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Photoluminescence Study of SiC Nanotubes
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Abstract. The Silicon Carbide (SiC) nanotubes were prepared using a Mi-
crowave oven. The carbothermal reduction of silica with graphite is carried
out in a domestic microwave oven (DMO). Then the powders were suddenly
quenched in cold water to get the nanotubes of the SiC. The samples were
characterized by X- ray diffraction (XRD), transmission electron microscopy
(TEM). The FTIR spectrum shows the vibrational aspects of the SiC nanotubes.
The room temperature photoluminescence studies were carried out and the re-
sults are discussed.

PACS number: 78.67.Ch; 78.55.-m

1 Introduction

Great deal of interest has been created among the material scientists in devel-
oping structure of materials on specific nanomorphologies [1]. The different
nanoforms of inorganic materials play a vital role as they exhibit unique elec-
trical and optical properties [2]. The different nano-forms find applications in
solar cells [3], light emitting diodes [4] and biological labeling [5]. The silicon
carbide possesses peculiar physical and chemical properties suitable for device
fabrication [6]. The silicon carbide based devices compared to the silicon based
devices can be operated at high temperature, high power ,high frequency and in
harsh environments [7]. The common methods reported for the production of
silicon carbide are self-propagating high temperature synthesis(SHS) [8], sol-
gel [9], plasma [10], microwave irradiation [11], poly-silane polymer precursors
[12]. Among the various synthesis procedures the microwave route offers many
advantages like energy economy, small time scales of production, phase purity
of product and narrow size distribution [13]. Already there are many reports for
the synthesis of different nanoforms of silicon carbide by microwave irradiation.
But there were no reports for the synthesis of SiC nanotubes by microwave route.
In this paper we report the modified microwave irradiation method to prepare
SiC nanotubes.The XRD, FTIR measurements were employed to characterize
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the crystal structure and bonding feature of the sample. The room temperature
photoluminescence (PL) studies were carried out and the results are discussed.

2 Experimental

2.1 Preparation of SiC nanotubes

The reaction was carried out in a Domestic Microwave Oven (DMO) IFB model
(17G 1S) operating at 2.45 GHz. In a silica crucible equal quantities of silica and
graphite fine powders were taken and thoroughly mixed prior to sintering. The
crucible is placed inside the oven operating power is set to maximum of 700 W.
The time is set to seven minutes and the oven is switched ON. At the lapse
of third minute the whitish-black powder turns into red hot condition (viewed
through the window) and the sintering is continued for the full time of seven
minutes, till the entire powder is turned into blackish-gray color. The SiC pow-
ders were suddenly quenched in cold water kept in a beaker. The product was
collected and washed with absolute alcohol and treated with HF to remove the
impurities. Finally the sample is dried in vacuum at 80oC for two hours. During
the sintering care must be taken to avoid the sudden catch of fire of the sample.

2.2 Characterization of the SiC nanotubes

The X-ray powder diffraction (XRD) patterns were carried out in a diffractome-
ter with (Model X’pert PRO-Philips) graphite monochromatized Cu Kα radi-
ation wavelength (λ = 1.54056 Å). The samples were scanned at a scanning
rate of 0.05◦C/s in the 2θ range of 20–80◦. The morphology of the tubes was
assessed with high resolution. Transmission electron micrographs taken using
JEOL instrument (model JEL-3010) at 200 kV in a carbon coated copper grid.
Fourier-Transform Infra Red (FT-IR) transmission spectra is taken using Perkin
Elmer (Spectrum RXL) in the 400 cm−1 to 4000 cm−1. The photoluminescence
spectrum (PL) of the sample is obtained using Carry Eclipse [elo2045776] fluo-
rescence spectrophotometer with a Xe lamp at room temperature.

3 Results and Discussion

Phase identification of the sample was carried out using the XRD patterns. Fig-
ure 1 shows the XRD spectrum of the sample. The strong peaks reveal the β-SiC
structure. The refinement gave the cell constant, a = 4.3594 Å, which was con-
sistent with the reported value in the literature (a = 4.3589 Å, JCPDS card
No.29-1129). The peaks corresponding to the impurities of the sample were ab-
sent. The HRTEM micrograph (Figure 2) confirms the formation of nanotubes
of SiC. The graphite serves as the reactant as well as the microwave succep-
tor which absorbs the microwaves efficiently causes the sample to get heated
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Figure 1. X-ray diffraction spectrum of the SiC.

Figure 2. HRTEM SiC nanotube.
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Figure 3. FT-IR spectra of SiC.

rapidly and reduction reaction is initiated. The typical rapid carbothermal re-
duction mechanism is responsible for the SiC formation. The sudden quenching
of the sample in cold water makes SiC to get rolled into nanotubes.The FT-IR
spectrum of SiC is given in Figure 3. The main peak as expected at 795 cm−1

for SiC [14] is poised at 794 cm−1indicates clearly the presence of SiC stretch-
ing vibrations. The peak at 1105 cm−1 is attributed to the stretching vibration
of Si-O. The one at 618 cm−1 shows the presence of Si-C localized vibration
normally found in Si due to C in single crystalline Si. The lowermost peak at
473 cm−1 corresponds to the Si-O-Si wagging vibrations. Figure 4 gives the
PL spectrum of the sample. The PL peaks at 2.95 eV, 3.29 eV and 4.36 eV
with narrow half-width is assigned to the exciton recombination in different SiC
polytypes [15]. The exciton band enhancement is attributed to recombination
time decrease due to electron-hole confinement in SiC nanotubes.

4 Conclusion

The simple, energy efficient and fast microwave method is followed for the
preparation of SiC nanotubes. The rapid carbothermal reduction mechanism
is responsible for the SiC formation. The sudden quenching of the sample in
cold water makes the SiC to arrange in the form of nanotubes. The exciton re-
combination mechanism is cited for the photoluminescence of the sample. The
quantum confinement effect (QCE) is responsible for the enhanced PL peaks.
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Figure 4. .PL spectra of SiC nanotubes.
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