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Two bis(2-methyl imidazole) ligands have been applied to assemble four interpenetrating
coordination polymers with formula [Cu,Br,(bip)], (1), [Cd(tdc)(bip)], (2), [Cd(tdc)(bib)], (3),
and [Zn(tdc)(bib)], (4) (tdc = 2,5-thiophenedicarboxylate anion, bip = 1,3-bis-(imidazol-2-
methyl)propane and bib = 1,4-bis(imidazol-2-methyl)butane) under hydrothermal conditions.

Structural analyses reveal that complex 1 exhibits a 2-fold interpenetrating 2D net with sql

topology, whereas complexes 2 and 3 feature 3-fold interpenetrating 3D net with dmp topology.

Complex 4 displays a [2 + 2] 4-fold interpenetrating 3D net with dia topology. These results

provide some insight into central metal ions, anionic ligands and bis(2-methyl imidazole) ligands

geometry-driven assembly of various interpenetrating CPs. Solid-state properties for these

crystalline materials, such as thermal stabilities, powder X-ray diffraction have been investigated.

Moreover, photoluminescence behaviors of complexes 1-4 are also investigated.

Introduction

Coordination polymers (CPs) are an important class of
functional materials constructed from metal ions and organic
ligands with elegant topologies and potential functionality.'
Because the final structures of CPs are often rely on many
synthetic parameters, currently, it is still a great challenge to
design and construct a target structure with the specific net
topology. Accompanied by the rapid development of CPs,
topological control has served as an effective approach to
guide the synthesis of functional CPs with desirable
properties.? According to previous reports, some 3-8 and even
higher-connected uninodal network have been discovered.’
Among them, nodes of 4-connectivity, possessing zeolite
analog structures, capture much attention owing to their
inherent interest in crystal engineering.* During the assembly
process of 4-connected CPs, it has been observed that the
introduction of long N,N’-donor ligands usually lead to
interpenetrating networks.> As the most investigated type of
entanglement, the origin of interpenetration of CPs has been
contribution to the presence of large free voids in a single
framework and mutual interpenetration of the networks
usually reduces potential porosity. Although there has been a
growing trend in using polycarboxylate ligands with flexible
N,N'-donor ancillary ligands to construct intriguing
interpenetrating architectures, the factors that influence the
resulting degree of interpenetration still remain unknown to
date.® Therefore, a survey about interpenetration derived from
modulation of the central metal ions and linkages is still of
great challenge and focus.

In the self-assembly process of interpenetrating structures,
flexible N,N'-donor ligands are able to twist and rotate freely
to adopt a suitable conformation, which are more prone to
having larger voids. Usually, the larger voids in the motif, the

w
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more likely interpenetration will be generated. In contrast to
those flexible bis(imidazole) ligands commonly used in the
literatures,’ 1,3-bis-(imidazol-2-methyl)propane (bip) and 1,4-
bis(2-methyl-imidazol-1-yl)butane (bib) ligands bearing a
pair of methyl groups are good candidates for the formation
of interpenetrating CPs.® The methyl on the imidazole ring
can greatly enhance the electron donating ability of the ligand,
and maybe create steric hindrance to modulate the topologies
and interpenetrating dimensions. In addition, CPs based on
2,5-thiophenedicarboxylic acid (H,tdc) and N,N’-donor
ligands have received increasing attention due to their
interesting  topologies and  improved luminescence
intensity.” However, the combination of H,tdc and ancillary
flexible bis(2-methyl imidazole) ligands are rather limited. By
introducing bis(2-methyl imidazole) ligands into the H,tdc
synthesis system, we could study the effects of the central
metal ions, anionic ligands and bis(2-methyl imidazole)
ligands geometry-driven assembly of interpenetrating CPs and
reveal how bis(2-methyl imidazole) ligands together with
H,tdc behave to match the central metal ions to generate
different interpenetrating networks. In this contribution, we
performed hydrothermal reactions of H,tdc and ancillary
bis(2-methyl imidazole) ligands with d'° transition-metal ions.
Four interpenetrating CPs with different structures and
topologies, namely [Cu,Br,(bip)], (1), [Cd(tdc)(bip)], (2),
[Cd(tdc)(bib)], (3), and [Zn(tdc)(bib)], (4), have been
obtained. The effect of central metal ions, anionic ligands and
bis(2-methyl imidazole) ligands on the ultimate structures will
be represented and discussed. The thermal stabilities and
solid-state photoluminescence properties of these CPs have
also been investigated below in detail.

