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Abstract : Pure and co-doped SnO, with Al and Fe nanoparticles have been successfully
synthesized by chemical co-precipitation method using PEG (poly ethylene glycol) as
stabilizer. The prepared samples have been characterized by using X-ray diffraction
Spectroscopy (XRD), and Photoluminescence studies (PL). The XRD patterns of the prepared
samples represent the tetragonal rutile phase with the particle size of 21-27 nm. The PL
Spectra of the undoped samples exhibit emission peaks at 422 nm, 425 nm and 447 nm and
co-doped SnO, samples also exhibit the same emission peaks with increasing intensity.
Keywords: SnO, nanoparticles, PEG, XRD, and PL.

Introduction:

Nanomaterials have attracted a great interest due to their intriguing properties. The fabrication of
nanostructure materials has been an active and challenging subject in material science and other fields, because
of their unique physical properties and novel potential applications'*. Among I1-VI semiconductors, tin oxide
(SnOy) is one of the best host materials for the development of various Optoelectronic devices because of its
wide band gap of 3.6eV at room temperature. Tin oxide has a tetragonal structure with point group D** 4 and
space group Ps,/mnm; The SnO, system with its unique magnetic, optical and electrical properties has generated
an enormous interest for its use. In nanostructure SnO, a large fraction of atoms on the surface exist in the
excited state and thus the electronic property is completely different from that of the bulk. Researchers have
been actively investigating this to achieve different morphologies of tin oxide that lead to changes in surface
morphology. The surface reactivity changes ultimately affect the electrical, optical, magnetic properties as
stated by Shiet et al*. The shape of the nanoparticles depends on the reaction conditions during their formation,
and many methods such as sol gel®, hydrothermal®, and chemical co-precipitation methods’® have been used,
Now-a-days many of the researchers have been focusing on alkali, alkaline earth, transition metal and rare earth
elements. The microstructure, morphology and luminescence performance of SnO, are extremely sensitive to
the conditions of their preparation and accordingly lead to many potential applications. In this paper, the
changes of SnO, nanostructures, photoluminescence, band gap of SnO, and morphology induced by Fe (by
keeping Al = 5 mol% as constant) are investigated. In the present work pure SnO, and Sny.,Fe, AlyO, (x = 0.00
and 0.01, y = 0.05 as constant) are synthesized and structural, optical properties are investigated.
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Synthesis of SnO, nanoparticles:

The pristine and co-doped SnO, nanoparticles are synthesized by chemical co-precipitation method at
room temperature using AR grade stanus chloride dehydrate (SnCl,2H,0), sodium hydroxide (NaOH) as
precursors, aluminum chloride (AICI3) and ferrous nitrate (Fe (NOs),) as co-doped elements. Initially 0.2 M
solution is prepared using Stanus chloride dehydrate and NaOH. For co-doping, ferrous nitrate has been added
drop wise to the above solution from 0 to 1 mol% by keeping aluminum chloride as constant at 5 mol%, and
added the ammonium solution drop wise under strong stirring until the pH of the solution reaches to 9, and then
PEG is added as stabilizer under continuous stirring for 10 hrs. The precipitate is washed repeatedly with de-
ionized water to remove impurities formed during the preparation process. After precipitation, the resulting co-
doped (Fe, Al) SnO, nano powders are dried at 80°C for 12 hrs, then the final precipitate is grinded and
annealed at 600 "C for 4 hrs under ambient atmosphere.

Result and Discussion:
Structural Characterization

X-RAY Diffraction:
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Fig 1. XRD Spectra of (a) Pristine SnO, (b) 5 mol% Al doped SnO, (¢) 1 mol% Fe co-doped SnO,
nanoparticles.

