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HE concept of individual poiarisabilities of ions
has been found to be very useful in the description
of many solid state properties. Apart from its wide-
spread use in systematising optical data, it is also used
in the study of interionic potentials in crystals where
the_van der Waals® interaction is usually written in
terms of the polarisabilities of the interacting ions.
Although the concept of individual ionic polansabll-
ity has come under question in recent times', it is still
frcely used in scml-empmcal theories of crystal phys-
ics and chemist
Tessman et al. tabulated individual polarisabilities
for many ions. Their values, which have been exten-
sively used by later workers, were obtained under the
assumptions that the polarisability of an ion is inde-
pendent of crystal structure, temperature, pressure,
etc. and that the individual ionic polarisabilities in a
crystal are simply additive. Calculatlons along similar
lines have been made by others®® on vanous families
of crystals. However, Tessman er al? (hereafter
referred to as TKS) noted that their best fit alkali and
halogen ion polarisabilities did not reproduce the
experimental polarisabilities very well when carried
over to other crystals (table 2). Ruffa® suggested on
theoretical grounds that both cation and anion polari-
sabilities should de Jacnd on thc crystal environment.
An interaction law®, and a ri relation” (where r are
the radii of the cation and anion) were some of the
schemes ' proposed by later workers. Recently,
Mahan® reported an a priori calculation of the polari-
sabilities of many ions in simple crystals by taking the
crystalline environment about an ion as a spherically-
averaged sum of pseudopotentials. He found that the
anion polarisability is rather.strongly dependent on
the interionic distance whereas the cation polarisabil-
ity was essentially constant. His result is understanda-
ble in terms of the compressnble jontheory of Narayan
and Ramaseshan? where the anions are much more
compressible than the cations and thus should havea
more strongly variable polarisability. Mahan® argues
that the variable cation polarisability obtained by
Ruffa® arises because Ruffa’s theory is valid only
when the interionic distance r— oo, .

In the following discussion we use an empmcal

relation to re-estimate the polarisabilities of ions in

the alkali halide and alkaline earth chalcogenide'c{yﬂ
tals. We assume a constant polansablllty for cati
in line with the resulls of Mahan®, while for the anions

Il

we propose a specific dependence on the interionic
distance. We fit only two extra parameters (one for the
halogen ions and one for the chalcogen ions) overand
above the Tks formulation, but obtain significantly
better agreement with the experimental data. Our
modification would therefore appear to be well
motivated.

The electronic polarisability per molecule a,, is
related to the high frequency dlelectnc constant e

" through the Clausius-Mossotti relation™

e—1 3Vm

€+2 4w

=am

(H

-

where V,is the volume per molecule, We propose that
a,,can be written in terms of the polarisabilities of the
constituent ions through the relation

Cm = Qe + ay, (r/3)" ' 2

where r (in R) is the interionic distance in the crystal
and aca and aan are constant polarisabilities asso-
ciated with the two ions in the crystal. The new feature
in our relation is the parameter n which is taken to be
constant for a set of anions; the case n=0 corresponds
to the simple additive law-of TKs. The normalisation
of r by (the arbitrarily chosen value of) 3A is clearly
not anextra parameter since it can always be absorbed
into the definition of asn. We note that the relation (2)
may be expected to be valid only over the experimen-
tally observed range of lattice constants. It would be
unrealistic to extrapolate it to free ions or to a highly
compressed crystal.

The various parameters in a given family of crystals
(@cat’s. @an’s and n) were optimised by minimising

| m & mexpt 2
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where @, cxp is derived from the measured room
temperature € through relation (1) and ap,is obtained
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TABLE |

Estimated ionic polarisabilities corresponding 10 the TKS® approach (n=0) and our approach (optimised n)

Polarisability (in &%)

Polarisability (in 1&3)

lon n=0 n=0.26 lon n=0 n=0.9
Li’ 0.029 0.029 Be? 0.0 0.0

Na' 0.281 0.242 Mg 0.063 0.063
K’ 1.147 1.053 Ca* 1.140 + 0.889
Rb’ 1.714 1.593 o 1.795 - 1.369
Cs' 2.793 2.617 Ba® _ 3.497 2.826
F _ 0.877 0.984 o” 1.695 2.377
cr 3.013 3.097 s* 4.761 5.267
Br 4.189 4215 Se? T 6.149 6.504
I 6.288 : 6.163 Te? 8.570 8.317
Smin 1.27% - 0.580% 2.63% 1.849%

from (2). The summation is over the N crystals in a
given family. For each value of n we optimised the
various values of aea and aan and computed Smin(n).
By varying n we could then find its best value. For well
known reasons™*, it was necessary to fix the & of one
of the ions in each family of crystals; we took the
polarisabilities of Li* and Mg to be 0.029 A® and
0.063 &* respectively®®. Since these are .very small
quantities, any fractional errors are likely to be
unimportant.

