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ABSTRACT

Green protocol for the synthesis of nickel oxide nanoparticles has been employed as it is rapid, eco-
friendly and cost-effective and better than chemical synthetic methods. The nickel oxide nanoparticles
were synthesized by green routes using the leaf extract of Acalypha Indica plant. The obtained
nanoparticles were characterized by XRD, FE-SEM, UV-Visible and FT-IR techniques. The average
crystallite size of the nanoparticles calculated from Debye Scherrer equation using XRD data was
found to be 68.3 nm with FCC structure. The maximum absorption of the NiO nanoparticles is 346 nm
and band gap calculated from Tauc’s plot was found to be 2.95 eV. The photocatalytic activity of
prepared nanoparticles was studied by the degradation of textile dye indigo carmine under ultraviolet
radiation. The COD measurements were carried out to study the catalytic efficiency of the
nanoparticles.

Graphical Abstract

SEM image of NiO nanopatrticles.
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INTRODUCTION

Transition metal oxide nanoparticles find their application as sensors, catalysts, batteries, ceramics,
small energy efficient materials and electronic applications. Transition metal oxides like nickel oxide
has becoming one of the most important nanomaterial because of its outstanding catalytic property,
electrical application and fuel cell electrode preparations [1-3]. NiO is a p-type semiconductor with
wide band gap of 3.6-4.0 eV and known for its better qualities and applications such as photocatalytic,
sensors, magnetic resonance imaging, memory storage devices. NiO is well known for its applications
in medicinal field which includes the production of hygiene products, cosmetics, antibiotics,
nanocarriers for the purpose of transferring and releasing drugs at the targeted cells along with their
growing trend in the imaging of cells and treatment of cancer [4]. Numerous methods for the synthesis
of NiO nanoparticles have been reported in the literature which includes sol-gel method, co-
precipitation, electrode deposition, sputtering, thermal decomposition, spray pyrolysis, polymer-
matrix assisted synthesis, ultrasonic radiation, hydrothermal synthesis, laser chemical method,
pyrolysis by microwave, micro-emulsion, combustion method, surfactant mediated synthesis and
precipitation-calcination methods [5-16]. These physical and chemical methods may have low
productivity, high cytotoxicity, low antioxidant property, low antibacterial activity and may not be
eco-friendly [17]. However in the recent years there is great concern from researchers to search for
environmentally friendly methods for the synthesis of nanomaterials which results in the development
of bionanotechnology. In bionanotechnology, the nanopaticles are synthesized by using biological
systems which includes plants, bacteria, fungi, yeast and naturally occurring tiny molecules such as
proteins, vitamins, peptides and reducing sugars [18]. The combination of biological principles i.e.
oxidation/reduction with plant phytochemicals with desired physical and chemical approaches results
in the synthesis of nanoparticles with desired properties and functions. Biosynthesis provides a
simple, inexpensive and environmentally friendly approach for the synthesis of nanomaterials which
have no or low cytotoxicity compared to the chemically synthesized nanomaterials which makes them
efficient carriers of drugs for in vivo drug delivery applications [19-21].

In this present work, the green synthesis of NiO nanoparticles using Acalypha Indica leaf extract
has been reported. The composition, structural and optical properties were studied by EDAX, FE-
SEM, XRD, FT-IR and UV-Visible characterization of the nanoparticles. The photocatalytic activity
of the synthesized NiO nanoparticles were studied using indigo carmine dye under UV radiation and
degradation efficiency has been reported.

MATERIALS AND METHODS

Nickel sulphate supplied by alfa-aesar was used for synthesis. Deionized water was used for all
experiments. All chemicals were used as received without further purification.

Collection of plant materials and preparation of plant extract: The Acalypha Indicaleaves were
collected washed well with water and shade dried up to ten days. After dried, leaves were made into
fine powder by mechanical grinding and sieved. The fine powder thus obtained was used for the
preparation of the extract. About 50 g of pure, dried and powdered Acalypha Indica was taken in 500
mL beaker and 300 mL of methanol was added and mixed well. The solution was stirred using
magnetic stirrer for 24 h for complete extraction of all the organic components present in it and then
filtered using Whattman No.41 filter paper. The filtrate then heated gently for evaporation of
methanol and 150 mL of distilled water was added to get the plant extract.

