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Abstract

Tin oxide (Sn0,) and (1 wt%, 3 wt%, 5wt %) Ce-doped SnO, nanoparticles were synthesized by the Co-precipitation method.
X-ray diffraction investigations have been confirmed that the synthesized nanoparticles are polycrystalline in nature with
tetragonal rutile phase. The particle size is determined using Scherrer’s formula and it is found to increase with the “Ce”
dopant. High resolution scanning electron microscope (HRSEM) and transmission electron microscopy (TEM) analysis showed
spherical morphology composed of fine crystallites with diameters around ~200 nm. Optical band gap was decreased by the
doping confirming the direct energy transfer between f-electrons of rare earth ion and the Sn0O, conduction or valence band.

This study demonstrates the Ce doped SnO, nanoparticles for applications in optoelectronic devices.

Keywords: Ce-Doped Sn0,; Co-Precipitation Method; Optical Property; Rare Earths

Abbreviations: HRSEM: High Resolution Scanning
Electron Microscope; TEM: Transmission Electron
Microscopy; XRD: Ray Diffraction; SAED: Selected Area
Electron Diffraction; HRTEM: High-Resolution TEM; BET:
Brunauer-Emmett-Teller.

Introduction

Unique physical and chemical properties of nanomaterial
compared to the bulk have kindled great research interest
in these materials. Presence of foreign atoms or impurities

Ce Doped SnO, Nanoparticcles: Investigation of Structural and Optical Properties

is reported to modify electronic, optical, and magnetic
properties of bulk semiconductors [1-3]. In recent years,
one dimensional (1-D) nanostructures have been the focus
of research due to their unique physical properties and
potential applications in nanoscale optoelectronics [4-12].
Tin dioxide (Sn0,) is an n-type semiconductor with excellent
optical and electrical properties. This semiconducting
metal oxide is commercially used because of its numerous
advantages, including low cost, high chemical stability,
high sensitivity to various toxic gases, and compatibility
with micro fabrication processes [13-15]. In the case of RE
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metals doped oxide semiconductors, the 4f Electrons in RE
ion are localized and direct the exchange interactions via 5d
or 6s conduction electrons, which offer high total magnetic
moments per atom because of their high orbital momentum
[16-18]. This might help to decide the dopant which can be
used to dilute the semiconductor oxide. In this context, Ce
from the rare earth family is one of the major elements which
have two stable oxidation states, namely, III and IV, and their
f electron states are partially occupied or empty, respectively.
Cerium (Ce) as a doping element has gained a huge curiosity
by the researchers owing to its abnormal characteristics
emerging from the existence of the 4 f shell. And also due
to the doping of rare earth elements such as “Ce” is a way to
control the structural characteristics such as crystallite size
and shape and electronic properties [19]; indeed, both micro-
structural and electronic properties affect chemiresistive
gas-sensing behavior of the material. Doping with the
elements which cause the mixed-valence states is especially
attractive, as their electronic micro-structure can be changed
by reduction and oxidation mechanism. The mixed state
phenomenon between Ce** and Ce3* can be in the Ce ion;
hence, it has been established to be impressive material for
enhancing the gas-sensing performance of chemical sensors
[20,21]. Numerous methods are available to prepare Ce-
doped SnO, nanoparticles such as sol-gel [22], modified
polymeric precursor method [23], and co-precipitation [24]
Among these various methods, the hydrothermal synthesis
method has been reviewed as the most advantageous
technique due to its advantage of single-step process, low
temperature of operation, purity and uniformity [25,26].
However, only very few reports have appeared on rare-
earth ion doped SnO, semiconductors and Rare earth ion
doped semiconductor oxide is also interesting due to their
unique optical properties and possible applications in
optoelectronic devices. Especially, rare earth doped Sn0O, has
been used as gas sensors, and catalyst activity. In this report,
we are interested to investigate Ce-doped SnO, nanoparticles
as a suitable material for opto-electronic device application.

