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Abstract

Nickel Oxide Nanoparticles (NiO) were synthesized through solvothermal process. The properties of
as prepared NiO nanoparticles were confirmed by analytical techniques such as XRD, FTIR and SEM
studies. From XRD analysis, it is clear that the observed peaks revealed that the particle corresponds to face
centred cubic structure. The various functional groups in NiO nanoparticles were ascertained by FTIR
analysis. Morphological studies were estimated using SEM analysis.

1. Introduction

In the recent past, Nickel Oxide (NiO) has been received considerable attention due to their
outstanding electrical, magnetic and catalytic properties, electrochromic films, fuel cells electrodes, gas
sensors, battery cathodes, magnetic materials, photovoltaic devices, electrochemical super capacitors, smart
windows and dye sensitized photocathodes [1-14]. Additionally Nickel Oxide is a p-type wide band gap (3.6
to 4.9 ev) semiconductor with high electrical and chemical stability [15]. These unique properties and a vast
variety of applications of Nickel Oxide make viable and cost effective surface available for hydrogen storage,
photo catalytic degradation of organic dyes and antimicrobial activity [15-22]. So far various synthesis
methods such as electrochemical reduction, chemical reduction, solgel have been reported to synthesize NiO
nanoparticles Of late, the solvothermal synthesis has been proposed as a cost effective, nontoxic and
environmental friendly method. The characterization study of as prepared NiO nanoparticles were
characterized by XRD, FTIR and SEM analyses.

2. Experimental

2.1 Chemicals and regents All
chemicals used in this experiment were of analytical grade. The chemicals used in the synthesis were Nickel
Nitrate ( Ni(NO3)2. 6H20), citric acid and ethylene glycol. All the solutions were prepared in deionized
water.
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2.2 Synthesis of NiO —Nanoparticles

Nickel nitrate solution was mixed in deionized water. In another beaker citric acid solution
was prepared in double distilled water. These two mixtures were added continuously and stirred for an hour
with a stirring rate of 300 rpm. Ethylene glycol was then mixed into drop wise with continuous stirring for
five hours. The resultant precipitate was then obtained and it was washed with double distilled water. The
obtained precipitate was undergone for a heat treatment at 400° ¢ for two hours in a furnace. Finally green
coloured NiO nanoparticles were obtained. The flow chart for the synthesis of NiO nanoparticles is shown in
the Fig 1. The reaction process of as prepared NiO nanoparticles are given in three stages as shown below.

in solvent (ethanol) 1g+50ml of

‘ Dissolve nickel nitrate salt
ethanol , add 0.5 ml of ethylene glycol J

Dissolve the 1g citric acid in solvent
(ethanol) and under stirring (300ppm)

]

[ Continuously stirred for 60 minutes (300ppm) ‘

dry oven (80 <) for overnight

!

Heat reatment at 400 « for 2 hours in furnance
(calcination process)

!

[ Analyse using, XRD, FTIR, SEM and EDAX

Fig 1. Flow chart for the preparation of as prepared NiO nanoparticles

3
(

Fig 2. Photograph of as prepared NiO nanoparticles
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Stage 1
3Ni(NO,),.6H,O0+ C,H O, .H,O —
3NiC,0,.2H,0O + 6 HNO, + 8H ,0O + 6 H,

Stage 2
NiC,0,.2H,0—222Y¢ , NiC,O, +2H,O

Stage 3
NiC,0, —222C_, NiO + CO + CO,

Fig 3. Reaction scheme for as prepared NiO nanoparticles

2.3 Characterization techniques

X-Ray diffraction patterns were taken by a means of X ray diffractometer model Dmax-2500
(The Netherlands) X ray source was Cuka with 1.541 nm wavelength and 30 mA with a scanning speed in 260
of 4 mint. FTIR analysis was carried out using on a Perkin — Elmer spectrometer at a spectral resolution of 4
cm™in kBr pellet. EDAX spectrum was obtained on EDAX GENESIS 4000 equipment at an accelerating
voltage of 25 kev. The crystallite sizes of Nickel Oxide were estimated using the Debye — scherrer equation.
The surface morphology of NiO nanoparticles were observed by a means of scanning electron microscope
(Philips XL30 Microscope) operated at 10 kv. For a UV absorbtion spectra the samples were dissolved in
glycerine with an help of magnetic stirrer for an hour at room temperature and then it was examined by UV -
Visible spectrometer.

