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Organized surfactant aggregates-micelles, micro- 
emulsions, monolayers, bilayers, and vesicles-have 
been extensively exploited for developing chemistry 
based on membrane-mediated processes.'+ Advantage 
is taken of surfactant aggregates in membrane mimetic 
chemistry to compartmentalize reactive substrates. 
This, in turn, leads to altered reaction rates, reaction 
paths, and stere0chemistries.l Systems are also avail- 
able for mediating molecular t r a n ~ p o r t , ~ ? ~  recognition,G8 
artificial photosynthesis1**12 and target-directed drug 
deliveries.'J3J4 Lastly, but not leastly, organized sur- 
factant assemblies, as the term membrane mimetic im- 
plies, can be considered to model structures and in- 
teractions in real membranes.15 

Although thousands of research pulbications have 
documented the utilization of micelles, microemulsions, 
monolayers, bilayers, and vesicles (Figure 1),l4 their full 
potential have hardly been exploited. Is there a need 
for introducing a new type of system-polymerized 
surfactant aggregates?17 The affirmative answer to this 
question is shared by ever increasing groups around the 
world.18 Enhanced stabilities, controllable sizes, rig- 
idities, and permeabilities have prompted the devel- 
opment of polymerized surfactant aggregates. Ideally, 
polymerized surfactant assemblies should combine the 
beneficial properties of stable and uniform polymer 
particles with the fluidities of micelles, microemulsions, 
and vesicles. Considerable data exist on the polymer- 
ization of monolayers and organized multilayers.1*22 In 
contrast, there are only few publications on the polym- 
erization of micro emulsion^^^^^^ and bilayers.25 Polym- 
erization of aqueous micelles is, at best, 
Attention will be focused in the present Account on 
polymerized vesicles.30 
Synthetic Strategies 

The synthetic approach is necessarily targeted to 
surfactants that (i) are known to form vesicles with 
optimal morphologies, (ii) contain appropriately placed 
polymerizable double bonds that can be cross-linked to 
a desired degree, and (iii) are amenable to postvesicle 
functionalization. Additionally, the synthetic routes 
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should be general enough to lead to surfactants with 
variable chain lengths and headgroups. Surfactants 
initially synthesized in our laboratories using these 
strategies are listed in Chart I.39 Each surfactant is 
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Figure 1. An oversimplified representation of organized struc- 
tures formed from surfactants. 

seen to contain two long alkyl chains (CI3-C18), attached 
typically to a quarternary nitrogen, and a polar head- 
group. These structural features are recognized to be 
favorable for forming stable bilayer vesicles.44 The 
surfactants are seen to contain alkyl, alkene, hydroxy, 
phosphate, sulfate, carboxylate, and viologen moieties. 
Viologen-containing surfactants allow the investigation 
of redox active aggregates.4l The types of polymerizable 
groups on the surfactants vary from alkenes to styrene. 
Styrene, of course, readily polymerizes, and its polym- 
erization can very conveniently be followed by absorp- 
tion spectroscopy. Polymerizable groups are located 
either at the end of the hydrocarbon tail of the sur- 
factants (1-5) or at (7,9, 10, 12, 14, 15, and 16) or near 
to (13 and 17) their headgroups. In surfacant 6 there 
are double bonds both at  the end of alkyl chains and 
at the headgroup. Consideration has been given to 
introducing labile ester linkages in 13 and 17. Taking 
advantage of the general methodologies developed41A3 
many additional functionalized vesicle-forming surfac- 
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Figure 2. Schematics of polymerization of surfactant vesicles. 
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Figure 3. Schematics of dissymmetrical polymerized vesicle 
formation. 

