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Nanoporous pure and Sn-doped CeQ, were synthesized via chemical precipitation technique. The structural and optical properties of the
prepared ceria nanoparticles were characterized using analytical experimental techniques. X-ray diffraction pattern of the samples shows
the formation of single phase cubic structured CeO, nanoparticles without any secondary impurities. This result was supported by Fourier
transform infrared spectroscopy analysis. The porous surface morphology of the nanoparticles was visibly observed from scanning

which shows strong UV absorption band about 300 nm for the pure and doped samples. The extrapolated optical band gap energy values

INTRODUCTION

Cerium oxide or Ceria (CeQ,) has been widely investigated
owing to its broad spectrum of scope to be examined such as
catalyst, polishing media and ceramic material for high tempe-
rature devices'. It acts as an electrolyte substance in solid oxide
fuel cells as well®. Ceria is a large bandgap 3.55 eV semicon-
ductor material mainly used for catalytic purposes’.

In the recent past, nano ceria has made an impact
towards the biomedical engineering to inhibit cellular ageing®.
Bamwenda et al.” have reported that cerium oxide is a potential
photo catalyst that can be used to decompose water in order to
produce oxygen. Corma et al.® voiced the potential use of
zirconium and lanthanium doped CeO, nanoparticles in solar
cell devices.

The potential application and unique characteristic
behaviour of CeO, has given due interest to study their prop-
erties in depth. Understanding the electronic and structural
modification of CeO, is one of the most important factors for
their commercial application. Electrical resistivity and thermal
stability of the metal oxides strongly depends on the structural
change of the nanoparticles due to compression or high
temperature.

One among the various metals, tin is most abundant and
low cost material. It possesses many unique chemical, electronic
and optical properties. It is advantageous in several applications,
such as solar cells, catalysis and gas-sensing applications’. In
this paper, we report that the ultra fine Sn-doped CeO,

are 4.85 eV and 5.04 eV for the pure and 6 mol % Sn doped CeO, respectively.

electron microscopy. Optical activity of the samples were measured through UV-visible diffuse reflectance spectroscopy spectrophotometer |
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nanoparticles were prepared by a simple precipitation method.
The prepared samples were characterized to investigate their
structural and morphological properties at the nanoscale as a
function of dopant concentration.

EXPERIMENTAL

Synthesis of pure and Sn-doped CeQO, nanoparticles:
Analytical grade cerium nitrate hexahydrate [Ce(NO;);.6H,O]
and tin chloride (SnCl,.2H,0) were used as received without
any further purification. The cerium oxide nanoparticles were
prepared by chemical precipitation method which comprises
the steps of mixing, stirring and calcination. Briefly, 0.1 M
aqueous solution of Ce(NO;);-6H,O was prepared under
constant stirring. After 10 min, the ammonia solution was
added drop wise to the above solution until the pH reaches to
10. The stirring was continued for another 2 h for the comp-
lete precipitation. Finally, the precipitate was washed
thoroughly with ultra pure double distilled water repeatedly
for several times under sonication. The end product was dried
at 100 °C for 24 h and then the powder was calcined at 600 °C
for 5 h to promote the crystallization. For the Sn-doped CeO,
nanoparticles the same synthesis procedure was followed with
the addition of three different compositions tin chloride (4, 6
and 8 mol %) to aqueous Ce(NOs);.6H,O solution.

Characterization techniques: The XRD pattern for the
materials was analyzed on a Rigaku 2550D/Max VB/PC ad-
vance X-ray diffractometer (XRD) with CuK,, radiation (wave-
length of 1.54056A). The SEM studies were carried out using
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Hitachi S-3400 apparatus to study the surface morphology of
the ceria nanoparticles. Fourier transform infrared spectro-
scopy of the sample was analyzed using Perkin-Elmer FTIR
spectrometer over the wavenumber between 4000-400 cm™.
UV-visible diffuse reflectance spectroscopy of the prepared
samples were taken in UV-2450 Shimadzu UV-visible spectro-
photometer.

RESULTS AND DISCUSSION

XRD analysis: Fig. 1 shows the XRD patterns of the pure
and Sn-doped cerium oxide nanoparticle with larger broadening
of peaks, which in turn leads to a small particle size. All the
peaks indexed to a pure cubic fluorite structure (JCPDS 34-
394) of CeO, with lattice constant 'a'=5.411 A. The intensive
diffraction peak is located at 20 = 28.66, 33.07, 47.48 and
56.34°, corresponding to (111), (200), (220) and (311) lattice
planes respectively. They are well matched with the peaks of
face centered cubic crystal structure®. Due to the Sn** doping
the crystallite of the CeO, considerably decreases when
compared to pure CeQ,. This can be seen from the well defined
peak broadening in the XRD pattern of the doped samples as
in Fig. 1(b-d). In addition to the above, all the peaks are shifted
towards lower angle, which indicates the decrease in volume
of the crystal. The average crystallite size and lattice para-
meter of the pure and Sn doped CeO, nanoparticles are given
in Table-1. The mean diameter of the nanoparticles are
calculated using Scherrer's equation’.

D = 0.9A/Bcosd
where, P is the full width half maximum value of maximum
intensity peak, 0 - diffraction angle and A - Wavelength of the
X-rays (1.5408 A).
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Fig. 1. XRD patterns of pure (a) and 4, 6 and 8 mol % (b-d) of Sn-doped
CeO, nanoparticles
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TABLE-1

... Lattice Unit cell Mean
Composition/ G .3 .

