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ABSTRACT

Recently the growing interest in the investigatidrihe physical properties of chalcogenide glasgems from the
actual and potential technological applicationstbése materials in solid state devices. The phiygiaeameters
viz. average coordination number, number of coristsa cross-linking density, molecular weight, Leguagr
electron, mean bond energy, glass transition tewpee etc., with the variation in Germanium conteave been
studied theoretically in the present article B8 SeyxTeo (X = 3, 6, 9, 12, 15, 18 at. 9g)assy alloys. Here the
well established Tichy-Ticha approach has been usedtudy the mean bond energy and glass transition
temperature.

Keywords: Chalcogenide GlasseayerageCoordination Number; Lone pair electron; mean benergy.

INTRODUCTION

The chalcogenide glasses are recently studiedriyn@ber of researchers as they are very interestiugrials for
reversible phase change optical recording devited.[Ever since the reversible switching phenonmeimocertain
types of chalcogenide glasses was first reportédd4ot of attention has been given to charaction and
improvement of the properties of chalcogenide @sass1 particular the materials exhibiting the shiiig
phenomenon. It is well known that the phase charage be reversibly switched between the amorphogds an
crystalline state and find applications in rewrigabptical recording [5, 6, 7].

As it is well known that amorphous solids possestong-range order, and not many established tgadlesicapable
of identifying non-periodic configurations have hesvailable, physics on amorphous materials ibédind that of
the crystalline materials. However, compositiorntatisees seem to be vitally important for amorphowgerials. The
investigation of composition dependence of variptgperties of chalcogenide glasses has been iredtehsing
last decade. The consideration of glassy characgngy topological concepts may give fruitful idesamilar to
those obtained through the unified understanding ydtalline properties based on periodic lattices.

As selenium exhibits the unique property of revd@esphase transformation and also applications piketocells,
xerography, memory switching etc., it seems aftracbut pure selenium has disadvantage like diertime and
low photo sensitivity. To overcome this problempeoimpurity atoms like Ge, Te, Bi, Ga, In, Sb, Ag.ean be
used to make alloys with Se, which may enhanceitbgtys crystallization temperature and reduce iageeffects
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[8, 9, 10]. The compositional dependence studieglassy alloys were reported for Ge-Se, Se-Te, &#SGe-Se-
Bi, Ge-Se-Sh, Ge-Se-As, Ge-Se-Ag, [11-18]. Additidrihird element like Ge to Se-Te expands thesgfasming
region and also creates compositional and conftgural disorder in the system as well as inducgdaeffect on
their structural, physical, optical, electronic atibrmal properties. Ge atoms act as bond modifieus they
strengthen the average bond by cross-linking thel#én structure, thereby enhancing the propelttiesglass
transition temperature and resistivity [19, 20].

In the present work, we have incorporated Ge inSbele alloy for the compositions belonging to.&®y..T ey (X
=3,6,9, 12, 15, 18 at. %). The addition of théfdment used to create compositional and configura disorder
in the material with respect to the binary allog&][ It has been established that physical progeiti this system
are highly composition dependent [21, 22]. The ataoh of properties has been discussed on the lbédiseir
compositions. The present paper is concerned Wwihtieoretical predictions of the physical paransetelated to
composition, viz. coordination number, constrairgsss-linking density, molecular weight, lone-paiectron,
mean bond energy and glass transition temperatciréoe GgSey T & glassy alloys.

THEORETICAL STUDIES AND DISCUSSION

Average Coordination Number & Bonding Constraints

Phillips gave the mechanical-constraint countingoathms to explain glass forming tendencies. Ttrengest
covalent forces between nearest neighbours seragrangian (mechanical) constraints defining tleenents of
local structure (building blocks). Constraints asated with the weaker forces of more distant nieights must be
intrinsically broken leading to the absence of kwagge order [23].

For the composition GBey«Tey, the average coordination number (Z) was calcdldte using the standard
method [24]

—_ aNGe + bNSe+ CI\ITe
a+b+c

Z

where a, b and ¢ are the at. % of Ge, Se and Pectgely and N, Nses Ny are their respective coordination
number [24]. The calculated values of average doatin number for GSey.<Te (x=3 to 18 at. %) system are
listed in table 1. It is clear from fig 1 that vekiof Z increase from 2.06 to 2.36 with increaseoincentration of Ge
from 3 to 18 at. %.
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Fig. 1: Variation of Average Coordination Number with Ge at. %

The glassy network are influenced by mechanicalstamts (N) associated with the atomic bonding and an
average coordination number Z which is also reléved.. There are two types of near-neighbor bondinge®iia
covalent solids; bond-stretching-(forces) and bond-bendinf-(forces) [25].

The number of Lagrangian bond-stretching constsgiet atom is
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N,=2/2
And, of bond-bending constraints is
NB =2Z-3
The total number of constraints is given by
Ne= N, + Ng

The values of Nfor GgSey T €0 are given in table 1. Here;hcrease from 2.15 to 2.90 with increase in Gé&at.

The cross-linking density(X) is equal to the averagordination number of cross linked chain legsabordination
number of initial chain [26].
X=N;,-2

The values of cross linking density (X) and molecwieight (M) are shown in table 1. From fig. &itlear that the
value X increases from 0.15 to 0.90 with increas&e content from 3 to 18 at. %. The variation ofalith Ge
content is given in fig. 3, which shows that M &cdeasing with the increase in Ge content from Btat. %.

