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A one-dimensional complex {[Co3(C6(COO)6)(H2O)12]}�6H2O}n has been prepared and

its crystal structure determined by X-ray crystallography. In the complex mellitic anion

provides its six carboxylate groups to coordinate four cobalt(II) ions, in which a seven-

membered ring was formed by two ortho-carboxylate groups to coordinate the same co-

balt(II) ion. Through the four carboxylate groups bridging two cobalt(II) ions the one-di-
mensional chain structure was formed. The variable-temperature magnetic susceptibility

of the complex was measured in the 4–300 K range and the magnetic data indicate the

magnetic interaction between the bridged cobalt(II) ions displays an antiferromagnetic

coupling.
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Much research interest has been focused on the crystal engineering of coordina-

tion compounds that may provide new materials with useful properties such as cataly-

tic, microporosity, electrical conductivity, non-linear optical activity and co-operative

magnetic behavior. Benzene polycarboxylate anions such as terephthalate [1–7],

phthalate [8–11], benzene-1,3,5-tricarboxylate [12–15] and benzene-1,2,4,5-tetra-

carboxylate [16–19] belong to versatile bridging ligands and many multi-nuclear

complexes have been synthesized and some of them display interesting characteristics

as regards magnetic property [5,8,10] and structural feature [6,13]. In this polycar-

boxylate ligands area, there exists another kind of ligand, namely, mellitic anion

(benzene-hexacarboxylate anion) and the research dealing with its complexes

[20–23] is very limited, as compared with that of the complexes mentioned above. In

view of the interest in its novel coordinate function, we prepared the title complex and

here we report its synthesis, crystal structure and magnetic behavior.
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EXPERIMENTAL

Materials: Mellitic acid was synthesized by oxidation of mellitene using a general method and other

chemicals are analytical grade and were used without further purification.

Physical measurements: The IR spectra were recorded on a Shimadzu 408 IR spectrophotometer

using KBr discs. C, H, N elemental analysis was carried out on a Perkin-Elmer Elemental analyzer, Model

240. The variable-temperature magnetic susceptibility of measurement was performed using single cry-

stal sample and the magnetic field 5000 G in the 4–300 K range with a SQUID magnetometer.

X-ray crystallography: The determination of the crystal structure was carried out on a Bruker

Smart-1000 CCD using graphite-monochromated MoK� radiation (0.71073 Å). Data reduction and

structure refinement were performed using the SHELXL-97 program system. Details of crystal parame-

ters and data collection are listed in Table 1. The selected bond lengths and angles are listed in Table 2.

Table 1. Crystallographic data and collection parameters for the complex.

Chemical formula C12H36Co3O30

Crystal system orthorhombic

Space group Pbca

a (Å) 17.117(6)

b (Å) 8.516(3)

c (Å) 20.140(7)

V (Å
3
) 2935.7(19)

Dcalc (g�cm
–3

) 1.894

Absorption coefficient (mm
–1

) 1.794

F(000) 1716

Crystal dimension (mm) 0.20�0.16�0.12

� Range for data collection (�) 2.02–27.10

Limiting indices –-21 � h � 19, –10 � k � 10, –22 � l �25

Reflections collected/unique [Rint] 16312/3232 [0.0457]

Data/restraints/parameters 3232/0/277

Final R indices [I > 2�(I)] R1 = 0.0261, wR2 = 0.0417

R indices (all data) R1 = 0.0511, wR2 = 0.0432

Goodness-of-fit on F
2

0.703

Largest difference peak and hole (e�Å
–3

) 0.470 and –0.345

Table 2. Selected bond lengths (Å) and angles (�) for the complex.

Bond lengths

Co(1)–O(1) 2.0638(16) Co(1)–O(7) 2.094(2)

Co(1)–O(3) 2.1031(16) Co(2)–O(5) 2.0711(16)

Co(2)–O(8) 2.082(2) Co(2)–O(11) 2.0965(19)

Co(2)–O(10) 2.101(2) Co(2)–O(9) 2.103(2)

Co(2)–O(12) 2.159(2)
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Table 2 (continuation)

Bond angles

O(1A)–Co(1)–O(1) 180.00(9) O(1)–Co(1)–O(7) 86.03(8)

O(1)–Co(1)–O(7A) 93.97(8) O(7A)–Co(1)–O(7) 180.00(15)

O(1)–Co(1)–O(3) 89.51(6) O(1)–Co(1)–O(3A) 90.49(6)

O(7)–Co(1)–O(3) 84.72(8) O(7)–Co(1)–O(3A) 95.28(8)

O(5)–Co(2)–O(8) 86.69(8) O(5)–Co(2)–O(11) 94.64(7)

O(8)–Co(2)–O(11) 178.56(9) O(5)–Co(2)–O(10) 175.86(8)

O(8)–Co(2)–O(10) 90.74(9) O(11)–Co(2)–O(10) 87.90(8)

O(5)–Co(2)–O(9) 89.52(7) O(8)–Co(2)–O(9) 86.78(10)

O(11)–Co(2)–O(9) 92.67(9) O(10)–Co(2)–O(9) 87.09(9)

O(5)–Co(2)–O(12) 92.22(7) O(8)–Co(2)–O(12) 93.11(9)

O(11)–Co(2)–O(12) 87.39(8) O(10)–Co(2)–O(12) 91.16(9)

O(9)–Co(2)–O(12) 178.25(8)

Synthesis of the complex {[Co3(C6(COO)6)(H 2O)12]}�6H2O}n: A dilute NaOH solution was added

dropwise into a mixture of H2O and mellitic acid (0.1163 g, 3.40�10
–4

mol) until the PH value was ca. 5.

