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The assumption of the identity of ionic behaviour in the molecular and crystal
states has been exploited in the present work to deseribe certain simple proper-
ties of the erystals. This approach is an extension of the approximate but
adequate ionic picture as developed by Kachhava and Saxena inasmuch as it
also assumes the equality of overlap coefficient in addition to taking the
hardness parameter the same in the two states. The properties considered are:
cohesive energy, compressibility, coefficient of thermal expansion, Griineisen
constant and equilibrium interionic distance. The results indicate that the
proposed approach competes well with the other similar procedures as well ag
with the experimental data. In view of the approximations involved the
results obtained are interesting and useful, particularly so because no crystal
property is employed as input data.

INTRODUOCTION

Cobesive energy and many other properties of ionic crystals have been
the subject of detailed study in the past few years through the knowledge of
interatomic forces. The potential functions for ionic crystals may be theoret-
ically considered to be composed of the electrostatic, van der Waals’ overlap
and polarization forces. However, only Coulomb and overlap terms make
important contributions towards the cohesive energy. The numerical
investigations carried out by Kachhava and Saxena (1963, 1965a) have
established the appropriateness of Born-Mayer (1932) potential to adequately
describe the properties of ionic substances. The Born-Mayer potential in
molecular state looks like

¢(r)=—€—:+aexp(—£). U !

Here 4(r) is the interaction energy between two ions separated by a distance 7,
e the electronic charge and a and p are the two potential parameters. The
constants @ and p appearing in eqn. (1) can be obtained from the equilibrium
condition and the knowledge of force constant (Herzberg 1955).

Kachhava and Saxena (1963) have pleaded for the oneness of the one of
the parameters, viz. p in molecular and crystalline states. This hypothesis
led to quite satisfactory results (Kachhava 1966) for many crystal properties.
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This encouraged us to work with both p and a as derived from the molecular
state data. In solid state any reference ion is surrounded by periodically
arranged ions and the non-Madelung interaction between the chosen ion and
the ion surrounding it goes on decreasing with the distance. Therefore, to
the first approximation we can consider the interaction between the nearest
ions only. The overlap interaction in crystal state can, therefore, be obtained
simply through multiplying the corresponding molecular contribution by the
coordination number 3. Therefore, the interaction potential in solid state
may be written as

dﬁ(r)=—°‘—:f+Maexp (_E). O 03]

Here o is Madelung’s constant and &(r) the interaction energy per ion-pair.

Conesive ExEray

The cohesive energy per mole, W, is given by

= —[NO(ro)+Eo]. .. .. .. 3
Here &(r,) is the potential energy corresponding to the equilibrium inter-
atomic distance ry, N the Avogadro number and E, the zero-point energy
per mole. We have used the B, values given by Cubicciotti (1959, 1961).
The experimental and computed values of W by eqn. (3) are given in columns
2 and 3 respectively of Table I. The average absolute deviation of theory
from experiment is 2-969,.

COMPRESSIBILITY
The second Born-Mayer (1932) thermodynamical simplified condition is
d2P(r) Yy
rz[ ] = .. - .. .. 4
ol dr2 r=r B ( )

Here B is the coefficient of compressibility and v the volume of the unit cell.
The values of 8 are calculated using eqn. (4) and are recorded in column 5 of
Table I. The average absolute deviation between theory and experiment is
17-7%.

COEFFICIENT OF THERMAL EXPANSION

The coefficient of thermal expansion, «, is given by Kachhava and Saxena

(1965b)
[d@(r)]
Cy | 9% Jr—»,
) )
[ dr? ]7'= To

Here O, is the specific heat at constant volume and its values used here are
taken from Tosi (1964). The values calculated from eqn. (5) are listed in
4
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column 7 of Table I along with the experimental values given in column 6
of Table I.

TasLE I
Cohesive energy, compressibility and thermal expansion of alkali halide
crystals at 25 °C
Cohesive energy Compressibility Thermal expansion
(k calmole) (10-12 em? dyne-1) (10-3/°C)
Crystal
Expt.* Calculated Expt.* Calculated Expt.*@ Calculated

LiF 242-20 247-4 1-49¢ 1-36 32-90 29-06
LiCl © 201-5% 205-1 3-36¢ 4-66 44-00 53-42
LiBr 191-5% 192-2 4-20¢ 4-95 50-00 59-88
Lil 180-02 176:6 5-83¢ 6-79 - 59-00 68-08
NaF - - - - - -
NaCl 184-70 1858 4-17¢ 4-18 39-50 48-70
NaBr 175-9 176-2 5-02¢ 4-73 43-00 46-25
Nal 166-90 162-2 6-64¢ 6-24 45-10 51-14
KF 190-02 192-6 3-28¢ 3-45 36-70 42-57
KCl 167-8° 167-1 5-73¢ 545 3690 48-66
KBr 161.2v 157-0 6-75°¢ 590 48-50 45-58
KI 152.8° 150-0 8-55¢ 11-69 40-00 73-18
RbF 185-02 192-6 3-81¢ 592 31-67 64-16
RbCl 163-68 160-8 6-40¢ 6-72 3813 54-95
RbBr 158-08 1517 7-69¢ 7-48 37-43 55-34
RbI 149-0v 1395 9-48¢ 8-25 39-20 44-51
CsF 176-64 186-8 4-254 8-79 45-50 98-4
CsCl 157-8 153-2 5-55e 8:95 - -
CsBr 152-3% 142-9 6-28¢ 819 - 53-87
Csl 145-40 129-3 8-83¢ 8-50 - 39-98

