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Abstract: In the present work, nickel oxide nanoparticles, Ce doped nickel oxide nanoparticles and Sm doped nickel
oxide nanoparticles are synthesized using the simple sol gel technique. The influence of doping of Ce and Sm (1.00 atomic

%) on the crystalline structure and optical properties of NiO nanoparticles was investigated. The samples were
characterized for structure, phase and morphology by XRD, EDAX and SEM techniques. The XRD patterns confirmed the
formation of face centered cubic structure for undoped NiO nanoparticles, Ce doped NiO (CNO) nanoparticles and Sm
doped NiO (SNO) nanoparticles. The average crystalline size of the as prepared samples were calculated and reported as
were 27 nm for undoped NiO nanoparticles, 35 nm for CNO nanoparticles and 33 nm for SNO nanoparticles. The Hall-
Williamson analysis is used to estimate the average crystalline size and lattice strain induced due to the substitution of
cerium and samarium in the prepared sample. The SEM images reveal spherical morphology with the formation of mono-
sized particles. The optical properties were compared by measuring the band-gap energy with UV—visible spectroscopy
technique. The band gap of CNO nanoparticles (3.5 eV) was found to be lower than that of the undoped NiO nanoparticles
(3.61 eV) whereas for SNO nanoparticles (3.77 eV) it was found to be more than that of the undoped NiO nanoparticles
(3.61 eV).
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1. Introduction:

Recently, transition metal oxide nanostructures have attracted researchers due to their
wide applications in the field of biomedicine, spintronics, telecommunication and energy. The
development of these materials is mainly based on their use in the sustainable development for benefit
of the mankind. Nickel oxide is a p-type semiconductor with wide band gap energy of 3.6 to 4.0 eV
[1]. This material is explored in many applications such as catalysts [2], rechargeable batteries [3], p-
type transport conducting films [4], electro chromic coatings [5], giant magneto-resistance (GMR)
material [6], fuel cells [7], gas sensors [8] and solar cells [9]. The nanoparticles of NiO can be
synthesized by various methods such as chemical vapor deposition, sol-gel, sputtering, micro
emulsion precipitation method and so on. The properties of this material can be tailored with different
approaches like addition of noble metals [10-13], doping of metal oxide catalyst [14,15], developing
hybrid materials [16] and the design of nanostructures with large surface area, different morphologies
and nanoscale sizes [17,18]. Among these approaches the simplest and extensively used method to
modify the properties of the parent material is doping of noble metals. It is observed that the dopants
segregate on the nanostructured metal surface or they can be incorporated into the lattice, where the
dopants can be substitutional or interstitial or both. In general, doping of a rare earth metals like La,
Ce, Sm and Yb are used to modify the electronic structure of transition metal oxide nanoparticles [19,
20, 21].

NiO has a poor electrical conductivity. Hence it cannot be used in the applications of
super capacitor. But cerium has good capacitive characteristic due to the higher redox ability
between Ce** and Ce*" based on oxidizing and reducing conditions and it could easily form
oxygen vacancies with relatively high mobility of bulk oxygen species [16, 22]. Therefore,
doping Ce into NiO nanoparticles can enhance the electrical conductivity of NiO many times.
The free oxygen species generated during the redox reaction between Ce** and Ce** can also

be used in altering the gas sensing properties of the pure NiO nanoparticles. The trivalent
Samarium (Sm**) ion is under extensive research due to its applications in high-density
optical storage, color displays in different fluorescent devices, undersea communication and
bright emission in red-orange regions leads to visible solid-state lasers [23]. Earlier, several
authors reported physical, photoluminescence studies on Sm*" doped with different host
materials. Samarium exhibits a promising characteristic for spectral hole burning studies [24].

In the present work we have doped Ce and Sm into NiO nanoparticles and studied the
effect of doping on the structure of NiO nanoparticles. The material is also tested for optical
properties in comparison with the undoped NiO nanoparticles. Particle size and phase were
determined by using XRD and EDAX. The optical measurements were also taken to study
the effect of doping on band gap energy. All these results are discussed in this paper in detail.

2. Experimental Details:

Undoped nickel oxide nanoparticles, cerium doped nickel oxide nanoparticles and samarium
doped nickel oxide nanoparticles were synthesized by the simple sol-gel method. The chemicals used
as precursors were nickel nitrate hexahydrate (N2NiOs-6H»0), cerium nitrate hexahydrate
(Ce(NO3)3-6H20), samarium nitrate hexahydrate (Sm(NO3)3-6H,0) and oxalic acid (C;H204-2H,0).
Ethanol was used as the solvent. All the chemicals used were of analytical grade obtained from Merck
Company Ltd. and used as received.

