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Abstract:

A definition and a survey of property changes of photochro-
mic systems is given. The known photochromic molecules are
treated. A new class of photochromics is introduced, proper-
ty changes are discussed and a short general overview of
applications for classical and new systems is presented.

Chemistry, especially photochemistry is developing rapidly in new
directions. Whereas in the past molecules and their properties have
been in the center of interest this aspect is only the basis for
further problems or questions. Functions of molecules are an additi-
onal requirement which have to be investigated. Functions open then
a way to applications either in the field of material science or
life sciences.

Photochromism is an exemplary field in this respect (ref. 1). This
paper is treating these aspects in the context mentioned.
Photochromism can be defined in simple terms as a light induced (at
last in one direction) conversion of a species A to an isomer B,
where A and B have different absorption spectra and energy content.

hv
-— mono-molecular
Aorhv,

A+ B LL—D C bi-molecular

The higher energy content of B in many cases is the driving force
for an isomerization back to A. The requirements for photochromism
are

1) a light induced isomerization (in the visible spectrum) and

2) reversibility

This monomolecular definition has however to be extended to bimole-
cular reversible reactions.

A survey of property changes on the molecular and supramolecular
level, possible in photochromic systems, is given in table 1.

Photochromic systems can involve very different structural or bond
changes. The systems known are in many cases based on the following
simple reactions or processes (ref. 2).

1) cis-trans-isomerization

2) pericyclic reaction
intramolecular electrocyclic reaction
intermolecular cycloaddition

3) tautomerism (H-transfer)

4) bond cleavage

5) electron transfer reactions

6) physical photochromic systems

An overview of the known photochromic classes is given first.
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TABLE 1. Reversible changes of properties in photochromic compounds
and materials (adapted from Ichimura (ref. 1).
Reversible change in
Properties
molecular supramolecular function
structure structures
optical absorption spectrum absorption spectrum 1light scattering
emission spectrum emission spectrum birefringence
refractive index optical rotatory
power
refractive index
dielectric constant dielectric constant reflectivity
chemical chelate formation chelating formation catalysis
ion dissociation ion dissociation enzyme activity
enthalpy enthalpy menmbrane
permeability
electrical conductivity membrane
photoconductivity potential
capacitance
bulk or phase transition phase transition
supramol. solubility solubility
viscosity
wettability
density
elasticity
Scheme 1 shows selected examples for each class of photochromic
molecules (ref. 2-18).
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Pericyclic

reactions
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are among the most important processes

CH,
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From the pro-

allow to design and construct a photochromic system.
cesses in Scheme 2 the cyclopentenyl-~/pentadienyl-anion interconver-
sion has been shown to be highly efficient in the synthesis of 5
membered ring heterocycles (ref. 19).

However no photochromic system based on the 1,5-electrocyclization
of pentadienyl- to cyclopentyl anions (or its hetero- derivatives)
has been reported in the recent past. We discovered in 1979 (ref.
20) new photochromic molecules based on this pericyclic reaction.
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The aza-cyclopentene 1 can undergo a photoinduced electrocyclic ring
opening to the aza-pentadiene 2. 1,5-electrocyclization will form
the cyclic molecule 1 again. These structural elements are incorpo-
rated in the molecules 3 and 4.

Related systems based on the mono-, bis- or tris-aza-cyclopentadiene
interconversion were found slightly later (Scheme 4) (ref. 2, 21-
24).

CHARACTERIZATION OF THE NEW SYSTEM/MOLECULAR PROPERTIES

The photochromic spiro-dihydroindolizines 3 and its colored form the
betaine 4 , as well as its analogs (Scheme 4), show characteristic
spectral changes.

Irradiation of 3 ()max : 360-420 nm) with visible light produces the
colored betaine 4. The betaine 4 absorbs in an extended spectral
region between 500-730 nm. This absorption range is important for
applications in simple or more complex devices.,

In addition mono- photochromic molecules based on the pyrrolin 1
aza-pentadiene 2 interconversion more sophisticated bis-photochromic
molecules where prepared (ref. 25,26).

These compounds are also photochromic but show a more complex beha-
vior (see 25,26).

Properties

The thermal 1,5-electrocyclization of 4 --> 3 was studied and the
thermodynamic parameters for this reaction were determined. A
structure reactivity relationship could be established and is based
on both semiempirical calculations as well as x-ray structure deter-
minations.
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The main result was that the regions A, B and C of the indolizines 3
(and its analogs) control

1) the rate of 1,5-electrocyclization 4 --> 3 (parameter:k or tl/ Y,
2) A max of betaines 4 (and indolizines 3). This is essential %or
designing tailormade molecules with very special properties.

The 1,5-electrocyclization 4 --> 3 was shown to be both regio- (ref.
27) and stereo~selective (ref. 28,29).

Photophysical studies

A photophysical investigation of the photochromic indolizines 3 is
given in the following section. Multiplicity studies show that the
reaction 3 --> 4 proceeds on an excited singlet path. The stereoche-
mistry of the electrocyclic ring opening 3 --> 4 shows the wvalidity
of simple Woodward-Hoffmann arguments for this interconversion.
Typical rate data for the photoinduced ring opening 3 --> are coll-
ected in table 2 (ref. 30).

Table 2. Rate data for the photoreaction of dihydroindolizines 3
to betaines 4.

TS r kp op) Kie gICc kg?)
2 tns]  -10° [s”1) (s™h) s
1 1,94 - - 0,43 2,20.108 0,67 3,41.108
2 0,68 - - 0,35 5,12.108 0,65 9,61.108
3 0,21 3,5 1,74.107 0,63 3,00.10° 0,36 1,74.10°
4 0,42 2,2 5,24.10% 0,58 1,38.10° 0,41 9,76.108
5 0,50 - - 0,80 1,63.10° 0,20 4,04.108
6 0,15 1,0 3,12.10% 0,70 4,67.10° 0,29 1,93.10°

7 0,43 2,3 5,40.10% 0,56 1,30.10° 0,43 1,00.10°
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APPLICATIONS

Based on structural changes in photochromic molecules various pro-
perty changes are to be envisaged. These can be optical, chemical,
electrical or bulk changes (see table 1). A short survey of well
established or potential applications beeing based on these
variations or functions is given in table 3. Only functions based on
optical and chemical properties have been selected.

Table 3. Selected examples of classical or new potential fields for
application of photochromic systems

Molecule Property Change Application
optical:

DHI 3 absorption light filters

Spirooxazines (color change) light protection

Fulgides actinometers

Azobenzene dosimetry

Arom. Endoperoxides photoimaging

Azobenzene absorption information storage

DHI 3 refractive index

Fulgides a) images

Spiroxazines b) digital
chemical: solar energy
enthalpy storage

Typical important classical applications are collected in table 3.
Recent developments in the field lie in supramolecular or environ-
mental effects (ref. 31) in or with photochromic systems. Proper use
of functions of photochromic systems in supramolecular assemblies,
in special phases or environment allows to construct complex systems
which may be used in an analogous or digital way in displays, non
destructive read -write systems, non linear optics, optical hologra-
phic data storage and molecular electronics (ref. 1,2).
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