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Investigation of structural, optical, and emission properties
of SnO;2 nanoparticles by thermal decomposition method

ABSTRACT

SnO2 nanoparticles were synthesized usingthe thermal decomposition technique by varying the
temperature from 300°C to 600°C. The synthesized nanoparticles (9 nm) were of rutile (tetragonal)
phase with orientation along [110], [101], [200], [211], [220], [310], [112], [301], [202]crystal
planes. The peak intensity of the crystal planes becomes prominent with an increase in
decomposition temperature while the impurity phases diminish. The nanopatrticle's crystallite size
and microstrain were calculated using the William Hall equation with the union deformation model.
SnO:2 nanoparticles synthesized at 600°Cshow a positive strain of 0.3571x107 indicates lattice
expansion. At thermal decomposition of 500°C, the sample has maximum transparency with a
band gap at ~ 4.19 eV and broad emission in the blue region of the EM Spectra with high intensity
(5 x10° counts), rendering it suitable for blue light LEDs.

Keywords: Thermal decomposition method,SnOzNanoparticles, Tin(ll) chloride dihydrate

1. INTRODUCTION

Tin oxides normally exist in stannic oxide
(SnO:-cassiterite) and stannous oxide (SnO -SnO-
romarchite) forms and occasionally in the SnsO4
and Sn2Oszphases. SnO is metastable at ambient
conditions and gets converted into SnO: hy
oxidation whereas SnOzis highly stable [1]. SnO:is
ann-type crystalline semiconductor havinga direct
optical transition band gap of ~ 3.6eV-3.8 eV[2] or
an indirect transition of~ 2.7eV-3.1 eV, with a
rutile(P42/mnm) tetragonal shape (lattice
parameters of a = 4.738 A and ¢ = 3.187 A).SnO-
exists in various polymorphs such as CaClz-type
(Pnnm), a-PbO»-type (Pbcn), pyrite-type (Pb3),
ZrOz-type orthorhombic phase | (Pbca), and
fluorite-type (Fm3m) [3-5] and has melting point of
1127°C and an exciton binding energy of 1300
meV (at 293 K) [6].

SnO:2 can be synthesized in various forms such
as nanoparticles, nanorods, nanobelts, nanotubes,
hollow microspheres, nanoflowers [7,8],
mesoporous structures, nanosheets [9,10] and
nanowires [11]. The synthesis methodology and
conditions determine the crystallinity, purity, and
morphology of SnOz nanostructures. SnO:2
nanoparticles can be
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The synthesis methodology and conditions
determine the crystallinity, purity, and morphology
of SnO2 nanostructures. SnO2 nanoparticles can be
synthesized by various methods such as chemical
precipitation [12], microwave [13], gel combustion
route, sol-gel [14,15], solvothermal [16],
hydrothermal [17], sonochemical, mechano-
chemicaland solid-state method.

Srivastava et al have synthesized tetragonal
SnOqwith a crystallite size of 10 nm by thermal
treatment at 600°C for 3 h using the microwave
method (2.45 GHz) with power up to 1 KW for a
duration of 260s, which is energy efficient and
obtained SnO2 phase which is non-agglomerated
[18]. SatishKumar et al have synthesized
tetragonal SnOznanoparticles of size 29 nm using
the microwave method (2.45 GHz) with power up to
900 W and irradiated for 15 min [19].
Parthibavarman et al obtained SnO2 nanopatrticles
of size 25-30 nm, with tetragonal rutile structure
using the microwave method (2.45 GHz) with
power up to 900 W and irradiated for 10 min [20].

Aziz et al have reported on the synthesis of
SnO2 nanoparticles of uniform crystallite size of 22
nm -31 nm by sol-gel method using PEG. The
mean size of the particles increases with an
increase in calcination temperature and the surface
area of the nanomaterials decreases upon thermal
treatment [21]. NasrinTalebian et al have reported
on the synthesis of flower-shaped SnO:
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nanoparticles by hydrothermal method with
enhanced photodegradation efficiency [22].

