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Three novel polymers, {[Cd(m-bdc)(L)] �H2O}n (1), [Co(m-bdc)(L)0.5(H2O)]n (2) and [Zn5(L)2(p-bdc)5

(H2O)]n (3) based on 1,10-bis(pyridin-3-ylmethyl)-2,20-biimidazole (L) ligand and benzenedicarboxylate

isomers, have been prepared and structurally characterized. Compound 1 exhibits a 2D architecture

with (42
�6)(42

�67
�8) topology, which is synthesized by L and 1,3-benzenedicarboxylate (m-bdc)

ligands. Compound 2 is constructed from 1D chains that are linked by L ligands extending a 2D (4,4)

grid. Compound 3 is a 3D framework with (43)(46
� 618
�84) topology, which is composed of trinuclear

clusters and five-coordinated metal centers joined through 1,4-benzenedicarboxylate (p-bdc) and L
ligands. Moreover, the fluorescent properties of L ligand, compounds 1 and 3 are also determined.

& 2008 Elsevier Inc. All rights reserved.
1. Introduction

Metal organic frameworks (MOFs) have received much atten-
tion in the field of supramolecular chemistry and crystal
engineering because of their diverse structures and promising
applications in catalysis, nonlinear optics, luminescent materials,
porous materials and microelectronics [1–5]. It is well-known that
the structural and functional information of such target materials
significantly relies on the metal and ligand precursors. In this case,
the design of new types of ligands for constructing unusual MOFs
is obviously not trivial at this stage and a variety of organic ligands
containing nitrogen donor or oxygen donor have been intensely
investigated due to their excellent coordination abilities [6,7].
Nowadays, increasing attention has been focused on flexible or
semirigid ligands because they can change their conformations
according to the requirements of different metal atoms and may
induce structures with novel topologies or properties [8]. Some
novel structures such as helical, interpenetrating frameworks
constructed from flexible ligands have been obtained [9–12].
Meanwhile, the use of ligand with multiple flexible arms
containing coordination sites has also aroused people’s interests
ll rights reserved.

).
recently [13], and variation in the category and relative arrange-
ment of the arms in this ligand might be expected to generate
assemblies of varying dimensionalities with novel structural and
functional properties.

2,20-Biimidazole (H2biim) has received much attention because
of its potential applications in supramolecular chemistry, bio-
chemistry, cluster science and antitumor drugs [14]. However,
designing and constructing novel MOFs from the derivatives of
H2biim remain largely unexplored [15–17]. With the aim of
preparing new materials with beautiful architectures and as a
continuing study of H2biim [18], we have synthesized a new two-
armed ligand based on H2biim, that is 1,10-bis(pyridin-3-
ylmethyl)-2,20-biimidazole (L) (Scheme 1). L ligand possesses
interesting features that are helpful to the formation of versatile
coordination structures: (I) L is a modified version of H2biim and
more flexible than H2biim because of the presence of the –CH2–
spacer between H2biim and pyridyl units and can change its
conformational geometry according to the demands of metal
centers. (II) L ligand can provide two kinds of nitrogen atoms to
coordinate with metal atoms, namely, nitrogen atom from the
imidazole ring (Nim) and nitrogen atom from the pyridyl ring
(Npy). Recently, Kim, Hupp and Chen reported a series of porous
MOFs constructed from mixed organic linkers, exhibiting inter-
esting properties [19–21]. Enlightened by them and to facilitate
the generation and crystallization of metal complexes with the L

www.sciencedirect.com/science/journal/yjssc
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dx.doi.org/10.1016/j.jssc.2008.05.039
mailto:Qiuyq466@nenu.edu.cn


ARTICLE IN PRESS

Scheme 1. 1,10-Bis(pyridin-3-ylmethyl)-2,20-biimidazole (L).

