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Introduction

Investigations into various properties of
nanostructural materials (nanotubes, fullerenes etc.)
attract great attention due to their outlook in many
applications. We are interested in comparison of IR
transmission spectra of carbon nanotubes (NT) with
those of Cg and Cy fullerites as they belong to the
same class of monomolecular compounds but with
different electron structures of bands. Carbon NTs
belong to the class of semimetals (like graphite),
and fullerites belong to the class of semiconductors
(Eg=1.2-19 eV) [1-23]. Additionally, IR
transmission spectra of highly dispersed NTs of
silicon nitride have been studied. In the first time,
we have prepared these NTs using nanostructural
carbon forming in the fullerene synthesis.

Experimental
IR spectra of the three groups were
recorded using Specord 75-IR  two-beam

spectrophotometer in the band of wave numbers
400-4000 cm™" for carbon NTs and 400-1500 cm™ -
for silicon nitride NTs. The samples studied were
prepared according to the typical technique for
compaction of the substance with KBr. The
weighed samples were 1:300 mg.

Fig.1 shows IR transmission spectra of
carbon NTs (spectrum "a") and fullerite Cg
(spectrum "c"). Fig.2 shows the spectra for SizN,
NTs of o and f modifications.

Results and discussion

As seen in Fig.1, the IR spectrum of carbon
NTs has no features. This is a monotonous curve
with increasing transmission in the long wave
region of the spectrum. Such an IR transmission
spectrum is typical for the narrow band
semiconductors (Eg=~0.01-0.1 eV) or semimetals.

The IR spectrum for fullerite Cg has other
form (Fig.1c). Four strong narrow transmission
lines are clearly seen in the spectrum. They are
attributed to intramolecular oscillations of mode
4 Fy, active in the IR region. The lines are near
~526 cm”, ~578 cm™', ~1178 cm™ and ~1426 cm™.
The first two lines are due to radial vibrations of the
carbon sphere, the other two are due to stretching
vibrations. Vibrations tangentially to the sphere of
single bond C-C are observed in the range
of ~1178 cm™, double bond C=C (common side of
hexagons) - in the range of ~1426 cm™.
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Insignificant number of absorption bands (AB) in
the IR spectrum of Cgo fullerite is resulted from
high symmetry of this molecule. Spectral positions
of ABs in the IR spectrum of fullerite Cq
practically correspond to those for Cg. It should be
noted that IR spectra of fullerites may contain
additional ABs resulted from insufficiently careful
purification of fullerite from solvent that was used
to extract fullerite from the fullerene-containing
soot (see Fig.1,c). As seen in Fig.1,c, the spectrum
contains, besides ABs of Cy, fullerite, additional
ABs attributed to absorption by solvent, in
particular, toluene.

The basic intensive AB in the range of
1050-830 cm™ and the band of medium intensity in
the range of 460-445 cm™ are observed in IR
spectra of SizNy NTs (Fig.2). In general, spectra
differ by their structure and the shape of ABs in the
range of 1050-830 cm™. This range may be due to
stretching bridge vibrations. The absorption band is
attributed to deformation vibrations of N-Si-N
bond. It is positioned in the range of 460-445 cm™
does not practically change.

It is known that the basic structural element
of all silicon nitride modifications 1s SiNy
tetrahedron with T4 symmetry.

According to [2], in IR absorption spectra
of tetrahedral molecules one should expect two
absorption bands to be present due to fundamental
three times degenerated vibrations vs3(F,) and v4(F>).
Vibrations of SiN, tetrahedrons occur in the local
crystalline field of Si;Ny that results in distortion of
tetrahedrons. Therefore, one should expect the
degeneration to be removed partially or completely,
and inactive vibrations in IR spectra of an isolated
tetrahedron to be excluded. In this case the rules of
selection for a- and B-Si3N, vibrations will be
different as these modifications belong to different

space groups (o- Si;Ny belongs to P 3/c (C §U ),

group, B-Si3Ny4 belongs to P 6;/m (C %h )), group,

i.e. distortion of tetrahedrons will be different for
o- and B-SizN4. IR spectrum of B-Siz;N; must be
simpler as distortion of tetrahedrons in it is weaker
than that in o- Si3Ny.

Theoretical ground of ABs in IR spectra for
crystalline powder-like Si;N4 of both modifications
may be applied to explain the nature of ABs in IR
spectra of Si;N, nanotubes. Apparently, ABs
present in the range of ~1045 ~980 and ~910 cm™
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in the spectrum for a- Si;N4 NTs may be attributed
to removing degeneration from the v;(F,) vibration.
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Fig. 2.
ABs present in the range of ~830 cm™ are due to
removing exclusion for the v;(A) vibration which is
inactive in the isolated tetrahedron. In the IR
spectrum of B-SizN4 NTs the valence band splits
into two ABs positioned in the range of ~1050 cm™
and ~900 cm™ what seems to be attributed to the
partial removing of degeneration from the vs(F,)
vibration for this modification. Difference in IR
spectra of crystalline powder-like SizN; and IR
spectra for Si3Ny NTs consists in the absence of
several additional bands with weak and medium
intensities in the range of 800-500 cm™” in the
spectra for NTs of a and B modifications. This
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seems to be due to the features of their structure,
shape and size.

Conclusions

1. IR spectra of carbon NTs and Cg, C7 fullerites
have been recorded. IR spectra of fullerites may be
used for qualitative control of the degree of fullerite
purity after their extraction from the fullerene-
containing soot.

2. In the first time, we have recorded IR spectra
for SisN; NTs of both modifications. It has been
found difference in IR spectra for a- and - Si3Ny.
IR spectra of SizN, may be used as the additional
(to X-ray phase analysis) method for determination
of the phase composition of Si;N4 NTs, especially
in the case when NTs are highly dispersed X-ray
amorphous materials.
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