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IN DEDICATION TO THE LATE PROFESSOR OLIVIER KHAN FOR HIS PIONEERING CONTRIBUTIONS TO THE FIELD OF MOLECULAR MAGNETISM
The reactions of CoX2 (X 5 Br, Cl) with the planar, bidentate
bridging ligand 2,1,3-benzothiadiazole (btd) in Me2CO led to the
2D coordination polymers M[CoBr2(btd)]Nn (1) and
M[CoCl2(btd)]Nn (2). The structure of 1 was determined by single-
crystal X-ray crystallography. Complex 1 (C6H4Br2CoN2S,
monoclinic, P21/m, a 5 3.742(3), b 5 13.075(9), c 5 9.092(6) As ,
b 5 90.09(2)3, Z 5 2, h+2h, R1 5 0.0298, wR2 5 0.0793) consists
of M[Co(l-Br)2]Nn linear chains running along the a axis linked
via l-btd ligands along the b axis. The columns of stacked btd
molecules present in the crystal structure of the free ligand are
maintained in the lattice of 1. XRD data revealed that 2 is
isostructural with 1. The magnetic properties of both complexes
can be explained by the presence of a very weak ferromagnetic
intrachain Co2Co exchange interaction through the (l-X)2
bridges and a moderate antiferromagnetic Co2Co interaction
through the l-btd bridges. The new complexes were also charac-
terized by EPR, IR, and UV/VIS spectra, and all data are
discussed in terms of the nature of bonding and known struc-
tures. ( 2001 Academic Press
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engineering; magnetic properties of 2D systems; Rietveld analy-
sis; single-crystal X-ray crystallography.

INTRODUCTION

Crystal engineering and the design of solid-state architec-
tures has become an area of increasing interest over recent
years (1}3). Among a plethora of supramolecular assem-
blies, self-assembled coordination polymers are newer mem-
bers of this family. The most common strategy that has thus
far been applied in the context of the design of coordination
polymers is to generate a coordination polymeric network
by the extension of the metal's coordination geometry em-
ploying exodentate bifunctional ligands to link the metal
ions (4). The structure and the properties of the resulting
polymer strongly depend on the coordination preferences of
the metal ion and the coordination ability of the bridging
ligand (5). These two factors are not the only ones
that should be taken into account in order to construct
a coordination polymer. There is also a combination of
other weaker, noncovalent interactions, such as hydrogen
0022-4596/01 $35.00
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bonding and van der Waals forces, which, often, in#uence
the self-assembly process (6}8).

Interactions between aromatic molecules represent an
important class of nondirectional forces in chemistry, biol-
ogy, and materials science (9, 10). They control a variety of
molecular recognition and self-assembly phenomena, in-
cluding the packing of aromatic molecules (and therefore
the materials properties of these compounds) and template-
directed synthesis. Hence, their signi"cance in crystal engin-
eering should not be underestimated.

An example of the role of stacking interactions is pro-
vided by the structure of the potentially bidentate bridging
ligand 2,1,3-benzothiadiazole (btd), which consists (11) of
columns of stacked molecules (intermolecular distance
3.50 As ) running along one of the crystallographic axes; there
is no signi"cant interaction between adjacent columns. The
btd molecule has a "xed bridging angle and its coordination
chemistry has rather been neglected (12}15). If the free
ligand reacts with suitable metal-containing starting mater-
ials, such as cobalt(II) bromide or chloride, an additional
structure-determining factor is introduced, namely the co-
ordination bond, leading to the construction of the two-
dimensional (2D) coordination polymers, M[CoBr

2
(btd)]N

n
and M[CoCl

2
(btd)]N

n
. These polymers are the subject of this

paper.
From the magnetic point of view the ideal 2D Heisenberg

spin systems are theoretically predicted not to show mag-
netic ordering at any "nite temperature, but real 2D mater-
ials show various magnetic transitions (16). Despite the fact
that the ground states and the transition temperatures of the
2D layered systems are usually governed by the intralayer
interactions, weak interlayer interactions and magnetic anisot-
ropy can in#uence the bulk properties of these materials. In
particular, CoII-layered materials have been shown to exhibit
long-range magnetic order (17), ferrimagnetic or metamagnetic
behavior (18}20), and canted antiferromagnetism (21).