Biosynthesis of NiO nanoparticles using leaf extract: About of 50 mL of Acalyphalndica leaf
extract was taken in a beaker and 50 mL of 0.1 M nickel sulphate was added dropwise with constant
stirring at ambient temperature. The reaction mixture was then centrifuged and the obtained NiO
nanoparticles were washed repeatedly with distilled water to remove unbound phyto constituents. The
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nanoparticles were then calcined at 600°C in muffle furnace. The black colored NiO nanoparticles
thus obtained were collected and used for further characterization.

Characterization techniques: The XRD pattern of NiO nanoparticles was recorded using Rigaku
Miniflex 1l desktop X-ray diffractometer equipped with Cu-Ka radiation (A = 0.1540 nm). The SEM
images of the sample were recorded on ESEM Quanta-200 FEI- Netherlands. The optical absorption
spectra was measured in the wavelength range 200-800 nm using JASCO UV-Vis spectrophotometer.
;I'he FT-IR measurements were performed using JASCO, FT-IR in the spectral range of 4000-500 cm’

RESULTS AND DISCUSSION

X-ray diffraction (XRD): The XRD pattern of NiO nanoparticles is displayed in the figure 1 which
exhibits sharp diffraction peaks. The (hkl) values of the peaks 37.26°, 43.30°, 62.88°, 75.42° and
79.37° corresponds to the crystal planes of (111), (200), (220), (311) and (222) respectively. The
average crystallite size calculated using Debye Scherrer equation was found to be 68.3 nm. The
crystal structure parameters a = b = ¢ = 4.177 A, and o = p = y = 90°. Accordingly, NiO belongs to
face centered cubic crystal system. The obtained diffraction peaks are well in agreement with that of
the reported XRD results (JCPDS file no. 04-0835)[15, 16, 22].
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Figure 1. XRD of NiO nanoparticles.

Fourier Transform Infrared analysis (FT-IR): FT-IR spectrum of the NiO nanoparticles is showed
in figure 2. In general, the FT-IR bands occur due to metal-oxygen occurs in the region between 400-
850 cm™. The band at 618 cm™ is associated with Ni-O-H stretching bond [23].

106
107

106
105
104

103-
102

:g;M”VWMWMMWWMW“M ﬂ

9

98

a7

96

95

95 T T r T u T 1
4000 3500 3000 2500 2000 1500 1000 600

cm-1

%T

Figure 2. FT-IR spectrum of NiO nanoparticles.
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Ultraviolet-Visible spectroscopy: From the optical absorption spectrum indicated by figure 3, it is
clear that the maximum absorption for NiO nanoparticles is at 346 nm. This peak reflects the band
gap of the nanoparticles and the synthesized nanoparticles are photoactive under UV light. There is no
absorption peak in the visible region. The band gap of the sample is calculated using Tauc’s plot [24,
25] by plotting (ahv)"? verses hv and then extrapolating the straight portion of the curve on hv axis

and it found to be 2.95 eV which is lower than that of the bulk NiO (Eg= 3.74eV) represented by
figure 4 [4, 26].
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Figure 3. UV-Visible spectrum of NiO nanoparticles.
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Figure 4. Tauc’s plot of NiO nanoparticles.

Energy dispersive X-ray analysis (EDAX) The EDAX confirmed the presence of constituent
elements Ni and O without any impurity represented by figure 5.
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Figure 5. EDAX of NiO nanoparticles.
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Scanning electron microscopy (SEM): The morphology of the NiO nanoparticles investigated by
SEM represented by figure 6 suggests that the sample consists of agglomerated particles.

Figure 6. SEM of NiO nanoparticles.

APPLICATION

Mineralization of indigo carmine dye: The photocatalytic property of the prepared NiO
nanoparticles were assessed by the degradation of indigo carmine dye under UV irradiation. The
photodegradation experiments were carried out using different concentration of indigo carmine dye as
substrate and different amounts of NiO as catalyst. A calculated quantity of nanoparticles was added
to the dye solution, stirred in dark for 1 minute to establish adsorption/desorption equilibrium between
the dye and nanoparticle molecules and the illuminated under UV source to induce a photochemical
reaction. The % T was determined by Elico SL 171 mini spectrometer for aliquots taken at an interval
of 10 min. Chemical oxygen demand was measured according to standard dichromate titration
method. Adsorption and photocatalytic conversion (g %) was calculated. The decrease in COD of the
solution gives the measure of mineralization of the dye solution.

