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Abstract

Nanoparticles of SnOhave been prepared by co-precipitation method gusdmC} as a
precursor and subsequent heat-treatment at 600°@ayXdiffraction (XRD) study reveals
tetragonal structure of SnOnanopartcles without any secondary phase. Scaneiegtron
microscopy (SEM) image shows the spherical grainpmogy of Sn@ nanopaticles. In
transmission electron microscopy (TEM) study of Sip@rticle size is found to be 25 nm, which
is close to crystallite size (21 nm) from XRD usBaherrer equation. In Fourier transform
infrared (FTIR) study, a broad peak centered aro&D crit was observed due to Sn-O
vibration. Frequency dependence dielectric anoniglgbserved in SnOnanoparticles at low
temperature. Capacitance and loss tangent are fdonoe decrease with increasing frequency
and increase with increasing temperature.
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INTRODUCTION

High-transparency semiconductors such as,Sat InOs; have potential applications in flat
panel displays and gas sensors, etc [1-8]. Paatigulbulk SnQ has wide band-gafeg) of 3.6

eV and thin films can have high conductivity depagdn oxygen vacancy [5]. Sa@as been
synthesized by different methods such as the sbkag¢hod [9], chemical vapor deposition
(CvD) [10], magnetron sputtering [11] and hydrothat treatment [12]. The electrical
conductivity and luminescence properties of S mainly decided by the oxygen vacancy
present in Sn@lattice [13]. Electrical and optical properties ®G nanoparticles alter due to
their high surface to volume ratio. The study o€lectric properties and a. c. electrical
conductivity throws light on the behavior of charcgriers under an a. c. field, their mobility
and the mechanism of conduction [14-17].

In this paper, we have synthesized gn@noparticles by co-precipitation method usingrstas
chloride as a precursor, ammonia solution as aiptattng agent and carbon black powder as
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reducing agent. With this method, we can prepaK@,3@anoparticles in large amount with low
cost precursors. Dielectric properties of Sn@articles at low temperature (85-300 K) are
studied.

MATERIALSAND METHODS

Synthesis

All chemicals used in the experiment were analygagent (AR) grade. Stannous chloride
(SnCh.2H,0) was purchased from Glaxo SmithKline Pharmacautitd. Ammonia solution (25
%) and carbon black powder were purchased from Kldrdia. All chemicals were used as
received without further purification. Deionized teawas used during the reaction.

In preparation of Sng)2 g (0.1 M) of stannous chloride dihydrate issdlged in 100 ml water.
After complete dissolution, about 4 ml ammonia soluis added to above aqueous solution
with stirring. Stirring is continued for 20 minuté&/hite gel precipitate is immediately formed. It
is allowed to settle for 12 h. Then it is filteradd washed with water 2-3 times. 0.27 g carbon
black powder (charcoal activated) is mixed wittefied precipitate. The obtained mixer is dried
for 24 h at 70 °C. Dried powder is crushed anddtkat 600 °C for 4 h.

Characterization techniques

The powder X-ray diffraction (XRD) is recorded ugiRhilips Holland, XRD system PW 1710
with nickel filtered Cuk; (1 = 1.5405 A) radiation. The average crystallitees@) has been
calculated from the line broadening using the Sehnrrelation: t = 0.94/Bcog),
where, A is the wavelength of X-ray aril is the half maximum line width. Scanning electron
microscopy (SEM) is performed by JEOL JSM -5600e Transmission electron microscopy
(TEM) is performed with Tecnai 20°Gnder 200 KV Samples are prepared by dispersing drop
of colloid on copper grid, covered with the carlibm and the solvent is evaporated. To record
Fourier transform infrared (FTIR) spectra, Bomemrthlann & Braun MB Series Infrared
spectrometer is used. Sn@owder is crushed with KBr particles (1:5) andssesl into thin
pellets. Dielectric measurements at low temperatueeperformed by HP 4192A LF Impedance
Analyzer (5 Hz-13 MHz) with fully automated dielactmeasurement set up.

