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Nickel-doped tin oxide nanoparticles were synthesized by a simple co-precipitation method. The
structural, morphological and optical properties of these nanoparticles were investigated using X-ray
diffraction, transmission electron microscopy and UV-Vis spectroscopy. The X-ray diffraction revealed
that all samples are pure rutile-type tetragonal phase; and the nickel doping did not change the
tetragonal structure of tin oxide but the grain crystalline size decreased to 27 and 23 nm for Ni doping
of 1 and 2 wt%, respectively. The effective strain values of the samples increased with increasing
amounts of doping Ni. The TEM image confirmed that the size of nickel-doped tin oxide particles is in
the range of nanoscale materials. UV-Vis spectroscopy has revealed the optical band gap to be 4.06,
4.08 and 4.10 eV for pure and Ni (1 and 2 wt.%) doped SnO, nanoparticles, respectively.
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INTRODUCTION

Tin oxide is an important material due to its properties
such as high degree of transparency in the visible
spectrum, strong physical and chemical interaction with
adsorbed species, low operating temperature and strong
thermal stability in air (up to 500°C) (Zhu et al., 2006). It
is an n-type semiconductor with a large band gap (3.6 eV
at the room temperature), which can be used in gas
sensors, solar cells, glass electrodes and secondary
lithium batteries (Morales and Sanchez, 1999; Wang and
Lee, 2003; Warnken et al., 2001; Nayral et al., 2000). A
number of attempts have been made by developing
effective synthetic techniques in the preparation of metal
ions-doped SnO, nanoparticles, such as sol—gel (Lincoln
et al., 2004), co-precipitation (Rumyantseva et al., 2005)
and chemical vapor deposition (Wang et al., 2005). In this
work, we synthesize Ni-doped SnO. nanoparticles by
chemical co-precipitation method because this method
has some advantages such as precise control over the
stoichiometry, low temperature synthesis, high purity and
high chemical homogeneity.

*Corresponding  author. E-mail:  physicm@yahoo.com,
aliahmad@phys.usb.ac.ir. Tel/Fax: +985412446565.

EXPERIMENTAL

Ni-SnO. nano-powders were successfully prepared by means of
dissolving tin chloride (hydrous SnCl..2H,O (98% Merck)) and
nickel chloride (hydrous NiClp-6H>0 (98% Merck)) in double distilled
water, this was followed by the addition of sufficient amount of
aqueous ammonia to the above solution which was then stirred for
2 h. The dropping rate must be control properly for the chemical
homogeneity. The precipitate was washed with double distilled
water for many times. Then it dried at 100°C for several hours.
Heating treatment of the synthesized nanoparticles was conducted
in air for 2 h at 350°C.

Crystallinity, structure and particle size of Ni-doped SnO:
nanoparticles were determined by X-ray diffraction (XRD) using
Rigaku-Miniflex X-ray diffractometer with CuKa radiations
(A=0.15406 nm) in 26 range from 10° to 70° Morphology and
particle size obtained with a Hitachi H-800 transmission electron
microscope (TEM) and UV-Vis transmittance spectra of the
samples were recorded at room temperature by using PG
instrument T80 UV-Vis spectrophotometer.

RESULTS AND DISCUSSION

XRD patterns of Sni,4NiyO, (with x = 0.01 and 0.02)
annealed at 350°C for 2 h are shown in Figure 1, in which
(a), (b) and (c) correspond to x = 0.01 and 0.02,
respectively.
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Figure 1. XRD patterns of (a) SnO,, (b) Sno.99Nio.0102 and (c) SnogsNio.0202 nanoparticles.

Table 1. Structural parameters of samples in different Ni content and their optical band gap.

Sample Niwt%) Dio(nm) a(A) ¢ (A) Aa(A)  Ac(A) V°';‘;“"°(Xf3;‘““ Nt‘:‘:i:“:';:r‘::':le'“ %‘;‘ch'g ‘(’:\',‘)d
Sn0O:z 0 31 4.765 3.200 0.027 0.012 72.66 205 x 103 4.06
Sno.geNio.0102 1 27 4.751 3.193 0.013 0.005 72.08 138 x 103 4.08
Sno.gsNio.0202 2 23 4.733 3.183 -0.005 -0.005 71.31 89 x 103 410
All diffraction peaks are well assigned to tetragonal 1 h? 4+ k2 12

crystalline phase of tin oxide (with the reference pattern g = 2 + —

JCPDS 880287), and the Ni doping does not change the ikl a ¢ (2)

tetragonal structure of SnO,. From Figure 1, it is noted
that the intensity of the Sny..Ni O, peaks decreases with
increasing Ni content and the full-width at half-maximum
(FWHM) widths of the peaks increases with increasing Ni
content, as well indicates that crystalline size of the Sn;.
«NixO. powders decreases gradually as the Ni content
increases. The crystalline size of samples are calculated
using Scherrer’s formula,

0.91

D, =
B, cos( €) (1)

Where A is the wavelength of CuKa radiation (A=
0.154056 nm), is the full width at half maximum (FWHM)
of the (hkl) peak at the diffracting angle 26,,, (Patterson,

1939), the (110) peak is used to calculate the crystalline
sizes.