Fig. 1 represents the XRD pattern of pure and co-doped SnO, nanoparticles. The diffraction peaks of
the samples correspond to rutile phase of SnO, and peak positions are in good agreement with the standard
pattern [JCPDS CARD No: 41-1445]. Absence of extra peaks indicates that it has no impurity phases in the
samples within the detection limit of the instrument. Co-doped SnO; has higher diffracted intensity than pure
SnO,. The crystallite size is calculated by Scherer formula,

0914
D= fcosd

Here D is the crystallite size, A is the wavelength of X-rays used and 0 is the Braggs angle of diffraction
peaks. The estimated particles size for pure and co-doped SnO, nanoparticles are 21 nm and 27 nm respectively.
The diffraction calculations indicate increase of particle size with A, doping and Fe co-doping. The ionic radius
of Sn**, AI** and Fe®* in octahedral co-ordination is 0.69A, 0.54 A and 0.64A respectively. If AI** and Fe?*
substitutes in Sn** then the lattice should expand as the size of AI** and Fe** are larger than that of Sn*". The
expansion in the system due to incorporation of AI** and Fe*, can be due to creation of Sn or Oxygen
vacancies. However, the formation energy of Sn is lower than that of oxygen®.

Raman Spectroscopy:

Raman spectroscopy is an effective tool to investigate the vibration modes within the system. A normal
mode can be described by the 3n (n is the number of atoms in primitive cell) co-ordinates giving the
displacements of atoms from their equilibrium positions™. Rutile SnO, having six atoms per unit cell gives 18
possible vibrations. On the basis of group theory, the normal lattice vibration, at the point of the Brillion zone
can be envisaged"’. Two modes (A,, and triply degenerate E,) are infrared (IR) active, A,, has one optic and
one acoustic mode.
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While E, has two acoustic, and one optic modes. Algz, By, B2gand doubly degenerate Eg are found to be
Raman active and A, By, modes are inactive. Chen et al™® and Lou et al'® observed IR active peaks in the
Raman Spectra. The observed peaks clearly belong to Raman active modes of rutile SnO,. In bulk SnO,, Raman
active modes are expected at 132, 477, 633, and 778 cm™ from By, E,, Ay, and By, respectively. In our case,
we have clearly observed A;gi;and B,; modes. These are respectively due to the expanding and contracting
vibrations of Sn-O bonds in a plane perpendicular to c-axis**. The E, mode is accounted for the vibration of two
oxygen atoms opposite to each other but parallel to c-axis. This mode is largely sensitive to oxygen vacancies
than the other modes™. The vibration modes move to higher wave numbers with the co-doped (Fe, Al) SnO,
and this is due to the crystallite size. With the increase in particle size, confinement of phonon has decreased in
small size particles; it leads to the decrease in energy of phonon. These phonons interact with the incident
photon such that the scattered photons have lesser energy and thus the peak is shifted to higher wave numbers.
Also, the size of the particle increases and broadening of the peaks observed.
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Fig 2. Raman Spectra of (a) pristine SnO, (b) 5 mol% Al doped SnO; (c) 1 mol% Fe co-doped SnO,
nanoparticles.

As we co-doped 1 mol% of Fe into 5 mol% of Al doped SnO,, due to distortion in the system, the
intensity of the A4 peak has decreased. The Raman Spectrum is shown in fig.2 In fact, AICl;, Fe(NO;), have a
vibration mode at 633cm™*®. The broad peak at 633 cm™ is attributed to A, non degenerate surface mode. In
this mode, oxygen atoms vibrate in the plane perpendicular to the c-axis*’. When the amount of 1 mol% Fe is
co-doped to SnO, at constant 5 mol% of Al, Fe-O vibration becomes prominent and starts to contribute to the
Aqq vibration of Sn-O. The ionic character of the bond between Sn-O is responsible for B;y mode, and increases
as Sn”* changes to Sn**. It means that the bond strength increases as the force constant pushes the peak to higher
wave number region. Thus blue shifting in By is observed.

