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MOLECULAR POLARISATION IN SOLIDS
By K. D. Paryak axD B. V. BHIDE

Dielectric constants of salts of alkalies and alkaline eacths with straight chain aliphatic a:lds have
been det:rmined. Molecular polarisation calculated according to the Clausius -Mosotti equation has
been found to be additive in sodium, potassium and barium salts of monobasic acids arl in sodium
salts of dikasic acids. Caleium salts show taarked deviations. In all the series of salts molecular volume

has been found to be additive.

A survey of the theories of dielectrics shows that there is no generalised theory
of the dielectric properties of salts or solids in general. The previous work. done on
the subject has been in most cases rglated to the role of water in hydrates (Cheng,
Phil, Mayg.,, 1940, 30, 505), or changes in allotropic forms. The rest of the work is
mainly concerned with the determination of dielectric constants of ealts and
interpreting them qualitatively in terms of the ionic and nan-polar bonds. In the
absence of a generalised theory, it was thought desirable to study the effect of organic
radicals on the dielectric properties of inorganic ions. Such a scheme is easily
available if one considers the inorganft salts of straight chain aliphatic acids. The
aliphatic part of the acid is mostly non-polar and the effect of the addition of this
component on the inorganic cation can be easily studied.

EXPERIMENTAL

Some of the acids required for the prepadration of these salts were available
in the laboratory"-' The remaining had to be prepared. Formic, acetic and butyric
acids were redistilled before use. For the preparation of the salts of heptylic acid,
first heptaldehyde was obtained by fractional distillation of castor oil which was
further oxidised to heptylic acid by potassium permanganate. Lauric acid was
obtained from Pisa seeds (Actinodaphne hookerr) and further distilled under
reduced pressure. Stearic acid was obtained from Coccum butter, (Purgura).
It was obtained in the purest form after three <crystallisations franf ‘ethyl
alcohol, m. p. 71.5°. -

The salts were prepared by standard methods. They were purified by
crystallisation from water or alcobol, wherever possible. The salts were dried to
a constant weight and were further analysed by standard methods to test their purity.
In every case the purity was found to be over 99.5%.

Measurement of Diclecirie Constants and Denisities.<The dielectric constants
were measured by the resonah@e method at 100..meter wave-length. The mixture
method was used for determining thewielectric constants ‘of "sollds., The liquids
used for this method were xylene and nitrobenzene ; fo; deﬂaxry measurements

benzene was used.
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Xyleng wyas dried over sodium and then distilled twice over phosphorus
pentoxide. Merck's pure thiophene-free benzene, distilled over phosphorus pentoside,
was. further dried over sodium ; nitrobenzene was dried over calcium chloride and

then'ﬂistilltcf under reduced pressure.

&l__l the density measurements were carried out at 30°. All the weights were
corrected for buoyancy of air.

Table I gives the dielectric constant ¢ density 4, molecular polarisation 2, and

the moletulag, volume of salts.

P is calculated according to Clausius-Mosotti

equation
€1 M
€+2 4
TapLe 1
Mol. vol

Salt. Formula. €. d{g.lcc). P (Mid).
L Wpdium formate CHO,Na 485 1925 19.86 3533
2. Sodium acerate C,H;04Na 444 1518 28.87 54.03
3. Sodium butyrsate C.H:;O;3Na 3-325‘ . 1324 40.20 83.08
4, Sodium heptylate C,H,30,Na 3.6k, 204 58.73 1263
5. Sodium laurate C3H,;305Na 3R, 1102 86.12 2015
6. Sodium stearate C1sHj3, Oy Na 3.125 1.07 118.4 286.0
1. Sodium oxalate CyO Nz, 6.1 2.868 36.88 46.39
2. Sodium malonate C3H,0O Na, 5.6 208 43.07 7115
3. Sodium succin-ate C‘H'p-xNa: 501 1.88 516 86.16
4. Sodiumadipate CoHgO N3, 414 1.66 583 1145
5. Sodium azeajate C,H,;,0,Nay 416 145 w82 08 160.0
1. Potassium formate CHQO,K 746 1954 2936 4299
2. Potassium acetate CH;0.K 4,61 1534 3489 63.&3-
3. Potassium butyrate C.H,0;K 39 1315 47.1 9588
4, Potassium lgurate CieHyaOgK 281 1.136 7884 20050
5. I_-‘(b_mssium stearate C;sH,, 05K 2,63 Li12 102.1 287.00
1. Baflum formate Ba(HCO,), 7.9 3.179 4985 7153
2. Barium acetate Ba(CyH;05) . 562 247 62.67 1034
3. Barium butyrate Ba(C,H,0.,), 4,55 1.875 89.89 166.2
4. Barium heptylate Ba(C,H:304), 3.62 1:568 117.6 2522
5. Barium laurate Ba(C,:He30,), 3.1 1345 1639 398.1
6. Barium stearare BalC,eH;,0,)4 2815 1244 213.2 265.4
2 Calcium acemmte” e 3 1ms e
3. Caleium Boryrace Ca(c-.- 30g2)s 6.3 1.509 66.88 1047
4 Calfium hentslars a(C,H,05) 4.9 1.271 2523 168.4