tants can be readily synthesized. 
Vesicle Formation and Polymerization 

Stable vesicles have been formed either by slow in- 
jection of a surfactant solution in alcohol or ether into 
thermostated water or by the ultrasonic dispersal of the 
surfactant in water, kept above the gel to liquid tran- 
sition (the phase transition) temperature of the vesic1e.l 
This latter method has been routinely used in our lab- 
oratories since it reproducibly leads to vesicles in the 
desired concentration range ((1-5) X M stoichio- 
metric surfactant). Increasing the sonication time re- 
sults in an exponential decrease of the turbidity of the 
solution and of the radius and polydispersity of the 
vesicles. Hydrodynamic radii of well-sonicated charged 
surfactant vesicles are in the 200-800-A range.43 Typ- 
ically, size distribution of a given surfactant vesicle 
deviates &lo% from the mean. Smaller and more 
monodispersed surfactant vesicles can be obtained by 
gel filtration and/or ultracentrifugation. 

Irradiation by ultraviolet light or exposure to an in- 
itiator (azoisobutyronitrile, AIBN, or potassium per- 
sulfate) of surfactant vesicles results in the loss of the 
polymerizable double bonds. This can be monitored by 
magnetic resonance or absorption spectroscopy. De- 
pending on the position of the double bonds, vesicles 
can be linked either across their bilayers or across their 
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Chart I. 
Vesicle- Forming Polymerizable Surfactants 

X -  
H$ = CH(CH2) eCOO(CH,)2 R l  

H2C =CH (CH2)eCOOICH2)2 R 2  

\A/ 
/ \  

1, R, = R, = CH, 
2, R ,  = CH,; R,  = (CH,),OH 
3, R, = OP(OH),, no charge on N 
4, R,  = H;  R,  = (CH,),SO,- 

Br-, I-, no charge on N 
6, R, = CH,; R,  = CH,CH=CH, 

8 

/ I U  \ 
C ,5H,,COO(C H 212 8 2  

9, R, = CH,; R,  = CH,CH=CH, 

C h = C r l 2  
10, R, = CH,; R, = cq2--@$ 

11, R, = COCH=CHCOOH, 
no charge on N 

1 2 ,  R, 

2Br-. no charge on N 

Br-, I - ,  no charge on N 
.- 

1 4 ,  R, = CH,, R, = CH,CH=CH, 
15, R,  = COCH=CHCOOH 

no charge on N 
1 6 ,  R, = C O C - ~ ~ Z - ~  x-7H?%=Ih2 0 

Br-. no charge on N 

Br-, I- ,  no charge on N 
18, R, = CH,; R,  = CH,CH,SH 
19, R,  = R, = CH,CH,SH 

20, R,  = CH,; R, = CI-~-CH=CI-~ 

headgroups. The artist's rendering of linkings in Figure 
2 admits our ignorance as to the topology of this pro- 
cess. At present, we do not know whether surfactants 
are separately linked in each half of the bilayers or 
cross-linked across them. Vesicles having double bonds 
in their headgroups (6,7,10) can be "zipped up" either 
at their inner or their outer surfaces or alternatively be 
polymerized both at  their outer and inner surfaces 
(Figure 2). Irradiation by light results in the complete 

loss of vinyl protons (monitored by FT 'H NMR). 
Conversely, polymerization by external addition of an 
initiator to already sonicated vesicles causes only 60% 
loss of the vinyl protons. This corresponds to cross- 
linking only the external surface of the vesicles.40 

Chemical dissymmetry can be generated by limiting 
reactions to the outer surfaces of polymerized surfactant 
vesicles (Figure 3). Polymerization is necessary for the 
stabilization of dissymmetrical vesicles. Chemical 
dissymmetry has been created in polymerized vesicles 
prepared from 13 and 17.42 Cleavage of the labile ester 
groups on the outer surfaces lead to vesicles with 
viologen moieties in their inner and carboxylate groups 
in their outer surfaces.42 Stable chemically dissym- 
metrical vesicles open the door to numerous applica- 
tions. 

