
Short communication

SnO2 microparticles by thermal evaporation and their properties
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Abstract
Agglomerated tin oxide (SnO2) microparticles were fabricated by thermal evaporation of solid Sn powders. Samples were characterized by

scanning electron microscopy, X-ray powder diffraction, transmission electron microscopy, and photoluminescence (PL) spectroscopy. As-

prepared particles had diameters ranging from 0.2 to 1.3 mm, and appeared to be crystalline with tetragonal rutile SnO2 structure. PL spectrum

showed light emission in the visible field.

# 2005 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Tin oxide (SnO2) is a key functional material, which has

multifaceted technological applications including optoelec-

tronic devices [1,2] and gas sensors [3–6]. A variety of

methods, such as sol–gel [7], pulsed laser deposition [8],

wet-chemical synthesis [9–13], and thermal evaporation

[14–16], have been used to produce SnO2 nanoparticles with

diameters below 100 nm.

In the present paper, we synthesized SnO2 particles with

diameters of more than several hundreds nanometers by a

simple evaporation of Sn powders and investigated their

structural and photoluminescence (PL) characteristics.
2. Experimental

Pure Sn powders were placed in an alumina boat, which

was put in the middle of a quartz tube inserted in a horizontal

tube furnace. We used thermally grown SiO2 on Si(0 0 1) as

a starting material onto which a layer of iridium (Ir) (about

150 nm) was deposited. On top of the boat, a piece of the

substrate was placed with the Ir-coated side downwards. The

vertical distance between the alumina boat and the substrate
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was approximately 10 mm. During the experiment, the

furnacewas kept at 850 8C for 2 h and a constant pressurewith

an air flow of 150 mTorr. Our previous experiments indicated

that the mean diameter of synthesized particles increased with

increasing the growth temperature in the range of 780–

850 8C. After evaporation, the substrate was cooled down and

then removed from the furnace for analysis. Awhite layer was

found on the surface of the substrate.

Low angle (0.58) X-ray diffraction (XRD: Cu Ka1

radiation) patterns were obtained on a Philips X’pert MRD

diffractometer with an incidence angle of 0.58. Scanning

electron microscopy (SEM) studies were carried out on a

Hitachi S-4200. Further structural analysis using transmis-

sion electron microscopy (TEM) was performed on a Philips

CM-200. For TEM observation, the products were ultra-

sonically dispersed in acetone, and then a drop of the

suspension was placed on amorphous carbon films

supported by copper grids and dried in air. PL spectrum

was measured at room temperature by a 325 nm He–Cd laser

(Kimon, 1K, Japan).
3. Results and discussion

Fig. 1 shows the XRD pattern of the powder which can be

readily indexed to the tetragonal rutile structure of SnO2

with lattice constants of a = 4.738 and c = 3.187 Å (JCPDS
ved.
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Fig. 1. XRD pattern of the products.

Fig. 2. SEM image of the products.

Fig. 3. (a) Low magnification TEM image of the products. (b) High magnification TEM image of a particle. (c) Corresponding SAED pattern. (d) HRTEM

image corresponding to an area enclosed by the square in (b).
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file no. 41-1445). No obvious reflection peaks from

impurities, such as unreacted Sn or other tin oxides, were

detected, indicating the high purity of the product.

The SEM image of Fig. 2 shows that the particles were

obtained in an agglomerated state. Statistical analysis of

many SEM images indicates that the SnO2 particles have

diameters ranging from 200 to 1300 nm and most particles

are polyhedron-shaped with some facets.

A typical low magnification TEM image is shown in

Fig. 3a. Fig. 3b gives a higher magnification TEM image of a

single particle with a diameter of approximately 200 nm.

The associated selected area electron diffraction (SAED)

pattern (Fig. 3c) taken from the particle in Fig. 3b can be

indexed as a tetragonal rutile SnO2 single crystal, in good

agreement with the XRD results presented above. Repre-

sentative high resolution TEM (HRTEM) image of the

particle, recorded near the side-edge of the SnO2 particle

shown in Fig. 3b, is given in Fig. 3d. Lattice fringes are

clearly visible from the HRTEM image, revealing its single

crystalline nature. The interplanar spacings are about 0.47,

0.47, and 0.33 nm, respectively, corresponding to the (0 1 0),

(1 0 0), and (1 1̄ 0) planes of rutile tetragonal SnO2.

The air in the quartz tube is believed to provide the main

source of oxygen for the growth of SnO2 particles. The Sn

atoms from Sn powder may react with O atoms to form

metastable SnO, which subsequently decomposes into SnO2

and Sn [17]. It is assumed that the precipitated solid SnO2 on

the Ir-coated substrates acts as a nucleus for the SnO2

particles. Further work is in progress to assess the detailed

synthesis mechanism.

PL spectrum carried out at room temperature is shown in

Fig. 4. Visible emissions with a peak wavelength position of

around 560–600 nm (corresponding to 2.07–2.22 eV) is

dominantly observed. The visible light emission is known to

be related to defect levels within the band gap of SnO2,

associated with O vacancies or Sn interstitials that have

formed during the synthesis process [18–20]. Several

researchers have previously reported similar emissions

from SnO2 nanoribbons [18] and SnO2 nanorods [19].
Fig. 4. Room temperature PL spectrum of the products with an excitation

wavelength at 325 nm.
4. Conclusions

We have prepared SnO2 particles by thermal evaporation

of Sn powders in air flow. Structural and morphological

characterization indicates that the polyhedral SnO2 particles

with the rutile structure have diameters ranging from 200 to

1300 nm. Optical measurements show that the SnO2

particles generate a visible light emission that may be

exploited in gas sensors or other optoelectronic devices.
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