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Dielectric Polarization of Some Aliphatic Amines in the Liquid State 

By Michio SHIRAI 

(Received February 14, 1956)

Introduction 

The relation between the dielectric con-

stant of a liquid and the properties of its 

individual molecule is a complicated problem. 

Debye1) derived the well-known formula,

based on Mosotti's hypothesis, where M is 

the molecular weight, d the density, s the 

dielectric constant, N Avogadro's number, ƒ¿ 

the polarizability, ƒÊ the dipole moment, k 

Boltzmann's constant, and T the absolute 

temperature. Debye's formula was found to 

be in agreement with the experimental re-

sults for gases and dilute solutions in non-

polar solvents. In this formula the inter-

molecular interactions are neglected. But, 

when any effect of interactions between polar 

molecules exists, some modifications of this 

theory are required. 

Onsager2) worked out this problem by tak-

ing into account the so-called reaction field 

as well as the cavity field. The formula 

derived by him is as follows :

where n is the refractive index for optical 

region. Onsager's formula accounts for the 

dielectric constants of all substances except 

a few highly associated liquids, and can be 

used to calculate dipole moments from the 

dielectric constants of several polar liquids. 

Previously, Estermann3) found that in pure 

liquids of diethyl ether, diphenyl ether, and

ethylamyl ether, the molecular polarization 

calculated from the dielectric constant of the 

pure liquid by means of Debye's formula was 

in good agreement with that measured with 

the dilute solution in non-polar solvent, in 

spite of the considerable polarity of its mol-

ecule. Recently, the author has found that 

the same rule also holds for some aliphatic 

amines. 

Experimental 

Method of Measurement.-The measurement 

of dielectric constant was carried out at a fre-

quency of 2 Mc./sec. by means of resonance 

method, the details of which were described else-

where4). The density was measured with a 

pycnometer. 

Materials.-Diethylamine was purified from a 

commercial sample by drying over caustic soda 

and distillation. b. p. 55.5•Ž. 

Triethylamine was purified from a commercial 

sample by the method given for diethylamine. 

b. p. 88.8•Ž. 

i-Propylamine was purified from a commercial 

sample by distillation. b. p. 33.0-33.5•Ž. 

n-Heptane was purified from a commercial 

sample by shaking with sulfuric acid, washing 

with water, drying over metallic sodium, and 

fractional distillation. b. p. 97.5•Ž. 

Cyclohexane was purified from a commercial 

sample by the method given for n-heptane. b. p. 

81.0•Ž. 

Results and Discussion 

Dipole Moment.-The mole fraction of the 

solute x, the dielectric constant s, and the 

density d are indicated in Table I, together 

with the molecular polarization P2, calculated 

from them. The molecular polarization was 

calculated by the following formula ;1) P. Debye. " Polare Molekeln ", S. Hirzel Pres; 
Leipzig (1929), p. 33. 

2) L. Onsager, J. Am. Chem. Soc., 58, 1486 (1936) 
3) I. Estermann, Z. Physik. Chem. B1, 134 (1928).

4) M. Yasumi and M. Shirai, This Bulletin, 28, 193 
(1955).
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where P1, P2, P12 are the molecular polari-

zation of the solvent, solute, and solution, 

respectively. 

The molecular polarization at infinite dilu-

tion P2•‡_ and the dipole moment ƒÊ calculated 

from it are also shown in Table I. The 

dipole moment is given by

where PE, PA, and P0 are the electronic, 

atomic, and orientation polarization, respec-

tively. PE+PA for diethylamine and that 

for triethylamine were taken to be 25.7 cc. 

and 33.0 cc., respectively. These were deter-

mined by the temperature dependence of 

their molecular polarization in the gaseous 

state5). For i-propylamine, PE was taken to 

be equal to the molar refraction for sodium 

D line, and PA was assumed to be 5% of the 

electronic polarization. 

The dipole moment of diethylamine and 

that of triethylamine measured in different 

solvents are nearly the same, but they are a 

little greater than those in the gaseous state. 

This fact is interpreted in terms of solvent 

effects).