Experimental section

This journal is © The Royal Society of Chemistry [2014]
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Scheme 1 Synthetic procedures of complexes 1-4.
Materials and methods

The ligand bib and bip were prepared similarly as described in

is the literature procedure.'” Other reagents were obtained
commercially and used without further purification. The IR
spectra were recorded as KBr pellets on a Nicolet Avatar-360
spectrometer in the range of 4000 to 400 cm '. Elemental
analyses for C, H, and N were carried out on a Flash 2000

2 elemental analyzer. Powder X-ray diffraction (PXRD)
measurements were performed on a Bruker D§-ADVANCE
X-ray diffractometer with Cu Ko radiation (A = 1.5418 A).
Thermogravimetric analyses (TGA) were carried out on a
SDTQ600 thermogravimetric analyzer. A platinum pan was

2s used for heating the sample with a heating rate of 10 °C/min
under air atmosphere. Fluorescence measurements were
recorded with a Hitachi F4500 fluorescence
spectrophotometer.

[Cu,Br,(bip)], (1)

30 A mixture of Hytde (17.2 mg, 0.1 mmol), CuBr,-2H,0 (22.3
mg, 0.1 mmol), bip (40.8 mg, 0.2 mmol), and 10 mL
deionized water was sealed in a 25 mL Teflon-lined stainless

Table 1 Crystal data and structure refinements for 14
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steel vessel and heated at 120 °C for 5 days under autogenous
pressure, followed by cooling to room temperature at a rate of

555 °C h''. Yellow prismatic crystals of 1 were collected (yield:
15% based on copper). Elemental analysis caled (%) for
C, H 4N Br,Cu,: C, 26.87; H, 3.26; N, 11.40. Found: C,
26.56; H, 3.31; N, 11.51. IR (ecm™): 3113(w), 2924(w),
1600(w), 1538(m), 1500(m), 1417(m), 1373(w), 1277(m),

w0 1154(m), 1126(w), 1091(w), 998(m), 942(w), 844(m), 743(s),
673(m).

[Cd(tdc)(bip)], (2)

A mixture of H,tdc (17.2 mg, 0.1 mmol), Cd(OAc),-2H,0
(26.7 mg, 0.1 mmol), bip (20.4 mg, 0.1 mmol), and 10 mL

45 deionized water was sealed in a 25 mL Teflon-lined stainless
steel vessel and heated at 120 °C for 5 days under autogenous
pressure, followed by cooling to room temperature at a rate of
5°C h''. Yellow prismatic crystals of 2 were collected(yield:
35% based on cadmium). Elemental analysis calcd (%) for

50 C17H18N4O4SCd: C, 4191, H, 370, N, 11.50. Found: C,
41.89; H, 3.73; N, 11.51. IR (ecm™): 3112(m), 2928(w),
1536(m),

Complex 1 2 3 4
Formula C11H1<,N4Br2Cu2 C17H18N4O4SCd C19H13N304SCd C13H20N404SZH
M, 491.18 486.81 496.82 453.81
Crystal system Orthorhombic Orthorhombic Orthorhombic Monoclinic
Space group Pnn2 Pna2(1) Pna2(1) P2(1)/n
a(A) 9.568(3) 9.2703(14) 9.4781(10) 9.4933(12)
b (A) 17.673(6) 13.966(2) 13.8347(14) 19.380(2)
c(A) 9.560(3) 14.650(2) 15.4666(16) 11.4845(14)
BCO) 90 90 90 94.559(2)
V(A% 1616.5(9) 1896.8(5) 2028.1(4) 2106.2(5)
V4 4 4 4 4

p(g cm™) 2.018 1.705 1.627 1.431

p (mm’™) 7.566 1.292 1.209 1.295
F(000) 952 976 996 936
GOF(F) 1.014 1.072 1.026 1.025
R [I>20(])] 0.0265 0.0302 0.0244 0.0326
WR,[I>20(1)] 0.0513 0.0556 0.0602 0.0810

2 | RSCAdv., [2014], [vol], 00-00
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1509(m), 1423(s), 1349(s), 1270(m), 1154(m), 1127(w),
1090(w), 999(m), 942(w), 859(w), 844(w), 816(m), 797(m),
754(m), 745(s), 674(s).