3. Characterization studies
3.1 XRD analysis

The XRD spectrum of as prepared NiO nanoparticles is shown in the Figure 4
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Figure 4. XRD spectrum of as prepared NiO nanoparticles

The Figure depicts the calcination of 400% was in need to completely oxidize metallic Nickle. Accordingly,
the formation of Nickel and NiO nanoparticles and their structural features are dependent on the calcination
temperature. With increasing calcination temperature, the intensity of the diffraction peaks of NiO increased
and the degree of the crystallinity is improved. Before calcination, the samples was in amorphous phase and
so NiO phase was observed. After calcination crystalline phase shows a cubic structure, in which all
diffraction lines of NiO were indexed to an ordered structure (JCSD 98-009-6203). At the crystalline phase,
all diffraction peaks at (111), (220),(200),(311),and (222) were observed. In the amorphous phase, no
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significant change in the Nickel phase occurred. Thus no NiO phase existed. The crystalline phase existed
after calcination, exhibiting that the metallic Nickel nanoparticles were readily oxidised by NiO
nanoparticles. The XRD pattern of all randomly oriented powder samples were recorded in the 0°to 70° 26
range with a step size of 0.02 and scan speed of 3° /min. The observed peaks revealed that the obtained
particles are face centred cubic with as average a crystalline size of 26.3nm. The promient XRD diffraction
peaks are indexed to 36.7,45.3, 47.6,52.3 and 65.7 and the corresponding planes are (111),(220),
(200),(311),(222) respectively. The average crystalline size ‘D’ of the as obtained NiO nanoparticles were
estimated by Debye-Scherrer equation

D=0.89 A/B cos 0

Where A is the wavelength of the incident beam( A =1.5406A) and B is the full width at half maximum and 6
is the Braggs diffraction angle. For face centred cubic crystal structure of NiO, the inter planar spacing ‘d’ is
calculated using the expression

Do =a /Nb2+k2+]2

Where ‘a’ represents the lattice parameter constant and h, k, 1 are the Miller indices. The evaluated average
crystallite size of the nanoparticle was 26.132 nm using high intensity Bragg peak of (200). The Williamson
Hall Plot for NiO using XRD calcination is shown in Fig 5.

10

—u—NiO
Linear fit of NiO

Equation y=a+b'x
Adj. R-Squ -0.1243

Value Standard Er
B Intercept 2.508 5.02993
B Slope 1.526 263033

1 2 S —
1.2 14 1.6 1.8 2.0 2.2 24 2.6
Fig 5. Williamson Hall Plot for as prepared NiO nanoparticles

The crystal defect may cause peak broading which induced strain in grown lattice. W-H plot method was
utilised to investigate the variation in strain and crystallite size as a function of 26 to deconvolute size
induced and strain induced broadening [23-24]. The W-H method does not varies as 1/cos6 as in the Scherrer
equation but instead it varies with tanf. The combination of peak broadening due to Particle size and lattice
strain is given as the total peak broadening can be written as

Brki = Po + Ps
Strain induced broadening is given as
Bs=4 ¢ tan6
By putting values of Pp and fs in the above equation
Brki =[kA/D] +4 e sinf

For W-Hanalysis, plot is drawn between 4 sinf and  cos® as shown in the Figure. By linear fitting the data,
the value of slope and y-intercept is used to calculate strain and size for NiO sample was found to be 23.46
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nm in the W-H plot. Hence the sizes of NiO nanocrystals obtained from W - H analysis are well correlated
with sizes estimated using Scherrer’s formula.

3.2 FTIR analysis:

Fig 6. represents the FTIR spectrum of as prepared NiO nanoparticles calcined at 400° ¢ for 3
hours. The bands due to the Oxide structure are clearly seen in the region between 400 and 850 cm™ [25].
The two peaks at 3400 cm™ and 1650 cm™ are attributed to the surface adsorbed water and hydroxyl groups
[26]. The peak at 3640 cm™ corresponded to H- bonded phenols and 3005 and2934 cm™, suggesting OH and
H bonded carboxylic groups [27].
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Fig 6. FTIR spectrum of as prepared NiO nanoparticles.

