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Nanostructured materials have drawn considerable
attention because they are promising candidates for
nextgeneration electronic and photonic devices with
low power consumption!'%, A number of methods, such
as laser ablation ™, template-induced growth!, arc dis-
charge®, vapor transport’®, and molecular-beam epi-
taxy!'® have been developed to synthesize Si, Ge, MgO,
SnO, , GaN, and Ga,0; nanowires or nanorods!',
From the viewpoint of dimensionality, one-dimensional
(1D) nanostructures are expected to exhibit electronic
and optical properties that strongly depend on size and
geometry. Inaddition, the surface effect becomes im-
portant in thinner nanorods. Of these 1D nanomaterials,
stannic oxide is the most important base material for ap-
plications such as gas sensors, transistors, electrode ma-
terials!'%'7, and more recently, solar cells!'®, because of
optical conductivity of its film. However, until now, far-
infrared (FIR) properties of SnO, nanorods have been
little explored. In this paper, we report conspicuous FIR
absorption spectrum platform peaks of SnO, nanorods
with widths of up to 61.6 and 119 cm™' due to the overlap
ofthe surface vibration modes, both from the cylindrical
nanorods and a smaller amount of spheroid particles.

The two samples were synthesized by redox reac-
tion!'” under different annealing conditions. Sample A,
20 nm in diameter, was synthesized by annealing pre-
cursors (which were produced in a microefnulsion) ata
heating rate of 5°C/min, up to 780°C for 30 min. Sample
B, 45 nm in diameter, was prepared at a heating rate of
20°C/min, up to 780°C for 60 min. The structural proper-
ties of the SnO, nanorods were examined by x-ray
diffraction (XRD), transmission electron microscopy
(TEM), and high-resolution transmission electron mi-
croscopy (HRTEM). The FIR absorption spectrum was
investigated by IFS 66V and Nexus 870 FT-IR.

Fig.1 shows the XRD patterns of samples A and B.
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The sharp diffraction peaks in the patterns can be in-
dexed to a rutile structure, in agreement with the report-
ed data of bulk SnO, (a=b=4.7384, c=3.188 4, and
JCPD 21-1252), but the diffraction peaks of sample A
are broadened due to its small diameter.

Fig.2 shows TEM images revealing the general
morphology of the SnO, nanorods. Most nanorods of
sample A Fig.2 (a) have diameters around 20 nm and
lengths about several micrometers. The HRTEM image
isshownin Fig.2 (c); the lattice planesof (101) and
(200) with interplanar spacings of 2.55 and 2.37A re-
spectively, are clearly displayed. For sample B, the di-
ameter is 45 nm, and the length is 5-10 m, as shown in
Fig.2(b).

Fig.3 and 4 show FIR absorption of samples spec-
tra A and B. Two obvious features can be easily found.
{()Two FIR platform peaks at 249.5-268.9 and
289.3-350.9 cm™ of sample A in the range of 75 to 400
cm!are observed, and the width of the latter peak is up
to 61.6 cm!. The FIR spectrum for sample B is similar to
that for sample A, but the widths of the FIR platform
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Fig.1 XRDpatterns of SnO,nanorods.(a)Sample A.(b)Sample B.
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Fig. 2 TEM and HRTEM images of SnO, nanorods.(a) Sample
A. (b)Sample B. (c) HRTEM of a single anorod in sample A.

peaksat 252.1-271.7 and 295.2-351.7 cm are narrower
than those of sample A, indicating that there are more
surface modes insample A.  (2) Intherange 0f400 to
1200 cm!, the FIR spectrum of sample A exhibits two
platform peaks at 479.2-598.2 and 613.6-678.3 cm’!,

respectively, and the width of the first peak isup to 119
cm’', whereas for sample B two asymmetric peaks exist
at 474.8 and 680.3 cm™! without FIR platform peaks,

which is in good agreement with those for SnO, bulk and
particle?®!,
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Fig.3 FIR absorption spectra of SnO; nanorods. (a)Sample A in
the range of 75 to 400 cm™. (b) Sample B in the range of 75 to
400 cm™,

Now let us look at the origin of these FIR platform
peaks of samples A and B. The appearance of the
low-frequency FIR platform peaks brings to mind the
results reported by Fuchs et al.?%, Yamamoto et al.??,
Ruppin et al.?**? and Luxon et al.?, who have observed
low-frequency FIR platform peaks resulting from the
surface modes of cylindrical and spheroid particles.
These pioneers have theoretically and experimentally
studied these FIR platform peaks. For spheroid
particles, the value of the surface modes w, given by??

_ e+ n+1).c3"l 2
e ®
For cylindrical particles, the value of the surface
modes™ w, given by
—, _gote, —2

wW.=—Ww 2
‘e te, 2)
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Fig.4 FIR absorption spectra of SnO2 nanorads in the range of
400t0 1200 cm-~1. (a), (b) Sample A; (c) Sample B.

The coupling modes w, and w,, extending over a
finite range of wave numbers, contribute a Lorentzian
peak to the extinction cross section?. The overlapped
peaks corresponding to o, and w, lead to the emergence
of FIR platform peaks. The quantity ratio of spheroid to
cylindrical nanorods in our samples is about 0.2, There-
fore, we can use formulas (1) and (2) to calculate w. and
o, for wr,of both samples A and B. In the range of 75 to
400 cm’!, the theoretical values of cylindrical w, of
sample A are 72, 84, 99, 116.5, 138.5, 162, 187, 219,
and 256 cm’’; the theoretical values of spheroid wyoare
208, 247, and 285 cm™. The curves marked with 1, 2,
and 3 correspond to the cylindrical subpanels of w,
when wo=187, 219, and 256 cm™', respectively. Those
marked with 4, 5, and 6 correspond to the spheroid sub-
panels of @, when wro=208, 247, and 285 cm’/, respec-
tively, as shown in Fig. 3(a). Whereas the theoretical
values of cylindrical wroof sample B are 74, 86.5, 102,
120, 141, 165, 197, 217, and 253 cm’!, the theoretical
values of spheroid wro are 208, 248, and 286.5 cm™.
The curves marked with A, B, and C of Fig.3(b) corre-
spond to the cylindrical sub-panels of w, when wro
=197, 217, and 253 cm’!; those marked with D, E, and F
correspond to the spheroid subpanels of ®, when oo
=208, 248, and 286.5 cm’’, respectively. In the range of
400 to 1200 cm™, the results of wyq for w, of sample A
are375, 439, and515cm™; theresult of wro for w, is
538 cm’. For sample B, on the other hand, the experi-
mental results are similar to the combinations of those
for SnO? nanoparticle and bulk, and thus it is not neces-
sary to calculate them. The theoretical results have been

44

obtained by adding the corresponding subpanels of w,
and w, as platform curves illustrated in Fig.3 and 4; they
are in good agreement with the experimental values.

A striking difference between the FIR obtained
from samples A and B is due to their different diameters.
The overlap of the surface vibration modes of sample B
is much less than that of sample A. Therefore, the FIR
spectra of the sample A are broadened more, and thus
the thinner SnO, nanorods may be used as FIR detectors.
We also observe size effect of Raman scattering for
these nanorods, the study of which is currently under
way.

In summary, FIR absorption spectra from SnO,
nanorods have beenrecorded. The widest FIR platform
peak is up to 119 cm™ and can be attributed to the over-
lap of surface vibration modes both from cylindrical
nanorods and from a smaller amount of spheroid parti-
cles. Excellent agreement between experiments and the-
oretical calculations has been achieved.
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