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ABSTRACT

Pure Tin oxide (SnO,) and titanium doped tin oxide nano crystals are synthesized by co-precipitation method. The
structural and dielectric properties are characterized by using XRD, SEM and dielectric measurement techniques.
XRD analysis shows that pure and Ti doped SnO, possess tetragonal rutile type structure. The SEM image depicts the
surface morphology. The EDAX analysis confirms the elemental composition. Frequency dependence dielectric
measurements are observed at 300K. The dielectric constant and dielectric loss decreases with increase in frequency.
The ac conductivity is also determined.
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I. INTRODUCTION

The physical and functional properties of
nano sized crystals differ greatly from the bulk and
attract scientific and industrial applications. Tin
oxide nano crystals is a wide band gap
semiconductor used as functional material for
optoelectronic devices, conductive electrodes [1],
transparent coatings due to its good conductivity
[2], transparency in the visible spectrum, dye
sensitized solar cells [3], transistors [4], optical
sensors [5], gas sensors [6,7], alcohol sensors [8,9],
formaldehyde sensors [10], super capacitor
applications [11,12]. The optical band gap of SnO,
is 3.6 eV, and it possesses high specific capacity. It
possesses good cycle performance, large reversible
capacities, excellent rate performance, low
discharge potential, etc., and so they are used as an
anode material in rechargeable lithium-ion batteries
[13].

The addition of impurity ions to the host
crystal brings out change in the structure,
morphology, optical, electrical magnetic properties
etc. The morphology of nano particles affects both
physical and chemical properties because of the
change in surface area [14]. The doping of
transition metal ions like Mn, Co and Fe creates a
change in optical, magnetic and electrical
characteristics due to the sp-d exchange
interactions of the metal ions and the band
electrons of the SnO, crystal [15,16]. In the present
article Ti doped SnO, nano particles were
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synthesized by co-precipitation method and an
effort has been taken to study the electric and
dielectric properties.

Il. MATERIALS AND METHODS

2.1 Preparation of samples

Tin oxide nano crystals are synthesized
using a co-precipitation method with AR grade
stannic chloride pentahydrate (SnCl,-5H,0) and
de-ionized water as solvent. The pH of the solution
is maintained as 3 by adding aqueous NaOH
(precipitating agent) drop wise. The solution thus
obtained is stirred thoroughly for five hours using
magnetic stirrer to form a homogenous mixture.
White gelatinous precipitate is formed. The
precipitate is filtered using whatmann filter paper
and washed several times with de-ionized water
until the effluent pH is neutral and then with ethyl
alchohol to remove CI traces. The precipitate is
then calcined at 170°C in hot air oven.

2.1.1. Preparation of Ti doped SnO,Nano Powder

For the preparation of Titanium doped
SnO, nano powder, 0.02M, 0.06M and 0.1M of
titanium dioxide salt (TiO,) was added to the 1M
tin chloride solution and the pH is balanced as 3.
The mixture was stirred well constantly for 5 hours
using magnetic stirrer. The procedure adopted to
prepare nano structured pure SnO, was used to
obtain Ti doped SnO, nano crystals.
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2.2. Characterization

The synthesized nano crystals, pure and
Ti doped tin oxide nano crystals are characterized
by diffractometer system, XPERT-PRO using
CuKo radiation (K-Alpha = 1.5406A) for the
structural analysis and also to determine the
crystallite size variation for the dopant. The surface
morphology was investigated using EVO18 (CARL
ZEISS) scanning electron microscope (SEM).
The elemental analysis is carried out using
AMETEK EDAX. The capacitance (Cp) and loss
tangent of the samples are measured in the
frequency range 50 Hz to 2MHz using LCR meter
at temperature 300 K.