Table 1
Crystal data and structure refinement for compounds 1–3

Complex 1 2 3

Empirical formula C26H20N6O5Cd C17H14N3O5Co

C76H56N12O22Zn5 Formula weight 608.88 399.24
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ligand, we introduce benzenedicarboxylate (bdc) isomers (m-bdc
and p-bdc) as co-ligands to prepare new inorganic–organic hybrid
materials. First, bdc isomers exhibit versatile coordination behavior
and some examples constructed from bdc isomers have been
reported [22,23]. Second, bdc isomers contain two carboxyl groups
at distinct positions, which may engender significant special effect
and may induce novel structures. Finally, the deprotonated
carboxyl groups can act as anionic organic ligands to coordinate
with the metal center as well as to compensate the charge [24]. The
possibility of L and bdc ligands to coordinate with metal ions
potentially allows access to frameworks of novel topologies.
Additionally, MOFs constructed from mixed ligands might be
expected to exhibit useful properties or beautiful topologies.

In this paper, three unprecedented MOFs have been obtained
and characterized by single-crystal X-ray diffraction, which are
assembled by transition metal ions combined with L ligand and
bdc isomers in different molar ratios. Compared with complexes
constructed from H2biim and bdc ligands, there are many
differences in the three compounds, which may be due to the
steric effect and different coordination modes of L and bdc
ligands. Herein, we report the syntheses and single-crystal X-ray
structural characterizations of the three compounds. The XRPD for
compounds 1 and 3 and the infrared spectra for compounds 1–3
have also been examined. Compound 1 is a 2D binodal (3,5)-
connected structure with (42

�6)(42
�67
�8) topology, which is

constructed from cadmium salt, L and m-bdc ligands. Compound
2 is constructed from 1D chains formed by dinuclear subunits and
the 1D chains are linked by the L ligand exhibiting a 2D (4,4) grid.
Compound 3 is a 3D binodal (3,8)-connected network and its
Schläfli symbol is (43

�63)(46
� 618
�84) topology. Moreover, fluor-

escent properties of the L ligand, compounds 1 and 3 are also
examined in the solid state, indicating that they may be suitable
as candidates of fluorescent materials.
1816.28

Crystal system Monoclinic Triclinic Triclinic

Space group P21/c P�1 P�1

a (Å) 14.0452(10) 8.830(5) 9.953(3)

b (Å) 8.9061(7) 10.010(5) 13.276(4)

c (Å) 20.0847(15) 10.839(5) 16.945(5)

b (deg) 97.3740(10) 67.916(5) 76.527(5)

V (Å3) 2491.6(3) 772.2(7) 1954.3(9)

Z 4 2 1

m (mm�1) 0.93 1.15 1.594

T (K) 293(2) 293(2) 293(2)

Final R1, wR2

[I42s(I)]a

0.0419, 0.1103 0.0290, 0.0697 0.0322, 0.0726

Final R1, wR2 (all

data)b

0.0715, 0.1272 0.0333, 0.0725

0.0448,

0.0785

a R1 ¼ SJF0|�|FcJ/S||F0|.
b wR2 ¼ S[w(F0

2
�Fc

2)2]/S[w(F0
2)2]1/2.
2. Experimental section

The reagents and solvents were commercially available and
used as received without further purification. H2biim was
prepared according to the reported procedure [25]. Elemental
analyses (C, N and H) were performed on a Perkin-Elemer 2400
CHN elemental analyzer. FT-IR spectra were recorded in the range
400–4000 cm�1 on an Alpha Centaurt FT/IR Spectrophotometer as
KBr pellets. All measurements were performed at room tempera-
ture. The X-ray powder diffraction (XRPD) patterns were recorded
on a Siemens D5005 diffractometer with Cu KR (l ¼ 1.5418 Å)
radiation. The emission/excitation spectra were recorded on a
Varian Cary Eclipse spectrometer.
2.1. Synthesis of the L ligand