Vesicles prepared from mixtures of judiciously se- 
lected polymerizable surfactants offer interesting op- 
portunities for investigating stable copolymerized sys- 
tems. Polymerization of controlled concentrations of 
surface active monomers can also be examined in the 
matrix of vesicles prepared by cosonicating polymeriz- 
able and nonpolymerizable surfactants. What is the 
lowest concentration of monomer that leads to cross- 
linking? How fast is the lateral mobility of the polym- 
erizable surfactant? How many and what types of 
polymer domains are formed? How are these domains 
affected by external parameters? Can polymeric do- 
mains in surfactant vesicles be utilized in molecular 
recognition? Answers to these questions are highly 
relevant to our understanding of membrane phenomena 
and are also related to solid-state polymerizations. 

The correct alignment of surfactants in some, but not 
all, vesicles is an essential requirement for polymeri- 
zation. Vesicles prepared from surfactants containing 
polymerizable double bonds and viologen functionalities 
in their headgroups (12 and 16) could not be polym- 
erized under any experimental  condition^.^' Appar- 
ently, intermolecular double bonds cannot be brought 
sufficiently close together in the vesicles for cross- 
linking. Even the addition of spacers (acrylonitrile, for 
example) did not induce p~lymerization.~' In the ab- 
sence of bulky, and presumably rigid, viologen groups, 
polymerization across the headgroups of surfactant 
vesicles is quite feasible (compounds 6, 7, and 9). 

Irradiation of vesicles prepared from 10 by a 450-W 
Xenon lamp or by 15-11s bursts of 266-nm laser pulses 
led to the decrease of styrene absorbance by a first- 
order process (Figure 4).45 The calculated rate con- 
stants were independent of the vesicle concentrations 
(vesicles, unlike micelles, do not break down on dilu- 
t i ~ n ) ' - ~  but increased linearly with increasing intensity 
of the laser pulses. These data were rationalized in 
terms of intravesicular surface photopolymerizations, 
at an apparent reduced reaction and 
analyzed on a per vesicle rather than on a volume basis. 
As a first approximation, the vesicle surface has been 
assumed to be hexagonally packed, each monomer being 
surrounded by six neighbors. The photoinitiated free 
radical could react with any one of its neighbors to 
initiate polymerization, to disproportionate, or to form 
nonpolymeric photoproducts. Alternatively, the free 
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NUMBER OF PULSES 

Figure 4. Pulsed laser induced polymerization of surfactant 
vesicles prepared from 10 (RH = 700 A). Plotted are the absor- 
bances a t  250 nm taken subsequent to exposure to repetetive laser 
pulses M. the number of total laser pulses. At constant laser power 
(1 mJ/pulse) changes in the concentration of 10 (a  = 7.0 X lo4 
M, b = 1.5 X 10" M, c = 1.4 X lo4 M) are seen not to affect the 
polymerization rate. Conversely, at constant concentration of 10 
(1.4 X 10"' M), increasing laser power caused faster polymeriza- 
tions (d = 0.6 mJ/pulse, e = 0.50 mJ/pulse, f = 0.35 mJ/pulse, 
g = 0.15 mJ/pulse). 

radical may return to the ground state or react with 
oxygen, impurity, or the wall of the vessel. Differential 
equations have been derived for these processes, line- 
arized, solved, and scaled. The scaled equations de- 
scribed well the observed kinetics of vesicle photo- 
polymerizations and allowed the assessment of the de- 
gree of polymerization. Monomer chain lengths have 
been approximated to be in the range of 3.5-23. Sig- 
nificantly, polymerization rates of 10 in alcohol were 
found to be very much slower than those in vesicles and 
showed a multiorder concentration d e p e n d e n ~ e . ~ ~  
Characterization of Polymerized Vesicles 

Hydrodynamic parameters obtained for surfactant 
vesicles are best accommodated in terms of closed 
prolate ellipsoidal  structure^.^ Polymerized vesicles 
retain the sizes of their nonpolymerized counterparts. 
For example, polymerization of vesicles prepared from 
10 by 20-5 sonication only alters the hydrodynamic ra- 
dius, RH, from 2500 to 2750 A.45 Similarly, polymeri- 
zation of vesicles with RH = 277 A, prepared by a 
minute sonication of 9, leads to vesicles with RH = 286 
A.43 Electron microscopy and glucose entrapments 
provide evidence for maintaining the vesicle structure 
intact during polymerization. Due attention should be 
given, however, to interpreting electron  microgram^.^^ 

