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ABSTRACT

Currently, a lot of attention has been given to characterization and improvement of the properties of chalcogenide
glasses in general and the materials exhibiting the switching phenomenon in particular. A study on effect of
decrease in chalcogen content due to variation in Bismuth content on some physical parameters viz. average
coordination number, number of constraints, cross-linking density, molecular weight, fraction of floppy modes,
Lone-pair electron, mean bond energy, glass transition temperature etc., has been summarized in the present article
for GeyBiSenTe (Xx=1.5, 4.5, 7.5, 10.5, 13,5, 16.5, 19.5, 22.5) glassy alloys. To study the glass transition
temperature and mean bond energy, Tichy-Ticha approach has been considered. A smooth variation has been found
in almost all the parameters, studied here.
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INTRODUCTION

It has now more or less established that the cheltde glasses are very interesting materialsefeersible phase
change optical recording devices [1-4]. Ever sitice reversible switching phenomenon in certain sypé

chalcogenide glasses was initially reported [3¢taf attention has been given to improvement ematracterization
of the properties of chalcogenide glasses, in @adi, the materials exhibiting the switching cldeastics. The
phase change can be reversibly switched betweeorystalline and amorphous states, thus findindiegpons in

very useful rewritable optical recording [6, 7]. €llselenium exhibits the unique property of revéesihase
transformation and also applications like photaeterography, memory switching etc. Due to thespegrties, it

becomes attractive, but it is also true that pwkersum has disadvantage like short life time amd bhoto

sensitivity. To overcome these shortcomings ofs®eje impurity atoms like Ge, In, Bi, Te, Ga, Sb, Atg. can be
used to make alloys with Se, which may not onlyasrde sensitivity, crystallization temperature hlsbaeduce
ageing effects [8, 9].

The Ge-Se system is a widely studied system. Tidiest on Ge-Se based glassy alloys, by varying ositipns,
have been reported by several investigators fo6E6ese-Se-Te, Ge-Se-In, Ge-Se-Bi Ge-Se-As, Ge-S&&ise-
Ag, [10-16]. Ge atoms strengthen the average bgndrbss-linking the Se chain structure as theyascbond
modifiers, thereby, enhancing the properties likasg transition temperature and resistivity [17heTglass
formation in Ge-Se system occurs predominantly liaya enriched with Se and containing 0-25 at %G#H.
Addition of more elements like Bi and Te to Ge-8pands the glass forming region and also creategpaositional
and configurational disorder in the system as wsllinduce large effect on their structural, physicatical,
electronic and thermal properties [18].
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MATERIALSAND METHODS

In the present work, we have incorporated Bismuit @ fixed atomic percentage of Te at the costeo€@tent in
the Ge-Se alloy for the compositions belonging &,Bi,See<Te1o (X=1.5, 4.5, 7.5, 10.5, 13.5, 16.5, 19.5, 22.6). |
has been established that physical properties Hs&alloy system are highly compositional depend&at The
variation of properties has been discussed on dkes lof their compositions by increasing Bi contamd hence by
reducing Se content continuously. The present p&p&oncerned with the theoretical aspect of thgsigal
parameters related to composition, viz. coordimatiamber, ,number of constraints, cross-linkingsitgnfraction
of floppy modes, molecular weight, lone-pair elentrmean bond energy and glass transition temperdor
GeBi,Ses Tep alloys.

RESULTSAND DISCUSSION

Average Coordination Number & Bonding Constraints

As per the theory given by J. C. Phillips, it may\aluable to consider the transitions betweenZ4=and 2.67 in
the light of the constraint — counting argumengimrally proposed for amorphous covalent materiady.[Phillips,
in his theory, gave the mechanical-constraint dogrdlgorithms to explain glass forming tendencigse strongest
covalent forces between nearest neighbours seragrangian (mechanical) constraints defining tlegnents of
local structure (building blocks). Constraints asated with the weaker forces of more distant nietghts must be
intrinsically broken leading to the absence of lvagge order. The well known Phillips—Thorpe applos based
on comparing the number of atomic degrees of freeddth the number of inter-atomic force field coagtts. If
the number of degrees of freedom is greater thamtimber of constraints, the network is referredgdfloppy”;
conversely, if the network becomes over-constraistessed-rigid structures will percolate throughihe entire
network. According to Phillips, the tendency ofggidormation would be maximize when the numberegfrdes of
freedom exactly equals the number of constraints.

