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

On: 18 February 2013, At: 14:49

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

Tetrazine-Bridged
Phthalocyaninatometal Complexes:
A New Class of Intrinsic
Semiconductors

Michael Hanack # , Shigeru Hayashida * & Ronald Grosshans ®

% Institut fir Organische Chemie, Lehrstuhl fir Organische
Chemie Il der Universitat Tubingen, Auf der Morgenstelle 18,
D-7400, Tubingen, Germany

Version of record first published: 04 Oct 2006.

To cite this article: Michael Hanack , Shigeru Hayashida & Ronald Grosshans (1992):
Tetrazine-Bridged Phthalocyaninatometal Complexes: A New Class of Intrinsic Semiconductors,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 217:1, 197-199

To link to this article: http://dx.doi.org/10.1080/10587259208046900

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/10.1080/10587259208046900
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 14:49 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 14:49 18 February 2013

Mol. Cryst. Lig. Cryst. 1992, Vol. 217, pp. 197-199
Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

TETRAZINE-BRIDGED PHTHALOCYANINATOMETAL
COMPLEXES: A NEW CLASS OF INTRINSIC SEMI-
CONDUCTORS

MICHAEL HANACK*, SHIGERU HAYASHIDA and RONALD
GROSSHANS

Institut fur Organische Chemie, Lehrstuhl fiir Organische Chemie II der
Universitit Tiibingen, Auf der Morgenstelle 18, D-7400 Tiibingen,
Germany

Stacked metallomacrocycles [MacM(L)], can be obtained by the so-called
“shish kebab" approachl in which transition metallomacrocycles (MacM) are
linked together by bidentate bridging ligands (L). Such bridged macrocyclic
metal corﬁpounds [MacM(L)], with transition metals e.g. Fe, Ru, Os, Co, Rh
in various oxidation states have been synthesized by us.! Mostly as macrocycles
(Mac), not only phthalocyanine (Pc), tetrabenzoporphyrine (TBP), but also
macrocycles containing more extended p-systems like 1,2- or 2,3-naphthalocya-
nine (1,2-, 2,3-Nc) or phenanthrenocyanine (Phc) are used.l,2.3 The bridging
ligands (L) are bifunctional organic donor molecules, e.g. pyrazine (pyz),
s-tetrazine (tz), p-diisocyanobenzene (dib), 1,4-diazabicyclo[2.2.2]octane
(dabco) for metals in the oxidation state +2, or e.g. cyanide (CN), thiocyanate
(SCN-) or azide (N3) for transition metals in the oxidation state +3.12 In gene-
ral, these complexes [MacM(L)], are insoluble in organic solvents, however,
soluble oligomers [R4PcM(L)], can be prepared using metallomacrocycles
R4PcM, R = r-bu, et, M = Fe, Ru, which are substituted in the peripheric
positions.4
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The coordination polymers [MacM(L)]n can be either chemically or
electrochemically doped leading to stoichiometric compounds [MacM(L) Y]y,
Y = I3, BFy4", which show comparatively high thermal stability and good long
time semiconducting properties in the order of 0.1 S/cm.5

In this paper we report about a systematic investigation of the influence
of the bridging ligand on the conductivity of the bridged phthalocyaninato and
2,3-naphthalocyaninatotransition metal complexes. As bridging ligand mostly
tetrazine (tz) and its derivatives e.g. 3,6-dimethyl-s-tetrazine (me,tz) is used.
Due to the low oxidation potential of tz and mestz and due to its low lying
LUMO it was expected that the corresponding bridged systems [MacM(tz)],
could exhibit intrinsic conductivities.

The synthesis and characterization of [PcM(tz)],, with M = Fe, Ru,
Os and [2,3-NcFe(tz)], is described. In case of the phthalocyaninatoiron
systems detailed Mo8bauer studies are reported.

A systematic investigation of the influence of the bridging ligands on
the semi-conducting properties in [MacM(L)], reveal, that changing L, e.g
from dabco over pyz to tz leads to a steady increase of the semi-conducting
properties without external oxidative doping. Powder conductivities in the order
of 0.1 S/cm can be reached by using s-tetrazine, but also substituted tetrazine
e.g. 3,6-dimethyl-s-tetrazine (me,tz) are used as the bridging ligands in such
complexes.

The influence of the central transition metal in the metallomacrocycles
MacM on the conductivity of the bridged systems is investigated and it will be
shown that an increase in conductivity without additional external doping can
only be obtained, if group 8 metals (Fe, Ru, Os) are used.

The influence of peripheric substituents on the conductivity of the
tetrazine-bridged phthalocyaninatometal complexes is also investigated, e.g.
[(CN)4PcFe(tz)], only exhibits a very low conductivity.

The electrical and physical properties, especially the MoBbauer spectra
of the tetrazine-bridged macrocyclic iron complexes are discussed in respect to
intrinsic semi-conducting properties of these compounds.
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