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Abstract

The synthesis, structure and magnetic properties of the cobalt(IT) complex (1) [Co(H>0)4(pyz)][(NO3), - 2H,0 is reported. The
compound crystallizes in the triclinic system, space group PI, with cell constants: a = 7.0328(15) A, b= 7.1255(16) A,
¢ = 8.4198(19) A, o= 107.226(4)°, = 114.242(4)°, y = 90.487(4)°, Z = 1 and V' = 363.35(14) A%, The structure of 1 consists of elon-
gated octahedral CoO4N, chromophores with bridging pyrazine ligands forming a one-dimensional coordination polymer along the
crystallographic b-axis. The nitrate ions hydrogen-bond to the water ligands (L) and guest water (G), and form
H,O(L)---H,O(G)---NO,™ ---H,0(G) - - - H,O(L) chains which flank either side of the coordination polymer chains. Hydro-
gen-bonding is extended to neighboring chains forming a two-dimensional network. The solvent effect on the electronic spectra
of pyrazine and pyrazine cobalt complex 1 has been investigated. The magnetic susceptibility of complex 1 versus temperature data
showed a strong antiferromagnetic coupling between Co ions. The best fitting parameters were obtained for Ji/kz = —26.4 K,

Jolkg=-2.2K and g =2.3.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

During the last decade, there has been great interest
in the design of various supramolecular self assemblies
from basic building blocks. Self assembly concerns the
reversible spontaneous association of a limited number
of tectons under the intermolecular control of relatively
labile coordination, hydrogen-bonds and dipolar inter-
actions. The reversibility is key to the resulting systems
ability to sift through the available components to form
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the thermodynamically most favorable structure. The
tectons come together spontaneously in a well defined
way to give assemblies in one, two or three dimensions
[1,2]. Molecular recognition occurring between host
and guest may be an intrinsic part of the operation of
the supramolecular device, which might be designed to
bind and then signal the presence of a guest [3]. Supra-
molecular assemblies of the polymer type are of interest
in the area of tunable zeolite mimics [4]. Other interests
are applications in catalysis and advanced materials
such as magnetic, optic and electronic materials [5-8].
In the crystal engineering ‘toolbox’ [9], hydrogen-bond-
ing moieties are perhaps the most used implements in
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the design of such supramolecular systems [10], and
have been particularly strongly applied towards the syn-
thesis of molecular magnetic materials [11-16].

Because of its rod like rigidity and length, pyrazine is a
good candidate for molecular building blocks. Several
factors influence the specific framework structure that
is formed: One factor is the role of the solvent, for exam-
ple a large difference has been obtained between the dou-
ble-layer structure of the solvent inclusion compound
[Ag(py2)2][Aga(pyz)s)(PFe)s - 2S (S = CH,Cl,, CHCl3,
CCly) [17] and the layer structure of the solvent-free com-
pound [Ag(pyz),](PF¢) [18]. The counterion can also
influence the final structure, replacing the counterion
PF,~ by SbF;~, or BF,” changes the structure from
the two-dimensional undulated sheet structure of [Ag
(pyz),](PF) [18], to the three-dimensional non-interpen-
etrating cubic framework of [Ag(pyz);](SbF¢) [17], or to
the interpenetrated three-dimensional structure of [Ag,
(pyz)3](BF4)2 [19]. The specific oxidation of the metal cat-
jon can also determine the final polymer structure: Cu?*
is in a distorted octahedral coordination and forms a
square two-dimensional network with pyrazine or substi-
tuted pyrazine [20], while Cu™ adopts a tetrahedral coor-
dination forming three-dimensional networks with
substituted pyrazine or 4,4'-bipyridine [21], Cu” may
also be trigonally coordinated by pyrazine or 4,4'-bipyri-
dine forming three-dimensional networks or two-dimen-
sional layers containing six-membered rings [21-26],
where only [Cu,(pyz)s](SiFe) [22] has an interpenetrated
structure. In addition the type of metal cation affects the
coordination preference and thus the final polymer struc-
ture; when bonded to pyrazine, Cu* is tetrahedral, or tri-
gonal as just described, whereas Ag” is found in a wide
range of coordination environments: linear [19,27], trigo-
nal [19], tetrahedral [18,19,28], square-planar, square-
pyramidal and octahedral [17].