Then the mixture and Co(ClO4)2�6H2O (0.3781 g, 1.03�10
–3

mol) were mixed and stirred for a few min-
utes. The pink single crystals were obtained after the filtered solution (ca . 25 cm

3
) was allowed to stand at

room temperature for a month.

RESULTS AND DISCUSSION

IR spectra: Compared with the peaks of mellitic acid, the characteristic peaks of

the carboxylates at 1734, 1624 and 1431 cm–1 have shifted to 1575, 1442 and 1340

cm
–1

, repectively, which indicate that the carboxylates take part in the coordination.

In addition, a strong and broad band for the coordinated H2O molecules and the unco-

ordinated H2O molecules appears at ca. 3400 cm
–1

.

Crystal structure: Fig. 1 shows the coordination diagram of the complex with the

atom numbering scheme. It indicates that all carboxylate groups take part in coordi-

nation in monodentate mode and according to the difference of the coordinated sphe-

res, the Co(II) ions are classified into two kinds, which are shown in Co(1) atom and

Co(2) atom, respectively. Co(1) atom is coordinated by six oxygen atoms, in which

O(1) and O(2) atoms are from two H2O molecules and other four oxygen atoms are

from two benzene-hexacarboxylate anions. It is very interesting that a seven-member

chelated ring was formed by the coordination of the two ortho-carboxylate groups to

the same cobalt(II) ion, and it occurs rarely in complexes [16]. The Co–O bond distan-

ces are 2.0638(16) Å for Co(1)–O(1), 2.131(16) Å for Co(1)–O(3) and 2.049 Å for

Co(1)–O(7). When the two Co(1)–O bonds are in cis-positions the associated angles

range from 84.72(8)� to 95.28(8)�, which means that the coordinate sphere for Co(1)

atom is a distorted octahedron. Co(2) atom is also coordinated by six oxygen atoms,

in which five oxygen atoms come from five H2O molecules and another one is from a

Synthesis, crystal structure and magnetic behavior of a one-dimensional... 831



carboxylate group. The data of the bond distances and the associated angles also indi-

cate that Co(2) atom lies in a distorted octahedron. Obviously, the coordinate mode of

the present complex is different from that of other complexes [20–23], in which ben-

zene-hexacarboxylate is used as ligand. The Co(II) ions, the coordinated atoms and

the atoms of benzen-hexacarboxylate constitute different planes and some of them

are C(1), C(2), C(3), C(1B), C(2B) and C(3B) atoms in plane 1; Co(1), O(1), O(3),

O(1A) and O(3A) atoms in plane 2; Co(2), O(5), O(9), O(10) and O(12) atoms in pla-

ne 3 closely; O(3), O(4) and C(5) atoms in plane 4; O(1), C(4) and O(2) atoms in plane

5, and O(5), C(6) and O(6) atoms in plane 6. The degrees between the planes are 68.3�

for planes 1 and 4; 112.3� for planes 1 and 5; 51.2� for planes 1 and 6; 59.0� for planes 2

and 4; 122.1� for planes 2 and 5; 26.2� for planes 3 and 6. Fig. 2 shows the one-dimen-

sional chain structure and it indicates that the chain consists of the seven-member

rings and the benzene-rings. Fig. 3 displays the unit cell and the arrangement of the

chains in the crystal. It can be known that the one-dimensional chain lies along b axis

and the chains are arranged orderly along c direction through the hydrogen bonding,

which constitute the two-dimensional sheet in bc plane and the sheets pile up along a

direction to form the three-dimensional structure.

Magnetic properties: Fig. 4 shows the relationship of �MT versus T, where �M is

the molar magnetic susceptibility per Co3 unit. At room temperature, the value of �MT

is 5.733 cm
3
�K�mol

–1
, which is close to value expected for isolated three S = 3/2
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Figure 1. A diagram of the title complex coordination with atom numbering scheme.



spins (5.627 for gCo = 2). The �MT values decrease gradually with the decreasing tem-

perature, from 5.733 cm
3
�K�mol

–1
at 300 K reach 3.283 cm

3
�K�mol

–1
at 4.92 K. Vie-

wed from the crystal structure, the major magnetic interaction of the present complex

deals with Co(1) and Co(1A) ions, Co(1) and Co(1B) ions, Co(1) and Co(2) ions, and

Co(1) and Co(2B) ions. Obviously, it is not a uniform chain structure and up to now

there is no appropriate theoretic model to be used in the structure. We use the Cu-

rie-Weiss law to analyze the magnetic data tentatively and the values of magnetic su-

sceptibility obey this law with a negative Weiss constant � = –10.644 K. The � value

suggests that there exists a weak antiferromagnetic coupling between the Co(II) ions.

Generally, one of the factors that affect the magnetic exchange interaction is whether
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Figure 2. Structure of the one-dimensional chain.

Figure 3. Packing plot of the complex viewed along b axis of the unit cell.



there exists a delocalized 	 orbital between the bridging parametallic ions [24–25]. In

the present complex the values of the angles between the planes, as mentioned above,

indicate that there exist no delocalized 	 orbitals between Co(1) ion and Co(1A) ion,

or between Co(1) ion and Co(2) ion, which constitutes one of the factors that limit the

magnetic exchange interaction effectively and leads to the weak coupling between

the cobalt(II) ions.

Supplemental material: The X-ray crystallographic file, in CIF format, has been deposited with the

Cambridge Crystallographic Data Centre, CCDC No. 198792 for the crystal. Copy of this information

may be obtained free of charge from the Cambridge Crystallographic Data Centre, 12, Union Road, Cam-

br idge , CB2 1EZ, UK (fax : +44-1223-336033 ; e -mai l :depos i t@ccdc .cam.ac .uk or

www.ccdc.cam.ac.uk/conts/retrieving.html
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