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Photostimulated transport of carboxylate and phenolate anions proceeds across a liquid-liquid membrane system 
using a styrene-vinyl Malachite green copolymer as carrier. 

Development of transport systems for cations, anions and 
neutral substrates is a subject of continuous research efforts. 1.2 
Photochromic compounds linked to ion carriers, i. e. azoben- 
zene-crown ethers394 and photochromic compounds undergo- 
ing light-induced isomerization to zwitterionic forms, i. e. 
spiropyran,s have been applied as carriers in photochemically 
driven active transport of alkali ions and amino acids, 
respectively. Recent research activities are directed to the 
development of photostimulated macromolecules.6~7 Physical 
properties such as viscosity,x density,9 tertiary structurelo and 
permeability,ll have been photostimulated in photochromic 
copolymers. Catalytic properties of enzymes have been 
switched by light by anccr ing  photochromic components to 
the protein12 or by immobilization in photochromic copoly- 
mers.13 Here we report the photostimulated transport of 
carboxylic acids and phenols in a liquid-liquid membrane 
system using the copolymer of styrene and 4-vinyl Malachite 
green14 1 as carrier. 

The liqcid-liquid membrane system is composed of an 
aqueous solution, 2.5 ml, pH = 10, that includes the carboxy- 
late, 0.1 mol dm-3, separated from a second aqueous phase, 
2.5 ml, pH = 3 ,  by a carbon tetrachloride solution, 5 ml. In the 
organic phase the photochromic copolymer styrene-1, ( M ,  = 
25000-35 000), 30 mg, is solubilized as carrier. The molar 
ratio of 1 to styrene in the copolymer 2a is 1 : 200, respectively. 
The photostimulated transport of cinnamic acid, 3, and 
p-hydroxycinnamic acid, 4, is shown in Fig. 1. In the dark, the 
transport of the acids is slow. Upon illumination ( h  = 330-370 
nm) of the organic layer, a substantial enhancement in the 
transport rate of the acids is observed. For example. the 
transport of 4 is ca. three times faster upon irradiation of the 
organic phase. Illumination of the organic phase results in the 
dark-green colour of the triphenylmethyl cation, 2b. Control 
experiments reveal that the transport rate of the carboxylic 
acids in the dark is very similar to the transport rate in the 
presence of polystyrene in the organic phase or to the 
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Table 1 Photostimulated transport rates of organic anions across a 
liquid-liquid membrane using styrene-1 as carrier 

Vdarkl I.'illumination/ 
mol dm-3 mol dm-3 Switching 

Substrate min-1 min- efficiency" 

3 2.6 x 10-7 7.0 x 10-7 2.7 
4 4.93 x 10-7 1.61 x 3.26 
5 1.89 x 10-8 7.43 x 10-8 3.93 
6 8.78 x 7.53 x 10-8 8.6 

transport rate in the absence of any carrier. These results 
imply that photostimulation of the transport process results in 
the interaction of the cationic photochromic copolymer, 
acting as carrier, with the anionic substrate. 

Fig. 2 represents schematically the photostimulated trans- 
port process. In the source phase, pH = 10, the carboxylic acid 
is in the anionic form. Upon illumination of the photochromic 
copolymer, the resulting cationic polymer acts as carrier by ion 
pairing of the anion. Transport across the membrane results in 
protonation of the acid in the sink aqueous phase. Thus, the 
transport of the carboxylate is followed by the concomitant 
antiport of an anion from the sink phase to the source aqueous 
phase. Similar photostimulated transport of phenolate anions; 
p-nitrophenol, 5 ,  and p-hydroxybenzaldehyde, 6,  is observed 
using the styrene-1 copolymer as carrier. Table 1 summarizes 
the transport rates of the various anionic substrates in the dark 
and upon illumination of the organic phase. The switching 
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Fig. 1 Rate of carboxylate anion transport across a liquid-liquid 
membrane, [carboxylate] = 0.1 mol dm-3 in source phase. pH = 10. 
sink aqueous phase, pH = 3, styrene-1 copolymer in organic phase, 30 
mg/5 ml. ( a )  Transport of cinnamic acid, 3. ( b )  Transport of 
p-hydroxycinnamic acid, 4. The arrow indicates illumination of the 
organic phase on conversion of the carrier to the cationic photo- 
chromic form. 
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Fig. 2 Scheme for photostimulated transport of carboxylates and anionic antiport using styrene-1 copolymer as carrier, Y- = OH-; X- = 
c1- 

efficiency upon generation of the cationic polymer carrier IS 
tabulated for the various substrates. Although the transport 
rates of the various substrates is controlled by the transport of 
the polymeric carrier across the organic phase, different 
switching efficiencies, and consequently selectivity in sub- 
strate transport, are observed. This originates from different 
binding properties of the various anions to the polymeric 
cationic carrier. As a result, the actual concentration of the 
transported anion in the oil phase differs for the various 
substrates and selectivity is attained. 

We thus conclude that transport of organic anions is 
photostimulated by the photochromic styrene-1 copolymer. 
Illumination of the assembly results in the cationic photo- 
chromic polymer that acts as a carrier and trigger in the 
transport process. 
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