R.Al-Gaashani etal have reported on the
synthesis of SnO:znanoparticles of various sizes
and morphology by thermal decomposition of
SnCl2.2H20 at differenttemperatures and times.
The crystallite size of the SnO2 nanoparticles with
tetragonal structure increases from 25 nm to 53
nm, an optical band gap of 3.9 eV to 3.7 eVwith the
increase in the decomposition temperature from
400°C and 900°Cand an increase in preparation
time from 20 min-60 min. The change in
temperature leads to interesting morphologies like
rabbit tail-like, grass-like, hexagonal, and brain-like
structures [23].

SnO2 nanostructures are one of the most

favored materials for gas sensors [24-25],
transparent electrodes, liquid crystal displays,
lithium-ion batteries, photosensors, antistatic

coating, transistors, electrode materials, catalysts
[26], optoelectronic devices [27], catalyst supports,
antireflective coatings, solar cells [28], and
electrochromic devices.SnO:z: is highly favored, as it
is non-toxic and doesn’t show any health effects as
the human body doesn’'t absorb the nanoparticles
even when inhaled. Also,SnO2 shows dual valency
and can attain more oxidation states preferably 2*
or 4* [29], which helps SnO: to show different
surface properties. Especially, SnO2 has highly
acidic, basic, oxidizing, and reducing surface
properties and is treated as a superacid. Lam et al
have reported that SnO: promotes catalytic
reactions due to the presence of a large number of
strong acid sites. These properties make them
highly suitable for catalytic applications.

SnO:zhashigh electrical conductance,
transparency to visible light, outstanding
photoelectric  properties,and strong  surface

interaction with toxic gas molecules. Due to these
properties,when SnOzis coated in gas—sensing
devices, the measurement of the electrical
conductivity determines the concentration of
inflammable/toxic gases (Hz, CO, CHa4). Further,the
gas sensitivity of nanocrystallineSnO2(< 10 nm)
sensors is much enhanceddue toan increase in
active surface sites which promotes adsorption/
desorption.  SnO2  nanomaterialsin  various
morphologies show promise as a catalyst for CO
oxidation, methanol and ethanol electrooxidation,
Hz evolution, and hydrogenation of esters.

Agrahari et al have reported on the rutile
(tetragonal) SnO2 nanoparticles by co-precipitation
method. SnO: nanoparticles show  photo
luminescence emission in blue (480 nm-484 nm)
and green regions (520 nm -527 nm),
photoconductivity, and room  temperature
ferromagnetism which makes them suitable as
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dilute magnetic semiconductors[30].Tran et al have
reported on the SnO2 nanoparticles as a cathode
base layer using spin coating method with a band
gap of ~ 3.94 eV [31]. Liu et al have reported that
quantum-sizeSnOz nanoparticles can act as
electron transportation layer material in CdSe-
based QD-LEDs [32]. Oxygen vacancies, metal ion
interstitials, or dangling bonds contribute to the
luminescence of SnO2 nanoparticles, which further
makes it a suitable material for nanoscalelight-
emitting devices. Luminescence and defect
concentration change with the shape and size of
the nanoparticles. Vasanthi et alhave reported on
the synthesis of pure and Cd?* doped (10 mol%
and 20 mol%) SnO2 nanoparticles by microwave-
assisted sol-gel combustion method. The emission
band intensity is higher for Cd-dopedSnO:
nanoparticles (10 mol% Cd) thanforundopedSnO:
nanoparticles  followed by  Cd-dopedSnO:
nanoparticles (20 mol% Cd). Cd doped (10
mol%)SnO2 nanoparticles show higher emission
intensity when compared to that of undopedSnO:
nanoparticles and Cd doped (20 mol%)SnO:
nanoparticles, which is due to the increased
concentration of surface oxygen vacancies as well
as singly ionized vacancies due to its reduced size
[33].

