January 2009

Volume 5 Issue 1

Trade Science Ine.

A Tndéian Yournal

— Fyfl Peper

M SAIJ, 5(1), 2009 [06-10]

Analysis of crystalline state properties of
chalcogenide crystals with antifluoride structure

Biswajit Ghatak*, Jagdhar Mandal

Univer sity Department of Physics, T.M .B.Univer sity, Bhagalpur-812007, Bihar, (INDIA)

Tel : 09474109949
E-mail : biswajit.ghatak @r ediffmail.com

Received: 16™ October, 2008 ; Accepted: 21% October, 2008

ABSTRACT

Hellmann and Ali-Hasan forms of repulsive potential functions haave been
applied to compute the values of cohesive energy, force constant, |.R. ab-
sorption frequency, Debye temperature, Gruneisen parameter, Anderson
Griineisen parameter and M oelwyn-Hughes parameter for 14 chal cogenide
crystals of antifluoride structure are reported. Calculations are also per-
formed for the estimation of first order volume dependence of Gruneisen
parameter commonly known as second Griineisen parameter using expres-
sions of higher order derivatives of interaction potential within the frame
work of Dugdale and Mac Donald theory. The high pressure behaviour of
these crystals have also been studied. The results obtained here may add a
little to the physics and chemistry of these crystals it may be useful for
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experimentalistsal so.

INTRODUCTION

Thenatureof bondinginionic crystalshasbeenthe
centre of attraction for theoretical aswell as experi-
menta physicistsand chemistsasit playsavita rolein
solid state physics. Several attempts have been made
to understand the nature of interaction between the at-
omsof anionic crystal and henceto decidetheform of
interaction potential for such acrystal. Oncethereli-
ableform of interaction potentia isknown, it ispos-
sibleto study the crystalline state properties of chaco-
genidecrystal. Thecrystal state propertiesof chal co-
genideshavebeen studied by severd workers. But these
investigatorsempl oyed theinteraction modelS*4with
repulsive partsthat are either inverse power functions
or exponentia functionsor phenomenol ogicd innature.
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But none of these are capabl e enough of explaining al
the observed macroscopi ¢ propertiesof diatomic crys-
tals. Thesearch for theinteraction potentia function sat-
isfying theessentid requirementsof ideal potentia func-
tion® continues. Thechalcogenidesof Li,NaK and Rb
aresuitablehost crystalsfor transition metal ionsand
rare earthiong®. A knowledge of interionic potentias
inhost crystasisof consderablevaue Thedkali cha-
cogenideswhich crystdlizein antifluoridestructureare
relatively unexplored.

Inthe present paper we have used the Hellmann!”
and Ali-Hasan® short-range repulsive potential to
evaduatethecrysdlinestate propertiesof chalcogenide
crystals. Thereason for selecting thesemodelsliesin
their suitability!® of evaluatingtheir state propertiesas
well as molecular state properties. Moreover, these
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potentidsfulfill thefundamenta physica requirements
of anided potential.

Method of analysis
Crystal energy :

Thecrystal | attice energy per ion pair can be ex-
pressed as
() =0, +d, + D, 1)

Here® _isthelong-rangeel ectrostatic coulomb en-
ergy with Madelung constant A. itisgiven by
® =-Az,z €lr 2
Wherez eand z,e arethe electrostatic charges on theion pairs
and r isthe interionic separation.

Thesecondterm, @ , onthe R.H.S. of theeq (1)
representsthe van der Waal s energy expressed as
®,=-C/ré-DIr® ©)
Where C and D are van der Waals (vdw) dipole-dipole and
dipole quadrupole co-€fficients and are given by
C=S5,c +S, c, +Sc.

AndD=T,d _+T,d_ +T. d_ 4

Lattice sums S; and T, have been taken from
Tosi™ and vdw co-efficientsc, and d, aretakenfrom
Shankar, Singhand Agarwal !,

The last term @, onthe R.H.S. equation (1) is
expressed as
@ =Srmexp (-Ar") (5)
Where Sand A are potential parameters evaluated by applying
the following crystal stability conditions :

@ (r) =0

and ®”'(r ) = 9r /B (6)
Where k = crystals structure constant, and 3 = isothermal
compressibility

Intheabove equationsr istheequilibriuminteri-
onic separation inthelatticeand the primes denotede-
rivativeswith respect tor.