For the composition GgBi,SesT€1 the average coordination number (Z) was calculétedising the standard
method [21]

7 = WCNg, + XCNg, + YCNg, + ZCN,,
W+X+y+z

where w, X, y and z are the atomic % of Ge, Bi,aBd Te respectively and GN CNg;, CNso, CNy, are their
respective coordination number [22]. It is cleamfrfig 1 that values of Z increase from 2.30 tol2uth increase
in concentration of Bi from 1.5 to 22.5 at %.
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Fig. 1: Variation of Average Coordination Number with Bismuth at. %
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The glassy network are influenced by mechanicalstamts (N) associated with the atomic bonding and an
average coordination number Z which is also relatel.. There are two types of near-neighbour bondinge®iin
covalent solids; bond-stretching-(forces) and bond-bendinf-(forces) [23].

The number of Lagrangian bond-stretching constsgietr atom is given by

Ne=2/2

and, of bond-bending constraints is given by

NB =2Z-3

For the case when allandp constraints are intact and no dangling ends @xite network, equation implies that
the optimum mean coordination number is 2.40 wlgcknown as the rigidity percolation threshold. Kigover-
coordinated or under-coordinated structures are cooiducive to glass formation and, upon coolingdldéo
crystalline solids

The total number of constraints is given by

Ne= Ny + Ng

The variation of Nalong with Z for GgBi,Sess.<Tepare illustrated in fig. 2. It depicts the variatiohN, with Bi at
%. Here the values of MNre found to be increasing from 2.74 to 3.26 wittrease in Bi at.%, which shows in our
composition that the number of constraints &ting on the network are balanced by the numbetegrees of
freedom N available from the atoms in the netwdrkis means that network is isostastically rigid, stmess is
presenti.e. N= Ng.
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Fig. 2: Variation of number of congtraintswith Bi at. %

The cross-linking density(X) is equal to the averagordination number of cross linked chain legsabordination
number of initial chain [24].

X=N;—-2
The variation of cross linking density (X) and mmit&ar weight (M) are shown fig. 3 and fig. 4 redpesy. It is

clear from fig. 3 and fig. 4 respectively that tredues of cross linking density X and moleculargt¢iM increases
with increase in Bi content.
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Fig. 3: Variation of cross-linking density with Bi content
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Fig. 4: Variation of Molecular weight with Bi content

According to M. F. Thorpe [26], the uncoordinateetwork having finite fraction of zero frequency nai
vibrations modes termed as floppy modes in absefhageak long range forces. The fraction of flopppdas
available in a network is given by

f=2—-——

This led to the realization that a glass network l@écome spontaneously rigid when+ 0, defining afloppy to
rigid phasetransition [26].

The values of fraction of floppy modes (f) becomerenand more negative (0.0875 to -0.0875) withease in Bi
content from 1.5 to 22.5 at. %, as depicted in $ig. This shows that the system becomes more amd rigid,
which corresponds to a strong tendency for maklagsy
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Lone pair electrons and glass for ming ability

According to Pauling [27], increasing in the numbéione-pair electrons decreases the strain enargysystem
and structures with large numbers of lone—pairtedes favors glass formation. The number of lona—pé
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 G&i,Ses.4Te1 System with Bi content is illustrated in fig.6.