Polymeric vesicles in the absence of additives do not 
undergo morphological changes for several months. 
This property can advantageously be utilized for sta- 
bilizing very small single compartment liposomes (SU- 
V). While dipalmitoylphasphatidylcholine, DPPC, li- 
posomes of RH 150 A remain stable above their 
phase-transition temperature, they undergo slow spon- 
taneous aggregation and fusion to vesicles of RH 1 700 
8, at lower  temperature^.^?^^ The estimated half-life- 
time of the growth of SUV liposomes at  23 "C is ca. 67 
haa Similar growth has been observed in vesicles pre- 

(47) Talmon, Y. J. Colloid Interface Sci. 1983, 93, 366-382. 
(48) Chang, E. L.; Gaber, B. P.; Sheridan, M. Biophys. J. 1982, 39, 

(49) Wong, M.; Thompson, T. E. Biochemistry 1982,21, 4233-4139. 
197-20 1. 
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Figure 5. Spontaneous growth of DPPC (10.2 X mol dm-3 
(o) ,  5.0 x mol dm-3 (u)) and nonpolymerized DPPC/8 
([DPPC] = 7.4 X lo4 mol dm-3 + [SI = 4.4 X 10"' mol dm-3 (A), 
[DPPC] = 4.7 X mol dm-3 + [SI = 2.8 X lo4 mol dm-3 (A), 
[DPPC] = 3.4 X mol dm-3 + [SI = 2.3 X mol dm-3 (A)) 
vesicles as a function of incubation time. Polymerized DPPCI8 
vesicles ([DPPC] = 5.3 X mol 
dm-3 (a), [DPPC] = 3.6 X mol 
dm-3 (a), [DPPC] = 2.6 X mol 
dmT3 (0)) are seen to retain their sizes for extended periods. 
Plotted are the hydrodynamic diameters (Dh) of the vesicles, 
determined by dynamic light scattering, against incubation time 
a t  23 "C. 

TIME., HOURS 

mol dm-3 + [SI = 3.5 X 
mol dm-3 + [8] = 2.5 X 
mol dm-3 + [8] = 1.6 X 

J ( A- ) 

Figure 6. Use of polymerized vesicle entrapped colloidal platinum 
in catalysis. Electron and/or hydrogen carriers distributed in 
vesicle bilayers mediate the colloidal platinum catalyzed reduction 
of extravesicular molecules by hydrogen bubbling. C and CH (or 
C-) are the oxidized and reduced forms of the electron and/or 
hydrogen carrier; A and AH (or A-) are the oxidized and reduced 
electron and/or hydrogen acceptor; Pt is the polymerized vesicle 
entrapped colloidal platinum catalyst. 

pared from mixtures of 8 and DPPC (DPPCI8 = 2:1, 
w/w). Polymerization has completely stabilized these 
mixed vesicles; their hydrodynamic radius remained 
-150 A for weeks at  any temperature (Figure 5).50 
Unlike their nonpolymerized counterparts, polymerized 
vesicles do not break down in the presence of up to 25% 
alcohol or detergents.31132140 

Substrate entrapment, retainment, and ion permea- 
bilities are important properties of polymerized vesicles. 
Polymerized vesicles, prepared from phospholipids, 
have been shown to be completely sealed and to have 
retained entrapped carbon-14 labeled glucose better 
than their nonpolymerized counterparts.34 Proton and 
hydroxide ion permeabilities across the bilayers of po- 
lymerized vesicles have been determined by incorpo- 
rating pH-sensitive dyes (bromophenol red and bro- 
mocresol green, for example) into the interior of vesi- 
c l e ~ . ~ ~  Dyes external to the vesicles had been removed 
by gel filtration and passages through ion-exchange 

press. 

