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Nanocrystalline pure and Ce doped tin oxide (SnO2) powders were synthesized through surfactant
(CTAB and PEG) assisted gel combustion method using urea as a fuel. Prepared samples were characterized
by PXRD, FESEM, UV-Vis, FTIR and Impedance analyzer. The PXRD analysis revealed the tetragonal
rutile SnO:z phase. The grain size was estimated using the Debye-Scherrer equation and Williamson-Hall
method. The cell parameters were found using Rietveld refinement and Nelson-Rieley plot method. The
FESEM pictures showed the formation of nanoparticles of almost spherical shape. FTIR spectrum revealed
the bands due to the fundamental overtones and combination of Sn-O and Sn-O-Sn entities. The UV-Vis
spectra showed the decrease in band gap with Ce content due to an increase in defects. The effect of Ce
doping on the electrical properties was studied at room temperature. The dielectric parameters, ¢ and tand
were maximum for pure SnO: sample. The variation of dielectric properties and ac conductivity with

frequency is due to the Maxwell-Wagner type of interfacial polarization.
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1. INTRODUCTION

Nanoscale semiconducting oxides are of significant
interest due to their applications. Tin oxide (SnOs2) is a
versatile semiconducting material for many applications
such as optoelectronic devices, gas sensors, dye based
solar cells and secondary lithium batteries due to its
wide band gap of 3.6eV at 300 K, large excitation
binding energy and good optical transparency in the
visible region [1, 2]. The incorporation of additives into
SnO:z introduces surface defects thereby, alters its
structure and grain size [3]. Doping of Ce improves the
dielectric response and ac conductivity in metal oxide
semiconductors [4]. The addition of surfactants controls
the free energy of the surface and, therefore, the
reactivity of the particles [5]. Several methods of
synthesizing nanoparticles have been reported [1-6].
Here we have reported the study of structural, optical
and electrical properties of Ce doped SnOz nanoparticles
prepared by surfactants cetyl trimethylammonium
bromide (CTAB) and polyethylene glycol (PEG) assisted
gel combustion method using urea as a fuel.

2. EXPERIMENTAL

The AR grade chemicals tin (II) chloride dihydrate
[SnCl2.2H20], nitric acid [HNOs], urea [CH4N20] (Sd
Fine Chem Litd.), CTAB [C19H42BrN], PEG (C2H40),H20
(Loba Chemie Pvt. Ltd.) and cerium nitrate [Ce(NOs3)3]
(Sigma-Aldrich) were used without further purification.
Deionized water was used during preparation.

Pure and Ce doped tin oxide (SnOg) nanocrystalline
powders were synthesized by surfactant assisted gel
combustion method using urea as a fuel. Stoichiometric
amount of tin (II) chloride dihydrate, urea and cerium
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PACS numbers: 61.46.Df, 73.63.Bd,
77.22.Gm, 78.67.Bf,

nitrate (0.00, 0.02, 0.04, 0.06, 0.08 and 0.1 mole %) were
mixed in deionized water taken in a beaker and placed
on a magnetic stirrer with hot plate. To this mixture
0.1 M of CTAB and 1 mL of PEG was added, and dilute
nitric acid (1:1) was added till the mixture becomes
transparent. When this mixture was stirred for 15 min
at 100 °C, gel was formed. Then the mixture was
transferred to a muffle furnace at 400 °C where the gel
underwent a combustion reaction with evolution of
gases and tin oxide powder was formed. The powders
produced were then calcinated at 800 °C for 3 h.

The structural characterization was performed using
Rigaku powder X-ray diffractometer (PXRD) with CuKa
(1.54056 A) radiation. The morphology was studies using
field emission scanning electron microscope (Carl ZEISS
SIGMA). FTIR spectrum of the samples was taken with
Perkin-Elmer spectrometer. Electrical properties were
studied using HIOKI 3532-50 LCR HiTESTER.

3. RESULTS AND DISCUSSION
3.1 PXRD Studies

Fig. 1 shows the PXRD patterns of SnOz samples. The
reflections are consistent with a tetragonal rutile structure
with space group P42/mnm (JCPDS No. 41-1445).

