
Solid State Communications Vol. 2 1, pp. 277-280, 1977. Pergamon Press. Printed in Great Britain 

RAMAN-BRILLOUIN LIGHT SCATTERING DETERMINATION OF THE STRUCTURAL CORRELATION 
RANGE IN GeS2 GLASS* 

R.J. Nemanich,? M. Gormant and S.A. Soling 

The Department of Physics and the James Franck Institute, The University of Chicago, Chicago, IL 60637, U.S.A. 

(Received 17 August 1976 by J. Tuuc) 

Polarized Brillouin and low frequency (3 cm-’ < o < 40 cm-‘) Raman 
spectra of GeSz glass have been measured. Parameters determined from the 
Brillouin spectra have been used in the theory of Martin and Brenig to 
obtain from a tit of the Raman spectrum the structural correlation range, 
2u.Wefmd2u=8+18. 

ONE of the key parameters which characterizes the struc- 
ture of a disordered solid is the structural correlation 
range (SCR), the characteristic length within which the 
positions of atoms in an amorphous solid are correlated. 
Only recently, however, have definitive experimental 
procedures for determining the SCR been proposed. 
Most noteworthy in this regard is the work of Martin and 
Brenig (MB).l They have carefully established a theor- 
etical basis for a straightforward experimental determi- 
nation of the (SCR) from the low frequency light scatter- 
ing spectrum of a disordered solid. Yet the MB theory 
remains largely untested. Thus we have undertaken a 
thorough examination of the low frequency light scatter- 
ing spectra of several bulk glass compounds and alloys 
formed from Ge, As, S and Se. The complete details and 
results of that examination will be reported elsewhere.2 
In this communication we shall focus on GeSz as a model 
compound to which the MB theory can be applied. Our 
purpose is to compare the low frequency light scattering 
results for the SCR with the results of other techniques 
such as X-ray diffraction and normal (w > 30 cm-‘) 
Raman scattering. The MB model can also be used to 
calculate the low frequency depolarization spectrum of a 
disordered solid. Therefore, as an additional test of the 
model, the theoretical and experimental polarization pro- 
perties of the Raman spectra of GeSz glass will be com- 
pared. 

A sample of GeSz obtained from G. Lucovsky was a 
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rectangular parallelepiped polished on the four large 
faces. The sample was of high optical quality and 
exhibited a polarization extinction in excess of 25 dB 
when placed between crossed polarizers and measured 
with 6471 AKr radiation. The reflectivity, R, of the 
GeS, glass was measured at 5 145 A as was the absorp- 
tion coefficient, (II, which was found to be 0.094 cm-‘. 
The negligibly small value of o allows the index of re- 
fraction, n, to be determined solely from the reflectivity 
as n = (4 + I)/(@ - 1). We find that R = 0.120 and 
n = 2.060. This value of n agrees well with the value 2.04 
determined from the high frequency dielectric constant.4 

Transmission right angle Raman measurements of 
the low frequency (3 cm-’ < w < 40 cm-‘) light scatter- 
ing from GeSz glass were performed with a conventional 
spectrometer but using a very high resolution of 0.6 cm-’ 
The spectra were excited with the 7525 A Kr ion laser 
line. The depolarization spectrum Pi was obtained 
from p(w) = lll,I(w)/lu(w) where Z(w) is the spectral 
distribution of Raman intensity, w is the Raman shift 
in wavenumbers, and the subscripts indicate that incident 
(scattered) radiation was polarized (analyzed) either 
parallel to (11) or perpendicular to (1) the scattering plane. 