RESULTSAND DISCUSSION

Structural and particle size studies

XRD pattern of Sn@nanopatrticles prepared at 600 °C are shown indidurAll the peaks of
XRD belong to tetragonal lattice of SpQhe lattice parameters are calculated by usingram
Unit Cell - method of TJB Holland & SAT Redfern 229The calculated lattice parameters of
SnG area = 4.723(1) A,c = 3.238(1) A and its unit cell volume 6= 72.24 R and these
values are well agreement with the reported va(lU€$DS file No. 71-0652). The peaks are
broad due to the nano-size effect. No trace of re#ay phase is found. The crystallite size of
SnG, nanoparticles is found to be 21 nm by using sendormula (FWHM).

Figure 2 shows SEM image of prepared $n@noparticles. The spherical grain morphology of
SnG nanoparticles is observed. Figure 3 shows TEM mgieqoh of Sn@ nanoparticles (scale
20 nm) prepared at 600 °C. The average grain $it@med from TEM microstructure is nearly
25 nm. It is slightly greater than crystallite siabtained from XRD analysis (21 nm) using
Scherrer’s formula. Inset of figure 3 shows itestdd area electron diffraction (SAED) pattern.
From this tetragonal patterns of spots are obsandidating the high crystallinity of particles.
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Figure 1. XRD pattern of SnO;nanoparticles
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Figure 2. SEM image of SnO, nanoparticles
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Figure 3. TEM image of SnO,nanoparticles. Inset figure shows SAED pattern

FTIR study
FTIR spectra of Sngnanoparticles prepared at 600 °C are shown indigurThe broad peak
centered at 650 chis observed. The broad band between 800 and 500vems due to the

vibrations of Sn-O [18, 19]. Remaining peaks at(&@d 3435 cih are due to absorption of
water during preparation of IR pellet.

15

10 1

Transmittance (%)

Sn-O

T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)

Figure4. FTIR of SnO,nanoparticles

Dielectric measurement

The dielectric studies of Sn@arried out by using a dielectric cell and an idg®e analyzer
(model: HP 4192A). The 10 mm in diameter disc sbapamples is used to find out the
dielectric constant. The capacitance and dielettss in the frequency range 10 KHz -1 MHz
are found out. Dielectric constant or relative piéiity is calculated by using the formula:
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Cxd
E =
£,A
where,d is the thickness of the sampl(@the capacitance amdlithe area of cross section of the
sample.¢, is the relative permittivity of the material whicha dimensionless quantitsg is the
dielectric permittivity of vacuum (8.854 x 1®F/m). From these measuremegts and tand
(dielectric loss factor) are made available foréfraluation of a. c. conductivity.

Figure 5 shows the variation of dielectric constamd loss with frequency at temperature 300 K.
The dielectric constant decreases fast with frequerp to 100 KHz. But after 100 KHz it

remains almost constant. The variation of dieledivss with frequency shows dielectric loss
decreases exponentially up to 10 KHz. There isgelaump between frequency 10 KHz to 1000

KHz. The value of dielectric constaf#;) of SnG nanoparticles is very high as compare to that
of bulk SnQ which is reported at room temperature [20].
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Figure 5. Frequency dependent dielectric variations of SnO,at 300 K

