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Abstract

Using mixed ligands and hydrothermal reactions, five new coordination polymers, [Co(o-CCA)(bpe)(H,0)], - 0.25#CH30H (1), [Ni(o-
CCA)(bpe)(H,0)], - 0.5#H,0 (2), [M(p-CCA)(bpe); 5(H>0)], - nH,O (M = Co, (3); Ni, (4)) and [Co(o-BDC)(bpe)(H,0)], - nH,O (5)
(H,CCA = carboxycinnamic acid; bpe = 1,2-bis(4-pyridyl)ethane; o-H,BDC = 1,2-benzenedicarboxylic acid) were obtained. Complexes
1-4 possess complicated 3D metal-organic frameworks, but different position of functional dicarboxylate groups results in different archi-
tecture, forming diversity of structures. 1 and 2, 3 and 4 are isomorphous, respectively, in which solvent molecules are clatharated. When
0-BDC instead of CCA was used, complex 5 was obtained, which is of (4,4) 2D grid-like layers with cavities. Thermal stabilities of com-

plexes 1-4 were discussed.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Metal-organic coordination polymers have received
increasing interest in recent decades, not only because of
their intriguing variety of architectures and topologies,
but also because of their potential applications in catalysis
[1], molecular separation [2], gas storage [3] and sensors [4].
In constructing coordination polymers, multifunctional
ligands such as a variety of polyacids, 4,4’-bipyridine and
1,2-bis(4-pyridyl)ethane are used as linkers, forming
extended networks having grid [5], honeycomb [6], brick
wall [7] and other geometries [8]. The assembly of metal
ions and ligands in coordination polymers can be regarded
as a programmed system in which the stereo and interactive
information stored in the ligands is read by the metal ions
through the algorithm defined by their coordination geom-
etry [9]. Hence, the selection or design of a suitable ligand is
crucial to the construction of coordination polymers. Carb-
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oxycinnamic acid (H,CCA) has common characteristics of
exo-dicarboxylic acids: (a) it has two carboxyl groups that
may be completely or partially deprotonated, resulting in
rich coordination modes. (b) It can act not only as hydro-
gen bond acceptor, but also as hydrogen bond donor,
depending on the number of deprotonated carboxyl
groups. Moreover, H,CCA possesses two asymmetric car-
boxylate groups, acrylate and formate groups, and the for-
mer one is flexible and can rotate to some degree. However,
the coordination chemistry of H,CCA is seldom reported.
Kurmoo et al. reported one cobalt(Il) complex of p-carb-
oxycinnamic acid (p-H>,CCA) [Co(p-CCA)(H,0),], consist-
ing of square-grid layers [10]. And Cao et al. reported four
cadmium(II) complexes of o-carboxycinnamic acid (o-
H,CCA) [11]. By introducing different auxiliary ligands,
the four complexes are assembled from single-stranded
helical chains, double-stranded zigzag chains to 2D layers.
Benzenedicarboxylic acid (H,BDC) is one of the best rigid
ligands used to construct coordination polymers [12]. In
order to study how the asymmetric and the symmetric
dicarboxylate groups impact the dimension and structure
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of the complexes, we selected p-H,CCA, 0-H,CCA, p-
H,BDC and 0-H,BDC, together with 1,2-bis(4-pyridyl)eth-
ane (bpe) as linkers, to assemble coordination polymers.
Under hydrothermal conditions, we obtained six coordina-
tion polymers, [Co(o-CCA)(bpe)(H,0)], 0.25nCH30H
(1), [Ni(o-CCA)(bpe)(H,0)], - 0.5nH,0 (2), [M(p-CCA)(b-
pe)1s(H0)], - nH O (M =Co, (3); Ni, (4)), [Co(o-
BDC)(bpe)(H,0)], - "H,O (5) and [Co(p-BDC)(bpe)], (6).
Complex 6 is the same to that reported by Fu et al. [13],
therefore, we report the syntheses and characterizations
of five new complexes 1-5.

2. Experimental
2.1. Materials and apparatus

All reagents were used as received without further puri-
fication. The C, H, N microanalyses were carried out with a
Vario EL elemental analyzer. The IR spectra were recorded
with a Nicolet Avatar 360 FT-IR spectrometer using the
KBr pellet technique.