It is noted from the above discussion that the forma-
tion of coordination polymers of group IB and IIB me-
tal ions with pyrazine has been well studied, and that
more work needs to be devoted to the study of complex-
ation with other transition metals. In the present work,
we report the reaction of Co(NOs;), - 6H,O with pyr-
azine. A new polymer compound (1) [Co(pyz)(H,0)4]
(NO3), - 2H,0 is formed, which has a linear chain struc-
ture (Fig. 1). There are straight chain polymers, such as
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(2) [Co(H>0)4(py2)I(SO4) - 2H,O [29] and [Co (acac),
(pyz)] (3) [30], two-dimensional sheets examples are
[CoClx(pyz),] [31] and [M(pyz), (NCS)] (M = Co, Fe)
[32,33], and a three-dimensional network example is
[M(pyz)(Au(CN),),] (M = Cu, Ni, Co) [34]. Measure-
ment of variable temperature magnetic susceptibilities
of various cobalt pyrazine complexes indicated anti-fer-
romagnetic behaviors [30,32-35]. The conducting prop-
erties of pyrazine metal complexes were investigated,
with Fe(II) complexes showing higher conductance val-
ues compared to other metal complexes [36,37].

One important feature about the structure of com-
pound 1 is that guest water molecules occupy void
spaces in the structure and that both intra- and inter-
molecular hydrogen-bonding interactions are observed
involving coordinated water molecules, guest water mol-
ecules and the nitrate counterions. The compound also
shows weak antiferromagnetic behavior.

2. Experimental

All reagents were obtained from Aldrich and were
used as received.

2.1. Synthesis of [Co(H>0)(pyrazine) [(NO3), - 2H,0

An acetonitrile solution (30.0 ml) of pyrazine (0.310
g, 3.87 mmol) was added to an ethanolic solution (20.0
ml) of Co(NO3), - 6H,O (0.75 g, 2.58 mmol). The mix-
ture was refluxed for 2 h then left to stand at room tem-
perature. Red block crystals of 1 were formed in one
week. The typical yield was 92% based on Co(NOs), -
6H20 Calc. for C4H16CON4012: C, 1294, H, 435, N
15.10; Co, 15.88. Anal. Found: C, 12.40; H, 4.30; N,
15.30; Co, 15.80.

IR (KBr): 3319.1 (m), 3209.3 (m), 3112.9 (w), 3089.8
(w), 3051.2 (w), 1762.8 (w), 1615.2 (w), 1483.2 (m),
1433.3 (s), 1384.8 (s), 1163.0 (m), 1116.7 (m), 1055.0
(m), 987.5 (w), 825.5 (m), 788.8 (m), 474.5 (m).

2.2. Physical measurements

Elemental analyses of Co, C, H, N were performed by
Kanti Labs Ltd., Mississauga, Canada. Infrared data

H4

H1

Fig. 1. Thermal ellipsoid plot of the one-dimensional polymer chain of 1.
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were collected on a Schimadzu 8300 FTIR spectropho-
tometer using the KBr pellet method. The electronic
absorption spectra were obtained using a Ciba Corning
2800 spectrophotometer. The magnetic susceptibility of
crystalline samples was measured on a Quantum Design
Model 6000 Physical Property Measurement System.
Diamagnetic corrections were applied using Pascal’s
constants.

