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In the classical theory of ionic crystals (Born 1927, Born & Maye~ 
1932) it is assumed that the Ions of an ionic crystal are spherically sym-, 
metrical and their interaction with each other consists of (1) an electro- I, 

static term, (2) a repulsive interaction term, (3) multipole interactions 
i. e· (a) dipole-dipole interaction and (b) dipole-quadrupole interaction 
and (4) the zero point energy. 

Taking into account all the above interactions, the energy of the 
the crystal per unit cell may be expressed as 

",,' A 0 D 
,,(,) = - .. + ,. - ,. - r' +', (1) 

where 0( is the Madelung's constant, >. is the repulsive parameter, 0 is the 
dipole-dipole interaction parameter, D is the dipole-quadrupole inter
action parameter,', is the zero point energy, • is the electronic charge 
and r is the interionic distance. 

We have taken the inverse power form of repulsive term because 
of its simplicity and also because it is justifiied by the fact that inter
ionic distance between two ions remains nearly constant being near 
the value at the potential minimum. 

The potential parameters A and " and thence the lattice energies 
for some heavier halides have been calculated (table 1) using the well
known equilibrium condirions given by Hildebrand (1931). 

It can be seen from table 1, that the results obtained in the 
present work are in as good an agreement with the experimental 
results as obtained by other authors employing the more cumbersome 
repulsive forms (Born & Mayer 1932, Huggins 1937, Cubicciottl 
1959, 1961, Bleick 1934, Mayer & Levy 1933). Chatterjee (1963) 
using the same potential form as used here has calculated the com
pressibility (~) for lighter halides. However, the procedure used by him 
does not seem to be justified. He h~s used the exprimental value of 
~ to find free index n and then used value of 71 to find p again and 
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TABLB J. CoMPAR(SOS OF THEORETf':::AL ANO EXPBRIMENI'AL VALUBS OF' LAITICe: SNERGU!S AND THERM"o\.L BXPANS(ONS OP HBAV!BR HALIDU. 

"Crystal Structun> 

NH",Cl CsCJ 

NH..CI C,C1 

Cue! Zincblend 

CuBr ZincbJend 

CuI Zincblend 

AgCI NaCl 

AgBr NaCl 

AgI Zincblend 

TICI esCI 

TlBc escl 

Mayer & Levy (1933) 
Mayer (1933) .*. Blcick (1934) 
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Lattice Energy in IQ. Cal/mo Ie. < 11 )( loe per deg. 

Expl. 

221.9* 

216.0" 

213.4· 

205.7** 

201.8** 

199.0** 

170.1** 

165.6·· 

Present work Theor Expt. Equatioo(l) 

160.0 161.6*·· 142.00u,,,, 

152.4 154.0· ... • 161.00"·" 

213.5 216.0· 65.40* 

204.4 208.0· 62-10" 

1996 199.0· 7350'" 

20).4 203.0·· 98.90" 98.70+ 

193.8 197.0·· 104.0"· 102.30+ 

J88.0 190.0""" 

164.7 1670·· 168.00++ 

161.2 164.0"· 

+ HununeJ (1950) 
-t+ International Critical TabJes (1928) 

++t'Kumar (1959) 

PresentwoTk.. 
(Equation(Z) 

141.66 
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65.76 

62.30 
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ISS.54+++-
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has called it Pool'. This is objectionable because the two equations 
used by him are not independent of each other and hence his procedure is 
of little significance. 

In a crystal lattice, the ions oscillate about their equUibrium posi
tions and their amplitudes increase with temperature. Hummel (1950), 
on this basis, has explained thermal expansion as being due to shifts 
in equilibrium positions of oscillating ions when their amplitudes become 
sufficiently large. In view of the effect of the ionic vibrations on thermal 
expansion of solids, many workers have correlated this property with 
vibration characteristics of ions. . 

In the present work, the values of the coefficient of thermal J.. 
pansion (".) on the basis of equation (1) have been calculated by th~ 
formula • 

r ~"+~c+~~_~.~ 1 
" = 3!:T>.! r ,.. r r . 

• T 1-2"" '" c D' I - r - + 7\(9\+1) ,. - 42 7 - 72 -,' 
(2) 

Calculated values of (ot,) arc presented in table 1 along with the 
experimental values obtained by Kumar (1959) theoretically using • 
different potential and procedure. For salts other than NH,Cl and 
NH,Br as the data for the calculation F p is not avaUable we are 
justified in assuming F T, P = 1. Very good agreement is obtained. The 
calculated values 0' the thermal expansion seem to be in good agreement 
with the experimental values compared to those calculated by Kuniar (1959). 
The cohesive energy values are, however, slightly inferior in comparison 
with the other values but this inferiority too does not exceed by more 
than 4.5% on the average. Therefore, in view of this simple procedure, 
which gives sufficiently satisfactory resuits, this simple inverse power 
or potential energy function may also be used for the computation of 
other lattice properties for heavier halides. The author anticipates that, if 
an accurate value of F T,P be used in calculating lattice energy and thermal 
expansion, srill better agreement with experiment may be obtained. 

The author is grateful to Professor B. G. Gokhale, Dr. es. Sc. (Paris) 
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The author also records his thanks to the State Council of Scientific 
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On the basis of available molecular dimensions and spectroscopic data, 
several molecules and ions of octahedral symmetry (0,) have been 
subjected to normal coordinate analysis using various types of potential 
functions, enabling the evaluation of molecular constants like force cons
tans, thermodynamic function, mean amplitudes of vibration etc. In conti
nuation of the same type of work Nagarajan (1964) calculated the valence 
force field constants and mean amplitudes 0 f vibration of tungsten 
hexachloride (WeI,) from the estimated frequencies used in the calculation 
of thermodynamic functions by Stull and his associates (1962). Recently 
Evans & Lo (1968) have reported the assignments of all the six funda
mentals frequencies of tungsten hexachloride with the help of two infrared 
active fundamental modes lind six combination bonds. The fundamental fte
quencies differ appreciably from the estimated frequencies used by Nagara' 
jan (1964) in his calculations. Since we have been interested in similar 
work on octahedral molecules and ions (Pandey, Singh & Sanyal 1969), 
it was considered worthwhile to recalculate the molecular constants like 
force constants mean amplitudes of vibration and shrinkage effect fot' 
this molecule with the recent spectroscopic data (EVans & 10 1968) 




