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A new 2-D coordination polymer, Co(H2O)2(Hoba)2 (1) [H2oba¼ 4,40-oxybis(benzoic acid)],
was synthesized under hydrothermal conditions. Polymer 1 has been characterized by single-
crystal X-ray diffraction and TG analysis. Through hydrogen bonds 1 shows a supramolecular
four-connecting 3-D matrix with 4284 PtS topology. Magnetic studies reveal antiferromagnetic
interactions.
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1. Introduction

Metal-organic coordination polymers have applications as functional materials in
magnetism, gas sorption, optics, catalysis, etc. [1–3]. Choice of ligand is the first factor for
constructing coordination polymers. For example, in construction of magnetic materials,
using short organic bridging ligands to connect ions, as the short bridging ligand benefits
magnetic exchange; for porous materials, long rigid linear ligands are favored.
4,40-Oxybis(benzoic acid) (H2oba) is an example of long V-shaped, flexible ligands
[4–7]. It can connect metal ions with bidentate, tridentate, tetradentate, pentadentate,
and hexadentate modes. Its coordination chemistry has been extensively studied and
proven to be efficient in synthesis of coordination polymers [8, 9]. The double ligand
approach containing both O-donor H2oba and N-donor such as 4,40-bipyridine, azide
and cyanide were productive. Only a few examples of coordination polymers have been
prepared with just H2oba. The cases include a 3-D In(III) polymer based on a 1-D
inorganic rod-like substructure, a 1-D U(VI) compound with tape-like array, a 3-D
Cd(II)–Li(I) polymer built on 1-D inorganic rod-like substructures, a 3-D Na(I) layer-
pillared net based on Na(I)–O inorganic layer substructures and a porous 3-D In(III)
polymer synthesized by ionic liquid [10–14]. However, there is no Co(II) compound only
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constructed by H2oba. For this ligand, magnetic studies are less developed. Here, we
report a cobalt complex based on only H2oba ligands and its synthesis, structure, thermal
analysis, and magnetic properties.

2. Experimental

2.1. Materials and methods

All reagents were obtained commercially and used without purification; water was
deionized in our laboratory. Analyses for C, H, and N were carried out on a Perkin-
Elmer analyzer. Thermogravimetric analysis was carried out on a TA Instruments TGA
2050. Magnetic measurements were performed on a Quantum Design (SQUID)
magnetometer MPMS-XL-5.

2.2. Synthesis of 1

A mixture of CoCl2 � 6H2O (237.9mg, 1mmol), H2oba (258.2mg, 2mmol), and H2O
(8mL) was placed in 23-mL Teflon-lined stainless-steel acid digestion bomb. The
solution was heated to 160�C for 4 days, then cooled to room temperature, giving red
crystals which were washed with mother liquid. The yield based on Co is 86%. The
phase purity of the bulk samples are confirmed by both EA and XRD (figure 1). EA
(%): Calcd C 55.18, H 3.63, exp. C 55.12, H 3.67.

Figure 1. The experimental XRD pattern/red of the bulk samples and the simulated XRD pattern/black
from single-crystal data.
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2.3. Crystal structure determination

The crystallographic data of 1 were collected on a Bruker Apex Smart CCD
diffractometer equipped with graphite-monochromated Mo-Ka radiation
(�¼ 0.71076 Å) at 296K. The structure of 1 was solved by direct methods and refined
on F2 using the SHELXTL-97 software [15]. Non-hydrogen atoms were located from
the trial structure and refined anisotropically. Hydrogen atoms were refined
isotropically and assigned to calculated geometric positions. A summary of crystal
data and the relevant structure refinement results are summarized in table 1. Selected
bond lengths (Å) and angles (�) are listed in table 2.

3. Results and discussion

3.1. Crystal structure of 1

Single-crystal X-ray diffraction reveals the triclinic P-1 space group. Within 1, the
asymmetric unit contains two crystallography-independent Co(II) ions (figure 2).

Table 2. Bond lengths (Å) and angles (�) for 1.

Polymer 1

Co(1)–O(1) 2.068(2) O(1)#1–Co(1)–O(3) 90.32(9)
Co(1)–O(2) 2.125(2) O(1)#1–Co(1)–O(3)#1 89.68(9)
Co(2)–O(6) 2.074(2) O(2)–Co(1)–O(2)#1 180.00(11)
Co(2)–O(5)#3 2.106(2) O(6)–Co(2)–O(6)#2 180.00(11)
O(3)–Co(1)–O(3)#1 180.00(13) O(6)–Co(2)–O(5)#3 89.93(8)
O(1)–Co(1)–O(2) 91.26(8) O(6)#2–Co(2)–O(5)#3 90.07(8)
O(3)–Co(1)–O(2) 92.83(8) O(5)#3–Co(2)–O(5)#4 180.00(13)
O(3)#1–Co(1)–O(2) 87.17(8) O(6)–Co(2)–O(4) 89.17(8)
Co(2)–O(4) 2.125(2) O(6)#2–Co(2)–O(4) 90.83(8)
Co(1)–O(3) 2.102(2) O(5)#3–Co(2)–O(4) 87.47(8)
O(1)–Co(1)–O(1)#1 180.00(11) O(4)–Co(2)–O(4)#2 180.00(10)
O(1)–Co(1)–O(3) 89.68(9)

Symmetry transformations used to generate equivalent atoms: #1 �xþ 2, �y, �z; #2 �xþ 1, �yþ 1, �z; #3 �xþ 1, �y, �z;
#4 x, yþ 1, z.