The L ligand was synthesized according to the reported
literature [26]. To a solution of H2biim (1 mmol) in 15 mL DMSO
was added 2 mmol 3-picolyl chloride hydrochloride and 4 mmol
NaOH. After the reaction mixture was stirred for 10 h at 50–60 1C,
the solvent was removed under vacuum. The rest were dissolved
in 50 mL water and then extracted by dichloromethane. The
organic layer was dried by anhydrous MgSO4 and then filtered.
After evaporating the solvent of dichloromethane, the products
would be obtained yielded by 70%.
2.2. Syntheses of complexes

{[Cd(m-bdc)(L)] �H2O}n (1): A mixture of Cd(OAc)2 �2H2O
(0.2 mmol), L (0.2 mmol), m-bdc (0.2 mmol), NaOH (0.4 mmol),
and H2O (9 mL) was placed in a 14 ml Teflon-lined stainless steel
vessel, and then the vessel was sealed and heated at 150 1C for 3
days. After the reaction mixture was slowly cooled down to room
temperature at the rate of 5 1C/h, colorless block crystals of
compound 1 were obtained. Yield: 70%. Anal. Calcd. for
C104H80N24O20Cd4: C, 51.29; H, 3.31; N, 13.80. Found C, 51.13; H,
3.35; N, 13.86. IR (cm�1): 3422 (w), 3106 (w), 1194 (w), 1131 (w),
61 (w), 1480 (m), 1432 (m), 1278 (m), 717 (m), 1603 (s), 1551 (s),
1386 (s), 750 (s).

[Co(m-bdc)(L)0.5(H2O)]n (2): A mixture of Co(OAc)2 �2H2O
(0.2 mmol), L (0.1 mmol), m-bdc (0.2 mmol), NaOH (0.4 mmol),
and H2O (9 mL) was placed in a 14 mL Teflon-lined stainless steel
vessel, and then the vessel was sealed and heated at 150 1C for 3
days. After the reaction mixture was slowly cooled down to room
temperature at the rate of 5 1C/h, purple block crystals of
compound 2 were obtained. Yield: 50%. Anal. Calcd. for
C34H28N6O10Co2: C, 51.14; H, 3.53; N, 10.52. Found C, 51.04; H,
3.37, N, 10.46. IR (cm�1): 3439 (w), 1574 (w), 1483 (w), 1274 (w),
1538 (m), 1443 (m), 1608 (s), 1396 (s), 735 (s).

[Zn5(L)2(p-bdc)5(H2O)]n (3): A mixture of Zn(OAc)2 �2H2O
(0.5 mmol), L (0.2 mmol), p-bdc (0.5 mmol), NaOH (1.0 mmol),
and H2O (9 mL) was placed in a 14 mL Teflon-lined stainless steel
vessel, and then the vessel was sealed and heated at 150 1C for 3
days. After the reaction mixture was slowly cooled down to room
temperature at the rate of 5 1C/h, colorless block crystals of
compound 3 were obtained. Yield: 65%. Anal. Calcd. for
C76H56N12O22Zn5: C, 50.26; H, 3.11; N, 9.25. Found C, 50.02; H,
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3.21; N, 9.31. IR (cm�1): 3423 (w), 3130 (w), 828 (w), 575 (w), 546
(w), 1508 )m), 1290 (m), 675 (m), 1640 (s), 1610 (s), 1584 (s), 1396
(s), 749 (s).

2.3. Crystal structure determinations

X-ray single-crystal diffraction data for complexes 1–3 were
performed with grasphite-monochromated Moka radiation. Re-
flection was collected with a Bruker Smart Apex detector. The
structures were solved by direct methods and refined on F2 using
SHELXTL-97 [27]. All non-hydrogen atoms were refined anisos-
Fig. 1. ORTEP drawing of the coordination environment of cadmium ion in

compound 1 with thermal ellipsoids at the 30% probability level. H atoms and

sovent water molecule are not shown for clarity.

