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Theoretical approachto study the effect of
indium on the some physical propertiesof the
chalcogenidematerials.

Dr. lad Mdawar”

Abstract

The present work explain the composition dependence of many
physical properties in different Ge-Te-In compositions having
the general formula GeTe,_,In, where 1> x>0

The effect of indium addition on the physical properties, i.e.
coordination number, constraints, fraction of floppy modes,
number of lone pair electrons, bond energy, cohesive energy,
heat of atomization, ionicity, electronegativity, theoretical energy
gap, density, molar volume, of GeTe,_, In, bulk glassy alloys was

investigated. It was found thatThe density of the glassy alloys
increases with increasing theln content. The molar volume of
the structure of the glass was determined from measured density.
The cohesive energy of the samples has been calculated using a
chemical bond approach and correlated with the decrease in the
optical energy gap with increase in the In content. The heat of
atomization was also calculated and correlated with the optical
energy gap. It was observed that the band gap decreases with
increasing theln concentration in the system. This variation in the
band gap has been explained on the basis of change in structure

* Department of physics, Faculty of Science, University of, Syria. Damascus
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of the system due to the introduction of In in Ge-Te-In glassy
system.

Keywords: Chalcogenide glass, Coordination Number, heat of
atomization, ionicity, Constraints.
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2 Gl & G ([12] seaadl folal)l el Y ol el e 5ol

([13] a8l o0 Maxwell dlaas 35 F asyall & 3l

F=2—g<r> (3)

.GeTe _,InaUaill 4.l 58l cigaiall ad :(1) Jeaad)

Composition At%In <r> N, Ny N, F
GeTe 0 3.00 | 1.50 3.00 4.50 | -0.50
Ge Tejolng 5 3.05 | 1.56 3.10 466 | -0.54
Ge Tegglng, 10 3.10 | 1.55 3.20 4.75 | -0.58
Ge Teg4Ing 3 15 3.15 | 1.58 3.30 4.88 | -0.63
Ge Tey4lng 4 20 3.20 | 1.60 3.40 5.00 | -0.67
Ge TegsIng 5 25 3.25 | 1.63 3.50 5.13 | -0.71
Ge Tej 4Ing ¢4 30 3.30 | 1.65 3.60 5.25 | -0.75
Ge Teg3Ing 5 35 3.35 | 1.68 3.70 5.38 | -0.79
Ge Teg,lng 5 40 340 | 1.70 3.80 5.50 | -0.83
Ge Tey 4Ing o 45 345 | 1.73 3.90 5.63 | -0.88
Geln 50 3,50 | 1.75 4.00 5.75 | -0.92
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.GeTe;,In, alaill L.P clig ssty) ase ad :(2)J gaal)

Composition <r> \' L.P

GeTe 3.00 5.00 2.00
Ge Tegolng ; 3.05 4.85 1.80
Ge Teyging ., 3.10 4.70 1.60
Ge Tey4Ing 3 3.15 4.55 1.40
Ge Tej4lng 4 3.20 4.40 1.20
Ge TeysIn s 3.25 4.25 1.00
Ge Teg4Ing 6 3.30 4.10 0.80
Ge Teg 3Ing 5 3.35 3.95 0.60
Ge Te(,lIng g 3.40 3.80 0.40
Ge Te( Ing 3.45 3.65 0.20

Geln 3.50 3.50 0.00

R sl gLy e dilaiI(3-2

211380 e GeTe,  In, pUall R (g5élsill ¢ Lay) g Ciladl) dad s o5

3 7.CN(Te)
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wa W) L Jall JeGeTe, In jalall sl cuailler, B,y Eus
EXP(E/KgT) Jia¥) sl alasisdy Jalg )l Cabisad dgl) ey leinY) ol
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GeTe;,In, s R gdlsil) g Lay) oo Cibai¥) ad :(3)J g2l

