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Abstract - NiO and Ag-NiO nano particles were prepared using
Lycopodium extract as a fuel via solution combustion synthesis
(SCS) at 500 °C. From the PXRD, FTIR, UV-DRS studies the
synthesized NPs were characterized. The morphologies of the
prepared NPs were studied by SEM and TEM analysis. The
synthesized NPs were tested for photocatalytic and
photoluminescence studies. The PXRD data indicated that the
synthesized nanoparticles belong to cubic phase structure and
space group Fm-3m. The FTIR spectrum of NiO exhibited the
absorption bond at 427 cm™ is associated to Ni-O vibration
band. The SEM data revealed that agglomeration was
obtained. NiO and Ag-NiO Nps were taken for determine the
photocatalytic activity study on methylene blue dye, the results
indicated that Ag-NiO NPs exhibited promising photocatalytic
activity. This is due to occurrence of Ag particles on the NiO
material, which makes the catalyst more sensitive.
Furthermore, a photoluminescence study for NiO and Ag-NiO
was studied.
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I. INTRODUCTION

Industrial dyestuff contain one of the largest groups of
organic compounds that lead to discoloration of water and
cause great loss of aquatic life. The elimination of these
colors and other organic materials is a priority for ensuring
a safe and clean environment [1]. Over the last decades,
photo catalysis has attracted special attention as an
economic and environmentally safe option for solving
energy and pollution problems [2]. Among various
semiconductors showing photocatalytic activity, wide band
gap semiconductors such as TiO;, ZnO, etc. bear
tremendous hope in helping ease the energy and
environment crisis through effective utilization of solar
energy based on photovoltaic and water-splitting devices [3,
4]. Unfortunately, their wide band-gaps do not allow the
utilization of visible light, which limit their practical
applications. Therefore, it is imperative to develop new
kinds of photo catalysts with high activities under visible
light in view of the efficient utilization of solar energy.

Nickel oxide (NiO) is an important transition metal oxide
with cubic lattice structure. It has attracted increasing
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attention owing to potential use in a variety of applications
such as: catalysis [5], battery cathodes [6, 7], gas sensors
[8], electrochromic films [9] and magnetic materials [10,
11]. It can also be extensively used in dye sensitized
photocathodes [12]. It exhibits anodic electrochromism,
excellent durability and electrochemical stability, large spin
optical density and various manufacturing possibilities [13].

Nanostructured NiO has a wide range of applications as a p-
type semiconductor with a stable wide band gap (3.6-4.0
eV) [14], although bulk NiO is an antiferromagnetic
insulator [15]. Nano-sized NiO is also used in alkaline
batteries [16], electrochemical capacitors [17]. Ag is well-
known for its intense interactions with visible-light via the
resonance of the oscillations of the free electrons within the
particles [18], and is considered as a relatively cheap noble
metal.

Photo excited electrons in the conduction band (CB) of a
semiconductor can be transferred to the noble metals, which
act as electron sinks due to the Schottky barrier at the
metal-semiconductor interface, while the holes can remain
on the semiconductor surface[19, 20]. The recombination of
electrons and holes can therefore be prolonged, and the
photocatalytic activity will be improved [21]. In addition,
the Plasmon resonance of noble metal nanoparticles (NPs)
is expected to enhance absorption of incident photons,
which will enhance the photocatalytic efficiency of the
semiconductors [22]. Hence, that the NiO nanoparticles are
modified with Ag particles may exhibit an enhanced
photocatalytic activity.

Herein the synthesis of NiO and Ag-NiO nanoparticles via
combustion method using lycopodium extract as a fuel. The
prepared NPs were characterized using powder X-ray
diffraction (PXRD), Fourier transform infrared analysis
(FTIR), UV-diffused reflectant spectrum (UVDRS),
scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) of the NiO NPs. Photocatalytic
activity of NiO was examined by photodegradation of
methylene blue (MB) under visible light illumination and
photoluminescence (PL) study was also carried out.
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Il. EXPERIMENTAL ANALYSIS

