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ABSTRACT 

The oscillations of electrochemical potential difference between aqueous 
phases of a liquid membrane oscillator containing cationic surfactant are presented. 
By UV-VIS spectroscopy, the concentrations of liquid membrane components 
(nitrobenzene and picric acid) in the both aqueous phases were established during 
the oscillation process. It was shown that nitrobenzene molecules are transferred to 
the aqueous phases from the beginning of that dynamic process. Picric acid 
molecules are not observed in the donor phase, meanwhile, from the beginning of 
the process they are transported to the acceptor phase. It can be concluded that the 
transport of the liquid membrane components to the aqueous phases is not 
responsible for the observed oscillations of electrochemical potential difference. 
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INTRODUCTION 

In recent years, quite a lot of studies have been devoted to oscillators 
based on liquid membranes in order to model the oscillatory behaviour of 
biological membranes and for the development of new taste sensors [1-3]. 
The liquid membrane oscillator consists of two aqueous phases (the donor 
phase containing hexadecyltrimethylammonioum bromide, HTMAB, with 
ethanol and the acceptor phase containing sucrose) separated by the liquid 
membrane phase (picric acid in nitrobenzene). In this system, the transport 
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of certain molecules from the donor and the membrane phases to the 
acceptor phase is realized in an oscillatory way [3]. This is accompanied by 
the oscillations of electrochemical potential difference between the aqueous 
phases, ∆Ed/a, after certain induction time. The mechanism of this process is 
still not well established [1,3,4]. It is even not known, which molecules 
present in the system are transferred from one to the other phase of the 
oscillator. In the first step membrane component transfer to the appropriate 
aqueous phases during oscillation process was examined. For this purpose, 
the time-dependent amount of picric acid (HPi) and nitrobenzene (NB) in 
certain layers of the donor and acceptor aqueous phases was established 
using UV-VIS spectroscopy. The examination of the transport of liquid 
membrane components to the aqueous phases may contribute to the 
recognition of the oscillation process mechanism. For this purpose, the 
amount of picric acid (HPi) and nitrobenzene (NB) present in certain layers 
of the donor and acceptor aqueous phases was investigated using UV-VIS 
spectroscopy. 

 
MATERIALS AND METHODS 

All reagents were analytical grade purity (>99%) commercial 
products. HPi was crystallized from ethanol – water mixture (1:2); 
meanwhile, nitrobenzene was distilled before use.  
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Fig. 1. Experimental setup: liquid membrane oscillator; m: liquid membrane;  
d: donor phase; a: acceptor phase; ∆wd, ∆wa donor and acceptor layers, respectively.  

 
 
The oscillation experiment was carried out in a thermostated U-

shaped glass tube (Fig. 1) (T=25±0.10C) of 12-mm inner diameter At the 
bottom, the liquid membrane was introduced. In the two branches of the 
glass tube, the aqueous phases were put simultaneously above the 
membrane layers. The composition of the three phases was as follows: 

- liquid membrane (m): picric acid (HPi, 1.5×10-3 M) in nitrobenzene 
– 5 cm3; 
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- aqueous donor phase (d): HTMAB (5×10-3 M) in ethanol (1.5 M) - 
water mixture – 4 cm3; 

- aqueous acceptor phase (a): sucrose in water (0.1 M) – 4 cm3; 
The electrochemical potential difference between the two aqueous 

phases, Ed/a , was measured by means of two Ag/AgCl/Cl- electrodes using a 
MΩ input resistance voltmeter controlled by PC (sampling frequency 4 s-1). 
Electrodes were situated 1 cm from the aqueous phase – membrane 
interfaces.  

The UV-VIS absorption spectra of: a) nitrobenzene and HPi in  water 
(initial donor and acceptor composition solutions); b) donor and acceptor 
phase solutions of ∆wd and ∆wa layers (1cm3), taken during the oscillation 
process were measured on a Cary 5E UV-VIS-NIR spectrophotometer at 
room temperature (23±0.50C). The ∆wd and ∆wa layers were situated 1 cm3 
above the liquid membrane/aqueous phase interfaces, respectively (Fig. 1).  
 

RESULT AND DISCUSSION 
∆Ed/a oscillations in time for the liquid membrane oscillator are 

presented in Fig.2. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

Fig.2. Oscillation of electrochemical potential difference between aqueous phases 
of the oscillator; composition of three phases:  

d-HTMAB (5×10-3 M) in water + ethanol (1.5 M) mixture, m – HPi (1.5×10-3 M)  
in nitrobenzene, a- aqueous solution of sucrose (0.1 M). 
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The initial ∆Ed/a value is about 335 mV. Oscillations of ∆Ed/a start 
after the induction period of 300s and they are observed till the end of the 
experiment. The overall oscillation pattern has two regions of different 
amplitudes separated by a part without oscillation. These observations are 
similar to those published in literature [3] for a similar system. To 
understand which processes are responsible for these oscillations, the UV-
VIS spectroscopy was used for determining the concentration of membrane 
components transported to the aqueous phases time-dependent. 
 

Nitrobenzene spectra 
It was found previously that the spectra of nitrobenzene in hexane 

consists of three bands at λmax=252 nm (εmax=10000), λmax=280 nm 
(εmax=1000), λmax=330 nm (εmax=125) [5]. The latter is due to n-π* 
transitions. In water only two bands responsible for (π-π*) transitions at 
λmax=196 nm and λmax=268.5 nm are observed. To estimate nitrobenzene 
concentration in the aqueous donor and acceptor phases during the 
oscillation process, the molar absorption coefficients (εmax values) of 
nitrobenzene in appropriate solutions were found. Their values calculated as 
a slope of A=f(c) with a correlation coefficient > 0.999 are as follows: 

- initial donor phase composition (HTMAB 5×10-3 M, in water + 
ethanol, 1.5 M, mixture), εmax=6800 [cm2/mol]; 

- initial acceptor phase (sucrose, 0.1 M), εmax=10200 [cm2/mol]; 
- pure water, εmax=10600 [cm2/mol]. 

