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Peculiarities of refractive index temperature dispersion
of Ge-As-S-I glasses system
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The temperature dependence of the refractive index of glass-like disordered alloys of
Ge-As-S-1 was studied by a prism, normal incident beam, technique in the range from
4.2 K till 420 K. Two quasi-binaries of this material system, i.e., (As253)x(GeS2)1-x and
(AsSI)(GeS2)1.x, with 0 < x < 0.51, were investigated. As the result of the performed
experiments it has been evidenced that in both cases, of the chosen binaries, the value of
ionicity of the chemical bonds in the alloys increses when the content of GeS; increases
( x decreases). It has also been shown that glasses of the Ge-As-S-1 material system can
be synthesized which exhibit positive-, negative-, or zero-valued temperature increment

An/AT of the refractive index in fairly wide temperature and wavelength regions.

1. Introduction

An increased interest in the application of multi-
component chalcogenide and chalcohalogenide glasses
and films for the construction of optical and especially
acousto-optical devices, emphasizes the importance of
their optical studies. Such glass materials differ from
other transparent solids by their optical parameters and
are characterized by relatively high refraction index n
values and low dispersion coefficient.

In this paper the results of the temperature inves-
tigation of refractive index dispersion in the disordered
alloys of Ge-As-S-I glass-like system along AsSs3-
GeS2 and AsSI-GeS» quasibinary section are given. It
was shown that the chemical bond’s degree of ionicity
in the studied systems rises with the increasing of
GeS4 structure complexes number in the matrix of
glass-generating compounds — As>S3 and AsSI.

The possibility for synthesis of glasses with posi-
tive, nought and negative values of refractive index
temperature increment An/AT in the wide temperature
and spectrum regions was established.
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2. Experimental results

The results of temperature dependence studies of
refractive index dispersion in disordered alloys on the
basis of Ge-As-S-I system along (As2S3)x (GeS2)1-x
and (AsSI)x (GeS3)1x directions in the medium in-
frared spectral range are reported.

Refractive index dispersion was studied by a prism
technique (normal incident beam technique) with
a setup, based on an IKS-21 spectrometer and a ODH-
10 optical division head [1]. The refractive index was
measured within +0.001. Low-temperature and high-
temperature studies of the refractive index dispersion
were performed using a special purpose helium cryos-
tate. The sample temperature was controlled within 1
K. The refraction angle ¢ of the prismatic sample was
chosen as about 15° and determined within & 2", using
a GS-1,5 goniometer.

The refractive index value was calculated as:

ne sin(¢ + 8)

sind

where & is the deviation angle of the beam, passing
through the prismatic sample. The results of the refrac-
tive index dispersion studies in As2S3-GeSz system
glasses for various x values are given in Fig.1a. The
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Fig. 1. Refractive index in the glassy alloys:

a — (As2S3)x (GeS2)1-x, x= 1.0(1); 0.9 (2); 0.75(3); 0.6(4);
0.5(5); 0.4(6); 0.3(7); 0.2(8); 0.1(9); 0.0(10).

b—(AsSDx (GeS2)1-x, x=1.0(1); 0.8(2); 0.6(3); 0.5(4); 0.4(5);
0.2(6); 0.0(7).

obtained results indicate that the As;S3 binary com-
pound exhibits a maximum value of refractive index.
The increase of GeSz concentration in As>S3 glass-
forming matrix leads to a corresponding decrease in
the refractive index value. In the short-wavelength
range (A <2 wm) a sharp increase in the refractive
index due to the beginning of the fundamental absorp-
tion band, is observed. The refraction index dispersion
is characterized by normal behaviour at A < 11 pm. At
higher wavelengths singularities in the refractive index
dispersion are observed due to a variety of local vibra-
tions, typical for glassy alloys in this spectral range.