I1l. RESULT AND DISCUSSION
3.1. X-ray Diffraction Analysis
The determination of crystallite size and phases
were carried out using X’Pert Pro X-ray
diffractometer (CuKa target, =1.5406 A). XRD
data were collected in the 2theta range of 20°-80°
and the diffraction pattern of pure and titanium
doped SnO, were shown in Fig.1. The diffraction
peaks are broad due to the nano size and the peaks
were in harmony with JCPDS card no: 41-1445.
The diffraction peaks show the tetragonal rutile
structure [17]. The cell parameters a, ¢ and cell
volume V of the synthesized samples were
calculated using the formula

Udne?= (h2+K%)/a+ 12/c?
Where, h,k,| were miller indices and dq is the
distance between two consecutive planes (m=1)
with plane index (hkl). The unit cell volume of the
tetragonal system are also calculated using the
formula V= a’c [18]. The crystalline size, D, was
estimated from the peak width with the Scherrer’s
formula:

D = (KA) / (Bcosbg)

Where, A is the X-ray wavelength, B is the
full width half maximum (FWHM) of a diffraction
peak, 0g is the Bragg’s angle and K is the
Scherrer’s constant [19, 20]. The lattice parameters,
cell volume, and average crystalline size of the
pure and titanium doped tin oxide nano particles
are given in tablel. The lattice parameters of the
synthesized Ti doped samples vary from the pure
SnO,. This variation is due the incorporation of
Ti* ions into the SnO, crystal system. The number
of unit cell in the crystallite is calculated using the
relation n= 3.14*D* 6V where, D is the crystallite
size, V is the volume of the crystal and the
calculated values are tabulated in table1[21].
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Fig.1 XRD pattern

Lattice Cell Crysta No. of | Dislocati-
parameters Volume 1lite unit on density
size cells in | =1/D?

Samples A < V=a’c Nm crystal Fermi

(&) (&) (&
Pure SnO; 4.70 3.16 69.9954 3.871 433 66.734
Sng os Tipo2O2 4.69 315 69.6626 9.87 1223 10.265
Sng o4 TiposO2 4.70 315 69.7645 13.80 19714 5.2500
Sng .00 Tip102 473 3.16 70.9821 18.38 45778 2.9601

Table:1 Lattice parameters

3.2. Morphological Analysis:

Fig.2 shows the SEM and EDAX images
of pure and titanium doped tin oxide nanocrystals.
In the case of pure tin oxide, tetragonal
morphology is seen in the SEM image. As the
dopant concentration increases, the tetragonal
morphology transforms in to spherical. Pure and Ti
doped tin oxide nano particles are stabilized in the
tetragonal phase.

The EDAX spectrum confirms the
presence of tin and oxygen of the synthesized
compound which is shown in the Fig.2. The EDAX
spectrum analyses very few impurities to be present
and is due to repeated washing during the synthesis
process. The intensity peak of oxygen is lower than
that of Sn and this indicates that the oxygen atoms
are desorbed. This corresponds to the increase in
oxygen vacancies. The atomic weight percentages
of Sn and O present in the pure SnO, nanocrystals
are 36.4 mass% and 63.6 mass% respectively,
which indicates that the synthesized SnO, powder
is very close to the stoichiometry.
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(d) Sno 90 Tio10;
Fig.2 SEM & EDAX images

The incorporation of Ti ions in the SnO,
crystal lattice is confirmed by the corresponding
peaks of EDAX spectra.

3.3. Dielectric Studies

The variations of the capacitance and the
dielectric loss factor of the Ti-doped SnO, nano
particles in the frequency range from 50Hz to 2
MHz and at 300K temperature is measured using
LCR meter. The 8 mm in diameter disc shaped
pellet is used to find out the capacitance. The
relative dielectric constant is the characteristic of
nano crystals to allow the electric flux to pass
through it. The relative dielectric constant of the
samples is calculated using the relation [22]

g = Cd/geA

where, C the capacitance, d is the
thickness of the pellet, and A the area of cross
section of the sample. &, is the relative permittivity
of the material g, is the permittivity of free space
(8.854 x 102 F/m) and the variation of dielectric
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constant of all the pure and doped nanocrystals
SnO,with frequency are exhibited in Fig.3. It is
clearly observed that the dielectric constant
abruptly decreases with the increase in frequency at
lower frequency range and becomes almost a
constant after 100 Hz. The mechanism responsible
for higher value of dielectric constant at low
frequency is the space charge polarization and
rotation polarizabilities [23]. Since SnO, is an n-
type semiconductor, the oxygen vacancies which
acts as holes and the oxygen ions forms the dipoles.
At low frequencies, these dipoles align easily with
the change in the applied electric field since the
atoms reside in the grain boundaries and become
electrically active due to charge trapping.
Moreover, these dipoles rotate which in turn is
responsible for the rotation direction polarization.
As the concentration of Ti is increased, the
crystallite size is increased and so the dielectric
constant.
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The dielectric loss of the nano crystals is
the energy loss when an electric field is applied
across the material to be polarized and is in the
form of heat. Loss tangent decreases with increase
in frequency.
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The ac conductivity of pure and Ti doped SnO,
nanocrystals is calculated by using the relation:

O, =otan o g &
® is the angular frequency and o=2xf, f is the
frequency of applied electric field, tan 0 is loss
tangent from dielectric measurement, ¢, is the

IV. CONCLUSION

Pure and Ti doped SnO, nano particles
were prepared by simple co - precipitation method.
Structure and morphology of the synthesized nano
particles were investigated by XRD and SEM. The
Structural analysis depicts the tetragonal structure
of the samples. The average crystallite size of pure
SnO, was found to be around 3.871 nm. The
crystallite size increases with increase in the
concentration of Ti dopant. The dielectric studies of
the pure and Ti doped samples reveals that the
dielectric constant and dielectric loss decreases
with increase in frequency. The ac conductivity of
all the synthesized samples was calculated and the
ac conductivity increases with the increase in the
frequency. It is concluded that the synthesized
samples can be a promising material for high
density energy storage material.

REFERENCES

[1]. S. Mathur, S. Barth, H. Shen, J. C. Pyun and
U. Werner, Size dependent photo
conductance in SnO, nanowires, Small,
1,2005, 713-717.

[2]. Yanhong Li, Min Shi, Meiri Wang, Jing Li,
Yuanyuan Liu, Hongtao Cui, In situ
template synthesis of SnO nanoparticles on
nickel foam with high electrochemical
performance, J. Sol-Gel Sci. Techno.86 (2)
,2018,423-430.

[3]. S. Ferrere, A. Zaban and B. A. Gregg, Dye
sensitization of nano crystalline tin oxide by
perylene derivatives,. J. Phys. Chem B, 101,
1997, 4490-4493.

[4]. C.H.Jung, J. Y. Lee, L. S. Pu, K. S. Lee
and D. H. Yoon, Investigation on indium
concentration  dependence of  solution
processed indium tin oxide thin film
transistors, Thin Solid Films, 520, 2012,
4726-4729.

[5]. D. J. Sirbuly, A. Tao, M. Law and R. Fan,
Multifunctional Nanowire Evanescent Wave
Optical Sensors, Adv. Mater.,19, 2007, 61—
66.

[6]. A. Kolmakov, D. O. Klenov, Y. Lilach, S.
Stemmer and M. Moskovits, Enhanced Gas
Sensing by Individual SnO, Nanowires and
Nanobelts Functionalized with Pd Catalyst
Particles, Nano Lett., 5, 2005, 667-673.

WwWw.ijera.com

relative dielectric permittivity of the sample and &,
is the dielectric permittivity of vacuum (8.854x10™*
C?N*M?)[24]. The ac conductivity increases with
increase in frequency. Thus the synthesized
samples can be used in high density energy storage
materials [25].

[7]. F. Gyger, M. Hubner, C. Feldmann, N.
Barsan and U. Weimar, Nanoscale
SnO, Hollow Spheres and Their Application
as a Gas-Sensing Material, Chem Mater. 22,
2010, 4821.

[8]. R. K. Mishra and P. P. Sahay, Synthesis,
characterization and alcohol  sensing
property of Zn-doped SnO, nanoparticles,
Ceram. Int., 38, 2012, 2295-2304.

[9]. O. K. Varghese, L. K. Malhotra and G. L.
Sharma, High ethanol sensitivity in sol-gel
derived SnO2 thin Films, Sens.Actuators B,
55, 1999, 161-165.

[10]. L. Zhang, J. Zhao, J. Zheng, L. Li and Z.
Zhu, Shuttle-like ZnO  nano/microrods:
Facile synthesis, optical characterization and
high formaldehyde sensing properties, Appl.
Surf. Sci., 258, 2011, 711-718.

