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ABSTRACT. Tho valuoa of the dielertric constants have boon doterminod experi
mentally by a method described in on earlier paper. The values of tho force constant K 
have boon ovnluatcd and compared with other determinations and have been further utilized 
to compute cohesive energies, compressibilities and roststrahleu fre(|uencies. For cohesive 
onergics both exponential and inverse power models have bt‘on assumed. The a.greomont with 
experimental values and also with other determinations is roasouable and the analysis present-s 
a simple and adecpiato approach.
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1 N T K 0  D U 0 T I O N

The study of dielectric properties of any material gives the information about 
the. atomic and molecular structure and also about variouf properties such as 
compressibilities, reststrahlon tt-cquencios. Therefore, dielectric constants have 
bwn measured as functions of densities and of teniporaturos in substances of 

• V'arious typ<̂ 8 . pure substances in gas, liqiid or solid form; solutions; mixtures 
of solid particles with other solid particle and so on. The variation with frequency 
has also becni studied over the whole spectrum from static fields througli the radio 
and infra red frequencies to the optical region.

In the present paper we have measured the dielectric constants of alkali 
halide crystals at radio frequency (lf).6MC/S) using the method of mixtures. 
Experimental technique was based on the method of Hartshorn and Ward (1936) 
used earlier for vegetable oils by Sliarma (I960).

Wiener (1910) has develojiod a formula taking into account the geometrical 
shape of the particles and their influence on the distribution of electric field, 
because the dielectric tmnstant (>f crystalline powder depends also on the size and
shape of the particles. Fricke (1924) has modified Wiener’s formula and this 
mrslified formula has been used by us.

Since compressibility and reststrahlen frequency of a crystal are related to 
the dielectric constant and therefore they can be evaluated theoretically. Further, 
the force constant can also be evaluated with its help and if the law of interaction 
IS known, the interaction energies can also be computed. Dielectric constant data 
obtained experimentally has been treated for these properties.
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T H E O R Y

Wiener (1910) derived an equation for cflijculating the dielectric constant of 
mixtures by introdu ‘ing a constant which dej^nds on the geometrical shape of 
the particles. He realized that in a continuoi|9 medium the geometrical shape of 
the dispersed particles might influence the di^ribution of the electric field and 
consequently the dielectric constant of the n|ixturo. He derived the following 
formula for calculating the dielectric constant |>f a mixture :
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where and are the dielectric Cf)nstant8 of the mixture and the two compo
nents respectively, V2 are the volume ratios of the two components to that of 
the whole mixture ^ constant depending on the shape of the
particles. But it was found that equation (1) will hold only for spheres isotropically 
arranged in a uniform field.

Fricke (1924) has derived a formula for the case of a mixture when one compo
nent is disperst'd in the other, the latter medium being continuous and homo
geneous. Fricke foriuula is given by the relation

. . .  (2)

whore h is a factor depending on ê , 2̂ the shape of the particles. At radio 
frequencies and are complex quantities and u is also complex. Since u is 
unknown for crystalline particles, it is difficult to solve equation (2) for ê .

To avoid such complic^ations, we have u»sed in the present study crystal pow
ders and binding medium of negligible loss. Liquid paraffin has been used as the 
binding medium.

D E T E R M I N A T I O N  O F  T H E  V A L U E  O F  a

Fricke’s equation fV>r has been solved for by the method of Burton and
Turnbull (1937) as moflified by Pradhan and Gupta (1960). The method consists 
of plotting against v (volume fraction of cryj-tal powder in mixture)
on a log log graph paper for several assumed values of u (near about 2). The 
tangents of each line wore evaluated, and by plotting u against the tangents 
obtained, a smooth curve was obtained. The value of u corresponding to a line 
giving the value of the tangent equal to unity was obtained. Now using this 
value of u, a straight line graph between v was drawn on a
log log graph paper (Fig. 1) and the straight line was interpolated to Vj ~  0.1. 
This value of 1̂̂ « ^  value for
Vj =  1 on multiplying by 10,
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Fig. 1. Fractional volume of particles.

Now at Vi =  becomes and we have

___1+ux
.. (3)

where

X  =  ■
e«. +Me* ■XlO (fori)i =  0.1).