2.2. Synthesis

2.2.1. Synthesis of [Co(0o-CCA)(bpe)(H>0)],0.25n-
CH;0H(1)

A mixture of o0-H,CCA (0.02g, 0.1 mmol),
CoCl, - 6H,0 (0.024 g, 0.1 mmol), bpe (0.018 g, 0.1 mmol),
CH3;0H (5 mL) and deionized water (5 mL) was sealed in a
Teflon-lined stainless vessel (25 mL), and heated at 140 °C
for 72 h, then cooled slowly to room temperature. Yield:
0.037 g (80.4%). Anal. Calc. for Cy »5H>1N>05,5Co: C,
58.13; H, 4.57; N, 6.10. Found: C, 58.31; H, 4.81; N,
6.14%. IR data (KBr pellet, cm™'): 3442s, 3065m, 1637m,

1616s, 1571m, 1546s, 1419s, 1394s, 1285w, 1224w, 1071w,
1022w, 973w, 821w, 772m, 758m.

2.2.2. Synthesis of [Ni(o-CCA)(bpe)(H>0)], 0.5nH,0
(2)

A mixture of o-H,CCA (0.02 g, 0.1 mmol), NiCl, - 6H,O
(0.024 g, 0.1 mmol), bpe (0.018 g, 0.1 mmol), NaOH aque-
ous solution (0.3 mL, 0.65mol L") and deionized water
(5mL) was sealed in a Teflon-lined stainless vessel
(25 mL), and heated at 140 °C for 72 h, then cooled slowly
to room temperature. Columnar crystals were obtained,
washed with water and ethanol, and dried in air. Yield:
0026g (565%)) Anal. Calc. for C22H21N205.5Ni2 C,
57.38; H, 4.56; N, 6.09. Found: C, 57.52; H, 4.85; N,
5.94%. IR data (KBr pellet, cm™Y): 3454m, 3068m,
1637m, 1618s, 1571m, 1543s, 1411s, 1394s, 1285w, 1225w,
1071w, 973m, 821m, 772m, 759m.

2.2.3. Synthesis of [Co(p-CCA)(bpe); s(H>0) ], nH>0
(3)

The synthesis of complex 3 followed the similar proce-
dure as for complex 2 except using p-H,CCA instead of
0-H,CCA. Yield: 0.025 g (44.5%). Anal. Calc. for CygHog-
N;0¢Co: C, 59.84; H, 4.99; N, 7.48. Found: C, 59.58; H,
5.17; N, 7.50%. IR data (KBr pellet, cm™'): 344ls,
2930m, 1616s, 1559m, 1425m, 1376s, 1224m, 1070w,
1020m, 982w, 816m, 791m, 605w, 551m.

2.2.4. Synthesis of [Ni(p-CCA)(bpe);s(H>0)], nH,0
(4)

The synthesis of complex 4 followed the similar proce-
dure as for complex 3. Yield: 0.026 g (46.3%). Anal. Calc.
for C,gH,gN3OgNi: C, 59.87; H, 5.35; N, 7.48. Found: C,
59.56; H, 5.06; N, 7.42%. IR data (KBr pellet, cm™):

Table 1
Crystal data and structure refinement parameters for 1-5
1 2 3 4 5
Chemical formula C22>25H21N205_25C0 C22H21N205_5()Ni C28H23N306C0 ngHngg,O(,Ni Cz()Hz()Nzof,CO
Crystal system orthorhombic orthorhombic monoclinic monoclinic monoclinic
Space group Pecn Pecn C2/c C2/ec P2,/n
a(A) 19.511(3) 19.459(2) 21.397(5) 21.314(8) 13.627(2)
b (A) 13.258(2) 13.166(1) 14.159(3) 14.144(5) 8.809(1)
c(A) 16.241(3) 16.118(1) 20.368(5) 20.383(7) 15.457(2)
o (°) 90 90 90 90 90
B (°) 90 90 120.154(4) 120.298(5) 90.720(2)
7 (°) 90 90 90 90 90
v (A% 4201.3(1) 4129.6(6) 5336(2) 5305(3) 1855.6(4)
Z 8 8 8 8 4
F000) 1900 1912 2336 2344 916
Deate (mgm™2) 1.452 1.480 1.398 1.405 1.587
Formula weight 459.34 460.12 561.46 561.24 443.31
T (°C) 293(2) 293(2) 293(2) 293(2) 293(2)
0 Range (°) 1.86-26.40 1.87-25.01 1.83-25.01 1.82-25.01 1.98-26.32
Absorption coefficient (mm™ ") 0.855 0.979 0.690 0.779 0.967
Goodness-of-fit on F* 0.995 1.093 1.029 1.146 1.026
Final R indices [/ > 20(1)] R, =0.0468, Ry =0.0413, R, =0.0699, R, =0.0644, R, =0.0341,
wR, =0.1093 wR, =0.1052 wR, = 0.1391 wR, = 0.1564 wR, =0.0799
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3456s, 2972m, 1616s, 1560m, 1425m, 1377s, 1232m, 1070w,
1022m, 981w, 817m, 791m, 605w, 551m.