Furthermore coordination polymers exhibiting layered
structures could be used to create magnetic multilayered
phases. These materials are crystalline and therefore have
a higher degree of perfection than magnetic multilayers obtained
by deposition techniques and other physical methods (22).

We will show here how the aromatic stacking interactions
are able to create a structural frame strong enough to
determine the dimensionality and the nature of the resulting
network. The magnetic properties of the two 2D polymers
show that both complexes are governed by antiferomag-
netic coupling between very weak ferromagnetic chains.

EXPERIMENTAL

General Considerations

All manipulations were performed under aerobic
conditions. All chemicals were purchased from commercial
sources and used without further puri"cation. C, H, and
N microanalyses were conducted by the microanalytical
service of the University of Ioannina, Greece. IR spectra
(4000}450 cm~1) were recorded as KBr pellets on
a Perkin}Elmer 16PC FTIR spectrometer. Solid-state (dif-
fuse re#ectance, 28.5}12.5 kK) electronic spectra were re-
corded on a Varian Cary 100 instrument. Magnetic
susceptibility measurements were carried out for polycrys-
talline samples of the complexes in the range 2.0}300 K
under various magnetic "elds by using a SQUID suscep-
tometer. The experimental magnetic susceptibilities were
corrected for the diamagnetic response using Pascal's con-
stants. Solid-state EPR spectra were recorded on a Bruker
ES200 spectrometer at X-band frequency. X-ray powder
di!raction data (XRD) were recorded on a Siemens D500
di!ractometer employing CuKa radiation (j"1.5418 As )
and a secondary beam graphite monochromator. The mea-
sured 2h range (23}803) was scanned in steps of 0.033 with
a counting time of 6 s per step. The aperture and soller slits
were set at 1.03.

Synthesis

M[CoBr
2
(btd)]N

n
(1). To a dark blue solution of CoBr

2
(0.25 g, 1.14 mmol) in Me

2
CO (10 mL) was added under

stirring a colorless solution of btd (0.15 g, 1.10 mmol) in the
same solvent (5 mL). A green microcrystalline powder of
1 appeared within 5 min.; this was "ltered, washed with
Me

2
CO, and dried over CaCl

2
. Yield: 0.27 g (70%). Anal.

Calcd for C
6
H

4
Br

2
CoN

2
S: C, 20.30%; H, 1.13%; N, 7.89%.

Found: C, 20.20%; H, 1.20%; N, 7.81%. X-ray quality single
crystals of 1 were obtained by layering of an Me

2
CO solu-

tion (10 mL) of CoBr
2

(0.25 g, 1.14 mmol) over a CHCl
3

solution (15 mL) of btd (0.15 g, 1.10 mmol). Slow mixing
yielded green crystals of 1 within 2}3 days. Yield: 0.20 g
(50%). Selected IR data (cm~1): 1532 (s), 1480 (s), 1434 (s),
924 (s), 870 (vs), 848 (s), 734 (vs), 592 (m).

M[CoCl
2
(btd)]N

n
(2). To a royal blue solution of CoCl

2
(0.15 g, 1.15 mmol) in Me

2
CO (10 mL) was added under

stirring a colorless solution of btd (0.15 g, 1.10 mmol) in the
same solvent (5 mL). A green microcrystalline powder of
2 appeared immediately; this was "ltered, washed with
Me

2
CO, and dried over CaCl

2
. Yield: 0.23 g (80%). Anal.

Calcd for C
6
H

4
Cl

2
CoN

2
S: C, 27.09%; H, 1.51%; N,

10.53%. Found: C, 26.99%; H, 1.45%; N, 10.61%. Selected
IR data (cmv1): 1534 (m), 1484 (m), 1436 (m), 926 (m), 874 (s),
854 (m), 736 (vs), 594 (m).

