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The results of comparison of spectral position of the LF bands of As-S glass sys-
tem with theoretical calculation of vibrational spectra of different clusters (As,Ss,
As;Ss, AsySe, AseSg) in the LF region (5-100 cm™) are given. Calculated distribution

of clusters lengths f(L) for As,S; glass.

L. Introduction

The idea of cluster arrangement of atoms
or atomic bonds can be very helpful in un-
derstanding the physics of amorphous sys-
tem. Low-frequency (LF) Raman measure-
ments of amorphous semiconductors (AS)
are analyzed in order to find evidence for any
possible cluster arrangement of AS. The
presence of different vibrational modes in the
same frequency range as fractons should also
be considered for both theoretical calcula-
tions of vibrational spectra of different sizes
of clusters and light scattering experiment of
amorphous system [1-3]. The aim of this
work is comparison of vibration frequencies
of clusters with a position of a LF maximum
(Boson peak), and also calculation of a dis-
tribution function of the ordered lengths of
chains.

I1. Experiments and data analysis

Right angle Raman spectra were measured
with the use of DFS-24 spectrometer. A
spectral slit width was 1 cm™. The polariza-
tion of incident light was parallel and that of
scattered light was normal to the scattering
plain. Excitation laser beam 632,8 nm were
used.

The sizes distribution of chain sequences

may be calculated in chain approximation on
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ratio [4]:
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here m is the mode order, ¢ is the speed of
light, Av; is the mode frequency, E. is the
Young's modulus, p is the density of glass.

Broad size distributions are quite common
and under these circumstances ratio (1) can-
not be applied directly [5-8] and some au-
thors [9, 10] obtained the relation

f(L)e [1 _exp(-TAY, )}(A v, (2

Here I, is the observed scattering intensity

at the frequence Av, The factor
heAv, | . . . .
I —exp(- kt )| is an intensity correction

for the Boltzmann population of vibrational
energy levels. The weighting factor Av,? oc-
curs in the equation because of the distribu-
tion function f{L) is defined for equal incre-
ments in L;, while the spectrum is determined
for increments in Av, [4].

Since the potential of this technique is
very great, and its use is becoming more and
more widespread, the validity of eq. (2) in
determining crystallite core size distributions
needs to be assessed. For systems with broad
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ordering size distributions, eq. (2) can have a
vary significant influence f{L) essentially de-
pends on Av,®. We report here the results

of a set of experiments designed to evaluate
the quantitative aspects of this method in de-
termining the distribution of ordered se-
quence lengths, to which distribution is di-
rectly related.

Iil. Calculations

The calculations were carried out with the
Gaussian 94 program package. The possibili-
ties of this package had limited the level of
the calculations. Taking into account the at-
oms under the higher level "ab initio" meth-
ods only the Hartree-Fock method with
LANL2DZ basis set (Los Alamos ECP plus
DZ) was applicable to our task [11].

IV. Result and discussion

The structural investigation show, that re-
gion of well-ordered atoms accommeodating
in AS lye on greater domains, than the di-
mension of one structural units (5. u.). This
brought the appearance of the conceptions of
middle order in glassess [1-3]. On first stages
of optical structural researches, in continuous
Random Network (CRN) model radius of
structural correlation, identified with clusters
dimensions (dimensions of medium-range
order), may be calculated from LF Raman
measuring of spectrums [12].

The LF Raman spectrums of glass materi-
als are characterized by the maximum
(Boson peak), on the frequency position of
which (wg) the dimensions of structural cor-
relation (clusters dimensions) can be calcu-
lated. In mechanical theory of Phillips-
Thorpe LF intensity of vibrations in glassess
depends on the average coordination number
z [13].

The resulted optimized geometries of the
clusters have the following symmetries: Ca,
for As:S;, C; for As;S; and AsgSy, Ciy for
AssSg (fig.1). The geometry optimizations
were followed by frequency calculations us-
ing the same basis set [14]. The maximum
sizes of chain-lengths is: L=8.9 A for As,Ss,
L=9.5 A for As,Ss, L=6.7 A for AsSg,
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L=18.4 A for AsSe clusters.

The results of the low frequency calcula-
tions are presented (show) in fig. 2 together
with the experimental LF Raman spectrums
of different composition of As,Siopx system
(See fig 2).

On the basis of the quantum-chemically
calculated vibrational amplitudes of the
As,8y cluster one can give an approximate
assignment of the vibrational modes. This
molecule has nine vibrational modes, the ir-
reducible representation contains seven in-
plane (4A;+3B;) and two out-uﬁg:lam’: oOnes
(A;+B)). The frequency of 62 em™ (A;), can
be considered as in-plane deformational
mode. The last two frequencies, 41 (B,) and
35 cm™ (Ag) represent the symmetric and an-
tisymmetric torsion modes of the S-As-5-As
groups.

