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In the antenna system of a leaf, the energy of the sunlight is transported by
chlorophyll molecules for the purpose of energy transformation.

The aim of this work is to develop a similar light transport in an artificial system in
which dye loaded zeolite L crystals adopt the antenna function
and to find out if and how this can be used in photoelectronic devices.

Organic dyes have the tendency to form aggregates even at low concentration.

Aggregates are known to cause fast thermal relaxation of electronic
excitation energy.

The role of the zeolite (host) is to prevent this aggregation,
to superimpose a specific organization,
and also to strongly improve the stability of the dyes.

1. Introduction
Zeolite L, an ideal host for supramolecular organization of dyes
Filling the channels with dye molecules
Some dyes which have been inserted in zeolite L
Orientation of the dyes in the channels
Dye loaded zeolite L crystals as nanolasers? o
Radiationless transfer of electronic excitation energy ,‘E
Forster energy transfer, a demonstration experiment
Intrazeolite diffusion kinetics monitored by energy transfer

2. Light-harvesting host-guest antenna materials

Three stages of organization

Electronic excitation energy migration

One dimensional energy transfer; phase boundary
External trapping (The stopcock principle)
Coupling to an external device

Monodirectional materials

3. Challenges for developing antenna sensitized
devices for solar energy conversion and LED’s

Electronic Excitation Energy Transfer.
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Zeollte L IS an |deal host for supramolecular organization of dyes.
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Some dyes which have been inserted in zeolite L

Table of neutral dyes
o o
o o e O‘.O.p (= DxP(1=0)
% O QO C DXT (n=1)
8
IS OO0 9'8.8. Isoviolanthror
3

DPH HO\C(:;U *
PBOX \©::\>—©—

MBOXE \©iN NNQ\ O.Q

5
POPOP Q\{W’@/«A\Q = Q \ O i
{

DMPOPOP @j:’z/@’é‘i@ O N O

Naphtalene

s
G
5

N-Ethylcarba

Decs

Stilbene

Table of charged dy
u
Prof -0-C- v
N
Py ey eoe

PP 'y
PyB" A BTMPI
ox \@ ,]j Y \‘\+{>' N DSM (n=1)
A o
.

Orientation of the dyes in the channels

.‘_"

P

=]

Electronic Excitation Energy Transfer.
Lecture 1

Light-harvesting host-guest antenna materials
for new photonic devices

\

HMN o NH.
I S. Megelski, A. Lieb,

M. Pauchard, A. Drechsler,
S. Glaus, Ch. Debus,
A.J. Meixner, G. Calzaferri

Me N. 0. NMe
\(/\‘{’ J. Phys. Chem. B
I Z 105, 2001, 25
[
e

¥ O 00

/
Oy
\ S, Brasselet ri",'

ENS Cachan ~ =™

Fall 2004



Gion Calzaferri

Fall 2004

Dye loaded zeolite L crystals as nanolasers?
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Radiationless transfer of electronic excitation energy
Forster energy transfer
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Forster energy transfer, a demonstration experiment

e s
600 700

Wavelength / nm

400

Forster energy transfer, a demonstration experiment

ox -
3 / | - s +
HN 0 NH, pY A HN 0 NH,
L) o =~ L
2 f Y T T 1 N
0.00 0.01 0.02 0.03 fi‘i
p——— s

Electronic Excitation Energy Transfer.

Lecture 1

Light-harvesting host-guest antenna materials

for new photonic devices 5



Gion Calzaferri Fall 2004

Intrazeolite diffusion kinetics monitored by energy transfer
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2. Light-harvesting host-guest antenna materials: organization

Inorganic-inorganic host-guest systems

with ordered guest are known.
The order is imposed by the host.

Can these systems also be regarded as being organized?

Organization implies transfer of a signal in a specific way
to a specific place.

Question

Is it possible to address the ordering in zeolite based host-guest
systems on a molecular level in order to realize organization
and, if yes,
how can this be achieved?

| discuss this question for inorganic-organic host-guest systems
where the host is zeolite L.

Electronic Excitation Energy Transfer.
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The early concept we developed to

make use of the possibilities of

zeolite-dye host-guest materials

are illustrated in this figure.

It was presented as a poster at IPS-10, 1994
in Interlaken, Switzerland, and is still

valid and useful for some experiments

and practical applications.

We have, however, learned to use

the specific structure of the materials

in a more sophisticated and challenging
way in order to reach a much higher
stage of organization than possible by
this early concept.

F. Binder, G. Calzaferri, N. Gfeller, Solar Energy and Solar Cells, 38 (1995) 175

Light-harvesting host-guest antenna materials:

Three stages of organization

600 nm
Supramolecular Coupling to an Coupling to an external
organization external acceptor- device
of molecules inside or donor

the channels.
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Electronic excitation energy migration

First stage of organization: hv
Energy migration
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Relative Intensity / a.u.

S. Megelski and G. Calzaferri, Adv. Funct. Mater., 2001, 11, 277
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First stage of organization: Mechanism of the Energy Migration T
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First stage of organization: Mechanism of the Energy Migration
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First stage of organization: Mechanism of the Energy Migration
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First stage of organization
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Dye-Loaded Zeolite L Sandwiches as Artificial Antenna Systems for Light Transport
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First stage of organization: One dimensional energy migration
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The stopcock principle
Functional stopcocks
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Second stage of organization: The stopcock principle

Location of the stopcocks

Electronic Excitation Energy Transfer.
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The stopcock principle: First important success
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Abderrahim Khatyr, Huub Maas, Gion Calzaferri JOC. 67, 2002, 7605

The stopcock principle, a general reaction principle
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Third stage of organization: Coupling to an external device through a stopcock unit

Meo” o/ molecular options
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hy o
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in a matix

oriented layers of
monodirectional
crystals

Semiconductor
We have experimental evidence that these three principles work. ?
The next step is to test and optimize the materials for specific devices.

Third stage of organization: EnT from polymer via stopcock to guest
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Third stage of organization: EnT from an antenna via stopcock to a semiconductor
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Coupling to an external device: In situ synthesis

’ Sedimentation at RT
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Summary T

First stage of organization
Second stage of organization

Third stage of organization

Electronic Excitation Energy Transfer.
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3. Challenges for developing new photonic
devices for solar energy conversion

Antenna sensitized solar cells
sensitization via electronic excitation energy transfer

Sensitized

solid state solar cells

Sensitized

thin film plastic solar cells

Dye sensitized
solar cells

can reduce the amount of
Ru needed by 2-3 orders of
magnitude

Redox systems based solar cells

Antenna sensitized solar cells: Solid state thin film devices

100-300 nm

Excitation

formation of e-h pairs

% hv
Antenna

back contact

Electronic Excitation Energy Transfer.
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Light-harvesting host-guest antenna materials
for new photonic devices
1. Zeolite L, an ideal host for supramolecular organization

of dyes
2. Host-guest antenna materials:
Three stages of organization
3. Challenges for developing new photonic devices
4. Conclusions J. Mater. Chem. 2002, 12, 1
Angew. Chemie, Int. Ed. 2003, 42, 3732-3758
Microporous, Mesoporous Materials, 2004, 72, 1-23
Functionalized host-guest antenna materials have been developed over the
last twelve years. Zeolite L was used as a host in all experiments | have
presented. Other zeolites could be used as well.
A next step consists in testing the applicability of these materials.
Functional pigments, molecular probes, optical electronics.
Solar energy materials for thin film solid state, redox-based, and low cost
tandem solar cells.
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