2.2.5. Synthesis of [Co(o-BDC)(bpe)(H>0)], nH>0 (5)
The synthesis of complex 5 followed the similar proce-
dure as for complex 2 except using 0o-H,BDC instead of
0-H,CCA. Yield: 0.023 g (51.9%). Anal. Calc. for CyoHsg-
N,04Co: C, 54.14; H, 4.51; N, 6.32. Found: C, 54.12; H,
4.55; N, 6.37%. IR data (KBr pellet, cm*l): 3406m,
3068w, 2926w, 2856w, 1640m, 1610m, 1578s, 1539,
1438m, 1385s, 1227w, 1072w, 829m, 768m, 717m, 693m.

2.3. X-ray diffraction determination

Diffraction intensities for the six complexes were col-
lected at 293 K on a Bruker SMART 1000 CCD diffrac-
tometer employing graphite monochromatized Mo Ko
radiation (4=0.71073 A). Semi-empirical absorption
correction was applied using the sapaBs program. The
structures were solved by direct methods and refined by
full-matrix least-squares on F> using SHELXTL 97 program
[14]. Non-hydrogen atoms were refined anisotropically.
All hydrogen atoms were initially located in a difference
Fourier map. The O-H distances were then fixed at
0.85 A and Ujso(H) of the hydrogen atoms of H,O was
1.5 times of Ug,(O) in the next refinement. The crystallo-
graphic data for complexes 1-5 are listed in Table 1, and
selected bond lengths (A) and bond angles (°) in Tables 2
and 3.

Table 2
Selected bond lengths (A) and angles (°) for complexes 1 and 2
1
Co(1)-0(1) 2.053(3)  Co(1)-0O(5) 2.156(3)
Co(1)-0O(3)#1 2.149(3) Co(l) N(1) 2.158(4)
Co(1)-O(4)#1 2.169(3) )-N(2) 2.106(4)
)-Co(1)- O (3)#1 103.6(1) O(5)-Co(1)-O(4)#1 87.1(1)
O(l) Co(1)-O(4)#1 164.1(1) O(5)-Co(1)-N(1) 175.9(1)
)-Co(1)-O(5) 89.6(1) N(1)-Co(1)-O(4)#1 96.0(1)
0(1) Co(1)-N(1) 88.2(1) N(2)-Co(1)-O(3)#1  157.9(1)
O(1)-Co(1)-N(2) 98.9(1) N(2)-Co(1)-O(4)#1 96.7(1)
O(3)#1-Co(1)-O(4)#1 61.0(1) N(2)-Co(1)-0(5) 90.1(1)
O(3)#1-Co(1)-0O(5) 91.1(1) N(2)-Co(1)-N(1) 86.9(2)
O(3)#1-Co(1)-N(1) 92.7(1)
2
Ni(1)-O(1) 2.045(2)  Ni(1)-0O(5) 2.100(2)
Ni(1)-O(3)#1 2.129(2)  Ni(1)-N(1) 2.109(3)
Ni(1)-O(4)#1 2.108(2)  Ni(1)-N(2) 2.061(3)
1)-Ni(1)-O(3)#1 101.3(1) O(5)-Ni(1)-O(4)#1 87.1(1)
O(1)-Ni(1)-O(4)#1 163.3(1) O(5)-Ni(1)-N(1) 177.3(1)
O(1)-Ni(1)-O(5) 90.5(1) N(1)-Ni(1)-O(3)#1 92.8(1)
O(1)-Ni(1)-N(1) 87.4(1) N(2)-Ni(1)-O(3)#1 160.9(1)
1)-Ni(1)-N(2) 97.9(1) N(2)-Ni(1)-O(4)#1 98.7(1)
O(4)#1-Ni(1)-O(3)#1 62.2(1) N(2)-Ni(1)-0(5) 90.8(1)
O(4)#1-Ni(1)-N(1) 95.4(1) N(2)-Ni(1)-N(1) 87.7(1)
O(5)-Ni(1)-0O(3)#1 89.3(1)

Symmetry transformations used to generate equivalent atoms: #1 —x + 1,
y+1/2, —z+1/2.