Theapplication of the above conditionsto the po-
tentiadsfunctionyieldsthe expressionfor thepotentia
parameters:

_ 1™[Az,z, €%Ir, +6C/r,° +8DIr,,°]
exp (-Ar")y(m+nir™)

S

()

and

_ X+n-2m1+[(X+n-2m-1)*4m (M + 1)} X]*

A
r" 2n

®)

= Fyl] Peper
where

okr,2 + 2Az, 7, €2Ir, +42CIr,° + 72DIr )° o
Az, z,e*\r,+6C/r,° +8D/r,° ®

Where z =2 and z,= 1, for Alkali Chalcogenide crystalsand
m=1,n=1, for Hdmannpotential, m=2, n=3/2, for Ali-Hasan
mode

Thelastterm @ __ eq. (1) istheshort-rangeoverlap
repulsive energy dominant in diatomic crystals. The
short-rangerepulsive potentid perturbsthespherically
symmetric closed shell of anioninalatticeastheions
arebrought closer sothat outer e ectron shellsbeganto
overlap. Anadditiond characteristicrepulsveforcebe-
comes operativeresulting from the overlapping of the
ions. Thisrepulsiveforce opposesthe Coulumbian at-
tractiveforce operating between the positiveand the
negativeionsand causesthem to cometo equilibrium
afinitevaueof theinterionic distance(r ). Thisrepul-
siveforcein anion becomesdominant at avery short
distance, soit isknown asshort-range repul sive poten-
tid (SRRP). Theexact form of SRRPinliteratureisill
lacking.

Cohesive energy

X =

Thecohesiveenergy W per moleisrelatedtothe
interaction potentia energy function @ (r) by
W =-N® (r)

Where N is Avogadro’s number

(10)

For ce constant (f) ,IR absor ption frequency (v, )
and Debyetemperature(0,)

Theforceconstant f isdefined™ as
F=3[¥"(r )+2r > " (r )] (1)
Where (r) is the non-Coulumbic part of d(r) and r_is the
equilibrium interionic distance in crystalline states.

ThelR absorption frequency (v ) isgiven™ by
v, = 1/2n(f/m)*

Where m is the reduced mass.

Oncethevalueof v isobtained, the Debyetem-
perature 6, can be calculated fromtherelation,
6,=hv/k
Where histhe Planck’s constant and k is the Boltzmann con-
stant.

Gruneisen parameter, andersion-Gruneisen pa-
rameter and modwyn-hughesparameter

— P plericly Science
ﬂuVWMW



8 Analysis of crystalline state properties of chalcogenide crystals

MSAIJ, 5(1) January 2009

Full Poper =

The Gruneisen parameter y isthefirst significant
measure of theanharmonicity in solids. Itisrelated to
d(r) by[12]

Y= (-1/6)r ®" (r )/ ®" (r) (12)
Where ®” (r) and @"'(r) refer to the second and third deriva-
tivesof @ (r).

Theander son-Gruneisen par ameter

Anderson-Gruneisen Parametersd have been com-
puted using chang’s expression*® connectingy and &
which was derived on the basis of Dugdale and
Macdonald formula™ relating y to the change of com-
pressibility withvolume,

Theval uesof the M oelwyn-Hughes parameter C,
have been computed for the potential @ (r) usingthe
relation*?

C,=1-@2Bl2TV)@" (r)
Where B is the compressibility of the crystals.

(13)

Second gruneisen parameter

Thefirst order volume dependenceof the Gruneisen
parameter commonly known asthe second Gruneisen
parameter isfundamental to the study of many basic
phenomenain solids. It isan additiona measure of the
anharmonicity in solids. y and g can be used to make
predictionsof avariety of physical propertiessuch as
the equation of state of amaterial and are related to
thermodynamic properties. Thesearea soimportantin
thestudy of thermo-d atic propertiesintermsof shock-
waves. Thelatter property isespecidly relevant tothe
study of the geophysicsof theearth.

