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The hydrothermal synthesis, single crystal X-ray structure and magnetic
properties of a new cobalt(Il)-carboxy-cinnamate complex is described.
Reaction of Co(ll), carboxy-cinnamic acid (C;oHgO4) and NaOH at
120°C yield the coordination network, Co(H,O),carboxy-cinnamate (1).
1 crystallizes in the monoclinic system, a= 11.3236(4), b= 6.6084(4), c=
7.2011(6) A, B= 101.948(5)°, V= 527.2(1) A>, space group P2\/c, Z=2.
1 possesses a three-dimensional coordination-bonding network consisting
of layers of CoOg¢ bridged by the tetra-dendate carboxy-cinnamate. Its
magnetic moment decreases on lowering temperature due to spin-orbit
coupling and no interaction between cobalt ions is observed.

Keywords: carboxylate; cobalt; coordination polymer; magnetic
properties
INTRODUCTION

Enhancing the range of design strategies for the synthesis of extended
molecular solids is of considerable interest in recent years due to their
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technological ~applications! ", Developing multi-dentate  ligands

containing N- or O-donors as structure directives for metal complexes is
the most common approach. For example, polypyridine ligands are
widely used and a number of one-, two- and three-dimensional
frameworks have been designed and characterized” '™ Extended
polycarboxylate ligands are potentially good candidates for generating
coordination networks and considerable efforts are devoted to prepare
porous metal-polycarboxylate assemblies. Several examples are known
with terephthalate (BDC) or benzenetricarboxylate (BTC). These
complexes have been subjected to gas sorption and magnetic
studies!®'*'#1¢21 We have recently found some interesting magnetic
compounds containing mono-carboxylates as spacers or dicarboxylates
and tricarboxylates as connectors. Their magnetic properties range from
ferrimagnetic with Curie temperatures of up to 60 K and coercivity of 20
kOe to metamagnetic exhibiting remanance and coercivity in excess of
50 kOe at 2K. For the later compound, we have systematically modified
the interlayer distances by changing the number of carbon atoms between
the carboxylate groups’®. Together with the metamagnet,
Co2(OH),carboxy-cinnamate, we obtained a paramagnetic phase,
Co(H,0),carboxy-cinnamate!™. Here, we report the x-ray crystal
structure and the magnetic properties of this new cobalt(Il)
carboxy-cinnamate complex. The three-dimensional network is built up
from cobalt ions and carboxy-cinnamate ligand.

EXPERIMENTAL

The magnetic measurements of the complexes were studied by a
Quantum Design MPMS-XL SQUID magnetometer in the temperature
range 2 - 300 K and fields up to 5 Tesla and Princeton Applied Research
Vibrating Sample magnetometer. X-ray powder diffraction data were
collected on a Seimens D-500 diffractometer with Co Ko radiation at
room temperature.

Preparation of Co(H,0),(carboxy-cinnamate) (1)

The complex was synthesized according to a similar procedure used for
Co(HQO)zterephthalate[23]. Pink powder, Co,(OH),carboxy-cinnamate,
and red crystals, Co(H,O),carboxy-cinnamate, are obtained. The crystals
were first separated from the pink powder by decantation and then
manually under microscope. The crystals were washed with water and
acetone and allowed to dry in air.
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Anal.  Calcd for CoOgCgH)p: C, 42.13; H, 3.54; Found: C, 42.17; H,
3.50

X-ray Crystallography and Structure Solution

Similar procedure of Co(H,O),(terephthalate) was applied for the
structure determination of 1%*). Toward the end of the refinement of the
structure, C(3) and C(4) atoms appeared to be disordered and were
finally refined as 50% occupancy at the two sites.

Crystal data for Co(H,0),(carboxy-cinnamate)

C1oH10C0o0g; My, = 285.12; crystal size 0.15 x 0.10 x 0.10 mm3;
monoclinic, a = 11.3236(4) A, b = 6.6084(4) A, c = 7.2011(6) A, B =
101.948(5)°, V= 527.2(1) A®, space group P2i/c, Z=2, D, = 1.81 gem”~,
(Mo Koy = 1.642 em™, No. reflections measured = 1317, No.
observations = 1061 (I > 3.000(0)). R (Ry) = 0.057 (0.077). Maximum
and minimum residual electron densities 0.709 ¢/A* and -0.647 ¢/A°.

RESULTS AND DISCUSSION
Similar complexes found in the hydrothermal reaction of Co(II) and
terephthalate'*®’), are found with carboxy-cinnamate. This provides a

better structure property relation to be derived since in terephthalate the
carboxylate groups are separated by six carbon atoms and in
carboxy-cinnamate there are eight. Figure 1 shows a fragment of the
structure of the red crystals with the atom-numbering scheme. The cobalt
ions exhibit octahedral geometry comprising four oxygen atoms of
carboxy-cinnamate ligands and two oxygen atoms of water molecules.
Two water molecules coordinate in trans-positions with the shortest bond
distances of 2.083(3) A are indicative of an axially compressed
octahedron. The bond angles lie in the range 87.3(1)-92.7(1)°. The cell
parameters (b and c¢) are similar to those found in Co(H»,O).(BDC),
where BDC is benzendicarboxylate (a= 18.274(3) A, b= 6.5438(9) A, =
7.296(1) A, B=98.6(3)°, V= 862.5 A*)*’]. These results indicate a similar
layered structure to Co(H,O),(BDC) but an increase of the interlayer
separation as expected for a longer acid. The structure consists of layers
of octahedral cobalt ions parallel to the bc plane separated by the
carboxy-cinnamate, giving an interlayer distance of 11.3 A. (Figure 2)
Each layer contains frans-Co(H;0); connected by four O-C-O bridges of
the carboxylate groups of the carboxy-cinnamate ion. Within the layer
the cobalt ions are arranged nearly in a square with the shortest Coes*Co



Downloaded by [University of Haifa Library] at 10:58 11 August 2012

220 H. KUMAGALI et al.

distance of 4.9 A and second nearest is 6.6 A. One of the characteristic
structural features of this compound is the 3-D framework as shown in
Figure 2. The small residual electron density in the difference Fourier
maps indicates that there are no other small molecules in the small
channels present.
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FIGURE 1. Structure of 1 showing the numbering scheme (left) and the
coordination of the cobalt atoms. (right) Hydrogen atoms are
omitted for clarity.
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FIGURE 2.Projection of the crystal structure along the a-axis(left) and
b-axis (right) showing the different shapes of the channels.