Effect of catalyst loading: Table 1 shows the rate of photodegradation of indigo carmine at different
concentrations of NiO catalyst. The photocatalytic rate initially higher and then decreases with
catalyst loading due to light scattering and screening effects [27]. The tendency towards
agglomeration also increases at higher concentration, resulting in a reduction in the surface area
available for light absorption and a decrease in photo catalytic rate. The number of active sites in the
solution will increase with catalyst loading, a point appears to be reached where light penetration is
compromised because of excessive particle concentration (Figure 7). A further increase in catalyst
loading beyond the optimum will result in non linear light intensity distribution, so that the reaction
rate would indeed be lower with increased catalyst loading [28].
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Figure 7. Plot of log % T Vs time with respect to catalyst loading and COD values upon degradation.
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Table 1. Effect of catalyst loading on the rate of photodegradation

COD values in mg L™ Degradation
Variation Ag(t):&to f k insec? Before After efficiency
degradation degradation (%)
0.02g 3.27x 107 352 16 95.45
A{:';?aulm t°f 0.04g 2.68% 10° 352 32 90.90
ys 0.06g 2.65% 10° 352 32 90.90

Effect of concentration of dye: The effect of concentration of indigo carmine dye on
photodegradation was studied with constant weight of catalyst. The rate of indigo carmine
decolorization initially increased and then decreased markedly with increasing concentration of the
dye. The possible reason is that with increase in concentration of dye, the solution becomes more
intense colored and path length of the photons entering the solution is decreased and hence fewer
photons will reach the catalyst surface. Also, as the initial concentration of dye increased, more dye
molecules are adsorbed onto the catalyst surface and decreases the degradation efficiency [27]. Hence
there will be a reduction in the production of hydroxyl and superoxide radicals [29]. This is due to
limited surface area and active sites of the catalyst. Since the amount of catalyst and intensity of light
are constant, the adsorbed dye molecules are not degraded immediately and decrease the efficiency
[30] (Figure 8).
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Figure 8. Plot of log % T Vs time with respect to different initial concentration of dye and COD values.

Table 2. Effect of concentration of dye on the rate of degradation

. COD valuesin mg L™ Degradation
Variation Cong:r:jtratlon kinsec? Before After elgficiency
ye degradation | degradation (%)
Concentration of dye 1x10°M 3.50% 107 304 16 94.73
2x10°M 3.27x 10° 352 16 95.45
3 x 10°M 2.87x 10° 360 32 91.11

Re-use of catalyst: The photocatalyst was thoroughly washed with double distilled water, dried and
reused for photodegradation by taking a fresh sample of indigo carmine dye solution. A slight
decrease in the rate of reaction and loss of catalytic activity was observed with the second use of
catalyst (Figure 9). The fresh sample of nano NiO catalyst showed 95.45 % efficiency while the
reused sample shown 82.82 % efficiency (Table 3).

Table 3. Efficiency of catalyst for second use

. COD valuesinmg L™ Degradation
Variation Congirétrgtlon k in sec® Before After efficiency
y Degradation | Degradation (%)
Re-use of catalyst 2 x10°M  2.55x 10™ 360 64 82.82
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Figure 9. Plot of log % T Vs time with respect to re-use of catalyst.

CONCLUSION

With growing concerns over increasing pollution and waste production in the environment, we all
have a responsibility to protect forests, water resources and environment. Green chemistry is the
general practice across all the domains and fields of chemistry of reducing the use of chemical
compounds in synthesis and processes at both research and industrial level. Hence the significance of
isolating useful organic compounds from plant extracts has grown tremendously during the recent
years. Biosynthesis of nanomaterials has been proposed as a cost effective and eco-friendly alternative
to physical and chemical methods. Plant mediated synthesis of nanoparticles is a green chemistry
approach that connects nanotechnology with plants.

In current work, nickel oxide nanoparticles have been synthesized by a green method under
ambient temperature using Acalypha Indica leaf extract and nickel sulphate. The characterization
techniques like XRD, FT-IR, FE-SEM, EDAX and UV-Visible are employed to identify the
synthesized nanoparticles sample. The optical behavior is confirmed by UV Visible spectroscopy. The
FT-IR characteristic bands revealed the functional group determination. The average crystallite size
determined from XRD is 68.3nm with FCC structure. The photocatalytic activity outcomes have
revealed that NiO nanoparticles could be as a photocatalyst for the degradation of indigo carmine
under UV radiation.
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