Table 3
Selected bond lengths (A) and angles (°) for complexes 3, 4 and 5
3
Co(1)-0(1) 2.140(4)  Co(1)-N(1) 2.124(4)
Co(1)-0(3) 2.113(4)  Co(1)-N(2)#1 2.149(4)
Co(1)-0(5) 2.072(4)  Co(1)-N(3) 2.140(4)
O(1)-Co(1)-N(2)#1  84.6(2) 0(5)-Co(1 ) (2)#1 95.1(2)
0(3)-Co(1)-0O(1) 175.9(2) 0(5)-Co(1 (3) 176.6(2)
O(3)-Co(1)-N(1) 88.8(2) N(l) Co(l N@3) 88.8(2)
O(3)-Co(1)-N(2)#1  97.4(2) N(1)-Co(1)-O(1) 89.5(2)
0O(3)-Co(1)-N(3) 89.2(2) N(3)-Co(1)-O(1) 94.4(2)
O(5)-Co(1)-0O(1) 88.9(2) N(1)-Co(1)-N(2)#1 171.9(2)
0(5)-Co(1)-0(3) 87.4(1) N(3)-Co(1)-N(2)#1 86.1(2)
O(5)-Co(1)-N(1) 90.4(2)
4
Ni(1)-0(1) 2.127(3)  Ni(1)-N(1) 2.089(4)
Ni(1)-0(3) 2.111(3)  Ni(1)-N(2)#1 2.116(4)
Ni(1)-0(5) 2.056(4)  Ni(1)-N(3) 2.111(4)
(D)-Ni(1)-N(2)#1  85.1(1) O(5)-Ni(1)-N(2)#1 95.0(2)
0( )-Ni(1)-O(1) 176.3(1) O(5)-Ni(1)}-N(3) 176.4(1)
O(3)-Ni(1)-N(1) 88.0(2) N(l)—Ni(l)—O(l) 89.9(2)
O(3)-Ni(1)-N(2)#1 97.2(2) )-Ni(1)-N(2 173.0(2)
O(3)-Ni(1)-N(3) 89.2(2) N(l) Ni(1) N(S) 89.1(2)
O(5)-Ni(1)-0O(1) 89.6(1) )-Ni(1)-O(1) 93.8(2)
0(5) Ni(1)-0(3) 87.4(1) N(3)—Ni(1) -N(2)#1 86.4(2)
(5)-Ni(1)-N(1) 89.8(2)
5
Co(1)-0(1) 2.055(2)  Co(1)-O(5) 2.156(2)
Co(1)-0(3) 2.152(2)  Co(1)-N(1) 2.161(2)
Co(1)-O(4)#1 2.066(2) Co(l) N(Q2)#2 2.151(2)
(1)-Co(1)-0(3) 89.35(6)  O(4)#1-Co(1)-O(5) 97.06(7)
( -Co(1)-O(4)#1  172.2(6) O(4)#1-Co(1)-N(1) 89.90(7)
O(1)-Co(1)-0(5) 89.33(7)  O(4)#1-Co(1)-N(2Q)#2  86.71(7)
O(1)-Co(1)-N(1) 94.97(7)  O(5)-Co(1)-N(1) 87.11(7)
O(1)-Co(1)-N(2)#2  88.56(7)  N(2)#2-Co(1)-O(3) 90.18(7)
0(3)-Co(1)-0(5) 177.6(7) N(2)#2-Co(1)-0(5) 91.82(7)
0(3)-Co(1)-N(1) 90.98(7)  N(2)#2-Co(1)-N(1) 176.3(8)
O(4)#1-Co(1)-0(3) 84.41(6)

Symmetry transformations used to generate equivalent atoms: (#1)
—x+1/2,y+1/2, —z+ 1/2 for 3and 4, (#1) —x +5/2, y + 1/2,—z + 1/2;
(#2) x+ 1, y, z for 5.

3. Results and discussion
3.1. Description of the structures

Complexes 1 and 2, 3 and 4 are two isomorphous pairs
except that in complexes 1 and 2, the clathrated guest mol-
ecules are different (CH30H for complex 1 and H,O for
complex 2). And because of the different radii of the Co(II)
and Ni(II) ions, there are corresponding differences in the
distances of M-O and M-N (M = Ni or Co) in the two
paired complexes, however only the structures of 1, 3 and
5 will be described in detail.