The mean crystallite size (D) of the nanoparticles was
estimated using the Debye-Scherrer formula

D=KA/ Bcosb, 1)

where K is the shape factor (~ 0.9), 1 is the wavelength
of X-ray radiation used (= 0.154056 nm), S is the angular
peak width at half maximum (FWHM) intensity and 6 is
the Bragg angle.
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Fig. 1 - PXRD pattern of pure and Ce doped SnOz nanopowders
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Fig. 2 - W-H analysis for pure and Ce doped SnOz nanopowders

The X-ray diffraction pattern shows line broadening
because of particle size and strain. The line broadening
is described by Williamson-Hall (W-H) equation [6]:

Bcos@=(0.941/ D)+4¢sin6, ()

where ¢ is the strain, fis the instrumental broadening.
The average crystallite size D and strain £ were computed
using the least squares method. W-H plots with 4sinf on
the x-axis and fcos@on the y-axis are shown in Fig. 2.

The particle size D and strain ¢ are calculated from
the y-intercept and slope, respectively. The calculated
values of the crystallite size D are shown in Table 1.

The dislocation density (6) is calculated from the
Williamson and Smallman’s formula [7]

52?} (3)
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where n is a factor which when equal to unity gives the
minimum dislocation density, and D is the average
crystallite size. The dislocation densities for the pre-
pared tin oxide nanoparticles are shown in Table 1.

Table 1 - Crystallite size, lattice strain and dislocation density
of pure and Ce doped SnOz nanopowders

Ce Crystallite size (nm) | Lattice |Dislocation
concentration strain densit;
Debye- y
%) Sche | W-Hplot | (10-4) | (1014 m-2)
0.00 42.89 40.31 8.15 5.43
0.02 41.97 40.42 8.44 5.68
0.04 40.65 36.58 8.75 6.05
0.06 37.62 32.39 9.64 7.07
0.08 44.02 39.39 7.98 5.16
0.10 43.90 38.51 8.05 5.19

To determine the accurate values of cell parameters
Nelson-Riley plot method and Rietveld refinement
method were used.

a) Nelson-Riley Plot

The lattice parameters a and ¢ of SnO2 nano-
powders with a tetragonal structure were corrected
using the Nelson-Riley plot. The distance between the
diffraction planes d of SnO2 was calculated from the
Bragg equation

2dsin® =nl 4)

and the tetragonal lattice parameter (a = b # ¢) for the
tetragonal phase structure was determined by the
equation

1 h+k P

7L ®

The corrected values of the lattice parameters were
estimated from the Nelson-Riley plots shown in Fig. 3
[8]. The calculated lattice parameters for different
planes were plotted versus error function

_ cos? @ . cos? @
sin @ 0

f(0) (6)
The intercepts of the plots give lattice parameters a
and c.

b) Rietveld Refinement

The PXRD patterns of pure and Ce doped SnO:2
nanoparticles were analyzed by the Rietveld technique
using the FULLPROF Suite program [9]. Fig. 4a
depicts the observed, calculated and difference PXRD
profiles for Ce doped SnO2 nanoparticles (6 mol. %). It
can be seen that the profiles for observed and
calculated ones match. The unit cell structure of SnOz
nanoparticles was shown in Fig. 4b.

During refinement, the parameters such as
occupancies, lattice constants, shape parameters, scale
factors and oxygen positions were taken as free
parameters. The atomic positions for tin were fixed.
Isothermal parameters were fixed for both tin and
oxygen. Background was fitted with a sixth-order poly-
nomial and the peak shapes were described by pseudo-
Voigt profiles.
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Fig. 4 - (a) Rietveld refinement plot; (b) unit cell structure of
Ce doped SnOz2 (6 mol. %)
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Table 2 — Values of lattice parameters

Lattice parameter®
Ce a c
concentration | Rietveld NR Rietveld NR
refinement | plot |Refinement | plot
Pure 4.737 4.742 3.186 3.181
0.02 % 4.736 4.742 3.186 3.175
0.04 % 4.736 4.735 3.186 3.163
0.06 % 4.737 4.728 3.186 3.155
0.08 % 4.736 4.747 3.186 3.176
0.10 % 4.736 4.734 3.185 3.181

* Standard values (JCPDF No. 41-1445): a = 4.7382 and
c=3.1871

JJ. NANO- ELECTRON. PHYS. 12, 04017 (2020)

Table 2 shows the values of lattice parameters obta-
ined from Rietveld refinement and Nelson-Riley plots.