In generd, the Gruneisen parameter isafunction of
both temperature and volume. The temperature of
Gruneisen parameter for alarge number of diatomic
crystalscan befairly determined elther experimentally
or theoretically.

Inthiscommunication an atempt hasbeen madeto
cdculateqfor chacogenidecrystdsusngHelmanand
Ali-Hasanformsof interaction mode swithintheframe
work of Dugdaleand Macdonald theory (DM).

Gruneisen parameter (y) based on DM theory vdid
at all pressuresmay beexpressed as
¥=-1-V/2 (8°PIaV2-10P/9V?) (BP/8V + 2P/3V)™  (14)

Thesecond Grunei sen parameter () derived from
eq (1) iswritten as™®

q=-V/2y[(6°PIoV>—10P/9V?) (8P/oV + 2P/3V )1+
(BPIBV + 2P/3V) (3PI8V3—10/V28P/dV + 20P/V?)
-V (8?PIoV?-10P/9V?) (9P/V + 2P/3V)2(6?PloV?
+2/3V 9PIaV-2/3 PIV?)]

Hilderbrand Equation of state®l can be used to
expressy and qintermsof derivativesof potentia en-
ergy function.

For crystalswith antifluoride structure

(15)

P =- 8®/aV=(-1/3kr2) @' (r) (16)
APIAV = (-1/9K2* )(@" -2Ir & (1)) (17)
FPIBV? = (-1/27K% ¢ )[6"'6lr @ +10/r2 @] (18)
FPIOV? = (-1/81K%® )[ @ -12/r @™ +

52/r2 @"'-80/r® @'] (19)

Where the primes denote the derivatives of @ (r) with respect
to interionic separation.

Equation of stateof chalcogenides

Thehigh pressure behaviour of thesecrystasisin-
vestigated by determining the compression val ues of
thesecrystd sby using M urnaghan logarithmic equation
of stateexpressed as
VIV =exp[(-1/B’ )log,{(PB' /B ) +1}] (20)
Where B and B’ areisothermal bulk modulusanditspressure

derivatives, both referred to zero pressure?l. The high pres-
sure behaviour of these crystals have been shown below in

figures 1.
RESULTSAND DISCUSSION

Thelatest information ondkali chaleogenidecrys-
talsisfar from complete but thiswork triesto add a
littleto the knowledge of these crystalsby predicting
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TABLE 1: Calculated propertiesof chalcogenidecrystalsco-
hesiveener gy (KJ mole?) and calculated values

Crystal HELL  AH CALVAL™®  cALVAL™M
Li,O 2860.77 2879.18 2879.94 -
Na,O 252326 2537.53 2480.52 2535.12
K,O 232432 2332.88 2283.96 2244.9
Rb,O 2308.11 2313.64 2265.06 2160.48
Li,S 2372.08 2387.53 2393.16 2483.46
NaS 2107.09 2121.03 2118.48 2209.2
K,S 194147 1952.72 1926.96 1992.06
Rb,S 191255 1922.66 1892.94 1942.92
Li,Se 2227.65 2243.04 2250.78 -
NaSe 198352 1997.48 1998.78 -
K,Se 1828.15 1840.17 1821.96 -
Li,Te 210658 2120.45 2124.36 -
Na,Te 1882.84 1895.31 1898.40 -
K,Te 1727.64 1738.79 1734.60 -

TABLE 2: Calculated propertiesof chalcogenidecrystals(a)
ForceCongant f. (Nm™), (b).R. Absor ption Frequency v, (10%
Hz) and (c)Debye Temperature@, (K)

