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ABSTRACT

In this report,Pure and Zn- doped SnO2 nano powders were synthesized by co-precipitation method. The structure,
surface morphology, optical, and functional groups were analyzed by X- ray diffraction, Field Emission Scanning
Electron Microscope(FESEM), UV-Vis spectroscopy, Fourier transform infrared spectroscopy (FTIR),
photoluminescence spectra, Energy Dispersive Spectroscopy(EDAX) and cyclic voltammetric method, respectively.
The results were compared with pure tin oxide nanoparticle. X-ray analysis shows that the obtained power has
tetragonal rutile type structure with average crystallite size of 34 nm which reduced to 9 nm with Zn addition.
Increase in band gap is observed from UV-Vis spectroscopy by the addition of zinc in SnO2. PL spectrum of the
pure and doped samples detected two strong emission peaks at 437nm, 465nm due to the surface defect and oxygen
vacancies in SnO2 nanoparticles. The electrochemical nature of the samples has been studied using cyclic
voltammetric method.Thus the co-precipitation method is convenient, easy, simple, low cost and effective synthesis

of nanoparticles.
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I. INTRODUCTION

Nano structured metal oxides have attracted an extensive
research interest due to their unique electrical, physical,
chemical and magnetic properties as well as their
potential for technological applications’. Tin oxide
(SnO,) is a potential n-type semiconductor with a wide
band gap of 3.63 eV, has been widely investigated in
battery materials®, transistors opto-electronic devices®
and gas sensors®. To improve the performance of SnO,,
a fashionable way is doping SnO, with proper metal
elements.Many methods have been adopted for synthesis
of SnO, Such as sol-gel**®’,  Combustion
route®*41° hydrothermal** '* Microwave synthesis **
&15 chemical vapour deposition'®,spray pyrolysis'’ and
thermal evaporation of oxide powders™., Conductive
oxides are the capable materials for the fabrication of
transparent electronics and optoelectronic devices in the
ultraviolet (UV) region because of their wide band gap
and high mobility.

In the above techniques, co-precipitation is a attractive
method due to its short preparation time, low cost, high
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purity, homogeneous distribution of doping element and
also the ability to yield excellent polycrystalline samples.
However, the SnO2 original crystal structure can change
as well with the dopant nature.

In the present work, pure and Zn doped SnO, powder
was synthesized using co-precipitation method. The
advantage of coprecipitation is the good reproducibility
and low temperature is required to obtain the compound,
which can limit the formation of large grains. Zinc is a
quite active element. It dissolves in both acids and
alkalis. In the final product Zn*'is therefore expected to
replace Sn** in the SnO, matrix, which increase the
conductivity and the possibility to a variation of the
band gap value. The prepared materials were analyzed
using structural and optical techniques. The structural
and optical properties of the nanoparticles were
investigated in detail.

II. EXPERIMENTAL PROCEDURE

2.1 Chemicals
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The tin chloride ( SnCl,.5H,0 Merck, Germany) and
zinc chloride (hydrous ZnCl,.6H,O Merck, Germany)
have been used as starting material for the synthesis of
Zn-doped tin oxide nanoparticles by co-precipitation
method.

2.2 Preparation of SnO, Powder

In a typical experimental procedure, 4 g tin (lII)
tetrachloride was dissolved in 200ml distilled water
under vigorous stirring for 20 minutes. Adqueous
ammonia was added drop wise to the resulting solution
in order to modulate the pH at 12. The solution was then
left for constant stirring for about 30 minutes. The
precipitate was collected and washed with de-ionized
water. After drying at 100°C in oven for 24 hours, the
SnO, nano particles was obtained .In order to improve
the crystanality, it was further annealed at 500°C for 2
hours in furnace in ambient atmosphere .

2.3 Preparation of Zn doped SnO, Powder

For preparation of Zn- doped SnO, nano powder, 1g
ZnCl, was added to the pH balanced solution and the
mixture was stirred for 30 minutes. The procedure
adopted to produce nano structured pure SnO, was used
to obtain Zn doped nano SnO, powder.