3.2 Field Emission Scanning Electron
Microscopy (FESEM)

Fig. 5 shows the morphologies of pure and Ce doped
SnO2 samples. The images show that the samples
comprise of crystalline nanosized grains with almost
spherical morphology. The agglomeration may be due
to surface tension and interactive forces [10].

Fig. 5 - SEM micrographs of (a) pure and (b) Ce doped SnO:2
nanoparticles (6 mol. %)

3.3 UV-Vis Analysis

UV-Vis spectra of SnO2 samples were recorded in
the wavelength range 200-800 nm. Fig. 6 shows the
Tauc’s plot of SnO2 samples. Optical band gap of the
nanoparticles was determined from the intercept on the
x-axis obtained by extrapolating the linear part of the
Tauc’s plot. The Tauc’s relation is given by equation [11]

(ahv)' = A(hv-E,), )

where E; is the optical band gap, h is the Planck
constant and v is the frequency of incident photons, A is
a band tailing parameter, and n is the index (= 2 for the
indirect allowed transitions). The band gap values of
undoped and doped samples from Tauc's plots come out
to be in the range 3.678-3.621 eV. The gradual decrease
in the band gap with Ce content may be due to the
substitution of Ce ions for Sn sites. This can also be due
to an increase in the number of defects [12].
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Fig. 6 — Plots of («hv)? against hv of Ce doped SnOz nanoparticles

3.4 FTIR Analysis

FTIR is a technique used to obtain information
regarding bonding and functional groups in a material.
The band positions and numbers of absorption peaks
depend on the crystalline structure, chemical composition,
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and also on morphology [13]. FTIR analysis was carried
out at room temperature over the wave number range
of 400-4000 cm~!. The FTIR transmittance spectra of
the undoped and Ce doped SnO: nanoparticles are
presented in Fig. 7. The very strong absorption bands
were observed in the range 540-630 cm -1 which were
attributed to the Sn-O antisymmetric vibrations. In that
region, the peak at 602 cm~1! is assigned to Sn-O-Sn
vibrations. The bands exhibited at 541, 563 and 629 cm 1
are attributed to the Sn-O stretching vibrations [1, 12].
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Fig. 7 - FTIR spectra of the undoped and Ce doped SnO2 nano-
particles

3.5 Electrical Properties Study

The SnOz2 nanopowders were pressed into pellets of
13 mm diameter and 1 mm thickness and coated on
adjacent faces with silver paste for electrical
measurements. Dielectric and impedance spectroscopy
measurements were carried out in the frequency range
5 Hz to 5 MHz using Hioki 3532-50 LCR HiTester.

The dielectric constant is represented by

c=¢&—ig". (8)

The first term is the real part of the dielectric
constant which describes the stored energy, while the
second term is the complex dielectric constant which
describes the dissipated energy.

The value of the real part of the dielectric constant
&' of the samples was calculated using the formula

B Cd
B &A

’

; €

where & (~8.85x10-12F-m~-1) is the permittivity of
free space, d is the thickness of the pellet, A is the
cross sectional area of the flat surface of the pellet, and
Cp is the capacitance of the specimen in Farad (F).

The complex dielectric constant £’ of the samples
was calculated using the relation

g =¢&'tand, (10)
where tand is the dielectric loss tangent proportional to
the loss of energy from the applied field into the sample.

The variation of the real part of the dielectric cons-
tant & with frequency for the SnO2 samples is shown in
Fig. 8.

The dielectric constant decreases with increasing
frequency of the applied field and becomes almost
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frequency independent at high frequencies. This can be
explained on the basis of Maxwell-Wagner model [14].
According to this model, the dielectric medium is made
of well conducting grains with poorly conducting grain
boundaries. On the application of an external electric
field, the charge carriers will be accumulated at the
grain boundaries. This causes large polarization and
results in high dielectric constant. The polarization
decreases with the increase in frequency and then
reaches a constant value since the hopping between
metal ions cannot follow the alternating field. It has also
been observed that the value of the dielectric constant is
more for the doped samples due to high polarizability of
cerium ions as compared to tin [15].
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Fig. 8 — Frequency dependent variation of dielectric constant

Dielectric loss represents the energy dissipation in
the dielectric system. Fig.9 shows the variation of
dielectric loss with frequency at room temperature. At
lower frequencies, the value of tand is large for pure
SnO:2 sample due to the dominant effect of the polari-
zation by migrating charges at low frequency.
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Fig. 9 — Frequency dependent variation of dielectric loss

Higher dielectric loss is observed at lower frequencies
due to space charge polarization which can be explained
through the Shockley-Read mechanism [16]. According
to this mechanism, at low and middle order frequencies
the impurity ions in the bulk crystal matrices capture the
surface electron resulting in space charge polarization
at the surface. The dielectric loss increases from lower
to higher frequencies till a relaxation peak is observed
at middle frequencies and then decreases with further
increase in frequency.