[11]. S.P. Lim, N.M. Huanga, H.N. Lim,
Solvothermal synthesis of SnO,/graphene

nanocomposites for supercapacitor
application, Ceram. Int. 39 (6), 2013, 6647—
6655.

[12]. Structural and charge density distribution
studies on Tin Oxide nanoparticles for
Supercapacitor application A. Murugana, V.
Siva, A. Shameema, S. Asath Bahadura, S.
Sasikumara, N. Nallamuthu, Journal of
Energy Storage 28, 2020, 101194.

[13]. Y. Hu, K. Xu, L. Kong, H. Jiang, L. Zhang,
C. Li, Flame synthesis of single crystalline
SnO nanoplatelets for lithium-ion batteries,.
Eng. J Chem. 242, 2014, 220-225.

[14]. Li X, Peng K, Dou Y, et al. Facile synthesis
of wormhole like mesoporous Tin Oxide via
evaporation induced self assembly and the
enhanced gas sensing properties. Nano scale
Res Lett. 13,2018;. DOI:10.1186/s11671-
018-2434-4.

[15]. J. Kaur, J. Shah, R.K. Kotnala, K.C.
Verma,Raman spectra, photoluminescence
and ferromagnetism of pure, Co and Fe
doped SnO, nanoparticles, Ceram. Int. 38
(7), 2012, 5563-5570.

[16]. Z.M. Tian, S.L. Yuan, J.H. He, P. Li, S.Q.
Zhang, C.H. Wang, Y.Q. Wang, S.Y. Yin, L.
Liu, Structure and magnetic properties in Mn
doped SnO, nanoparticles synthesized by
chemical co-precipitation method, J. Alloys
Compd. 466, 2008, 26-30.

DOI: 10.9790/9622-1004043640




J.R.Sheeba,etal. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 10, Issue 4, ( Series - 1V) April 2020, pp. 36-40

[17]. L. C. Nehru, V. Swaminathan, C.
Sanjeeviraja, Photoluminescence Studies on
Nanocrystalline Tin Oxide Powder for
Optoelectronic  Devices, J.American of
Materials Science, .2(2), 2012, 6-10.

[18]. B.D. Cullity, Elements of X-ray Diffraction.
(Addison-Wesley, New York, 1978)

[19]. Pawan Chetri, Amarjyoti Choudhury,
Physica E, Investigations of optical
properties of SnO, nanoparticles, 47, 2013,
257-263

[20]. James R Connoly, Introduction to X-ray
Diffraction, Spring EPS 400-002(2007).

[21]. C.Ke, W.Zhu, J.S.Pan, Z.Yang, Annealing
temperature dependent oxygen vacancy
behavior in SnO2 thin films fabricated by
pulsed laser deposition,  Current Applied
Physics 11, 2011, S306.

[22]. S.Radhika, C.M. Padma, S.Ramalingom,
T.Chithambara Thanu, Growth, optical,
thermal, mechanical and dielectric studies of
potassium sulphate crystals doped with urea,
Archives of Physics Reseahrc, 4 (1), 2013,
49-59.

[23]. A.S. Lanje, S. J. Sharma, R. B. Pode and R.
S. Ningthoujam, Dielectric study of Tin
oxide nanoparticles at low temperature,
Archives of Applied Science Research, 2 (2),
2010,127-135.

[24]. S. Radhika, C. M. Padma, A. Jeya
Rajendran, S. Ramalingom, T. Chithambara
Thanu Thermal, optical, mechanical, and
electrical properties of a novel NLO active
Glycine potassium sulphate single crystals,
Der Pharma Chemica, 4(5), 2012, 2014-
2023.

[25]. M. Parthibavarman, K. Vallalperuman,
S.Sathishkumar, M. Durairaj, K.Thavamani,
A novel microwave synthesis  of
nanocrystalline SnO2 and its structural
optical and dielectric properties, J Mater Sci:
Mater Electron 25, 2014, 730-735.

. J.R.Sheeba,etal. “Structural and Dielectric Properties of Ti doped SnO2 nanocrystals.” |
. International Journal of Engineering Research and Applications (IJERA), vol.10 (04), 2020, :

|
' pp 36-40. i

WwWw.ijera.com DOI: 10.9790/9622-1004043640




