Thermodynamics of the Clusterization Process of Cis Isomers of Unsaturated Fatty Acids at the Air/Water Interface
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In the framework of the semiempirical PM3 method, the thermodynamic parameters of cis isomers of unsaturated carboxylic acids at the air/water interface are studied. The model systems used are unsaturated cis fatty acid of the composition Δ ) 12-15 and ω ) 6-11, where Δ and ω refer to the number of carbon atoms between the functional group and double bond, and that between the double bond and methyl group, respectively. For dimers, trimers, and tetramers of the four acid series, the thermodynamic parameters of clusterization are calculated. It is shown that the position of the double bond does not significantly affect the values of thermodynamic parameters of formation and clusterization of carboxylic acids for equal chain lengths (n ) Δ + ω). The calculated results show that for cis unsaturated fatty acid with odd Δ values the spontaneous clusterization threshold corresponds to n ) 17-18 carbon atoms in the alkyl chain, while for monounsaturated acids with even Δ values this threshold corresponds to n ) 18-19 carbon atoms in the alkyl chain. These differences in the clusterization threshold between the acids with even and odd Δ values are attributed to the formation of additional intermolecular hydrogen bonds between the ketonic oxygen atom of one monomer and the hydrogen atom linked to the R-carbon atom of the second monomer for the acids with odd Δ values or between the hydroxyl oxygen atom of one monomer and hydrogen atom linked to the R-carbon atom of the second monomer for the acids with even Δ values. The results obtained in the study agree satisfactorily with our experimental data for cis unsaturated nervonic (Δ15, ω9) and erucic acids (Δ13, ω9), and published data for some fatty acids, namely cis-16-heptadecenoic (Δ16, ω1), cis-9-hexadecenoic (Δ7, ω9), cis-11-eicosenoic (Δ11, ω9) and cis-9-octadecenoic acid (Δ9, ω9).
