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ABSTRACT

The growing interest in the investigation of theperties of chalcogenide glasses stems from theabeind
potential technological applications of these matisrin solid state devices. Moreover, severalhelse glasses are
easily formed by melt-quenching over a large ranfeompositions making them suitable model sysfemthe
investigation of the composition dependence ofr thebperties. In this paper, we reported the resultom
measurement of the glass composition,BgSeg, (x=2, 4, 6, 8, 10), the dependence of glass tramsit
temperature J, atomic percentage of Se and atomic density withation in average coordination number (Z) on
the basis of topological considerations.
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INTRODUCTION

To grasp the structure of disordered solids has loae of the longstanding problems in condensedemphysics

[1]. For crystalline materials, Understanding tleationships between microscopic structures andrasaopic

properties has been a subject in solid-state phiy8ig it is well known that amorphous solids posseslong-range
order, and not many established techniques capdibitentifying nonperiodic configurations have besrailable,

physics on amorphous materials is far behind th&tecrystalline materials. However, compositiostaldies seem
to be vitally important for amorphous materials. @ basis of the amorphous structure of covaldsssegs,

building elements may be classified into two conmgrun; one is normal bonding structure consistingaMalent

bonds of densities on orders o4@0% cm?®, which can be specified by chemical and topoldgiedures, and the
other one is defects, e.g., impurities, valenceradition pairs, dangling and wrong bonds, i.e. hitiopolar bonds
in stoichiometric alloys [2,3]. The density of defige bonds is, in general, less than’ I that for the covalent
bonds, and therefore structural behaviours arerméied mostly by the normal configurations. Furthtese are
primarily responsible for such electronic propertées the band-gap energy. Thus, consideratiorastyglcharacters
using topological concepts may give fruitful idessiilar to those obtained through the unified ustherding of

crystalline properties based on periodic lattices.

The coordination number is preserved in covaleassg#s, obeying the so-called 8 - N rule, where tRdsvalency
of an atom. The rule suggests that the numberseafest-neighbor atoms for Se, In, and Ge are 2n8, 4,
respectively. The average coordination nhumber ZaMalent bonds is a good measure representing atbeseof
atomic units [4,5,6]. If a sample has a compositbegln,Se ..., , then

Z=4x+3y+2(1-x-Y) (1)
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It should be kept in mind that an implicit assuroptimade on using the average coordination number is
indiscriminate in species of valence bonds. Theribal property is obscured, and instead, the tggpoéd nature
will emerge.

Topological considerations

It may be valuable to consider the transitions at 2.4 and 2.67 in light of the constraint-countiaiggument
originally proposed by Phillips for amorphous c@rdl materials [5,7,8]. Taking the short-range dtne into

account, according to Phillips’ constraints theoity,the glasses having the highest stability, theniber of

topological constraints §§ evaluated for an atom is equal to the numberhef ftexibility, namely the spatial
dimension N =3:

Neo = Ny (2

For a material having the coordination number ofN€p(Z) can be expressed as a sum of radial andlang
valence-force constraints: [5, 9-11]

Neo(2)=2/2+(2Z -3) , ©))

where 2 in the angular term corresponds to thefte@domse ande in a polar-coordinate representatione(iand

¢) of an atom bonded to another atom located abtiggn, and 3 can be related to the system rotadiomund X, v,

and z axes. Combining the egs. (2) and (3), weiita 2.4, i.e., the coordination number of thestngtable glass
is 2.4. The same conclusions are also drawn byofsiee arguments and counting the number of zexqulency
modes [11-14]. However, this is a surprising resdtit is not material specific and there are njusidble

parameters involved in calculations [5, 15].

Later extending the Phillips's prediction, Tanakaressed the constraint for an atom included ihaagy cluster
extending in two dimensional glass structure [3,19-

Neo(Z)= 3 = Z/2+(Z -1) 4)

where the angular term is calculated as exces®def Z variables ia over a rotation freedom around the z axis.
The number of the angular constraints is reducdd te 1) because of the presumption of the planediom-range
configurations. If the cluster is laid in a threéednsional space, each atom must have three indepefreedoms
for stable existence. The expression in eqn (gX = 2.67, i.e., a two-dimensional glass mayixedfstably in a
three-dimensional space, if the coordination nunib2r67.