A. Synthesis of NiO and Ag-NiO Nps from Lycopodium: In a
typical experiment, synthesis of NiO NPs from Lycopodium
linn using solution combustion method. The stochiometric
ratios of Ni (NOs), and AgNO; were mixed with
Lycopodium, which acts as Fuel. The Nickel nitrate and
Lycopodium extract (5, 10, 15 and 20 mL) were added in a
crucible and stirred thoroughly with magnetic stirring for
~10 min. After, the formed homogenous solution was kept
in muffle furnace maintained at 500 °C for 5 min to get
product. For synthesis of Ag-NiO, The synthesis of NiO-Ag
nano composites (NiO-Ag-1%; NiO-Ag-3%; NiO-Ag-5%;
NiO-Ag-7%) using 10 mL Lycopodium (optimized fuel).

B. Characterization: The synthesized nanoparticles were
characterized by using powder X-ray diffractometer
(Rigaku smart Lab). FTIR (Bruker-alpha) to analyse metal
oxide bond stretching frequencies. The UV- DRS spectrum
of the NPs was measured using UV-Visible
spectrophotometer (Lab India-Diffuse reflectance spectra
and Cary 60 Agilent technologies-Absorbance spectra). The
morphologies of the prepared nanoparticles were scanned
using Scanning Electron Microscopy (Hitachi-7000 Table
top). Shape and size of the NiO crystallites was determined
using transmission electron microscope (JEOL 3010).
Photoluminescence  studies  were  recorded  using
fluorescence spectrophotometer Agilent technology Cary
Eclipse).

C. Photo Catalytic Activity: Photo-Reactor "Heber" was
purchased from Chennai. The photocatalytic reactor consists
of a medium pressure mercury vapor lamp (A max = 365
nm, 250W) in a jacketed quartz crystal tube. The heat
caused by the lamp was removed from cold water by
continuous circulation throughout the jacket. The tube has
an inside diameter of 2.3 cm, with an outer diameter of 2.7
cm diameter, which is 37 cm long, 100 ml capacity and is
placed around the lamp.

The gap between the mercury lamp and the quartz tube
containing pollutant was 6 cm. The uniform distribution of
catalytic particles throughout the solution was achieved
using air pump [23]. The solution was allowed for
constantly bubbled in the dark for 30 minutes to ensure the
organization of an adsorption-desorption equilibrium
between the photocatalyst and MB previous to irradiation of
light source. The suspension 2 mL was withdrawn from the
reactor over 30 minutes intervals. Centrifuge the solution
using spin win micro centrifuger to remove the NiO NPs
from the mixture. The dye concentration of left over
aqueous  solution was measured using UV-Vis
spectrophotometer at 664 nm. The % degradation of the MB
is calculated using the equation (i)

04 of degradation =

Where Ci initial and Cf final dye concentrations in ppm.
The photocatalytic experiment was repeated by changing
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different parameters such as concentration of dye, catalytic
load, pH variation, catalyst recycling, etc.

I1l. RESULTS AND DISCUSSION

A. PXRD Study: The PXRD patterns of NiO nanoparticles
are represented in Fig.1. From the XRD data indicated that
NiO NPs has cubic phase structure and space group Fm-3m
(n0.225) resembles with the standard JCPDS card number
1-1239 [24]. No extra peaks were found in the pattern
which indicates that purity of the samples. The average
crystallite size was measured to be 14.27 nm for NiO and
14.19 nm for Ag-NiO, respectively.
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Fig. 1 Powder XRD patterns of the NiO and Ag-NiO nanoparticles

B. FTIR Study: The FTIR spectra of NiO and Ag-NiO
nanomaterials were recorded between the ranges of 4000 to
400 cm™ as shown in Fig 2. Additionally, characteristic
bands of NiO, which include the Cu-O symmetric and
asymmetric stretching vibrations at 407 cm™ were also
observed [25]. The broad peak at 3435 and 1632 cm™ is due
to the stretching and bending vibrations of -OH, which is
due to the absorbed moisture on the surface of the catalyst
[26, 27].

—— NIO
100 e Ag-NIO

50 o
80 o
70 o

80 o

Absorbance (a. u.)