FT-IR Spectroscopy Investigations:

FTIR Spectra of all the samples are shown in Fig.3 It is clear from the figure that there are clear
changes in the positions, sizes and shapes of IR peaks indicating that co-doped (Fe, Al) might have been
incorporated in SnO, host. The band exhibited in the low wave number region of 474-620 cm?, might be due to
the vibration of antisymmetric Sn-O-Sn mode of tin oxide, while in the present work SnO, band appears in the
region 425-515 cm™. It is also interesting to note that the width of Sn-O-Sn band decreases while O-Sn-O band
increases. The observed behavior may be attributed to the improvement in crystalinity due to the removal of
residual organic impurities and increase of oxygen content.
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Fig 3. FTIR Spectra of (a) pristine SnO, (b) 5 mol% Al doped SnO, (¢) 1 mol% Fe co-doped SnO,
nanopatrticles.
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Further peaks observed in the sample of 1 mol% Fe co-doped around 440 cm™, 465 cm™, and 477 cm™
may be due to the IR stretching modes of N-H bonds in NH,". The bands appearing in all the samples around
500 cm™ may be attributed to the bending mode of O-H bonds. Finally, the intensity of broad band appearing in
the region 425- 500 cm™ is found to decrease gradually. These observations are in good agreement with
previous reports™. By comparing FTIR spectra of the samples of the present investigation with those of micro
crystalline SnO,, one may conclude that the position and line shapes of crystalline SnO, are different from those
of micro crystalline ones.

Optical properties
UV-DRS Spectroscopy :

Fig.4 shows the UV-VIS diffuse reflectance Spectra of pristine, 5 mol% Al doped and 1 mol% Fe co-
doped to SnO, nano powders annealed at 600° C for 4 hours. The band gap energies calculated using Kubelka-
Munk (K-M) model* is plotted below.
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Fig 4. UV-VIS DRS Spectra of (a) pristine SnO, (b) 5 mol% Al doped SnO; (c) 1 mol% Fe co-doped SnO,

nanoparticles.
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The function F (R,.) is called Kubelka-Munk function, and R is percentage of reflectance®. A graph is
plotted between [F (R.,) hv]? vs hv and the intercept value is the band gap energy® of 3.62 eV. It can be seen
that the Spectra of co-doped (Fe, Al) SnO, shows a considerable blue shift in the band gap transition with co-
doping (Fe, Al). The E, value for pure SnO, is 3,6 eV, which is in good agreement with reported values®. The
co-doped (Fe, Al) SnO, exhibit slightly lower band gap. The observed decrease in band gap energy can be
attributed to the charge transfer between the Fe, Al ions and SnO, conduction or valance bond.

Photoluminescence Spectroscopy:

350000

e |

300000 -
250000

200000 a

Intensity (a.u.)

150000 - c

100000

50000

0

T T T T T
400 450 500 550 600
Wavelength (nm)

Fig 5. Photoluminescence of (a) pristine SnO; (b) 5 mol% Al doped SnO, (c) 1 mol% Fe co-doped SnO,
nanoparticles.

Fig.5 shows the room temperature Photoluminescence Spectra of pristine, 5 mol% Al, and co-doped 1
mol % Fe to SnO, nanoparticles. The Spectra show typical UV emission at 422 nm, 429 nm, 447 nm and 490
nm using an excitation wavelength of 350 nm. The 5 mol % Al doped SnO, exhibit peaks at 439 nm, 490 nm,
520 nm, and 1 mol % Fe co-doped in SnO2 along with 5 mol % Al shows at 422 nm and 447 nm. The UV
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emission in pristine SnO, is not due to band edge emission, but due to below band edge emission. The absence
of band edge emission may be due to limitations of instrument. The oxygen vacancies can be in three charged
states V,°, V,"and V,", and V.’ is the shallowest level while V," and V,™ are deeper levels within the band
gap®. In present case, the peak at 422 nm might be due to V,° states, while the peak ranging from 422 nm to
490 nm is due to V," and V,"" states.