A N D  R E S U L T SM E A S U R E M E N T S

Hartshorn’s method for the measurement of permittivity and power factor 
of dielectrics at radio frequencies from 10 KC/S to 100 MC/S was employed. The 
method involves capscitanoe variation in a tuned circuit, a thermionic voltmeter 
being employed as a detector of resonance. The basic information for measuring 
the above parameters has been discussed in detail by Sharma (1960). Since the  
size Mid shape of the samples are of utmost importance for obtaining accurate 
results, mixtures were carefully prepared. The crystal powders were grounded 
in a mortar and were filtered through a mesh (1000 B.S.). The filtered particles 

supposed to be of the same size. These crystal particles were mixed with 
liquid paraffin in known percentages. The mixtures were stirred well and samples 
of required size were made. Dielectric constants of mixtures thus measured at



different concentrations are given in Table I. ;Prom this the dielectric constants 
of alkali halides were evaluated by the method^iefecribed in the preceding section. 
They are given in Table H I. The constant ^ e d  for obtaining these dielectric 
constants are given in Table II. ^
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TABLE I

Dielectric constant of mixtures a t r ^ io  frequency (15.6MC/S)

Crystal
Conceutraiion of Salt

d 10 2C|' 30 40

LiF 2.340 2.500 2 .8 ^ 3.225 3.677
LiCl 2.356 2.520 2.8<^6 3.316 3.819
LiBr 2.348 2.609 2 .8 ^ 3.286 3.792
LilJ 2.360 2.608 2.8tfJ 3.274 3.762

NaCl 2.317 2.436 2.687 2.963 3.260
NaI3r 2.318 2.440 2.69fl 2.984 3.294
Nal 2.320 2.468 2.737 3.049 3.396

KCl 2.294 2.389 2.586 2.797 3.019
KBr 2.295 2.392 2.596 2.812 3.043
K I 2.299 2.398 2.611 2.839 3.086

TABLE I I

Values of u and x  for alkali halide crystals
(^ry LiF 
fttal

LiCl LiBr LiT NaOl NaBr Nal KCl KBr KI

u 1.12 1.04 0.83 0.91 1.66 1 . 6 6 1.41 1.91 1.76 1.60

X  0.60 0.66 0.71 0.68 0.38 0.41 0.46 0.28 0.30 0,33

TABLE I II
Dielectric constants of alkali halide crystals at 15.6 MC/S

Pradhan Bom International
Crystal Present and and von Critical

work Gupta Huang Hippel Tables
(1960) (1964) (1954) (1929)

LiF 9.20 * 9.27 » • « • . . . .

L ia 11.00 . . . .

LiBr 11.92 . . . . . . . . .  * * . . . . .

Lil 11.02 •  • • • — — —

NaCl 5.84 5.86 5.62 5.90 5.90
NaBr 6.04 6.10 5.99 . . . . . . . .

N alj 6.70 6.72 6.60 . . . . —
KCll 4.73 4.77 4.68 • • • • 5.03
KBr 4.86 4.88 4.78 4.90 6.10
KI 6.07 5.09 4.94 , 5.40
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C!OR R E L A T I O N  O F  D I E L E C T R I C  C O N S T A N T  W I T H  
O T H E R  P R O P E R T I E S

Tli(‘ dioloc‘tri(* properties of ionic* crystals are intimately connected with 
tlu‘ fonipr(*HKibilitû s» restHtrahlen frecpiencaos and cohesive energies. The ions in 
the crystal may be regarded as held in their respective positions by (1) the elec^ 
trostatic forces between the charges carried by tlieni and (2) by forces such as the 
font’s of repulsion, the van dor Waals forces and also the homopolar interaction 
forces if any. In view of the spherical symmetry of the ions, both (1) and (2) 
types of forces are regarded to be central.

The potential energy >̂f the crystal per pair of ions can be written as

E(r) - - - -+ 0 ( 0 (4)

>vhere ot is the Marlelung constant. 0(r) (contains all the rest of the energy which 

is not contained in the electrostatic term
(xê
r

There are various expressions for 0(r). Born assumes the form
0(r) B e- ÎP ... (5)

considerijig only the repulsion interaction between any two neighbouring ions 
separated by a distance r, whereas the form

0(r) -= Br-^ ... (6)
has also been proposed. Equations (5) and (6) do not take into account the 
van der Waals forces or forces of homopolar character. Usually, the latter forces 
are not strong enough and can be neglected, but the former, th a t is the van der 
Waals forces may be quite important and should be taken into account, as is indi
cated by an analysis of the available data on dielectric and other properties of 
crystals by Hardy (1961), Cubicciotti (1959) and Huggins (1937).