3.1.1. [Co(0o-CCA)(bpe)(H>0)],-0.25nCH;0H (1)

The coordination environment of Co(II) ion in complex
1 is shown in Fig. 1. Each Co(II) ion is six-coordinated by
three oxygen atoms (O(1), O(3A), O(4A)) of two 0-CCA
anions, one oxygen atom (O(5)) of water molecule and
two nitrogen atoms (N(1), N(2)) of two bpe ligands,
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Fig. 1. Coordination environment of Co(1l) ion in complex 1 with 30%
thermal ellipsoids, all hydrogen atoms and crystal water molecules are
omitted for clarity.

leading to a distorted octahedron. There is one kind of
crystallographically independent 0o-CCA anion, acting as
a tridentate ligand (see Scheme la). The formate group
of the 0-CCA anion adopts a monodentate mode, while
the acrylate adopts a chelating-bidentate mode, and thus
the 0-CCA anion bridges two Co(II) ions, and the Co- - -Co

O

/
AN

C
O0—wMm

(0]
CHCHc<O>M

(a)

Fig. 2. (a) 1D zigzag chain constructed by 0o-CCA linking Co(II) ions and
(b) the simplified representation of the 2D layers in complex 1 viewed
along the c¢ axis.

distance is 7.181 A (7.157 A for Ni). All Co(I) ions are
linked by 0-CCA anions into 1D infinite zigzag chains, as
shown in Fig. 2(a). Along the c¢ axis, the chains are parallel
to each other, forming 2D layers (see Fig. 2(b) A, B, C).
In complex 1, bpe molecules adopt two conformations,
anti and gauche forms (see Scheme 1f). They all act as
bidentate ligands, bridging Co(II) ions into wave-like
chains, as shown in Fig. 3. All these chains are parallel to

AR

anti

Scheme 1. The coordination modes of the ligands in complexes 1-6.
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A B C

Fig. 3. The simplified representation of wave-like chains constructed by
bpe linking Co(1I) ions in complex 1 viewed along the b axis.

each other, forming 2D layers (see Fig. 3 A, B, C). The
chains shown in Figs. 2 and 3 intersect at Co(II) ions and
thus form a 3D metal-organic framework, in which free
methanol molecules are clathrated (see Fig. 4, crystal water
molecules in complex 2). Hydrogen bonds are observed
between the coordination water molecules and the uncoor-
dinated carboxylate oxygen atoms (H---O=1.831 A,
O---0 =2.662 A, ZOHO = 164.2°), and between the free
methanol molecules and the uncoordinated carboxylate
oxygen atoms (H---O=1895A, O---O0=2738A,
/0OHO = 170.8°), which brings further stability for the
structure.

3.1.2. [Co(p-CCA)(bpe);s(H,0)], nH>0 (3)

Complex 3 possesses a 3D metal-organic framework
with clathrated free water molecules. There is only one
metal environment in complex 3, as shown in Fig. 5. The
coordination geometry around each Co(II) ion, comprising

-

AR I [N s o

PR ol e

W QP

Sl
A‘@"ﬁb‘ ,‘a’,,g

»v . {
A TR

Fig. 4. The 3D network of complex 1 viewed along the « axis (the space
filling diagram represents the clathrated methanol molecules).

Fig. 5. Coordination environment of Co(Il) ion in complex 3 with 30%
thermal ellipsoids, all hydrogen atoms and crystal water molecule are
omitted for clarity.

N;0; from two p-CCA anions, one water molecule and
three bpe molecules, can be described as a distorted octahe-
dron. The oxygen atom (O5) of water molecule and the
nitrogen atom (N3) of bpe ligand occupy the axial position.
There is one kind of crystallographically independent p-
CCA anion, acting as a bidentate ligand (see Scheme 1b).
Both carboxylate groups of p-CCA anion adopt a monod-
entate mode, bridging two Co(II) ions, and the Co---Co
distance is 7.657 A (7.641 A for Ni). In complex 3, p-
CCA anions are disordered and the occupancy is 0.5. All
Co(II) ions are linked by p-CCA anions into 1D straight
infinite chains, as shown in Fig. 6(a). The chains are paral-
lel to each other, forming 2D layers, as shown in Fig. 6(b)
A, B, C and D.

In complex 3, bpe ligands adopt two conformations, and
act as bidentate ligands, too. All Co(II) ions are bridged by
bpe ligands to form 2D brick-wall-like grids, as shown in
Fig. 7. The chains shown in Fig. 6 and grids shown in
Fig. 7 intersect at Co(II) ions, and thus form a 3D compli-
cated metal-organic framework. And free water molecules
are clathrated. There are hydrogen bonds between the
coordinated/free water molecules and the uncoordinated
carboxylate oxygen atoms (H-.--O=1.887-2.767 A,
O---0=2.583-2.892 A, ZOHO = 128.5°-138.0°), which
stabilizes the structure.

