NiO thin

films recorded for two concentrations of (1% and

3%) M. The as-deposited thin film has low crys-
tallinity and exhibits an amorphous structure
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Fig. 6. Tauc plots of direct transitions of NiO prepared by

a hydrothermal method with various concentrations (0.01 M
and 0.03 M).

at 0.01 M. It’s possible that the insufficient NiO
film formation at this concentration is to blame.'
Initiation of crystallization was noticed as precur-
sor concentration was raised from (1% and 3%) M.
Based on the X-ray diffraction (XRD) patterns, a
singular peak is observed at an angle of 20 = 37.24°,
specifically corresponding to the diffraction peak
associated with the (111) crystallographic plane.
The observation indicates the presence of the NiO
phase in its face-centered cubic (FCC) structure,
which aligns with the information provided by
JCPDS card number 47-1049.222 No additional
impurity peaks were discovered in the XRD pat-
terns in terms of limit detection. The thin film that
is observable, which was deposited at a concen-
tration of 3% M, exhibits a more pronounced and
well-defined diffraction peak along the (111) crys-
tallographic plane. This suggests a higher degree
of crystallization in comparison to other thin films
prepared at lower concentrations. Using Scherrer’s
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Fig. 7. The UV—Vis photodegradation of MB dye under sunlight by concentrations (a) 0.01 M and (b) 0.03 M.
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equation,” the films’ grain size D for the (111)
plane was determined.
092
gcosd '

(2)

The variable () represents the X-ray wavelength
(1.54056 ~ A) of the incident radiation, whereas (/3)
denotes the full width at half maximum (FWHM)
associated with the diffraction angle (). Based on
estimations, the average diameters of NiO crystal-
lites in thin films measuring (1% and 3%) M are
around 6 and 10 nanometers, respectively.

5.2. FE-SEM images

Figures 3(a)-3(d) show the surface morphologies
of specimens with various precursor concentrations
(1% and 3%) M. Figures 3(a) and 3(b) show the
growth of NiO material on the substrate after a thin
layer was constructed using a 1% M precursor con-
centration. When the concentration of the precur-
sor is raised to 3% M, the substrate is completely
covered by nanosheets as seen in Figs. 3(c) and
3(d). The elemental composition of the specimens
was identified and quantified with the help of EDX
analysis. The EDX spectrum, displayed in Fig. 4(a),
demonstrates that the NiO specimen consists of O
and Ni, with weights percentages of 21.9%, and
78.1%, respectively. Figure 4(b) also reveals that
the typical NiO film has a thickness of 3.629 ym.

5.3. Optical properties

The spectra of optical absorbance from 300 to
900 nm are displayed in Fig. 5. All of the thin films
were made using two different amounts of precur-
sors, (1% and 3%) M. As concentration was raised,
so was the intensity of the absorption peak. At
3% M, an increase in absorbance and a decrease
in transmittance can be attributed to the strong
interfacial connection between nanostructures,
which allows for the homogeneity and regularity
of nanomaterials, or so-called crystalline regener-
ation. In general, the values of energy gaps rely
on the film’s crystal structure (disorder and the
regularity of the structure).?* According to Tauc’s
equation,”* (a) is related to the incident photon
energy (hv).

Alhw - E,) (3
hv ‘

~—

a =
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The optical band gap of NiO films was deter-
mined by analyzing the plot of (ahv)? against pho-
ton energy. This was achieved by extrapolating
the linear portion of the curve to the point where
absorption becomes zero, as illustrated in Fig. 6.

6. Photoactivity Degradation

The photocatalytic activities of the NiO nanosheets
prepared by a hydrothermal method using two
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Fig. 8. (a) Time-dependent photodegradation of MB,
(b) the degradation efficiency of MB by NiO Nanosheets and
(¢) first-order kinetics of MB under sunlight.
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Fig. 9. Mechanism of photocatalytic degradation of meth-
ylene blue under natural sunlight using NiO nanostructures.

concentrations (1% and 3%) M are shown in Fig. 7.
The maximum values of efficiency of the films pre-
pared by 0.01 M and 0.03 M were calculated to be
85% and 88% for 80 min of exposure to sunlight.
However, the maximum difference between the effi-
ciency of Methylene Blue by both concentrations
was found to be 11% for 20 min, referring to the
dependence of the efficiency on the concentration.

Figure 8(a) depicts the time-dependent photo-
degradation of (MB), demonstrating that under
sunlight, MB decomposition increases. Figure 9(b)
demonstrates that after 80 min, NiO nanosheets
made at 3% M are more effective than those pre-
pared at 1% M at decomposing MB. Using the con-
centration-time equation, the pseudo-first-order
rate constant, denoted as k£ (min '), can be deter-
mined by analyzing the slope of the line depicted
in Fig. 8(c).

C, _
In o kt. (4)

The value of k of MB by the nanosheets prepared
by (1% and 3%) M is found to be 0.0240 min * and
0.0260 min !, respectively. Thus, the photodegra-
dation efficiency of the NiO prepared by 0.03 M is
higher. NiO nanosheets would have a far enhanced
response if decorated with metallic nanoparticles
exhibiting an additional plasmonic absorbance.?® %

7. Conclusions

An easy-to-use and reasonably priced hydrother-
mal technique was used to develop undoped NiO
thin films at 400°C on ITO substrates. The NiO

23500878

thin film precursor concentrations ranged from
0.01 to 0.03 M. X-ray diffraction (XRD) structural
investigations verify the nanosize structure of the
films by showing that an increase in NiO crystal-
lite size near 10 nm occurs as the precursor con-
centration reaches 0.03 M. FE-SEM images show
that at a concentration of 0.03 M for the precur-
sor, the substrate is entirely coated with NiO. The
photocatalytic activities of the NiO nanosheets are
tested on MB using two concentrations 0.01 M and
0.03 M. The highest value of efficiency for degra-
dation of MB is using 0.03 M. Thus, the photocat-
alytic efficiency is increased with an increase in
concentration.
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