Hence the equations (5) and (6) take the form

0(r) ^  Bp- ÎP- C
(7)

and

0(r) = C

Equation (8) is known as Lennard-Jones interaction form with empirical values 
for the index n. Eowlor (1955) using n =  9] attempts to explain the various 
properties of crystals, whereas n =  12 has been more popular and successful 
in explaining the data on liquids and gases and in a few cases of solids. For ionic 
crystals it is found that n <  12 is more suitable for lighter salts whereas n- =  12 
is more appropriate for heavier ones as shown by Sharma and Madan (1904). 
Nevertheless, as has been assumed for liquids and gases, for a uniBed approach,
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one can reasonably assume » =  12 for the data analysis of a number of pro- 
perties of crystals also. In the present dii^ussion we have considered equa
tion (7) and equation (8) in which =  12. \

If  the lattice formed by one type of ion^is displaced with reference to the 
lattice of other type of ions by a smaller dist|nce r, then the potential energy of 
the deformed crystal per pair of ions can bo ij^xpressed as a power series in r, in 
which terms involving odd powers of r will absent as shown by Krishnan and 
Roy (1951). I

The coefficient of which we denote b j  a' will determine the reststrahlen 
frequency of the crystal.

L
Relation between the force constants \itibd by Born and Huang (1954) and 

Krishnan and Roy (1951) is given by

K ^  2 a,
where

(0)

There is no contribution of the electrostatic interaction to the term and ^(r) 
as given by either equation (7) or (8), as the case may be.

If  we consider a uniformly polarized sphere in the absence of an external 
electric field, the only forces acting are due to the <j>{r) term as shown by Szigeti 
(1951), the Lorentz effective field F  being ecpial to zero, and we (;an write a relation 
connecting K  and the compressibility as

K iu ... (10)

where u is the volume occupied by an ion pair. Equation (10) for NaCl struc
ture becomes

fir
( 1 1 )

The force constant K, when jP -- 0, is connected with the reststrahlen frequency
con as

e+ 2
■> 4"2 m6>n ( 12)

where e and are the static and high frequency dielectric cc^nstants and m is 
the reduced-mass. Krishnan and Roy (1951) treated this problem in a slightly 
different way. As a result of lattice displacement, there is a development of a 
homogeneous electric polarization in the crystal and the value of force coeffi
cient, jfii, instead of being only due to ^ r )  term will be le^  by an amount 
proportional to the force due to the polarization field.



From the polarization, the contribution to the force coefficient wiU be
2a,=-fTTiV c*. -  (1*)
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... (14) 

... (15)

The total force coefficient will then be
2 tx =  2 0-2 /a<O0*.

ThaHJfoiv,
K =  i  =  mwo*—2 Uj.

Utilizing the experimentally determined values of the dielectric constant e, we 
cah evriuate the force coefficient K, provided we know the reststrahlen frequency 

This in turn will enable a determination of the interaction energy of the 
undeformcd crystal as well as its compressibility. The expressions for the inter- 
action energy will depend on whether ive are using equation (8) or (7). They are 
obthinod by using relation (9) and are respectively,

... (16)

and

(17)

The values of /? and K  (from equations 15 and 12) thus computed are given in 
Table IV(A) ami V respectively, where they have been compared with other deter
minations as well. The values of (from equations 16 and 17) are given in
Table VI.

TABLE IV(A)

Calculated and experimental values of compressibilities from 
various Determinations

Crystal

Compressibilities ta  IO-12 Cm3/dyne.

Experimental
Oubicciotti

From
equation

(11)

Using Equation 
(15) and «o 

Experimental

Using 
Equations 

(18) and (16)

LiF 1.43 1.53 1*49 1.33

NaCl 3.97 4.16 3.88 4.09
NaBr 4,75 5.48 4.86 4.08
Nal 6.21 7.02 6.50 7.19

KOI 5.60 5.27 5.04 5«08
KBr 6.45 5.29 6.96 6.06
Kr g.07 9.25 7.00 7.86



TABLE IV(B)
Calculated and observed values of reststrahlen frequencies and 

dielectric consta|it
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Reststrahlen Frequency X lO -is/^c. Dielectric Constant

Crystal Bom
and

Huang
(1954)

Krishnan
and
Boy

(1959)

Using 
P Experi
mental and 
Equ. (12)

