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An amphiphilic zinc porphyrin–fullerene dyad appended with
triethyleneglycol chains in aqueous media forms uniformly-
sized multilamellar vesicles with a mean diameter of 100 nm
that are thermally stable and robust against membrane lysis
with surfactants.

Implementation of certain functions to vesicular assemblies is an
important subject for the development of new applications related
to the guest-entrapping capability of such nano-objects. To
fabricate these vesicles, functional units have been incorporated
into lipid molecules, where specific packing of hydrophobic alkyl
chains plays an important role for the stability of the vesicular
membrane.1 Here we report that a non-lipid type p-electronic
amphiphile consisting of a zinc porphyrin–fullerene dyad
((TEG)PZnC60) forms uniformly sized micro-vesicles in aqueous
media.2 As porphyrin derivatives and fullerenes can electronically
interact with one another under certain conditions,3 these molecules
when appropriately combined are expected to serve as alkyl chain
substitutes for self-assembly. While ordinary lipid vesicles are easily
disrupted upon addition of surfactants, the vesicles from
(TEG)PZnC60 are thermally stable and also highly tolerant against
such membrane lysis reagents.

(TEG)PZnC60 was prepared by a 1,3-dipolar cycloaddition
reaction involving N-methylglycine, C60 and an aldehyde-appended
trans-A2BC-porphyrin zinc complex functionalized with a [G1]
benzyl ether dendron bearing triethyleneglycol chains (ESI{).
(TEG)PZnC60 was soluble in THF, leading to a pink homogeneous
solution (Fig. 1(A), [(TEG)PZnC60] ~ 5.0 6 1022 mM). On the
other hand, when a THF solution of (TEG)PZnC60 was added
dropwise to water, a reddish brown solution resulted (Fig. 1(B)).
Scanning electron microscopy (SEM) and transmission electron
microscopy (TEM) revealed the presence of uniformly sized
spherical particles (Fig. 2(A) and (B)) composed of a core–shell
architecture with a shell thickness of 25–30 nm (ESI{). Dynamic
light scattering (DLS) analysis indicated that the vesicles are on

average 100 nm in diameter (Fig. 2(C)). From this size regime, the
vesicles likely consist of a multilamellar membrane. They are highly
stable against coagulation, as indicated by no change in particle size
over a period of three months, even at much higher concentrations
such as 0.1 mM.

UV–vis spectroscopy of an aqueous solution of the vesicles
showed zinc porphyrin absorption bands at 426 (Soret), 548 and
585 (Q-bands) nm, which are red-shifted from those in THF
(Fig. 1(C)). These absorption bands were also broader, and their
absorption coefficients were smaller than those in THF (e.g., Soret
band; e ~ 2.90 6 105 in THF; 1.25 6 105 L mol21 cm21 in water).
Furthermore, a long tailing was observed in the near-IR region
(650–1000 nm; Fig. 1(B), inset), which is characteristic of

{ Electronic supplementary information (ESI) available: Details for
synthesis of (TEG)PZnC60, preparation of vesicles, and guest trapping
and releasing experiments, Figs. S1–S9. See http://www.rsc.org/suppdata/
cc/b4/b409228g/

Fig. 2 (A) SEM and (B) TEM micrographs of cast samples prepared
from an aqueous solution of (TEG)PZnC60, and its DLS profile at
[(TEG)PZnC60] ~ 1.5 6 1022 mM (C/G2 ~ 0.187).D
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Fig. 1 Photographs of (A) THF and (B) aqueous solutions of
(TEG)PZnC60 at 5.0 6 1022 mM, and (C) their electronic absorption
spectra (broken curves; THF, solid curves; water) at 1.0 6 1022 mM (inset;
0.1 mM).
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charge-transfer p-electronic interactions between zinc porphyrins
and fullerenes as reported for some covalently linked4 or
supramolecularly complexed3c porphyrin and fullerene units.
Therefore, it is most likely that the multilamellar vesicular
membrane consisting of (TEG)PZnC60 involves an interdigitating
structure, in which the fullerene moieties are sandwiched by the zinc
porphyrin units. As expected from this configuration,
(TEG)PZnC60 in the membrane displayed a quite different
emission profile from non-associated (TEG)PZnC60. Zinc por-
phyrin–fullerene dyads are known to behave as excellent
intramolecular electron-transfer modules.5 Nevertheless, non-
associated (TEG)PZnC60 in THF fluoresced, to a certain extent,
at 586 and 634 nm (S1 emission) upon excitation of the zinc
porphyrin unit at 543 nm (Q-band). In sharp contrast, the
fluorescence was completely quenched when (TEG)PZnC60 was
associated in the vesicular membrane. Furthermore, the S2