Composition At%In <r> R
GeTe 0 3.00 0.43
Ge Tey4lng 5 3.05 0.35
Ge Teyzlng, 10 3.10 0.28
Ge Tegy4Ing 3 15 3.15 0.23
Ge Teyglng.4 20 3.20 0.18
Ge Tegyslng s 25 3.25 0.14
Ge Tey4lnge 30 3.30 0.102
Ge Tegslng 7 35 3.35 0.072
Ge Teg,lngg 40 3.40 0.045
Ge TegIngo 45 3.45 0.021
Geln 50 3.50 0
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O bl L) aag . B 5 A )l G AalupeSl 35 4 (xays) s
Al caalyy) Al 38l LlS Cua ¢ alagll Jsdal AL dda)ll 358
ralic (e 435Sl daladll A SILA Slgall 0 L aladll sl JSill Jual)
Lsyll e ¢ - IV Al AS5LE <lS e & S, Se, Bi, Ge, Te, Ji
Oe ey o S Adysed) dsall G AL Ay e Lol AS L

:Paulingda®e

2

1(xa-78)
Amount of covalent character =[e  * ]x100 (7N
coalal sl il Ype S 8 ST B 90% (e ST ) ) el

(4 Usa)

GeTe;_,In,aUail) ¢y ddlida )il 4l udl) e gatiall ad :(4) Jgaad)

electronegativity

Composition (}() Relative probability of bond formation at
GeTe Bond 0 o
2.05 Bond energy(kcal/mol) 27°C 950°C
Ge Teo_glno_1 2.04
Ge Teoslno2 2.02 Ge- 37.60 1
Ge TegrInos 2.00 Ge 35.47 1 9.99*10
Ge-Te : 2.76*10° a1l
Ge Tepglnos 1.98 Te-Te 33.00 4.34*10" 1.49*10 ,
. e
Ge Teosinos 197 Ge-In e 9.90+10* | 5300
- . o -5 .
Ge Teoalos 195 e 24.00 20 | 364+10°
Ge Tepslng7 1.94
Ge Tegzlngs 1.92
lonic
Ge Seylnog 191 Bond Amount of covalent character % character
%
Ge-Te 99.80 0.20
Geln 1.89 In-Te 97.47 2.53
Ge-In 98.69 1.31
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sl Al daadly D(A—-B) dwlaidl je Lyl clils Glus
[27]
D(A—B) =[D(A- AD(B-B)I”? +30(x, - z)°  (9)

Sl oo cdulaiall Lyl )l il & D(B—B) «D(A-A) &
XB XA s [34] (37.6 for Ge, 33 for Te and 24for In) kcal/mol
«( A ,B2.01 for Ge, 2.10 for Te and 1.78for In) cul,Al dululyeS a
Ge— ikl dilay (35.47kcal/mol) & Ge-Teik)) 4l o 2 4iaj
Gl < Al ST Ge-Teduwlaidll day)ll ellia.In(31.63kcal/mol)
daalu oalie oo Ll o3 o Layg Ge—In & ey eJS dladl Ll ()<
AaSaal) Jagg )l il paead gyl g sanall Ly cohesive dla Capd Gl
plaill day)y 58 o Cohesive ddla (i .lgie JS JS& Jlaialy by puina
([28]A8Ball lgie s gyl

CF=>YCE, (10)

sae 3ol B35e 13as eIn ) 5S35 sl dug yaal) dlaall CF il dad ailss
.Ge-Te &Y Lyl sae Gl e o) Ge—In Lyl )

