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Phthalocyanine compounds have received extensive attention
in the last three decades because of their commercial
applications as dyes and catalysts, as well as because of their
interesting electrooptical and magnetic properties.'* Various
chemical modifications have been carried out, mainly on the
benzo ring in phthalocyanine, to modify the physical proper-
ties.*! Recently Ercolani and co-workers synthesized tetra-
kis(thiadiazole)porphyrazine (TTDPzH,) and the corre-
sponding metal(i1) derivatives (TTDPzM; M =Mg, Cu, Mn,
Fe, Co, Ni, and Zn).[7'8] While intermolecular interactions of
the thiadiazole ring in symmetrical macrocycles are expected
in the solid state, no structural data have been reported so far,
although structural studies on the related low-symmetry
macrocycles have recently appeared in the literature.” '

Herein we consider the crystal growths of TTDPzH, and
TTDPzCo as well as magnetic measurements on the latter
compound. We report polymeric structures of these two
compounds, which are completely different from the struc-
tures of phthalocyanines.
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The materials TTDPzH, and TTDPzCo were prepared by
literature methods.”*! Single crystals of the compounds were
obtained by sublimation under a reduced pressure (a few
mbar) with a continuous flow of N, (30 mLmin™"'). The
conditions were optimized so that the sublimation temper-
atures for TTDPzH, and TTDPzCo were 500 and 550°C,
respectively. It is notable that crystals, which were suitable for
X-ray crystal analyses, were not grown without the gas flow.

TTDPzH, crystallized in a monoclinic P2,/n space group
with half of the molecule crystallographically asymmetric.!!
The molecules form a layered structure (Figure 1). The layer
is formed by a 2D hexagonal close packing of TTDPzH, with
very short SN contacts of 2.948(2) and 3.245(2) A. In
addition, the layers are stacked along the caxis by m—n
interactions, with an interlayer distance of 3.45 A. One
molecule interacts with four molecules in adjacent layers.

b)

Figure 1. Top (a) and side (b) views of the layered crystal structure in
TTDPzH,.

Epitaxial growths of phthalocyanines have been exten-
sively studied on various surfaces, and it was recognized that
the surface interactions seriously affected the solid-state
structures of phthalocyanines.'” TTDPzH, can potentially
self-assemble into a planar 2D network in which the
molecular planes are all parallel, thus it could have an
application in the preparation of oriented thin films.
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TTDPzCo crystallized into a monoclinic P2,/c space
group, in which one molecule was crystallographically inde-
pendent.*! The TTDPzCo molecules form a 1D coordination
polymer along the b axis (Figure 2a). A nitrogen atom on the
thiadiazole ring occupies the axial position around the Co ion
in the neighboring molecule at a distance of 2.300(2) A. The
two molecules are related by a twofold screw axis parallel to
the b axis, with a dihedral angle of 82.96(1)°. A similar edge to
face interaction was observed for the Zn species containing
3,4-annulated pyridine units."! Furthermore, the coordina-
tion chains of TTDPzCo are stacked in the bc plane, thus
forming face-to-face st dimers (Figure 2b). Figure 2 ¢ shows a
projection of the dimer onto the molecular plane. The axial
position around the cobalt ion is occupied by the nitrogen
atom of the pyrrole ring in the neighboring molecule at a
distance of 3.401(2) A. The intradimer Co--Co distance is
4.0252(6) A, which is much shorter than the shortest Co-+Co

Figure 2. Views of the crystal structure in TTDPzCo; a) coordination
polymer along the b axis; b) a projection onto the bc plane; c) face-to-
face m dimer in the interchain arrangement.
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distance in the coordination chain (7.3535(5) A). A super-
exchange magnetic interaction is expected in the dimer
through the Co-N--Co pathway.

It is well known that the structures of metal-containing
and metal-free phthalocyanines are nearly identical in either
the o or P forms."'® Their structures are governed by the
condensation energy associated with the m—m interaction of
the planar molecules. In contrast the structures of TTDPzH,
and TTDPzCo are completely different, although they have a
common feature; the interactions of the thiadiazole ring play
an essential role in their solid-state structure: the electrostatic
interaction between the thiadiazole rings is responsible for
the 2D close packing in TTDPzH,, while the coordination
bond between the ring and the cobalt ion results in the chain
structure in TTDPzCo.

Figure 3 depicts the temperature dependence of the
paramagnetic susceptibility y, for TTDPzCo.'"! The values
of y, show a gradual increase as the temperature decreases
down to 12 K, and, after reaching a rather sharp maximum at

Zo! 10°emu mol”’

T/K

Figure 3. Temperature dependence of the paramagnetic susceptibility
%, for TTDPzCo. The solid curve is the theoretical best fit of the dimer
model.

12 K, the y,, value exhibits a quick decrease down to zero. The
data were interpreted in terms of the antiferromagnetic dimer
model." The solid curve shows the theoretical best fit of this
model obtained with g=2.21 and 2 J/kg = —17.8 K, where g is
the g factor, J is the intradimer coupling constant, and kg is
the Boltzmann constant. The experimental data were in good
agreement with the dimer model, but could not be explained
in terms of a 1D antiferromagnetic chain. Thus, the result is in
agreement with the structure.

In conclusion, single crystals of TTDPzH, and TTDPzCo
were grown by vacuum sublimation under a reduced pressure
with a continuous gas flow. While TTDPzH, adopts a 2D
hexagonal close packing, which could have an application in
self-assembling films, TTDPzCo crystallizes into a coordina-
tion polymer even though the intrachain magnetic exchange
interaction is weaker than the interchain interaction. Highly
conductive phthalocyanines have recently attracted much
interest,l'” and the network structures in the present materials
could have application in obtaining 3D molecular conductors.

