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Popovskii A.Yu., Altoiz B.A., Butenko A.F. 

Epitropic layers of oleic acid. Orientational ordering and  
rheological characteristics 

 
SUMMARY 

The presence of substrate-induced new phases in thin interlayers and films is an intriguing 
phenomenon with the physical and chemical factors responsible for their formation are not 
yet clearly understood.  

In this work we discuss the results of viscometric measurements of the rheological charac-
teristics of micron symmetric interlayers of oleic acid. The effective viscosity of the interlayer 
was measured as a function of temperature, shear rate, and its thickness. Based on the previ-
ously proposed rheological model the stationary thickness of the epitropic liquid crystalline 
(ELC) layer which was partially cut off by the Couette flow was calculated as well as its equi-
librium thickness in the absence of flow. Also the viscosity coefficient of unoverlapped and 
partially overlapped wall-adjacent layers was determined. The close correlation of the ELC 
phase structural parameters values, which were found by the method of optical measurements 
and its rheological characteristics is indicated. The structural parameters of the oleic acid 
ELC layer are compared with the corresponding values for normal alkanes with approximate-
ly the same length of molecules. 

A possible model of the ELC phase structure, which consists of oligomers that are linked to 
active centers on the substrate surface is proposed. The main factor that determines the 
anomalously high value of the equilibrium thickness of the ELC layer is the possibility of the 
formation of “jack-type” dimers from polar anisometric molecules, which form the oligomer 
filaments. An increase of the correlation effects in the ensemble of adsorbed oligomers is also 
associated with a higher surface density of active centers on the metal surface. This leads to 
the increasing of the oligomer concentration, and, in turn, to a higher level of the “lateral” 
interaction between them. So a network-like structure of the ELC layer of oleic acid forms 
near metal substrate. In this wall-adjacent layer the filaments of oligomers are additionally 
stabilized by cross-links that consist of molecular associates. 

Such distinctive features of the oleic acid ELC phase may explain the influence of oleic ac-
id alloyage of lubricants in order to increase their anti-wear in the effects of boundary fric-
tion. 

Key words: epitropic liquid crystal, structural and rheological parameters, dimerization, 
net-like structure.  
 
 