Scheme 2. Coordination modes of m-bdc
tropically by full-matrix least-squares methods. The hydrogen
atoms were added geometrically and not refined. Further details
of X-ray structure analyses are given in Table 1, and selected bond
distances and angles for 1, 2 and 3 are listed in Table S1–Table S3.
3. Results and discussion

3.1. Crystal structures of compounds 123

When the L ligand, the m-bdc ligand and Cd(OAc)2 �2H2O were
used as materials, compound 1 was obtained. Single-crystal X-ray
diffraction analysis reveals that compound 1 is a 2D framework.
As shown in Fig. 1, the structure contains one crystallographically
unique cadmium center bonded by seven atoms furnishing a
distorted pentagonal bipyramidal geometry completed by three
nitrogen atoms from three L ligands and four oxygen atoms of two
carboxylate groups from two m-bdc ligands (Cd1–N1 ¼ 2.364(3) Å,
Cd1–N6A ¼ 2.428(3) Å, Cd1–O1 ¼ 2.390(3) Å, Cd1–O2 ¼ 2.413(3) Å,
Cd1–O3B ¼ 2.296(2) Å, Cd1–O4B ¼ 2.614(3) Å, Cd1–N5C ¼ 2.407(3)
Å). The distances accord with the reported compounds [28].

Each L acting as a tri-connector coordinates with three metal
centers through two Npy and one Nim donors forming a 1D
irregular ladder-like chain. Two imidazole rings of the L ligand are
not in the same plane, which have the dihedral angle of 70.951
compared with the reported complexes constructed from the
H2biim ligand [29,30]. Because of the existence of the –CH2–
spacer between the pyridyl ring and the H2biim unit, the L ligand
exhibits its flexibility and two pyridyl rings are almost vertical to
each other, having the dihedral angle of 82.791. Each m-bdc ligand
in structure 1 bonds with two metal atoms in the bis-chelating
coordination mode (Scheme 2a) forming a wave-like 1D chain
viewed along the a-axis and the chains are further interweaved by
1D ladder-like chains built from the L ligand, resulting in a 2D
network (Fig. 2).

A better insight into the nature of the framework can be
achieved by the application of a topological approach. Each metal
center in compound 1 is bonded with three L ligands and two
caboxylate groups from two m-bdc ligands forming a 5-connected
node. Each L ligand connects three metal centers acting as a
and p-bdc ligands in compounds 1–3.
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Fig. 2. View of the 2D structure of compound 1 in a polyhedral representation.

Fig. 3. Topological view of the 2D framework of compound 1.
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3-connected node. So the whole framework can be described as a
(3,5)-connected net with the Schläfli symbol of (42

�6)(42
�67
�8)

(the first is for the 3-connected L ligand and the second symbol for
the 5-connected cadmium center) shown in Fig. 3. Although a
large number of examples of three-, four- or six-connected
networks have been reported, to our knowledge, networks of five
connected are rare and especially few examples of binodal
topology containing five connected have been explored [31–34].
This example indicates that topological analysis is a useful tool for
the description of network.
To investigate the coordination chemistry of L and m-bdc
ligands with Co(OAc)2 �2H2O, compound 2 was synthesized,
which exhibits a 2D (4,4) sheet. The coordination environment
of the asymmetric unit is shown in Fig. 4. The Co(II) is six-
coordinated by five oxygen atoms and one nitrogen atom
furnishing a distorted octahedral geometry. The equatorial plane
is occupied by O1, O2, O3A and O4A from three different
carboxylate groups of three different m-bdc ligands
(Co1–O1 ¼1.9981(16) Å, Co1–O2 ¼ 2.0389(16) Å, Co1–O3A ¼
2.1084(15) Å, Co1–O4A ¼ 2.2517(18) Å), and the apical sites are
completed by Npy of L ligand and O1W from the water molecule
(Co1–N1 ¼ 2.1673(18) Å, Co1–O1W ¼ 2.1618(17) Å). The bond dis-
tances are comparable to the reported results [35].