III. CHARACTERIZATION TECHNIQUES

Pure & Zn dope SnO2 nanopowders were successfully
characterized by the following techniques.The average
crystalline size and structure was analysed by using
powder X-ray diffraction Bruker Diffractometer within
the range from 10° to 80° using CuKp as X-ray source.
The Scanning Electron Microscopy MODEL PHILIPS
XL-30 was used to observe morphology of the prepared
nanoparticles and  elemental identification  of
nanoparticles were done by EDAX. The optical
parameters of the samples were measured by UV-VIS-

NIR spectrophotometer (USB 4000, Ocean Optics-USA).

The functional groups were analyzed by using FTIR
spectroscopy (Perkin-Elmer System 2000). The PL
spectra of pure and Zn doped SnO2 were registered
using SL 174 spectroflurometer. Cyclic voltammetric
(CV) experiments were performed with a Versa STAT
MC electrochemical analyzer, in single compartmental
cells using tetrabutylammonium perchlorate as a
supporting electrolyte. The electrochemical behavior of

pure and Zn doped SnO2 in the potential range +1.5to -
2.0 V were recorded.

IV. RESULTS AND DISCUSSION
4.1 X-Ray Diffraction Analysis

Non-destructive X-ray diffraction analysis is a useful
technique to determine the sample purity, structural
perfection and average grain size of the samples.Figl
shows the XRD pattern of pure and Zn doped SnO2
nanopowders.It can be seen that, all the diffraction
patterns could be indexed to tetragonal rutile type
structure with space group of p42/mnm,and the results
are in good agreement with the standard JCPDS
Data(41-1445).In Zn-doped sample, there is no peak
evidence of Zn, ZnO (or) any secondary phase,which
confirms the purity of samples.
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Figure 1 : XRD pattern of (a) Pure and b) Zn- doped
SnO2 powder

The average crystallite sizes of the nano particles were
calculated based on Scherer’s equation %,

_ Ka
D= BCOSO
Where, D is the mean crystallite size, K is the shape
factor taken as 0.89, A is the wavelength of the incident
beam, B is the full width at half maximum and 0 is the
Bragg angle.

Zdhk| sin (0) =mA

Where d is the spacing between the planes in the atomic
lattice. h, k, and | are all integers, (hkl) is the lattice
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plane index, a and c are lattice constants, dyq is the
distance between two consecutive planes (m=1) with
plane index (hkI).

The Dislocation density is calculated by:
& =1/D°
The Micro strain is calculated by using the equation:

Where, d is inter planar spacing and D is the crystalline
size 2%

The obtained rutile structure was compared with JCPDS
data (Card No. 41-1445). The pure SnO,sample shows 3
major peaks appear at 26.5836°, 33.8611°, and 51.7775°,
respectively. Zn doped SnO, sample reveal small shift in
diffraction peaks. Thus the crystallite size of pure and

d Zn doped SnO2 was 34 + 1 nm, 9 £ 1 nm respectively.
§=—
DV12
Table 1. XRD Parameters and Size of Particles
Crvstallite Dislocation Micro
Sample | 20 (deg) | d-spacing FWHM size{D) (nm) density (8) | Strain (S)
(A) (deg) x 10%° x 107
26.5836 3.35321 0.2342 34.8420 0.8237 0.9945
Pure 33.8611 2.64734 0.2342 35.4466 0.7959 0.9774
Sno, 51.7775 1.76567 0.3346 26.3824 0.1437 1.3133
7n 26.2291 3.39491 0.85220 9.5686 1.092 3.6212
doped 33.5268 2.67076 0.83680 9.9118 1.018 3.4958
Sr?o 51.4779 1.77377 0.93120 9.4676 1.116 3.6598
2

When zinc was added to SnO, then FWHM of
diffraction peak was increased, as a result the
particle size was decreased to 9 nm. It has been
found that the size of pure tin oxide is greater than
Zn- doped SnO,. Rozati et al ** have obtained a
decrease in crystallite size when Zn was doped with
SnO, specimen. The XRD pattern of zinc doped
SnO, does not exhibit any additional peak
indicating the purity of product. Interplanar
distances, dislocation density and the microstrain on
the grains were calculated. Dislocation density and
microstrain developed in pure and Zn doped SnO;
which can be visualized from the line shifting in the
XRD spectra. The lattice constants were calculated
from the equation of tetragonal system using the
method of least squares 2,