A similar dependence in n dispersion is also
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Fig. 2. Refractive index temperature increment of the glassy
alloys:

a — (As2S3)x (GeS2)1-x, x= 1.0(1); 0.9 (2); 0.75(3); 0.6(4);
0.5(5); 0.4(6); 0.1(7); 0.0(8).

b - (AsSDx (GeS2)1x, x = 1.0(1); 0.8(2); 0.6(3); 0.5(4);
0.4(5); 0.2(6); 0.0(7) (=5 m).

revealed for the glasses of (AsSI)x(GeS2)i1x system
(Fig.1b). For all compositions of Ge-As-S-I system at
shorter wavelengths a gradual decrease in the refrac-
tive index is observed. With the increase of GeS con-
tent the refractive index value varies from 2.243 for
AsSI to 2.016 for GeS; (A <5 pum).

The refractive index temperature increments of the
(As2S3)x (GeSz)1-x glassy alloys are given in Fig. 2a.
As follows from the analysis of the obtained plots it
can be concluded that, in the glasses of this system,
An/AT sign is changed under transition from trigonally
(typical for AsS) to tetrahedrally (typical for GeS)
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bound structural units. For the (As2S3)0.75 (GeS2)o.25
composition (2a, curve 3) the An/AT value is practical-
ly zero within 150 to 320 K.

The results of temperature variation for the (AsSI)y
(GeS)1.x glassy alloys refractive index is shown in Fig.
2b. As in the preceding case, for the AsSI-GeS; system
of glasses the An/AT sign is changed and its value
varies vs composition. For the alloys of this system
a sharp decrease of refractive index in the range of
softening temperatures Tg is observed, which is
probably due to the thermodynamic instability of glas-
ses, where structural units typical for AsSI compound,
prevail [2]. On the basis of n=f(T) relations we have
plotted dispersion dependences of the refractive index
temperature increment for (AsSI)x (GeSz);-x glasses at
different x values. The An/AT = f(A) dependence
(Fig.3) reveals the following features. For
(AsSI)x(GeSz)1x glassy alloys at 0.18 < x <0.22 mol%
GeS; the ratio An/AT appears to be independent of
temperature within 5 to 420 K in a relatively broad
spectral range. It should be noted that at present the
parameters and properties necessary for the quantita-
tive description of the refractive index temperature in-
crement An/AT of the glasses of the system under
investigation, are not available, therefore we restrict
ourselves to the qualitative description of the observed
phenomenon.
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Fig. 3. Dispersion of (AsSI)x (GeS2)1-x glassy alloys refrac-
tive index temperature increment; x = 1.0(1); 0.8(2); 0.6(3);
0.5(4); 0.4(5); 0.2(6); 0.0(7).

3. Discussion

In Ref.3 two types of physical effects, affecting the
An/AT sign and value, are considered. The first is the
thermal expansion: with the increase in temperature the

Table 1. Compositional dependences of pseudogap (Egy), plasmon energy (Epv), 1 parameter, oscillator strength (F), chemical bond
ionicity degree (f;), dispersion energy (Eq), average coordination number (N.) and refractive index temperature increment (An/AT)
for Ge-As-S-1 glassy alloys.

Composition X Egu [eV] | Epy[,eV] n F[eV2] fi [%] N Ed [eV] IA(;);’I%TI‘

(As283)x(GeS2)1-x 1.0 242 17.42 1.29 114 45 4.3 23.5 -0.7
0.9 2.51 17.41 1.30 113 48 42 22.5 0.4
0.75 2.58 17.28 1.31 119 48 43 22.7 0.0
0.6 2.66 17.21 1.32 124 49 4.4 22.6 0.6
0.5 2.74 17.15 1.32 128 50 4.5 225 1.0
04 2.79 17.14 1.34 119 52 43 20.8 =
0.3 2.84 17.06 1.35 128 53 4.5 21.3 1.9
0.2 2.90 17.03 1.36 130 54 4.6 21.2 -
0.1 2.97 16.86 1.36 132 55 4.7 20.9 2.0
0.0 3.10 16.38 1.37 128 56 4.7 20.0 1.5