Similar to the 4,40-bipyridine ligand, the L ligand also acts as a
bidentate ligand through its two Npy donors linking two metal
ions, while two Nim donors do not participate in coordinating with
metal ions. Two imidazole rings of the L ligand in structure 2 are
in the same plane and two pyridyl rings in one L ligand are
parallel to each other, while in compound 1 it has large dihedral
angles. Different from compound 1, each m-bdc ligand in
compound 2 connects with three cobalt centers in the chelating–
bridging coordination mode (Scheme 2b) forming a [Co(m-bdc)]n

chain formed by {Co2} subunits (Fig. 5a), and the 1D chain is
banded by different L ligands that are orientated in opposite
directions extending a 2D layer depicted in Fig. 5b. The {Co2}
binuclear structural units with the distance of Co–Co ¼ 4.395 Å
are formed by bridging carboxylate groups from two different m-
bdc ligands, which in turn are linked to each other through the
chelating carboxylate groups of m-bdc ligands similar to that of
{[Co(ip)(bpmp)] �H2O} [36], where 1D chains are linked into a 2D
framework through the L ligand. If the binuclear units are
regarded as a node, the whole framework of compound 2 can be
viewed as the common (4,4) grid (Fig. 6). Different from
compound 1, the chelating–bridging coordination mode of
m-bdc in compound 2 induces the formation of binuclear subunits
and the bi-connector of L ligand contributes to the construction of
the 2D framework.
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Fig. 5. (a) View of the 1D chain formed by binuclear structure units in compoun

Fig. 4. ORTEP drawing of the coordination environment of cobalt ion in compound

2 with thermal ellipsoids at the 50% probability level. H atoms are not shown for

clarity.
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Single-crystal X-ray diffraction analysis reveals that compound 3
is a 3D framework constructed from L and p-bdc ligands. There exist
three crystallographic independent zinc centers and their coordina-
tion environments are shown in Fig. 7. The Zn1 ion is coordinated
with six oxygen atoms derived from six carboxylate groups, which is
located in an inversion center. The coordination environment of Zn1
is a regular octahedral coordination sphere completed by six oxygen
atoms from six p-bdc ligands (Zn1–O1 ¼ Zn1–O1A ¼ 2.1980(14) Å,
Zn1–O5 ¼ Zn1–O5A ¼ 2.0677(15) Å, Zn1–O4 ¼ Zn1–O4A ¼ 2.0729
(15) Å). While Zn2 is in a tetrahedral coordination sphere completed
by three oxygen atoms O1, O3, O6 from three p-bdc ligands and
one Nim atom (Zn2–O1 ¼ 1.9684(14) Å, Zn2–O3 ¼ 1.9534(15) Å,
Zn2–O6 ¼ 1.9826(16) Å, Zn2–N2 ¼ 1.9928(18) Å). Different from
Zn1 and Zn2, Zn3 is bonded by four oxygen atoms and one nitrogen
atom forming a distorted trigonal–bipyramidal coordination geo-
metry completed by four oxygen atoms derived from two p-bdc
ligands and two water molecules, and one Npy from the L ligand
(Zn3–O10 ¼ 2.3506(18) Å, Zn3–O9 ¼ 2.0453(18) Å, Zn3–O8 ¼
1.9618(17) Å, Zn3–N1 ¼ 2.095(2) Å, Zn3–O1W ¼ 2.027(2) Å). The
distances except for that of Zn3 and O7 are in the average ranges
compared with the reported complexes [37,38], while the distance
of Zn3 and O7 is 2.668 Å slightly larger than the actual bond,
indicating that there exists a weaker interaction between them.
Obviously, the average bond lengths around Zn2 are somewhat
shorter than those of Zn1 and Zn3, which is consistent with the fact
that bond lengths in a tetrahedral geometry are generally shorter
than those in other geometries, which is comparable to that
previously reported in the literature [39].
d 2. (b) View of the 2D sheet of compound 2 in a polyhedral representation.
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Due to the steric hindrance of L and the coordination demand
of zinc ion, the L ligand provides two nitrogen atoms (Nim and
Npy) to participate in the formation of compound 3 different from
compound 2, which provides two Npy donors to coordinate with
the metal center. Two imidazole rings of L have a dihedral angle of
52.131 and two pyridyl rings have a dihedral angle of 12.941
smaller than those of compound 1. The ligand of p-bdc exhibits
three coordination modes (shown in Scheme 2(c)–(e)), resulting
in the formation of polymer 3. Six p-bdc ligands connect three
zinc centers forming a linear trinuclear cluster and a similar
cluster has been found in [Cd3(H2biim)2(1,4-bdc)3] �2H2O [40],
[Co3(bpdc)3(bpy)] �4DMF �H2O [41] and [Zn3(BDC)3(DEF)2] [42].
Each of the trinuclear clusters in compound 3 consists of a single
octahedrally coordinated zinc center surrounded by two periph-
eral tetrahedrally coordinated zinc centers. The peripheral zinc
center is bound with the central zinc atom through three bridging
carboxylate groups.