Preparation of undoped NiO nanoparticles:

Under continuous stirring and heating a solution of nickel nitrate was prepared in ethanol for
preparing undoped NiO nanoparticles. A homogeneous solution of oxalic acid was also prepared in
ethanol and was added to the nickel nitrate solution drop by drop. Heating and stirring were continued
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for about 15 min. Thereafter, stirring was stopped, but heating was continued until the formation of a
gel. The green-colored gel was dried overnight in air. The as-prepared sample was annealed at 400 °C
for two hours.

Preparation of Ce doped NiO nanoparticles:

To prepare the samples of Ce doped NiO, 0.4 M solution of cerium nitrate was prepared in
ethanol. Under continuous stirring this solution was slowly added into the nickel nitrate solution and
then the solution of 0.08 M oxalic acid solution was added in this solution. The process of heating and
stirring was continued for about 15 min. Thereafter, stirring was stopped, but heating was continued
until the formation of a gel. The gel was dried overnight in air. The as-prepared sample was annealed
at 400 °C for two hours. In particular the molar percentage of cerium with respect to nickel were taken
to be 1% and thus Ce doped NiO nanoparticles were prepared.

Preparation of Sm doped NiO nanoparticles:

To prepare the sample of Sm doped NiO, solution of samarium nitrate was prepared in
ethanol. Under continuous stirring this solution was slowly added into the nickel nitrate solution and
then oxalic acid solution was added in this solution. The process of heating and stirring was continued
for about 15 min. Thereafter, stirring was stopped, but heating was continued until the formation of a
gel. The gel was dried overnight in air. The as-prepared sample was annealed at 400 °C for two hours.
In particular the molar percentages of samarium with respect to nickel was taken to be 1% and thus
Sm doped NiO nanoparticles were prepared.

Characterization:

The phase, structure and average grain size of the as-prepared samples were characterized by
X-ray diffraction at Central Facility, Garware College, Pune. EDAX characterization of the undoped
NiO, Ce doped NiO nanoparticles and Sm doped NiO nanoparticles were conducted at the Physics
Department, SPPU, Pune. The band-gap energies of all the samples were determined from the UV—
vis-spectroscopy measurements carried out at the Central Facility at Garware College, Pune.

The crystal structure and phase of pure NiO, CNO and SNO nanoparticles were investigated by X-ray
powder diffraction (with CuK, radiation; A = 1.5406 A.) The lattice parameters a, b and c of samples
were calculated by using the following equations [25, 26].

2dpSik0 = kA

1 4 h? + hk + k2 12

dlekl_g[ ]+§

a?

where A = The wavelength of the XRD,
n = The order of diffraction (for first order n= 1),
dna = The interplanar spacing
hkl = The Miller indices.
The average crystallite size (D) of the prepared samples was determined from the XRD data
using the Scherrer’s equation [25]

Dwr = 0.941
hkl — ﬁ_C‘USﬂ
hkl
where Acuke = 1.5406 A,
Brki = full-width at half maximum intensity (FWHM) of the XRD peaks in radians
0 = the Bragg’s angle of the diffraction peak.
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The optical properties of the prepared samples were investigated using UV-visible
spectrophotometer in the wavelength range of 200 — 500 nm. The direct transitions band gap energies
(Eg) were calculated by using the Tauc’s equation [26, 27]

1

g = B — Ep>
hu

where a = the optical absorption coefficient,
B = a constant,
h = the Planck’s constant
v = the wave frequency.

3. Results and Discussions:
In this section we will discuss the XRD, EDAX and optical properties of the undoped NiO
nanoparticles, CNO nanoparticles and SNO nanoparticles