3.1.3. [Co(0-BDC)(bpe)(H,0)], nH,0 (5)

There is only one kind of metal environment in complex
5 (see Fig. 8). Each Co(II) ion is coordinated by three oxy-
gen atoms (O(1), O(3), O(4A)) of two 0-BDC anions, one
oxygen atom (O(5)) of coordinated water molecule and
two nitrogen atoms (N(1), N(2A)) of two bpe ligands.
The coordination geometry can be described as a distorted
octahedron. In complex 5, 0-BDC anion adopts a triden-
tate mode, as shown in Scheme 1c. One carboxylate group
adopts a bridging-bidentate mode, and the other adopts a
monodentate mode, thus linking two Co(II) ions, in which
the Co---Co distance is 5.290 A. All bpe ligands are in
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%

\D

A
C

Fig. 6. (a) 1D chain constructed by p-CCA linking Co(1l) ions and (b) the simplified representation of the 2D layers in complex 3.

(a)

(b)

Fig. 7. (a) The brick-wall-like grids constructed by bpe linking Co(II) ions in complex 3 and (b) the brick-wall scheme of Co(II)-bpe linking assembly in

complex 3.

Fig. 8. The coordination environment of Co(Il) ion in complex 5 with
30% thermal probability, all hydrogen atoms are omitted for clarity.

anti-form and act as bidentate ligands. Both o-BDC anions
and bpe ligands link Co(II) ions into (4,4) 2D grid-like lay-
ers with cavity of 13.627x5.290 A. These layers are
stacked parallel along the ¢ axis exhibiting the ABABAB
sequence (see Fig. 9(a)). Crystal water molecules are
located between the layers, as shown in Fig. 9(b). There
are hydrogen bonds between the coordinated/crystal water
molecules and carboxylate oxygen atoms (H---O =2.110-
2311A, 0---O= 2880-2972A, /OHO = 134.4°-
163.2°), and between the coordinated water molecules
and  crystal ~water molecules (H---O=2.121 A,
0---0=2924 A, ZOHO = 156.7°).

3.1.4. Comparison of the structures
From the above descriptions, it is obvious that the geom-
etry of ligands has a significant effect on the formation and
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A
. |
(a)

(b)

Fig. 9. (a) The simplified representation of 2D layers of complex 5 and (b) the 3D network of complex 5 viewed along the b axis (the red balls represent
crystal water molecules). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

structure of the complexes. Complexes 1-4 all possess 3D
metal-organic frameworks, while complexes 5 is of (4,4)
2D grid-like layers with cavities, and complex 6 is of 3D
cuboidal box-like structure [13]. This may be attributed to
flexible CCA ligands in complexes 1-4 and rigid BDC
ligands in complexes 5 and 6, respectively. The combination
of mixed flexible ligands such as CCA and bpe in the con-
struction of coordination polymers may result in compli-
cated structure, while mixed rigid and flexible ligands such
as BDC and bpe may result in regular geometry. Other
examples can be found in literatures, such as 3,4-pyridined-
icarboxylate and bpe [15], 5-nitro-1,3-benzenedicarboxylate
and bpe [16], 0-H,CCA and 4,4’-bipyridine [11], nitrilotri-
acetic acid and 4,4'-bipyridine [17], 4,4’-oxybis(benzoic
acid) and 4,4'-bipyridine [18]. In order to construct regular
geometry for coordination polymers, it is feasible to use
mixed rigid and flexible ligands, rather than mixed flexible
ligands.

Comparing the structures of complexes 1 and 3, it can be
concluded that the position of functional groups takes an
important role in formation and architecture of the com-
plexes. In 0-CCA anions, the two carboxylate groups are
in the adjacent position and there is an angle of nearly
60° between the two carboxylate groups; while in p-CCA
anions, the two carboxylate groups are in opposite posi-
tion. So the two carboxylate groups in 0-CCA anion are

Table 4
Thermogravimetric analyses data of complexes 1-4
1 2 3 4

The first weight loss 91-161 126-206 105-173 126-185
temperature [°C]

Loss of weight: Found 5.9(5.7) 5.8(5.9) 6.1(6.4) 6.2(6.4)
(Calc.) [%)]

Further decomposition 196-685 263-712 185-600 223-610
temperature [°C]

The residue CoO NiO CoO NiO

much nearer than those in p-CCA anion, which induces dif-
ferent steric effect. In complex 1, there are two bpe and two
0-CCA anions around each Co(II) ion, while in complex 3
there are three bpe and two p-CCA anions. In order to
complete the six-coordination of the Co(Il) ion, the acry-
late group of 0-CCA anion adopts a chelating-bidentate
mode in complex 1 (see Scheme la). That is the reason
why p-CCA and 0-CCA anions adopt different coordina-
tion modes. Similar situation is observed in complexes 5
and 6. In complex 5, 0-BDC anions act as tridentate
ligands (see Scheme 1c), while in complex 6, p-BDC anions
adopt bis(monodentate) mode and bis(chelating-bidentate)
mode (see Scheme 1d and e) [13], which induces distinctive
structures for complexes 5 and 6.

