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‘We examine the possibility to design supramolecular systems where
the photoinduced energy flow can be either interrupted or initiated
by a self-photosensitized reaction. Systems of the first type are
called “self-poisoning”, whereas those of the second type are called
“self-educating”. An example of a ‘“self-poisoning” system, are
made of Ru(bpy),>*- and Os(bpy),2*-type units (bpy is 2,2'-bipy-
ridine) linked to the 9,10-positions of an anthracene ring is
discussed.

INTRODUCTION

Exploitation of photons for information purposes by
supramolecular systems' can be performed by two dif-
ferent routes (Figure 1).> The first one (“photon-
writing”) involves the occurrence of a photoreaction that
causes (“writes”) some changes in the properties of the
supramolecular system, reflected in a monitorable signal.
The second route (“photon-reading™) is based on some
kind of interaction, between a component of a supramo-
lecular system and an external species, which affects the
photon response of the system. This response (any
excited state manifestation, most commonly lumines-
cence) can be used “to read” the interaction.

In this paper we will briefly discuss some devices,
based on intercomponent energy transfer in supramo-
lecular systems, where light “writes” and “reads” at the
same time. More specifically, we will examine the
possibility to design systems where a photoinduced
energy flow can be either interrupted or initiated by a
self-photosensitized reaction. Systems of the first type
will be called “self-poisoning”, whereas those of the
second type will be called “self-educating”. Very inter-
esting photoswitchable supramolecular species in some

*To whom correspondence should be addressed.

way related to those discussed in this paper have recently
been reported by Walz, et al.? and Lehn and co-workers.*

“Self-poisoning” systems

Let us consider a supramolecular system made of two
molecular components D and A linked by a central
component P* which has its lowest excited state at a
suitable energy to act as an intermediate in the energy
transfer process from *D to A (Figure 2a). In this system,
the energy transfer process is expected to be very
efficient, and its occurrence can be monitored by the
quenching of the luminescence of the donor excited state
*D and the sensitization of the luminescence by the
excited acceptor *A. For some reason it may happen that
in such a system light excitation of D causes a photo-
chemical reaction that converts P* into another species
PP. Therefore in the energy-level diagram *P* has to be
replaced by *P°. If *P° lies at higher energy than *D
(Figure 2a), it no longer plays the role of an intermediate
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Figure 1 Schematic representation of the two routes by which the
interaction of light with a supramolecular system can be exploited for
information purposes.
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Figure 2 Energy transfer in three-component supramolecular sys-
tems. Stars indicate electronically excited states. Light absorption by D
(abs) and sensitized emission from *A (em) are indicated by vertical
arrows. Part a refers to a self-poisoning system and part b to a
self-educating system. For more details, see text.

in the energy transfer process, and *D and A are therefore
electronically “isolated” by the bridging component P®.
As a consequence, the rate of the energy-transfer process
will be strongly reduced. From the experimental view-
point, in such a system the flux of energy from *D to A
decreases as irradiation proceeds, which implies a pro-
gressive recovering in the luminescence of *D and a
corresponding decrease of the sensitized luminescence of
*A. Since this device loses its ability to transfer energy
while operating, we can say that it undergoes “self-
poisoning”.

We have designed and synthesized a system that
performs according to the above description. Such a
system, shown in Figure 3 (top) and schematically
indicated by Ru-An-Os, is made of Ru(bpy),”*- and
Os(bpy),>*-type units (Ru and Os, respectively; bpy is
2,2'-bipyridine), linked to the 9,10-positions of an an-
thracene (An) ring. A detailed description of the photo-
physical properties of this and related systems will be
given elsewhere.® Here we only wish to point out its
“self-poisoning” character.

The relevant energy levels of the Ru-An-Os system
are shown in Figure 3. Excitation to the Ru-based 'CT
excited state (460-nm light) leads to efficient conversion
to the Ru-based *CT level which undergoes energy
transfer to the T, anthracene level, as demonstrated by
the quenching of the Ru-based phosphorescence (A, =
640 nm) in the parent Ru(bpy);**- anthracene (Ru-An)
dyad. In the Ru-An-Os triad, energy flows from the T,
anthracene triplet to the Os-based *CT level, whose
phosphorescence (A, = 770 nm) is sensitized with
100% efficiency. The rate constant of the energy transfer
process, measured from the quenching of the phospho-
rescence of the Ru-based moiety, is 4.7x10% s™'. For the
Os-based emission, a risetime close to the decay rate of
the Ru-based phosphorescence is observed.