In this work, we report on the synthesis of SnO2
nanoparticles by thermal decomposition method
and study the impact of decomposition temperature
on structure, microstrain, morphology, Raman
active and IR active modes, optical band gap, and
photoluminescence.The nanoparticles were
characterized using X-ray diffraction (XRD), Fourier
Transform Infrared Spectroscopy (FT-IR), Raman

Spectroscopy, Scanning Electron Microscopy
(SEM), UV-Vis spectroscopy, and
photoluminescence  spectroscopy. The XRD

spectrum was recorded using PANalyticalX'Pert
Pro diffractometer using Cu—Ka radiation (A =
1.5418 A). The phases present in the synthesized
nanoparticleswere identified usingthe JCPDS (Joint
Committee of the Powder Diffraction Standard)
database files. Microstrain and crystallite size of
the synthesized samples were calculated from the
XRD pattern with the help of William-Hall’s
equation. The functional groups present in the
sample were identified usinga Fourier-transform
infrared spectrometer (Thermo Nicolet, Model
number: 6700)in the range of 400—4000 cm™'with
the KBR pellet method. The opticalband gapwas
calculated from the wavelength-dependent
absorption coefficient measured using a UV-Vis
spectrophotometer (Agilent, Cary 60) in the range
of 300 nm to 800 nm.SEM images were obtained
using Scanning Electron Microscopy (Model
number: S-3400N, Hitachi) and the Raman
spectrum was recorded usingan Invia Reflex
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Raman Microscope with Spectrometer (Renishaw
Metrological Systems  UK).Photoluminescence
spectrum is obtained using a Spectrofluorometer
(Model: Fluorolog- FL3-11) with excitation at a
wavelength of 250 nm using anXenon lamp, in the
emission range of 250 nm-500 nm.

2. SYNTHESIS OF TIN OXIDE NANOPARTICLES
BY THERMAL DECOMPOSITION METHOD

1.15 g of tin (I) chloride dihydrate was weighed
in a silica crucible and then heated in a muffle
furnace. In the first step of the reaction, as we
increase the temperature from 80°C to 160°C, tin
(1) chloride dihydrate decomposes to produce
Sn4(OH)6Cl2, HCI, and H20.

80-160°C
45nCl,. 2H,0 —— Sny, (OH)(Cl,(s) + 6HCl(g) T +2H,0(g) T Q)

In the second step (temperature range 160-250°C), part of the Sna(OH)sCl2 will decompose to form Sn
(liquid) and SnOClz, then Sn will react partially with HCI to give a mixture of Sn and SnCl.

160—-25

Sn,(0OHg)Cl, —> 3Sn + Sn0Cl,(s) + 3H,(g) T +2.50,(g) 1 2

In the third stage of the reaction at 400°C, the
following reactions lead to the formation of SnOx.

20 min at=400"C

Sn0Cl,.0.50,(g) — > Sn0,(s) + Cl,(g) T
3)

(or)
20min at = 400°C

Sn0Cl,(s) — > SnOCl(s) + Cl(g) 1 (4)

20min at 2400°C

25n0Cl(s) ——— > Sn0,(s) + SnCl,(g) T (5)

20minat = 400°C

Upon completion of the reaction, a grey color
fine powder was obtained. Samples were prepared
at decomposition temperatures300°C, 400°C, 500°C
and 600°Cfor a reactiontime of 20 minutes.

3 RESULTS AND DISCUSSION

According to group theory, the normal lattice
vibration calculated at the I point of the Brillouin
zone [34,35] for rutileSnO2 nanoparticles belonging
to the space group of Dan is given in equation 7.

sn() + 0, ——— > Sno0, (6)
= 14,5 + 14545 + 145, + 1By + 1By + 2By + 1E74 + 3E,) @)
Where

A1, Big, B2g, and Eig are considered to be Raman active modes, A2y and Eu are symmetrical infrared
active modes and symmetrical A>g and Bisare considered to be optically inactive Raman modes of SnO:

nanoparticles.

The Raman spectrum for SnO2 nanoparticles
synthesized at thermal decomposition
temperatures of 300°C and 400°C is depicted in
Fig.1(a). These samples showRaman'sshift at 157
cm?, 163 cm, 184 cm?, 194 cm™ which is due to
the presence of unreacted SnCl2[36]. There is no
peak corresponding to the SnO. phase for
decomposition temperature at 300°C. At 400°C, the
Raman shift at 106 cm™ and 214 cm™ corresponds
to the Big and Aigmodesof SnO[37-39].