2.3. Crystallography

Experimental parameters pertaining to single crystal
X-ray analysis of 1 are given in Table 1. Data were col-
lected on a single prismatic crystal measuring
0.35%0.30 x 0.20 mm mounted and centered on a Sie-
mens SMART 1000 CCD platform diffractometer with
graphite monochromated Mo Ko radiation (4=
0.71073 A) at 173(2) K. The final unit cell was deter-
mined from 1222 reflections in the range of
2.8°<0<28.0°. The data were integrated using the
SAINT suite of software. Lorentz and polarisation effects
were accounted for using sapaBs. The structure was
solved by direct methods and refined iteratively via
full-matrix least-squares and difference Fourier analysis
using the SHELX-97 suite of software [38] and with the
assistance of xX-SEeD [39].

The cell symmetry triclinic P1 has been preferred over
monoclinic C2/m symmetry: The internal R-factor, Riny)
for the triclinic setting is 0.036 whereas in the monoclinic
setting Ring) it was 0.28. Structure solution and refine-
ment in the monoclinic setting led to very high R-factors
as well as unreasonable thermal parameters (and im-

Table 1
Crystal data and refinement for 1

Formula C4H]6012N4C0

Color red

M (gmol™) 371.14

T (K) 173Q2)

Crystal system triclinic

0(°) 2.8-28.0

Space group Pl

Unit cell dimensions
aA) 7.0328(15)
b (A) 7.1255(16)
¢ (A) 8.4198(19)
o (%) 107.226(4)
B () 114.242(4)
7 (°) 90.487(4)

V(A% 363.35(14)

zZ 2

Pcalc (g CII173) 1.696

p (mm~ ") 1.248

# Unique reflections/parameters 1543/140

# Reflections 1> 2a(1) 1365

R, wR; (observed data) 0.0446, 0.1133

Residual (¢ A %) 0.801

posed disorder) for both pyrazine ligand and nitrate
anions.

All non-hydrogen atoms were refined with aniso-
tropic displacement parameters. The hydrogen atoms
of the pyrazine ligand were placed in idealized positions
and refined with a riding model whereas those on the
coordinated and lattice water molecules were located
and fully refined with isotropic displacement parame-
ters. The nitrate anions are disordered and the two ori-
entations are very well resolved, hinting at statistical
disorder.

3. Results and discussion
3.1. Reaction chemistry

The title compound was obtained by the reflux reac-
tion of hydrated cobaltous nitrate in ethanol with pyr-
azine in acetonitrile. Single crystals suitable for X-ray
diffraction were obtained by slow evaporation of the
reaction mixture after several days.

3.2. Description of the structure

3.2.1. One-dimensional linear chain structure

The compound has a one-dimensional linear chain
structure along the crystallographic b-axis, which is
formed by bridging pyrazine ligands connecting the
Co(H,0), units. A thermal ellipsoid plot of the one-
dimensional polymer chain of 1 is depicted in Fig. 1.
The Co atom lies at a center of symmetry and is coordi-
nated by the oxygen atoms of four water molecules and
the nitrogen atoms from two pyrazine molecules, forming
an elongated octahedral cobalt coordination sphere. The
oxygen atoms occupy the equatorial positions forming
four short bonds with cobalt (Co(1)-O(1) = 2.073(2) A,
Co(1)-0(2) = 2.064(2) A). The oxygens form an essen-
tially square planar array around the central cobalt ion;
the angles O(1)-Co(1)-O(1) and O(2)-Co(1)-O(2) are
ideal 180.08(7)°, and the angles O(2)-Co(1)-O(1) are
89.12(10)° and 90.88(10)° (Fig. 1). The nitrogen atoms
are located in axial positions with a perfect angle of
180.00(7)°. They form two long bonds with cobalt
(Co(1)-N(1) = 2.173(2) A) (Fig. 1), with values that are
consistent with those found in related linear chain poly-
mers (e.g. Co-N =2.198 A in [Co(H,0)4(pyz)] (SOy) -
2H,0 (2) [29] and 2.227(2) A in [Co(acac),(pyz)] (3)
[30]). The cobalt atoms in 1 are bridged by pyrazine li-
gands with the nearest Co---Co separation of 7.125 A
within the chain (Fig. 1), compared to 7.189 A in 2 [29].
Each chain is surrounded by six identical chains. The sep-
arations of the metal ions between two neighboring
chains are 7.033, 8.420 and 8.469 A (see Fig. 2). This com-
pares separations of 6.308, 7.189 and 8.724 A in 2 [29],
and 6.290 and 6.27 A in 3 [30]. Other one-dimensional
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Fig. 2. Cross-sectional view in the ac-plane. Two-dimensional network
caused by H-bonds between cobalt units in 1.

