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Photochemistry of a Surfactant Stilbene in Organized
Media: A Probe for Hydrophobic Sites in Micelles,
Vesicles, and Other Assemblies!?

Sir:

The rich array of photochemical and photophysical
phenomena—cis-trans isomerization, photocyclization, cyclo-
dimerization and addition, photoreduction and fluorescence—
associated with stilbene and related 1,2-diarylethylenes has made
these compounds among the most widely investigated of all organic
chromophores.>® Despite widespread investigation, there are still
areas of controversy and uncertainty. One of the more striking
features of stilbene photochemistry is its strong dependence on
medium viscosity and temperature; the competition between
fluorescence and trans — cis isomerization has been shown to be
extremely sensitive to medium viscosity in an evidently well-un-
derstood fashion.®1!

An area of active investigation concerns the specific properties
of the various microenvironments associated with organized media
such as micelles, vesicles and liposomes, protein—lipid natural and
synthetic membranes, and monolayer films and supported mul-
tilayers constructed therefrom. Much recent work has involved
the use of probes whose properties in the medium can be monitored
by various spectroscopic techniques to furnish a detailed picture
of the medium microenvironment.!>"!”  Although several studies
using a variety of probes have undoubtedly furnished highly useful
information, questions have been frequently raised concerning the
likelihood that the specific properties of many probes tend to alter
or create a special microenvironment such that the results obtained
with different probes may be quite probe dependent. In recent
work, we have been particularly interested in probing the mi-
croenvironment of the hydrophobic regions of various organized
assemblies.'®% The stilbene chromophore appeared to be an
attractive probe since it is a more or less linear hydrocarbon which
should be both hydrophobic and relatively compatible in size and
shape with the extended hydrocarbon chains of linear saturated
hydrocarbons, fatty acids in phospholipids. Earlier work by
Turro,? in fact, involved studies of trans-stilbene fluorescence in
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Table 1. Quantum Yiclds and Decay lFactors for Photorcaction of
Surfactant zrans-Stilbene 1in Different Media

medium temp, "C Ot o R
CH,Cl, 22 0.50£0.02  0.04  0.52
CTABA 22 0.39:0.02 0.18 0.48
DDAB? 22 0.38  0.01 0.23 0.49

0 0.28 = 0.01 0.32  0.41
DCP/Lec 22 0.38+0.02 023 049
0 0.28 + 0.01 0.35  0.43
DDAB/DCP4 22 0.27 £ 0.02 0.30 0.39
0 0.14£0.03 048 027

2 Micelles Comgosed of 0.05 M cetyltrimethylammonium bro-
mide in water. Vesicles composed of 0.005 M didodecyldimeth-
ylammonium bromide in water. € Mixed vesicles composed of
50:50 (molar ratio) dicety! phosphate/egg lecithin—total surfac-
tant concentration 0.005 M. 9 Mixed vesicles composed of 50:50
(molar ratio) didodecyldimethylammonium bromide/dicetyl phos-
phate—total surfactant concentration 0.005 M.

dipalmitoyllecithin vesicles; in these investigations, it was found
that there was a substantial effect on the fluorescence intensity
and its temperature dependence above and below the phase
transition temperature, T.. Although these studies clearly indi-
cated the sensitivity of the stilbene chromophore as a probe for
organized media, the precise site of the stilbene chromophore in
these vesicles could not be determined. In the present manuscript,
we report results of a study of the fluorescence and photoisom-
erization behavior of the surfactant stilbene 1 in a number of

Q \ O {CH2)sCOOH

1

different media. Our preliminary results suggest that 1 and other
similar surfactant stilbenes can in fact be highly sensitive probes
for the microenvironment in a variety of different organized media
and especially for vesicles and other bilayer structures.

The surfactant stilbene 1 was prepared by Wittig synthesis
similar to that used with other functionalized fatty acids.!%-20.22
The similarity of 1 in its surfactant properties was demonstrated
by examining its surface pressure area isotherms in spread films
on water and other aqueous subphases. It was found that pure
1 shows “condensed film” behavior, rapidly compressing to a
molecular area of 20 A2, which is nearly the same as that for
unsubstituted fatty acids of similar chain length (20-24 carbons).!®
This indicates that the spread films have an extended structure
into which the stilbene unit packs well such that its effective area
is little different from that of a polymethylene chain. In contrast,
it was found that films of c¢is-1 or the phenanthrene 2 obtained
by photocyclization of 1 gave expanded films with much greater

limiting areas.