3.1 X- Ray Diffraction Analysis:

Figure 1 shows the XRD patterns for undoped NiO, CNO and SNO nanoparticles in the range
20 = 20°- 80°. The peaks of the undoped NiO sample correspond to the face centered cubic structure
(JCPDS file no. 780643). The undoped NiO face centered cubic phase has typical peaks with Miller
indices of (100), (200), (220) and (311). The diffractograms of Ce doped NiO nanoparticles and Sm
doped NiO nanoparticles also maintained the same face centered cubic structures of NiO and no other
crystalline phase was detected. It indicates that the Ce and Sm doping do not change the crystal
structure of NiO. The absence of any cerium oxide and samarium oxide associated peaks in the
diffractograms signals the successful incorporation of Ce and Sm into NiO crystal as also reported in
our previous report [21]. It also underlines the purity of the sample. Debye-Scherrer formula is used to
calculate the average size of these nanoparticles. It is about 27 nm for undoped NiO nanoparticles, 35
nm for 1% cerium doped NiO nanoparticles and 33 nm for 1% samarium doped NiO nanoparticles.
Lattice parameters calculated from the X-ray diffraction patterns are 4.1759 A for the undoped sample
of nickel oxide nanoparticles, 4.1922 A for the cerium doped nickel oxide nanoparticles and 4.1770 A
for the 1% samarium doped nickel oxide nanoparticles.

Sample Particle size (nm) | Lattice Parameters | % Lattice strain
a=b=c(A)
Undoped NiO 27.57 4.1755 0.0232
1.0% CNO 34.64 4.1922 0.0343
1.0% SNO 33.47 4.1770 0.0733

Figure 1: Summary of particle size, lattice parameters and % Lattice strain for Undoped, 1.0 % Ce doped
and 1.0 % Sm doped NiO Nanoparticles.
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The ionic radii of Ni**, Ce** and Sm*" are 69 pm, 114 pm and 108 pm respectively. During the
substitutional doping small Ni ions get replaced by bigger Ce and Sm ions which results into the
increase in the lattice parameter. In addition, a local distortion is also produced and hence lattice strain
is introduced in the lattice. This causes expansion in the lattice. All these results are tabulated in table
1 above.

Ll
— Uindoped Ni)

— LI Ce:Ni0

(200)

{111)
(22(h
_}L (311)
L A

Figure 1: X-Ray Diffraction Pattern for Undoped and 1.0% Ce doped NiO nanoparticles
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Figure 2: X-Ray Diffraction Pattern for Undoped and 1.0% Sm doped NiO nanoparticles
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3.2 EDS Analysis:

The purity of the as-prepared samples is checked by the EDS mapping. The EDS results of
CNO and SNO samples are shown in Figure 2 and Figure 3 respectively. These mappings
unambiguously confirm the presence of Ni, Ce, Sm and O elements on the entire surface of the
material. It also ensures proper doping of Ce and Sm into NiO nanoparticles.

Spectrum 1

Full Zrale 18430 rte Cirane 1 10 ksl

Figure 3: EDS Analysis for 1.0% CNO and SNO nanoparticles

3.3 UV Spectroscopy Analysis:

The optical properties like absorbance and optical band gap energy play an important role in
deciding the performance of the nanoparticles in conducting properties. The optical absorption spectra
of undoped NiO nanoparticles, 1.0% CNO nanoparticles and 1.0% SNO nanoparticles are recorded at
room temperature using UV—visible spectrophotometer available at Physics Department, SPPU. The
variation in the absorption density is recorded with change in the wavelength in the range 200-500
nm. The absorption spectra of all the samples are shown in the Figure 4 and 5. Extrapolating the
linear region of the (ahv)? Vs hv curve to the energy axis, the optical band-gap energy of the sample
was estimated. The band gap energy for undoped, 1.0% CNO and 1.0% SNO was found as 3.875 eV,
3.502 eV and 3.769 eV respectively.
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Figure 4: UV Results of Undoped and 1.0% CNO nanoparticles
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UV Results for undoped and 1% SNO
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Figure 5: UV Results of Undoped and 1.0% SNO nanoparticles

From the optical properties it is observed that when cerium and samarium are doped into the
NiO nanoparticles, the energy band-gap changes. In both the materials it is observed that the band gap
decreases with comparison of the undoped NiO material. For cerium doping it decreases from 3.875
eV to 3.502 eV whereas for samarium doping it decreases slightly from 3.875 eV to 3.769 eV. Thus
CNO material is more conductive than the SNO material.

4. Conclusions:

Undoped cerium doped and samarium doped nickel oxide nanoparticles are successfully
synthesized by sol-gel method. The doping of cerium and samarium is successfully conducted for
1.0% samples. The particle size is found to increase from 28 nm to 35 nm and from 28 nm to 33 nm
for 1.0% CNO and 1.0% SNO nanoparticles respectively. The decrease in the bang gap energy along
with the doping is observed for both the samples there by making the material more conductive and
suitable for semiconducting applications.
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