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Spectral dimensions and free volume in As,S;  glasses
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A low-frequency (LF) Raman spectra of As,S; glasses, prepared at different temperatures of
melts (T;) and different rates of cooling (Vj) and Raman spectra of binary glasses AsxS;.x,
prepared at optimal conditions are given. A relation between reduced intensity of LF maxims
and slope of high-frequency part of LF spectra of As,S; glasses on temperature of melt and rate
of cooling are revealed. In framework of fractal approximation a spectral dimension (df) was
calculated. It is sensitive to the conditions of preparing of As,S; glasses. A spectral dimension
of fractals was determined by independent way from concentration dependence of ultrasound
velocity of AsxS;.x glasses. A dependence of intensity of density of states and free volume on
average coordination number of AsxS;.x glasses are revealed.
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Low-frequency (LF) Raman scattering
spectroscopy is an efficient method for the
investigation of structural properties of non-
crystalline solids. There is especially a great
interest in the analysis of Raman spectra where
middle range order is manifested through
frequency position of  boson peak. The
frequency dependence of the light as a function
of vibration coupling coefficient C(®m)~m in the
region of boson peak (wp) mainly in
stoichiometric glasses is known by comparing
the Raman scattering with the neutron ones and
specific heat data [1-5].

In [6] the model that connects a linear low of
coefficient C(w) with the vibration correlation
function was proposed. The similar relation for
describing the correlation in fractal structures
was used [7]. For the latter the correlation
length & and spectral dimension df of fractals
are included in equation. One of the methods
for determining df of non-crystalline materials
in the fracton approximation is LF Raman

spectroscopy  [7]. The second simple
independent way to determine dr is calculations
carried out with the relation between sound
velocity vy and density p [7]. In accordance
with the constrain counting model and its
subsequent modification, the change in
mechanical properties with the composition
(average coordination number z) reflects
structural compactness of glasses [9,10]. The
relation connecting microhardness H, softening
temperature T,, density p and free volume Vj
of binary glasses are given in [11]. The aim of
these notes is to determine d¢ for glassy g-As,Ss3
by different methods and to determine df,Vy in
As,Si.y when varying the composition (or z).
When preparing glassy (g) g-As,S; different
temperature of melt (Tpi), Tmi=870 K and
cooling rate V; (V,=107, V,=1,5 Vi=1,5x10’
K/s) were used. The non stoichiometric glasses
AscS1x  (x#0.4) for investigations were
prepared from melt (T,=870 K) with cooling
rate V,=1,5 K/s. Ultrasound velocity vy was
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measured by echo-method.

At first we shall consider the influence of
temperature-time conditions of preparing g-
AsyS; on LF Raman spectra. As we can see
from reduced Raman spectrum, Izx= I/(n(®)+1)
(Fig.1), at constant rate of cooling (V=107
K/c), the intensities Ix of maxim near g
increase with the temperature varied from
T,=870 K up to T3=1370 K, and maximum
shift in depolarized Raman spectra from
o(T:1V1)=26 up to wp(T,V3)=22 cm’™l.

arb.un.
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Fig.1. Reduced Raman spectra of As,S; prepared
at different conditions T;V, (T=870, T,=1120,
Ts=1370 K, V,=10" K/s).

The reduced Raman spectrum Ig is
proportional to density of states g(w) [7]:
I/(n(0)+1)=C(0)g(®)/o (1)
As it was mentioned above C(w)~® [6] and
Ir=p(w) are obtained from (1). Therefore
within the framework of this approximation the
increase in Iz and the shift of low-frequency
maximum g (Ty,;V;) reflects the change in
function p(w) with increasing Ty (i=1-3).

In fig.2 Raman spectra of g-As,Ss;, which
were prepared at cooling from T;=870 K with
various rate of cooling V; (j=1-3), are given.
The minimum of intensity and the highest-
frequency maximum  ®max(Tmi V2)=27 cm’!
correspond to Ty, V, conditions of preparing.
According to direct electron-microscopic
researches of glass plates, these conditions of

preparing  g-As;S;  provide the  most
homogeneous structure of a glass [12].
Within  the  framework of  fractal

approximation the dependence Igx for the
frequency region Om<®<60 cm’ may be
extrapolate by function Ig ~ ", where
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Fig.2. Reduced Raman spectra of As,S; prepared
at different conditions T,V; (T,;=870K, V1=10'2,
Vo=1,5 V3=1,5x10% K/s).

p=-2[(d¢D)(D-d-5)+1/2] 2)
Taking into account that fracton dimension
D=2.5, the scaling factor o=1.1 and the
dimension of Euclidean space d = 3 [7, 8], the
values of di were estimated. The calculations
have shown that received experimental values
dr are a little bit higher than that of df = 4/3
calculated for percolating systems.