[Cd(tdc)(bib)], (3)

The synthesis of 3 was similar to that of 2, but with bib (21.8
mg, 0.1 mmol) in place of bip. Yellow block crystals of 3
were obtained (yield: 36% based on cadmium). Elemental
analysis caled (%) for C1oH §N304SCd: C, 45.89; H, 3.62; N,
8.45. Found: C, 45.86; H, 3.69; N, 8.49. IR (cm™'): 3114(m),
2948(w), 1538(m), 1505(m), 1421(s), 1357(s), 1273(m),
1154(m), 1128(w), 1089(w), 999(m), 943(w), 858(w), 845(w),
817(m), 795(m), 753(m), 744(s), 674(s).

[Zn(tdc)(bib)], (4)

[

S

The synthesis of 4 was similar to that of 3, but with
Zn(OAc),-2H,0 (22.0 mg, 0.1 mmol) in place of
Cd(OAc), 2H,0. Colorless block crystals of 4 were obtained
(yield: 26% based on zinc). Elemental analysis calcd (%) for
CsH,0N404SZn: C, 47.60; H, 4.41; N, 12.34. Found: C,
47.56; H, 4.43; N, 12.45. IR (cm’'): 3124(w), 2935(w),1627(s),
20 1531(m), 1507(w), 1463(m), 1345(vs), 1327(m), 1279(m),
1202(w), 1156(m), 1119(m), 1011(m), 909(w), 854(w),
835(w), 809(s), 765(vs), 734(w), 686(w), 666(m).

@

X-ray crystallography

The crystal structure data of 1-4 were collected on Bruker
s SMART APEX II CCD diffractometer equipped with a
graphite-monochromated Mo Ka (1 = 0.71073 A) radiation
using an o scan mode at 293 K. An empirical absorption
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correction was applied using the SADABS program.'' The
structures were solved by direct methods and refined by full-
matrix least-squares on F° using the SHELXL-97 program
package.'”” All non-hydrogen atoms were refined with
anisotropic displacement parameters. A summary of the
crystallographic data of 1-4 is listed in Table 1. Selected bond
lengths and angles for 1-4 were listed in Tables S1.}

Results and discussions
Syntheses

By using bip and bib as the auxiliary ligands, complexes 1-4
were successfully synthesized under hydrothermal conditions.
Complex 1 contains Cu(I) bromine cluster, presumably owing
to an in situ reduction of Cu(II) to Cu(I) by ligand bip. Using
other copper sources as starting materials, only blue
precipitate was obtained. Moreover, we did not successfully
obtain 1 in the absence of H,tdc ligand, although H,tdc was
not included in the final product. Complexes 2-4 were
obtained when the molar ratio of metal/H,tdc/bip or bib =1 :
1 : 1. Despite our efforts to grow single-crystals based on bip,
H,tdc and different zinc sources in the same synthetic
condition of 2, only microcrystalline precipitate unsuitable for
study of X-ray diffraction was obtained.

Structural description of [Cu,Br,(bip)], (1)

Single-crystal X-ray diffraction reveals that 1 crystallizes in
the orthorhombic system with Pnn2 space group. Complex 1
exhibits a 2-fold interpenetrating 2D net with a sql topology

This journal is © The Royal Society of Chemistry [2014]
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and is constructed from distorted CuyBr, tetrameric skeletal
6 cores as secondary building units. As shown in Fig. la, the
repeating tetrameric skeletal core is composed of four
copper(l) ions

5 and four
Br anions

65 connected
alternately to

each other in a
distorted cubane-
like arrangement.
70 Each  copper(I)

ion is four
coordinated,
15 surrounded by
three bromine
75 anions and one
nitrogen atom
from bip to
2 furnish a

distorted  NBrj
so tetrahedral

geometry. The
Cu—Br distances

25 range from
24251(11)  to
$2.7192(10) A
AR &?\ﬁ (average  value
» oWy & 2.5886 (8) A) and
30 R e e g Cu-N distance is
O A e 7 1.992(4) A,
AR g' R J '.' R AR AR AR 90 similard to those
9, 2 a ap a0 arp a R a o (1 ) reporte mn
A Ao 'i' 'i' D\F similar

