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The range distribution of the complete heavily 
ionized tracks is shown in the accompanying histo
gram, which has been corrected for loss of tracks 
due to (a) those remaining in the gelatin layers, 
(b) those which pass out of the emulsion. The cor
rected distribution is shown by the dotted curve. 

This work is being continued, and will be reported 
more fully upon completion. 
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Structure of Molecular Films of Stearic 
Acid on Copper 

ELECTRON diffraction pattern!:\ obtained during an 
investigation of the effect of temperature on mono
and multi-molecular layers of stearic acid on copper 
have produced evidence for the existence of crystal
lites of a metal soap on the copper surface. 

The layers of acid were deposited by the Langmuir
Blodgett method1 on a metal surface which had 
been finely polished with rouge on 'Selvyt', degreased 
electrolytically and rinsed in distilled water. Three 

Fig. 1. 

Fig. 2. 
Fig. 3. 
Fig. 4. 

2 

Retlexion pattern of 7 layers of stearic acid on copper 
at 20° c. 

Same, after•heating to 95° C. 
Same, after heating to 115° c. 
Transmission pattern of copper stearate dissolved from 

copper surface 

or more layers give diffraction patterns at 20° C . 
consisting of strong grease bands (Fig. 1), correspond
ing to the different orders of the 2·54 A. alternate 
carbon-to-carbon spacing in the hydrocarbon chain. 
On raising the temperature of the metal support, the 
bands gradually fade. At 8Q-85° C., while the band 
pattern is still visible, continuous rings corresponding 
to spacings of 3·76, 4·17 and 4·38 A. appear (Fig. 2). 
These rings increase in intensity with temperature, 
and at approximately 100° C. begin to arc. Further 
faint rings appear, until, at ll5° C., there is a strong 
cross-grating pattern (Fig. 3). The pattern persists 
until at a temperature of 127-130° C. it fades 
suddenly, leaving a diffuse background. 

The obvious conclusion, that the rings are due to 
the appearance of copper stearate, was confirmed by 
comparison of the planar spacings with those obtained 
from transmission patterns of a copper stearate 
powder prepared in the laboratory. When a specimen 
giving the pattern shown in Fig. 3 is boiled for several 
minutes in pure benzene, the subsequent solution 
after evaporation on a collodion support gives a 
strong transmission pattern (Fig. 4). The strongest 
two rings correspond to spacings of 3·76 and 4·17 A. 

From these observations it would appear that at 
some temperature below 80° C. the steari<.l acid begins 
to melt (if one can speak of melting in such layers), 
reacts with the copper and forms copper stearate. 
(The bulk melting point of stearic acid is 69° C. ; 
copper stearate softens at approximately 125° C. The 
effect of the metal surface on the melting point of 
molecular layers of such compounds is being investi
gated.) The stearate gradually collects into discrete 
crystallites, projecting from the metal surface and 
showing some preferred orientati9n. The pattern 
indicates that the crystals are oriented with their 
( 001) plane parallel to the metal surface. At 130° C. 
the crystals melt. 

Further experiments, however, indicate that, if the 
multi-layers on copper are allowed to age for some 
days, similar crystallites are obtained at tempera
tures well below the melting point of stearic acid. 
Melting of the acid apparently merely accelerates the 
reaction and subsequent crystallization. 

Reaction between molecular layers of polar com
pounds with the underlying metal or metal oxide 
surface has been proposed by previous workers2-• ; 

but no definite electron diffraction evidence of the 
existence of the products of such reactions has pre
viously been reported. The conception of the crystal
lization of multilayers of long-chain compounds is not 
a new one. Coumoulos and Rideal 5 reported in 1941 
that molecular layers of long-chain esters on nitro
cellulose supports crystallized on ageing. 

Further work on other metals is in progress. 
My thanks are due to Dr. A. L. G. Rees for per

mission to use the electron diffraction camera of the 
Chemical Physics Section, Division of Industrial 
Chemistry, and for his constant advice and criticism. 
The work forms part of the general programme of 
research of the Tribophysics Division of the Council 
for Scientific and Industrial Research. 
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