In cluster enriched by sulphur (As;Ss)
with C; symmetry, LF oscillations have fre-
quencies 3,5 and 11,3 em™. For branch clus-
ter As4Sg with symmetry (Cs,), LF vibrations
are located at to 17.8 and 25,7 cm™. For
branch cluster AszSs with four final sulphur
(AsgSs) atoms with C; symmetry six  vibra-
tions LF are found in region from 9 to 22 cm”
' The LF torsion vibration are located in re-
gion from 17,8 to 25,7 em™.

According to theoretical calculations the
observed intensity of low-frequency Raman
scattering Igps(Av) in LF spectrum region Is
determined by an equation:

Lips(Av)=C(Av) g(Av) [n(av)+1}/Av , (3)

here C(Av) is the light-vibration coupling co-

efficient; g(Av) is the vibrational density of

states (VDOS), n(Av) is the Bose factor.
Conventional to esteem reduced spectra:

Lea( AV)=AvIops(Av) [n{ Av)+1]=C(Av)g(Av),
4

The reduced Raman spectrum I.q4(Av) for
As;S3 and Asy;Syy glasses show in fig2.
{curve 2, 4).

Being grounded on inelastic neutron scat-
tering and spectroscopic studies in [15] was
calculated that in region 20 < Av < 60 cm™,
C(Av) is proportional Av [C(Av)=Av]. Ap-
proximately it is possible to consider, that
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Fig.l. Optimal geometries structure for the calculated arsenic sulfide clusters As, S, and line sizes of chain
sequences (L) in chain approximation.
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Fig.2. Low-frequency Raman (LFR) spectrums of
AsyBy and AsySsy plasses exciting by 6328 nm.
laser illumination (1, 2 - observed spectrum (L.); 2,
4 — reduced spectrum (l.4)) and “ab initio™ cal-
culations for different As S, clusters.

Fig.3. Vibrational density of states of As;S; and
Asyy87g plasses in aproximation CLAv) ~ Av.
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C(Av) ~ Av. Including this relation fair and in
our case the equation (4) can be written as:
I rea( AV)=Lobs( AV)[(AV)+1]=g(AV). (5)
Therefore in fig.3 we adduce relation
I'ea(Av), which indicate VDOS g(Av) for
aproximation C(Av) ~ Av. In the results
which are shown in a fig. 3, it is clear that the
maximum of a VDOS lays near Av = 49 cm™
(E = 6,076 meV) for As;S; (z=2.4) and
Av = 46 cm™ (E=5,704 meV) for Asz;Sn
(2=2.22) glasses. Correlating the VDOS by
neutron inelastic scattering studies of glasses
Ge-As-Se systems, described in [16] with our
data as can see that maximum g(Av) is biased
in LF region.

w

] 1"\

Aa s,

HL), HLI'L, arb. units
II

—

-
30

L Lo Uoa s

3 Rl 5 20 25
LA

Fig.4. Cluster lengths distribution ffL) and weight dis-

tribution of cluster lengths ffLi*L for As,S, glass cal-
culated from observed Raman spectrum of fig.2.
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For calculations as density of the clusters
and Young's modulus we have used mean
values for a glass, that could call definite dis-
crepancies in lengths distribution f{L). For
a glass As;S+3 we do not present lengths dis-
tribution f{L) because this glasses are present
not only in chain clusters. Therefore the us-
age of chain approximating is rather contra-
dictory. Besides there are difficulties with
gravity determination and Young's modulus
of clusters. The result of cluster lengths
As;8; glass, caleulated from observed Raman
spectrum is shown in fig.3. The cluster
weight lengths for AsS: glass may be
changed from 6 to 11 A by the weight distri-

bution lengths f7L) *L.

¥. Conclusions

Calculated Low-frequencies only tor-
sion type of the large clusters are located in
the same spectral region as Boson peak of
amorphous semiconductors As-S system.
They can made several contributions to the
LF spectrum. In the intensity of the Boson
peak besides the long-wavelength acoustical
phonons torsional vibrations are present also.
The average sizes of such cluster are changed
from6to 11 A,
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HY KP CIIEKTPHU CTEKOJI As,S,.x, KOJIUBAJIBHI
CIIEKTPU KJIACTEPIB As,S,,, PO3PAXOBAHHUX
METOAOM "AB INITIO", TA PO3IIOALI
KJACTEPIB I10 JOBXKUHAM
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VYxropoacekuii Hanionanesuit Yaisepcurer, Byn. Bonomuna 32, Vxropon 294000,
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Tpuseneni pe3ynsTaTH NOPIBHAHHA CHeKTpaibHOro nojoxenus HY cmyr B cre-
K/iaX CHCTEMH As-S 3 TEOPETHYHHUMH PO3PaXyHKaMH KOMHBAILHOIO CMEKTPY Pi3HMX
kactepiB (As;Ss, As,Ss, AssSs, AseSo) B HU obnacti (5-100 cm™). Jlna cxia As,S;
PO3paxoBaHO PO3NOAIN KIACTEpiB 3a AOBXKHHAMM B JIAHLOXKKOBOMY HaGMDKEeHHI.
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