* The superscripts indicate references to the literature,
o, Kachhava (1966); 2, Born and Huang (1956); ¢, Spangenbegr (1956) and Spangenbegr

and Haussuhl (1957); 4, Huggins (1937); ¢, Bridgmann (1940).
GRUNEISEN CONSTANT

We have also computed Griineisen constant by making use of the following
formula (Kachhava and Saxena 1966):

aD(r)
To [ dr? ]T‘-—-“"o

E-[Ez?o(—’r)]'—‘_‘, .o . .. (6)

dr2

where ¥ is the Griineisen constant. The values of ¥ 80 obtained are recorded in

column 3 of Table IT and the experimental values are complled in column 2
of the same table.
4B
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TasLe II
The values of y, wg and rq for alkali halide crystals at 25 °C

Y wq(1013 sec—1) ro(4)
Crystal '
Expt.* Caleulated Expt.* Calculated Expt.* Calculated

LiF 1-64 1-59 7-83 10-51 2-0142 2-032
LiCl 1-69 2-00 10-7 6-35 2-5700 . 2406
LiBr 1-88 2-02 13-8 5-95 2-751¢ 2-658
il 2-03 2-13 15-0 5-69 3-00¢ 2-898
NaF - - - - ~ -
NaCl 1-64 1-99 513 5-42 28208 2801
NaBr 1-72 1-91 3-98 4-71 29897 2-973
Nal 1-66 2-06 6-40 4-06 3-237¢ 3-203
KF 1-58 1-80 4-36 5-40 2-6749 2-646
KCl 1-49 2-06 4-31 4-62 31479 3-123
KBr 1-46 1-99 4-36 3-79 3-298¢ 3-325
KI 1-456 2-03 5-056 3-05 3:533¢9 3-792
RbF 1-37 2-89 4-45 4-36 2.815% 2-675
RbCl 1-57 2-15 315 3:56 3-291¢ 3-257
RbBr 1.43 2-23 4-22 274 34459 3-483
RbI 1-51 1-95 4-56 2:50 36717 3:707
CsF 1-49 3-62 5-35 - 3-004¢ 2-699
CsCl 2-24 2-41 5-05 2-57 3-571¢ 3-384
CsBr 1-93 2-18 5-36 218 37209 3-701
Csl 2-00 1-83 6-47 2-48 3-956¢ 3990

* The superscripts indicate references to the literature.
o, Kachhava (1966); 9, National Bureau of Standards (1953-57); *, Huggins (1947).

RESTSTRAHLEN FREQUENCY

The force constant, 4 = di(ro), is related to the Reststrahlen frequency,
wp, through the frequency ws, which is defined as the angular resonance
frequency for mechanical vibrations in a sphere of radius small compared
with the wavelength of the vibrations. The relation between 4 and w, is

A =pa?. .. . .. o (M

Here . is the reduced mass appropriate to the two types of ions in the crystals.
Lyddane et al. (1941) showed that w, is connected to w, by the expression
(Eoo+2)
w§=(—eo—_i_—2)wf. . . .. . (8)
Here ¢, and ¢, are the high frequency and the low frequency dielectric
constants respectively. The values of e, for all the alkali halides are taken
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from the compilation of Mott and Gurney (1948) except for that of CsF which
i8 of Martin (1965).

The values of ¢, are also taken from Mott and Gurney (1948). The
calculated values of w,, so obtained, are compiled in column 5 of Table
II. The experimental values are also given in column 4 of Table IL,

INTERATOMIC DISTANCE

Finally, we discuss the calculation of equilibrium interionic separation
distance, r;. When we apply to eqn. (2) the equilibrium condition

dd(r) _
[dr ]r:ro_o . . .. )]

we get, after rearrangement of the terms, the following expression for

72 exp (- 29) =ae?p(Ma)t. .. .. .. (10)

Thus, one can obtain theoretical r, from eqn. (10). The values of 7, s0 obtained

are displayed in column 7 of Table IT while the experimental values are given
in column 6.

Discussion

The values of cohesive energy obtained here are in excellent agreement
with the experimental data. The coefficient of compressibility, though not
reproduced so well, may be regarded satisfactory. The values of the co-
efficient of the thermal expansion and the Griineisen constant compete well
with the corresponding experimental values in view of the use of the approxi-
mate formulae. Same is the trend for w, values. The r, values are excel-
lently reproduced for all the crystals except CsI. The average absolute
percentage deviation is 2:05. Thus here also one may derive the often
repeated conclusion about the insensitiveness of the cohesive energy on overlap
parameter. This is, of course, due to the fact that the latter makes a small
contribution to the former.

Thus in spite of the employment of an oversimplified model, the results
are on the whole satisfactory and stand well in comparison to similar existing
approximate calculations. The success of this method should be viewed only
keeping in view the crude approximations employed here. The most striking
approximation arises from the difference of the ionic behaviour in the molecular
and crystal states. One such major difference is the possibility of the
existence of the dimers and trimers in the molecular state. This situation
tends to undo the oneness of the hardness parameters and leads to the
departure of Ma from A (the overlap coefficient in crystalline state). The
success of the present endeavour may also be taken as pointing to the pos-
sibility of a small percentage of the polymers present in the molecular state.
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