H., unpublished results, 1983. 
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resins. Absorption changes of the vesicle-entrapped 
dyes subsequent to injecting small volumes of NaOH 
provided information on hydroxide ion transfer rates 
across the vesicle bilayers. Both the initial absorbance 
and its rate of change could be reproduced by adding 
equal moles of HC1. These titrations could be repeated 
several times with identical results. Half-lifetimes for 
proton transfer across vesicles are in the 6-12-min 
range. Polymerization markedly increased these half- 
lifetimes. Addition of an ionophore decreased the 
half-lifetimes for proton transfer of 20-60 s.51 

Polymerized vesicles prepared from surfactants con- 
taining styrene, phosphate, and vinyl moieties under- 
went temperature-dependent phase transitions.43 These 
transitions correspond, presumably, to changes from 
“gel” to “liquid crystalline” phases. Below the phase- 
transition temperature, surfactants in the bilayers are 
in their highly ordered “gel” states, with their alkyl 
chains in all trans conformations. Above the phase- 
transition temperature, the surfactants become “fluid” 
as the consequence of gauche rotations and kink for- 
mation. Fluidities of polymerized vesicles also manifest 
in their KC1-mediated growth. Addition of 3 X M 
KC1 to unpolymerized and polymerized vesicles, pre- 
pared from 9, resulted in the increase of their hydro- 
dynamic radii from 213 to 511 A (nonpolymerized) and 
from 206 to 485 A (p~lymerized) .~~ 

An important implication of the observed fluidities, 
permeabilities, and osmotic activities of polymerized 
vesicles is that polymerization does not lead to complete 
three-dimensional cross-linking. A t  present, only in- 
direct information is available on the degree of polym- 
erization. Thin-layer and gel-permeation chromatog- 
raphy5l as well as kinetic analysis (vide supra)45 indi- 
cated relatively short chain lengths in photopolymerized 
vesicles prepared from 8 to 10. Vesicles prepared from 
other surfactants and/or polymerized by other means 
are unlikely to have similar degrees of polymerizations. 
Precise determination of the degree of polymerization 
is hampered by the very nature of the species involved. 
Destruction of polymerized vesicles (freeze-drying, 
followed by dissolution in organic solvents) leads to 
polyelectrolytes that undergo solvent-, temperature-, 
and electrolyte-induced association and coiling. 

Photochemical Solar Energy Conversion in 
Polymerized Vesicles 

Economically viable catalytic photosensitized water 
splitting is the ultimate aim of artificial photosynthe- 
sis.+12 One approach has involved the utilization of 
simple sensitizers (S) and relays (R) in surfactant ves- 
i c l e ~ . ~  The role of the vesicles is to bring about favor- 
able energy deposition and transmission and, impor- 
tantly, prevent back electron transfer between the re- 
duced relay, R-, and the oxidized sensitizer, s+. 

Ideally (i) the reduced relay (R-) and the oxidized 
sensitizer (S+) should be thermodynamically capable of 
generating hydrogen and oxygen from water (eq 1 and 
2) and (ii) the process should be cyclic. In practice, the 

(1) 2R- + 2H20 - 2R + 20H- + H2 

4s” + 2H20 - 4 s  + 4H+ + 0 2  

(2e- reduction) 

(2) 

(4e- oxidation) 

multielectron steps demand the use of catalysts and eq 

f h v  

catalyst H20 0 2 ~ ~ J R ~ ~  ::o catalyst (3)  

3 is simplified to two half-cells (eq 4 and 5) that require 
O: D 

/ 

S * t R - S +  t R- 

H20 

A- P 

(4) 