Moreover, the peaks between1000 and 400 cm™ corresponds to the structural vibrations of Ni-OH and Ni-O-
Ni interactions. The broad absorption band centred at 1725 cm™ is attributing to bending mode of H-O-H.
The significant absorption peak at 450 cm™ is due to the CO-O stretching vibration mode. The absorption
peak at 2925.53 cm™ is due to the —CH. stretching vibrations. The absorption peaks at 2925.53 cm™ is also
due to the —CH; stretching vibrations. The absorption bands at 470 cm™ and 522 cm™ are assigned to the Ni-
O vibration band, but absorption band at 619 cm is attributed to the Ni-O-H stretching bond. This confirms
the formation of pure NiO nanoparticles. Additionally the broad absorption band at 3427.32 cm™ and a weak
band at 1627.26 cm™ are assigned to OH stretching and bending modes of water respectively [28]. The wide
absorption band around 1381cm™ is assigned to cos* ions. The peak at 1033cm™ corresponds to stretching
and bending vibrations of the inter calated c-0 species and the bands at 2924 cm™ and 2854 cm™ are
attributed to CH; vibrations. The peaks observed at 416 cm™ corresponds to Ni-O particles stretching mode

[29-30]. The detailed functional groups and the assignments of NiO nanoparticles is tabulated in Table 1.
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Table 1. Frequency assignments for as prepared NiO nanoparticles

WAVE NUMBER

(cm?) ASSIGNMENT

3427.32 OH broader
band group
C-H stretch

292553 at sharp band

2361.74 Cc=C

1627.26 C=C stretch bond

1384.11 NO groups

1115.38 C = H group

3.3 EDAX Analysis:

Fig.7 shows the typical EDAX pattern of as prepared NiO nanoparticles. The quantitative
composition analysis of NiO nanoparticles was carried out using Energy Dispersive X-Ray Spectroscopy

measurement. The concentration of elements Ni and O varies periodically along the

accompanied with maxima of Ni along 49% and O along 51% as shown in Table 2,
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Fig 7. EDAX spectrum of as prepared NiO nanoparticle

atom size being

Element Weight % Atomic % Error % Kratio
Ok 22.1 51.0 7.4 0.1153
Nik 779 49.0 2.2 0.7360

Table 2. EDAX data of as prepared NiO nanoparticles

There is no evidence of impurity in the composition. Fine particles tends to form agglomerated and fine
spherical shape of powered particles are frequently seen on the surface of powders from SEM analysis. The
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surface concentration of oxygen looks like coarse islands the height is also considered. The Ni atom in the
oxidation state are concentration in the oxide from is the metallic state as shown in the SEM image [31-32].

3.4 SEM studies:

The NiO nanoparticles in the SEM image is shown in Fig 8. depicts a spherical nanoparticle
structure. The size of the NiO nanoparticle ranges between 20 and 60 nm. Moreover, a few of them were
slightly agglomerated which is due to the range volume of heat carried out during the synthesis procedure.
However the small sized particles were highly reactive due to sharp edges, which contain a high surface to
volume ratio and less cohesive energy compared with bulk materials [33-34]. The instrumental parameters,
accelerating voltage spot size and magnification and working distances are marked on the SEM image as
shown in the Fig 7. The results indicate that monodispersive and highly crystalline NiO nanoparticles are
obtained, so we can infer that the as prepared NiO nanoparticle are in the nanometer range. The average
diameter of the particle observed from SEM analysis 94 nm which is larger than the diameter predicted from
the X-ray broadening.
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Fig 8 SEM Images at 2pum,10pm of as prepared NiO nanoparticles
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Conclusions

The nanoparticles of NiO have been successfully synthesized by a one step solvothermal
synthesis method at room temperature XRD analysis shows the sample prepared are in cubical phase. The
broad peak of XRD analysis indicates the nano crystalline behaviour of the particles. The FTIR analysis
ascertains all the functional groups in NiO nanoparticles. EDAX analysis confirms the presence of Nickel
and Oxygen in the sample. SEM analysis visualise that the NiO nanoparticle are spherical in size with a
dimension ranging from 85-95 nm.
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