Single-Crystal X-Ray Structure Determination

A prismatic crystal of 1 was mounted in air. Di!raction
measurements were made on a Crystal Logic Dual
Goniometer di!ractometer using graphite-monochromated
Mo radiation. Unit cell dimensions were determined and
re"ned by using the angular settings of 25 automatically



TABLE 1
Crystal Data, Data Collection, and Structure Re5nement

Details for M[CoBr2(btd)]Nn (1)

Empirical formula C
6
H

4
Br

2
CoN

2
S

Formula weight 354.92
Temperature (K) 298
j(MoKa) (As ) 0.71073
Crystal size (mm) 0.15]0.30]0.50
Crystal system Monoclinic
Space group P2

1
/m

a (As ) 3.742(3)
b (As ) 13.075(9)
c (As ) 9.092(6)
b (3) 90.09(2)
< (As 3) 444.9(5)
Z 2
o
#!-#

(g cm~3) 2.649
k (mm~1) 11.0082
Transition factors (¹

.*/
/¹

.!9
) 0.51/1.00

Scan mode/speed (3min~1) h}2h/4.0
Scan range (3) 2.5#a

1
a
2

separation
h range (3) 2.24 to 25.99
h 0 to 4
k !16 to 16
l !11 to 11
F (000) 334
Re#ections collected 2016
Unique re#ections (R

*/5
) 914 (0.0338)

Data with I'2p(I) 885
Parameters re"ned 67
[*/p]

.!9
0.084

(*p)
.!9

, (*p)
.*/

(e As ~3) 0.552, !0.713
wa a"0.0416, b"0.3901
GoF (on F2) 1.203
R

1
b [I'2p(I)] 0.0298

R
2
c [I'2p(I)] 0.0793

aw"1/[p2(F2
0
)#(aP)2#bP] and P"(max(F2

0
, 0)#2F2

#
)/3.

bR
1
"+(DF

0
D!DF

#
D)/+(DF

0
D).

cwR
2
"M+[w(F2

0
!F2

#
)2]/+[w(F2

0
)2]N1@2.

TABLE 2
Positional (3 104) and Equivalent Thermal Parameters (3103)

of the Nonhydrogen Atoms for Complex 1

Atom x y z ;
%2

(As 2)a

Co 5000 5000 0 21
Br !1(1) 4431(1) 1795(1) 24
N1 5013(8) 3445(2) !949(3) 25
S 4998(4) 2500 207(1) 30
C6 5007(11) 3045(3) !4933(4) 39
C7 5009(12) 3596(3) !3680(5) 34
C9 5008(9) 3048(3) !2330(4) 24

a;
%2

is de"ned as one-third of the trace of the orthogonalized;
ij

tensor.

TABLE 3
Selected Bond Distances (As ) and Angles (3) for 1

Co}N1 2.208(3) Br}Co}Brb 180.0
Co}Br 2.594(1) N1b}Co}Br 90.9(1)
Co}Bra 2.590(1) Bra}Co}Brb 87.6(1)

Bra}Co}Brc 180.0
N1}Co}N1b 180.0 S}N1}Co 116.6(2)
N1}Co}Bra 88.8(1)

Note. Symmetry transformations are used to generate equivalent atoms.
a x#1, y, z.
b!x #1, !y #1, !z.
c!x, !y #1, !z.
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centered re#ections in the 113(2h(233 range. Three stan-
dard re#ections monitored every 97 re#ections showed less
than 3% variation and no decay. Lorentz, polarization, and
(-scan absorption corrections were applied using Crystal
Logic software. The structure was solved by direct methods
using SHELXS-86 (23) and re"ned by full-matrix least-
squares techniques on F2 with SHELXL-93 (24). All hydro-
gen atoms were located by di!erence maps and re"ned
isotropically. All nonhydrogen atoms were re"ned anisot-
ropically. Crystal data, details of data collection, and struc-
ture re"nement are tabulated in Table 1. Atomic
coordinates of 1 are listed in Table 2.