Crystal F.C. I.R.F. D.TEMP
Li,O 17.35 23.21 1114.61
Na,O 15.45 15.75 756.35
K0 17.66 15.36 737.38
Rb,O 23.34 16.21 778.09
Li,S 10.95 16.99 815.86
N&,S 7.95 9.48 455.18
K>S 7.66 8.11 389.58
Rb,S 8.19 7.29 350.22
Li,Se 8.43 14.09 676.68
Na,Se 6.16 7.24 347.50
K,Se 5.72 5.76 276.42
Li,Te 7.95 13.47 646.65
Na;Te 5.77 6.70 321.54
K, Te 4.94 5.00 240.04

several crystalline state properties such as cohesive
energy (W),force constant, |.R. absorption frequency
(v,), Debyetemperature, Anderson-Gruneisen param-
eter (6), Moelwyn-Hughes parameter (C,) and second

= Fyl] Peper

TABLE 3: Calculated propertiesof chalcogenide crystals
valuesof Gruneisen parameter (y: dimensionless), Ander son
Gruneisen parameter (3: dimensionless), M oelwyn-Hughes
parameter C, and second Gruneisen parameter (q:
dimentionless)

Crystal yHELL y AHSHELL 8AHC,HELL C,AHgHELL g AH

Li,0 120 117 240 234 340 334 022 022
NaO 155 149 309 298 4.09 398 039 046
K,O 219 212 439 423 539 523 067 0.79
Rb,O 286 278 572 555 672 655 091 106
Li,S 132 128 265 255 365 355 030 0.33
NaS 136 131 273 262 373 362 035 040
K,S 167 160 334 319 434 419 048 057
Rb,S 185 177 370 355 470 455 056 066
Li)Se 122 118 244 236 344 336 030 032
Na,Se 126 121 252 242 352 342 034 0.38
K,Se 150 143 300 287 400 387 042 049
Li;Te 137 131 273 263 373 363 034 038
NaTe 139 133 277 266 377 366 036 041
K,Je 153 146 306 292 406 392 044 052
Griineisen parameter () respectively.

Hellmann and Ali-Hasan forms of short-rangere-
pulsive potential have been used to computeW of chal-
cogenidecrystalsand their vauesarelistedin TABLE
1. Itisfound that the cohesive energy of aAO>AS>
ATe> A Tefor both the models. Only afew attempts
have been madel'”® to determinetheir cohesiveen-
ergy using Born-Mayer model[*9,

The present values of W compare well with the
cd culated va ues of Jain-Shanker®! and Morrig?”. It
isobserved that theinclusion of van der Waa sterms
improvestheresults expectedly and given the better
agreement. Out of thetwo Hellmann and Ali-Hasan
models, thelatter presentsabetter result. Atomization
energy are not reported for these crystalsmainly be-
cause of theuncertaintiesin thevaluesof electron af-
finitiesfor chacogenideions.

TABLE 2liststheca culated valuesof f v and 6,
And no comparison can be had for the agreement be-
tween thetheoretical and experimental valuesasthe
experimentd valuesarenot availableintheliterature.
The present cal culation showsthat van der Waalsen-
ergy isimportant for heavier crystals. It is observed
that thetwo modelsgiveamost identical resultsof f, v_
and 6,

Thecalculated valuesof v, 5, C, and g have been
listedin TABLE 3. Thereisno experimental datato
draw comparison. But the present resultsindicate that
v depends upon the specific volume sincethe values
tend to increase aswemovefrom oxidestotellurides.
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We haveinvestigated the high pressure behaviour
of thesecrystals. The equation workswell up to very
high pressure. The compression curvesaregiveninfig-
ure 1.Thegraphical behaviour of force constant and
cohesiveenergy isshowninfigure2. Theexperimenta
datafor the compressionsof chacogenidecrystalsare
not availableintheliteratureand henceitisnot possble
to draw experimental curvesfor these crystals. The
theoretical resultsreported here may beuseful for ex-
perimentalistsin crystasof dkai chacogenides.

CONCLUSION

Helmann and Ali-Hasan forms of interaction po-
tentid havebeen appliedto get different crystdlinestate
properties of chalcogenidecrystals. Thelatter model
givesencouraging result and may proveuseful for fur-
ther computation of the propertiesof such crystals.
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