Experimental and Characterization Technique

Pure SnO, and Ce doped SnO, nanoparticles were
prepared by a simple Co precipitation method using
SnCl2H,0, and CeCl,»7H,0 as the sources of Sn, and Ce
respectively. The salts were added in de-ionized water
and mixed homogeneously and refluxed for 48 h under air
atmosphere. Precipitation was carried out using aqueous
NH,OH after cooling the refluxed solution. The precipitates
were washed several times with de-ionized water to remove
the water-soluble impurities and free reactants and dried at
110°C for 10 h. The resultant powders were characterized to
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determine the particle size, structure and morphology. UV-
vis spectra of the samples were recorded using the UV-vis
spectrophotometer (Lambda20, Perkin Elmer). The structure
of the powder samples was characterized using powder
X-ray diffraction (XRD) technique (RichSiefert, Model 3000)
and Cu Ka(A = 1.5405A° ) radiation. The specific surface area
of the prepared samples was calculated from the adsorption
isotherm of nitrogen at 250°C on the basis of the Brunauer-
Emmett-Teller (BET) method. The morphological features of
the samples were also observed using the scanning electron
microscope (SEM; Hitachi S-3000N).In order to examine
the size and the morphology through transmission electron
microscopy (TEM, JEM-1200EX, JEOL), the dilute suspension
of the powders were dropped on the carbon-coated copper
grids and allowed to dry in air.

Results and Discussion

Structural Properties Analysis

Figure 1 shows XRD patterns of the pure SnO, and
Ce-doped SnO, samples. The undoped SnO, powders are
identified as a tetragonal SnO, (JCPDS card No.41-1445)
with lattice constants a=0.4758 nm, ¢=0.318 nm. For the Ce-
doped SnO, sample, the diffraction peaks are almost similar
to that of pure Sn0,, no secondary phase is found. That is, for
the Ce-doped SnO, sample, it can be speculated that some
Ce-oxides formed Ce-Sn-0 solid solutions with SnO, because
no other species existed in the system. It is possible for Ce**
ions cooperate with the matrix of SnO, particles to form
Ce-Sn-0 solid solutions since the radius of Ce** (0.092 nm)
is not much bigger than that of Sn** (0.071 nm). The doping
of a host matrix by different ions may change the lattice
parameters because of the ionic radius difference between
the dopant and host atoms. The crystallinity of our samples
was significantly affected by the Ce doping into Sn0O, [27,28].
It cans be found that the diffraction peak of the Ce-doped
Sn0, sample becomes wider than that of the undoped SnO,.
The result indicates the particle size of the doped SnO, is
smaller than that of the undoped SnO.,.

The size of the particles was calculated using Scherer’s
formula from the XRD data [29]:
D=KA/Bcos6

Where D represents the particle size, 6 is the Bragg angle,
Bis the full width at half maxima, and A is the wavelength
of the X-ray used (1.541876°A). The size of the pure SnO,
nanoparticles was calculated to be of 24nm of size. The size
of the Ce doped Sn0, a nanoparticle was calculated to be of
28 nm of size.

Copyright© Sathyaseelan B, et al.
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Figure 1: XRD patterns of samples. : (a) pure SnO, (b) 1 % Ce doped SnO, (c) 3 % Ce doped SnO, (d) 5 % Ce doped SnO,,.

Morphological Analysis structures with a repetitive arrangement. The Ce doped SnO,

nanoparticles have an average diameter of size of 61 nm.
Further increasing the dopant, the nanoparticles resulted in
the formation of larger spheres because, with the addition of

cerium ions, the crystallite size decreases there by resulting
in agglomeration of particles.

The SEM images for both pure and Ce doped SnO, are
shown in Figure 2. The pure SnO, nanoparticles are cone
shaped with an average diameter of 51nm. The nanoparticles
were found to be with larger distribution of particles.
Introduction of Ce dopant resulted in larger sphere shaped