Received: August 5, 2003 [Z52571]

Angew. Chem. 2003, 115, 60436045


http://www.angewandte.de

Keywords: crystal growth - magnetic properties - porphyrazines -
structure elucidation - sulfur heterocycles

[1] a) Phthalocyanines: Properties and Applications, Vol. 4 (Eds.:
C. C. Leznoff, A.B. P. Lever), VCH, New York, 1996; b) The
Porphyrin Handbook, Vols. 17 and 19 (Eds.: K. M. Kadish, K. M.
Smith, R. Guilard), Academic Press, New York, 2003.

[2] M. J. Cook, J. Mater. Chem. 1996, 6, 677.

[3] a) S. Mitra, A. Gregson, W. Hatfield, R. Weller, Inorg. Chem.
1983, 22, 1729; b) K. Awaga, Y. Maruyama, Phys. Rev. B 1991,
44, 2589; c) M. Evangelisti, J. Bartolomé, L.J. de Jongh, G.
Filoti, Phys. Rev. B 2002, 66, 144410.

[4] R.R. Linstead, E. G. Noble, J. M. Wright, J. Chem. Soc. 1937,
911.

[5] O.E. Sielcken, M. M. van Tilborg, M. F. M. Roks, R. Hendriks,
W. Drenth, R. J. M. Nolte, J. Am. Chem. Soc. 1987, 109, 4261.

[6] P. A. Stuzhin, C. Ercolani in The Porphyrin Handbook, Vol. 15
(Eds.: K. M. Kadish, K. M. Smith, R. Guilard), Academic Press,
New York, 2003, pp. 263 —364.

[7] P. A. Stuzhin, E. M. Bauer, C. Ercolani, Inorg. Chem. 1997, 36,
1533.

[8] E. M. Bauer, D. Cardarrilli, C. Ercolani, P. A. Stuzhin, U. Russo,
Inorg. Chem. 1999, 38, 6114.

[9] M. P. Donzello, C. Ercolani, A. A. Gaberkorn, E. V. Kudrik, M.
Meneghetti, G. Marcolongo, C. Rizzoli, P. A. Stuzhin, Chem.
Eur. J. 2003, 9, 4009.

[10] E. V. Kudrik, E. M. Bauer, C. Ercolani, A. Chiesi-Villa, C.
Rizzoli, A. Gaberkorn, P. A. Stuzhin, Mendeleev Commun. 2001,
45.

[11] X-ray diffraction data were collected with graphite-monochro-
mated MoK, (1=0.71073 A) radiation on an imaging plate
system (Mac Science DIP-3200). The absorption collection was
applied by integration using the crystal shape. The structures
were solved by a direct method (SHELXS-97). A full-matrix
least-squares method on F* with anisotropic thermal parameters
was employed for the structural refinements (SHELXL-97).
Hydrogen atoms were found by the difference Fourier syntheses
and they were refined. Crystal data for TTDPzH,: C;sH,N ¢S,
(M,=546.58), red block, 0.10 x 0.20 x 0.2 mm, monoclinic, space
group P2,/n a=8.9250(3), b =12.0340(5), c=9.8650(4) A, =
116.500(2)°, V=94821(6) A’, Z=2, puea=1914gcm™!, T=
293 K, 260,,.. = 59.76°, F(000) =548, reflections collected/unique
10020/2715 (R, =0.032)), parameters 167. Final R indices
R1(I>20(1)=0.0419, wR2=0.1019 (all data), S=1.101 (all
data).

[12] a) D. E. Hooks, T. Fritz, M. D. Ward, Adv. Mater. 2001, 13, 227,
b) A. Yamashita, T. Hayashi, Adv. Mater. 1996, 8, 791 and
references therein.

[13] Crystal data for TTDPzCo: C;(N;;S;Co (M, =603.49), purple
block, 0.10 x 0.15 x 0.20 mm, monoclinic, space group P2,/c, a=
13.2660(4), b =9.1170(3), c =18.5140(5) A, f=122.382(2)°, V=
1890.99(10) A%, Z=4, pwa=2120gem™, T=293K, 20, =
59.80°, F(000)=1196, reflections collected/unique 18880/5194
(Rine=0.033), parameters 334. Final R indices R1(I>20(l))=
0.0392, wR2=0.1024 (all data), S$S=1.042 (all data).
CCDC 216083 (for TTDPzH,) and -216084 (for TTDPzCo)
contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge via www.ccdc.cam.
ac.uk/conts/retrieving.html (or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB21EZ, UK;
fax: (4 44)1223-336-033; or deposit@ccdc.cam.ac.uk).

[14] M. J. Cook, A. Jafari-Fini, J. Mater. Chem., 1997, 7, 2327.

[15] J. M. Robertson, Organic crystals and molecules, Cornell Uni-
versity Press, New York, 1953.

[16] F. H. Moser, A. L. Thomas, Phthalocyanine compounds, Rein-
hold, New York, 1963.

Angew. Chem. 2003, 115, 60436045

www.angewandte.de

Angewandte

[17] The magnetic measurements were carried out with a SQUID
susceptometer (Quantum Design MPMS-XL). The paramag-
netic susceptibility y, was obtained from the susceptibility data,
from which the diamagnetic susceptibility was subtracted by
assuming that y,, follows the Curie-Weiss law at high temper-
atures.

[18] R.L. Carlin, Magnetochemistry, Springer, Heidelberg, 1986,
p.75.

[19] a) T. J. Marks, Angew. Chem. 1990, 102, 886; Angew. Chem. Int.
Ed. Engl. 1990, 29, 857. b) T. Inabe, J. Porphyrins Phthalocya-
nines 2001, 5, 3 and references therein.

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chemie

6045


http://www.angewandte.de