Bulk SnO2 nanoparticles have active Raman
modesEyg, Aig, Bzgat 474.0 cm™?, 632.0 cm™ and
774.0 cm? respectively. Figure 1(b) shows the
Raman spectra of samples synthesized at 500°C
and 600°C. The three fundamental vibrational
modes of rutileSnO2(Eq(478 cm™), A1g(634 cm?)
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and B2y (772 cm)) are observable for samples
decomposed at 500°C and 600°C. The red-shift in
Raman modes in comparison to bulk SnO: is due
to quantum confinement and change in defect
concentration, which distorts the Raman scattering
profiles. The weak Raman shift at 681 cm™ is due
to the interior phonon mode (Azg) [30]. Thus, pure-
phaseSnO:2 nanoparticles are formed only when
the thermal decomposition temperature is
=500°C.The broad, low-frequency peaks at 249 cm-
1 and 305 cmwhich are rarely seen in bulk are
prominent in SnO2 nanoparticles (Figure 1b) [40].
These inactive modes(Euro) mode (TO- mode of
transverse optical phonons)) become active in
nanoparticles due to the splitting down of the
symmetry restriction.
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Figure 1. (a)Raman spectrum for SnO» nanoparticles synthesized at thermal decomposition temperatures
300°C and 400°C (b) 500°C and 600°C.

Fig.2 (a) shows the FTIR spectrum of SnO:
nanoparticles  synthesized at 600°C. The
peaksseen at 491 cm™ and 626 cm™ are due to
terminal Sn-O mode and O-Sn-O bond vibration
[41-43]. The peak at 3444 cm™ comes from the
stretching mode vibrations of the O-H bond [44].
The spectrum does not show the formation of any
other impurity phases.

Fig.2 (b) shows the XRD pattern of SnO:
nanoparticles prepared by thermal decomposition
at different temperatures (300°C, 400°C, 500°C and
600°C) for a fixed duration (20 minutes). The
synthesized SnO2 nanopatrticles represent the rutile
(tetragonal) phase of SnO2with orientation along
[110], [201], [200], [211], [220], [310], [112], [301],
[202], [321] crystal planes. The increase in thermal
decomposition temperature does not change the
crystal structure of SnO» and crystal plane
orientation [45]. The relative intensities of the
peaks increase for SnOzsamplessynthesized at
higher temperatures. For SnO2 samples prepared
at the temperature of 300°C, the peaks
corresponding to SnO: are weak and show the
presence of impurity phases such as Sns(OH)eCl>
and SnClz. These impurity phases diminish upon
an increase in decomposition temperature and the
SnO:2 peaks become dominant.

The crystallite size (D) was estimated from
Scherrer’s equation 8.

KA
b= (BCOSG)
in which (M) is the wavelength (\=1.54056 A)
K is the Scherrer constant = (0.94)

B is the full width at half maximum (FWHM in
radians)

0 is the diffraction angle of Bragg, and
D is the particle size (nm).

(8)
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The average crystallite size (~15 nm) of the
SnO2 nanoparticles has been estimated by
applying the Scherrer formula for samples treated
at 400°'C and 500°C considering [211] plane.
However, the crystallite size is reduced to ~ 9 nm
for a decomposition temperature of 600°C along
the [211] plane. Table 1 below shows the crystallite
size calculated for the synthesized samples.

Table 1

Thermal 20 Crystallite
emparatreQy | (@earees) | 7" | si o
400 51.74 | [211] | 1553
500 51.74 | [211] 15.2
600 51.74 | [211] 9

Table 1 shows the crystallite size calculated for
the synthesized samples.

The crystallite size calculated from all the
planes is given in Tables 2, 3, and 4.

Table 2

Thermal decomposition temperature600°C
20 (degrees) Plane Crystallite size (nm)

26.63 [110] 13.7
33.94 [101] 12.77
37.95 [200] 11.98
51.74 [211] 9
54.78 [220] 11.87
61.93 [310] 12.86
64.63 [112] 14.77
65.9 [301] 11.91
71.3 [202] 14.66

Table 2 shows the crystallite size calculated
from all the planes of SnO: nanoparticles
synthesized at 600°C

ZASTITA MATERIJALA 66 (2025) broj 4
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Table 3
Thermal decomposition temperature500°C
20 (degrees) Plane Crystallite size (nm)

26.63 [110] 14.6
33.94 [101] 15.1
37.95 [200] 14.8
51.74 [211] 15

54.78 [220] 15.1
61.93 [310] 15.8
64.63 [112] 16.9
65.9 [301] 14.3
71.3 [202] 17.4

Table 3 shows the crystallite size calculated
from all the planes of SnO: nanoparticles
synthesized at 500°C.