It should be noted that the whole structure of compound 3 is
composed of trinuclear clusters and five-coordinated metal
centers joined through p-bdc and L ligands. Each of the trinuclear
clusters is linked to another two trinuclear clusters through two
p-bdc ligands and six tetrahedrally coordinated zinc centers
through four p-bdc ligands and two L ligands, which defines an
8-connected node (Fig. 8a), while in the reported compound of
[Cd3(H2biim)2(1,4-bdc)3] �2H2O, the similar trinuclear cluster acts
as a 6-connected node. This may be due to different coordination
modes of L and H2biim ligands. Each five-coordinated zinc center
links to three trinuclear clusters through two p-bdc ligands and
Fig. 6. Topological view of the 2D parallelogrammic grid of compound 2.

Fig. 7. ORTEP drawing of the coordination environment of zinc ion in compound 3 with
one L ligand acting as a 3-connected node (Fig. 8b). Thus,
compound 3 exhibits a (3,8)-connected net with the Schläfli
symbol of (43)(46

� 618
�84) (the first symbol is for the 3-connected

zinc center and the second for the 8-connected trinuclear) shown
in Fig. 8c comparable to the reported complexes [43–45].

Compared with compounds 1–3, three (mono-, bi- and
trinuclear) structural units are formed, respectively, which are
further extended into 2D or 3D framework by bdc and L ligands.
The effects of L and co-ligands on the ultimate structures and
properties of these products are obvious. The L ligand prefers to
coordinate with metal ions in the bridging mode compared with
H2biim and exhibits diverse conformational geometries when
coordinates with different metal centers, which contribute to the
formation of the three distinct compounds. Diverse coordination
modes of bdc isomers effecting on the final structural arrays
are also critical in the direction of the three novel frameworks.
The bis-chelating coordination mode of m-bdc contributes to the
formation of mononuclear structure units in compound 1, while
in compound 2, the m-bdc ligand adopts the chelating–bridging
coordination mode inducing the formation of binuclear subunits,
and in compound 3, the diverse coordination modes and the
smaller angle between the two carboxylate groups of p-bdc result
in the formation of trinuclear clusters, which contribute to the
construction of compound 3. In addition, the different metal ions
radii and different reaction molar ratios also play important roles
in the construction of the three novel structures.

3.2. XRPD patterns

The XRPD patterns for compounds 1 and 3 are presented in
Figs. S1 and S2. The diffraction peaks of both simulated and
experimental patterns match well in key positions, confirming the
phase purities of compounds 1 and 3.