straight chain compounds are [Co(DBSQ),(pyz)]
(DBSQ = 3,6-dibutylbenzocatecholato-0,0’) [40] and
[Co(WO)s(pyz)] (WO = dimethylglyoximato) [41]. Fur-
ther bridging of pyrazine ligands can lead to two-dimen-
sional extended structures such as in [CoCly(pyz),] [31]
and [Co(NCS),(pyz),][32]. Thus the type of anion greatly
affects the final structure of the cobalt pyrazine complex:
reaction of cobalt nitrate with pyrazine produces one-
dimensional polymer (1) [Co(pyz)(H,0),4] (NO3), - 2H,O
with two included water molecules and no participation
of nitrate in the inner coordination sphere. Notably, the
reaction of cobalt nitrate with 4,4'-bipyridine, a linear
N,N'-bidentate spacer similar to pyrazine, produces in
the presence of p-nitroaniline (PNA) an interpenetrated
square grid two-dimensional network [Co(bipy),
(NO3),] - 2PNA that results from a higher ligand:metal
stoichiometry. In this compound, two nitrate ions occupy
the axial positions within the inner coordination sphere
of Co. The interpenetrated PNA forms planar networks
sustained by edge-to-face interactions between the edges
formed by NO, moieties and the faces formed by the NH,
moieties [42].

3.2.2. H-Bond

The nitrate ions of 1 hydrogen-bond to the coordi-
nated water ligand (L) and the lattice-included guest
water (G) such that each [Co(pyz),(H,O)4] chain is
flanked on either side by two hydrogen-bonded
H>0(G) molecules and two NO,~ ions. Thus two adja-
cent cobalt units within the same chain interact on each
side by six extended intra-chain H-bond paths: two
through H,O(L) — NO,” — H,O(G) — H,O(L), and
four through H,O(L) — H,O(G) — NO,~ — H,O(G)—
H,O(L), (Fig. 3). The bonds distances and bond angles
involved in the H-bonds labelled in Fig. 3 follow. For
H,O(L) with NO,~ ions: O(2)---O(4A) = 2.866(6) A,
H(2B)---O(4A)=2.0 A, O(Q2)-H(2B)---O(4A) = 156°;

Fig. 3. Intra-chain H-bond interactions in 1.

for HyO(G) molecules with NO;~ ions: O(3)--- O(5B)
=2.87(1) A, H(3A)---O(5B)=2.2 A, O(3)-H(3A)---
O(5B) = 149°,  O(3)---O(7) =2.907(4) A, HEA)---
O(7) =22 A, OB)-HEBA) --O(7)=159° and O(3)
---O(7)=2.788(4) A, H(@3B)---O(7)=18 A, O(3)-
H(@3B) ---O(7) = 177°; for H,O(L) with H,O(G) mole-
cules: O(1)---O(3) = 2.740(3) A, H1(A)---O(3) = 2.1 A,
O(1)-H(1A)---O(3) = 178° and O(2)---O(3) = 2.704(4)
A, H2A)---O3)=1.9 A, O(2)-H(2A)- - -O(3) = 170°.