Continuous irradiation with visible light of deaerated
acetonitrile solutions of Ru-An-Os does not cause any
change in the absorption and luminescence spectra. The
energy absorbed by the Ru-based unit flows, via the

An-based intermediate component, to the Os-based one,
where it is dissipated by radiative and radiationless
transitions. In air-equilibrated solutions, however, con-
tinuous irradiation causes “self-poisoning”. The intensity
of the Ru-based phosphorescence band at 640 nm in-
creases, and the intensity of the sensitized Os-based
phosphorescence at 770 nm decreases. A progressive
disappearance of the structured anthracene absorption
spectrum in the 350400 nm region is also observed.
When such changes level off, the lifetime of the recov-
ered Ru-based emission is about 90 ns, showing that in
the photomodified species the Ru-based luminescence is
quenched with rate constant 0.6X 107 s}, a value about 80
times smaller than that found for the original Ru-An-Os
species (vide supra). NMR measurements on the irradi-
ated solutions indicate that the central component of our
supramolecular system has been converted in an an-
thracene endoperoxide species or in other derivatives
where the anthracene aromaticity is no longer present.
The results obtained in aerated solution show that the
Ru-An-(*CT)Os excited state transfers energy to the
dissolved oxygen molecules with formation of singlet
oxygen which reacts with the anthracene ring® to form an
endoperoxide derivative Ru-AnQO,-Os. This compound
can then rearrange’ to give other species (indicated by
Ru-X-Os) where the central ring of anthracene has lost
its aromatic character. An and AnO, (or X) are like P*
and P" in figure 2a, respectively. In the AnO, or X
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Figure 3 Schematic representation of the investigated three-
component supramolecular system and of the relevant electronic
energy levels of the Ru-based (Ru), anthracene-based (An), and
Os-based (Os) molecular components. In the chemical formula, bpy
stands for 2,2'-bipyridine and R stands for CH,-C.Hs.
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species, in fact, the T, level (Figure 3), characteristic of
the An aromatic structure, is no longer present and the
lowest excited state lies at much higher energy than that
of the Ru-based *CT donor level.

In conclusion, the Ru-An-Os system is a molecular
device for vectorial energy transfer which undergoes
“self-poisoning” when it operates in the presence of
oxygen. Such a drastic change of performance could in
principle be exploited to reveal the presence of oxygen.

An interesting point for further developments is the
following. The reaction of singlet oxygen with aromatic
compounds in several cases can be reversed thermally
and/or photochemically.® This is not the case for simple
9,10-anthracene derivatives like the central component
used in our system, but other anthracene derivatives are
known to exhibit a high degree of reversibility.” A
supramolecular system of the type described above
containing an anthraceme derivative which undergoes
reversible photooxygenation would perform as a revers-
ible switch for electronic energy transfer.

“Self-educating” systems

The working principle of the energy-transfer “self-
poisoning” system described above suggests the design
of an energy-transfer “self-educating” system, i.e. a
system where the efficiency of energy transfer increases
on operating. Energy-transfer self-education is likely to
play an important role in the antenna devices of natural
photosynthesis, where the number of energy traps de-
creases with increasing irradiation time.’ In principle, an
artificial “self-educating” system can be designed by
using the same donor and acceptor units of the “self-
poisoning” device described above, with a more ex-
tended aromatic structure (e.g., pentacene, Figure 4) as a
central component. The relevant energy level diagram
would be of the type shown in Figure 2b with D, P?, and
A representing the Ru-based, pentacene-based, and Os-
based components, respectively. In fact the pentacene T,
level (*P*) lies below'® the CT Ru-based (*D) and
Os-based (*A) levels. Under such conditions, irradiation
of the Ru-based unit would lead to the formation of the
T, excited state of the pentacene-based intermediate
component which, however, would not be able to transfer
energy to the Os-based component. In other words,
energy transfer from the Ru-based to the Os-based
component is switched off. In aereated solutions, how-
ever, the T, excited state of the pentacene-based compo-
nent would react with dioxygen to produce an endoper-
oxide derivative. By means of suitable substituents on
the pentacene structure one could favor the formation of
a 7,12-pentacene endoperoxide, which would contain an
anthracene aromatic moiety (Figure 4). Therefore the T,
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Figure 4 Pentacene and pentacene endoperoxide as hypothetical
central components of the supramolecular system.

excited state of the central component of the photore-
acted supramolecular system (*P® in Figure 2b) would be
placed at the right energy position to efficiently mediate
energy transfer from the Ru(bpy),** donor to the
Os(bpy);>* acceptor. As a consequence of such a “self-
educating” process, progressive quenching of the Ru-
based and sensitization of the Os-based luminescence
would be observed.
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