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The various lattice propertaes of metn) halides contammg henvien jons hase heen studiod
on the hasiw of a moddied new Joganthime toem 1 log (1 - B)®) tor ovetdap repulsion,
The necosinry equations fou the patential parametors 1 and B have hoon dorved using
the voom tempernture tuttee conditons

Theso parmaetets have hoon utalized {o
compule the cohcarve enerpies

foree constants, veststrahlon fiegquencies and Debyo
U 5 wmierred that the theorotical values of theso lattice

properties compare well witl ohserved vadues ind are mueh betier than the other com-
puted values reported earli

chuaeteristie {omperatures.

Tho present approach setves Lo justify the ndequeey
of tho chosen potential energy tuncfion for the heavier salts alko

INTRODUCTION

The theory of innic crystals wus first developed by Born and later extended by
Born & Mayor (1932) and others. The cohesive energy ol 1onjc crystals consists
of the Coulumb interaction which gives rse to Madolung’s cnorgy. the ghort
range repulsive potential encrgy. the dipole-dipole and dipole-cuadrupole mter-
action energies and the zero point energy.

The need for a repulsive potential in order to maintam o stable crystal was
rocognized long before the advent of quantum mechanics and in order to
facilitate the computation of cohesive energy of ionie crystals, Born and other
workers adopted an empirical vepulsive potential of the form AJr®, where A and n
are constants to be determined by the condition of thermodynamic oquilibrium
of the erystal latdice.

After the advent of quantumn mechanics Born & Mayer (1932) introduced
an exponential form Xoxp(—7/p) where A and p were taken as potential para-
metors. Theso forms for repulsive potential ave not quite adequate. The Born
form 15 & fair approximation for short range of r only, whercas in the Born &
Mayer (1932) form p is chosen quite arbitraxily for different. crystals and the
constant A has ionic radii dependence  Keepmg in view the limitations of these
repulsive potential forms, Praknsh & Behari (1969) have recently suggested
a new logarithmic form for repulsive potential and successfully calculated the
coheisve energies of alkali halide crystals at 0°K. In the present work we have
modified the Jogarithmie form of the averlap repulsion by taking into account
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the dipole-quadrupole interaction energy torm, because Van der Waal’s potential
shows a systematic tendency to inerease for salts of heavier ions

JIVALUATION OF POTENTIAL PARAMETERS

Takmg into account all the above interaction cnergy terms, the cohesive
cnergy per unit cell in an ionic crystal may be writlen as
ae? B ¢ D
Wr) = — % 44 loge (1+Tﬂ )‘76 — e (1)
where o 1s the Madelung’s constant, ¢ the electronic charge, » the interionic dis-
tance, 4 and B the potential parameters, ¢ and 0 Van der Waal’s interaction
constants and e the zero point energy

The potential parameters 4 and B arc evaluated [rom the room temperature
cquilibrium lattice conditions due to Hildebrand (1931).
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whore £ 18 the comprossibility, a, the thermal expansion, 7' the absolute scale
room temperature and » the volume per ion pair given by v = V/N = krg® m
which & =2 for fece. crystals. £ = 1-54 for b.c.c. crystals and £ - 3-2 for
crystals having zinc blende structure  #5 , is & correction term which is taken
to be equal to unity due to non-availability of data required for its computation.

Equations (1), (2) and (3) give

41 pat 6C, 8D 3uTa, Ty 4
N e o ) (1+7) @)
and
B = 8Bae®ry’+-18Cry* 48D —3ury*(107'ay+-3)/4 &)

ae?  36C 64D 3w ,, .
ro? * ol + 1y 1 E(ﬂau—l- 9

JOMPUTATION OF CRYSTAL PROPERTIMS

(1) Cohesive energies

The values of A and B computed on the basis of equations (4) and (5) have
been utilized for the theoretical determination of i(r) from equation (1) which
are presented in table 1.
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Table I Values of Cohesive Energics

Yr(r) (K cal/mol)

Crvatol - - = e
Expt. Theor Thoor.«@  Theor @
e eq. (1)
NH, (1 - 164 1 —
NH,Br -— 156.9 - —
CaCl 221 9 214 9 211 0 216.9
Cul3r 216 O« 204.8 201 0 -
Cul 213 e 107.2 195 0 194.5
AgCl 205 T 200.6 197 5 197 O
AgBi 201,80 1093 2 190.2 190 5
Agl 199,00 186 9 183.9 --
TIC) 170. 10 166.8 167.5 168.2
TIBr 165, 60 159 2 157.6 162.4

(¢) Muyer & Lovy (1933)

(b) Mayer (1933).