Fig. 2 shows that each linear chain is surrounded by
six neighboring chains in a cross-sectional view along
the b-axis in the ac-plane. Each cobalt unit interacts di-
rectly by extended inter-chain H-bonds with six neigh-
boring units making a two-dimensional network.
Complex 1 thus forms a three-dimensional supramolec-
ular structure due to both coordination bonds (bridging
by pyrazine) and H-bonds. Four types of inter-chain
H-bonds paths are involved: (1) H,O(L) — NO, —
HzO(L), (2) HQO(L) — HzO(G) — NO37 — HzO(L), (3)
H,O(L) — H,O(G) — H,O(L), and (4) H,O(L)—
H,0(G) — NO,~ — H,0(G) — H,O(L). The extension
of intra-chain H-bonds described previously serve also
in inter-chain H-bonds. The difference is in the coordi-
nated water molecules whether they belong to the same
chains or to two different chains. Thus the bonds dis-
tances and bond angles involved in inter-chain H-bonds
are the same as before. Only for inter-chain H-bondings
between H,O(L) — NO,” —H,O(L) two additional
bondings values should be listed: O(1)---O(4B) =
2.83(1) A, H(IB)---O@B)=2.1 A, O(1)-H(IB)--
O(4B) = 149° and O(1)---O(5A) = 2.742(8) A, H(1B)- --
O(5A) =2.0 A, O(1)-H(1B)- - -O(5A) = 150°.

Solvent or guest molecules are generally included in
the void between chains and hydrogen-bonding interac-



K.T. Holman et al. | Polyhedron 24 (2005) 221-228

tions have been also observed in related one-dimen-
sional structures such as compound (2), [Co(H,0),
(Py2)I(SO4) - 2H,0 [29], [Co(pyz)(H20)4(CsH4O04) [43]
but not in [Co(acac),(pyz)] [30].

3.3. Discussion on IR

The absorbances between 1055.0, 1116.7 and 1163.0
cm ™! are assignable to pyrazine bands; the peak at
474.5 cm™ ', shifted from 417.0 cm™! in free pyrazine,
is particularly diagnostic of bridging bidentate ligands
[44-47]. Nitrate group absorbances are observed at
1615.0 cm ™' due to an assymmetric stretch, and very
strong at 1433.3 and 1384.8 cm ™! (symmetric stretch).
Broadened O-H stretches are observed for H,O(G)

and H,O(L) at 3319.1 cm ™.
3.4. Discussion on electronic absorption spectra

Complex 1 shows a d-d transition at 521 nm in
DMF, 536 nm in DMSO and 502 nm in pyridine.

The solvent effect on the electronic absorption spectra
of pyrazine in the free state and in the complexed state in
cobalt pyrazine complex 1 has been investigated, see
Table 2. The absorption peak location Y (Aya nm) of
the species in a given solvent has been expressed by
the following multi-parameter [48,49]:

Y =ap+ a1 X+ ax Xy + a3 X3 + asXs.
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This is amenable to solution for the intercept ao and the
coefficient a; by multiple regression techniques. The
independent variables X; are the solvent interaction
mechanisms E, K, M and N. The empirical solvent
polarity E is sensitive to both solvent—solute hydrogen-
bonding and to dipolar interactions. It is related to v,
which is the wave number of the absorption maximum
in the given solvent, E = 2.859 x 10>y,

K is a measure of the polarity of the solvent that de-
pends on the solvent dielectric constant D. K= (D — 1)/
2D +1).

M is a measure of solute permanent dipole—solvent
induced dipole interactions that depend on the solvent
refractive index n. M = (n*> — 1)/2n* + 1).

N is a measure of permanent dipole-permanent di-
pole interactions

N=(D-1)/(D+2)— (n*—1)/(n*+2).