Sharp excitation emission is expected in semiconductors due to multiple luminescence centers. There
are various types of surface states that give rise to different energy states inside the semiconductor band gap, for
Sn0O,. The resulting trapped emission is complicated. The SnO, nano crystalline powders have two distinct PL
emissions at 439 nm and 486 - 496 nm in the case of the synthesized SnO, nanoribbons?. Up to now, the
mechanisms of observed emissions are not yet clear. However, they should be associated with defect energy
levels within the band gap of SnO,. Oxygen vacancies are well known to be most common defects in oxides
and usually act as radioactive center in the luminescence process. Thus, the nature of the transition is tentatively
ascribed to Oxygen vacancies, Sn vacancies or Sn interstitials, which form a considerable number of trapped
states within the band gap. When SnO, nano particles are excited with wave length of 350 nm, Photoluminesent
peaks are observed at 425 nm, 490 nm and 520 nm. The visible light emission is known to be related to defect
energy levels with the band gap of SnO,, associated with O vacancies and Sn interstitials®?%. In this present
work, all the crystalline powders are annealed at 600°C for 4 hrs and samples have emission peaks observed at
422 nm, 447 nm and 490 nm. The sharp violet emission peak at 447 nm can be ascribed to luminescence centers
formed by tin interstials or dangling bonds. However, in the present studies emission maximum at 447 nm,
which is lower than the band gap of the bulk SnO, of 3.6 eV is observed. These peaks can be attributed to
electron transition radiated by defect level in the band gap such as oxygen vacancies and the luminescence
centers formed by tin interstials or dangling in the presence of SnO, nano crystals. Based on the above
discussion, it is concluded that the oxygen vacancies really play an important role in PL from emission
spectrum, which is due to the recombination of the electrons with holes in the valance band.

SEM with EDAX:

Element Weight%s Atomuicys
OK 41.00 83.75
Sal 55.00 16.25
Totals 100 100

Element Weightss Atomicos
OK. 2897 722

SaL 4536 5
AlK 1.67 3
Totals 100 100
Element Weight% Atomic%
oK 25.66 65 .44
SaL s2.34 26.83
AlK L6 2.63

Fe K 033 0
Torals 100 00

Fig 6. Micro graphs with EDAX of (a) pristine SnO, (b) 5 mol% Al doped SnO, (¢) 1 mol% Fe co- doped
SnO; nanoparticles.

From the SEM micrographs, the co-doped (Fe, Al) ShO, nano powders morphology is almost spherical
in shape and average agglomerate crystal size is estimated to be between 0.2 to 0.3 um. The agglomeration
might be due to strong hydrogen bonding in the precipitate, the agglomerate size increases by co-doping (Fe,
Al) to SnO,. From energy dispersive X-ray Spectrum, chemical compositions is analyzed and the results are in
good agreement with standard values mentioned in tables associated with Fig.6
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Conclusions:

In summary, tin Oxide (SnO,) nanocrystalline powders are successfully synthesized by a chemical co-
precipitation method in presence of PEG at room temperature. The XRD patterns confirm that SnO,
nanocrystalline powders possess a tetragonal rutile structure. In the present investigation the crystallite size of
the nanoparticles of the co-doped SnO, with 1 mol % Fe at 5 mol % of Al is found to be in the range 21-27 nm.
The XRD reports are good agreement with the Raman and FTIR analysis. Photoluminescence emission exhibits
bands at 422 nm, 447 nm and 490 nm. It is related to the recombination of electrons in singly occupied oxygen
vacancies with photo excited holes in the valance band. With co-doped Fe to the 5 mol % of Al to SnO,, the
intensity of peak decreases due to decrease in oxygen vacancies, as revealed by the decrease in luminescence at
460 nm. The diffusion reflectance spectra represent the band gap of pristine, 5 mol % Al and 1 mol % co-doped
Fe to SnO, and the values are 3.63eV, 3.62eV and 3.6eV respectively. From these values of the band gap of
SnO; it is evident that there is decrease in band gap by co-doped with Fe, Al. The micrographs from SEM show
the spherical shape nanoparticles, and estimated the size of particle is around 0.2 to 0.3pum.
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