Polarized Brillouin spectra of GeS? glass were 
excited with the 5 145 A line of an argon ion laser oper- 
ating in single frequency and were recorded in the right 
angle transmission scattering geometry using a piezo- 
electrically scanned triple pass Tropel Model 350 Fabry 
Perot interferometer modified to accommodate Burleigh 
Model RC 22 corner cubes and Burleigh Model RC70-B4 
2 in. mirrors. A photon counting detection system was 
used in conjunction with a homemade multichannel 
analyzer to record spectra obtained in the multiscan 
mode. The interferometer was calibrated by a method 
described by Grimsditch and Ramdas’ with several lines 
of Ne and Hg spectral lamns. Scanning nonlinearities 
introduce a slight distortion of the abscissae of Brillouin 
spectra presented here. However, those nonlinearities 
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Fig. 1. Polarized Brillouin spectra of GeSz glass recorded 
in the right angle scattering geometry with a free spectral 
range of 1.39 cm-‘. The transverse (longitudinal) 
phonons are labeled by T(L). 

have been accounted for in the reported values of the 
Brillouin shifts. 

We shall now determine the SCR of GeSz glass using 
the elastic continuum model of MB for low frequency 
light scattering in disordered solids. From the MB theory 
it can be shown that the intensity IllJ(o) of mechani- 
cally and electrically disorder induced low frequency 
light scattering is given by 

h 
4NQ) + 11 = A~*rkLw + %T(~>l (1) 

where 
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Fig. 2. Polarized low frequency Raman spectra of GeS2 
glass recorded with a spectral slit width of 0.6 cm-‘. 
Note that the abscissa is marked in wavenumbers but is 
linear in wavelength. 

Here 20 is the SCR, n(w) is the Bose occupation num- 
ber, w is the Raman shift in wavenumbers, z+-(z)~) is the 
velocity of transverse (longitudinal) sound waves in the 
glass and A is a constant. Equation (1) is valid when 
there is no contribution to the scattered intensity at w 
from the Brillouin spectral components and in the long 
wavelength limit defined by 

x = 2nc <l /J= T,L. (9 

The low frequency depolarization spectrum of a dis- 
ordered solid can also be deduced from the MB theory 
and is given by 

1 +2 LcL(W) 

P(O) = 
~ll,l(“) 3 &%(a) _ i 1 

Zl,l(W) ;+;&@& [IO%+!] (6) 

Here C,, p = T, L, are related to the elasto-optic con- 
stants Pii and the static susceptibility ~0 by 

C, = 4xo[P44 + Sk21 
and CT = 8x,-,Pw (7) 

and equation (6) is based on the assumption that the 
fractional mean square spatial fluctuations of CL and 
C,, SC~/C~ and SC$/C$ respectively are approximately 
equal. The ratio CL/CT can be deduced from the ratio 
Pw/Pi2 which in turn can be obtained from the ratio of 
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the intensities IL and Z,, respectively of the longitudinal 
and transverse phonons irrthe Brillouin spectrum. 

To determine the SCR we first measure the parameters 
v,, v,, and (CL/C,) using the Brillouin spectrum. The 
sound velocities are then used with equation (1) to tit 
the low frequency disorder induced spectrum with u as 
an adjustable parameter. Finally the sound velocities 
together with C,/C, are used with equation (6) to com- 
pare the theoretical frequency dependence of the de- 
polarization spectrum with experimental results. 

The polarized Brillouin spectra of bulk GeSz glass 
are shown in Fig. 1. As expected’ The longitudinal 
acoustic phonon appears only in Z1,I whereas, the 
transverse phonon is present only in Z, 11. From the 
Brillouin shifts of 0.564 and 0.330 cm” and the 
measured index of refraction n = 2.060 we find from 
the equation for right angle Brillouin scattering 

0 10 20 30 40 50 

that v, = 2.99 x 10’ cm/set and vT = 1.75 x lo5 cm/set. Raman Shift km-‘) 

[In equation (9) Xe is the free space wavelength of the 
incident ratiation.] From the observed relative intensity 

Fig. 3. (a) Comparison of the theoretical reduced 

ZT/ZL r 0.025 and equations (7) and (8) we also find 
Raman spectrum of amorphous GeSz (solid line) with 

that C, JCL z 3 S. 
the measured spectrum (solid dots). (b) Comparison of 
the theoretical depolarization spectrum of GeSz glass 

The polarized low frequency Raman spectra (solid line) with the measured spectrum (solid dots). 