4n

30

20 4

T
3500 3000 2500 2000 1500

Wavenumber (cm™)

Fig. 2 FTIR spectra of NiO and Ag-NiO Nanoparticles
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C. UV-Visible Diffuse Reflectance Studies: (UV-DRS): Fig. band shown nearly at 300 to 350 nm. Due to electron
3 shows the UV-Visible spectra of NiO and Ag-NiO NPs  transfer from valence band to conduction band. The
synthesized via combustion method using lycopodium calculated Eg values were found to be 3.79 eV and 3.75 eV
extract as a fuel. The spectra demonstrate with absorption for NiO and Ag-NiO NPs respectively [28].
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Fig. 3 UV-DRS spectrum of NiO and Ag-NiO NPs

D. Scanning Electron Microscopy (SEM) Studies: Fig. 4 (a,
b) represents SEM images of the compound NiO and Fig. 4
(c, d) for Ag- NiO NPs synthesized via combustion method
using lycopodium extract as a fuel. The particles are looking
like homogenous distribution which is formed by the
agglomeration of NPs.

%
d-0.15(220)
. NiO

Fig. 5 TEM images (a,b), HR-TEM images (c) and SAED pattern(d) of
NiO nanomaterials

IV. PHOTOCATALYTIC DEGRADATION OF NiO
AND AG-NiO NPs

Under light radiation, the semiconductor absorbs photons of
energy greater than the band gap of semiconductors and
Fig. 4 SEM images of NiO nanomaterials (a) and (b), and Ag-NiO then creates electrons and holes in the valence and

nanomaterials (¢) and (d) conducting band. If the charge carriers don’t accompanied,
then they’ll travel on the surface wherever free electrons
form the reduction of oxygen and form the peroxides and
super oxides and created holes oxidize the water and form
the OH-; these generated species are extremely reactive and
unstable and ultimately cause to the degradation of organic
dyes. Many factors are influencing the Photocatalytic action
on dyes, i.e., band gap, surface area, crystallinity, phase
composition, surface hydroxyl density, size distribution,
morphology, and particle size of the photocatalyst [30].
Prepared NiO NPs were taken as photocatalyst to check the
methylene blue dye degradation under UV-light. In every 30
minutes, 2mm of the aliquots sample solution was
withdrawn and it was centrifuged and absorption of the
samples was recorded. By measuring the change in
intensity, we can calculate the degradation rate of dye at A
max-664 nm.

E. Transmission Electron Microscopy (TEM) Studies: Fig. 5
shows the TEM images, HR-TEM.images and SAED
pattern of synthesized Ag- NiO NPs using Lycopodium
linn. as a fuel via combustion method. From the TEM
images (Fig. 5a, b) we can clearly observe the fine
distribution of silver (Ag) on band like nanomaterials. In the
Fig.5c the distributed silver (black colored dots) on NiO
acquired spherical shape with size of 4.5 to 14.3 nm. The
sizes of NiO materials were observed 42 to 76 nm. For NiO,
(Fig. 5¢) the d-spacing value is 0.15 nm, which belongs to
(220) plane. From the SAED pattern, (Fig. 5d) it is
confirmed as a polycrystalline in nature. The planes at
(111), (200) and (220) planes having highest intensity in
XRD and which are matched with bright circular fringes in
SAED pattern.
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A. Effect of Dye Concentration: The concentration of the
dye is playing a crucial role in photocatalytic activity of
NiO nanomaterials. Hence, so as to judge the optimum
concentration of dye for promising photocatalytic activity,
the experiment was carried out by changing the dye
concentration of 5-20 ppm under catalytic loading constant
(100 mg) and UV light as in Fig.6. This clearly shows that
as the dye concentration of 5-20 ppm increases, the
photocatalytic degradation is reduced by 80-20% and 20
ppm is the most effective concentration for dye degradation.
Generally, as increases the dye concentration, the number of
dye molecules is adsorbed on the surface of NiO
nanoparticles, so the degradation rate decreases. On the
other hand, adsorbed dye molecules were not degraded
more rapidly because of the constant light intensity and
catalyst loading.
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Fig. 6 Degradation MB with varying concentration of dye constant and
catalyst load constant

The higher the dye concentration, the smaller the
penetration power of light, which means that the photo-
catalytic decomposition is less at higher concentrations with
less occurrence of hydroxyl groups and superoxide radicals
[31].

