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In principle it should always be possible to compute the difforent mueros-
vopic propertios of crystals from the reliable knowledge of intoratomic forcos.
Various attompts havo been made in this direction fiom tnne to time and the pur-
pose of this note is to present such smple and new relations for the Grunesen
vonstant and the cooflicient of thermal oxpansion

The familiar Gruneisen rolation is (Kittel 1956)
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whore y is the Graneisen constant, o and £ the coefficients of thermal expansion
and compresmbility respoetively, V the molar volume and €, the molar spocific
heat at constant volume. On the basis of the extended Born-Muwyor theory of
tho interatomic forces of ionie crystals wo can write for tho total encrgy por cell,
-T:(T), asg
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Hete o is tho Madelung constant, ¢ the electronic chargo, » the interatomic sopara-
tion, 4 and p the itwo potential parameters, and ¢ and D are the van dor Waals
vonstants. The constants 4 and p are determined from the familiur conditions
of Born and Mayer (1932) but we quote here a simplified vorsion of their second
telation which is pertinent for our discussion hore viz.,
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N heng the Avogadro number.

Further if v is the vibrational frequency of the atoms in the crystal wo have
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If we make an additional assumption that these atomic vibrations are simple
harmonic in nature we have

—am Tl 5
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m is the mass of the atom and f the force constant. Relation (5) leads to
dv _ df
' .. (6
v 2 @

We also have V = Ner?, where r, is the equilibrium interatomic separation,
and ¢ o constant which dopends upon the crystal structure This leads to tho
relation

av _ 3
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One can also write at r = 7,
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Ecuations (6), (7) and (8) on substitution m Eq. (4) lead to the following desired
rolation :
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An interesting relation results if tho values of y and # as given by oxpressions
(9) and (3) rospectively are substituted m Eq (1). We finally got

o= - 2 )

The relation (10) has also been dorived by Saxena and Kachhava (1965) earlior
in an cntirely different approach based on tho simple statistical mechanics result
of oxprossing the average atomic displacement from the equilibrium position in
torms of tho intoratomic potential. That these two results are identical with vach
othor substantiates the various approximations made here in deriving the relation
(9)  We now chack the accuracy of the derivod relation (9) by performing cal-
culations on alkali halides whoere fortunately experimontal data are also available-

In tho table wo list tho oxperimental values of y for almost all the alkali halides.
Also recorded are the calculated values avcording to Eq (9). © In these computa-
tions wo have used the r, valuos as compiled by us (1963) earlier, the two potential
parameters A and p needed in connection with ovaluation of the various
derivatives of ®(r) have aiso been reported by Kachhava and Saxena (1965),
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while € and D are given by Mayor (1933). The agreement is satisfactory on
the whole while it becomes excellent in somo cases,

In order to got an iden of the succoss of the present theory and consequently
of Eq. (9) we also tabulate the values as caleulated from the two other approachos.
Ono caleulation usos Debye's theory and the knowledge of equation of state (method
1). while in the second methold we further employ the knowledge ol mteratonue
forces  The values recorded in the table are based on the simpler Boin type
potentaal (method ID). 1t is important to note that due to the requirement of
the expermental data of a rather complicated and uncertan, natare it 12 not pos-
aible to compute y for all tho alkali halides  Wherover the values are reportod
we find that the second mothod is definitely not rehable while the present method
vields results better than oven the first method in most of the cases

It is also interestmg Lo point out here that calculations of Saxcenn and
Kachhava (1965) based on Eq (10) for o of the alkali holide erystals are also satis-
tactory theroby substantiatmg the assumptions made mm developing the presont
theory to a large extent  However, the theory developed here is hased on the
smiple Binstein's single {frequency model, which is valid only at Jugh temperatures
Although the recent lattice theories aro capable of giving relatively more rigorous
and accurate results, yet the treatment presented here 1s usefud hecause it is eapablo
of yvielding farrly reliahlo rosults m a very straightforward and simple faghion.

Lxperimental data as well as caleulated values of y for a {ew alkali halides
are available other than shown in tha Table.  White (1961) found o valuc of 147
for KClI on the basis of the oxperimental data on a and other yuantities  White
(1962), and Rubin el «l (1961) report a value of 1 55 for NaCL  Colling (1963)
on the other hand has caleulated y theorotically from the observed values of the
pressure dependence of the clastic constants  Ho finds at high temperatnres {or
NaCl and KCI y values as 1.61 and 1.25 respectively  Barron, Leadbettor and
Morrison (1964) have recently reported the values of y calculated from the experi-
mentad values of adiabatic compressibility, specific Licat at constant pressuro and
thermal expansion coofficient  Their values oxtrapolated to high temperatures
for NaCl and KC1 are 1.585 and 1.44 respectively Tt will ho seen that oven hore
the agreement botweon theory and experiment is rouglly of the same ordor as
found in the Table on the basis of cquation (9) In view ol the simplicity of our
approach for calculating ¢ we refran comparing farther with the values obtained
on the basis of more complicated models.

We do not plead on the pretext of the reasonably good agreemont obtained
on U hasis of equations (9) and (10) with the expernnental values a great justi-
fication for the single frequency model  The underlymyg idea of the present in-
vestigation has been 1o derive a simple expression and balance out the consequonces
of the various agsumptions in such a way that a good working accuracy may be
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achieved. Wo feel the present investigation achieves this goal in a better way
than has heen possible so far.  This point is specifically made clear by comparing
the results also with the two other methods.

TABLE I

Somparison of calculated and experimental values of Gruneigen constant, ¥

Substance Experimental—
values (1)

1aF

LiC)

LiBr

TaT

NaF

Na(l

NaBr

Nal

K1

KCl

KBr

XI

RLF

RhCl

RbEr

Rbl

CsF

CrCl1

CsBr

Csl

1

1

2

9

.49

.97

.93

.00

Culeulutod y values

Eq (9)

" Mothod T (b) Muthod 11(b)

1.80
170
166
1 69
1.03
170
1.80
1.87
1.73
1.8H8
191
1.97
1 81
193
195
2 01
1.82
213
2.30

2.21

3

2

2

1.

02

1

06

-Rh

75

26

62

h4

46

50

197

(n) BORN, M, and HUANG, K., 1956, Dynamical Theory of Crystal Lattices (Oxford :

Clarendon Press), p

(b) SLATER, J. C., 1939, Tntroduction to Chemical Physics (London : McGraw-

Co., 1ne.), p. 393.
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