Table 1. Crystal data and structure refinement for 1.

Parameter 1

Empirical formula C56H44Co2O24

Formula weight 1218.77
Temperature (K) 296(2)
Crystal system Triclinic
Space group P-1
Unit cell dimensions (Å, �)
a 6.6337
b 7.3556
c 25.5297
� 91.204
Volume (Å3), Z 1244.89(5), 1
Calculated density (Mgm�3) 1.626
F(000) 626
Goodness-of-fit 1.110
R indices (all data) R1¼ 0.062,

wR2¼ 0.1663
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Both Co1 and Co2 sites are six-coordinate by four oxygen atoms (O2, O3, O2A, and
O3A for Co1 and O4, O5, O4B, and O5B for Co2, A¼ 2�x, �y, �z, B¼ 1�x, �y, �z)
from four Hoba� ligands that build the local equatorial plane and two oxygen atoms
from coordinated water (O1 and O1A for Co1, and O6 and O6A for Co2) located on
the axis, thus creating a CoO6 octahedron. The coordination bond lengths between
Co(II) and Hoba� oxygen atoms are in the range of 2.102(2)–2.125(2) Å, slightly longer
than that of 2.068(2)–2.074(2) Å between Co(II) and terminal coordinated water,
indicating slightly axially-condensed octahedral geometry for Co1 and Co2. The O1–
Co1–O1A and O6–Co2–O6A angle is 180�, expected for octahedral geometry, implying
that no distortion exists in this geometry. H2oba in 1 is partly deprotonated and the
deprotonated carboxylate is bidentate. The dihedral angle for two phenyl planes of
Hoba- is ca 76� and the angle for the V-shaped configuration is 118–119�.

Through Hoba� carboxylates, Co(II) ions are associated to give the 2-D 44 net, where
each Co(II) is a four-connecting node. The closest metal-to-metal distance is 4.9 Å.
Hoba� ligands locate at the 2-D net up and down. Coordinated water forms strong
intramolecular hydrogen bonds: O1–H1W� � �O4/2.73 Å, O1–H2W� � �O4A/2.78 Å, O6–
H3W� � �O2/2.79 Å, and O1–H2W� � �O2A/2.72 Å (figure 3). Further, via intermolecular
hydrogen bonds between Hoba� ligands (O10–H2A� � �O11/2.62 Å and O12–H1A� � �O9/
2.62 Å) these 2-D layers are linked, resulting in the overall 3-D supramolecular net
(figure 4).

Figure 3. View of 2-D grid net of 1 and the intramolecular hydrogen bonds.

Figure 2. The coordination environment of Co(II) ion in 1. Hydrogen atoms except on coordinated water
are omitted for clarity.
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In order to fully understand the 3-D supramolecular framework of 1, topological
analysis is applied (figure 5). If each Co(II) and the combination of two Hoba� by
hydrogen bonds are a four-connecting node, then a four-connecting matrix is generated,
where metal nodes and ligand nodes adopt planar square and tetrahedral geometries,
respectively. Topology analysis via Topos program suggests a PtS net with 42 � 84

topology [16].

3.2. Thermal analysis and magnetic properties

Polymer 1 was heated to 600�C in N2. The first weight loss at 30–195�C is 5.7%,
consistent with the expected value for the loss of coordinated water (5.9%). The
resulting phase is stable to 240�C, and then chemical decomposition begins (figure 6).

Figure 5. View of the PtS net, the square metal node and tetrahedral ligand node, and the connections.

Figure 4. The 3-D network assembled by hydrogen bond interactions.
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Magnetic susceptibility data for 1 were obtained in the temperature range 2–300K at
1000Oe (figure 7). The �MT value at 300K is 4.70 cm3mol�1K, larger than the
expected value, 3.75 cm3mol�1K for two uncoupled Co(II) ions with S¼ 3/2, g¼ 2.0,
due to spin–orbit coupling. On cooling, �MT decreases slowly and then sharply at low
temperatures. As observed in other Co(II) compounds, the decrease of �MT is derived
from thermal depopulation of spin–orbit coupling or antiferromagnetic interaction, or
both [17, 18].

To evaluate the order of magnitude of spin–orbit coupling and antiferromagnetic
interaction, a recently developed non-critical scaling theory [19] with equation
�MT¼C1 � exp(E1/T)þC2 � exp(E2/T) is utilized to analyze the magnetic susceptibility
data, resulting in C1¼ 2.69 cm3mol�1K, E1¼�0.83K, C2¼ 2.48 cm3mol�1K,
E2¼�70.5K, where C1þC2 is the high-temperature extrapolated Curie constant and
E1 and E2 denote the magnitude of the magnetic interactions and spin–orbit coupling.
This shows that in 1 spin–orbit coupling dominates.

4. Conclusions

A new 2-D cobalt (II) polymer was obtained by hydrothermal synthesis and its
structure, TG and magnetic properties were studied. Through supramolecular
interactions, polymer 1 presents a 3-D supramolecular PtS net built on square metal
node and tetrahedral ligand node. The magnetic study reveals dominating spin–orbit
coupling and weak antiferromagnetic interactions, further interpreted by non-critical
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Figure 6. The TG studies of polymer 1.
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scaling theory. This work presents the first Co(II) compound constructed by only
H2oba ligands and extends interest in magnetic property for H2oba.
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