Table 4

Table 4 shows the crystallite size calculated
from all the planes of SnO: nanoparticles
synthesized at 400°C.

As the calcination temperature increases, the
diffraction peaks become sharper and more
intense, indicating particle growth and improved
crystal quality. No significant changes were
observed in the positions and intensities of the
peaks for the samples synthesized at lower
calcination temperatures. The sample synthesized
at 600°C shows a reduction in the intensity of the
[220] peak, due to the greater number of lattice
sites and disorders [46]. Moreover, the vacancies
can aggregate and form vacancy clusters at the
interface, resulting in a localized interfacial state for
the samples synthesized at 600°C and higher. The
observed ratio of peak intensities of the SnO:
nanoparticles synthesized at 600°C does not match

Thermal decomposition temperature400°C the standard reference Qata [47] hence the criticgl
20 (degrees) Plane Crystalliite size (nm) temperature for formation of S'nOZ crystals' is
26.63 [110] 14.9 500°C. This can be due to the disrupted packing
33.94 [101] 142 caused by oxygen vacancies in certain lattice
37'95 [200] 12-6 planes of SnO: nanoparticles synthesized at
' : 600°C[48]. Vladimir has also reported that
01.74 [211] 15 annealing at temperatures greater than 550°C
54.78 [220] 15 leads to the formation of SnO: films [49].Fig.3
61.93 [310] 14.43 shows the particle size distribution for the SnO2
64.63 [112] 15.76 nanoparticles synthesized at temperatures of
65.9 [301] 11.88 400°C, 500°C and 600°C.
71.3 [202] 17.76
*- SnCI2 o= Sn4(OH)6CIZ - —— Sn0O»600°C
$n0, 600°C =" § = 8 = zmF =
100 - v n A s a8 s=5 8§
: ——Sn0, 500°C
3 I
3 3 —
<@ | 2z
5 ! g
:: =] 0
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Z 1 ! =
g | l o \
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IR ey
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b

Figure 2. ()FTIR spectrum of SnO; nanoparticles synthesized at 600°C (b) XRD pattern
of SnO, nanoparticles treated at 300°C, 400°C, 500°C and 600°C
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Figure 3. The particle size distribution for the SnO, nanoparticles synthesized at temperatures of 400°C,
500°C and 600°C

The strain induced in the nanoparticles is
directly proportional to the full width at half
maximumand is due to the crystal defect and
distortion calculated using the relation [50],

_ Pri
4tan6

9)

Peak broadening is due to the contribution of
the particle size and strain which are not
dependent on each other. The particle size and
strain showa Cauchy-like profile and the peak width
is given as the sum ofequations8 and 9,

KA
ﬁhkl = m + 4£tan9 (10)
By rearranging the above equation
Bri cos8 = 1% + 4¢ sinf (11)

The above equations are the Williamson-Hall
equation. The graph was drawn between 4siné(in x
axis) and Bnkcosd(in y-axis) for the synthesized
SnO2 nanoparticles with a rutile (tetragonal) phase.
The crystallite size of the SnO2 nanoparticle was
determined from the intercept and strain values
from the slope of the graphconsidering all the XRD
peaks for the samples synthesized by thermal
decomposition at 400°C, 500°C, and 600°C.
Equationllshows the union deformation model
(UDM), in which the strain was considered uniform
in all crystallographic directions, taking into account
the isotropic nature of the crystal, in which the
material's properties are independent of the
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direction in which the measurement was carried
out.SnO2 nanoparticles synthesized at 600°C
exhibit a positive lattice strain of + 0.35731 x 1073
indicating tensile strain whereas a negative lattice
strain of -0.4966 x 10 and -0.90158 x 10 exhibits
compressive strain for nanoparticles synthesized at
400°C and 500°C.Fig.4(a),(b),and (c) shows the
microstrain and crystallite size determination for
SnO:2 nanopatrticles synthesized at temperatures of
400°C, 500°C, and 600°C assuming uniform
deformation model. Fig.4(@) and (b) show a
negative strain for SnO2 nanoparticles synthesized
at 400°C and 500°C. This induced compressive
strain was due to the lattice shrinkage which was
seen in the lattice parameter calculations [51]. The
sample synthesized at 600°C shows a positive
signal of the micro-strain due to the lattice
expansion [52].