B. Effect of Catalytic Load: Fig.7 represents the graph of
MB degradation with varying catalyst load (5-20 mL) by
maintaining the constant concentration of dye (100 mL of 5
ppm). The data clearly reveals that as the catalyst load
increases over 180 minutes, the rate of dye degradation
increases from 70-100%. This is because more active sites
are available due to increased catalytic load [31].
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Fig. 7 Degradation of Methylene Blue with varying catalyst load
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C. Effect of pH: In order to see the optimum pH for the
photolysis of the MB dye, experiments were conducted
at completely different pHs (2 and 10) by maintaining
the constant catalyst (100 mg) and the dye concentration
(5 ppm), and the result represented in Fig.8. This clearly
shows that the MB degradation was effective in the basic
medium [32, 33] with the very best degradation rate
at pH 10. The presence of an large number of OH" ions
on the surface of the catalyst can produced less range of
OH" radicals, that act as primary oxidizing agents
and are responsible for the degradation of MB dye [34-
38].

100

—=— PH 02
—&— PH 10

20

=0

40

% degradation

o T T T T T
S0 120 150

Time (min)

Fig. 8 Degradation of MB with varying pH of the solution and keeping the
catalyst load and constant dye constant

D. Catalyst Recycling: To evaluate the stability of the
photocatalyst, a recycling experiment was carried out to
degradation the methylene blue dye (Fig. 9). The
experiment was carried out with 100 mg of catalyst and 100
ml of 5 ppm dye. The decomposition potency of MB was
nearly an equivalent for six cycles. This figure clearly
shows a reduction in potency of nearly 80% altogether six
cycles.
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Fig. 9 Recycling of 10 mg of catalyst and 100 ml of 5 ppm dye

E. Mechanism. Scheme: A schematic representation of the
degradation of MB using NiO superstructure is shown
below.

NiO +hv — NiO (h*y + €cn)
OH s + h*w — OHags (in basic medium)
MB + OH"as — dye degradation
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Fig. 10 Graphical representation for the mechanism of NiO under the irradiation of UV-visible light

V. PHOTOLUMINESCENCE STUDIES
This indicates the efficiency of high charge carrier

PL study is one among the helpful technique for notice the
potency of charge carrier separation within the
semiconductor [39]. The PL emission spectrum of NiO and
Ag- NiO NPs were recorded in room temperature with an
excitation wavelength of 271 nm represented in Fig. 10a.
The pure NiO Nps provides a strong ultraviolet emission
peak at 380 nm. In case of Ag-NiO Nps, the obtained PL
emission intensity decreased and the resultant datas are in

separation in Ag-NiO NPs. The emission peaks in visible
region can be ascribed to bound excitons and defect states
positioned at surface of nanostructured pure and doped NiO
Nps respectively. Chromaticity coordinates are used to find
luminous coloured objects and it can be estimated by
Commission International De I’Eclairage (CIE) system. CIE
chromaticity diagram of NiO and Ag-NiO Nps represented
in Fig. 10c reveals that both the material emit yellow light

good agreement with the Stern-Volmer quenching region [40].

represented in Fig. 11b.
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Fig. 11 PL spectrum of NiO and Ag-NiO (a) excitation spectra (b) emission spectra (c) CIE diagram
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VI. CONCLUSION

The NiO and Ag-NiO were synthesized by using
Lycopodium Linn. Extract as fuel and employing by
combustion method. The XRD pattern shows that NiO and
Ag-NiO nanoparticles belong to a cubic phase with an
average crystallite size of 14.27 nm for NiO and 14.19 nm
for Ag-NiO, respectively. The SEM image clearly shows
that the Agglomeration of NPs. The TEM image shows that
the particles are virtually agglomerated and crystalline. The
prepared NiO and Ag-NiO NPs display 80 to 90 %
photodegradation activity over methylene blue dye. The
photoluminescence study reveals that NiO and Ag-NiO
nano particles shown blue color emission.
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