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Chemical sensors that can detect various molecular species at low concentrations would be
useful. The electrodes developed so far, such as, pH electrodes, measure the activities of test ions
in solution as D. C. voltage differences generated when electrodes are immersed in solutions of
these ions. In taste and olfaction, in contrast, electrical impulses in the nerve are generated at
sensory organs by various chemical stimuli, that is, chemical information on chemical structure
and concentration is converted into frequencies of nerve impulses. Thus to mimic the molecular
mechanism of recognition in sensory organs, an excitable artificial sensing system must be
developed.

In the present article, we will show the possibilities of developing a new type of chemical
sensor capable of distinguishing various chemical substances on the basis of information on the
frequency and the shape of impulses,

{1} [t was found that a simple liguid membrane showed characteristic responces to inorgan-
ic ions, alcohols and sugars in a similar manner to biological chemoreceptive membrane. The
liguid membrane consisted of an oil layer beiween two aqueous layers: that on left containing a
cationic surfactant. This system showed sustained rhythmic osciltations of electrical potential of
200~400 mV with an interval in the order of 1 min. The frequency, amplitude and shape of
impulses changed markedly with the addition of various chemical species to the agueous phase.
When optical active detergents were used, the frequencies of the oscillation were found to be
different between chiral amino acids or sugars present in the aqueous phase,

(2) It was found for the first time that oscillation occurred at an oil~water interface in the
presence of anignic surfactants,

(3) Studies were made on the electrical potential across a liquid membrane consisting of an
oil layer, oleic acid, between agueous solutions of NaCl and KCl. When the oil phase was exposed
to amine vapor, the system showed periodic changes of electrical potential of 10~20 mV. Itis
suggested that this system can serve as a model of biological olfactory transduction.

(4) It was found that spontaneous firing can occur for the membrane made of various lipid
molecules having the oleyl moiety, monoolein, triolein and Span-80. It is demonstrated that
an Na*/K* concentration gradient can cause excitation in a Langmuir-Blodgett film of dioley}-
lecithin.

{5} It was shown that the excitable artificial membranes developed by the present authors
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exhibit unique electronic properties; negative resistance, switching and memory effect.

(6) Electrical oscillations across two platinum electrodes connected to an external circuil
and immersed in a test solution were measured. It was demonstrated that the frequency of
oscillation reflects the concentration of the chemical species in the test solution.
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