Lattice strain estimates the distribution of lattice
constants created from crystal imperfections like
lattice dislocation [53]. As the crystallite size
reduces for the sample synthesized at 600°C,
increased surface atoms exhibit relaxation due to
the reduced coordination and bonding, leading to
lattice expansion and enhanced strain [54]. Oxygen
vacancies can also create local lattice distortions
causing an increase in strain and lattice expansion.
This lattice expansion may also occur due to the
removal of oxygen atoms leading to a reduction in
the coordination of tin atoms, thereby expanding
the lattice to reconfigure for the bonding changes
seen in SnO2 nanoparticles synthesized at 600°C.

ZASTITA MATERIJALA 66 (2025) broj 4



V.Amirthavalli, A. R.Warrier Investigation of structural, optical, and emission properties of ...

0.0105 0.0105 7
P Slope = -4.96608x10~* — Slope =-9.01658x10
: Intercept = 0.00926 : Intercept = 0.00962
0.0095 0.0095 -
0.00904 | . 0.00904 | .
0.0085 - ‘\'+\ 0.0085{ | ]
=Y . = < | T
z 2
£ 0.0080 - F== £ 0.0080 > - T
a @ T s
0.0075 . 0.0075 s |
0.0070 0.0070 - '
0.0065 - 0.0065 -
0.0060 T T T T T T T T 0.0060 T T T T T T T T
08 1.0 12 14 1.6 18 20 22 24 08 1.0 12 14 1.6 1.8 20 22 24
4sin0 4sin0
a 0.0009 . ; b
Slope = 3.5731x10 L
0:0008 Intercept = 1.4729x10™ =

0.0007 -
0.0006 -

2

2 0.0005

o

=0.0004 -
0.0003 -

0.0002

0.0001

T T T T T T T T T T
08 1.0 1.2 14 16 18 20 22 24 26
4sino

C

Figure 4. (a), (b), (c)The microstrain and crystallite size determination for SnO, nanoparticles synthesized
at temperatures of 400°C, 500°C and 600°C assuming union deformation model.

Table 5.Crystallite size and microstrain from William Hall equation D (nm) using the Union deformation

model
L o Crystallite size from William Hall . .
SNo | Samplecaonatln | ol e oy | euaton D (myusngUnon | st
P q deformation model (UDM)
1 400 15.53 15.16 -0.496608
2 500 15.2 14.82 -0.901658
3 600 9 9.85 0.35731
200
Sn0, 600°'C~ 3.24 ¢V
——Sn0, 500°C ~4.16 eV
Sn0, 400°C ~ 3.69 eV
——Sn0, 300°C ~3.18 eV
E)
S
~Z 1004
2
&
&

Energy(eV)

Figure 5.The Tauc plot of SnO; at different thermal decomposition temperatures 300°C, 400°C, 500°C
and 600°C

Fig.5 shows the Tauc plot of SnO: at different energy  calculated for SnO. nanoparticles
thermal decomposition temperatures obtained from  Synthesized at 300 C, 400 C, 500 C and 600 Cis
the Optica| absorption Spectrum_ The band gap 3.18 eV, 3.72 eV, 4.16 eV, and 3.64eV respectlvely
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[55-61,45]. But for SnO2 nanoparticles synthesized
at 600°C there is a decrease in the band gap anda
decrease in the defect absorption which could be
due to the phases of SnO[62].

Fig.6 shows the morphology of SnO:
nanoparticles synthesized at 600°C. It can be

S:3400N 15.0kV 9.9mm x3.00k SE

observed that SnO:  nanoparticles are
agglomerated which depends on the size of the
particles. The size of the SnO: nanoparticles is
estimated to be 9 nm from XRD. As the size of the
particles increases in the nanoscale, the particles
also get agglomerated.