The crystalline size of samples were found to be 31,
27, and 23 nm corresponding to SnO,, Sng ggNig 0102 and
Snp.ggNig0202 samples respectively using scherrer’s
formula. For the tetragonal structure, the lattice constants
can be calculate from:

2d ,, sin( 8)=mA
(©)

Where h, k, and [ are all integers, (hkl) is the lattice plane
index, a and c are lattice constants, dy, is distance
between two consecutive planes (m=1) with lattice plane
index (hkl). Structural parameters of samples in different
Ni content are presented in Table 1, in which a and c are
calculated from XRD peaks (110) and (101), Aa and Ac
are the differences between the measured Iattice
constant and that of the bulk SnO. for a=4.738 A" and ¢
= 3.188 A’ respectively. Effect of nickel content on the
lattice constants are shown in Figure 2. In addition, the
effective particle size & and the effective strain n are
related by the following equation (Williamson and Hall,
1953):

ﬂco/is(ﬁ) _ 07‘9 +7 sin/gﬁ)
(4)
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Figure 2. Effect of nickel content on the lattice constants (a and c).
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Figure 3. Wiliamson—Hall plot of (a) SnO2, (b) SnggesNig01O2 and (c) SngesNioo202 samples and
corresponding linear fits using equation 4.
Figure 3 represents the plot of Bcos(6)/A against sin(6)/A. and therefore the effective particle size that lie in the

Slope of the graph depicts effective strain that values range of 23 to 37 nm. It is clear from the effective strain
vary from -3.65 x 10° to -1.07 x 10Z as the nickel content results that as the Ni content increases, the effective
increases. Moreover, the intercept on y-axis gives 0.9/ strain value increases (Figure 4).
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Figure 4. Variation of effective strain with Ni content.

Figure 5. TEM image of Sngg9Nio01O2 nanoparticles.

Figure 5 illustrates the TEM image of SngggNig01O2 particles are found to be agglomerated. In general,
nanoparticles calcined at 350°C for 2 h, it is shown that agglomeration occurs in the case of nanoparticles very
the powder are not well uniform in size and part of the easily because the surface forces such as Vander-Waals
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Figure 6. Transmittance spectra for the (a) SnO, (b) Sngg9Nio.01O2 and (c) Sno esNio.02O2 nanoparticles.
forces, capillary forces and electrostatic forces could a__(lnTy (7)
overcome only against gravitational and inertial forces for - L

particles in this size range (Pugh and Bergstro, 1994).
The average diameters of particles for proper dispersed
regime were evaluated to be less than 50 nm. Grain
particle size was obtained by using Scherrer's formula
from XRD calculation and the particle size obtained from
TEM image for monodispersed part are close to each
other approximately.

Figure 6 shows optical transmittance spectra of the
samples (a), (b) and (c). The samples are transparent in
a large range of wavelength (bigger 350 nm). In order to
calculate the optical band gap we used the Tauc relation,

ahv:B(hv—Eg)” (5)

Where a is the absorption coefficient, B is a constant, hv
energy of incident photons and Exponent n depends on
the type of the transition, n may have values 1/2, 2, 3/2
and 3 corresponding to the allowed direct, allowed
indirect, forbidden direct and forbidden indirect transitions
respectively (Pankove, 1971).

Since a and transmittance (T) are correlated as,

T =exp(-al) (6)

or

Where L is the thickness of the sample, for direct allowed
transition (n=1/2) we have,

(hvInT)* =B*L*(hv-E,) (8)

The exact value of the optical band gap is determined by
extrapolating the straight-line portion of (hv InT)? vs. hv
graph to the hv axis (Figure 7). The values of the optical
band gap at the different Ni content are shown in Table 1.
The optical band gap values are higher than the bulk
value of SnO, (3.6 eV at the room temperature), the
optical band gap is found to be particle size dependent
and increases with increasing Ni content or it is
increasing with decreasing particle size.

Conclusion

Ni doped SnO. nanoparticles have been successfully
synthesized using simple co-precipitation method.
Crystalline size of particles are in range of 23 to 31 nm, it
is shown that the crystalline size of the nanoparticles
decreases with increasing amounts of doping Ni, and
nanoparticles have pure rutile structure. TEM image of
Sng.g9Nip 0102 nanoparticles shows that the powders
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Figure 1. Determination of optical band gap from the transmittance spectra for the (a) SnO,, (b) Sno.g9Nio01O2 and (c)

Sno.ggNig 0202 nanoparticles.

contain a good size distribution. Apart from the
agglomeration regime in the TEM image, the particle size
of the sample is less than 50 nm. Transmittance spectra
of samples show that the optical band gap values of
samples are higher than the bulk value of SnO; this is
because of nanosize particles. In this range of nanosize
particles (23 to 31 nm), the optical band gap change is
very small.
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