{CH),gC00H
2

It was found that films of 1 could readily be transferred to form
multilayer assemblies on rigid supports such as glass or quartz
slides.2??* Not surprisingly, it was found that irradiation of trans-1
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presence of benzene, yielding the methyl ester of .1 which was saponified by
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(23) Kuhn, H.; Mgbius, D.; Biicher, H. lIn “Physical Methods of
Chemistry”; Weissburger, A., Rossiter, B., Eds.; Wiley: New York, 1972; Vol.
1, Part 3B, p 588.
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in these assemblies leads to rather inefficient isomerization with
¢ < 0.0015.2 The products recovered included cis-1 and the
phenanthrene derivative 2, which was formed in other media only
upon prolonged irradiation. Evidently in this medium, the
quantum yield for formation of 2 from c/s-1 is higher than that
for trans-1 to cis-1. Phenanthrenes are known to form from
cis-stilbenes by way of the photogenerated dihydrophenanthrene
in the presence of an oxidizing agent.?® Usually this occurs with
a quantum yield much lower than that for trans to cis isomeri-
zation. With the assumption that photoisomerization of cis- to
trans-1is more hindered than that of trans- to cis-1, the likelihood
of cis-1 cyclizing is probably high enough to prevent much of the
intermediate cis-1 from being seen in the analysis.

We have measured quantum yields for both fluorescence and
trans to cis isomerization of 1 in a variety of media.?”*® Table
I shows that in homogeneous solution these values are very similar
to those of trans-stilbene. Generally, photoisomerization of 1
decreases from CH,Cl, solution to CTAB micelles to lipid vesicles
above T to lipid vesicles below T, while fluroescence increases
over the same range. This trend is expected since the range of
media investigated represents an increase in viscosity seen by the
stilbene group. In general, the observation that isomerization
quantum yields are much higher in all the *liquid” media than
for the supported multilayers is in accord with other evidence that
suggests even for “well-organized” bilayer systems there is little
order or alignment of the terminal ends of the alkyl chains above
T..

The fluorescence and photoisomerization quantum yields ob-
tained in liquid media (CH,Cl,) were used to calculate a decay
ratio, (R), that is, the fraction of twisted intermediate states which
isomerize to the cis form. The values of R show somewhat more
complex behavior. In solution, micelles, and vesicles above T,
R is the same within experimental error. In vesicles below 7,
R decreases noticeably. There are two possible explanations for
this, First, the effective viscosity of the highly organized medium
in vesicles below T, may slow the motion of the stilbene to the
twisted state to the extent that radiationless decay occurs before
it has reached the totally twisted configuration. This would favor
decay to the starting material. Alternatively, the excited stilbene
may reach the twisted configuration, but then be forced back to
the trans form by the more organized alkyl chains of the host
surfactant which had been deformed by the twisting.

The results suggest that in vesicles above T the orderliness,
or degree of alignment, of surfactant alkyl groups in the bilayer
midsection near the alkyl terminus is similar to that in micelles.
Little order is present, but there is sufficient viscosity to noticeably
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increase the fluorescence of 1. Below T, this region appears to
become considerably more highly ordered. That this is not simply
a temperature effect can be seen by examination of the results
for vesicles of DDAB/DCP, which at room temperature are similar
to those for the other vesicles at 0 °C. This mixed vesicle is
composed of surfactants, one containing a cationic and the other
an anionic head group, Such a vesicle would be expected to have
very tightly packed alkyl chains, and should be in the *“gel” phase
even at relatively high temperatures.

The results of this work are consistent with those of Czarniecki
and Breslow,!s who photolyzed a series of surfactant benzo-
phenones in vesicle solutions. They found patterns of hydrogen
abstractions from the surfactant alkyl chains which suggested
considerable disorder in the vesicles above T, We feel, however,
that due to the smaller perturbational effects and lower concen-
trations used, our probe is more appropriate for investigating
conditons in vesicle solutions. We are currently engaged in further
investigtions with shorter chain homologues of 1, which should
provide information about conditions at various positions along
the surfactant chain, as well as in the central region. We hope
to use this information to develop an order parameter similar to
that found with deuterium quadrupole splitting studies.?®
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ESR Study of X-Irradiated [HP(OCH,CH,);N]BF,:
Phosphorus in a Trigonal-Bipyramidal Configuration
with the Unpaired Electron in Apical Position

Sir:

Numerous studies concerning the structure of phosphoranyl
radicals in solution have been published. Usually, a trigonal-
bipyramidal (TBP) structure with the unpaired electron in an
equatorial position has been assigned. However, these assignments
cannot be conclusive since they are based on isotropic hyperfine
coupling constants and theoretical predictions. The studies dealing
with oriented phosphoranyl radicals in solid matrixes are very
scarce, and from these studies conflicting ideas arise about the
location of the unpaired electron. For Ph;PCl, the unpaired
electron is assumed to reside in an antibonding P-Cl orbital.! On
the other hand, for PF, and C1;PO", a TBP structure has been
found with the unpaired electron located in the axial axis.>?

We now report the single-crystal study of the radical derived
from [HP(OCH,CH,);N]BF, (1). In this compound, the

0 0
| . X ray
H——-E—N‘BFA
3 0~z ; 3 0—z

(1) (2)

phosphorus atom possesses a TBP configuration with the adjacent
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