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Nanocomposite ZnO : SnO2 and pervoskite ZnSnOs nanoparticles were synthesized with different vol-
ume ratios [40 : 60 (wt %), 50 : 50 (wt %), 60 : 40 (wt %), 70 : 30 (wt %) and 30 : 70 (wt %) respectively] have
been deposited by spray pyrolysis technique on glass substrate using an aqueous solution of Zinc chloride
(0.1 M) and Stannic chloride (0.1 M) at a substrate temperature 400 + 5 °C. The structural, surface mor-
phological and optical characterizations of the as-prepared samples were carried out using XRD, SEM,
TEM and UV-VIS spectrophotometer, respectively. The XRD result showed nanostructured pervoskite thin
films of ZnSnOs and composite of ZnO : SnOz. The volume ratio of zinc chloride and stannic chloride when
varied, the particle size was found increasing where as particle shape changed from circular to hexagonal.
The X-ray diffraction spectroscopy results indicated that all the samples had the good crystallinity. The
ultraviolet-visible absorption spectra showed increased band gap for the samples as compare to the report-
ed values. With the transmission electron microscope, we got some morphology information and evidence
to support the UV and XRD analysis results.
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1. INTRODUCTION

Zero and one dimensional nanostructures of binary
metal oxides such as SnO2, ZnO, TiO2 have attracted
great interest owing to their unique properties and po-
tential use in different diverse applications [1-7]. The
control of sizes and shapes of nanostructures is crucial
as it may affect their electrical and optical properties [8-
12]. Use of nanosized building block to fabricate com-
plex structures, an active research is going on [13-16].

Zn0O and SnOz belong to wide direct band gap semi-
conductors, and their band gaps are 3.4 and 3.6 eV re-
spectively [17, 18]. Zinc and tin oxides have recently
attracted considerable attention and many investigators
exploited various synthesis methods to couple and to
obtain nanocomposites of ZnO and SnOz2 [19-22]. Trans-
parent conducting oxides such as zinc stannate (ZTO) in
the phase space Sn02-Zn0O, whereas ZnSnQOs is a perov-
skite-type oxide material. The reported band gap energy
of this compound oxide is 3.4-3.6 eV. The band gap va-
lues depend on the type of material, single crystal or
bulk, method of preparation, size and shape. The data
on the synthesis of ZnSnOs are ambiguous and contra-
dictory [23], and among the large studies of materials,
the details on ternary oxide systems with spinel or per-
ovskite structure have been rarely published [23, 24].
Many methods, including ultrasonic spray pyrolysis
[25], thermal evaporation deposition [26-28], chemical
vapor deposition [29], hydrothermal synthesis [30-33]
and others [34, 35], have been used to produce ZnO,
SnO:z nanoparticles. In this study, ZnO-SnOz nanocom-
posite and nanostructured ZnSnOs thin films were syn-
thesized by a simple Spray pyrolysis method. Mixing
water soluble Zinc Chloride with Stannic chloride in
various proportions was tends to composite of ZnO-SnO2
and pervoskite of ZnSnOs thin films.
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2. EXPERIMENTAL

Transparent conducting stichiometric nanocrystal-
line ZnSnOs3 thin films and non stichiometric nanocrys-
talline composite ZnO-SnOz thin films were prepared.
All the chemical reagents were analytically pure and
used without further purification. Aqueous solution of
zinc chloride (ZnClys-5H20) and stannic chloride
(SnCly:5H20) (Loba chem extra pure) dissolved in dou-
ble distilled water to a concentration of 0.1 M are used
as starting precursors for the preparation of thin films.
The stock solution was delivered to nozzle with con-
stant and uniform flow rate of 5 ml/minute using air as
a carrier gas. The spray (mist) produced by nozzle was
sprayed onto the glass substrates heated at 400 + 5 °C.
Various parameters such as nozzle-to-substrate dis-
tance, deposition time, flow rate of solution, deposition
temperature and concentration of source solution were
optimized to obtain highly textured thin films of good
quality. The concentration of Zinc chloride and Stannic
chloride precursors are kept fixed and the volume ratio
of Zinc chloride and Stannic chloride solution were var-
ied as: 30 : 70, 40 : 60, 50 : 50, 60 : 40 and 70 : 30 (wt %),
respectively. The thin film samples with compositions of:
30:70, 40 : 60, 50 : 50, 60 : 40 and 70 : 30 were referred
as S1, S2, S3, S4 and S5, respectively. The thin films of
ZnO : SnOz with compositions < 30 : 70 wt % were porous
and carried micro cracks and the films at and above
70 : 30 wt % composition were found to be powdery. So
the range of compositions for the thin film samples with
Zinc chloride and Stannic chloride were taken between
30:70 wt% and 70:30 wt %. The samples were an-
nealed at 500 °C for 1 hour. Thin films S2, S3, S4 and S5
were found to be the composite of ZnO : SnOs. Thin films
S1 were found to be the pervoskite nanostructured thin
films of ZnSnOs.
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Table 1 — Spray pyrolysis process parameters for the deposi-