In the fracton approximation [7] the reduced
LF Raman spectrum df is connected with
density of states by relation g ~o%" and

C(o)~0 P 3)

Therefore the changes in intensity and

position of a maximum g(w) can be logically

%

=

=

=
1
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average coordination number

Fig. 3. Dependence of ultrasound velocity v on
average coordination number.

connected with the changes of spectral
dimension df (see Table). Substituting
calculated values of d¢ into (3) we shall obtain
C=1.4-1.6 for the frequency region ®m,x<m<60
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Table

Calculations of spectral dimensions df and free volume Vj, in g-As,S; prepared under different
conditions and in glasses As-S system

ds ds
Composition / T;Vj As2S3(Tim Vi) from Raman from sound v, A3

spectra velocity v

ASZS?,(TmZ V1) 1.85 - -

ASQS3 (Tm3V1) 1.76 1.55 -
ASzS3(Tm1V2) 1.65 - 19,7

ASzS3(Tm1V3) 1.78 - -
ASzg,(,S70’4(Tm 2V1) 1.93 1,75 39,3
As26.1573.9(Tm2 V1) 2,14 1,77 54,1

cm™. These values are a little bit higher than
those ones obtained for other glasses by the
neutron spectroscopy method [3]. Therefore to
determine df by independent way we shall use
the data of measurements of ultrasound velocity
(Fig.3) for glasses of As-S system.

Within  the  framework of  fractal
approximation [7] the spectral dimension
connects ultrasound velocity and density of
states by relation

Vyp®/ED) 4)
The measured values of longitudinal sound
velocity are presented depending on the
average coordination number z=3y+2(1-y) (Fig.
3) calculated for As-S binary glasses by relation
based on Mott rule of 8-N valence chemical
bond [14]. It is easy to approximate part of
curve V=V(z) (Fig. 3) at z=2,1-2,4 by three
linear intervals 2,1<z<2,2, 2,2<z<2,3 and
2,3<z<2.,4. Based on ratio (4) for these intervals
the following values of df were obtained:
df(z)=1,77, di(zx)=1,75 and dfz3;)=1,55 (see

Table 1). Substituting the results of an
estimation dfz3;)=1.55 for g-As;S; from
ultrasound velocity into (4), we obtain

C(w)~1,03 that coincides with the data of
theoretical and experimental investigations [6,
13]. For nonstoichiometric glasses AsyS;x the
estimations give the greater values of
C(w)=1,18.

In fig. 4 the reduced Raman spectra of some
glasses of As-S system from the three
mentioned regions are given. We found
compositional (an average coordination number
z) dependencies of Ix for AsiS;x glasses. The
minimum of intensity and maximum of
frequency shift in depolarized spectra at wp=26

ecm” correspond to stoichiometric g-As,Ss
whose constrain matrix structure is formed by
AsS3,  trigonal  structural elements. The
frequency minimum wp=18 cm™ and maximum
Ir are observed for g-As;oSgo. The rigidity
percolates when the number of constraints per
atom exceeds the number of degrees of
freedom per atom [9,10]. For a three-
dimensional structure the threshold is at
average coordination number 2.4. For less
content of As concentration the dominant S-S
bonds have additional degrees of freedom
(floppy modes) that results in the growth of I

[9].

I, arb.un.
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Fig. 4. The density of states divided by the
frequency, g(m)/o, for various values of the average
coordination of As,S; glassess.

Within the fracton approximation we found
values dr for the region of a spectrum
Omax<0<60 cm’!. The values of d¢ calculated
from LF spectra are a little bit higher than those
ones calculated from the measurements of
ultrasound velocity (see Table 1).

243



[1]
[2]

[4]
[5]
[6]
[7]
(8]
[9]

N.Mateleshko, M. Veres, V.Mitsa, T.Melnichenko, I.Rosola

A. P. Sokolov, U. Buchenau, W. Steffen, B. Frick and A. Wischnewski, Comparison of Raman- and
neutron-scattering data for glass-forming systems // Phys. Rev., B 52, pp. R9815-R9818 (1995).

L. Pocsik and M. Koés. Cluster size determination in amorphous structures using the boson peak // Sol.
St. Comm., 74(12), pp. 1253-1256 (1990).

