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ABSTRACT 
 

In natural photosynthesis, light is absorbed by photonic antenna systems consisting of a few hundred chlorophyll 
molecules. These devices allow fast energy transfer from an electronically excited molecule to an unexcited neighbour 
molecule in such a way that the excitation energy reaches the reaction centre with high probability. Trapping occurs 
there. The anisotropic arrangement of the chlorophyll molecules is important for efficient energy migration. In natural 
antennae the formation of aggregates is prevented by fencing the chlorophyll molecules in polypeptide cages. A similar 
approach is possible by enclosing dyes inside a microporous material and by choosing conditions such that the cavities 
are able to uptake only monomers but not aggregates. In most of our experiments we have been using zeolite L as a host 
because it was found to be very versatile. Its crystals are of cylindrical shape and consist of an extended one-
dimensional tube system. They can be prepared in wide size range. We have filled the individual tubes with successive 
chains of different dye molecules and we have shown that photonic antenna materials can be prepared. Moreover, 
fluorescent dye molecules can be bound covalently to the channel entrances. Dependent on the spectral properties of 
these stopcock molecules, the electronic excitation energy is transported radiationless to the stopcock fixed at the ends 
of the nanochannels or injected from the stopcock to the dyes inside the zeolite. The radiationless energy migration is in 
competition with spontaneous emission, thermal deactivation, quenching, and photochemically induced degradation. 
Fast energy migration is therefore crucial for an efficient antenna material. - The supramolecular organization of the 
dyes inside the channels is a first stage of organization. It allows light harvesting within the volume of a dye-loaded 
zeolite L crystal and radiationless transport to both ends of the cylinder or from the ends to the centre. The second stage 
of organization is the coupling to an external acceptor or donor stopcock fluorophore at the ends of the zeolite L 
channels, which can trap or inject electronic excitation energy. The third stage of organization is the coupling to an 
external device via a stopcock intermediate. The wide-ranging tunability of these highly organized materials offers 
fascinating new possibilities for exploring excitation energy transfer phenomena, and challenges for developing new 
photonic devices for solar energy conversion and storage.  
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1. INTRODUCTION 
 
Plant photosynthesis, the conversion of light into chemical energy, is greatly fascinating. As a radio uses an antenna to 
absorb electromagnetic waves from the atmosphere, plants use their chlorophyll to capture certain wavelengths of 
visible light and pass its energy on to their photosynthetic apparatus.[1,2] Such "photonic antennas" would also be great 
for technical applications, particularly for a new, more efficient generation of solar cells. Several interesting attempts are 
presented in the literature, e.g. panchromatic chromophore mixtures in an AlPO4-5 molecular sieve, faujasite 
incorporated dye molecules, or polymer embedded iridium complexes that show interesting luminescence properties.[3-6] 
Promising results were obtained with artificial photonic antennae, where a strongly fluorescent dye is introduced in the 
linear channels of zeolite crystals in order to capture light. When the fluorescent dye is irradiated, a small portion of the 
energy released in this process is dispersed as vibrations throughout the molecules, the rest of the energy is emitted as 
fluorescence. When the dye molecules are inserted in the parallel channels of the crystals, they are neatly packed right 
up against each other. This allows them to transfer the excitation energy directly - without conversion into light - from 
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molecule to molecule. Furthermore, the openings of the channels are plugged with a second type of fluorescent dye, so 
called stopcock molecules.[7] The two types of molecules are precisely tuned to each other; the stopcocks are thus also 
able to accept excitation energy from the dyes inside the channel, but they are not able to pass it back. The stopcocks 
can re-emit the energy as fluorescence on the surface of the little crystals, or, in a more advanced setup, transfer it 
radiationless to a photoelectronic or a photochemical device. This receiving antenna can alternatively be made into a 
transmitter if the two fluorescent dyes are more or less switched. The stopcocks capture energy from outside, which they 
then pass on to the molecules inside the crystals. These then fluoresce, which is useful e.g. for making light emitting 
diodes.[8,9] 
 
 

2. RESULTS AND DISCUSSION 
 
 
2.1. Host Material 
Zeolites are porous silicates of different size, shape and geometry that can uptake a large variety of guest molecules. 
Promising results were obtained with colloidal materials where mesoporous spheres are used as a template to prepare 
zeolite monoliths.[10,11] Zeolite L is a crystalline aluminosilicate with hexagonal symmetry.[12-17] Its anionic framework 
and the positions of the charge-compensating cations are illustrated in Fig. 1. The crystals consists of cancrinite cages 
(ε-cages) linked by double 6-membered rings. These units form columns in the c direction which are connected, and 
thus form a 12-membered ring with a free diameter of 0.71 nm. This gives rise to one-dimensional channels running 
through the whole crystal, with a largest free diameter of 1.26 nm and a unit cell length of 0.75 nm. The main channels 
are linked via nonplanar 8-membered rings which form an additional two-dimensional channel system with ring opening 
of about 0.15 nm. The centre-to-centre distance between two main channels is 1.84 nm. The hexagonal structure of the 
zeolite L material is visible in the scanning electron microscopy picture. This also illustrates that the shape of the 
crystals can be described well by assuming cylinder morphology. The number of channels lying parallel to the c axis is 
equal to 0.265(dc)2, where dc is the diameter of the cylinder in nanometres. As an example, a crystal with 550 nm 
diameter consists of about 8·104 parallel channels. Zeolite L has an anionic framework. Four different cation sites (A, B, 
C, D) have been reported. The water molecules in the large cavities of zeolite L have been reported to behave like an 
intercrystalline liquid, whereas they seem to build clusters around the cations in the smaller pores.[15] The stoichiometry 
of zeolite L with monovalent cations is (M)9[Al9Si27O72]·nH2O, where n equals 21 in fully hydrated materials, and 16 at 
about 22 % relative humidity. We have synthesized zeolite L crystals in the size range of 30 up to about 7000 nm.[16] 
 

 
Figure 1. Zeolite L framework: a) projection along the c axis, b) with the cancrinite cages highlighted as polyhedra, c) section 
showing the different cationic positions A to E, d) side view of the 12-ring channel, e) scanning electron microscopy image of zeolite 
L crystals. 
 

 
Scheme 1 lists some of the dye molecules that have been incorporated in the channels of zeolite L.  
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