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MOLECULAR POLARISATION IN SOLIDS 

Bv K. D. PATHAK A:"iD B. V. BHIDE 

Dielectric constants of salta of alkalies and alkaline earths with straight chain aliphatic &!'tda have 
been det?rmined. Molecular polarisation calculated according to the Clausius -Masotti _equation has 
been found to be ac'ditive in sodium, potassium and barium salts of monobasic acids ant in sodium 
salts of dihasic acids. Calcium salta show marked deviations. In all the series of salts molecular volume 
bas 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 r,.tated to the role of water in hydrateS' (Cheng, 
Phz'l. Mag., 1940, 30, 505), or changes in allotropic forms. The rest of the work is 
mainly concerned with the determination of dielectric constants of salts and 
interpreting them qualitatively in terms of the ionic and nQn-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 ion1. Such a scheme is easily 
available if one considers the inorganft salts of straight chain aliphatic acids. The 
aliphatic part of the add is mostly non-polar and the effecE of"the addition of this 
component on the inorganic cation can be easily studied. 

EXPERIMENTAL 

Some of the acids required for the preparation of these salta were available 
in the laborator~·/The remaining had to be prepared. Formic, acetic and butyric 
acids were redistilled before use. For the preparation of the salts of hcPrylic acid, 
first heptaldehyde was obtained by fractional distillation of cast.~r oil which was 
futther o:xidised to heptylic acid by potassium permanganate. Lauric: acid was 
obtained from Pisa seeds (Actmodaplme lzookert) and further distilled under 
reduced pressure. Stearic acid was obtained from Caecum butter, (P~t~rl"ra). 
It was obtained in the purest form after three crystallisations- 'frcaaf•ethyl 
alcohol, m. p. 71.SO. 

The salt's were prepared by standar:d methods. They were purified by 
crystall!sation from water or alcohol, wherever possible. The salts were dried to 
a constant weight and were further analysed by standard methods to test ~heir purity. 
In every case the purity was found to be ov~r 99.5~ 

Meamrement of Dicte&lni Com/ants nnd Denu'tie.r.~Tb~ d-ielectric constants -- ., -' were measured by the resonab~e method at 100. meter ·wave-length. The mixture 
method was used for determining the<dielectric cODstants •of '-solids._ The liquids 
used for this method were :xylene and nitrobenzene ; fo( cfe~iity measurements 
benzene was used. 



48 X. D. PATHAK AND B. '\7, BHIDlt 

Xylene vas dried over sodium and then distilled twice over phosphorus ... 
pentoxide. 'Merck's pure thiophene-free benzene, distilled over phosphorus pentoside, 
was. iurther dried over sodium : nittobenzene was dried over calcium chloride and 
then"'8istillt~under reduced pressure, 

~·the density measurements were carried out at 30°. All the weights -were 
~ocre~;€ed for buoyancy of air. 

Ta.re I gives the dielectric constant E, density ti, molecular polarisation P, and 
the molet:qlat. volume of salts. P is calculated according to Clausius-Mosotti 
equation. 

P= 

'.I.'ABLB I 

E. 
Mol.vol 

Salt. Formula. d (g./c.c,). P. (M/d). 

L ~ium formate CHO.Na 4.85 1.925 19.86 35.33 
2. Sodium acetate c.a.,o.Na 4.44 1.518 28.87 54.03 
3. Sodium butyrate c.a.oliNa 3.~ .1324 40.29 83.08 
4. Sodium heptylate C,H 11.o.Na 3.~~1 1.204 58.73 126.3 .. 
5. Sodium laurate c,.H1110 11 Na 3.21-, 1.102 86.12 201.5 
6. Sodium a~arate CuHaaOeNa 3.125 1.07 118.4 286.0 

1. Sodium o:mlate CliO,Na• 6.1 2.888 36.88 46.39 
2. Sodium malonate CaH110 4 Na 1 5.6 2.08 43.07· 71.15 
3. Sodium succinate C..Ji,P,Na, 5,01 1.88 51.6 66.16 
4. Sodium edipa~ C,H;O,Na1 4.14 1.66 58..3 114.5 
5. Sodium aze.te c.Ha01 Naa 4.16 145 "'112..08 160.0 

1. Potusium formate CHOaK 7.46 L954 29.36 42.99 
2. Potassium acetate c.H .. o 8K 4.61 1.534 34.89 63$. . 
3. Potassium butyrate C,H7 0 8 K 3.9 1.315 47.1 95.88 
4. Potasaium 14luate C,sH2a08 K 2.81 1.136 78.84 209.50 
5. ~tassium .stearate C 18 Ho 1 0 8 K 2.65 1.12 102.1 287.00 

