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Abstract:

In the present investigation, the influence of samarium oxide (Sm203) on the optical properties were studied.
Pristine SnO.and 2.0, 4.0, 6.0 and 8.0 mol% SmOs doped samples were prepared using facile co-
precipitation route. The samples were characterized by TG-DTA, XRD, FTIR, RAMAN and UV-Vis
spectroscopy properties were investigated. The results indicate that Sm;O3 inhibits SnO crystal growth.
XRD analysis revealed the single phase rutile tetragonal structure of all samples. These results were further
confirmed by Raman and FTIR studies. Crystallite size was observed to vary from 17 to 8 nm as the Sm
content increased from 0 to 8 mol%, suggesting the prevention of crystal growth with Sm doping. It was
evident from the absorption spectra that the absorbance increases with the dopant concentration. Optical
band gap was estimated by using Tauc relation which decreases with the increase in Sm content confirming
the size reduction as a result of Sm doping. Raman spectroscopic measurements showed thatthe broadening
of intense peak observed at 630 cm—1 with Fe doping, indicating that the Sm ions are substituted at the Sn
sites in SnO; lattice.
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Introduction

Along with hundreds of volatile organic compounds (VOCs) acetone is one of the commonly used chemical
reagents in industry, and it easily evaporates at room temperature. People may develop headache, fatigue
and even narcosis with the concentration of acetone in air when it exceeds 10,000 ppm. In addition, the
medical reports show that along with more than two hundred volatile organic compounds (VOCs), acetone
is also a normal constituent of breath of healthy individuals, though in the sub-ppm range, and its
concentration increases in diabetic patients. [1,2]. Thus, considering the importance of breath acetone as a
biomarker of diabetes, detection and measurement of acetone concentrations in the workplace or human
body are necessary for our safety and health. Several analytical techniques have been developed to measure
the concentration of acetone, such as gas/liquid chromatographic analysis, spectroscopy and sensors [2-5].
Among them, a sensor isthe most promising method due to their simplicity, precision and convenience. At
present, various types of acetone sensors based on semiconductor oxides sensors have been fabricated [2, 6—
8]. sensors based on metal oxide semiconductors gain special interest due to their good reproducibility,
compact size, ease of use, and low cost [9-11]. SnO2, as an n-type semiconductor and has been proved to be
a highly sensitive material for the detection of both reducing and oxidizing gases [12-15]. Hitherto,
extensive studies have been carried out in improving the sensing performance based on the SnO;. gas
sensors, such as adding catalysts, doping metals and metal oxides, decreasing grain size, controlling pore
and surface defects[16-18], etc. Among these methods, doping metals or metal oxides on SnO2 has been
proved to be a simple and efficient route to enhance the sensing properties. Many scientific and
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technological efforts have been made in this field, aiming inimproving the response, selectivity, stability and
feasibility for practical use[19-21]. In the present study, we report enhancement in gas sensing properties of
pristine and Sm doped nanocrystalline sensors.
2. Experimental
2.1. Preparation of undoped and Sm doped SnO2 nanopowders

The pristineand Sm:SnO: ( 2 mol%, 4 mol%, 6 mol% and 8 mol%) samples were prepared using
facile co-precipitation route. Aldrich make analytical grade reagents were used without further purification.
In a typical experiment, an appropriate quantity of stannic chloride (SnCl4.5H,0) and ammonium hydroxide
solution (NH4sOH) were taken. The stannic chloride was dissolved in distilled water to form transparent
solution. Dilute ammonia was added drop wise in the above prepared solution under constant magnetic
stirring until pH reached around 9-10 where the precipitation of metal cations occurred. The obtained
precipitate was filtered, washed several times with distilled water to remove chloride ions [22]. The
resulting product was kept for drying under an IR lamp for about 8h, which was followed by calcinations in
air at 400°C for 2 h. This sample was labeled as So. The Sm:SnO> ( 2 mol%, 4 mol%, 6 mol% and 8 mol%)
powder was prepared by using similar way as that of Sp and the samples were labeled as Si, Sz, Sz and S4
respectively. The Table 1 shows the sample identification of different compositions under investigation.

