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The cohesive energy of the alkali halide crystals have been calculated for
different assumed forms for the interaction potential energy. Three different
functions, viz. the inverse, exponential and Gaussian, have been used for the
overlap part. The coulomb, dipole-dipole and dipole.-quadrupole terms
bave also been considered. Excellent agreement is obtained between
theory and experiment.

Many attempts have been made to calculate the cohesive energies and
other properties of alkali halide crystals by assuming different forms for the
potential energy function. The important interactions are (1) electrostatic,
(2) Van der Waals forces, (3) overlap and (4) polarization. Ineclusion of
all these interaction terms make the potential function fairly complicated
and therefore different workers have tried different combinations. As far
as the cohesive energy is concerned the charge-charge and overlap terms are
most important. Three different forms have been suggested for the overlap
terms and therefore the potential energy between two ions at a separation
distance r can be reasonably written in the following forms:

é(r) = — %2+%1 , (Born) oy . (D
é(r) = — 672+A2 exp (—r/P), (Born-Mayer) .. o (2)
é(r) = — 9;+A3 exp (—or?). (Varshni-Shukla) .. . (3)

The potential of equation (3) has been suggested by Varshni and Shukla (1961)
in connection with their studies on the alkali halide molecules as this represents
a much steeper repulsion. Here e is the electronic charge, 4, and =, 4,
and p, and A; and o are the potential parameters, and can be determined
from the following well-known conditions given by Herzberg (1955) for a
diatomic molecule:

and
2
aaqigr) =k,, alsoat r\= Te.' X v - (8)
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296 C. M. KACHHAVA & 8, C. SAXENA

Here r. is the interatomic distance at equilibrium and k. the force constant.

The forms of equations (1) to (3) can be easily extended to give the poten-
tial energy of an ion-pair interacting with the rest of the lattice and with
each other

0(62 Bl
¢(7)=_T+,-_n’ .. .. .. .. .. (6)
C el
®(r) = — —+B; exp (—7/p), - .. oM
and _
ae?
D(r) = — T+Bs oxp (—or?), .. .. .. (8)

where « is the Madelung’s constant. The constants #, p and o will remain
unaltered being independent of the surroundings and the constants B;, B,
and By can be determined from the familiar condition (Kittel 1956)

oD
ai”:o,. atr=r )

7o is the nearest neighbour distance in the lattice at equilibrium. This pro-
cedure of evaluating the potential parameters has been recently suggested by
the authors (Kachhava and Saxena 1963).

n, p and o can be calculated from the following expressions which are
obtained from equations (1) to (3) in conjunction with the conditions given
by equations (4) and (5):

n=x+l, .. .. .. .. .. (10)

p=rex+2)71, . .. .. o1
and

o= }xz+3) % . O ¢ F:))
where

e=ke ¥, .. .. .. .. .. (13

Computed values of these parameters along with the other constants required
are recorded in Table 1.
If reliable compressibility data at 0° K are available, one can determine
the two unknowns of equations (6), (7) and (8) by the use of equation (9)
and the following (Seitz 1940) :
2 4
d;fgr) = Qkﬁl;ro , &t r=rg . - . (14)

Here B is the compressibility factor at 0° K, ¥V the molar volume, & the
structure constant and N Avogadro’s number. The potential parameters
then can be obtained in a straightforward fashion. Thus, in the case of
Born-Mayer potential we have

47 -1 .
p=r0[2+gﬂ?g] : for NaCl type structure, .. .. (15)
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and

84/3r2]”

R ] for CeCl type structure. .. .. (16)

The cohesive energy per mole, W, is given by

p= To[2+

W= ~[NOC)+ed -« .. .. .. (17

where ¢, is the zero-point energy per mole. Computed values of the cohesive
energy are reported in Table II along with the experimental values. It is
interesting to note that the values of cohesive energies obtained by using the
compressibility data are in good agreement with those obtained by using the
molecular state data. The agreement of the calculated values with the experi-
mental values is not always satisfactory, obviously because we have used an
over-simplified form for the potential energy function. Nevertheless it is
clear that the exponential function for representing the overlap part of the
interaction is better than the inverse function. The Gaussian function seems
to hold the prospect of being the best of the three.

