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Photophysical and Photochemical Studies of the Synthetic Bilayer Membranes, .
Ternary Energy Transfer from Biphenyl-containing Bilayer Vesicles Cascading through

Titan Yellow to Fluorescein Sodium

Guowen Li* and Yinggqiu Liang

Institute of Theoretical Chemistry, Jilin University, Changchun 130023, China

A biphenyl-containing bilayer vesicle aqueous solution conducts ternary energy transfer from the bipheny! donor
cascading through titan yellow to the fluorescein sodium acceptor.

An important function of biological membranes is to organize
molecules in their environments. Photochemical and photo-
physical studies of bilayers have arisen in relation to attempts
to develop artificial photosynthetic systems.!-2 Energy trans-
fer in in vivo photosynthesis is largely dependent on the

precise location of chlorophyll molecules in the chloroplast.?
Synthetic vesicles have properties similar to biomembranes
and are currently being studied as model systems of photosyn-
thesis.*> Binary intermolecular efficient energy transfer has
been reported in vesicle aqueous solutions.”-8 The amphiphile,
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Fig. 1 Excitation spectra of 1 biphenyl intercalated in 8.0 x 104
mol |1 stoichiometric 1 vesicles monitored at 350 nm; (2) 2 aqueous
solution (4.0 X 10=5 mol 1-1) monitored at 420 nm; (3) sodium
aqueous solution (4.0 X 10-6 mol 1-1) monitored at 540 nm. Emission
spectra of (1) biphenyl intercalated in 8.0 X 10~4 mol 1-! vesicles
excited at 295 nm; (2') 2 aqueous solution (4.0 X 10—5 mol 1-1) excited
at 365 nm; (3') fluorescence in sodium aqueous solution (4.0 x 10-6
mol 1-1) excited at 460 nm.

4-(4'-decyloxy-4-biphenyloxy)butyltrimethylammonium bro-
mide 1 could form stable globular vesicles in dilute aqueous
solution.? These vesicles have exhibited binary efficient
energy transfer from biphenyl donor to the membrane-bound
titan yellow 2 acceptor.10 Recently, it has been discovered that
the biphenyl chromophores develop a pronounced coplanar
conformation and form face-to-face aggregates in the bilayer
vesicles.!! In this communication, we report ternary efficient
transfer from the biphenyl-containing bilayer vesicles of 1
cascading through titan yellow to fluorescein sodium 3.

The sample solution was prepared by the sonication
method.? The fluorescence spectra were recorded (SPEX
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Fig. 2 Ternary energy transfer from biphenyl-containing bilayer
cascading through from 2 to 3. Concentration of 1 vesicle and that of 2
are fixed at 8.0 x 10-4 and 4.0 x 10— mol I-1, respectively.
Concentrations of fluorescein sodium: 1, none; 2, 5.0 x 10-7;3, 1.0 X
10-6;4,2.0 x 10-6,5,4.0 x 10=6;6,7.0 x 10-6;7,1.0 X 10~5mol1~1;
0, emission spectrum of 1 vesicles (8.0 x 10=% mol 1-1). The scale of
the ordinate is the same as that of Fig. 1.

Fluorolog spectrofluorimeter) using front face angle illumina-
tion.

Fig. 1 shows the excitation and emission spectra of 1 vesicle,
2 and 3 in aqueous solution, respectively. Good overlap
between the emission spectrum (1') of the biphenyl chromo-
phore in 1 vesicles, with excitation spectrum (2) of 2, and the
good overlap between emission spectrum (2') and the 2 with
the excitation spectrum (3) of fluorescein sodium suggest
possible Forster-type sequential excitation energy transfer
from the biphenyl cascading through 2 to 3.

Fluorescence spectra of the 1-2-3 system in aqueous
solutions with 1 concentration fixed at 8.0 X 10~4mol I-! and
2 concentration at 4 X 10-5 mol 1-!, and 3 at various
concentrations, excited at 305 nm, are shown in Fig. 2. It is
found that the fluorescence intensities of biphenyl and 2
decrease, respectively, and that of fluorescein sodium
increases with increased concentration of 3, indicating the
cascade excitation energy transfer from biphenyl through 2 to
3. The changes in the fluorescence spectra of the biphenyl and
2 are a function of the concentration of 3. The excitation of the
mixture of vesicles, 2 and 3 in aqueous solution at 305 nm
resulted in an increase in the emission intensity, centred at 530
nm of fluorescein sodium and a decrease in the emission
intensity, centred at 355 and 420 nm, of the biphenyl in 1
vesicles and vesicle-bound 2, respectively. These observations
reveal that the mixture system of vesicle aqueous solution
conducts ternary energy transfer from biphenyl cascading
through 2 to 3.
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Fig. 3 Fluorescence spectra of 1-2-3 (—) excited at 305 nm and 2-3
(- - ) excited at 365 nm. 1 vesicles and 2 at fixed concentration 8.0 X
104 and 4.0 X 10=5 mol 177, respectively. Fluorescein sodium

concentration: 1, none; 2, 2.0 X 10-4; 3, 4.0 x 10-6; 4, 1.0 x 10-5
mol 11 (1'-4' represent the 2-3 system). The scale of the ordinate is
the same as that of Fig. 1.

In the same sample solution, excitation at 365 nm results in
binary energy transfer from membrane-bound 2 to 3, as shown
in Fig. 3. In this figure, the spectra regarding the ternary
energy transfer are also displayed for comparison. It is found
that the fluorescence intensity in the ternary energy transfer
system is stronger than the corresponding intensity of the
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binary energy transfer system. This result shows that the
efficiency of the ternary transfer system is higher than that of
the binary energy transfer system. Considering the preferable
interaction of the sulfonate anionic group on 2 to the
alkyltrimethylammonium cationic group on the surface of the
1 vesicles,!2 partly free dispersion of 2 in the solution is
reasonably negligible. Therefore, the above findings reflect
that the vesicle-bound 2 accepts a photon from the bilayer
(excited at 305 nm) more effectively than from direct
irradiation (excited at 365 nm). This implies that the energy
migration in the bilayer aggregate is important!! and gains the
energy transfer from the biphenyl to the membrane-bound
titan yellow. Theoretical support for this consideration has
recently been put forward.13

In conclusion, this work demonstrates the efficient ternary
transfer of excitation energy from biphenyl-containing bilayer
vesicles cascading through 2 to 3. Ternary energy transfer
resulted in extending the wavelength region for excitation and
enhancing the efficiency of the energy transfer.
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