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Introduction
During recent decades, nanostructured materials 

have received considerable attention from the scien-
tific and engineering communities [1]. These structures 
exhibit distinct properties from those of bulk materials 
due to their small size and large surface-to-volume 
ratios, and accordingly, nanostructured materials have 
emerged as promising candidates for realizing nano-
scale electronic, optical, and mechanical devices with 
enhanced performance. Among them, one-dimension-
al (1D) nanomaterials, such as nanowires, nanotubes 
and nanobelts can function as both nanoscale device 
elements and interconnects while keeping unique 
properties due to size confinement in the radial direc-
tion [2]. Therefore, 1D nanostructures, in particular, 
semiconductor 1D nanostructures have been success-
fully synthesized by various methods such as thermal 
evaporation [3], chemical vapor deposition [4], laser 
ablation [5], template [6], and sol-gel [7] techniques. 
Their optical, electronic, and magnetic properties as 
well as their potential use in various applications have 
also been extensively investigated.

Nanocrystals emerged earlier than 1D nanostruc-
tures, partly due to the fact that they are readily gener-
ated via various experimental methods. These manu-
facturing methods include: melt crystallization, 
chemical vapor deposition (CVD), laser, self-propa-
gating high-temperature synthesis (SHS), hydrother-
mal processes and others [8]. Nanocrystals have wide 

application in the electronic, optical, mechanical, 
magnetic, and sensing materials fields [9].

SnO2, an n-type wide band gap (Eg = 3.6 eV, at 
300 K) semiconductor with appreciable degree of 
iconicity, is attractive for potential applications in gas 
sensors [10], catalyst supports [11], and transparent 
conducting electrodes [12]. Recently, a series of SnO2 
nanobelts, nanowires, and nanocrystals have been 
synthesized and investigated [13]. However, system-
atic comparisons and investigations of the relationship 
between microstructures and properties of the above 
different morphologies and optical properties are of 
1D SnO2 nanostructures are still unclear [14].

Optical measurements such as optical band gap 
and photoluminescence (PL) are very useful for the 
determination of the structure, defects, and impurities 
in these nanostructures, and there have been several 
reports on the optical band gap and luminescence of 
1D SnO2 nanostructures at room temperature [15] 
showing emission in the range 2.00—3.10 eV. The 
luminescence is generally believed to stem from de-
fects such as tin interstitials, dangling bonds, or oxygen 
vacancies. However, direct proof that such defects are 
incorporated in the luminescence centre has not yet 
been given.

In this paper, the morphological, structural, optical 
properties and photoluminescence (PL) of quasi-one-
dimensional (1D) SnO2 nanowires were synthesized 
from SnO powder by heat treatment of SnO powder 
under Ar gas flow at atmospheric pressure, with the 
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next annealing on the air at 1000° C are presented as 
a function of the preparation samples and the tem-
perature of annealing. The experimental details have 
already been described by [16].

Experimental technique
In our materials synthesis, a 100 cm long horizon-

tal quartz tube with an inner diameter of 50 mm open 
on one side was mounted inside a high-temperature 
quartz tube furnace. 99.99 % pure SnO powders were 
placed in an alumina boat positioned at the centre of 
the quartz tube. The temperature in the furnace was 
rapidly ramped up to 1050—1100° C kept for 90 min. 
During the process, a constant flow of Ar (99.99 %) at 
a rate of 50 sccm was maintained. The morphology 
and crystal structure of the synthesized nanostructures 
were characterized by x-ray diffraction (XRD) using 
a DRON 4 utilizing Cu Kα radiation, scanning electron 
microscopy (SEM) employing a JSM-6380LV. UV/
visible absorption measurements were carried out on 
the SnO2 nanowires using a spectrophotometer (UV-
210A, Shimadzu) in a range between 90 and 900 nm. 
The Photoluminescence (PL) spectra were using for 
excitation a 337 nm ILGI 503 N2 laser.

Results and discussion
In beginning must be observed that, Samples pre-

pared in gas-transport synthesis, had various color. In 

the sample (a) of “gray color” are present the larger 
drops (droplets) of metal tin on the ends of crystals. 
These drops will lend gray color to sample. Diffract-
gram acknowledge it. In the sample (b) of the “white 
color” of such metal drops on the ends of crystals few 
or they item much less size. “Gray” and “white” 
samples were received in the various conditions of 
synthesis, but the sample (c) is the same the sample 
(b) of the “white color” but heat treatment at the tem-
perature 1000° C.

The structure and phase of the three samples as 
revealed by XRD are depicted in figure 1. Both samples 
(a and b) possess the same structure that can be indexed 
to a pure rutile phases SnO2, Sn2O3, SnO and Sn but 
sample (c) possess the structure that can be indexed to 
a pure rutile phase SnO2 with lattice constants of 
a = 4.738 Å and c = 3.189 Å . Figure 2 show typical 
scanning electron microscopy (SEM) images of the 
synthesized product. It indicated that the SnO2 nano-
wires are long and straight, and the surface is pure 
enough. The cross-section size crystallite ~ 100 nm, 
the attitude cross-section to the longitudinal size ~ 1000 
Micro drops of tin on the ends crystallite testify to the 
mechanism of their growth of pairs-metals-crystals.