emission, observed upon excitation of the vesicles at 400 nm
(Fig. 3), was red-shifted to 443 nm (solid curve) from that in THF
(422 nm; broken curve) and also remarkably quenched. Such great
enhancements of the fluorescence quenching, observed for the self-
assembled (TEG)PZnC60, indicate that the electron transfer takes
place intermolecularly as well as intramolecularly in the vesicular
membrane.

The vesicles consisting of (TEG)PZnC60 are thermally stable, as
they substantially preserved morphological and spectral character-
istics when an aqueous solution of these assemblies was heated at
70 uC for 5 h (ESI{). On the other hand, the vesicles were easily
disrupted upon addition of THF. By monitoring the zinc porphyrin
S1 emission which is sensitive to the aggregation of (TEG)PZnC60,
we investigated at 25 uC the dissociation/association events of this
p-electronic amphiphile at different THF contents, and found a
clear hysteresis profile as shown in Fig. 4. This is in sharp contrast
with the dissociation behavior of vesicles consisting of an ionic
amphiphilic fullerene without any metalloporphyrin moiety.6 We
consider that the hysteresis profile in Fig. 4 most likely stems from
the zinc porphyrin-to-fullerene charge transfer interaction in self-
assembled (TEG)PZnC60, which possibly stabilizes the vesicular
membrane once formed.

The vesicles in their interior space can accommodate guest
molecules when they are present in the self-assembling process. For
example, vesicles containing sulforhodamine-G, a typical hydro-
philic fluorescent probe, could be prepared and successfully isolated
by Sephadex2 G-50 gel filtration (ESI{). Quite interestingly,
sulforhodamine-G, thus entrapped, did not escape from the vesicles

over a period of one month. On the other hand, upon dilution with
THF, collapse of the vesicles took place, resulting in release of
sulforhodamine-G, as evidenced by an enhancement in its
fluorescence emission (ESI{). To our surprise, addition of a
surfactant such as Triton X-100 did not trigger the release of the
encapsulated dye (ESI{). Such a high stability towards detergents is
remarkable, since ordinary lipid vesicles are easily disrupted upon
treatment with detergents. In this sense, the vesicles from
(TEG)PZnC60 behave much like polymersomes, i.e., vesicles
from amphiphilic block copolymers.7

In conclusion, we have demonstrated that a novel non-ionic
p-electronic amphiphile consisting of a zinc porphyrin–fullerene
dyad (TEG)PZnC60 self-assembles into uniformly-sized, multi-
lamellar micro-vesicles in aqueous media. A metalloporphyrin-to-
fullerene charge transfer interaction taking place within the
multilayer membrane possibly stabilizes the vesicles and also
makes them tolerant towards membrane lysis with detergents. The
vesicles can retain guest molecules much longer than ordinary lipid
vesicles and as such behave like polymersomes. Studies on
photochemical communication between the interior and exterior
spaces of the vesicles and related applications are the interesting
subjects worthy of further investigation.
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Fig. 3 S2 emission spectra of (TEG)PZnC60 (lext ~ 400 nm, abs ~ 0.2) in
THF (broken curve) and water (solid curve).

Fig. 4 Intensity changes in zinc porphyrin S1 emission at 637 nm (lext ~
414 nm, abs ~ 0.15) upon addition of THF to a vesicle solution, (a) and
addition of water to a THF solution of (TEG)PZnC60, (b).
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