1 hZ +k?2 12
= +

d2 a? c2

Table 2. Structural Parameters

Sample | HKl | d-spacing | Parameters
(A%)
110 3.3470 a=4.7382A°
JCPDS | 101 2.6427 c=3.1871 A®
[41- 211 1.7641
1445]
110 3.35321 a=4.7422A°
101 2.64734 c=3.1908 A®
Pure
Sn0, 211 1.76567
7 110 3.39491 a=4.80A°
d nd 101 2.67076 | c=3.2139A°
OPeC 1 211 | 177377
SI’IOZ
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Figure 2. UV/Vis/NIR absorption spectra with pure
and Zn doped SnO; nanoparticles

From Table 2, the calculated values of lattice parameters
‘a’ and ‘¢’ are well matched with JCPDS [41-1445].

4.2 Optical properties of pure and Zinc doped SnO2
nanoparticles

UV/Vis/INIR absorption spectra of samples were
recorded at room temperature with a wave length range
from 200 to 1200 nm. Fig .2 shows the optical
absorption spectra of the pure SnO2 nanoparticles.

The UV-vis absorption spectra of pure and Zn doped
SnO, nanoparticles were analyzed and the result was
displayed in figure 2 and 3. Both cases, the absorption
bands exhibited in the ultraviolet wavelength region
which is near the visible-light range.
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Figure 3 : (ahv) 2 versus hv plot for (a) Pure and b)
Zn- doped SnO2 powder
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Using Tauc Plot 25, the band gap was found to increase
in Zn doped SnO2 from 3.5 eV (pure SnO2) to 3.9 eV
by linear fitting, the absorption band edge in the plot of
(ahv) 2 versus hv plot. The increase in band gap might
have resulted from the reduced particle size which is a
common result due to quantum size effect 26, 27 & 28.

4.3 SEM with EDAX Analysis

Scanning electron microscope was used to observe the
surface  morphology and average particle size of
nanoparticles. Fig. 4 shows the SEM images of pure and
Zn- doped SnO2 nanoparticles. In Fig. 4 (a), pure SnO2
nanopowder is very clear which consists of fine tiny
nanoparticles and the surface of the nanoparticle is
approximately homogeneous with some agglomerates.
In Fig. 4(b). In Zn- doped SnO2 nanoparticles, unique
surface  morphology is observed which consist of
globules agglomeration The Zn dopant does not change
with the morphology of SnO2, But the average particle
size was found to be 32 and 10 nm for pure and Zn-
doped SnO2 nanoparticles respectively,which is good
agreement with the crystalline size calculated by XRD
method23,29.Fig 5 show the EDS spectral of pure and
Zn- doped SnO2 nanoparticles. The sample mainly
consists of Sn,0 and Zn elements.This result confirms
the Zn has partially substituted in the SnO2 host lattice
site. The composition of Sn is 82.52wt%. O is 12.68wt%
and Zn is 4.8wt% in Zn - doped SnO2.
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Figure 4 : SEM and EDAX images for (a) Pure and (b)
Zn- doped SnO2 powder
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4.4 FTIR Analysis of Pure and Zinc Doped Tin
Oxide Nanoparticle

An FTIR spectrum of pure SnO2 nanoparticles was
shown in Fig. 5(a). The spectrum of tin oxide exhibited
the main characteristic peak at 1743.66, 1551.26, 633.62
and 542.46cm-1as reported previously by Orel et al30.
The strong broad peak centered at 633.62 cm-1
corresponds to Sn-O-Sn stretching vibration.

The peak around 1400 cm-1 was assigned to NH
stretching vibration from decomposition of NH3. The
bands at around 600 and 550 cm-1 were attributed to Sn-
O stretching modes of Sn-O-Sn and Sn-OH
respectively31. The peaks in the FTIR spectrum at about
3300-3400 and 1645-1620 were due to stretching
vibrations of water molecules absorbed at the surface of
the tin oxide.

