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Abstract

A systematic study on the preparation of pure SnO, nano-particles and Ni-doped SnO, with different doped
concentrations (0%, 0.3%, 0.7%) have been conducted. Facile sol-gel technique has been used for sample
preparations where as SnCls, NiCl, and ammonia solutions were used as precursors. The influence of the Ni
doping concentration on the structure and optical properties of synthesized samples of SnO, was investigated.
Pure and Ni doped SnO; nano-particles have been characterized by using X-rays diffraction (XRD), scanning
electron microscopy (SEM), U.V and photoluminescence spectroscopy. X-ray diffraction patterns showed for all
samples that SnO; have tetragonal structure with no additional peaks corresponding to parasitic phases. This
showed that doped material has been accommodated uniformly inside the SnO,. Particles size of pure and Ni
doped nano-particles was calculated and has ranged from 4 nm to 25 nm. An increasing behaviour of particles
size has been observed with increasing percentage of Ni. Optical properties of the pure and doped materials
showed that decreasing behaviour of optical energy band gap with increasing concentration of Ni which
revealed that the nanometric size of the materials influences the energy band gap values. Optical transmittance
was also measured at room temperature which showed an increasing behaviour with increasing doping
concentration.
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. was adopted for the synthesis of pure SnOzand Ni
1. Introduction doped SN0,
Nano particles have acquired a great importance in
the field of research on the behalf of their 2. Materials and Methods
distinctive physical, chemical, magnetic and
optical properties. Nanoparticles show superiority
over bulk material due to their mechanical
strength, thermal stability, catalytic activity,
electrical conductivity, magnetic properties and
optical properties. Tin oxide nanoparticles were ) )
used as a gas sensing material for manufacturing SyntheS|s_ of Ni Doped SnOz
of gas sensors devices, transparent conducting Nanoparticles

eleqtrodes, photochemical apd photqconductive Dissolve 2.6ml of SnCl, in 41ml of distilled water.
devices and gas dlscharge display bf"‘g a great After adding impurity (NiCl), solution is
development In the_fleld O.f Nar_10-smence. Mqre positioned on magnetic stirrer for 20 minutes.
over optical properties of tin oxide changes with Ammonia solution about 20ml falls drop wise

nanoparticles size that are being useful for oo 0k init in solution under perpetual stirring.

optoelectronics devices like solar cell, lithium Dropping rate of ammonia is well controlled
rechargeable batteries and photoconductor [1-6]. 4 ino the experiment. This solution is stirred

Tin oxide is n-type semiconductor whose reported agai :

gain for 2hr. After this sol was formed as shown
band gap was found to be 3.6-3.8eV [7]. Sol-gel, in fig 1 aged at refrigerator for 15min. The sol was
hydrothermal method [8], precipitation, carbo converted into gel. The gel was dried at 100°C.
thermal reduction, polymeric precursor and thin After drying it is crushed into powder. The
film by chemical vapor deposition [9] are resulting powder annealed at 350°C for one hour.

commonly used different techniques to prepare Ei . ; ; :
inally Nickel doped tin oxide was obtained.
SnO». In present research work sol-gel method y P

The chemicals used in this work were tin (IV)
chloride, tetra hydrate (SnCls), ammonium
hydroxide, (NH4OH 31%), NiCl, and ultra-pure
water.
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Figure. 1: Synthesis of Ni-doped tin oxide

3. Results & Discussion

XRD

X-ray diffraction patterns were obtained for
calcined pure SnOzand Ni doped SnO; using CuK,
radiation of wavelength 1.54060 A with scanning
time 0.2500s. The samples were scanned between
20-80° 20 angles. The diffraction peaks obtained in
the XRD patterns counterparts with a pure XRD
pattern that are in good agreement with standard
values as recorded in the JCPDS Card (01-077-
0447) shown in fig. 1-3. The tetragonal structure
of SnO; does not change by the Ni doping. It was
observed that the intensity of peaks decreases with
increasing concentration of Ni and there is
increment increased observed in full width at half-
maximum (FWHM) widths of the peaks which
indicated that the particles size of the Ni doped
SnO; powders decrease as the Ni concentration
increases. It also observed that when the
concentration of Ni sudden increases then the
intensity of XRD increase, and the full width half-
maximum (FWHM) widths of the peaks decrease
indicates that the crystallite size of the Ni doped
SnO; powders become increase as the sudden
increase Ni concentration. It is also observed that
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the peak positions XRD spectra, does not change
which specify the rutile structure remains the same
on sudden increase in Ni concentration. Debye-
Scherer formula equation (1) is used to determine
the particles size [10-11].
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Where wavelength of X-Ray (0.1541nm) shown
by ‘A, FWHM (full width at half maximum) is
shown by ‘B’, diffraction angle shown by ‘e’ and

@

particle diameter size is shown by ‘D’.
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Figure. 2: XRD Pattern for pure tin oxide
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Figure. 3: XRD pattern of Ni-doped tin oxide for different % of doping
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Table 1: Calculated particle size of pure and Ni-doped SnO;

Sr. No. | Sample Type | Doping Mass %age Analyses Peak FWHM Particle Size
1 So Pure tin oxide 0% 3490 0.6298 12.3nm
2 S1 Doped with Ni 0.3% 3490 1.8893 4.01nm
3 S2 Doped with Ni 0.7% 3490 0.1181 65.5nm
oxide which was also confirmed by PL spectra.
SEM y rL sp

SEM images shown in fig. 4-5 revealed that Ni
doped tin oxide has tetragonal rutile structure.
Doping concentration does not change the
morphology of the pure tin oxide, but the particle
size get change. The average size from SEM was
measured to 10 to 300 micrometre.

~o- Fam3

Figure. 5: SEM images of Ni o7 doped tin oxide

U.V Spectrophotometer

The extrapolating straight line in the graph of
(ahv)? vs bandgap (eV) shown in fig. 7 the
measured value of the band gap for Ni doped tin
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The observation of U.V spectra shown in fig. 6
reveals that the optical transmittance of Ni doped
tin oxide depends on wavelength. In a visible
region the transmittance of these particles is high
over a wide range. Around 100% transmittance
was observed for Ni doped SnOj which has
ranged from 300 nm to 800 nm [11].
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Figure. 6: U.V Spectrum for Ni-doped tin oxide
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Figure. 7: Band gap for Ni-doped tin oxide
Photoluminescence Spectroscopy
PL spectra show the relation among intensity and

wavelength. Tauc relation was used to measure the
band gap [12]. The calculated values of Eg for
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SnO; are set up to be about 3.78 eV that is
approximately equal to the previous reported work
[13].The calculated value of band gap for Ni-

doped tin oxide at wavelength of 500nm is 2.47eV.

When the doping concentration increases then the
peak observed at 455nm and band gap was found

to be 2.72eV. It was observed tin oxide doped with
different concentration of Ni, then peak shifted at
different wavelength due to which the band gap
increases by increasing doping concentration of
Ni.

Table 2: Eg measured value by PL spectra for pure SnO;

Sr.No. | Symbol Name Value

1 = Band gap 2.47eV

2 H Plank constant | 6.62 x 103 m? kg/s

3 C Speed of light 3x108m/s

4 A Wave Length 500nm
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Figure. 8: PL spectra for Ni-doped tin oxide
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