The magnetic properties of the compound were studied as a
function of temperature in a fixed magnetic field and the isothermal
magnetization in field up to 5 Tesla at 2 K. It behaves as a Curie-Weiss
paramagnet above 150 K with Curie constant of 2.95 cm’K/mol and a
Weiss constant of -18.6 K. The effective magnetic moment at 300 K is
Uerr = 4.7 up. These behaviors are typical for cobalt(Il) ion in an
octahedral environment with an enhance moment due orbital contribution
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and a lowering at low temperatures due to the effect of spin-orbit
couplingm].

CONCLUSION

Two structural phases are obtained in the reaction of Co(IT) and
terephthalate or carboxy-cinnamate; one is paramagnetic with similar
magnetic properties and the other is a metamagnet where the critical field
is reduced on replacing terephthalate by carboxy-cinnamate.

Acknowledgements

This work was funded by the CNRS-France and a Grant-in-Aid for
scientific research from the Ministry of Education, Science, Sports, and
Culture. H.K. thanks the JSPS for Young Scientist Fellowship for his
stay in Strasbourg.

References
[1.] J.-M. Lehn, Supramolecular Chemistry; VCH: Weinheim, 1995.
[2.] D. O'Hare, D. W. Bruce, Inorganic Materials; Wiley: Chichester,
1992.
[3.]1 P. Day, J. Chem. Soc., Dalton Trans., (2000), 3483.
[4.] O.Kahn, Acc. Chem. Res., 33, (2000), 647.
[5.] S. Kitagawa, M. Kondo, Bull. Chem. Soc. Jpn., 71, (1998), 1739.
[6.] C. J. Kepert,T. J. Prior, M. J. Rosseinsky, J. Solid. State. Chem.,
152, (2000), 261.
[7.] S. Kawata, S. Kitagawa, H. Kumagai, C. Kudo, H. Kamesaki, T.
Ishiyama, M. Kondo, M. Katada, Inorg.Chem., 35, (1996), 4449,
[8.] T. J. Barton, L. M. Bull, W. G. Klemperer, D. A. Loy, B.
McEnaney, M. Misono, P. A. Monson, G. Pez, G. W. Scherer, J. C.
Vartuli, O. M. Yaghi, Chem. Mater., 11 (1999), 2633.
[9.] A. K. Cheetham, G. Ferey, T. Loiseau, Angew. Chem. Int. Ed., 38,
(1999), 3268.
[10.] M. O'Keeffe, M. Eddaoudi, H. Li, T. Reineke, O. M. Yaghi, J. Solid
State Chem., 152, (2000), 3.
[11.] C. . Kepert, M. I. Rosseinsky, Chem. Commun., (1999), 375.
[12.] O. M. Yaghi, H. Li, C. Davis, D. Richardson, T. L. Groy, Acc.
Chem. Res., 31, (1998), 474,
[13.] J.-L. T. M. Tao, X. -M. Chen, J. Chem. Soc. Dalton Trans., (2000),
3669.
[14.] K. Biradha, M. Fujita, Chem. Commun., (2001), 15.



Downloaded by [University of Haifa Library] at 10:58 11 August 2012

222 H. KUMAGALI et al.

[15.] M. Fujita, Acc. Chem. Res., 32, (1999), 53.

[16.] M. Kurmoo, Phil. Trans. A., 357, (1999), 3041.

[17.] T.J. Prior, M. J. Rosseinsky, Chem. Commun., (2001), 1222.

[18.] O. M. Yaghi, R. Jernigan, H. Li, C. E. Davis, T. L. Groy, J. Chem.
Soc. Dalton Trans., (1997), 2383.

[19.] O. M. Yaghi, H. Li, T. L. Groy, J. Am. Chem. Soc., 118, (1996),
9096.

[20.] C. J. Kepert, T. J. Prior, M. J. Rosseinsky, J. Am. Chem. Soc., 122,
(2000), 5158.

[21.] C. J. Kepert, M. J. Rosseinsky, Chem. Commun., (1998), 31.

[22.] M. Kurmoo, H. Kumagai Mol. Cryst. Lig. Cryst., in press, (2001).

[23.] M. Kurmoo, H. Kumagai, M. A. Green, B. W. Lovett, S. J. Blundell,
A.J. Ardavan, J. Singleton. J. Solid State Chem., 159, (2001), 343.

[24.] M. Kurmoo, J. Mater. Chem., 9, (1999), 2595.

[25.] M. Kurmoo, Chem. Mater., 11, (1999), 3370.

[26.] M. Kurmoo, P. Day, A. Derory, C. Estournes, R. Poinsot, M. J.
Stead, C. 1. Kepert, J. Solid State Chem., 145, (1999), 452.

[27.] A. Rujiwatra, C. J. Kepert, J. B. Claridge, M. J. Rosseinsky, H.
Kumagai, M. Kurmoo, J. Am. Chem. Soc., 123, (2001), 10584.

[28.] F. E. Mabbs and D. J. Machin, Magnetism and transition metal
complexes. Chapman and Hall, London, 1973.