Using \  
a Exper^ 
mental a||Ld 

Equ. (1$)
i

Using 
Equ. (18) 

and e 
Experi
mental

Born
and

Huang
(1954)

Using 
Equations 
(11) and 

(12)

LiF 5.78 5.28 5.92
t —  

5.48 ’ 6.11 9.20 9.76

NaCl 3.09 2.95 3.16 3.02 2.92 5.84 6.19
N aB r 2.52 2.58 2.71 2.58 2.46 6.04 7.29
N al 2.20 2.45 2.34 2.30 2.17 6.70 7.84

KCl 2.67 2.51 2,61 2.47 2.66 4.73 4.44
K B r 2.13 2.07 2.11 1.97 2.10 4.86 4.74
K I 1.85 1.89 1.88 1.76 1.80 5.07 5.28

TABLE V

Calculated values of force constants using different crystal properties

Force Constant x 10""“*

Crystal From Equ. 
(12)

From Equ. 
(15)

From Equ. 
(11) and 
Using

3 Experimental

From Equ. 
(18)

Krishnan 
and Roy 

(1951)

LiF 7.90 8.10 8.45 9.07 8.26

NaCl 4.07 4.36 4.26 4.13 4.22

NaBr 3.27 3.69 3.78 3.60 3.80
Nal 2.77 2.99 3.13 2.95 3.38

KCl 3.58 3.75 3.43 3.72 3.48
KBr 3.74 3.32 3.07 3,27 , 3.20

K l 3.29 2.79 2.69 2.70 2.90
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TABLE VI
OompariHon of observed and calculated values

K  Cal/mole.
of cohê sive energies in

Crystal

LiF

NaCl
NaBr
Nal

KOI 
KBr 
Kl .

Exp('riinoutal 
Born and 
Huang 
(1964)

184.7
176.9
106.3

107.8

101.2

162.8

From Equation (17)

Using K Using K Using K 
from from from 

Equ.(12) Bqu.(ll) Equ.(18)

From Equation (16)

Using K Using K Using K 
from from from 

Equ.(l2) Equ.(ll) Equ.(18)

239.4

186.5
177.9
166.4

169.3
159.0
155.2

236.0

184.4
175.1 
164.3

170.2
162.9
153.2

232.2

185.6
183.1
165.5

108.6
161.7
152.9

280.7

199.2
188.8
174.4

177.8
167.8
100.1

280.0

198.6
187.4
173.2

178.3
170.2
158.7

279.1

199.0
187.8
173.8

177.4
109.5
158.4

Recently, data liave been ooinpilocl by Cubic5cdotti (1959) for the compressibi
lity and hence oik̂ could als(‘ take these experimental values of p and use them 
to evaluate K. This can then give tlie roststrahlcn frequency using either eqi a- 
tion (12) or (15). The values of (ô, thus computed are given in Table IV(B). 
Using experimental coq and experimental theoretical values of dielectric cons
tant can also be (jalculatod. Those values of dielectric constants are given in 
Table IV(B), where they have been compared with experimental values.

Assuming that there are also local distortions present, Szigeti (1951) obtained 
an equation relating the reststrahlen frequency and the dielectric constant, which 
is slightly different from equation (12)

+2)2 -  4.nN{SeflQm<^o  ̂ ... (18)
where S is unity for Lorontz approximation. Equation (12) is obeyed better than 
equation (18) particularly for the lighter salts as shown by Hardy (1961), who has 
given a detailed discussion of the importance of relations (12) and (18). The 
effect of equation (18) can be seen if one uses this relation and the experimental 
e te calculate the energy and the compressibility which can then be compared with 
the values given in Tables (VI) and IV(A) based on equation (12).

Comparison of various values in Tables IV(^). IV(B), V and VI shows that 
there is a reasonable agreement between various values among themselves and also 
with the experimentally determined values.

Cohesive energies calculated on the basis of exponential model are in good 
agreement with the experimental energies. Inverse power model using =  12 
gives comparatively a poor agreement. This is. to be expected because this is 
more suitable for heavier elements. Most of the ^Its  considered here are lighter 
and ^ <  12 will be more appropriate.



A comparison of various roststrahlen frequencies indicates that the values 
of Wo calculated by using experimental data of jjompressibiJities is in better agree
ment with the observed frequencies, thus plaoTOg confidence in the now values ofOi
compressibilities. |
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