tion of ZnO : SnO; thin films

Spray parameters

Optimum value/Item

Nozzle diameter

0.1 mm

Nozzle-substrate dis- 32 cm

tance

Precursor solution con- 0.1 M
centration

Solvent Distilled water
Solution flow rate 5 ml/min
Carrier gas Air

Gas pressure 12 Kg/cm?

Substrate temperature

400 °C £ 50 °C

Glass

3. MATERIAL CHARACTERIZATIONS

As prepared films were characterized by X-ray dif-
fractometer° (Philips PW 1730) wusing CuKa
(1=1.5418 A) radiation. The surface morphology and
microstructure of the thin films were studied using
Transmission electron microscope [CM 200 Philips
(200 kV HT)]. The quantitative elemental analysis of
the films was estimated by computer controlled energy
dispersive X- ray analyzer (model JEOL JSM-6360 A)
attached to the scanning electron microscope. The opti-
cal absorption spectra were recorded against wave-
lengths 300-700 nm using UV-VIS spectrophotometer
(SHIMADZU Model UV-2450, Japan) to determine the
band gap energy of the samples.

3.1 Crystal Structure Using X-ray Diffraction

Fig. 2 shows the X-ray diffractogram of as grown
transparent pervoskite sample S1 and composite thin
film samples S2, S3, S4 and sample S5. The diffraction
peaks from various planes and d-values are matching
well with standard ASTM data for ZnO [JCPD#41-
1445], SnO2 [JCPD#05-0664] and ZnSnOs [JCPD#28-
1486]. The diffraction spectra for composite thin films
of ZnO : SnO2 posses one sharp and three small peaks
with crystal planes (092), (088), (027) and (100). It re-
veals from XRD that the films are polycrystalline in
nature. The ZnSnOs particles had a (100) face-exposed
hexahedron structure and the composite ZnO-SnO:2
particles had a (092) face-exposed octahedron structure.
The average grain size for the ZnO-SnO2 composite
samples and ZnSnOs samples calculated using Debye-
Scherrer formula were 23 nm and 20 nm, respectively.

3.2 Elemental Composition

It is clear from the table (1) that the composite thin
films are zinc as well as tin rich and oxygen deficient and
hence are non stoichiometric in nature. With increase of
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Fig. 1 — XRD pattern of nanocomposite and pervoskite thin
films S2, S3, S4, S5 and S1

7ZnCls in the samples S4 and S5, tin was found defi-
clent and Zinc excess, where as Zinc was deficient and
tin excess in the samples S2 and S3. It is clear from the
table that the pervoskite thin films S1 was stoichio-
metric in nature. However, there is a little deviation
from stoichiometry of the prepared film.

3.3 Surface Morphology

Fig. 2a represents TEM image of nanostructured
pervoskite ZnSnOs thin films sample S1. Fig. 2b-e de-
picts TEM images of composite nanostructured thin
films of samples S2, S3, S4 and S5, respectively. Fig. 2a
shows the smaller diameter nanorod of ZnSnQOs. It is
clear from the images (b-e) that the morphology of syn-
thesized combination of various Zn and Sn thin films
are nanoparticles. SEM images in Fig. 2 b-e consist of
grains of varying sizes. Along with the smaller spheri-
cal grains there are few large grains leading to hexago-
nal shape. The change in the grains shape was found
with respect to the change in the composition of ZnO
and SnOz2. When volume of SnCly is equal to or greater
than ZnCly, the grains were initially seems to be circu-
lar in the form of bunch as in Fig. 2b. Image in Fig. 2¢
shows relatively larger circular shaped grains as com-
pared to Fig. 2b. When ZnCls volume is greater than
SnCly, the grains seems to be converting in the hexago-
nal form as in Fig.2d, and finally the grains were found
hexagonal shaped as in Fig. 2e. It seems that the reac-
tion temperature is an important parameter which has
influenced the structural morphology of the particles.