A multiple regression analysis has been performed. In
each case fits are obtained as a function of one parame-
ter alone, two parameters or three parameters. The re-
sults are summarized in Tables 3 and 4. The Ay.x
studied /; and 4, are for B and R bands, respectively,
for pyrazine and complex 1. The values obtained are
very close for both species. B bands (4;) which originate
from m—7* transitions shift to longer wavelengths in the
polar solvents DMF and DMSO, while the R bands
(2»), which are due to n—r* transitions, shift to shorter

Table 2
Solvent parameters and observed 4., (nm) for cobalt pyrazine complex 1 (and pyrazine)
Solvent E K M N A s
Carbon tetrachloride 32,5 0.20 0.22 0.01 is* (266.8) is* (313.8)
Diethyl ether 34.6 0.34 0.18 0.30 259.5 (260.0) ncp® (315.6)
Chloroform 39.1 0.36 0.21 0.29 260.8 (261.2) ns® (311.2)
Dimethyl formamide 43.8 0.48 0.20 0.67 271.5 (270.0) 316.2 (316.8)
Dimethyl sulfoxide 45.0 0.48 0.22 0.66 262.8 (265.0) 316.2 (317.0)
Acetonitrile 46.0 0.48 0.18 0.71 260.0 (260.5) 312.5 (313.5)
Ethanol 51.9 0.47 0.18 0.67 259.5 (259.5) 312.0 (312.5)
Methanol 55.5 0.48 0.17 0.71 261.2 (260.0) 310.0 (310.0)
Water 63.1 0.49 0.17 0.76 260.0 (260.6) 300.0 (301.0)
& Complex 1 is insoluble.
® No characteristic peak observed.
Table 3
Regression analysis for cobalt pyrazine complex 1 (and pyrazine) using E, K, M, N at 4,
Parameters ag a; a, as ay MCC
E 265.189 (269.238) —0.069 (—0.145) 0.157 (0.383)

K 253.636 (265.874) 18.495 (~7.743)
M 245210 (238.932)  88.492 (123.245)
N 259.449 (264.195) 4.131 (=2.961)
EK 252.586 (268.726)  —0.361 (~0.212)
EM 241.16 (234.544) 0.042 (0.041)

KM 231.787 (232.900)  24.158 (6.736)

EKM 242919 (234.172)  —0.273 (=0.024)
EKMN 196.234 (253.723)  —0.298 (—0.196)

59.035 (8.580)
99.461 (136.301)
102.332 (139.906)
51.726 (8.132)

362.369 (—516.78)

46.473 (135.856)

—110.923 (—547.90) —102.996 (532.256)

0.279 (0.208)
0.414 (0.676)
0.194 (0.209)
0.614 (0.409)
0.422 (0.681)
0.548 (0.693)
0.636 (0.694)
0.691 (0.902)
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Table 4

Regression analysis for cobalt pyrazine complex 1 (and pyrazine) using E, K, M, N at 1,

Parameters ag a a, as ay MCC

E 349.778 (328.657) —0.759 (—0.356) 0.949 (0.720)
K 599.150 (316.688) —600.000 (—10.262) 0.634 (0.210)
M 270.019 (287.605) 220.345 (128.874) 0.724 (0.540)
N 413.306 (315.062) —146.636 (—5.055) 0.925 (0.272)
EK 453.342 (326.066) —0.669 (—0.698) —225.304 (43.418) 0.972 (0.912)
EM 345.843 (321.599) —0.732 (—0.318) 13.772 (27.727) 0.950 (0.726)
KM 516.233 (283.904) —502.832 (4.134) 194.336 (139.099) 0.894 (0.545)
EKM 456.477 (319.617) —0.558 (—0.663) —262.775 (43.335) 49.314 (25.355) 0.978 (0.915)
EKMN 321.726 (336.260) —0.488 (—0.785) 295.952 (—31.273) —118.938 (39.824) —151.569 (32.954) 0.992 (0.941)

wavelengths in hydrogen-bonding solvents. The data for
/1 shows good dependence of the shift in A, on M, the
data indicates improvement in the fit in going from one
parameter to two, three and four parameter correla-
tions. The data for 1, shows very good dependence of
the shift in A, on E, K, M and N parameters. The mul-
tiple correlation coefficients MCC in the complex are
higher than in the free pyrazine.