Sample Code Composition
So Pure SnO;
S1 2 mol% Sm,03+98 mole % SnCl,
S2 4 mol% Sm,03+96 mole % SnCl,
S3 6 mol% Sm>03+94 mole % SnCl,
S 8 mol% Sm»03+92 mole % SnCl,

2.2. Experimental techniques

Thermo-gravimetricand differential thermo-gravimetric analysis (TG-DTA)study of typical sample Szwas
carried out by using Trans-analytical Instruments SDD2960 in the temperature ranging from room
temperature t01000 °C in the air atmosphere to determine the decomposition temperature and type of
reaction. The X-ray diffraction (XRD) patterns of So, S1, Sz, S3 and Sswere obtained by using BRUKER
AXS D8-Advanced X-ray diffractometer using Cu-Ka (A = 1.5418 A) radiation. The surface morphology of
samplesSo, S1, Sz, Sz and Sswere observed from scanning electron microscopic (SEM) images using JEOL
JEM-6700F microscope operating at 5 kV. The elemental composition was obtained by the energy
dispersive X-ray spectroscopy (EDAX) technique. FTIR analysis was carried out using a JASCO Model
FTIR 6100 type-A spectrometer in the wave number range of 400-4000 cm™ for studying the chemical
groups on the surface of samples. The Raman spectra of samplesSo, S1, So, S3 and Ss4 were taken at room
temperature in backscattering geometry, by employing Agiltron Peak Seeker-785 Raman spectrometer with
semiconductor laser beam was carried out with the excitation wavelength 785 nm.
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3. Results and discussion
3.1. Thermo gravimetric differential temperature studies
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Fig. 1 shows the TG —DTA curves of the dry precipitated powder of S;. The TGA curve shows three
distinct steps of weight losses; the first step shows a sharp weight loss of ~8.30 % till 164°C. In the second
step from 164°C to 339°C we observe 4.29% weight loss. In the third step starting from 339°C we observe a
weight loss ~2.89 %.The initial weight loss can be attributed to the desorption of physiosorbed water while
the next two regions can be due to the crystallization[26]. The desorption of water appears as an
endothermic peak at 80°C.There is no significant weight loss beyond 700°Cindicating complete
decomposition of precursors and the phase formation of material.
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3.2. X-ray diffraction studies (XRD)
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The characteristic XRD patterns of the samplesSo, S1, Sz, Ss and Ssare shown in Fig. 2. All the diffraction
peaks show tetragonal rutile structure of SnO2 which are in good agreement with the standard JCPDS card
No. 77-0452 with no additional peaks belonging to other phases such as SnO. The prominent peaks
correspond to (1 1 0), (1 0 1) and (2 1 1) crystal lattice planes. No peak corresponding to Sm>0O3 was
observed even for 8.0 mol% Sm,Os-doped sample; indicating that Sm»O3 incorporate into the tin oxide
lattice (forming a solid solution), and/or its crystallites are too small to be detected in the XRD. Also, with
an increase in SmyO3 content, the relative intensity of the peaks decreases, andthe full width at half-
maximum (FWHM) increases. This suggeststhat Sm,Oz acts as a crystallite growth inhibitor for SnO;
material. Other research groups have also shown similar results in the case ofSmdopedSnO23[27, 28] and
other rare earth metal oxides [29, 30, 31]. Samarium oxide may prevent the formation of necks and the
process of coalescence between particles [27]. The average crystallite size (D) was estimated using the
Scherrer equation:

092
" BcosO

Where, A, p and 0 are the X-ray wavelength, the full width at half maximum (FWHM) of the diffraction
peak, and the Braggs diffraction angle, respectively. It is observed that with Sm doping the peaks broaden
and relative intensity has reduced, indicating reduction in the crystallite size. The composition with 6.0
mol% Sm:SnO, shows lowest crystallite size of around 4 nm, clearly indicating size is in the nanometer
range. A smaller crystallite size provides a larger surface area for exposure to the test gas, which increases
the probability of gas—solid interaction, thereby increasing the response.