RESULTS AND DISCUSSION

Syntheses and Structures

Reaction of btd with an equivalent of CoBr
2

in Me
2
CO

gives a blue-green solution from which M[CoBr
2
(btd)]N

n

1 precipitates within 3}4 min. in approx. 70% yield. Layer-
ing of an Me

2
CO solution of CoBr

2
over a CHCl

3
solution

of btd (in a 1:1 molar ratio) gives green crystals of 1 in
approx. 50% total yield. Complex 1 can also be isolated by
employing CoBr

2
: btd molar ratios of 2:1, 1:2, 1:3, 1:4, 1:5,

and 1:6 in a variety of organic solvents like Me
2
CO, MeCN,

EtOH, PrnOH, and THF, as well as in several mixtures of
these solvents.

Selected bond distances and angles for compound 1 are
listed in Table 3. The solid consists of 1D MCo(k-Br)

2
N
n

linear chains running along the a axis linked via k-btd
ligands along the b axis to a!ord an extended 2D layered
network (Fig. 1), with intranetwork Co2Co separations of
3.742(3) (via bromides) and 6.538(1) As (via btd). The shortest
internetwork Co2Co separation is 9.092 As . The CoII atom
sits on an inversion center while a mirror plane, perpendicu-
lar to the btd plane, passes through S. Each CoII atom is
octahedrally coordinated to four Br~ ligands and two btd
molecules. The Co}Br distances are 2.590(1) and 2.594(1) As
and the Co}N bond length is 2.208(3) As . Complex 1 has
a similar structure with [CuCl

2
(pyz)]

n
(pyz"pyrazine) (25).

A characteristic structural feature common to free btd
and 1 is the existence of strong face-to-face intralayer stack-
ing interactions between the btd ligands along the a axis
(Fig. 2). The btd molecules form columns within the crystal



FIG. 1. Structure of 1 showing a single 2D layer (ab plane).

TABLE 4
Crystallographic Data for M[CoCl2(btd)]Nn (2)

Crystal system Monoclinic
Space group P2

1
/m (No. 11) [b unique]

a (As ) 3.575(28)
b (As ) 13.010(1)
c (As ) 8.798(68)
b (3) 91.997(2)
< (As 3) 409(6)
Z 2
R

1
a 0.1314

R
81

b 0.1848
R

F
c 0.0579

R
%91

d 0.0874

Atomic coordinates
x y z ;

*40
(As 2)

Co 0.5 0.5 0 0.034(3)
Cl 0.009(2) 0.4466(4) 0.1715(6) 0.014(2)
N1 0.500 0.3463(3) !0.100(1) 0.026(3)
S 0.500 0.25 0.0214(9) 0.026(3)e
C6 0.500 0.3052(3) !0.514(1) 0.026(3)e
C7 0.500 0.3609(3) !0.384(1) 0.026(3)e
C9 0.500 0.3061(3) !0.244(1) 0.026(3)e

Note. In the following footnotes,>(i)
0"4

, F(i)
0"4

, and>(i)
#!-#

, F(i)
#!-#

are the
(observed and calculated) pro"le and structure factors, respectively, and
w(i) is the statistical weight ("1/>(i)

0"4
).

a R
p
"+

i
D>(i)

0"4
!>(i)

#!-#
D/+

i
>(i)

0"4
.

b R
81
"+

i
w(i)[>(i)

0"4
!>(i)

#!-#
]2/+

i
w(i)>(i)2

0"4
.

c R
F
"+

i
DF(i)

0"4
!F(i)

#!-#
D/+

i
F(i )

0"4
.

d R
%91

"[(N!P)/+
i
w(i)>(i)2

0"4
]1@2.

e Constrained to be equal to ;
*40

of N1.
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lattice, with the interplanar distances being 3.50 and 3.742 As
for free btd and 1, respectively. In 1 the columns of the btd
are orientated on alternating sides of each sheet. In addition
to the van der Waals interactions, there are also short
intralayer C2Br (C72Br, 3.616 As , C7}H72Br"126.13
and C72Br, 3.622 As , C7}H72Br"119.33) and interlayer
C2Br (C62Br, 3.955 As , C6}H62Br"148.03) distances
in 1, possibly indicating weak C}H2Br hydrogen bonds
(26, 27).

Reaction of btd with an equivalent of CoCl
2

in Me
2
CO

gives a green solution from which green microcrystalline
M[CoCl

2
(btd)]N

n
2 precipitates within 1}2 min. in approx.

