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Two novel one-dimensional (1-D) cobalt(II) self-assem-
blies, [Co(pyterpy)(NCS)2] (1) and [Co(pyterpy)(SO4)].
(CH3OH)(C2H5OH)(H2O) (2) (pyterpy = 40-(4000-pyridyl)-2,20:
60,200-terpyridine) were synthesized and characterized. Com-
pound 1 forms a linear chain, and compound 2 forms a zigzag
chain. It is thought that the structural differences are caused by
binding counter anions as coligands.

The design of coordination polymer has been extensively
studied because of promising applications in porous materials,
molecule-based magnetic materials, and so on.1 The dimension-
alities for coordination compounds are controlled by a various
metal ions, ligands and inter- and intramolecular interactions
(hydrogen bonds, �–� interactions), which control the physical
properties. In particularly, 1-D compounds have exhibited un-
usual magnetism, conductivity and nonlinear effects.2 Mole-
cule-based 1-D compounds have a potential for generating novel
and interesting physical properties. Herein, we report the synthe-
ses, crystal structures and magnetic properties of two novel 1-D
cobalt(II) self-assemblies.

The ligand pyterpy (pyterpy = 40-(4000-pyridyl)-2,20:60,200-
terpyridine) was synthesized by the method reported previous-
ly.3 The compound 1 was prepared by the reaction of the pyterpy
and Co(NCS)2, and CoSO4 was used for the compound 2. The
single crystals of 1 were obtained by slow diffusion method in
EtOH, and the crystals of 2 were obtained in a mixture of MeOH
and EtOH.

Figure 1a shows ORTEP drawing for 1, and Figure 1b shows
the 1-D arrangement along the b axis.5 The compound 1 forms 1-
D linear chain, and terpyridine and pyridine moieties in pyterpy,
and two NCS� counter anions coordinate to a cobalt(II) ion.
The terpyridine moiety in pyterpy is coplanar, and the dihedral
angle between the terpyridine and pyridine planes is 39.6(2)�.
The bond lengths, Co–N, for 1 are similar to those of high-spin
cobalt(II) compounds reported previously.4 Co(1)–N(1) and
Co(1)–N(2) distances in Co–terpyridine unit are 2.186(3) and
2.053(4) Å, respectively. Co(1)–N(3) distance in Co–pyridine
unit is 2.127(4) Å, and Co(1)–N(4) distance in Co–NCS� unit
is 2.117(3) Å. Two NCS� ligands diagonally coordinate to a co-
balt(II) ion, and Co(1)–N(4)–C(12) angle is 145.5(2)�. N(1)–
Co(1)–N(1)0 angle is 153.4(1)�, and the N(2)–Co(1)–N(3) and
N(4)–Co(1)–N(4)0 bonds are almost linear, which induce a pro-
nounced distortion of the CoN6 octahedron. C(4)���S(1) distance
between the 1-D molecules is 3.275(3) Å, which is shorter than
van der Waals radius and indicates �-chalcogen intermolecular
interaction. The shortest inter- and intrachain Co���Co distances
are 8.73 and 11.20 Å, respectively, and the distances are similar
to previous data.4b

Figure 2a shows ORTEP drawing for 2, and Figure 2b shows
the 1-D crystal packing structure in the ac plane. The compound
2 contains MeOH, EtOH, and water molecules in the crystal and
forms zigzag chain.

The coordinating fashion for 2 is completely different from
that for 1. Two oxygen atoms of the SO4

2� ligand coordinate to a
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Figure 1. Perspective views of (a) the compound 1, showing
50% probability displacement ellipsoids and (b) its 1-D structure
at bc plane. H atoms are omitted for clarity.
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Figure 2. Perspective views of (a) the compound 2, showing
50% probability displacement ellipsoids and (b) its 1-D zigzag
structure. H atoms and solvent molecules are omitted for clarity.
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cobalt(II) ion at the cis in the equatorial and the axial position.
The bond lengths and angles of surrounding cobalt(II) ion show
that the structure for 2 is considerably distorted than that for 1.
The angle of N(2)–Co(1)–N(4) is 93.8(2)� and the S(1)–O(1)
and S(1)–O(2) distances are longer than the S(1)–O(3) and
S(1)–O(4) distances,6 indicating coordinating effect. The pyri-
dine in the pyterpy coordinate to cobalt(II) ion for the Co-terpy
square perpendicularly. The shortest inter- and intrachain
Co���Co distances are 9.22 and 11.21 Å, respectively.

Furthermore the compound 2 exhibited the guest exchange
property reported previously.4b After removing MeOH, EtOH,
and water molecules by annealing, 2 incorporated five water
molecules. As a result, the compound [Co(pyterpy)SO4].5H2O
(20) was obtained.6 TG analysis also shows that the removing
the guest molecules and incorporation of five water molecules
were retained in successive cycles for 20.

The temperature dependences of �mT plots for 1 and 2 are
shown in Figure 3. The �mT values at 300K is equal to 2.99
cm3 Kmol�1 for 1 and 2.70 cm3 Kmol�1 for 2, which are larger
than that expected for the spin-only value (1.875 cm3 Kmol�1,
high-spin CoII; S ¼ 3=2). The �mT values gradually decrease
on cooling mode. When the Curie–Weiss law was applied in
the range of 100–300K, the Curie constant, C, is 3.18 cm3

Kmol�1 and the Curie temperature, �, is�13:5K for 1, and C ¼
2:74 cm3 Kmol�1 and � ¼ �9:6K for 2. Both the Curie con-
stants are in usual range of octahedral high-spin cobalt(II) ion
(2.8–3.4 cm3 Kmol�1).7 The data were fitted by the expressions
accounting for spin–orbit coupling � on high-spin cobalt(II) ion
which has a 4T1g ground state (eq 1), where A is a crystal field
parameter, x ¼ �=kBT (A ¼ 1:5 is weak-field limit and 1.0 =
strong-field limit).7 The best fitting parameters were obtained
with the values of A ¼ 1:3 and � ¼ �117 cm�1 for 1, and A ¼
1:0 and � ¼ �104 cm�1 for 2. Both of slight deviations at
high temperature can be caused by the anisotropy of octahedral
environment.7d Additionally, the values of � smaller than that
for cobalt(II) free ion (� ¼ �170 cm�1) can be attributed to
the covalency of the Co–N bond. The magnetic property for 20

was also measured, and the property is similar to that for 2.6
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In conclusion, we synthesized two novel 1-D high-spin co-
balt(II) compounds 1 and 2. The compound 1 with NCS� anion
forms 1-D linear chain with a mean crystal field. But the com-
pound 2 with SO4

2� anion forms 1-D zigzag chain with a strong
field. It is suggested that the differences of the structural and
magnetic properties are caused by coordinated counter anions.
The results will provide an indicator constructing novel 1-D
cobalt(II) compounds.
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1 a) R. Lescouëzec, L. M. Toma, J. Vaissermann, M.

Verdaguer, F. S. Delgado, C. Ruiz-Pérez, F. Lloret, M.
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Figure 3. Temperature dependences of �mT versus T plots
for 1 ( ) and 2 ( ) at 1 T. The solid lines indicate that the best
fit for experimental data.
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