3.3. Luminescent properties

Metal complexes are promising luminescent materials for their
potential applications such as light-emitting materials (LEMs)
owing to their abilities to enhance, shift and quench luminescent
emissions of organic ligands by metal coordination [46]. The
solid-state fluorescence spectra of L ligand, compounds 1 and 3
were observed at room temperature (shown in Fig. 9). The
emission of L shows green fluorescence at 551 nm (upon
thermal ellipsoids at the 30% probability level. H atoms are not shown for clarity.
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Fig. 8. (a) Polyhedral presentation of the trinuclear unit in compound 3 acting as a 8-connected node linked by p-bdc and L ligands. (b) Polyhedral presentation of five-

coordinated metal center in compound 3 acting as a 3-connected node. (c) Topological view of the (3,8)-connected framework of structure 3.

Fig. 9. Solid-state emission spectra of the L ligand, compounds 1 and 3 at room

temperature.
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excitation at 460 nm), which can be attributed to the p*-p
transition. Solid-state carboxylate ligands, p-bdc and m-bdc can
also exhibit fluorescent properties at room temperature reported
by the literature [47], and the emission bands of these carboxylate
ligands can be assigned to the p*-n transition. Compound 1
shows a single emission signal at 463 nm (upon excitation at
380 nm) exhibiting blue fluorescence and compound 3 exhibits
green fluorescence at 526 nm (upon excitation at 450 nm).
Compared with the emission of the free ligand, blue shift
(88 nm for 1 and 25 nm for 3) has been observed upon the
formation of compounds 1 and 3 comparable to the reported
literature [48]. It is well-known that the p-p* transition is
stronger than the p*-n transition, and furthermore, the strong
electron withdrawing group of the carboxyl group results in
fluorescence quenching, so carboxylate ligands almost have no
contribution to the fluorescent emissions of compounds 1 and 3.
According to the above description, the emissions of the two
compounds may be assigned to p*-p transitions of the L ligand
and ligand to metal charge transfer (LMCT) [49].
4. Conclusions

In this work, three novel coordination complexes have been
successfully prepared under hydrothermal conditions by reaction
of the L ligand, bdc isomers and different metal ions in distinct
molar ratios. Three different attractive topological types were
obtained: 2D (3,5)-connected framework with (42

�6)(42
�67
�8)

topology based on mononuclear structural unit (1), 2D (4,4) grid
based on binuclear structural unit (2) and 3D (3,8)-connected
with (43)(46

� 618
�84) topology based on trinuclear and mono-

nuclear structural units (3), which provide new examples of
structural diversity and illustrate again the aesthetic diversity of
coordination chemistry. The different coordination geometries
of L are crucial for the formation of the three distinct frameworks.
In addition, the smaller angle between two carboxylate groups in
m-bdc compared to that in p-bdc resulting in the crowding of the
groups and the diverse coordination behavior of bdc ligands, that
is, it behaves as linear (p-bdc) or angular (m-bdc) building block
effecting on the final structural arrays, are also critical in the
direction of the three novel frameworks. Moreover, L ligand,
compounds 1 and 3 display fluorescent properties, indicating that
they may have potential applications as optical materials. Further
work on the properties of this ligand and its metal complexes is
being carried out in our laboratory.
5. Supplementary materials

Experimental powder XPRD patterns have been given in
Figs. S1 and S2. Crystallographic data for the structural analysis
have been deposited with the Cambridge Crystallographic Data
Center, CCDC reference number: 664539 for 1, 664540 for 2 and
664538 for 3. These data can be obtained free of charge at:
www.ccdc.cam.ac.uk/conts/retriewing.html (or from the Cambridge
Crystallographic Data Center, 12, Union Road, Cambridge CB2 1EZ,
UK; fax: +441223/336 033; E-mail: deposit@ccdc.cam.ac.uk).

http://www.ccdc.cam.ac.uk/conts/retriewing.html
mailto:deposit@ccdc.cam.ac.uk
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