80% yield. Despite the fact that complex 2 is crystalline, we
were unable to grow single crystals large enough for X-ray
analysis. Complex 2 can also be isolated by employing
CoCl

2
:btd molar ratios of 2:1, 1:2, 1:3, 1:4, 1:5, and 1:6 in

a variety of organic solvents like Me
2
CO, MeCN, EtOH,

PrnOH, and THF, as well as in several mixtures of these
solvents.
FIG. 2. Packing diagram of 1, viewed approximately down a. Two
layers are shown.
The chloro complex (2) is isostructural with the bromo
one (1), as revealed by XRD studies. The unit cell dimen-
sions are given in Table 4. The Rietveld analysis diagrams
are shown in Fig. 3. The structural model of 1 was used as
a starting model for the Rietveld pro"le re"nement with the
program WinMPROF (28). A total of 514 re#ections lie
within the re"ned 2h range. From the early stages of re"ne-
ment it was realized that the Bragg peaks were anisotropi-
cally broadened and the best results were obtained by using
the Anisotropic Variable Pearson VII function (29). Correc-
tion for peak asymmetry (30) was applied for peaks lying at
angles lower than 15.03 (2h value). The "nal values of frac-
tion coordinates are listed in Table 4. The fractional coordi-
nates of Cl were allowed to re"ne. Soft constrains were
applied to bond distances and angles of the ligand molecule.
The bonds N1}S, N1}C9, C9}C7, C7}C6, C9}C9*, and
C6}C6* were constrained to the values 1.62(1), 1.36(1),
1.42(1), 1.35(1), 1.44(1), and 1.42(1) As , respectively, and the
angles C9}N1}S, N1}C9}C7, and C9}C7}C6 to the values
108.0(1), 127.4(1), and 117.5(1)3, respectively. The atoms C6*
and C9* are derived from those given in Table 4 by applying
the symmetry operation x, !y#0.5, z. Usually all the
atoms of the btd ligand lie on the same plane and this plane



FIG. 3. XRD pattern of complex 2 re"ned by the Rietveld method.
The "lled bold squares are the experimental points. The continuous line
corresponds to the calculated spectrum. Vertical bars ( D ) at the bottom
indicate the position of the Bragg peaks. The continuous line at the bottom
is the di!erence between the experimental intensity values and the cal-
culated values.

TABLE 5
Solid-State Electronic Spectral Data for Complexes 1 and 2

Assignmenta/parameter 1 2

LMCT (103 cm~1) 25.64 27.03
4¹

1gP
4¹

1g (P) (103 cm~1) 17.86, 16.39 19.02, 17.33
4¹

1gP
4A

2g (103 cm~1) 13.79 sh 14.37 sh
Calcd. 4¹

1gP
4¹

2g (103 cm~1)b 6.42 6.69
10D

2
(cm~1)b 740 770

B (cm~1)b 777 832
bc 0.80 0.86

Note. B"Racah parameter; LMCT"ligand-to-metal charge-transfer;
sh"shoulder.

a Assignments are given, assuming a ligand "eld of O
h
symmetry.

b Calculated as described in Appendix V of Ref. (32).
cB (free ion)"971 cm~1.

FIG. 4. Plots of s
M
¹ and s

M
vs ¹ for complexes 1 ("lled squares) and

2 (dot-centered circles).
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is parallel to the (bc) crystallographic one; thus, the x coor-
dinate for all the ligand atoms was constrained to the value
of 0.5000.

The bond distances and angles for the ligand atoms lie
within the constrained range. The Co}N1 bond distance is
2.188(4) As , and the Co}Cl and Co}Cl@ (symmetry code for
the Cl@ atom: x#1, y, z) are 2.46(5) and 2.42(5) As , respec-
tively. The bond angle Cl}Co}Cl@ is 94.23, and the angles
Cl}Co}N1 and Cl@}Co}N1 are 90.0(2) and 88.8(2)3, respec-
tively. The approach of the smaller Cl atoms (as they
compare to the Br atoms) to the CoII atoms has as a conse-
quence of a slight increase of the Cl}Co}Cl@ angle and this is
re#ected in the b unit cell angle as well.