The εmax values are lower when nitrobenzene is in solutions containing 
surfactant and ethanol in comparison to water or water containing sucrose. 
This suggests a different type of interactions of nitrobenzene with 
environment containing surfactant. 
 

Picric acid spectra 
The HPi spectrum measured in water in the presence of sucrose 

shows an asymmetric band in the range of λ=290-500 nm with its maximum 
at λ=355 nm. On the other hand, when the spectrum is measured under 
initial conditions of the donor aqueous phase containing a cationic 
surfactant, the absorption maximum is shifted to λ=351 nm, and a new band 
appears at λ=422nm. 

In order to estimate HPi concentration in aqueous donor and acceptor 
phases during transport process, the ε max values were established at the 
initial donor phase composition (εmax=11900), the initial acceptor phase 
composition (εmax=13200) and in pure water (εmax=13200) from the 
relationship A=f(c). The correlation coefficients were > 0.990. 
The ε max values are lower in the presence of surfactant than in the presence 
of other solutions as it was already found for nitrobenzene. 
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Spectrophotometric investigations of aqueous phases  

during oscillations process 
UV-VIS absorption spectra of samples taken from ∆wd and ∆wa 

layers (Fig. 1) were measured in time. For the both aqueous phases (Fig. 3, a 
and b) only one band λmax=268 nm typical for nitrobenzene solvent is 
observed. The nitrobenzene concentrations in the both phases were 
calculated for various time intervals (Table 1). 
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Fig.3. Absorption spectra of  a) ∆wd, b) ∆wa layers of membrane oscillation aqueous 

phases with time: 1 – 180 s; 2 – 900 s; 3 – 1800 s; 4 – 3600 s; 
(experimental conditions in: Material and methods). 
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Tab. 1. Nitrobenzene concentrations and ∆c/∆t values in ∆wd and ∆wa  layers during 
transport process 

 
phase d phase a  

t [s] cNB
*1) ×103  

[M] 
∆c/∆t ×106   

[mol/dm3s] 
cNB

 *1) ×103   

[M] 
∆c/∆t ×106 
[mol/dm3s] 

180 2.0±0.2 11.1 2.1±0.2  11.7 
900 3.4±0.2 1.9 3.5±1.1 1.9 

1800 4.9±0.5 1.7 5.5±0.6 2.2 

3600 6.5±0.6 0.9 5.6±0.6 <0.1 
 
1) εmax = 10200 [cm2/mol] from Lambert-Beer relationship 
 
 
The results demonstrate that nitrobenzene molecules are transferred from 
the liquid membrane to aqueous phases immediately after the beginning of 
the dynamic process. This means that the transport of organic solvent to the 
aqueous phases is not occurring in an oscillatory way since the oscillation of 
electrochemical potential difference is observed only after 300s (Fig. 2). 
The concentration of nitrobenzene in the ∆wd layer of the donor phase 
increases with time, meanwhile, it reaches a steady value after 1800s in the 
∆wa layer of the acceptor phase. These observations result from the effect of 
the material balance between the number of molecules penetrating ∆wd and 
∆wa layers and the number of molecules diffusing to the upper part of the 
aqueous phases ( Fig.1). 
 

ddd DPw NNN −=     (1) 
 

( ) tswt/cN dww dd
∆⋅⋅∆⋅∆∆= - number of NB moles in ∆wd layer; 

( ) tswt/cN dPP dd
∆⋅⋅∆⋅∆∆= - number of NB moles penetrating to ∆wd 

layer; 
( ) tswt/cN dDD dd

∆⋅⋅∆⋅∆∆= - number of NB moles diffusing to upper 
part of donor phase; 
s - surface of dw∆ layer. 
It can be shown that the speed of appearing of nitrobenzene molecules in 
∆wd is the result of two processes, the permeation of NB molecules to ∆wd 
and diffusion to the upper part of donor the phase: 
 

( ) ( ) ( )
ddd DPw ∆c/∆t∆c/∆t∆c/∆t −=    (2) 

 
The same considerations can be done for ∆wa layer of the acceptor phase. 
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( )
dw∆c/∆t and ( )

aw∆c/∆t values are the greatest for the first time interval 

(180s) oscillations process (Tab.1). After that the values ( )
dw∆c/∆t  

diminish whereas for the acceptor phase, ( )
aw∆c/∆t  values are close to zero 

in the last part of the experiment. It means that the rate of the both 
processes: penetration to ∆wa and diffusion to the upper part of the acceptor 
phase are the same. 

It should be noted that the absorption band in the range of the 300-
460 nm characteristic for picric acid was not observed in solution taken 
from the donor phase. On the contrary, a small amount of HPi in the 
acceptor phase was found after 180s when no oscillation was observed. At 
the end of experiment the concentration of HPi in this phase is equal to 
1.91×10-5 M. 

 
CONCLUSION 

All the results show that the transport of nitrobenzene and HPi 
molecules from the liquid membrane to the aqueous phases can not be 
responsible for the observed oscillations. It seems that the transport of 
surfactant molecules from the donor to the acceptor phase should be 
responsible for the oscillatory behaviour of the system. Unfortunately, the 
spectrophotometric method cannot be used for HTMAB concentration 
estimation in the acceptor phase because of lack of an appropriate 
absorption band. Other techniques must be used to find support for the 
above suggestion. 
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