In Zn doped SnO2 samples,a small shifts

was observed. The spectrum of Zn doped SnO2
exhibited the main characteristic peak at 1743.66,
1550.30, 624.94 and 567.08 cm-1 respectively. The
strong and broad peak centered at 624.94 cm-1
Table 3. FTIR ANALYSIS

corresponds to Sn-O-Sn stretching. The broad band
between 750 cm-1 and 500 cm-1 was due to the
vibrations of Sn-O. From the Fig.5 tin oxide
nanoparticles causes some observable changes in the
spectrum. Fourier transform infrared spectroscope
confirms that the presence of functional groups and also
the interaction between the tin oxide and zinc
nanoparticles and their corresponding assignments were
tabulated in the table 3.
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Figure 5 : FTIR spectra of (a) Pure and (b) Zn -doped
SnO2 nanoparticles

O-H NH _
Sample | Stretching st? e-ztscnr;ig StrSe:c]éﬁn Stretching strsetc]c_rgi)n
vibration 9 9 Vibration g
Pure 3431.39
SnO, 164288 633.62 542.48 1469.77 1028.58
Zn 3492.15 1462.05
dSOn[ng 1647.70 624.94 567.08 1380 56 1022.28
2

Table 3 gives the value of FTIR peaks and their
assignments of SnO2 and Zn doped SnO2 nanoparticles.

4.5 Photoluminescence Spectra

The optical properties, surface defects of samples were
examined by photoluminescence (PL) spectroscopy
using He-Cd laser at room temperature.
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Figure 6 : Photoluminescence Spectra of (a) Pure and (b)
Zn -Doped SnO2 Nanoparticles

550

PL spectrum was measured with excitation wavelength
of 300nm. Figure 6(a) shows PL spectrum of pure
sample detected two strong emission peaks at 437nm,
465nm due to the surface defect and oxygen vacancies
which act as luminescent centres in SnO2
nanoparticles32. The intensity of emission peak may
vary based on sample’s particle size. When the particle
size of Zn -doped SnO2 decreases, the intensity of
emission may increased due to the particles higher
surface —to- volume ratio 25.Compared with pure SnO2
luminescence , Zn -doped SnO2 Figure 6(b) having an
additional peak at 372nm. From this observation, it was
found that the property of the doped sample was varied
compared to the pure sample. Both samples have an
emission centre at 437nm & 465nm pointed blue and
green light emission. This result suggests that Zn -doped
Sn0O2 samples may find possible potential application in
optoelectronic devices.

4.6 Cyclic voltammetric (CV) measurement

Figure 7 shows the cyclic voltammogram studies of pure
and Zn doped SnO2 nanopowders. The electrochemical
parameters of cathodic peak potential

(Epc) and anodic peak potential (Epa) were measured.
Both the pure and Zn doped SnO2 samples show
irreversible oxidation only (cathodic peak 1.42 V) and
reversible reduction anodic peak (-0.5 V) and cathodic (-
0.9 V) peak.

The reduction peaks are found to be quasi-reversible in
nature with peak - to- peak separation value (AEp is 400
mV). Based on this result, it can be concluded that both
the samples possesses electrochemical behavior. The
cyclic voltammogram shows that the peak positions of
pure and Zn doped sample is the same, but the Zn doped
sample the peak intensity is increased. This implies that
the reduced metallic Zn enhances the good
electrochemical behavior when compared to that of pure
Sn02.

(b)
Figure 7 : Cyclic voltammogram of (a) Pure and (b) Zn -
Doped SnO2 Nanoparticles

V. CONCLUSION

In summary, pure and Zn- doped SnO, nanopowders
with tetragonal phase were synthesized by co-
precipitation method. The XRD patterns exhibited the
rutile type tetragonal structure of pure and zinc doped
samples and no impurity phase was observed in XRD.
The crystallite size of pure tin oxide was 34 £ 1 nm and
zinc doped tin oxide was 9 + 1 nm. Surface morphology
of nano particles showed fine tiny nanoparticles with
certain agglomeration. The optical properties were
studied using UV-Vis spectroscopy which suggested the
band gap is found to vary from 3.5 eV to 3.9 eV with
doping. The Photoluminescence study exhibit an
increase in the luminescent emission with the decrease
in particle size. Thus, the structural, optical properties of
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the SnO, nanoparticles may be changed by doping with
Zn. Both samples have an emission centre at 437 nm and
465 nm pointed a blue and green light emission.
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