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Studies were made on electrical oscillations across a liquid membrane consisting of an oil layer, nitrobenzene containing 
pick acid, between two aqueous layers. This system showed sustained rhythmic oscillations of electrical potential of 200-300 
mV with intervals in the order of 1 min. It was found that the histogram of frequency of oscillations was characteristic 
depending on the structures of the sugars. The histograms of glucose, fructose, galactose and sorbose showed a single maximum 
whereas those of sorbitol and mannitol showed double maxima. 

1. Introduction 

The physico-chemical mechanisms of taste and 
olfaction are not yet clear enough in spite of 
several studies over many years, perhaps because 
of the difficulty of investigating sensory organs at 
the molecular level [l-4]. Investigations mimicking 
the manner of sensing in biological systems are 
awaited. 

Recently the present authors found [5] that a 
simple liquid membrane showed characteristic re- 
sponses to alcohols in a similar manner to biologi- 
cal chemoreceptive membrane. The liquid mem- 
brane consisted of an oil layer, nitrobenzene con- 
taining picric acid, between two aqueous layers: 
that on the left containing cetyltrimethylam- 
monium bromide (CTAB) plus alcohol at various 
concentrations and that on the right containing 
sucrose. This system showed sustained rhythmic 
oscillations of electrical potential of 200-400 mV 
with an interval in the order of 1 min. It was 
found that the frequency of oscillations increased 
with increasing concentration of alcohol and that 
the critical concentration of alcohols needed to 
induce oscillations decreased with increase in their 

hydrophobicity, i.e., increase in their alkyl-chain 
length. From the results of this study, it was 
suggested that the response to alcohols in the 
liquid membrane resembled that of biological 
chemoreceptive membranes. As an extension of 
this work, we studied the manner of response to 
various sugars in the liquid membrane, This article 
describes the result of this study, showing that the 
response to sugars is clearly characteristic of their 
chemical structures. 

2. Materials and methods 

Experiments were performed in an apparatus 
with a U-shaped glass tube (12 mm inner diame- 
ter) as shown in fig. 1. A solution (4 ml) of 1.5 mM 
picric acid in nitrobenzene was placed in the base 
of the U-cell. Aqueous solutions (10 ml each) were 
introduced simultaneously into the arms of the 
U-cell above the organic phase without stirring. 
All measurements were carried out at 25°C. The 
voltage across the liquid membrane was measured 
with a Hitachi-Horiba F-7 pH/mV meter con- 
nected by two salt bridges to two Ag/AgCl elec- 
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trodes. All reagents were commercial products of 
analytical grade. Before use, nitrobenzene was 
purified by distillation and pick acid was dried in 
vacua. 

3. Results 

Fig. 2 shows the oscillation of voltage across a 
liquid membrane, consisting of an oil layer, nitro- 
benzene containing 1.5 mM picric acid, between 
two aqueous phases, 5 mM CTAB plus 1.5 M 
ethanol on the left and 0.1 M sugar on the right. 
The oscillations started 30-40 min after the organic 
phase came into contact with the two aqueous 
solutions and continued for 1-2 h. The amplitude 
of the oscillations was between 200 and 300 mV 
and remained nearly constant during the oscilla- 
tory period. No oscillations were observed in the 
absence of sugar. 

In order to clarify the difference in the manner 
of the oscillations. Fig. 3 shows histograms of the 
frequency of the oscillations. Here n is the number 
of the oscillations and f (s-l) is the inverse of the 
period (s) between the pulses. For each histogram 
the result of three experimental runs was given. 
First, let us compare the histograms of monosac- 
charides. The histograms of glucose, fructose, 
galactose and sorbose are similar to each other, 

I 

Fig. 1. Experimental apparatus: (a) millivolt meter, (b) salt 
bridge, (c) Ag/AgCI electrode, (d) aqueous layer, (e) organic 
layer. 

showing only one maximum. It should be noted 
that the chemical composition of these four sugars 
is the same (C,H,,O,) whereas the histograms of 
sorbitol and mannitol, having the chemical for- 
mula C,H,,O,, show double maxima of the 
frequency. A similar trend, i.e., double maxima of 
the frequency, has been encounter_ed for the histo- 

Fig. 2. Oscillation of the electronic potential across the orgamc 
phase: (a) D-glucose, (b) D-fructose, (c) D-galactose, (d) L- 
sorbose, (e) D-sorbitol, (f) D-mannitol, (g) D-ribose, (h) L- 
arabinose, (i) D-xylose, (i) D-sucrose, (k) D-maltose; (1) glycine. 
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gram of ribose, arabinose and xylose, with the 
formula C,H,,O,. This result suggests that the 
liquid membrane studied here is able to dis- 
tinguish sugars differing in their chemical com- 
positions based on information on the pattern of 
the oscillation. Such a characteristic feature of the 
histogram (monophasic or biphasic) has been well 
reproduced for each experimental run. 

The histograms of disaccharides, sucrose and 
maltose show a single maximum, having slightly 
broader distributions of log f than those of glu- 
case, fructose, galactose and sorbose. It is also 

noted that the pattern of the histogram of glycine, 
a sweet tasting substance, is markedly different 
from those of the sugars. 

4. Discussion 

In section 3 we demonstrated that the manner 
of the oscillations depended markedly on the 
chemical structure of the sugars added to the 
aqueous phase in the liquid membrane. In connec- 
tion with this, it is interesting to note that the 
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Fig. 3. Histogram of the logarithm of frequency of oscillation: (a) D-glucose, (b) D-fructose, (c) D-galactose, (d) L-sorbose, (e) 
D-sorbitol, (f) D-mannitol, (g) D-ribose, (h) L-arabinose, (i) D-xylose. (j) D-sucrose, (k) D-maltose, (I) glycine. 
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temporal discharge pattern or the interspike inter- the interface to the organic phase. These effects of 
val histogram in taste neurons changes markedly sugars may induce a change in the manner of the 
with different kinds of stimulus [6]. oscillations. 

Next let us discuss such an experimental trend 
in relation to the mechanism of oscillation. Previ- 
ously, we proposed [5,7] a mechanism of successive 
formation and abrupt destruction of the mono- 
layer structure to explain the oscillations occurring 
in the liquid membrane. At the first stage when the 
organic phase is in contact with the two aqueous 
phases, hexadecyltrimethylammonium cations 
(CTA+), which are mainly present as micelles in 
the aqueous phase, move toward the interface 
where they become situated. Simultaneously, 
molecules of picric acid move toward the interface 
and dissolve in the aqueous phase. Thus the con- 
centrations of CTA+ and picrate anion increase 
gradually, and CTA+ tends to form a monolayer 
structure at the interface. When the concentration 
of CTA+ at the interface reaches a critical value, 
CTAC is abruptly transferred to the organic phase 
with formation of inverted micelles, thus produc- 
ing the first pulse of the potential. When the 
concentration of CTA+ on the interface decreases 
to a lower critical value, accumulation of CTAf on 
the interface begins again with gradual formation 
of a monolayer structure. Then, when the con- 
centration of CTA+ increases to an upper critical 
value, abrupt transfer of CTA+ to the organic 
phase occurs. Such processes may occur re- 
peatedly. 

Recently we have succeeded in simulating the 
oscillation between a oil and water interface, using 
a set of nonlinear kinetic equations. Details of this 
theoretical study will be published elsewhere [8]. 
Although this study is preliminary, it indicates the 
possibility of developing a new type of chemical 
sensor capable of distinguishing chemical sub- 
stances on the basis of information on the pattern 
of the oscillation. 
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