(AsSDx(GeS2)1.x 1.0 2.35 15.89 1.32 -9.5
0.8 2.46 15.82 1.33 -8.4
0.6 2.56 16.00 1.35 -6.0
0.5 2.62 16.04 1.35 —4.5
0.4 272 16.10 1.36 -1.5
0.2 2.90 16.28 1.36 0.0
0.0 3.10 16.38 1.37 128 56 1.7 20.0 1.5
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material expands and becomes less dense. If this
mechanism was the only one, a trend to obtain a nega-
tive An/AT would be observed. The second effect con-
sists in variation of the electronic polarisation of the
material vs temperature. In the case of diamond-type
and zincblende-type semiconductors the electronic
contribution prevails in the whole transparency range
apart from a narrow range in the vicinity of TO phonon
energy, by virtue of dEg /dT term contrary to the
contribution from the thermal expansion effects. For
such materials An/AT has a positive sign and a value
on the order of 104 K1 .

For ionic crystals the main contribution to the fre-
quency dependence of value An/AT is made by the
thermal expansion variation effect, prevailing over the
electronic contribution, and An/AT has high negative
values of about 3 x 10 K-! . Having compared our
results (Fig.3) with those for NaCl, NaF, KCl, Csl, we
observe similar plots of An/AT =f(A). Such similarity
enables one to assume that in our case phonon disper-
sion also favours the An/AT value determination, start-
ing from 1 = 4 mm. For glasses, possessing zero value
of An/AT according to [3], the polarisation variation
effects in the discussed temperature range is compen-
sated by the density variation effect.

Using the optical refractometric formula for
isotropic substances, relating pseudogap Eg the
refractive index and electron-plasma vibration energy
Epy [5] taking into account the internal field, we have
determined a quasiconstant 1), characterizing a ratio
between the energy of intrinsic electronic (polariza-
tional) vibrations of the corresponding equivalent os-
cillator and the mean arithmetic value of Epy and Egu
A value of 1 increases with the degree of ionicity of
binding with a transition from trigonal (chain-like) to
tetragonal structural units.

Note that the refractive index dispersion data for
the chalcogenide glasses can be used for studying their
structure dependence on composition. From this point
of view the conclusions of [6] seem to be the most
interesting, where an expression, relating the refractive
index n, the oscillator strength F and the oscillator
intrinsic vibration energy EY, is proposed for the
transparency range within a one-oscillator model ap-
proximation. By means of this relation, some energy
parameters of the glassy alloys and compounds under
investigation were determined, their values being listed
in the Table. Using F and Eg values, we have calculated
Eq value, determining the electronic dielectric constant
dispersion in non-metal solids depending on their
chemical nature. When E4 is known, according to [7],
the degree of ionicity of chemical bonds fj in the disor-
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dered alloys under investigation can be determined.
The results of the analysis in the Table 1 shows the
bond ionicity degree to increase with the transition
from trigonal to tetrahedrally bound structural units.
Besides, when these parameters are known, the coor-
dination number N of the central atom with respect to
the anion can be determined. Note that the calculations
of the coordination number for AsSI-GeS, glasses
within the framework of [6] model appeared to be
difficult due to the complicated structure of the system
under investigation.

4. Conclusions

The results of temperature refractometric studies of
Ge-As-S-1 have shown that glassy alloy systems ex-
hibit along As>S3-GeS2 and AsSI-GeS directions the
chemical bond ionicity degree of the considered alloys
increasing with the amount of GeSa structural com-
plexes in AsyS3 and AsSI glass-forming matrices. The
principal possibility of the glasses with positive, zero
and negative An/AT value in a broad spectral range is
stated, which enables the studied glasses to be sug-
gested for manufacturing of non-untuning optical sys-
tem elements.
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