To further confirm this result we compute the cohesive energies according
to the following more realistic intermolecular potentials where dipole-dipole
and dipole-quadrupole interactions are also considered :

D(r) = = e — o — - .. .. .. .. (18)

2 D
O(r) = — "=y oxp (—1/p)— o5 — 2, (19)
and
2 ¢ D
Yr) = ~ a%+03 exp (—or?)— it (20)

Here C and D represent the dipole-dipole and dipole-quadrupole interactions
respectively and we have used the values as given by Mayer (1933). In
writing these equations we have neglected the contribution of polarization
forces which will average to zero in a highly symmetric crystal. For evaluating
the potential parameters we also use the following more rigorous conditions
given by Born and Mayer (1932):

do(r) 3vT( 1 av)

" = B \V 71/, 1)
and
, 4% ‘
drg') ﬁFTp, .. N 0 )
where

e R ), @
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Here 7' and P are the temperature and pressure respectively, and v = VN =

- 1
Kr3. To calculate F; p we have taken 7(2—;) from Huggins (1937) and 8.
P

B B Y
(51—3) and (BT) from Cubicciotti (1959).

The two parameters occurring in the potentials of equations (18) to (20)
can be obtained with the help of equations (21) to (23) when we get the

following working equations:

2002 42C 72D  9Ks3
- -~ twt % + Bl Fr p
n= -1, .. ee o (24)
et 60+8_D_ 3K g(@
R BV P

N R At V] N
P =" e 420 72D 9Kr ; S (29)

r 8 +B

[oce2 6C 8D 3Ki3 T(av)]
P

2ae2 42C 72D 9Kr3

_ | Tttty e 05
0—27'2 a_e2 60+8i)_3K1‘3_T_(3_K s .. R | )
r g V\aT ]
rlac2 60 8D S8Kr3 T(oV
01=;[7 re+“‘T'r7(5T)] @)
60 8 37T z
i)
0y = B £ (28)
2 420 72D 9Kr3 9K13 g
T 7T T T, P
and
ae2 6C 8D 3Kr3 T [0V
[T+7-6 +F— B V(aT)p] o2 (29)
3ae? 42C 80D  9Kr3 3K1’3T(8V ' -
r g8 T s T g ThPT ey \GT ),

Calculated values of the cohesive energy from equations (18), (19) and
(20) are listed in Table III. The agreement between theory and experiment
is very good and the improvement over the values obtained from simpler
potentials is noteworthy.
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TaBLe III

Cohesive energy tn k-cal/mole

Substance  From (18)* % dev From (19) % dev From (20) % dev
LiF 249-0 .. 242-2 .. 248-6 ..
Cl 198-7 —14 198-6 —1-4 202-1 0-3
Br 188-1 —1-8 1877 —2-0 190-7 —0-4
I 175-3 —2-6 174-7 —29 179-0 —0-6
NaF 217-4 .. 218-4 .. 222-5 .
Cl 187-2 +1:4 186-8 +1-1 189-0 +2-3
Br 176-7 +0-5 176-6 +0-4 178-7 +1-6
I 164-9 —0-8 1651 —07 166-9 +0-4
KF 194-5 o 194-6 . 197-5 ..
Cl 168-9 +0-6 168-8 +0-7 170:9 +1-9
Br 162-4 +0-8 162-3 +0-7 164-4 +2-0
I 1527 —0-07 152-8 00 154-3 +10
RbF 187-2 .. 187-3 .. 189-9 ..
Cl 163-4 —0-1 163-9 +0-2 165-6 +1-2
Br 156-7 —~0:7 157-2 —0-5 158-8 +0-5
I 148-9 —0-5 149-3 —0-3 150-7 +0:7
CsF 1780 .. 178-2 .. 180-5 o
Cl 156-2 —1-0 156-9 —06 158-4 +0-4
Br 150-2 —1-4 149-8 —1-6 151-5 —0-5
I 141-1 —30 143-4 —1-4 144-7 —0-5

Avg, Abs, Y% dev. .. 11 .. 0-97 .. 0-95

* Chatterjee (1963).
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