(b)
Figure 6. (a), (b)SEM images showing the structure of SnO, nanoparticles (9 nm) calcinated at 600°C
for 20 min
400000 400000
$n0, 500°C
350000 350000 —Sn0, 300°C
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Figure 7. Photoluminescence spectra of SnO; nanopatrticles

Figure 7shows Photoluminescence spectrum of
SnO2 nanoparticles synthesized at 300°C, 400°C,
500°C and 600°C.Visible emission peaks seen in
the photoluminescence spectra are due to intrinsic
defects such as oxygen vacancies, Sn interstitials,
and Sn vacancies which may occur during the
synthesis of the sample. The peaks of varying
intensities are found at 330,352, 369,397,420,432,

976

450,and 467 nm. The emission peak at 330 nm is
due to the direct recombination of electrons from
the Sn4p conduction band to the hole in the Ogzp
valance band. The peak at 352 nm is due to the
near band edge emission of the SnO:2
nanoparticles. The peak at 369 nm is generally
assigned to the band to acceptor transition and is
related to the impurity or defect concentration. The
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emission peak at 397 nm can be attributed to
structural defects or luminescent centers, such as
nanocrystals and defects in SnO2 nanoparticles.

The emission peaksat 420 and 467 nm
correspond to violet and blue colors. Blue emission
arises from the surface states such as oxygen
vacancy. Normally the oxygen vacancies exist in
three charge states of Vo°, Vo™ and V."'[63,64].
Vois considered to be a shallow donor and it is
seen that oxygen vacancies will be present in their
paramagnetic Vo* state in flat band conditions. The
peak at 432 nm emission is due to the Sn
interstitials. The peak seen at 450 nm,and 467 nm
is due to the oxygen vacancy with two trapped
electrons, Vo™ which is due to the recombination of
the surface trapped hole with an electron present in
the deep trap (Vo*). Moreover, oxygen vacancies
are predominantly the most common defects that
act as radiative centers in luminescence processes
for polycrystalline and nanocrystalline oxides.

4. CONCLUSION

Rutile phase SnOznanoparticles with a size of ~
9 nm were synthesized by the thermal
decomposition method at different temperatures. At
temperatures below500°Cthe particles acquire a
negative strain due to the lattice shrinkage and
above 500°Cthe strain is positive due to the lattice
expansion. The SnO2 nanoparticles synthesized at
500°C are highly transparent and Raman active
with a band gap of ~ 4.16 eV. At 500°C,the
emission is broad and intense (5 x10°counts) at
450 nm which is attributed to the high crystallinity,
low lattice strain, and increase in oxygen vacancy.
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1ZVOD

STRAZJVANJE STRUKTURNIH, OP:I'ICKIH | EMISIONIH SVOJSTAVA SnO:;
NANOCESTICA METODOM TERMICKE RAZGRADNJE

SnO2 nanocestice su sintetizovane tehnikom termicke razgradnje variranjem temperature od
300°C do 600°C. Sintetizovane nanocestice (9 nm) bile su rutiine (tetragonalne) faze sa
orijentacijom duz kristalnih ravni [110], [101], [200], [211], [220], [310], [112], [301], [202]. Intenzitet
pikova kristalnih ravni postaje izraZeniji sa povecanjem temperature razgradnje, dok se faze
necistoca smanjuju. Veli¢ina kristalita i mikronaprezanje nanocestica izraCunati su koris¢enjem
jednacine Viljama Hola sa modelom unijske deformacije. SnO2 nanocestice sintetizovane na
600°C pokazuju pozitivno naprezanje od 0,3571x10-3, Sto ukazuje na Sirenje reSetke. Pri
termi¢kom razlaganju na 5000°C, uzorak ima maksimalnu transparentnost sa energetskim
procepom od ~4,19 eV i Sirokom emisijom u plavom podrucju EM spekira sa visokim intenzitetom
(5 x 105 brojeva), §to ga ¢ini pogodnim za plave LED diode.

Kljuénereci: Metoda termicke razgradnje, nanocestice SnOz2, kalaj (Il) hloriddihidrat
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