A. P. Sokolov, A. Kisliuk, D. Quitman and E. Duval. Evaluation of density of vibrational states of
glasses from low-frequency Raman spectra // Phys. Rev., B 48, pp. 7692-7695 (1993).

V. Mitsa, I. Fejsa. Raman spectra of chalcogenides implanted into pores of zeolites // J. Mol. Struc.,
410-411, pp. 263-265 (1997).

F. Billes, V. Mitsa, I. Fejes, N. Mateleshko, 1. Fejsa. Calculation of the vibrational spectra of arsenic
sulfide clusters // J. Mol. Struc., 513, pp. 109-115 (1999).

V. N. Novikov, N. V. Surovtsev. Spatial structure of boson peak vibrations in glasses // Phys. Rev.,
B39, pp. 38-41 (1999).

S. Alexander, E. Courtens, R. Vacher. Vibrations of fractals: dynamic scaling, correlation functions and
inelastic light scattering // Physica, A195, pp. 286-318 (1993).

M. Ivanda, I. Hartmann, W. Kifer. Boson peak in the Raman spectra of amorphous gallium arsenide:
Generalization to amorphous tetrahedral semiconductors // Phys. Rev., B51, pp. 1567-1574 (1995).

M. F. Thorpe, V. Cay. Mechanical and vibrational properties of network structures // J. Non-Cryst. Sol.,
114, pp. 19-24 (1989).

[10] M. F. Thorpe, B. R. Djordjevic and D. J. Jacobs. The structure and mechanical properties of networks.

in: Proc. Amorphous Insulators and Semiconductors, pp. 289-327, Kluwer Academic Publishers (1997).

[11] T. H. Menpauuenko. JKeCTKOCTh CETKM KOBAJIICHTHBIX CBSI3eH B CIOXKHBIX CTEKIOOOpPa3HBIX

nomymposoxaukax cucreM A'-BY'-CY! // Heope. Mamep., 34(2), pp. 230-233 (1998).

[12] A. Boukenter, E. Duval. Comparison of inelastic light and neutron scatterig in Se,Ge, glasses:

structure and light-vibration coupling coefficient frequency dependence // Phyl. Mag., B77, pp. 557-568
(1998).

[13] N. F. Mott and E. A. Davis. Electronic Processes in Non-Crystalline Materials, Clarendon Press,

244

Oxford (1979).

CrnekTpaJjbHi po3MipHOCTI Ta BUIbHMIE 00°€M B AS,S;  cKiax

H. Marenemko, M. Bepec, B. Miua, T. Menbauuenko, I. Pocona
Vorczcopoocviuii deporcasnutl ynisepcumem,kageopa meepoominvhoi enekmporixu,8yi. Borowuna,32, 294000
Vowceopoo, Yrpaina, e-mail: mitsa@univ.uzhgorod.ua

B po6orti posrmsayTi HM3pKko4yacToTHI (HY) criektpu komoOiHamiiiHOTO po3citoBanHs (KP)
cTekonn As,S;, oJepKaHUX 3arapTyBaHHSM BiJ pi3HUX Temmeparyp posmiaBy (T;) i 3 pi3HOIO
mBuakictio (Vj) rapryBaHHS Ta OiHapHHX CTEKON AS,S;y, OJepKaHHX MpPU ONTUMAIBHHX
yMoBax. BusBineHa 3aiexHICTh mnpuBedeHO! iHTeHcuBHOCTI HY MakcuMmyMmy Ta Haxuiy
BHCOKOYacTOTHOT yacTHU HY criekTpy crekon As,S; Bill TeMmepaTypH pO3IUIaBy i MIBUIKOCTI
Horo rapryBaHHsA. B paMkax QpakTampbHOro HaONMKEHHS pPO3paxoBaHa CIEKTpasibHA
po3mipHicTh (df) BUSBHIIACS YyTIUBOIO 10 YMOB OJNEpKaHHS cTexonl As,S;. HezamexHo Bix
ONTHYHUX BUMIipIOBaHb, pO3paXx0OBaHa CIIEKTpaabHa PO3MIPHICTh (PPAKTATIB i3 KOHIICHTPAIiHHOT
3aJISKHOCTI MIBUAKOCTI 3BYKY B CTeKIax As,S).. BUsBICHA 3aJIeKHICTh IHTEHCUBHOCTI T'YCTHHU
CTaHIB 1 BUTLHOTO 00’ €My B CTeKJIaX AsyS| x BiJI CEpEeIHHOT0 KOOPAUHAIIITHOTO YHCIA.