Furthermore, the lattice parameters of the samples were calculated from the XRD patterns based on the
equation
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Where, (h, k, 1) are the indices of crystallographic planes, d the interplanar distance and (a, c) are the lattice
parameters. The lattice parameters cell and volume of nano-particles are observed to increase systematically
addition of Sm contents. Such a decrease in above parameters can be attributed to the higher ionic radii of
Sm*3(64 pm) as compared to Sn** (71 pm) [32]. These results agree well with the results reported in the

literature [33, 34]. Table 2 shows variations in average crystallite size, lattice parameter and cell volume of
SnO- nanoparticles of different samples.

Average crystallite Lattice Parameter
Sample Size  (nm) from

XRD a(A) c(A)
So 9.70 47141 3.1744
S1 5.45 4.7282 3.1865
S2 453 4.7387 3.1918
S5 40 4.7458 3.1934
S, 43 4.7492 3.2077

3.3. UV-Vis Studies
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The UV- absorption spectra of prestine and Sm doped SnO; were carried out in a JASCO (Model V-
670) UV-VIS-NIR spectrophotometer in the wavelength range of 200-1000 nm for studying the band gap
energy of the samples Si, Sz, Sz and S sintered at 700 °C. The detailed UV absorption spectra of these
samples are shown in Fig.3. It was observed that a strong absorption peak exists around 320 nm for So and
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around 311 nm for Ss. The corresponding band gap values were 3.87eV and 3.98 eV, respectively. The band
gap values were calculated using the relation Eg = 1240/A, where A is the wavelength of the absorption peak
in nanometers. The band gap of So matches well with the reported values, while on incorporation of Sm the
band gap value increases. In general, majority of metal oxides exhibit only n-type behavior due to the large
electronegativity of oxygen with the good conductivity originating from the delocalized conduction band s-
like wave function. It results in a significant blue shift of the optical band gap upon doping, which may be
true in case of Sm doping observed in the present study.

3.4. FTIR studies
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Fig.4 describes FTIR transmittance spectra of So, S1, Sz, Ss and S4.The FTIR spectrum is employed
to examine presence of chemical groups on the surface of different samples (So to S4). The broad absorption
band between 3225 and 3500 cm™, the peaks at 1000 and 1230cm™ are attributed to vibration of hydroxyl
groups associated with structural water [35]. The bands at 1380and 1600cm™ are assigned to C-H
vibrations due to organic trace impurities, incorporated during calcinations process. The bands observed in
the range of 450 and 770cm™® are due to the vibration of Sn—O surface cation-oxygen bonds [36]. The
typical M—O—M (in this case Sn—O-Sn) vibrations appear in the range of 530-700cm™ [37]. No additional
absorption peaks were observed with Sm3*addition, indicating its homogeneous dispersion in the support
material.
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3.5. Raman spectra studies.
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Fig. 5 shows the Raman spectra of So, S1, Sz, Ss and Ss samples. All spectra shows two prominent
Raman peaks at 476 and 1500 cm™ which are assigned to Eg(translational) and Byg (asymmetric Sn-O
stretching) modes of SnO; respectively [38]. All these Raman features confirm the tetragonal rutile structure
of the SnO, sample. The broad peak around 476 cm™ which was reported in extra-fine (3-5 nm)
nanoparticles is observed in all the doped samples [39]. This attributes to relaxation of Raman selection rule
by reduction in the particle size or by the high concentration of surface defects such as oxygen vacancies
and lattice disorder. Another feature to be noted is the decrease in B>g mode intensity in the doped samples
[40, 41]. The decrease in the intensity suggests that the dopant interacts strongly with the support and is
probably covering the SnO- grains with monolayer. The interaction between the Sm3* atoms and the support
oxide hinder the crystallization which is reflected in the reduction of peak intensity [42] This is supporting
XRD and FTIR results.
4. Conclusions

We have successfully developed nanostructured pristine SnO2 and (2 mol%, 4 mol%, 6 mol% and 8
mol%) Sm doped SnO,. The XRD, SEM-EDAX, TEM, SAED, Raman, UV-Vis, FTIR and PL
spectroscopic analysis confirmed that the Sm doping in SnO2 can significantly affects morphology, particle
size and band gap of Fe doped SnO. These results indicate that the Sm doped SnO, material can be used as
a potential candidate for fabricating the optoelectronic devices.
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