Lone pair electrons and glass forming ability

Pauling proposed that an increase in the numbénefpair electrons decreases the strain energysystem and
structures with large numbers of lone—pair eledréavours glass formation [27]. The number of Iqeer of
electrons is calculated using the relation [28]

L=V-Z
where L is the number of lone pair electrons, this valance electron and Z is the average cooidmatumber.

The results of Lone-pair electron for Sey.«Te0 System are tabulated in table 1.Variation of lpaé-electrons
with Ge content are shown in fig. 4.
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Fig. 2: Variation of cross-linking density X with Ge content
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Fig. 3: Variation of Molecular weight M with Ge corntent
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Fig. 4: Variation of Lone-pair electrons with Ge catent

It is clear from the variation of lone-pair electsothat with the increase of Ge content, the nunobdone—pair
electrons decreases continuously in$&g.«Texo system. This behaviour is caused by the interadiigtween the
Ge ion and lone-pair electrons of bridging Se atdhe role of lone-pair electrons in the glass fdiamadecreases
by this interaction. A simple criterion was propodd®y Zhenhua [28] for a binary system and terngsgesn i.e. for
a binary system the number of lone-pair electronstrbe larger than 2.6 and for ternary system istrbe larger
than 1. This is clear from the table 1, that theies of lone-pair electrons for (&€ System varies between
3.28 and 3.88, concludes that the present systederstudy, is exhibiting good glass forming ailit

Deviation from the stoichiometery of composition

The parameter R that determines the deviation fetaichiometry is expressed by the ratio of conteand
possibilities of chalcogen atoms to that of nonlobgen atoms. For G8esp<T e System, the parameter R is given
by [29, 30]

R= bCN(Sé+ cCN Te
aCN(Ge¢

where a, b, ¢ are atomic frictions of Ge, Se andébpectively. The values of R are mentioned ietdb The
parameter R also plays an important role in thdyaigof the results. Depending on R values, thaladgenide
systems can be organized into three different caitesg
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a) For R = 1, the system reaches the stoichiometrigposition since only hetero polar bonds aregores
b) For R > 1, the system is chalcogen-rich. Theeehatero-polar bonds and chalcogen—chalcogen lpeesent.
¢) For R < 1, the system is chalcogen-poor. Thezealy hetero-polar bonds and metal-metal bonelsgmt

It is clear from the values of R that our systemadsy much chalcogen rich. The major limitationtlus approach is
that it does not account for molecular interactjombich play a vital role in the relaxation processthe glass
transition region.

Mean Bond Energy And Glass Transition Temperature

There are many properties of chalcogenide glasséshvare related to overall mean bond energy <kchyrand
Ticha [29, 30] reported that the value of glassgition temperature should not only be relatedaionectedness of
the network which is related to Z, but should deaelated to the quality of connections, i.e.,rittemn bond energy
between the atoms of the network. The overall nfeard energy for the GBeyp<Te( System is given by

<E>=E +E,

where E is overall contribution towards bond energy agsirom strong heteropolar bonds ang, E contribution
arising from weaker bonds that remains after ttengtbonds have been maximized.

For Gg Se, Te, system, where (a + b + ¢) = 1, in selenium rickteasps (R>1) where there are heteropolar bonds and

chalcogen-chalcogen bonds
Ec = 4aEGe— Se+ 2CESe

and

£ - 2b—4;a—2c E.

rm e- S¢

denotes the average homopolar bonding energy. dlvew of E, E;,, and <E> are given in table 1. It is clear from
fig. 5 that <E> increases with increase in conegitun of Ge from 3to 18 at. % .

An impressive correlation of mean bond energy wiédss transition temperaturg Was illustrated by Tichy and
Ticha by the relation

T,=311<E>-0.9]

The values of Jcorresponding to <E> is mentioned in table 2 drvariation of T with Ge content is shown in
fig. 6, which is clearly depicting the rise in gdasansition temperature with increasing the cantéiGe due to rise
in mean bond energy of the glassy system.
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Fig. 5:

Variation of overall mean bond energy withGe content
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Fig. 6: Variation of glass transition temperature Ty with Ge content

Table 1

Ge |Se|Te| Z Ne¢ X L R <E>eV/atom Ty
a b c M (g/mol) (K)
3 | 77| 20| 2.06) 2.1 0.15 88.50 3.88 16/17 2.054 9B68.
6 | 74| 20| 2.12] 23| 0.3 88.31 3.76  7.883 2.123 380.28
9 | 71| 2C | 2.18 | 2.45 | 0.4¢ 88.1: 3.6¢ | 5.05¢ 2.202 404.8:
12 | 68| 20| 224 26/ 0.6 87.93 3.52 3.667 2.290 432.3
15| 65| 20| 23| 27§ 0.7 87.74 3.40 2.833 2.387 606P0.
18 | 62| 20| 2.36) 29 0.9 87.55 3.28 2.278 2.493 495.3

CONCLUSION

The addition of Ge to Se-Te glassy alloys leadshange in the physical properties. As it is cleant various
figures and tables given above that almost allprameters, mentioned above, except molecular wdighe-pair
electron and the parameter R were increased withnitrease in Ge content. The positive values obiirm the
alloys as chalcogen rich. The values of lone-plaicteons show good glass forming ability of presglass system.
The results also show that mean bond energy <Bproortional to glass transition temperature antth frecreases
with the increase in content of Ge. The presentesyss in accordance with the earlier researchesrding to
which system with large number of lone-pair elecsroonstitutes a stable state.
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