-

Figure 2: SEM images of Pure and doped SnO, (a) pure Sn0O,, (b) 5 % Cedoped SnO.,.
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In order to reveal the microstructure of the nanoparticles
in detail, TEM combined with the selected area electron
diffraction (SAED) analysis of pure Sn0O, and 5 wt% SnO,: Ce
nanoparticles are shown in Fig. 3, respectively. As observed
in Figure 3a, the as-prepared powders are made up of
nanoparticles, and no obvious particle agglomeration is
observed. Compared with pure Sn0O, nanoparticles (Figure
3a), which of Ce-doped SnO, (Figure 3c) is smaller. To
confirm the nanostructure of the SnO, and 5 wt% SnO,: Ce
nanoparticles, the high-resolution TEM (HRTEM) images

are shown in Figures 3b & 3d, respectively. The HRTEM
Figure 3b shows the lattice distance of 3.42 and 2.61 A,
corresponding to the (110) and (101) planes of rutile SnO,,
respectively. Figure 3d shows that the interplanar distances
of corresponding planes of 5wt% SnO,: Ce are 3.26 and 2.28
A, respectively. It can be seen that Ce-doping leads to the
decrease of interplanar distances. As shown in the inset of
Figure 3d, the corresponding ring-like SAED pattern further
reveals the polycrystalline nature of this microstructure.

diffraction pattern taken from the sample.

Figure 3: TEM images of Pure and doped SnO, (a) pure SnO,, (b) 5 % Ce doped SnO, .In the images (c) shows an electron

BET Analysis

To study the effect of Ce doping on the specific surface
area of Sn0,, nitrogen adsorption and desorption analysis
were performed. The nitrogen adsorption and desorption
isotherm of pure Sn0,, 1 and 5 wt% SnO,: Ce are shown in
Figures 4a, 4b & 4c respectively. It can be observed that the
isotherms of two samples are characteristic of a type IV with
type H1 hysteresis loop, which confirm the nanostructures
[30-33]. The BET specific surface areas measurements were
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performed in a pressure range from 0.05 to 1, and for the
samples pure Sn0,, 1 and 5 wt% SnO,: Ce the calculated values
were 107.92, 124.07, and 136.01 m2/g, respectively. The
large specific area can provide more surface sites available
for oxygen absorbed, gas diffusion and transportation
[34,35]. The pore size was mainly concentrated between 2
and 15 nm. Since the specific surface area is an important
factor affecting which could provide good contact efficiency
for powder nanoparticles and expose more active sites.

Copyright© Sathyaseelan B, et al.


https://medwinpublishers.com/NNOA/

Nanomedicine & Nanotechnology Open Access

5% Ce doped SnO,,.

Figure 4: Adsorption and desorption isotherm and pore size distribution of sample, (a) pure SnO, (b) 1 % Ce doped SnO, (c)

UV-Vis Analysis

To study the optical properties, UV-Visible spectra
were recorded for SnO, nanoparticles with the various
concentrations of Ce which are shown in Figures 5a-5d. UV
absorption edge at around 250 nm is associates to the photo-
exciton of charges from the conduction band to valence band
[36]. With an increase in the Ce concentration, the absorption
edge shifted towards higher wavelength corresponding
to reduction in crystallite size. This shift in the absorption
edge is directly related to the transition of charges between
Sn0, valence or conduction band and 4f electrons of rare

earth metal ions. Dopant concentration dependent red shift
was observed in the absorption edge which opens up the
potential for application of the Ce doped Sn0O, nanoparticles
in narrow band gap optoelectronic devices. The measured
Eg values are little higher than bulk SnO, (3.6 eV) this is
directly related to the surface structure, particle size, and
morphology. The Eg values are found to be in the range of
3.65 to 3.4 eV, respectively, for pure and Ce-doped SnO,
nanoparticles. Further, the decreased Eg value suggests that
addition of Ce increase the Particle size significantly. Similar
results were reported earlier for SnO, with different metal
ion doping [37,38].

Figure 5: Optical spectra of: (a) Undoped SnO,; (b) 1 % Ce doped SnO, (c) 3 % Ce doped SnO, (d) 5 % Ce doped SnO,.
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Conclusions

In this report, Sn0, and Ce-doped SnO, nanoparticles are
synthesized by the Co-precipitation method. The structural
evaluation of the SnO, with and without Ce ion confirms
significant variation in the morphology due to the rare
earth metal ion. SEM and TEM analysis show with diameter
values around 200 nm. Interesting optical properties are
also observed with this structure. The change in the optical
band gap energy can influence strongly behaviour useful
for optoelectronic device fabrication. From this study, we
understand the importance of synthesizing materials with
specific nanostructures using simple Co-precipitation
method to achieve multi-functionality leading to new optical-
electronic devices.
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