MATERIALSAND METHODS

For the preparation of Ge-In-Se glasses, high p@liéments (99.999 %) in appropriate atomic peagmtwere
weighed in to quartz ampoules. The ampoules, seslddr high vacuum conditions (10 orr) were suspended in a
vertical furnace at 90C for 24 hours, shaken vigorously for homogeneoixéng. The temperature was raised at a
rate of 3 to 4 K/min. The melt was rapidly quencliwedce-water mixture. The quenched samples wemsved
from the ampoule by dissolving the ampoule in atorx of HF+HO, for about 20 hours. The samples were then
kept at room temperature in dark for about one mdoit attainment of thermodynamic equilibrium asssed by
Abkowitz in chalcogenide glasses [16]. Amorphoutireof the samples was ensured by the absenagyafherp
peaks in the X-ray diffractograms. The preparedssblution in powder form has been used for thémamalysis
using the Differential Thermal Analysis (DTA). Thisaterial was first sealed in a standard aluminpan and the
calorimetric thermo grams of various compositioristtee samples were obtained with DTA calorimeterthie
temperature range 50-700 at various heating rates (10—-20 K minCalorimetric measurements were made under
non-isothermal conditions to study glass transitemperature

RESULTSAND DISCUSSION

Thorpe also interpreted Transition from an underst@ined to an over constrained network [10,hlferms of
percolation of rigidity in an inhomogeneous mediaamtaining both rigid and floppy regions. Anomaldeatures
in many physical properties have been reportedrarali= 2.4 to Z =2.67 in several systems. The tgrigéass
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system Ge-In-Se has got one of the largest glassirig regions among chalcogenide glasses. Therefoie
particularly well suited to test the validity ofetfabove concepts. Germanium, Indium and selenignelaments of
groups 1V, V, and VI respectively. This brings abtiue covalent character of the interaction betwtheir atoms
and results in a broad glass-forming region. In tivee component Ge-In-Se system, selenium wilttredth
germanium and produce structural units of GgS#&/hen germanium is introduced into indium selesjdgadual
composition changes takes place in the system fyrdeSg, and InSe, structural units. Also, formation of
complex structural units like Ggn,Se,, occurs. Approximate thermo chemical calculatiomdidate that in the
three component Ge-In-Se system, there can be aesections with different contents of structuralitsi and
consequently, with different physical and chemipedperties. There can be sections in which thectira is
determined mainly by bonds of the selenium typd.[17

The composition dependence of many physical prigseof Ge-In-Se system of glasses show anomalaietioas
at Z=2.4 and at Z = 2.67. Elastic constants ofiiG8e glasses show a threshold behaviour at 143, but the
data do not match with a previous report [15]. Tpersistent infrared spectral hole burning studiethe effect of
network topology on low temperature relaxation ia-l8-Se system of glasses do not show any indicatioa
rigidity transition or any other unusual featurésZa= 2.4 [18]. On the other hand, the compositi@pendence of
optical band gap and thermal diffusivity show tim@d maxima at Z = 2.67 [19].

The average coordination number Z for the glasspomition Ge,ln,Sesg., is calculated using the relation
Z =[22Nc(Ge) + xNc(In) + (78 — x)Nc(Se)] / 100 (5)

where Nc(Ge), Nc(In) and Nc(Se) are the averagedimation numbers of Ge, In and Se, respectivelerage
coordination numbers of four for Ge, three for mdawo for Se, obeying the so-called (8 — N) rn2€][ were
adopted. An average coordination number of thrednfoa value that was recently obtained by eadierkers [21]

from extended X-ray absorption fine structure (E)X$)Fmeasurements on Ge-In-Se glasses was used in the
calculation of Z. The compositions prepared covexgdnge of Z values from 2.48 to 2.64 with a daseein Se
concentration from 76 to 68 [Fig. 1]. The variatioihglass transition temperaturgWith Z is shown in fig. 2. The
graph indicates the increase igmiith increase in Z but decreasing Se at %.

2.7

2.65 A

2.6 A

2.55 A

2.45 A

Average Coordination Number, Z

2.4
68 70 72 74 76
Seat. %

Fig.1: Variation of Average Coordination Number with Se at.%
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Fig. 2: variation of glasstransition temperature Tgwith Z

The ambient macroscopic density measurements vegfermed by the Archimedes method. The samples fmsed
density measurements were carefully chosen frem fooacks and cleaned in methanol to remove surface
contaminations. The atomic density was calculatechfthe formula [22]

p =poNa /2 GAn (6)

wherepg, Na, G, and A, are the measured density, Avogadro's number, atoaricentration and atomic weight of
the " component, respectively.
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Fig. 3: Variation of atomic density with Z

The variation ofp with Z for glasses with 72 at% Se is shown in 8g.Thep — Z dependence for glasses with 74
at% Se reveals a broad maximum at Z = 2.52 correpg to the composition with 22 at % Ge. This maxin can
be accounted for by using Tanaka's structural itiangnodel [23-25].
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CONCLUSION

The dependence of glass transition temperatyretdmic percentage of Se and atomic density wathiation in
average coordination number (Z) on the basis obltapcal consideration has been found suitable and
accordance with earlier reported works. The an@ralbserved in the atomic density-composition deégece and
Average Coordination Numbers in glasses of the r58d system are found to be consistent with theetsoof
topological transition and the ordered bond netwoddel given by Phillips, Thorpe and Tanaka.
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