IR and UV/VIS Spectra

The FTIR spectra of complexes 1 and 2 are similar; they
exhibit the typical bands of the disubstituted benzene ring
and bands assignable to vibrations of the thiadiazole ring.
The bands at approx. 1480 and 850 cm~1 are associated
with the l(CN) and l(SN) vibrational modes of the
thiadiazole ring (31), respectively. Due to coordination these
bands are shifted compared to those in free btd.

Complexes 1 and 2 possess fairly similar solid-state elec-
tronic spectra (Table 5), in agreement with their similar
structures. Both exhibit one halogen-to-cobalt(II) charge-
transfer transition and d}d transitions at lower frequencies.
The LMCT energy is lower in 1 than in 2 because the bromo
ligand is more readily oxidizable than the chloro ligand (32).
The d}d spectra can be assigned to transitions in high-spin
d7 octahedral (O

h
) "elds (32); the frequencies are typical of

cobalt(II) chromophores rich in halogeno ligands. The mul-
tiple structure of the 4¹

1gP4T
1g (P) band arises primarily
from the admixture of spin-forbidden transitions to doublet
states mainly derived from 2G and 2H (32). The transition to
4A

2g is very weak as expected (32), appearing as a shoulder.

Magnetic Properties and Theoretical Calculations

The two compounds show similar magnetic properties
(Fig. 4) as may be expected from the similar structural
topology. On cooling, the s

M
¹ product of both complexes

decreases continuously, tending to 0 at 2 K. The susceptibil-
ity plot shows a continuous increase when ¹ decreases up to
a maximum placed at 3.5 K for 1 and 5.5 K for 2. Below
these temperatures the s

M
values decrease, reaching values

close to those expected for a 2D system. This behavior
indicates an overall weak antiferromagnetic coupling.
Measurements performed under di!erent external "elds (be-
tween 300 and 10,000 G) show that the magnetic susceptibil-
ity is independent of the "eld and, thus, long-range order
phenomena are not present. Evaluation of the coupling
constants is not possible for both compounds due to the
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large anisotropy of the CoII ions and to the alternating 2D
topology of the system, for which analytical expressions are
not available.

The X-band EPR spectra of 1 and 2, recorded on pow-
dered samples at 4 K, are practically identical (Fig. 5), show-
ing an intense signal around g "4 and weaker signals in the
g"2 region. These spectra correspond to typical axially
distorted S"3

2
systems in good agreement with structural

data.
Despite the fact that quantitative analysis of the magnetic

data is not possible, the interaction pattern may be deduced
from the above magnetic data and by comparison with
other related systems. The coupling along the chains de"ned
by the dihalide bridges, with Co}X}Co bond angles slightly
greater than 903, should be ferromagnetic as it has been
pointed out for the reported polymeric CoCl

2
) 2H

2
O,

CoCl
2
(py)

2
[py"pyridine] and CoX

2
(4,4@-bpy) [4,4@-bpy

"4,4@-bipyridine] complexes (18).
To determine the origin of the AF dominant coupling,

MO analysis (33) of the interaction pathway provided by
the btd ligand has been performed on a fragment modeled
as a dinuclear unit [(NH

3
)
5
}Co}btd}Co(NH

3
)
5
]4`. In this

model the Co}NH
3

bond distances were "xed at 2.100 As ,
whereas the experimental bond distances and angles pro-
vided by the structural data of 1 have been used in the
(Co}btd}Co) bridging region. The MO results have been
analyzed according to the Ho!mann model (34), which
relates the magnitude of the AF interaction with the square
of the gap between pairs of molecular orbitals with the same
symmetry. The MO's diagram indicates that the t

2g and one
of the eg symmetry combinations of the atomic orbitals of
the CoII ions do not contribute to the coupling, due to the
poor overlap with the n system of the bridging ring. In
contrast, the d

z2
atomic orbitals of the CoII ions overlap with

one of the empty p molecular orbitals of the btd bridge,
showing a gap between the symmetric and antisymmetric
FIG. 5. X-band powder EPR spectra of complexes 1 (solid line) and
2 (dashed line) at 4 K.
antibonding MOs of *"0.24 eV, which is coherent with
moderate antiferromagnetic interaction (Scheme 1). A mod-
erate AF magnetic interaction has been reported for a tet-
ranuclear copper(II) cation that consists of two Cu