(¢) Saxena & Kachhava (1961)
(d) Mathur & Smgh (1967)

(2) Reststrahlen frequencies

Krishnan & Roy (1951) and Born & Hueng (1954) have given the follow-
ing relation for the force constant in terms of potential paramoters,

1=y [0l )] ®)

in which ¢’(r) and ¢"(r) are the first and second derivatives of @(r), (¢(r) contains
the rest of energy i ¥r(r). except the Coulombian term —ae?/r). Using equation
(6) in conjunclion with equation (1), the expression for the force constant can be
derived as

_ 3A4B(8ry—B) _10C _ 56D

rHBArE T F B (7)

Now if we consider the polarization of positive ions with respect: to the lattice
of negative ions, the reststrahelen frequency can be computed {rom the equation

)= @M f(ewt+2) I n(ep+2)17 8)

where y is reduced mass por ion pair, ¢, and ¢, are the static and high frequency
dielectric constants, respectively. The caleulated values of f from equation (7)
“have been usod to compute v, on the basis of equation (8) and are tabulated in
table 2.
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Table 2.  Values of Foree Constants and Reststrahlen Frequencies

vo X 10-12 em/sec.

Crystal SXx10-t e
Eq. (7) Bxpt. Thoor. Theor. (>
oq. (8)

NH,CI 2 7566 — 4.20 -
CuCl 9.065 5.67¢ 5 31 5 344
CuB1 8.137 5.27¢ 4 67 4 692
AgCl 7 095 3 09v 399 4.168
AgB1 6.422 2.400 3.00 3.086
TICI 3.241 1.89¢ 1.80 1.909
TIBr 3.089 1 430 138 1.691

(a) Born & Huang (1964)
(b) Jones et al (1961).
(¢) Srivastava & Madan (1967)

(3) Debye Characteristic Temperature

A number of relations have been given for ®p in terms of compressibility
and lattice energy by Joshi & Mitra (1960) and Srivastava & Madan (1967)
1t is seen that their results arc at variance when compared with experimental
results  However, in the present work a relation has beon suggested for @p .,
in terms of the various lattice properties. If the valuo of force constant f is
computed from cquation (7). the value of ®; can be easily obtained from the
equation

0p = h2mk)?{f(60+2)1 p(eo+2)1- 9

where  is the Planck’s constani and k the Boltzman’s constant. The theoretical
values of ®p, for a few metal halides have been presonted in table 3, where thesce

Table 3. Values of Debye Characteristic Temperatures

@y in °K

Crystal - ———-

Lxpt. Theor. Theor. (@) Theor.® Theor. ¢’

oq. (9) -
NH,Cl — 204 — — —
CuCl — 255 256 - —
CuBr — 224 222 -— —
AgCl 183 191 198 136 —
AgB1 144 147 147 128 —
TIC1 - 89 89 — 1567, 123,
125, 164.

TIBr — 06 (1] 109 123, 114, 117

(@) Sharma (1969).
(b) Reddy (1963).
(¢) Mitra & Joshi (1060).
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have been compared with the experimental values as well as with the caleulated
vulues from other methods. The present valies of @ p are m cxcellent agree-

ment with obscrved values and are in » much better fit with the values oblained
from other determinations.

DIsoUSsIONS

The theoretical valucs of y(r) (table 1) using the logarithmic form of repulsion
interaction in terms of various lattice properties are in cxcellent agrecment with
the experimental results when compared with the theoretical values of Saxena
& Kachhava (1964) who omployed the Born-Mayer potential cnergy function,
and with those of Mathur & Singh (1967) using Vurshni & Shukla (1961)

potential model which negleot the dipole-dipole and dipole-quadrupole inter-
actions.

The computed values of v, (table 2) show a superiority over the theoretical
values of Srivastava & Madan (1967) employing the repulsion interaction term
of the form Ae-7/*-ncglecting the contribution of dipole-dipole and dipole-
quadrupole interaction ierms, which are quite important for crystals containing
heavier ions, when compared with observed values of v, In view of the present
simple approach using a more accurate potential model, the present resulls are
comparable to the vesults obtained from the study of frequency versus wave
veotor dispersion curves.

The calculated values of @5 for AgCl, AgBr are in bolter agreement with
the observed values of @5 as compared with the caleulated values of Reddy
(1963). Unfortunatoly for other crystals obscrved data arc not available, there-
fore we can prediol. the correctness of theoretical values of @, for NH,CI, CuCl,
CuBr, TICL and TIBr on this basis  The authors feel that the old and incom-
plete cxperimental data for ®p need thorough revision for these crystals. The
salts considercd here have different charactenistics from the alkali halides. These
salts have a high value of attractive Van der Waal’s potential so that the con-
tribution due to dipole-quadrupole mteraction is quite significant for them.
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