Zls(w) and Zll~(w) of GeSz glass are shown in Fig. 2. 
Note from that figure that GeSz like SiOz * exhibits a Scherrer formula L = 0.9X/ [B(20) cos 191. Here h is the 
light scattering excess at low frequencies. This excess X-ray wavelength, B(20) is the width of the peak and 0 
and its temperature dependence are addressed elsewhere.2 is its angular position. If the X-ray data of Rowland et al. 

The reduced Raman spectrum [Zl,,Jw)] /(w [n(w) + 11) are analyzed in this way one finds L z 13 A in reason- 
is plotted in digital form in Fig. 3(a) and is denoted by able but not exceptional agreement with the SCR of 
the solid dots. Also shown as a solid line in Fig. 3(a) is 8 f 1 A. Additional information on structural corre- 
the best computer fit to the data using equation (1) lations in Ge& glass can be extracted from the normal 
with A and u as adjustable paarmeters. Only the fre- (w > 30 cm-‘) Raman spectrum which like the spec- 
quency region of the long wavelength limit defined by trum of GeSez shows evidence of vibrational excitations 
equation (5) has been fit. For GeSz glass we find 20 = of large symmetric ring structures consisting of six Ge 
8 f 1 A. For w < 5 cm-’ the experimental spectrum is atoms interconnected by S-atoms.” The first neigh- 
dominated by the above referenced excess scattering as bor distance in GeSz glass of 2.2 A yields a ring dia- 
well as by the Rayleigh and parasitic scattering which of meter of 7.3 A which is in excellent agreement with our 
course are not included in the MB model. observed value of the SCR. 

The radial distribution function (RDF) of GeS2 Consider now the experimental depolarization spec- 
has been reported by Rowland et al.’ who observed trum p(w) of GeSz which is compared in Fig. 3(b) with 
correlations extending to 8 A, the experimental cutoff. the corresponding theoretical spectrum calculated using 
However, there is, to our knowledge, no established equation (6). The experimental values of p(o) are much 
procedure for extracting the SCR from an RDF since greater than the ratio of the Brillouin intensities ZL II/ 
the point at which oscillations (indicative of correlation) Z,, = ZT/ZL = 0.025. Thus the Brillouin “wing” contri- 
cease depends largely on experimental technique. bution to the low frequency Raman spectrum is indeed 
deNeuftie et al. have suggested that a correlation range negligible as assumed in the derivation of equations (1) 
L might be inferred from the first peak in the X-ray and (6). Nevertheless there is a clear discrepancy be- 
diffractometer profile of a disordered solid through the tween the theoretical and observed depolarization 
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spectra. Winterling’ recently reported that the observed 
low frequency depolarization spectrum of SiO? was fre- 
quency independent with p(w) = 0.030 + 0.03 in agree- 
ment with the w = 0 value calculated using equation (6). 
However if the w dependence of equation (6) is not 
ignored the theoretical value of p(o) is 0.23 for x = 0.5 
[see equation (5)] and 0.12 for x = 1. Thus the theor- 
etical and experimental values of p(o) are in disagree- 
ment for fused SiOz as well as GeSa glass. 

While the MB theory yields through equation (1) a 
quite reasonable value for the SCR it gives using equa- 
tion (6) unacceptable values of p(w). The key distinc- 
tion between equations (1) and (6) is that the derivation 
of the latter included the assumption that SCi/C2 E 
X$/C& The proper form of equation (6) unencumbered 
by that particular assumption is obtained merely by 

making the following substitution for the term in square 
brackets 

where E is the elastic constant. With the proper form of 
equation (6) and our polarization results we find that 
SC’;/: Q SCg/Cg for GeSz glass. Given the multitude 
of assumptions inherent in the derivation of equation 
(1) it is not clear whether the condition SCi/Ci < 
6Cg/Cg is alone responsible for the discrepancy be- 
tween the theoretical and experimental values of the 
depolarization ratio. 
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