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Abstract

In this thesis the structure and hydration of small organic and amphipilic
compounds adsorbed at the air-liquid interface, have been studied using
the nonlinear optical technique Vibrational Sum Frequency Spectroscopy
(VSFS). The second order nature of the sum frequency process makes this
technique particularly surface sensitive and very suitable for interfacial studies,
as molecules at the surface can be distinguished even in the presence of a
vast excess of the same molecules in the bulk. Particular emphasis was given
to the surface water structure and how it is affected by the presence of small
model compounds such as acetic acid and formic acid, and also non-ionic
surfactants with sugar based and ethylene oxide based polar headgroups.
Understanding the structure of water at these interfaces is of considerable
fundamental importance, and here VSFS provided unique information. Upon
addition of tiny amounts of these surface active compounds, the ordered
surface structure of water was found to be significantly perturbed, as revealed
by the changes observed in the characteristic spectroscopic signature of the
dangling OH bond of water molecules, which vibrate free in air and are present
in the top monolayer. Dramatic differences between the different compounds
were also observed in the bonded OH region, providing a valuable insight into
the hydration of polar groups at interfaces. Additionally, by employing different
polarization combinations of the laser beams involved in the sum frequency
process, information about the different water species present at the surface
and their average orientation were extracted. In particular an unusual state of
water was found with a preferred orientation in a non-donor configuration in
close proximity to the hydrophobic region formed by the hydrocarbon tails of
the surfactant molecules.

The conformation and orientation of the different adsorbates were also
characterized, targeting their specific vibrational frequencies. Noteworthy is
the orientation of the fluorocarbon chain of ammonium perfluorononanoate
(APFN), which in contrast to the hydrocarbon chains of the other surfactant
molecules studied, remained constant over a wide range of surface densities.
This behaviour was also observed for the anionic headgroup of sodium dodecyl
sulphate (SDS). Other interesting findings were the formation of a cyclic dimer
bilayer at the surface of concentrated aqueous solutions of acetic acid and the
water structuring effect induced by poly(ethylene-oxide) headgroups, in spite of
being themselves disordered at the air-liquid interface.
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