3.2. Thermal analyses

Thermogravimetric analyses of the complexes 1-4 were
carried out to examine their thermal stabilities. The data
of the thermogravimetric analyses for 1-4 are listed in
Table 4. All guest molecules (methanol for 1 and water
for 2-4) and coordinating water molecules were lost at
the first weight loss, indicating that the clathrated mole-
cules are correlated with the formation and architecture
of metal-organic frameworks in complexes 1-4. Taking
complex 1 as an example, the TG curve shows that the first
weight loss of 5.9% from 91 °C to 161 °C corresponds to
the loss of free methanol molecules and coordinating water
molecules (caled. 5.7%). Increasing temperature led to the
further decomposition of complex 1 at 196 °C. The final
pyrolysis was completed at 685 °C, giving the powder of
CoO.

4. Conclusion

In summary, using hydrothermal reactions, we obtained
five new coordination polymers [Co(o-CCA)(bpe)(H,0)],
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+0.25nCH;30H (1), [Ni(o-CCA)(bpe)(H,0)],, - 0.5nH,0 (2),
[M(p-CCA)(bpe): s(H>0)], - nH,0 (M = Co, (3); Ni, (4)
and [Co(o-BDC)(bpe)(H,0)], - ntH,O (5)). In complex 1,
bpe ligands link Co(II) ions into wave-like chains, while
in complex 3, Co(Il) ions are bridged by bpe into brick-
wall-like grids, which is mainly attributed to coordination
characteristics of 0-CCA anion and p-CCA anion, respec-
tively. The position of functional dicarboxylate groups
takes an important role in the architectures of metal-
organic frameworks. Complexes 1-4 all possess 3D compli-
cated and different metal-organic frameworks, while
complex 5 is of (4,4) 2D grid-like layers with cavities. These
results show that in order to construct regular geometry, it
is feasible to use mixed rigid and flexible ligands rather
than mixed flexible ligands.

5. Supplementary data

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic Data
Centre, CCDC Nos. 601065-601069 for 1-5, respectively.
Copies of this information may be obtained free of charge
from the CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: +44 1223 336 033; e-mail:deposit@ccdc.cam.
ac.uk or www:http://www.ccdc.cam.ac.uk).

Acknowledgements

This project is supported by National Nature Science
Foundation of China (20331010, 20501003).

References

[1] (a) M. Fujita, Y.J. Kwon, S. Washizu, K. Ogura, J. Am. Chem. Soc.
116 (1994) 1151;
(b) T. Sawaki, Y. Aoyama, J. Am. Chem. Soc. 121 (1999) 4793;
(c) J.S. Seo, D. Whang, H. Lee, S.I. Jun, J. Oh, Y. Jeon, K. Kim,
Nature 404 (2000) 982;
(d) L. Pan, HM. Liu, X.G. Lei, X.Y. Huang, D.H. Olson, N.J.
Turro, J. Li, Angew. Chem., Int. Ed. 42 (2003) 542.

[2] (a) K.S. Min, M.P. Suh, Chem. Eur. J. 7 (2001) 303;
(b) K. Uemura, S. Kitagawa, M. Kondo, K. Fukui, R. Kitaura, H.C.
Chang, T. Mizutani, Chem. Eur. J. 8 (2002) 3587;
(c) D.N. Dybtsev, H. Chun, S.H. Yoon, D. Kim, K. Kim, J. Am.
Chem. Soc. 126 (2004) 32.