2
(k-

Im)3` units (Im"imidazolate ion) [35].
Overall, compounds 1 and 2 may be magnetically de-

scribed as moderately AF (Co}btd}Co)
=

chains with S"0
ground state. The weaker ferromagnetic interactions, pro-
moted by the dihalide bridges between the (Co}btd}Co)

=
chains, may modulate the shape of the s

M
¹ or s

M
vs ¹ plots,

but they do not a!ect the S"0 ground state (Fig. 6). This
description of the interaction pattern does not indicate any
metamagnetic low-temperature behavior.

CONCLUSIONS

One of the main challenges in crystal engineering is to
carry over robust modules or motifs from the crystal of one
compound to that of another. This work reports the struc-
tural, spectroscopic, and magnetic characterization of two
2D coordination polymers based on the planar organic
ligand 2,1,3-benzothiadiazole (btd), and cobalt(II) chloride
and bromide. The columns of stacked btd molecules present
in the crystal structure of the free ligand are maintained in



FIG. 6. The interaction pattern for complexes 1 and 2.
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the 2D lattices of 1 and 2. In other words, a strong (but not
exclusive) driving force for the construction of the lattices of
btd and its complexes is the n}n interactions between the
btd molecules. It seems that the rigid columns of stacked
ligand molecules serve as &&macroscopic'' templates on
which the CoX

2
units are assembled in such a way that the

resulting structures preserve the directionality of the inter-
molecular interaction; this conclusion is strengthened by
our recent single-crystal, X-ray structural determinations of
the 2D complexes M[CuCl(btd)]N

n
and M[CuCl

2
(btd)]N

n
. The

purely chemical message of this work is the idea that the
coordination bonds and aromatic stacking interactions can
be forged into a supramolecular tool that has not yet been
employed in a systematic manner.

The magnetic properties observed in 1 and 2 are at-
tributed to the very weak ferromagnetic intrachain Co2Co
exchange interaction through the (k-X)

2
bridges (X"Cl,

Br) along the a axis and the moderate antiferromagnetic
intrachain Co2Co interaction through the k-btd bridges
along the b axis. Recently Li and coworkers (18) reported
the 2D coordination polymer M[CoCl

2
(4,4@-bpy)]N

n
, which

has a structure rather similar to that of 1 and 2. A spontan-
eous antiferromagnetic ordering was found from the s

M
vs

¹ measurements under low "elds with a transition temper-
ature of 5.0 K. The s

M
vs ¹ (under di!erent "elds) and the

magnetization (M) vs H (at 2 K) data exhibited a metamag-
netic behavior in that the ground-state magnetic structure
changes upon the change in the applied "eld. Below a criti-
cal "eld, H

#
, the ground-state magnetic structure is antifer-

romagnetic; when the applied "eld is stronger than H
#
, the

ground state is ferromagnetic-like or paramagnetic-like (18).
The magnetic di!erence between 1 and 2 and M[CoCl

2
(4,4@-

bpy)]N
n
is due to the fact that the Co2Co distance through

the k-4,4@-bpy bridge is too long (approx. 11.5 As ) for any
signi"cant magnetic interaction; in fact, this interaction is
very weakly antiferromagnetic and the 4,4@-bpy complex is
a 2D coordination polymer with 1D (Co}Cl
2
}Co)

=
mag-

netic chains. In contrast, in 1 and 2 the moderate antifer-
romagnetic interaction through the k-btd bridges
predominates over the very weak ferromagnetic interaction
through the (k-X)

2
bridges and this does not lead to any

metamagnetic low-temperature behavior.
E!orts are in progress to replace the X~ bridging ligands

in 1 and 2 with other monoatomic bridges, e.g., end-on (EO)
azides (N~

3
), that lead to stronger ferromagnetic coupling,

with the hope of isolating molecular ferromagnets.
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