The dielectric constants of the alkali halides were
taken from Lowndes and Martin'' and the lattice

constants from Wyckoff'?. The results are given in
table 1. The value of Smin(n) decreased from about
1.3% at n=0 to 0.58% at n=0.26. This large reduc-
tion for the addition of a single parameter n clearly
shows that the effect we are trying to model through
equation (2) really does exist. Table | also gives the
results on the alkaline earth chalcogenides. The
molecular polarisabilities were taken from Van
Vechten' except for the barium chalcogenides for
which data from TKS were used. In this case Smin(7)
decreased from 2.6% at n=0to 1.8% at n=10.9,again
confirming the dependence of anion polarisability on

TABLE 2

w - Calculated molecular polarisabilities for a few crystals using the parameters of table 1

@y, cale( 1&3)
Crystal Inter-ionic distance . o p, cxp( A% n=0 error % Best n error %
: r (A) ‘. N r .

MgF; 2.000 1.800 1.817 0.94 1.834 1.89
MgCl, 2.540 6.040 6.089 0.81 5.995 —0.75
CaF, 2.366 : 2.534 2.894 14.2 2738 805
SrF; 2.511 . 3.066 - 3.549 15.7 3.248 5.94
SrCl, 3.021 7.222 7.821 8.29 7.574 4.88
BaF; 2.685 4.002 . 5.251 31.2 4.738 18.4
BaClk 3.180 8.930 9.523 6.64 9.115 2.07
KMgFs 2420 3.933 3.841 —234 - 3908 —0.65
(at 300K) (average) ’ -
Li2O 2.000 2.150 1.753 —18.5 1.679 -219
BeO 1.660 1.320 1.695 28.4 1.395 5.72
BeSe 2.230 5.520 6.149 11.4 4.980 —-9.78

Ims error, 16.0% 9.99,

mean error 8.8% 1.3%
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interionic distance. The higher value of n shows that

the effect is stronger in the more compressible chalco-
gen ions compared to the halogens.

In order to make an independent test of our

. approach, we have calculated the molecular polarisa-

bilities of a few crystals whose data were not used in

our parameter fitting. The results are given in table 2.
The present approach is clearly an improvement over

that of TKS (n=0). Apart fram the reduced overall
rms error, we notice that in 9 out of 11 cases our
predicted values are better than the n=0 values. ~
Narayan' has shéwn thatvan der Waals forces play
an important role in determining the crystal structure
of ionic crystals. Since an important input in such
calculations is the ionic polarisability, the present
results could be important. For example, in RbsO
(r=292 A), the simple TKS (n=0) approach gives a
dipole-dipole mteractlon cocfﬁcxcm between anions
(C--) of 55X 10°® j's cm® whxlc our results (n=0.9)
.imply C--=88X 10" ¢rgs cm® which is 60% larger.
Also, current mdlcauons are that the van der Waals
interaction is progressively quenched at shorter interi-
onic distances. The present approach could be a good
model for this effect.
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ANNOUNCEMENT

INTERNATIONAL SYMPOSIUM ON SHALLOW WATER BENTHIC INVERTEBRATES OF
INDIAN OCEAN

The International Symposium on' Shallow Water
Benthick Invertebrates of Indiah Ocean, sponsored by
the Marathwada University, University Grants Com-
mission, American Institute of Biological Sciences
and the Indian Society of Comparative Endocrinok
ogy will be held during January 20 to 24, 1984, at
Zoology Department, Marathwada University,
Aurangabad, India. The subjects dealt at the sympo-
‘'sium: (i) Present research on Indian Ocean benthic
invertebrates, (ii) Present modern techniques for ben-
thic biology research, (iii) Identity problem areas on
biology of benthic invertebrates, (iv) Foster commun-
ication between scientific communities.

Topics to be covered are: reflecting the life cycle of
benthic invertebrates: eggs, larvae, juveniles and
adults. For cach of these topics, papers in the follow-
ing are invited: Physiology, Endocrinology, Produc-
tivity, Biofouling, Pollution, Ecology  and
Mariculture.

Those interested in participating at this symposium
should contact the Convenor: Prof. R. Nagabhusha-
nam, Department of Zoology, Marathwada Univer-
sity, Aurangabad-431 004. The abstracts should
reach by 30th June 1983. The Regxstratxon Fee isRs.

250/ - ($30.00).
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