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Ion-selective charge separation at the interfaces between surface-active
crown ether-incorporated liquid membranes and aqueous sample
solutions as studied by resonant optical second-harmonic generation
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Resonant optical second-harmonic generation (resonant optical SHG) at the interfaces
between aqueous sample solutions and liquid membranes, based on ionophores with dif-
ferent surface activities was measured in order to investigate the influence of the surface
activity of ionophores on ion-selective charge separation. As ionophores with different
surface activities, but bearing the same crown ether moiety as a binding site for the Na"
ion, 4'-(p-octadecylbenzoateazo)phenoxymethyl-15-crown-b6 (1) and 4'-(p-methylben-
zoateazo) phenoxymethyl-15-crown-b (2) were synthesized. The dependence of the SHG
intensities on the polarization angle of the incident laser light showed that the average
molecular orientations of ionophores 1 and 2 at the liquid/liquid interface were nearly
equal to each other. When the concentration of Na' ion in the aqueous sample solu-
tions increased, increases in the SHG intensities were observed for both membranes
based on ionophores 1 and 2. However, the SHG intensities based on ionophore 1 were
stronger, suggesting that the surface activity of ionophore 1 is higher than that of
ionophore 2. The change in the phase boundary potentials of the ionophore 1-based
membrane in contact with the aqueous Na" ion solutions was found to be larger than that
of ionophore 2. An improvement in the potentiometric detection limit for Na* ion was
also shown for membranes based on surface-active ionophore 1. These results demon-
strate that the extent of charge separation at the liquid/liquid interface, as observed by
resonant SHG from primary ion complexes, is increased by using surface-active
ionophores.

Keywords : molecular orientation; phase boundary potential; surface activity; detection
limit; resonant optical second harmonic generation (resonant optical SHG) ;
SHG active complex cation; liquid/liquid interface; potentiometry.
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Fig. 1 Chemical structures of ionophores 1 and 2
used in this study
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Fig. 2 Schematic diagram of the present SHG
measuring system

a: telescope; b: half mirror; ¢: polarizer; d: A/2
Fresnel rhomb retarder; e: sample cell; f: glan
laser prism; g: quartz depolarizer; h: dispersion
prism;i: monochrometer
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Fig. 3 Dependence of the square root of the SHG
intensity on the power of the irradiated fundamental
light, as obtained with a 1,2-DCE membrane contain-
ing 5.0 X 10" M of ionophore 1

The adjacent aqueous solution was 1.0 X 107 M
NaCl
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Fig. 4 Polarization dependence of the resonant molecular SHG response from a monolayer
of ionophore 1 at the water/1,2-DCE interface )
The concentration of ionophore 1 in the 1,2-DCE is 5.0 X 10 ° M. The adjacent aqueous
solution was 1.0 X 107> M NaCl. The s-polarized (O) and p-polarized (@) SHG from the
monolayer are plotted as a function of input polarization, where 0° corresponds to p-polarized
and 90° to s-polarized fundamental light. The solid lines are the theoretical fits used to
determine values for the surface non-linear susceptibility tensor elements Y, Xxxz and Yo
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Fig. 6 Dependence of the square root of the SHG intensity on Na* ion concen-
trations with a 1,2-DCE membrane based on ionophore 1 (a, ionophore concen-
tration, 5.0 X 107*M) and with a 1,2-DCE membrane based on ionophore 2 (b,

ionophore concentration, 5.0 X 10~ M)
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Fig. 7 Dependence of the phase boundary poten-
tial on Na' ion concentrations with a 1,2-DCE mem-
brane based on ionophore 1 (1, ionophore concen-
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