35 A i M T \QF complexes."
& W u W Moreover, the
a gt os distances of
o st o >a Cu---Cu are

w ' 2.7645(11),
“ (c) ¢ 2.8299(11) and
2.8625(16) A in
100 the CuyBry

cubane  cluster,

which are shorter

45 than or
comparable to the

s sum of the van

der Waals radii of

copper(l)  (2.80

VAYAVAVAYAYAYA

VAVAVAVAYAYAY,

50 A), and thus :
~a imply significant ‘V‘v‘v‘v’
Ye 110 Cu---Cu bonding N/
(d) interactions. In d
Fig. 1 (a) Molecular structure of 1 containing a cubane [Cu4Br.] cluster. complex 1, each ( )

55 Symmetry codes: (A)2 —x,2-y,z,(B) 1 -x,2-y,z— 1;(C) 1 +x,y,2 bip ligand adopting the anti—gauche conformation connect
— 1. (b) A single 2D layer structure of 1. (¢) View of the 2-fold two adjacent CuyuBry clusters. From the view of topology,
interpenetrating 3D framework of 1. (d) Topological representation of the 115 these CuyBr, clusters act as four-connecting nodes that are
2-fold interpenetration in 1. jointed to each other via four bip ligands, affording a 4*-sql

4 | RSCAdv., [2014], [vol], 00-00 This journal is © The Royal Society of Chemistry [2014]



S

2

2

4

4

[

@

S

G

S

&

S

@

S

2D network along the ac plane and the rectangular window of
the 2D motif has the dimension of ca. 15 A x 14 A (Fig. 1b).
Moreover, each 2D layer has enough ‘‘empty’’ space to allow
another 2D layer to interpenetrate to form a two-fold parallel
interwoven net (Fig. lc and Fig. 1d). Calculations using
PLATON based on the crystal structure show that the total
solvent-accessible volume comprises 9.4% (1616.5 A®) of the
crystal volume.

Structural  description of and

[Cd(tdc)(bib)], (3)

[Cd(tde)(dip)l,  (2)

Single crystal X-ray analysis reveals that complexes 2 and 3
are isostructural. For the convenience of depiction, the
structure of complex 2 is described as a representative
example in detail. Crystallographic analysis shows that 2
crystallizes in the Pna2(1) space group and exhibits a 3-fold
interpenetrating 3D net with a dmp topology. The asymmetric
unit consists of one independent Cd(II) ion, one tdc* anion
and one bip ligand. The coordination environment around the
Cd(I) ion is best portrayed as a distorted [CdAN,O4]
octahedral geometry, finished by four carboxylate oxygen
atoms of two tdc®” anions and two imidazol nitrogen atoms
from two bip ligands (Fig. 2a). The bond lengths of Cd—N are
2.239(5) (Cd-N1) and 2.267(4) A (Cd-N4), while Cd-O bond
lengths vary from 2.255(4) to 2.504(5) A, which are in the
normal range. In 2, Each tdc®” anion serves as a u, bridge
linking two adjacent Cd(II) ions by adopting bidentate-
chelating coordination mode to give rise to a 1D zigzag chain
along ¢ axis. And each flexible bip ligand is ligated to two
Cd(II) ions with two terminal imidazol groups assuming the
anti-gauche conformation to extend the 1D zigzag chain to a
3D coordination network (Fig. 2b). From the topological view,
if each Cd(II) ion is considered as a 4-connected node, tdc*”
anions and bip ligands can be simplified as linear connectors,
then an uninodal 4-connected dmp net with (6°.8) topology
was observed in this structure (Fig. 2c¢). The large void
produced in this connectivity is filled by 3-fold
interpenetration (Fig. 2d). According to Reticular Chemistry
Structure Resource (RCSR) database, many CPs with 4-
connected dmp topology have been obtained in recent studies,
however, the number of 3-fold interpenetrating CPs with the
topology is still limited."

Fig. 2 (a) Coordination environment of Cd(II) ion in 2. Symmetry codes:
(A)1-x,1-y,05+z (B)-05—-x,05+y,05 + z (b) A single 3D
framework of 2. (c) View of the 4-connected 3D dmp topology. (d)
Schematic view of the 3-fold interpenetration in 2.