TABLE I 

DIELECTRIC CONSTANT, DENSITY, 

MOLECULAR POLARIZATION, AND 

DIPOLE MOMENT

n-Heptane Solution (-25•Ž)

n-Heptane Solution (-25•Ž)

Cyclohexane Solution (25•Ž)

Dielectric Polarization in Pure Liquid 

State.-Dielectric constant and density me-

asured at different temperatures are shown 

in Table II. The molecular polarization and 

the dipole moment calculated from them ac-

cording to Debye's formula and Onsager's. 

formula, respectively, are also listed there. 

The refractive index which is to be inserted 

into Onsager's formula should contain the-

atomic polarization, so that it was calculated, 

by the following formula :

assuming that Lorentz field is valid for the-

electronic and atomic polarization.

5) G.A. Barcley. R.J.W. Le Fevre and B.M. Smyth, 
Trans. Faraday Soc., 46, 812 (1950). 

6) K. Higashi, Sci. Pap. I.P.C.R., 31, 311 (1937).
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TABLE II 

DIELECTRIC CONSTANT, DENSITY, MOLECULAR 

POLARIZATION, AND DIPOLE MOMENT IN THE 

LIQUID STATE

i-Propylamine(PE十PA =20.6cc.)

Triethylamine (PE+PA=33.0 cc.)

As shown in Tables I and II, both for di-

ethylamine and for i-propylamine the dielec-

tric polarization calculated from the dielectric 

constant and the density of a pure liquid 

by Debye's formula is in fairly good agree-

ment with that measured in solution at 25•Ž 

and -25•Ž. And, the dipole moment meas-

ured by the solution method agrees well with 

that calculated from the dielectric constant 

and the density of a pure liquid by Debye's 

formula throughout the range of temperature 

-50•Ž-50•Ž at which the measurement was 

performed. On the other hand, the molecular 

polarization and the dipole moment calculated 

by Onsager's formula are considerably greater 

than those in dilute solutions both for di-

ethylamine and i-propylamine. Of course, 

ambiguity about the estimation of the atomic 

polarization exists, but the contribution of 

the atomic polarization to the dielectric con-

stant is so small that it has little effect on 

the value of molecular polarization or dipole 

moment. For triethylamine, it is impossible 

to determine whether Debye's formula or any 

other formula holds, on account of its low 

dielectric constant. Dielectric polarizations 

of some other aliphatic amines such as ethyl-

amine, n-propylamine, n-butylamine, etc. have 

been measured both in dilute solutions and 

in pure liquids by Barcley et al5). All of 

them show a considerable departure from 

Debye's formula and are rather consistent 

with Onsager's formula. 

The difference between the derivation of 

Debye's formula and that of Onsager's 

formula may be described as follows : in 

deriving the former formula, the polarizing 

effect of the molecule on the surrounding 

medium is assumed to have average rather 

than its instantaneous value whereas the 

latter formula is derived for the instantaneous 

orientation of each molecule. In other words, 

in Onsager's field it is taken into account 

that the field due to the permanent moment 

polarizes the surrounding medium and pro-

duces a reaction field to the dipole. Accord-

ingly, whether Debye's formula or Onsager's 

formula is valid, depends upon the existence 

of dipolar interaction. 

In this way, it is reasonable to say that 

the reason why Debye's formula is valid in 

these pure liquids is the absence of a dipolar 

interaction. In fact, for these molecules the 

permanent dipole is screened by non-polar 

groups and has little effect on the surround-

ing medium. The result obtained in this 

work will be useful for the discussion of 

dipolar interaction in the liquid state, such 

as micelle formation in organic solvent. The 

latter problem will be discussed later.
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Summary 

For diethylamine, i-propylamine, and tri-

ethylamine, Debye's formula holds as the 

relation between dielectric constant and dipole 

moment over a wide range of temperature. 

This fact can be attributed to the absence 

of the dipolar interaction on account of the 

screening of the permanent dipole by non-

polar alkyl groups. 

The author wishes to express his sincere 
thanks to Prof. B. Tamamushi for his guid-
ance and encouragement. 
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