
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:49
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 Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Crystal Structures of
Tetrathiafulvalene
Multiannulated Macrocycles in
Open-Shell Electronic State
Tomoyuki Akutagawa a b c , Yukako Abe c , Takanori
Ohta c , Tatsuo Hasegawa a c , Takayoshi Nakamura
a c , Christian Christensen d , Jesper Lau d & Jan
Becher d
a Research Institute for Electronic Science, Hokkaido
University, Sapporo, 060-0812, Japan
b PRESTO, Japan Science and Technology
Corporation (JST), Japan
c Graduate School of Environmental Earth Science,
Hokkaido University, Sapporo, 060-0810, Japan
d Department of Chemistry, Odense University,
Campusvej 55, DK-5230, Odense M, Denmark

Version of record first published: 24 Sep 2006

To cite this article: Tomoyuki Akutagawa, Yukako Abe, Takanori Ohta, Tatsuo
Hasegawa, Takayoshi Nakamura, Christian Christensen, Jesper Lau & Jan Becher
(2000): Crystal Structures of Tetrathiafulvalene Multiannulated Macrocycles in Open-
Shell Electronic State, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 349:1, 379-382

http://www.tandfonline.com/loi/gmcl19


To link to this article:  http://dx.doi.org/10.1080/10587250008024943

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

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

49
 1

6 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/10587250008024943
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. andliq. Cryst ., 2ooO. Vol. 349. pp. 379-382 
Reprints available directly tiom he  publisher 
F'botocopying pcrrnined by license only 

0 2M)o OPA (Oversup Publishers Association) N.V. 
Published by license under the 

Gordon and B m b  Science Publishers imprinl. 
Printed in Malaysia 

Crystal Structures of Tetrathiafulvalene 
Multiannulated Macrocycles in Open-Shell 

Electronic State 

TOMOWKI AKUTAGAWA~~, WKAKO ABE~, 

TAKAYOSHI NAKAMURA~~, CHRISTIAN CHRISTEN SEN^, 
TAKANORI OHTA', TATSUO HASEGAWAaC, 

JESPER LAUd and JAN BECHERd 

aResearch Institute for Electronic Science, Hokkaido University, Sapporo 
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Crystal structures of dimethylthio-tetrathiafulvalene (DMT-TIT) multiannulated macrocy- 
cles, bis(DMT-TTF) and tris(DMT-TTF), were examined. The intramolecular dimerization 
was a common structural feature for these multi-'ITF macrocycles in open-shell electronic 
state. 

Keywords: Multiannulated-TTF; Macrocycles; Cation Radical Salts 

Dimethylthio-tetrathiafulvalene (DMT-TTF) multiannulated 
macrocycles are an interesting component for constructing molecular 
conductors and supramolecular entities.' The DMT-TTF 
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380 TOMOYUKI AKUTAGAWA et al. 

mutiannulated macrocycles have multi redox active TTF units and 
structurally flexible macrocyclic part within a molecule.* Since the 
packing arrangement of redox active DMT-TTF units within the 
crystals is structurally restricted by the intramolecular linkers, the 
formation of unique stacking arrangements is expected by using DMT- 
TTF multiannulated macrocycles as an electron donor of molecular 
conductors. However, the molecular conformation of these donors in 
the solid state is not clear due to the dificulties in crystal preparations. 
We report here the crystal structures of cation radical salts based on 
the bis(DMT-TTF) and tris(DMT-TTF) macrocycles (Fig. l), in which 
unusual molecular packing is observed.'.' 

H$S ScH3 

J$ 

-, 
ScH3 (DMT-TTF) 

FIGURE 1. Molecular structures of bis(DMT-TTF) and tris(DMT- 
TTF). 

The cation radical salts of [bis(DMT-TTF)](I;)(I;) 1 and [tris(DMT- 
TTF)](I;)(l ,2dichloroethane),,, 2 were prepared by the standard 
electrocrystalliztaion method. From the results of X-ray structural 
analysis, the charged states of bis(DMT-TTF) and tris(DMT-TTF) are 
the completely oxidized [bis(DMT-TTF)]" and partially oxidized 
[tris(DMT-TTF)]', re~pectively.~" Figs. 2a and 2b show the 
molecular conformations of divalent [bis(DMT-TTF)]" and 
monovalent [tris(DMT-TTF)]' found in the salts 1 and 2, respectively. 
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CRYSTAL STRUCTURES OF TETRATHIAFULVALENE 38 I 

The [~~s@MT-TTF)]~+ molecule has an intramolecular dimer structure, 
in which the A-n overlap was observed between the inner 5- 
membered ring of DMT-TTF units. 

a. b. 

FIGURE 2. Molecular conformations of the open-shell a) [bis@MT- 
TTF)I2+ and b) [tris@MT-'ITF)]' within the cation radical salts. 

Three kinds of DMT-TTF units, A, B, and C, are 
crystallographically asymmetric unit in the crystal 2. A non-planar 
conformation through the folding of the central propyl linkers is 
observed. As a result, the C, molecular symmetry of tris@MT-TTF) 
is broken. The molecular plane of B unit is parallel to that of the C, 
while that of the A unit is orthogonal to those of the B and C. A pair 
of B and C units form an intramolecular dimer structure through face- 
to-face R-A overlap with the intramolecular S - S contacts shorter 
than the van der Wads interaction. The A-A overlap mode is the 
double ring over ring type. The A unit is completely isolated from 
the B and C units without intramolecular interactions. 

CONCLUSION 

The molecular conformations of [~~S(DMT-'ITF)]~' and [tris@MT- 
TTF)]' were regulated by macrocyclic linkers in the crystal and the 
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382 TOMOWKI AKUTAGAWA et al. 

DMT-TTF units formed intramolecular dimer units. The C, and C, 
molecular symmetries of these multi-TTF annulated donors were 
broken through the formation of intradimer structures. 

This work was partly supported by a Grant-in-Aid for Science 
Research from the Ministry of Education, Science, Sports, and Culture 
of Japan and by the Proposal-Based New Industry Creative Type 
Technology R&D Promotion Program from the New Energy and 
Industrial Technology Development Organization (NEDO) in Japan. 
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