600 °C param?ter a volume ‘a cgstalllte

(A) (A%) size (nm)
Pure CeO, 5.365 154.42 25.56
4 mol % Sn-CeO, 5.349 153.04 25.48
6 mol % Sn-CeO, 5.346 152.78 21.20
8 mol % Sn-CeO, 5.269 148.32 17.14

FT-IR analysis: FT-IR spectra of pure and Sn doped CeO,
samples are represented in Fig. 2. The spectra clearly shows
three intense bands positioned at 3420, 1614 cm™ and below
700 cm™. The broad absorption bands at 3420 and 1614 cm”
are associated to the symmetric stretching (v OH) and bending
modes of (8 OH) internally bonded water molecules respec-
tively. The more intense band is observed at 2380 cm™ for 6 %
Sn doped CeO, when compared to pure CeO,. This confirms
that the additional CO, was absorbed at CeO, surface with the
addition of Sn. Furthermore the O-C-O stretching band also
observed in the 1600-1300 cm™ region. The bending mode of
Ce-O-C (8) is observed well below 700 cm™ and affirms the
formation CeO, without impurities'. The peak positioned at
450 to 550 cm™ is attributed to the O-Ce-O stretching mode of
vibration'"'?, This FTIR study fairly agrees with the XRD
results.

8 mol% Sn-CeO;

V’\/\Y 6 mol% Sn-CeO,

4 mol% Sn-CeO;

Transmittance (%)
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500 1000 1500 2000 2500 3000 3500 4000
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Fig. 2. FT-IR spectra of pure and Sn-doped CeO, nanoparticles

Morphological studies: The SEM images of pure and 6
mol % Sn-doped CeO, nanoparticles are shown in the Fig. 3
(a) and (b). It is clearly visible that the particles are highly
aggregated and exhibit porous nature'’. Both the samples show
identical surface morphology. In the case of 6 mol % Sn**
doping more agglomeration was observed. Ultrafine nanoparticles
tend to agglomerate. This confirms the reduction in crystallite
size significantly by adding Sn ions to CeO; host. The quantita-
tive elemental analysis is performed using EDS. The observed
EDS spectrum of pure and 6 mol % Sn** doped CeO, is shown
in Fig. 4(a) and (b). From the spectrum, that the cerium and
tin absorption was strongly observed, which confirms the
stochiometric concentration of the elements.

UV-visible diffuse reflectance spectrum analysis: UV-
visible absorption spectra of pure and Sn-doped CeO, was
shown in Fig. 5(a). It indicates the strong absorption at 300
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nm and 310 nm for pure and doped CeO, nanoparticles. The
absorbance peak slightly shifted towards low energy side due
to Sn incorporation into Ce. The observed UV region absor-
ption band confirm the direct electron transition between Ce**
and O in CeQ,. Direct energy optical band gap is determined
using the Kubelka-Munk function'.
F(R) = (1-R)*/2R

Linearly extrapolated absorption curves at real axis gives
the band gap energy E, as shown in Fig. 5(b). The obtained E,
values of the pure and 6 mol % Sn doped CeQO, are 4.85 eV
and 5.04 eV respectively. This E, values are quite high when

a) SEM images pure CeO, with different magnifications; b) SEM
images of 6 mol % of Sn-doped CeO, nanoparticles with different
magnifications
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Fig. 4. (a) EDS spectrum of pure CeO, nanoparticles
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Fig. 4. (b) EDS spectrum of 6 mol % of Sn-doped CeO, nanoparticles

compared to earlier reports'>'®. In present case, the Sn doped
sample shows large E, than the pure CeO.. It indicates the size
dependent quantum confinement of the nanoparticles'’. For
the doped cerium oxide shows the shift in energy band concludes
that the large number of electron-hole confinement. This may
be due to the presence of Sn** in Ce* site which provides
additional holes for trapping process.

/\
/\

8 mol % Sn-CeO,

6 mol % Sn-CeO.

4 mol % Sn-CeO,

Absorbance (a.u.)

/’\

Pure CeO.

T T T T T
300 400 500 600 700 800
Wavelength (nm)

Fig. 5. (a) UV-visible absorption spectra of pure and Sn-doped CeO,
nanoparticles

1100

1000

900

800

700 Pure CeO,

——6% Sn-CeO,

600 -

500 -

E; " F(R)

400 -

300

E, (eV)

(b) Energy band gap plots of pure and 6 mol % of Sn- doped CeO,
nanoparticles

Fig. 5.

Conclusion

In summary, ultrafine Sn doped and undoped cerium
oxide nanoparticles are successfully synthesized using simple
chemical precipitation method. From the XRD analysis, it is
found that the obtained nanopowders were in single phase
cubic structure with an average particle size in the range 25-
17 nm for the pure and doped samples. Moreover, the FT-IR
study confirm the presence of pure and Sn doped CeO,
nanoparticles. The SEM observation clearly reveals that the
particles are strongly aggregated and appears in porous
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morphology. UV-visible spectra states that absorption of both
the pure and Sn-doped nanoparticles occurs at the UV region.
The obtained optical band gap value ascribes to the most
probable electron-hole confinement which leads to the high
conductivity.
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