This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 13:24

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
e Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Photochromic Azobenzenes Which
are Stable in the Trans and cis
Forms

Hermann Rau ? & Dirk Rétger ®

% Institut fiir Chemie, Universitat Hohenheim, Stuttgart,
Germany
Version of record first published: 24 Sep 2006.

To cite this article: Hermann Rau & Dirk Rotger (1994): Photochromic Azobenzenes Which
are Stable in the Trans and cis Forms, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 246:1, 143-146

To link to this article: http://dx.doi.org/10.1080/10587259408037802

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any

substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,

systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently

verified with primary sources. The publisher shall not be liable for any loss, actions,

claims, proceedings, demand, or costs or damages whatsoever or howsoever



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408037802
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:24 18 February 2013

caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:24 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 246, pp. 143146
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

PHOTOCHROMIC AZOBENZENES WHICH ARE STABLE
IN THE TRANS AND CIS FORMS

HERMANN RAU AND DIRK ROTTGER
Institut fiir Chemie, Universit&t Hohenheim,
Stuttgart, Germany

Abstract Azobenzenophanes with three-carbon bridges
can be photoisomerized in both trans to cis and cis
to trans directions. Contrary to other aromatic azo
compounds the cis,cis form is stable at room tempe-
rature with a half life of about a year.

INTRODUCTION

Photochromism is the consequence of a light-induced mole-
cular transformation A g™ B. Stilbenes and azobenzenes are
prototypes of cis-trans-photochromes. Contrary to other
photochromic systems like spyropyrenes, fulgides or others1,
where a new band is developed in the molecular transfor-
mation, in the cis-trans isomerization intensity changes of
bands common to both the cis and trans forms are observed.
Azobenzene has an additional feature which can be used for
practical purposeszz the molecule is shortened, measured
by the 4-4'-distance, by 40 % on transformation from trans
to cis. Material properties are changed by light when azo-
benzene units are incorporated in these materialsz.
Cis-azobenzene with a half life of some 1.5 days is
one of the most stable aromatic compounds. Substitution by
alkyl, electron donating and electron withdrawing groups
decreases the lifetime of the cis compounds, in some cases
to less than seconds. We report on photo- and thermal re-

actions of new azobenzenophanes with surprising properties.
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RESULTS

Trans,trans azobenzenophanes are characterized by a phane
band near 380 nm which is absent in azobenzene spectra
(Fig. 1). 366 and 436 nm irradiation of the phanes induces
predominantly trans —e cis isomerization. The analysis is
performed by Mauser3 AD~ and ADQ diagrams. In the AD dia-
gram (Fig. 2) the end points represent the photostationary
states at 366 nm (low left, nearly pure cis)
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and at 436 nm (upper right, rich in trans). The curved
absorbance difference[hk(t) - AA(OU plots indicate two
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photoreactions and the linear plots ending at the line con-
necting the two photostationary states indicates one thermal

reaction combined in the scheme

h h
tt T—;’V ct<——y_’ cc

hy,A hy

We infer that the thermal reaction is from the highly
strained ct to tt, the cc form of the three-carbon-bridged
phanes is thermally stable. We have kept a cc sample at
room temperature for several months and can give a lower
value for its half life of 1 year.

On 313 nm irradiation the molecular system escapes
from the above reaction scheme. Irreversible rupture of the
ring structure occurs, the typical phane absorption dis-
appears and additional absorption is built up around and
below 300 nm. We take this a a further hint that the tetra-
zetidine ring may be a byproduct of isomerization and an

intermediate in the short wavelength photolysis3.
DISCUSSION

In Fig. 3 we give an artist's view of the potential sur-

faces in the system, compared to azobenzene. Fig. 3 repre-
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sents two steps of isomerization, the ct form appears on
irradiation of the tt form, absorption by the cis unit in
ct leads back to tt, absorption of the cis unit on to cc.
The strain of the ring system lifts the energy of the ct
form with the consequence that the activation energy of
ct —» tt in the ground state (78 kJ/mole) is smaller than
that in azobenzene (96 kJ/mole). The cc form also is higher
in energy than azobenzene but lower than ct. There are dif-
ferences between the phanes, cc —e.ct is still possible in
a 2S-phane (1:1/2 = 5 days) but no longer in the SC-phane.
So the azobenzenophane with three-carbon bridge dis-
play four properties which are important for potential use.
(1) the cis,cis and trans,trans forms can be interconverted
by intense 366 and 436 nm irradiation, respectively. The
molecule is photostable. (2) There is a spectral region
(350-370 nm) where the absorbance of the trans,trans and
cis,cis forms are very different up to a factor of 75, the
cis,cis form nearly non-absorbing. (3) In this spectral
region low light intensities as used for probing convert
the absorbing trans,trans form to the trans,cis form which
quickly re-isomerizes thermally to the trans,trans form.
On the other hand low intensity light causes negligible
loss of the non-absorbing cis,cis form. Thus probing is
possible with a minimum loss of information. (4) Both the

trans,trans and cis,cis forms are thermally stable.

ACKNOWLEDGEMENT
This work has been supported by Deutsche Forschungsgemein-

schaft and the Fonds der Chemischen Industrie.

REFERENCES

1. H. Diirr and H.Bouas-Laurent, Photochromism, Molecules
and Systems (Elsevier, Amsterdam,Oxford,New York,
Tokyo, 1990)

2. reviewed in H. Rau, in Photochemistry and Photophysics,
Vol. II, edited by J.F. Rabek (CRC Press,Boca Raton,
1990), Chap. 4, pp. 119-141

3. G. Ritter, G. Hdfelinger, E. Liiddecke and H. Rau,

J. Amer. Chem. Soc., 11 4627 (1989), Appendix by
H. Mauser and H. Rau