Structural description of [Zn(tdc)(bib)], (4)

When Zn(II) was used instead of Cd(II) in the synthesis of 3,
complex 4 was obtained. Single crystal X-ray structural
analysis reveals that 4 crystallizes in the monoclinic space
group P2(1)/n and exhibits a 4-fold interpenetrating 3D net
with dia topology. As shown in Fig. 3a, the asymmetric unit is
composed of one Zn(IT) ion, one tdc*” anion, and one bib
ligand (Fig. 3a). Each Zn(Il) ion is four-coordinated with
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distorted tetrahedral geometry and defined by two carboxylate
oxygen atoms from two tdc’” anions (Zn—O bond lengths are
1.9375(18), and 1.9805(19) A) and two N-atoms donor from
two bib ligands (Zn-N bond lengths are 2.030(2), and
1.987(2) A). Both Zn—O and Zn-N bond lengths are well-
matched to those observed in similar complexes. It is noted
that the maximum and minimum bond angles for Zn are
126.78(9) and 99.42(9)°, respectively, with an average value
of 108.95(8)°, which slightly deviates from the angle of
109.47 ° in a perfect tetrahedron. Each tdc?” anion, unlike
complex 2, adopts in a bis-monodentate coordination fashion
and flexible bib ligand assumes
conformation.

Six tde?” anions and six bib connected ten tetrahedral nodes
of Zn(Il) ions to form a fundamental [Zny(bib)e(tdc)s]
adamantanoid cage containing four cyclohexane-like windows,
each in a chair conformation (Fig. 3b). The Zn---Zn distances
across bib and tdc®” anions are 13.8320 A and 10.6672 A,
respectively. The tdc®™ anions alternately bridge two adjacent
Zn(I) ions in a bis-monodentate coordination fashion to
generate a chain, which are connected by the bib ligand to
form a 3D framework containing adamantanoid-like subunits.
Topologically, Zn(II) ions could be regarded as 4-connected
nodes, the bib ligands and tdc’~ anions serve as linear linkers.
As a result, the structure of 4 represents an uninodal 3D 4-
connected dia (6°) topology (Fig. 3¢). The single 3D network
consists of large windows, which are filled via mutual
interpenetration of four independent equivalent networks (Fig.
3d). Interestingly, the mode of interpenetration is different
from the normal mode and may be described as two sets of
normal 2-fold nets, that is, an unusual [2 + 2] mode of
interpenetration (Fig. 3e and Fig. 3f). Meanwhile, 4 is also
regarded as a roto-translational [2 + 2] interpenetrating
diamondoid system (the class IIla in RSCR notation). To our
knowledge, among those unusual interpenetrating examples,
the roto-translational nets are rare.'” Such 4-fold
interpenetration modes can minimize the big void cavities of
the diamondoid cages and the whole accessible solvent
volumes is ~5.2% (2106.2A% per unit cell volume by
calculated using PLATON.

an anti—anti—anti

Structural comparison of complexes 1-4

As we know, central metal ions, anionic ligands and ancillary
N-donor ligands have a remarkable effect on the construction
of CPs. Herein, we have prepared four 4-connected CPs by
employing three types of d'® metal salts, Hptdc and two types
of flexible bis(2-methyl imidazole) spacers to investigate their
distinct effects on structural diversity and interpenetrating
variation. The tetranuclear clusters in 1 and metal ions in
complexes 2—4 are coordinated by four bridging ligands to
serve as 4-connected nodes, finally resulting in typical 4-
connected networks.
As far as 1 and 2, 3 and 4 are concerned, respectively, the

This journal is © The Royal Society of Chemistry [2014]
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Fig. 3 (a) Coordination environment of Zn(Il) ions in 4. Symmetry codes: Symmetry code: (A) 0.5 +x,1.5—-y,0.5+2z. (B)0.5+x,0.5—y,z—0.5. (b)
View of a single diamond motif in 4. (c) Schematic view of a single 3D diamond framework. (d) Schematic representation of the 4-fold interpenetrating
adamantanoid cages. (¢) Schematic representation of [2 +2] fold interpenetration. (f) Schematic representation of the 4-fold interpenetrating 3D diamond

framework.

same ligand combination but different metal ions are used. In
1, Cu(l) ions were in situ obtained via hydrothermal reactions
of CuBr, with bip spacers and the resulting Cu(I) ions with
Br  anions spontaneously assemble into CuyBr, tetranuclear
clusters. The clusters are further linked by bip spacers to
generate the 2D layer, which house larger space to allow the
interpenetration of another 2D layer, affording a 2-fold
interpenetrating sql net. By contrast, Cd(II) ions, tdc> anions
together with bip spacers are incorporated in 2 and a 3-fold
interpenetrating dmp net is formed. Obviously, synergistic
metal centers and anionic ligands effects led to the structural
differences. Structural differences of 3 and 4 can be attributed
to the changes of metal ions. Since the radii of Cd(II) ions are
larger than Zn(II) ions, the coordination numbers of the Cd(II)
ions are higher than Zn(II) ions. In the assembly process,
tdc®” anions together with flexible bib bridging spacers meet
the requirement of coordination geometries of Zn(II) and
Cd(II) ions to form dmp and dia nets, respectively.
Furthermore, the void space in 3 and 4 is relatively large and

facilitates to generate rare 3-fold or 4-fold interpenetrating net.