[3] (a) S. Noro, S. Kitagawa, M. Kondo, K. Seki, Angew. Chem., Int.
Ed. 39 (2000) 2081;
(b) M. Eddaoudi, J. Kim, N.L. Rosi, D.T. Vodak, J. Wachter, M.
O’Keeffe, O.M. Yaghi, Science 295 (2002) 469;
(c) L. Pan, M.B. Sander, X.Y. Huang, J. Li, M. Smith, E. Bittner, B.
Bochrath, J.K. Johnson, J. Am. Chem. Soc. 126 (2004) 1308.
[4] (a) M. Albrecht, M. Lutz, A.L. Spek, G. Koten, Nature 406 (2000)
970;
(b) L.G. Beauvais, M.P. Shores, J.R. Long, J. Am. Chem. Soc. 122
(2000) 2763.
[5] (a) M. Eddaoudi, D.B. Moler, H. Li, B. Chen, T.M. Reineke, M.
O’Keeffe, O.M. Yaghi, Acc. Chem. Res. 34 (2001) 319;
(b) M.E. Braun, C.D. Steffek, J. Kim, P.G. Rasmussen, O.M. Yaghi,
Chem. Commun. (2001) 2532;
(c) C. Ruiz-Pérez, P. Lorenzo-Luis, M. Herndndez-Molina, M.M. Laz,
F.S. Delgado, P. Gili, M. Julve, Eur. J. Inorg. Chem. (2004) 3873.
[6] (a) B.Q. Ma, P. Coppens, Chem. Commun. (2003) 2290;
(b) E. Coronado, J.R. Galan-Mascarés, C.J. Goémez-Garcia, E.
Martinez-Ferrero, S.V. Smaalen, Inorg. Chem. 43 (2004) 4808.
[7] (a) M. Oh, G.B. Carpenter, D.A. Sweigart, Angew. Chem., Int. Ed.
42 (2003) 2025;
(b) F.A.A. Paz, J. Klinowski, Inorg. Chem. 43 (2004) 3882.
[8] (a) J.F. Ma, J. Yang, G.L. Zheng, L. Li, J.F. Liu, Inorg. Chem. 42
(2003) 7531,
(b) D.N. Dybtsev, H. Chun, K. Kim, Angew. Chem., Int. Ed. 43
(2004) 5033.
[9] M.C. Hong, W.P. Su, R. Cao, M. Fujita, J.X. Lu, Chem. Eur. J. 6
(2000) 427.
[10] H. Kumagai, Y. Oka, K. Inoue, M. Kurmoo, J. Chem. Soc., Dalton
Trans. (2002) 3442.
[11] F. Li, Z. Ma, Y.L. Wang, R. Cao, W.H. Bi, X. Li, CrystEngComm. 7
(2005) 569.
[12] (a) H.L. Li, M. Eddaoudi, M. Okeefle, O.M. Yaghi, Nature 402
(1999) 276;
(b) M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wachter, M. Okeeffe,
O.M. Yaghi, Science 295 (2002) 469;
(c) K. Barthelet, J. Marrot, D. Riow, G. Férey, Angew. Chem., Int.
Ed. 41 (2002) 281;
(d) S. Kitagawa, R. Kitaura, S. Noro, Angew. Chem., Int. Ed. 43
(2004) 2334.
[13] Z.Y. Fu, X.T. Wu, J.C. Dai, S.M. Hu, W.X. Du, H.H. Zhang, R.Q.
Sun, Eur. J. Inorg. Chem. (2002) 2730.
[14] G.M. Sheldrick, sHELXTL 97, Program for the Refinement of Crystal
Structures, University of Gottingen, Germany, 1997.
[15] Z.Y. Fu, S.M. Hu, J.C. Dai, J.J. Zhang, X.T. Wu, Eur. J. Inorg.
Chem. (2003) 2670.
[16] J. Luo, M. Hong, R. Wang, R. Cao, L. Han, Z. Lin, Eur. J. Inorg.
Chem. (2003) 2705.
[17] X.Q. Lu, J.J. Jiang, C.L. Chen, B.S. Kang, C.Y. Su, Inorg. Chem. 44
(2005) 4515.
[18] C.Y. Sun, X.J. Zheng, S. Gao, L.C. Li, L.P. Jin, Eur. J. Inorg. Chem.
(2005) 4150.


http://www.ccdc.cam.ac.uk

	Dicarboxylate anion-dependent assembly of Co(II) and  Ni(II) coordination polymers with 1,2-bis(4-pyridyl)ethane
	Introduction
	Experimental
	Materials and apparatus
	Synthesis
	Synthesis of [Co(o-CCA)(bpe)(H2O)]n middot 0.25n-	CH3OH(1)
	Synthesis of [Ni(o-CCA)(bpe)(H2O)]n middot 0.5nH2O (2)
	Synthesis of [Co(p-CCA)(bpe)1.5(H2O)]n middot nH2O (3)
	Synthesis of [Ni(p-CCA)(bpe)1.5(H2O)]n middot nH2O (4)
	Synthesis of [Co(o-BDC)(bpe)(H2O)]n middot nH2O (5)

	X-ray diffraction determination

	Results and discussion
	Description of the structures
	[Co(o-CCA)(bpe)(H2O)]n middot 0.25nCH3OH (1)
	[Co(p-CCA)(bpe)1.5(H2O)]n middot nH2O (3)
	[Co(o-BDC)(bpe)(H2O)]n middot nH2O (5)
	Comparison of the structures

	Thermal analyses

	Conclusion
	Supplementary data
	Acknowledgements
	References