It is well known that SnO2 is a degenerate semi-
conductor with band gap energy (Eg) in the range of 
3.4—4.6 eV [17]. This scatter in band gap energy (Eg) 
of SnO2 may be due to varied extent of non-stoichi-
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Fig. 1. X-ray diffraction patterns of the (sample a with the “gray color”), (sample b with the “white color”) and (sample 
c is the b, annealed at 1000° C).
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ometry of the deposited layers. The dependency of 
the band gap energy on the carrier concentration has 
been explicitly given in the literature [18]. It has been 

apprehended that band gap energy increases linearly 
with the increase in carrier concentration to the 
power 2/3. High-energy shift of an absorption edge 
is generally expected for nanocrystalline materials. 
In order to confirm this, absorption spectra were ac-
quired from the SnO2 nanowires, and the results are 
depicted in figure 3 (a) and 3 (b). The optical transi-
tion of SnO2 crystals is known to be a direct type [18]. 
In this case, the absorption coefficient α is expressed 
as α(hν) ∝ (hν − Eg)1/2/hν [19]. Plots of (α(hν))2 versus 
hν can be derived from the data in figure 3. The in-
tercept of the tangent to the plot gives a good ap-
proximation of the band gap energy of the direct band 
gap materials. This is ∼3.42 eV for the sample (a) and 
∼3.78 eV for the samples (b) and (c), as shown in the 
inset of figure 3(b); both of which are larger than the 
value of 3.62 eV for bulk SnO2 due to the quantum 
size effect [20]. In addition, the larger band gap of 
the samples (b) and (c) than that of the sample (a) 
also agrees well with their observed from X-ray ex-
aminations.
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Fig. 2. Scanning electron microscopy (SEM) image of the 
synthesized SnO2 nanowires.

Fig. 3a. Spectral variations of Reflectance (R) for SnO2 
nanowires for the (sample a with the “gray color”), (sample 
b with the “white color”) and (sample c annealed at 
1000° C).

Fig. 3b. (α(hν))2 versus photon energy curve for SnO2 nano-
wires for the (sample a with the “gray color”), (sample b 
with the “white color”) and (sample c annealed at 
1000° C).
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Figure. 4 shows the variation of photoluminescence 
emission intensity of tin oxide nanowires as a function 
of samples preparations and the temperature. In all the 
cases, a strong green emission band was observed 
around ~ 591 nm with an energy gap of 2.00 eV. This 
emission is attributed to the crystal defects or the elec-
tron transition mediated by defect levels such as oxy-
gen vacancies, tin interstitials and so on in the band 
gap during the growth. Generally, oxygen vacancies 
are known to be the most common defects and usu-
ally act as radiative centres in luminescence processes. 
The oxygen vacancies present in three different charge 
states VO

0, VO
+ and VO

++ in the semiconductor oxides 
[21]. As VO

0 is a very shallow donor, the most oxygen 
vacancies will be in their paramagnetic VO

+ state under 
flat-band conditions. Hence, the origin of the green 
emission band in the PL spectrum of SnO2 nanowires 
is assigned to the recombination of electrons in the 
singly occupied oxygen vacancies with photoexcited 
holes in the valance band [22]. A similar observation 
was made earlier in the PL spectrum of SnO2 nano-
structural material by Hu et al. [23]. As the calcinations 
temperature increases to 1000° C, the particle size of 
tin oxide in nanowires becomes larger and hence a 
increase in the PL intensity 2.00 in the luminescence 
spectra can occur resulting from the reductions of both 
the surface area and concentration of oxygen vacan-
cies.

All this emission peaks can be attributed to the trap 
emission. It is usually thought that point defects such 
as oxygen vacancies are in existence [24, 25]. It is 
suggested that the emission peaks to electron transition 

is mediated by defect levels in the band gap, such as 
oxygen vacancies. In the present SnO2 nanostruture, 
the intrinsic defects, such as oxygen vacancies, which 
act as luminescent centers, can form defect levels lo-
cated highly in the gap, trapping electrons from the 
valence band to make a contribution to the lumines-
cence. Generally, oxygen vacancies are known to be 
the most common defects and usually act as radiative 
centers in luminescence processes.

Summary
In summary, One-dimensional (1D) SnO2 nano-

wires were synthesized from SnO powder by heat 
treatment of SnO powder under Ar gas flow at atmo-
spheric pressure. The temperature in the furnace was 
rapidly ramped up to 1050—1100° C kept for 90 min. 
The optical direct band gap lies in range between 3.42 
and 3.78 eV. The microstructures of the SnO2 nano-
wires were characterized. The morphology of the 
products depends on the methods preparations and 
reaction temperature. The room temperature PL spec-
tra of the SnO2 nanowires showed a strong green band 
emission at ~ 591 nm with a band gap of ~ 2.10 eV, 
which is associated with oxygen vacancies or surface 
defect states. It is therefore highly promising for use 
in optoelectronic devices.
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