Table 2 — The composition of composite and pervoskite thin films S2, S3, S4, S5 and S1

Addition of M %
Sample | SnCls.5H20 7nCla 5Ha0 ass %

No. ml (ml) SnO; Sn 0 0 Zn ZnO
S1 70 30 — 19.68 61.76 18.56 —
S2 60 40 61.70 31.33 30.37 17.75 20.55 38.30
S3 50 50 52.40 26.65 25.75 22.40 25.90 47.60
S4 40 60 43.10 22.53 20.57 27.25 29.65 56.90
S5 30 70 31.55 14.45 17.10 34.60 33.85 68.45
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Fig. 2- TEM images of pervoskite and nanocomposite thin
film for samples: (a) S1, (b) S2, (c) S3, (d) S4 and (e) S5.
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Fig. 3 — Relationship between compositions of Zn:Sn and
average grain size

Formation of one-dimensional nanostructure requires
anisotropic growth of material, i.e. the crystal should
grow along a certain orientation faster than the other
directions. The driving force for the synthesis of nano-
rods is the decrease in Gibbs free energy because of low
super saturation. At elevated temperature 400 + 5 °C
suitable conditions are met, resulting in the synthesis
of pervoskite ZnSnOs nanorods. At an elevated temper-
ature due to high super saturation there is no reduc-
tion in Gibbs free energy, which results in homogene-
ous nucleation leading to isotropic growth of zinc and
tin oxide, and we get isotropically grown particles in-
stead of rods [36]. The change in the mean grain size as
a function of composition of Zn:Sn is presented in
Fig. 3. The results indicate that the average grain sizes
of samples increase steeply from 18.41 nm to 34.07 nm.
Table 2 shows average grain size of as-prepared sam-
ples for various volume ratio of Zn : Sn. The composi-
tion 1 corresponds to ZnSnOs nanorod and it has the
dimension as 31.11 x 255 nm.

Table 2 — Average grain size of composite and pervoskite thin
films S2, S3, S4, S5 and S1.

Composition | Compositions Average
No. of Zn:Sn grain
size(nm)
1 30:70 31.11 X 255
2 40:60 18.41
3 50:50 18.73
4 60:40 23.02
5 70:30 34.07

3.4 Absorbance Spectra

Fig. 4 shows the absorbance spectra of nanostruc-
tured thin films for various Sn and Zn compositions
and pervoskite ZnSnOs thin films synthesized on glass
substrates. The absorption spectra of the samples (S1-
S5) were recorded in the wavelength range 200-700 nm
using UV-VIS spectrophotometer. It is clear from the
figure that the absorption edge shifts towards the lower
wavelength side with increase in SnCl4, and there is
blue shift in absorption edge. The sprayed films were
transparent in the visible with a sharp UV cutoff at
370 nm. The absorbance of pervoskite ZnSnOs thin film
sample (S1) is larger than the absorbance of composites
samples (52, S3, S4 and S5). The band gap energy calcu-
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lated form absorbance spectra are 4.13, 4.06, 4.00, 3.95
and 3.91 eV of samples S1, S2, S3, S4 and S5 respective-
ly. Reported band gap of ZnSnOs3 is 3.6 eV. The band gap
of ZnSnO3 was observed to be enhanced (4.13 €V) as
compared to the reported band gap (3.6 eV). It may be
due to nanocrystalline nature of the film.
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Fig. 4 — Absorbance spectra of nanocomposite and pervoskite
thin films S2, S3, S4, S5 and S1
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4. CONCLUSIONS

Nanostructured composite thin films of ZnO : SnO2
and pervoskite ZnSnOs thin films were successfully
prepared by simple spray pyrolysis technique.

Grains of Nanostructured composite thin films of
ZnO : SnOz and pervoskite ZnSnOs thin films are found
to be polycrystalline in nature.

The structural and microstructucal properties of
samples showed the nanostructures in S1, S2, S3, S4
and S5 samples.

Surface morphological study of Nanocomposite thin
films of ZnO : SnOz2, showed that the average grain size
ranges from 18 nm to 34 nm.

The band gap energy of S1, S2, S3, S4 and S5 sam-
ples was observed to be 4.13, 4.06, 4.00, 3.91 and
3.91 eV. The band gap of ZnSnO3 was observed to be
enhanced (4.13 eV) as compared to the reported band
gap (3.6 eV). It may be due to nanocrystalline nature of
the film.
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