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Dielectric Behaviour of Methyl Palmitate : 
Evidence of Resonance Absorption 

THE complex permittivity x = x' - ;'x" of methyl 
palmitate, C11H 31COO.CH3 (melting point (sharp) 
29·7° C.), has been determined at room temperature 
(17-20° C.) over the frequency-range 50-3 x 1010 
cyclesfsec., with the results shown in the diagram, in 
which x" is presented in terms of the tangent of the 
dielectric loss angle, tan ll = x"/x'. The 50-10' c./s. 
measurements were made on a Schering bridge ; the 
10'-108 c.js. ones by a reactance variation resonance 
method\ and the higher-frequency measurements by 
use of a number of cavity resonators2• 
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The results reveal three absorption regions in the 
spectrum investigated, and in seeking an explanation 
of the mechanism of these the following possibilities 
must be considered: normal (D.c.) conduction; 
anomalous conduction arising from the presence of 
aggregations of conducting impurity ; dipole relaxa­
tion; and the occurrence in this frequency-range of a 
natural vibration frequency of the dipolar molecules 
or of parts of these molecules. The measured D.C. 
conductivity was found to account for no more than 
1 per cent of the low-frequency value of tan ll, and 
the material tested was of such purity as to exclude 
the second possibility. In connexion with the third, 
if there exist two positions of equilibrium correspond­
ing to opposite dipole directions with a transition 
probability of p per sec., then energy absorption will 
occur around the frequency pj21t c.fs. With methyl 
palmitate there appear to be two such possibilities, 
involving rotation of the molecule about its axis and 
about an axis perpendicular to this. Since the prob­
ability of the latter type of rotation would seem to 
be small, the absorption between 50 and 108 c.fs. 
may perhaps be accounted for on this basis. Un­
fortunately, in the absence of measurements at still 
lower frequency, the peak of this absorption is 
undetermined ; but there is reasonable correlation 
between the observed changes of x' and tan ll in 
this region, and they indicate an effective resolved 
component of dipole moment of the order of 1·3 
Debye units. 

On this basis the second absorption is presum­
ably due to a rotation of the molecule about its 
axis, though, since it has been concluded by Malkin• 
from X-ray studies that methyl esters crystallize as 
double (end-on) molecules, the moving unit may be 
the double molecule. It can be estimated from the 
variation of tan ll in the region of this second absorp­
tion that x' should decrease by 0 ·06, which is con­
sistent with the observed variation of x', and suggests 

an effective resolved part of the dipole moment, in 
this case, of about 0·4 Debye units. 

The variation of x' associated with the third, 
ultra high-frequency, absorption region would seem 
to identify this as a resonance phenomenon ; 
although, if a curve be drawn through the four avail­
able experimental points, this variation appears as 
the inverse with respect to frequency of what is to 
be expected. This suggests that the four points at 
which measurements have thus far been made are 
inadequate to afford full resolution of the dispersion 
and absorption, and measurements at additional 
frequencies and at low temperatures are essential for 
clarification. 

A resonance absorption in solids in the electrical 
spectrum has not previously been reported ; but the 
prospect of this occurrence with compounds of the 
type under consideration within the 1/10 to 1/100 em. 
wave-length band (3 X 1011 -3 X 1012 c.js.) has 
been predicted by Frohlich'. The evidence that 
methyl esters crystallize in double molecules suggests, 
as one possibility, that the resonance may be due to 
oscillation of the component single molecules about 
an axis perpendicular to their length, in the manner 
indicated at (a) in the diagram. If this be so, the 
frequency of vibration would presumably be lower 
than for the type of oscillation discussed by Frohlich. 

It is desired to emphasize the tentative nature of 
the explanations suggested above pending the com­
pletion of further work now in progress. 
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Velocity of Sound in Free Air 
A PREVIOUS communication1 described an oscillo­

graphic method for measuring the velocity of sound 
in air. Further experiments have been made during 
the past four years, with the aid of a grant from the 
Research Committee of King's College, Newca.stle­
upon-Tyne, and during 1947 a series of 940 de­
terminations was made in the Bute Hall of the 
University of Glasgow. 

Fig. 1. General arrangement of apparatus 
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