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Biological membranes are exposed to strong electrical fields (membrane potential:
~100mV/100Å = 100kV/cm). The interaction of this electrical field with the membrane
plays a very important role in biology. There is a lot of electrophysiological
(phenomenological) and theoretical knowledge about membrane processes induced by
changes of the membrane potential, however, little experimental data about structural
changes are available. The reason for this missing information is that there are only few
methods to investigate structural changes of membrane components in situ.
Attenuated total reflection (ATR) Fourier transform infrared (FTIR) spectroscopy [1] is
presented as an adequate tool for studying structural changes in a model bilayer
membrane. Modulation and SBSR technique [2] are used to compensate for large H2O
absorption, to increase the signal to noise ratio and to determine kinetic information.
In a first approach pure arachidic acid (a fully saturated fatty acid) was used to prepare
the supported bilayer on the ATR plate by the Langmuir-Blodgett (LB) method.
Arachidic acid is known to form quite stable bilayers. The carboxylic head group of the
fatty acid was used to charge the membrane surface by deprotonation induced by
changing the acidity. Periodical (modulated) changes of the bulk pH result in periodic
changes of the surface charge density of the membrane and thus in modulated changes in
the membrane potential. The spectroscopic response was analyzed by digital phase
sensitive detection (PSD).
Deprotonation of the carboxylic head group leads to an increase of the carboxylate
νas(COO-) and a decrease of the carboxyl absorption ν(CO). The surface charge density
can be evaluated by the amount of carboxylate absorption, the surface potential and
electric field can be calculated by the Gouy-Chapman theory.
Reversible transition of the all-trans conformation of the hydrocarbon chain in the
uncharged (protonated) state to gauche defects in the charged membrane is detected by
changes of the absorption of CH2-bending, CH2-streching and CH2-wagging vibrations.
As an example, the wagging progression γw(CH2) consisting of 9 nearly equivalent bands
between 1180 cm-1 and 1320 cm-1 is typical for a hydrocarbon chain featuring 18 CH2-
groups in all-trans conformation. This is the case for arachidic acid in the protonated
state. Deprotonation of the acidic head group leads to a reversible reduction of the
γw(CH2) intensity, paralleled by the appearance of new bands in the 1320-1350 cm-1

region which is typical for elongated hydrocarbon chains with gauche defects.
Dominant changes of the methyl group are observed in polarized spectra due to changes
in the direction of the transition moment induced by gauche defects. Both methyl and
methylene groups exhibit clear polarized effects.
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