It is well known that there are two dielectric pmtation mechanisms that contribute to the
enhanced dielectric behavior of nanomaterials:tiatadirection polarization (RDP) process and
space charge polarization (SCP) process. We sutggdboth RDP and SCP process contribute
to the enhancement of dielectric response of the, $rmnoparticles. First, RDP process is an
important contribution for the highey of the Sn@ nanoparticlesAs for the typical n-type
semiconductor, there are a large amount of oxygeancies acting as shallow donors in §nO
resulting in a lot of oxygen vacancies existinghe interfaces of Snnanopatrticles [21, 22].
Positive oxygen vacancies together with negativgger ions give a large amount of dipole
moments. These dipole moments will rotate in arereel electric field, which leads to the
rotation direction polarization occurring in thedrfaces of n-type SnhanoparticlesOn the
other hand, SCP process can also occur in the sa@gherally, nanostructured materials have
about 16° interfaces/crf)y much more than those of bulk solids [20]. Theiifitces with a large
volume fraction in the nanostructure sample conmgshainder high pressure (50 MPa) contain a
large amount of defects, such as micro porositdasgling bonds and vacancy clusters. These
defects can cause a change of positive and neggiaee charge distributions in interfaces [23,
24]. Negative and positive space in interfaces moweards positive and negative poles of the
electric field respectively. As they are trappeddsfects, dipole moments will form and SCP
process will occur in the sample. Because the veldraction of the interfaces of nano-size

Scholar Research Library 131



A.S. Lanjeet al Arch. Apll. Sci. Res., 2010, 2 (2):127-135

sample is larger than that of bulk materials, SC8trionger than that in the bulk materials. Thus,
g of the SnQ@ nanoparticles is higher than that of bulk. Nevelghs, in the high frequency
range, dielectric response of RDP and SCP canrejt ke with the electrical field frequency
variation, resulting in the rapid decreasegpin SnG nanoparticles.

Figure 6 shows the temperature frequency depenokmtielectric constant £) for SnG
nanoparticles. It shows that the dielectric coristés)) remains almost constant up to
temperature 200 K but it increases with temperagaifter 200 K. This phase transformation
temperature occurs depending on frequency. Fhiacreases with temperature but decreases

with frequency. The maximum values of dielectricnstant are decreases with increasing
frequency. As the temperature increases, the dipotamparatively become free and they
respond to the applied electric field. Thus poktitn increased and hence dielectric constant is
also increased with the increase of temperaturg [25
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Figure6. Variations of dielectric constant with temperature at different frequenciesfor
SnO; nanoparticles

Figure 7 shows the temperature frequency depend#ndielectric loss for Sn Loss tangent
increases with increase in frequency. It showsraomaly after 245 K depending on frequency.
Maxima dielectric loss increases with frequencyagghtransition also increases with frequency.

The a. c. conductivity of Sn_O(aac) is calculated with the data available from dielect

measurement and by using the relation:
o,. = 2rrf tandg,e,

Where, f is the frequency of applied fieldan ¢ is loss tangent available from dielectric
measurement; is the relative permittivity of the sample agglis the dielectric permittivity of
vacuum (8.854 x I& F/m). Table | shows the maximum valuesspindc,c at 300 K for Sn@

at various frequencies.
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Figure7. Variations of dielectric losswith temperature at different frequenciesfor SnO,

Figure 8. Variation of a. c. conductivity with temperaturein SnO, nanoparticles

Tablel. The maximum valuesof & and 6, at 300 K for SnO; at various frequencies

nanoparticles
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10 762.5 0.037
40 228.3 0.086
100 95.8 0.1
1000 31.8 0.181
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Figure 8 shows the temperature frequency dependsgrecec. conductivity. It is observed that a.
c. conductivity increases with increase in tempgggtindicating mobility of charge carriers
responsible for hopping. As temperature increasesility of hopping ions increases thereby
increasing conductivity. The a. c. conductivityalsicreases with increasing frequency. The
electrons which are involved in hopping are respmador electronic polarization in SnQ26-
27].

CONCLUSION

Tin oxide (Sn®) nanoparticles of 25 nm average size are prepapedessfully. Dielectric
constant of Sn@nanoparticles is found to be larger than that wk lmlue to larger volume
fraction of the interfaces and stronger SCP of paritcles. Dielectric constant and dielectric
loss decreases with frequency at low temperatwlarammeases with temperature. Dielectric loss
shows an anomaly at around 250 K depending on éregyudue to nano-size of the particles.
The a. c. conductivity increases with temperaturdicating mobility of charge carriers
responsible for hopping. As temperature increasesility of hopping ions increases thereby
increasing conductivity.
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