3.5. Magnetic study

The temperature dependence of the inverse magnetic
susceptibility for compound 1 as a function of the tem-
perature in the range 2-300 K is shown in Fig. 4
(xm versus T). This figure shows that y, follows the
Curie-Weiss law, and decreases linearly as the tempera-
ture decreases down to 25 K. The best fitting to a
straight line yields a negative Curie—Weiss temperature
of —16.8 K, indicative of a strong antiferromagnetic
coupling between Co ions. At 300 K yu7 versus T is
equal to 2.985 cm?® K mol ! which is quite different from
the value of 2.1 cm?® K mol~' reported by Ma et al. [30].

The ymT versus T curve exhibits a continuous de-
crease from 300 to 2 K as the temperature is lowered.
Such behavior is characteristic for Co(II) complexes,

100 )
o Experimental
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80 ¢=-168K

%, (cm®.mol)

L L 1 L 1 L 1 L 1 L
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Temperature (K)

Fig. 4. Inverse of the molar magnetic susceptibility of 1 vs. temper-
ature, the straight line represents the best fit to a Curie-Weiss law
obtained for 0 = —16.8 K.

due to single ion anisotropy with some contribution of
antiferromagnetic exchange between the Co(II) centers.
The magnetic coupling can be mediated through exten-
sive intra-chain as well as inter-chain H-bondings inter-
actions between the cobalt atoms. The experimental
susceptibility data has been tentatively fitted for S =
3/2 using the classical spin model for the magnetic sus-
ceptibility of an infinite chain derived by Fisher [50].
Thus, the best fitting gave the following values for the
parameters: J=—1.1 cm~!, g=2.55. However, the
experimental data did not match the calculated ones
especially at low temperature, and the Landé factor ob-
tained does not reflect the ground of Co as seen in many
systems [51-55]. A three-dimensional magnetic behavior
with two exchange couplings rather than one should be
considered. Also the analysis of magnetic data for cobalt
complexes is complicated by single ions effects such as
spin—orbit coupling, distortion from regular stereochem-
istry, electron delocalization, crystal field mixing of ex-
cited states into the ground state and by magnetic
exchange interactions [56]. To improve the correlation
between the experimental and theoretical data we at-
tempted to include a second exchange coupling con-
stant, thus our model consists of two linear chains
corresponding to the shortest Co distances deduced
from the X-rays data that are 7.125, 7.033, 8.420 and
8.469 A. We calculated the spin Hamiltonian and the
magnetic susceptibility of the linear chains taking into
account two isotropic exchange-coupling constants, J;
and J, [57]. For simplicity reasons each linear chain is
considered to be a closed triplet that contains three Co
ions interacting among themselves [58]. Thus, the spin
Hamiltonian of a closed triplet is given by

H = —2J,(8S, + 5185 + $,83) i=12. (1)

The magnetic susceptibility was calculated using the
expression given by Spasojevic et al. [59]

ﬂ _<gﬁ>2 S s EXp(E (01, S, m) /kyT)
£ =\o) \ g EXp(E(, S.m) JKsT)

B (Zs‘mmExp(E(oc, S, m) /kBT)> ’

> smEXP(E (2, S,m) /ksT)
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Fig. 5. ymT vs. temperature for 1, the continuous line represents the
best fitting using Eq. (2).

where 5 is the Bohr magneton kp is the Boltzman con-
stant, g is the Landé¢ factor and « is a notation for all
quantum numbers besides S and m. Using this model
the fit has been improved tremendously, as shown in
Fig. 5. The best fitting parameters were obtained for
Jilkg=—-264 K, Jolkp=—-2.2 K and g =2.3.

Appendix A. Supplementary data

CCDC No. 211146 contains the supplementary crys-
tallographic data for this paper. These data can be ob-
tained free of charge at www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallo-
graphic Data Centre (CCDC), 12 Union Road, Cam-
bridge CB2 1EZ, UK (fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk). Supplementary data associ-
ated with this article can be found, in the online version,
at doi:10.1016/j.poly.2004.11.017.
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