When the jumping frequency of localized electric
field carriers is approximately equal to the external
applied field, then relaxation peaks are observed at the
middle frequencies.

The ac conductivity of the samples is evaluated by
using the following expression:

O 0 = E'gywtand . (11)
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The ac conductivity is related to the dielectric rela-
xation caused by the localized electric charge carriers
and obeys empirical power law [17]

o(w)= Ao’ (12)

where A is the complex proportionality constant and s
represents the temperature dependent parameter whose
value is less than unity. Fig. 10 shows the variation of
oac with frequency. The ac conductivity at low frequ-
encies increases slowly but at higher frequencies there
is a sharp increase in the conductivity. This can be
explained by hopping model [18] according to which
the increase in frequency of the applied field increases
the hopping of charges between the charge carriers
Sn?* and Sn%* which causes an increase in the mobility
of charge carriers and the conductivity.
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Fig. 10 — Frequency dependent variation of ac conductivity
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CTpyKTypHi, OITHYHI Ta eJIeKTPUIHi BiaacTurocri serosanux Ce HanouacTuHOk SnOq,
HiITOTOBJIEHUX METOIOM MOPiHHS r'eJIi0 3 J0JaBAHHIM IIOBEPXHEBO-aKTUBHUX PEYOBUH
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Hanoxpucrasmiuni yuceri Ta jerosani Ce mopomiku okcuay osioBa (SnOs2) cMHTE3yBaIM METOIOM TOPIHHS
reJio 3 TomaBaHHsM moBepxHeBo-akTuBHUX peuoBrH (CTAB i PEG), BuKOpUCTOBYIOUM CEUOBUHY SIK IIAJIUBO.
IligroroByeni spasku xaparrepudyBaau PXRD, FESEM, UV-Vis, FTIR Ta imMmemaHcHHUM aHaJIi3aTOPOM.
Anamiz PXRD BusiBuB terparonanbHy pyTuiabHy ¢dasdy SnOs. Poamip 3epHa orfiHoBaIm 3a I01I0MOr0OI0
piBusHus JleGasa-Illeppepa Ta meromy Binmbsmcona-Xosma. [lapamerpm esiemMeHTapHOI KOMIpKH OyJii
3HAMIEeH] 3a JOIOMOrol yrouHeHHs PitBesnbaa ta rpadika Hesbcona-Pimai. Ha dororpadiax FESEM 6ymo
IOKA3aHO YTBOPEHHs HAHOYACTHUHOK Maiike chepuunoi dopmu. Cmexrp FTIR BusBup cmyru saBmsaxu
dyHIaMeHTaAJIPHAM TapMOHIKAM Ta KoMOiHaIi 3'equansb Sn-O ta Sn-O-Sn. ¥V cmexrpax UV-Vis mokasaHo
3MEHIINeHHA IIIUPUHA 3a00poHeHo1 30HM 13 BmicToM Ce BHACTIIOK 3011blIeHHS nedeKTiB. Brinus nerysanus
Ce Ha eJIeKTPHUYHI BJIACTUBOCTI BUBYAJIN IIPU KiIMHATHIN Temmeparypi. Hiedexrpuuni mapamerpu & i tand
Oy MakcuMaJIbHUMU JJisi 3paska gucroro SnOz. BapiroBaHHS [1eJIeKTPUYHUX BJIACTHBOCTEM Ta 3MIHHOI
IPOBITHOCTI 3 YACTOTOI0 3yMOBJIEHO Miska3HOI0 mosapuaairieio Tuny Makcsesuia-Baruepa.

Kmiouosi cnosa: Oxcun ostoBa, Meron ropiHss reo, YTouHeHHsa PiTBesbaa, 3MIHHA IPOBITHICTD.
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