: ptylate Ca(CrH,505), 4,29 12 29 248.3

5. Calcium stearate Ca(C 16H;50,), 283 1065 214.9 569.0
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DiscussSiIOoN

From the results the following deductions can be made.

Densities—Fig. 1 shows the densities of the salts against the number of
carbon atoms in the molecule. In every series of salts a smooth curvé is oMNtained.
The decrease in density with increase in carbon atoms is particularly prominém: from
formates to butyrates in the salts of monobasic acids where the mcremm: in
molecular weight represents a large proportion of the total. It is m;efesu#g to
note that the curves of sodium and potassium salts of monobasic acids afmost
supcrimpose each other showing that the corresponding salts tade near'ly the
same densities. No irregularity is observed in the values of the demnsities ims these
series of salts with odd and even number of carbon atoms.
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Drielectric Constants,—Fig. 2 gives the curves of the dielectric ‘constants
against the number of carbon atoms in the molecule. Dielectric constants also
follow the same order as that of the densities, and invariably decrease with the
increase in the number of carbon atoms. All the curves are smooth and here
also no irregularity is observed in salts containing odd and even number of
carbon atoms.

Density-dielectrie  Constantis—As both the densities and dielectric
constants follow the same order and decrease with the number of carbon atoms,
it was thought desirable to draw the graphs of densities against the dielectric
constants to test the relationship between them. Figure 3 gives such graphs of
sodium, potassium, barium and calcium salts. Fxcept in calcium salts which give
a curve, the graphs are almost straight lines. Deviations are observed in sodium
formate and barium acetate which may be due to these being the first few
members. The graphs. straight lines as they are. give a clue to predict approxi-
mately the dielectric constant of a salt in series of sodidtn, potassium and barium
salts, if the density is known or vree versa.
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. Molecular 'Polar:}«zh'an:.—Earlier work on molecular polarisation of
inorganic salts by Sathe, Phalamikar and Bhide (this Jowrnal, 1945, 22, 29) shows
that in these salts molecular polarisation is not additive. The deviation from the
additity rule has been explained as due to a partial change in the nature of the
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bond from electrovalent to covalent. In thz present work the salts of aliphatic

carboxylic acids are under study. In such a series of acils the aliphatic part is mostly

non-polar and it may be presumed that the increment in the molecular polarisation

with the number of.carbon atoms is entirely due to the increment in the molecular

volume only. It is seen from Figs. 4 and 5 that in sodium, potassium and barium
Fig. 5 -Fig. 6
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salts, additivity relationship holds for molecular polarisation if the cation is kept the
same ; in other words in these salts the cation has no appreciable effect on the
polarisation of the organic radical or the anion. In calcium salts the cation
seems to have an appreciable effect on the polarisation of the anion.
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Though the additivity relationship holds for molecular polarisation in these
series of salts, the contribution of polarisation due to each carbon atom, whent
considered in separate series, does not seem to be identical, asis evident from the
following equations (x denoting the number of carbon atoms) :

(1) P = 5178:+17.73 for Na salts of monobasic acids.
(2) P = 6296x+2423 for ., . of dibasic acids.
(3) P = 4178x+2791 for K .. monobasic acids.
(4) 77 = 4712r+4632 for Ba " acids.

Thus. the contributions of polarisation due to each carbon atom 5.178, 6.296, 4178
and 4.712 are different and it be only said that the contribution due .tp each carbon
atom is constant to a particular series of salts of sodium, potassium and barium.

Moleeular Volumr —It is well known that in an aliphatic series the molecular
volume is an additive property. In this work also it has been found ‘that the
molecular volumes of the sodium. potassium, calcium and barium salts of smonobasic
acids are additive.
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