Finally, structural similarity of 2 and 3 exhibits that the subtle
difference of auxiliary bis(2-methyl imidazole) ligands are not
sufficient in determining the final structures, which also
indicates metal centers and anionic ligands should be the key
factor in the assembly of 2 and 3.

Powder X-ray diffraction and thermogravimetric analyses

Powder X-ray diffraction experiments were carried out for the
bulky samples 1-4. The patterns for the as-synthesized bulky
samples closely match the simulated ones from the single-

crystal structure analysis, which are indicative of the high
s purity of the synthesized samples (Fig. S1, ESI).f The

difference in reflection intensities between the simulated and

experimental patterns may be owing to the variation in

preferred orientation of the powder samples during the

collection of the PXRD data. To further evaluate the stability
40 of 1-4, thermal behaviors were investigated under N,
atmosphere with a heating rate of 10 °C/min (Fig. S2, ESI).{
No weight losses are observed in the temperature ranges of
30-336 for 1, 30-275 for 2, 30-272 for 3 and 30-220 °C for 4.
They are in good agreement with the crystal structures of the
four complexes, in which no solvents are included. Above
these temperatures, the samples suffered an abrupt weight loss,
indicating the decomposition of the organic components and
the collapse of the networks.

4

o

Photoluminescence properties

so Due to insoluble in common solvents, the fluorescence spectra
of complexes 1-4 were measured in solid state at room
temperature (Fig. S3, ESI).¥ As well known, Cu(I) halide-
based complexes usually exhibit excellent luminescence
properties. Complex 1 is yellow powder under ambient light
and can emit intense orange light under UV irradiation. The
solid of 1, when excited by 368 nm, exhibited intense orange
fluorescence with emission maxima at 566 nm. On the basis
of the studies on the luminescence of copper(l) halides, the
emission should be attributed primarily to a combination of
¢ bromine-to-copper charge transfer and copper-centered

transition from 3d'" to 3d°4s and from 3d'’ to 3d%4p in

copper(I) centers.'® The pure ligands display luminescence

5

b

6 | RSCAdv., [2014], [vol], 00-00
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emission bands at 350 nm (A, = 300 nm) for H,tdc, 410 nm
(Mex = 300 nm) for bip, and 465 nm (Ae, = 280 nm) for bib.'” It
can be assumed that these peaks derive from the n*—n or n*—=n
transitions. The emission spectra for complexes 2—4 exhibit
emission peaks at 478 nm (A, = 326 nm), 435 nm (A, = 330
nm), and 500 nm (A, = 314 nm), respectively (Fig. 5b).
According to the literature, fluorescent emission of
polycarboxylates generated from the m*—n transition is very
weak compared with the n*—n transition of the N,N’'-donor
ligands, so polycarboxylates almost have no significant
contribution to the fluorescent emission of the as-synthesized
complexes.'® Moreover, Cd(II) ions and Zn(II) ions are
difficult to oxidize or reduce due to their d'° configuration.
Therefore, fluorescent emission bands of 2—4 may be assigned
to intraligand m*—n transitions of the neutral ligands because
these peaks are similar to the free bip or bib ligand,
respectively.

Conclusions

In summary, four 4-connected interpenetrating CPs have been
successfully constructed via the self-assembly of two
structurally related flexible bis(2-methyl imidazole) ligands
with d'® metal salts and H,tdc. Structures and topologies of
these compounds, except for isostructural 2 and 3, are distinct
from one another. Structural diversities of the complexes
indicate that central metal ions and anionic ligands have
significant effects on the resultant interpenetrating structures.
The results of the present study suggest that the combination
of suitable metal salts and anionic ligands with flexible bis(2-
methyl imidazole) might form coordination polymers with
interpenetrating structures.
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