I 
( 5 )  

b v  
S t R  - S C t R -  

02 H 2 0  

the use of sacrificial electron donors (D in eq 4) for H2 
production and sacrifical electron acceptors (A in eq 5) 
for O2 production. Investigations of sacrificial H2 gen- 
eration provided valuable insight into the mechanism 
of this process. Efficient electron transfer had been 
demonstrated from a sacrificial donor, ethylenedi- 
aminetetraacetate, EDTA, to methyl viologen, MV2+, 
via a sensitizer, tris(2,2-bipyridine)ruthenium chloride, 
Ru(bpy),2+. Ru(bpy),2+ was attached to the outer 
surfaces and MV2+ was placed on the inner surface of 
negatively charged dihexadecyl (DHP) vesicles, while 
EDTA was distributed in the bulk aqueous solution.52 
Initially, electron transfer was considered to occur 
across the vesicle bilayers.s2 Subsequently, electron 
transfer was shown to occur on the same outer surface 
of DHP vesicles, following photosensitized leakage of 
MV2+.53 These results as well as the relatively poor 
long-term stability of vesicles demanded alternative 
approaches. Functionally polymerized chemically dis- 
symmetrical vesicles provide a means to efficient arti- 
ficial photosynthesis without deleterious instabilities. 
Ru(bpy),2+ photosensitized viologen reduction has been 
observed, for example, in dissymmetrical vesicles pre- 
pared from 13 and 17.42 Unfortunately, polymerization 
has destroyed substantial amounts of the redox activity. 
Entrapments of doped colloidal semiconductors in po- 
lymerized vesicles provided a promising a l t e r n a t i ~ e . ~ ~  
Polymerized Vesicles as Drug Carriers 

The intact and selective delivery to desired targets 
is an important aim of current pharmacological re- 
search. Although liposomes have been extensively ex- 
plored as potential drug ~ a r r i e r s , ~ ~ J ~ , ~ - ~ ’  their inherent 
instabilities and lack of discrimination have detracted 
somewhat from their potential. Polymeric vesicles may 
well overcome these difficulties. The enhanced activity 
of polymeric vesicle-incorporated ATP-synthetase is 
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highly relevant.5s ATP-synthetase consists of a hy- 
drophobic and a hydrophilic portion; the former is in- 
corporated into the bilayer and the latter is exposed into 
the aqueous environment. The isolated enzyme showed 
no activity, whereas phospholipids and polymeric sur- 
factant vesicles reactivated the enzyme. Differential 
scanning calorimetry indicated the formation of 
“monomeric domains” that provided the site for AtP- 
synthetase incorp~rat ion.~~ 

A considerably broader approach has been taken by 
Ringsdorf who had suggested potential applications of 
polymeric vesicles in cancer ~hemotherapy .~~ He en- 
visaged cell-specific recognition and tumor-cell de- 
struction by membrane-destroying agents (lyso- 
phospholipids, for example) incorporated into polymeric 
vesicles. Availability of polymeric vesicles capable of 
surviving the attack of membrane-destroying agents is 
an essential part of the proposal. Mechanism for the 
release of the agent would be provided by a trigger- 
mediated opening (“uncorking”) of the polymeric ves- 
icle. Alteration of pH, temperature, irradiation, and 
enzymes could trigger the release. Experimental real- 
ization of these bold propositions is only a question of 
time and our ingenuity. 

Reactivity Control in Polymerized Vesicles 
There are four extreme sites of reactant localization 