1Al gSlly ABUal) §eadl) (el @I alual) (7-2
GGl deae Jinly 5 diac A def o ) Al ssadl) Jid
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E.n(Ge—Te—1In) =ak (Ge)+ SE,(Te) + &, (In) 1D

aliall Ll il =5 A E (Ge),E,(Te),E,(Cd) wa
sl (mjes duluyeSll Gy ADle 2y ) 1 Ge, Te,Cd  asal
dsim dmlaill dua LA Meall & .Kastner [30] il laee 4l
Ge, Te , InfuluyS ali .plaadl (LP - Jg 5N #9505l duac
saie o 2,01, 2.1,1.78 il e 4l o) Lellad 48l jualial)
kil emial B oS eaie dle ey DdupeS B apy)
LP g5 g3l el A8l i) ) sagadn iy allaind o6l
SIS Gl cllak AU ssadll Jaly sa 58S dpme Game gl ) 535 Les
@ WS N jaie 385 saly Bl A8l sl (mpey AnluyeSll (e
Sl Aguall Galgall Ay &5 [31] Jaadl (4 .(5) dsaall s (4)Isand)
5S35 8y adl aa Cua (200-2000nm) skl Jladl 3 Ge-Te-In
On X af Gl dia (SHall B shadl Jaall (g (el o sy
cibel ¢aln20% Sl Jal (e Egop=0.41ev iad cilys (0-20%)
A(5) dsaall 3 0.466V Y (ssls s ULE (e dysenall Aail e T il
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hgb)s\ &}33 E gTh‘HScCF Hé (5) Jeaadl

At Hs Eqgmh Distribution of Chemical CE
. Bonds
Composition %
In (K‘:/ (ev) Kcal/atom
mol) Ge-In | Ge-Te Ge-Ge
GeTe
0 | 2870|050 | 05 05 0 33.55
Ge TeoslNos 5 | 2803 | 048 | 0054 | 045 05 36.47
Ge TeoslNo 10 | 291.6 | 0.46 | 0.25 0.4 0.35 35.26
Ge Tep7Ings
15 | 293.9 | 045 | 0346 | 0.350 0.303 34.75
Ge Tegslnos
20 | 296.2 | 043 | 0.428 03 0.271 34.37
Teos!
Ge TeoslMos 25 | 2985 | 042 | 05 | 025 0.25 34.08
Ge Teoal
& T8olNos 30 | 3008 | 0.40 | 0562 | 0.2 0.237 33.78
Ge Teoal
¢ 1€osiNo7 35 | 3031 |038| 0617 | 015 0.232 33.56
Ge Tep2lIn
o8 40 | 3054 | 036 | 0.666 | 0.1 0.234 3341
Ge Teosln
o170 45 | 307.7 | 035 | 0710 | 005 0.239 33.22
Geln
50 | 310.0 | 033 | 0.75 0 0.25 33.12

: dsall anally A< (8-2

:Myuller’s[33] daua alasinly 43yl 3)peny UK 48 Cuva
d, =[>R/d]T*  (13)

=th =th
sl 13 1 R S g Gl (Sl Reaal) il a P
waaly (@ sl a S B sl Y (i of oS ABES 3 3yl
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AN aicy Tell jaial 40 AKH &) Gun gl el 53
s asaiYl 53 Jial o) 6f .(114.818-127.60) g.mol™! sl e
sy Jually < GeTe, |, I, dleall JK 5 53k ) sam psiol) 559
Dl Hlaaiuly BN 28 e aldie) Vi ol anall Gl 3 385 455

Al

1
v, ==Y xm, 14
. pr,m, (14)

(6) dsaall e ol Ll Al 58 Xi 5 it peaiall (A gl My s
Ay dSS ) gas INd seaie sals Vi dsall aaall dad (el of Laadls
(ABESY 3aL33) dsg y2all Aleal)

292 385 83058 Vi el IS a8 1(6) Jgaad)

Composition At%In din(g.cm™) | Vi(cm®.mol™)
GeTe 0 5.745 17.427
Ge Teyolny | 5 5.784 17.199
Ge TeysIng. 10 5.824 16.971
Ge TeyIny 15 5.864 16.747
Ge Tey ¢lngs 20 5.904 16.525
Ge Tej5Ing 5 25 5.945 16.301
Ge Teg4lng g 30 5.987 16.333
Ge Tey4Ing 5 35 6.030 15.862
Ge Teg,Ing s 40 6.072 15.647
Ge Tey Iy 45 6.116 15.430
Geln 50 6.160 15.216
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