1. Barium formate Ba(HCO~)• 7.9 3.179 49.85 71.53 
2. Barium acetate Ba(C11 H30 8 ) 2 5.62 2.47 62.67 103.4 
3. Ba1ium butyrate Ba(CAHr02 )s 4.55 1.875 89.89 166.2 
4. Barium heptylate Ba(C,H180 8 ) 8 3.62 1.~68 ll7.6 252.2 
5. Barium laurate Ba~C, ::Hs:~Oz)a 3.1 1.345 163,9 398.1 
6. Barium stearate Ba(Cu, H11a~:r>. 2.815 1.244 213.2 265.4 

1. Calcium formate. ~a(Hf011)a 6.~ 1.959 4381 66.36 
2. Calcium acetate Ca(C:::H30 11>. 6.3 1.509 6&J!8 104.7 3. Calcium ~tyrate Ca(CAHYOs),. 4.9 1.271 .25.23 168.4 4. Cal~um heptylat~ Ca(C,H, 8 0 8 )ll 4.29 L2 !2l9 248.3 5. c.lc:ium stearate Ca(C 18H 8110 8 ) 8 2.82 1.065 214.9 569.0 
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DISCUSSION 

From the results the following deductions can be made. 
Denuties.-Fig. 1 shows the densities of tbe salts against th_e num~ of 

carbon atoms in the molecule. In every series of salts a smooth curvt is o!ftained. 
The decrease in density with increase in carbon atoms is particularly prom\ll&!nt from 
formates to butyrates in the salts of monobasic acids where the incre~IJ.t jn 
mol~cular weight represents a large proportion of the total. It is iw..etesti~· t:'> 
note that the curves of sodium and potassium salts of monobasic acids afmost 

~ . .. 
superimpose each other showing that the corresponding salts hi4e nearly the 
same densities. No irregularity is observed in the values oi_ the,_d8Mities i~~~o these 
series of salts .with odd and even number of carbon atoms. 
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Dt~leetl'ic Ctmstanls.-Fig. 2 gives the curves of the dielec.tric • constants 
against the number of carbon atoms in the molecule. Dielectric constants also 
follow the same oi:'der 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. 

De'ftstly-dieleetrie Conslants.-As both the densities and dielectric 
constants follow the same order and decrease with the number of carbon atoms, 
it wa~ thought desirable to draw the graphs of densities against the dielectric 
constants to test the relationship between them. Figure 3 gives suc.h graphs of 
sodium, potassium. barium and calcium salts. Ex:cept in calcium salts which give 
a curve, the graphs are almost straight Jines. D~viations are observed in sodium 
formate and barium acetate which may be due. to these being the 6rst few 
members. The graphs. straight lines as they are. give a due to predict approxi­
mately the dielectric constant of a salt in series of sodiUQ,, potassium and barium 
salts. if the density is known or 'lli&e r•ersa. 

7 
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·Molecular Pola,.e:r~~tion.r.-Earlier work on molecular polarisation of 
inorganic salts by Sathe, Phalarrikar and Bhide (this fou,.nal, 1945, 22, 29) shows 
that io. these salts molecular polarisation is not additive. The deviation from the 
additif!ty nAe has been explained as due to a partial change in the nature of the 
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bond from electrovalent to covalent. In the present worf.: the ~alts of aliphatic 
carboxylic acids are under study. In such a series of aciJ .. tho: otlit-holtic p.ut is mostly 
non-poh.r and it may be presumed that the increml.'nt 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 
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salts, additivity relationship holds for molecular pola~isation if the cation is kept the 
same ; in otht>r words in these salts the cation has no appreciable effect on the 
polarisation of the organic radical or the anion. In calcium salts the c:~tion 
seems to have an appreciable effect on the polarisation of the anion. 
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Though the additivity rel.1tionship holds for molecular polarisation in these 
series of salts, the contribution of polarisation due to each carbon atom, when 
considered in separate series, does not . seem to be identical, as is evident: from the 
foiJowing equations (x denoting the number of carbon atoms) : 

(1) P - 5.178.c+l7.73 for Na salts of monobasic acids. 
(2) !' - 6.296x+2423 for .. ., of dibasic acids. 
(3) P - 4.178x+27.9l for K monobasic acids. 
(4) P - 4.712.r t46.32 for Ba ,, , aciJs. 

Thus. the contrihutions of polarisation c.luc to each carbon atom 5.17-R, 6.296: 4.178 
and 4.712 are different and it be only said that the contribution due .tp each c~rbon 
atom is constant to a particular series of salts of sodium, pota~siurn and barium. 

J/aktulrlr VfJhwlf .-It is well known that ill an aliohatic srries the molecular 
volume is An additive property. In thi~ work also it has been found 'that the: 
molecular volumes of the sodium. potassium, calcium and barium salts of•monobasic 
acids are additive. 
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