0.1
0.08 -
0.06 -
0.04 -
0.02 -~
Biat %

16.5 19.5 225 245

bt 0 T T T T

0 15 45 75 1051

-0.02 -
-0.04 -
-0.06 -
-0.08 -

-0.1

Fig. 5: Variation of fraction of floppy modeswith Bi content
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Fig. 6: Variation of Lone-pair electronswith Bi content
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It is clear from fig. 6 that with the increase dfd®ntent, the number of lone—pair electrons desgeaontinuously
in GeyBi,Ses.Te System. This behaviour is caused by the interadiitween the Bi ion and lone-pair electrons
of bridging Se atom. The role of lone-pair electrdm the glass formation decreases by this intieracf simple
criterion was proposed by Zhenhua, for a binaryesgsthe number of lone-pair electrons must be raffgagn 2.6
and for ternary system it must be larger than k Vélues of lone-pair electrons for (,See«T €10 System were
found to decrease from 3.41 to 2.99, from whiclmiy be concluded that the present system undey stud
exhibiting good glass forming ability.

Deviation from the stoichiometery of composition

To determine the deviation from stoichiometry, flm@ameter ‘R’ has been calculated. The R paransetxpressed
by the ratio of content bond possibilities of cloglen atoms to that of non-chalcogen atoms. FQiBE&Se . T€10
system, the parameter R is given by [29, 30]

R= YCN(Se) + zCN (Te)
WCN (Ge) + XCN(Bi)

where w, X, y and z are atomic fractions of Ge, 38 and Te respectively. The threshold at R=1 [fibiat of

existence of only heteropolar bonds) marks the mmimh selenium content at which a chemically ordertsvork is

possible without metal-metal bond formation. ForlRthe system is chalcogen rich and for R<1, thstesy is

chalcogen poor. From fig. 7, it is observed that phesent system is chalcogen rich, but turningatds/chalcogen
poor with the increase in content of bismuth in slgstem. The major limitation of this approachhiattit does not
account for molecular interactions, which play @Mmole in the relaxation process in the glassditéon region.
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Fig. 7: Variation of parameter R with Bi content

Mean Bond Energy and Glass Transition Temperature

There are various properties of chalcogenide gtas#dgch may be related to overall mean bond enetfgy.
According to Tichy and Ticha, the value of glasnsition temperature should not only be relatecbttnectedness
of the network which is related to Z, but shouldoabe related to the quality of connections, tlee, mean bond
energy between the atoms of the network. The dveraan bond energy for the GBi,Ses..TeoSystem is given

by
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<E>:Ec+Erm

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

For Gg, Bix Sg Te, system, where (w + x + y + z) = 1, in seleniunhrsystems (R>1) where there are heteropolar
bonds and chalcogen-chalcogen bonds

Ec = 4WEGe—Se + 3XEBi—Se + 2ZE%—Te
and

£ :[Zy— 4WZ— X- 22} E

denotes the average homopolar bonding energy. €E3&en found to increase with increase in conatortrof Bi
from 1.5 to 22.5 at. % as depicted in fig. 8.

2.550

2.500 A

2.450 -+

2.400 A

<E>

2.350 A

2.300 -+

2.250 ~

2-200 1 I I I I 1 T 1
0 15 45 7.5 10.513.516.519.5 22.5 24.5

Biat %

Fig. 8: Variation of overall mean bond ener gy with Bi content

An impressive correlation of mean bond energy widiss transition temperaturg Was illustrated by Tichy and
Ticha by the relation [29, 30]

T,=311KE>-09

The variation of § with Bi content is shown in fig. 9, which is cladepicting the rise in glass transition
temperature from 408.84 to 491.04 with increasirggdontent of Bi from 1.5 to 22.5 at. % due te iis mean bond
energy of the glassy system.
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Fig. 9: Variation of glasstransition temperatur e with Bi content
CONCLUSION

The incorporation of Bi and Te to Ge-Se glassyyalleads to significant change in the physical prtes. By
studying various figures given in the text, it isar that almost all the parameters, mentioned ebexcept fraction
of floppy modes, Lone-pair electron and the paramit{ were found to be increased with the incréags content.

The positive values of R confirm the alloys as chgén rich up to our extreme limit i.e. up to xZ2at. %. The
values of lone-pair electrons show a satisfactagidpd glass forming ability of present glass systéhe results
also show that mean bond energy <E> is proportitmalass transition temperature and both increasgsthe

increase in content of Bi.
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