in polymeric vesicles. Hydrophobic molecules can be 
distributed among the hydrocarbon bilayers of the 
vesicles. Alternatively, they can be anchored by a long 
chain terminating in a polar headgroup. Polar mole- 
cules, particularly those that are electrostatically re- 
pelled from the inner surface of the vesicles, may move 
about relatively freely in the vesicle-entrapped water 
pools or they may be associated with or bound to the 
inner and outer surfaces of vesicles. Polar molecules 
can also be anchored to the vesicle surface by a long 
hydrocarbon tail. A large variety of reactivity control 
can be realized in polymeric vesicles. Conceivably, the 
position of a reacting substrate will be different from 
that of the transition state and that from the product 
formed in the reaction. Such spacial relocation of 
molecules as they progress along their reaction coor- 
dinates can be exploited in catalyses and product sep- 
aration. A type of functionally polymerized vesicle- 
reactant interaction can be visualized in which the 
reactant, an organic ester, for example, would enter the 
vesicle. Hydrolysis would then occur in the matrix of 
polymeric vesicles and the produds would subsequently 
be expelled into the bulk solution. With use of non- 
permeable reagents, reactions can be limited to sites 
located a t  outer vesicle surfaces. Alternatively, finely 
tuned processes can be realized by allowing reactions 
to occur consecutively (at controllable rates) in the 
separate halves of the bilayer in the vesicles. This type 
of flexibility is only feasible in polymerized vesicles. 

Polymerization alters the extent of substrate vesicle 
binding. Consequently, reactivities are expected to be 
different in polymerized and nonpolymerized vesicles. 
This assumption has been experimentally realized in 
the hydrolysis and aminolysis of nitrophenyl esters.51 
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Polymerization allows an unprecedented degree of re- 
activity control by localizing the substrate in different 
parts of the vesicles. Kinetics of reactivities in polym- 
erized vesicles can be treated by equations developed 
for interactions in membrane mimetic systems.60 

Polymerized vesicles are ideal media for the forma- 
tion of small, uniform, catalytically active colloidal and 
subcolloidal  particle^.^' Photolysis of K2PtC14 entrap- 
ped in the interiors of vesicles prepared from mixtures 
of DPPC and 3 or 8 resulted in the formation of col- 
loidal platinum and concomitant polymerization of 3 
or 8 in the vesicle matrices.61 Polymerized vesicle en- 
trapped colloidal platinum showed extraordinary sta- 
bility. It catalyzed the hydrogen gas mediated reduc- 
tion of extravesicular compounds via vesicle-embedded 
electron and/or hydrogen carriers (Figure 6).61 Gen- 
eralization of these principles can lead to industrially 
important catalytic  reduction^.^^ 
Concluding Remarks 

The beneficial properties of polymerized vesicles 
justify the considerable current interest in their de- 
velopment and applications. In addition to the high- 
lighted utilizations, studies of vesicle polymerization 
may well shed light on such diverse fields as biomem- 
branes and emulsion polymerization. Liposomes, pre- 
pared from synthetic phospholipids containing cova- 
lently linked carbene or nitrene precursors at selected 
positions, have been photo-cross-linked in a series of 
elegant studies by Khorana and his ~ o - w o r k e r s . ~ ~ ~ ~  
This work had aimed at obtaining information on lip- 
id-lipid and lipid-protein interactions in biological 
membra ne^.'^ Photolysis of liposomes prepared from 
o-labeled surfactants, for example, resulted in exclusive 
cross-linking in the acyl chains of neighboring surfac- 
tants. Absence of cross-linking in the headgroup region 
is in accord with the known structures of liposomes, lack 
of migration of the terminal hydrophobic groups to the 
vesicle surface. Further refinements of this technique 
will provide an even greater insight into the microen- 
vironment of bilayer vesicles. 

Detailed investigations of rates and degrees of po- 
lymerization in vesicles prepared from appropriate 
polymerizable surfactants (and/or mixtures of surfac- 
t a n t ~ ) ~ ~ , ~ ~  will be related to complex emulsion polym- 
erizations and to polymerization in droplets.“~~ Po- 
lymerization of organized surfactant vesicles is fully 
expected to attract wide variety of researchers who will 
develop novel chemistries and applications. 

Research in our laboratories could not have succeeded without 
the enthusiastic, dedicated, and skillful work of the eo-workers 
whose names appear in the references listed. Z am most grateful 
to them and to the agencies (National Science Foundation, 
Department o f  Energy and Army Research Off ice)  who have 
provided financial support for different aspects of our re- 
searchers. W e  thank NATO for a travel grant. 
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