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A series of 3D interpenetrating metal-organic frameworks,
namely, [Zn3(BPDC)3(4-BPT)1.5]·1.5DMF [1, BPDC = biphen-
yl-4,4�-dicarboxylic acid, 4-BPT = 4-amino-3,5-bis(4-pyridyl)-
1,2,4-triazole, DMF = dimethylformamide], [Zn3(BPDC)3(4-
PYTZ)1.5]·1.5DMF [2, 4-PYTZ = 3,6-bis(pyridin-4-yl)-1,2,4,5-
tetrazine], [Zn2(OBA)2(4-PYTZ)]·2DMF [3, OBA = 4,4�-oxy-
bis(benzoate)], [Zn2(OBA)2(3-PYTZ)·Zn2(OBA)2(DMF)2]·
7DMF [4, 3-PYTZ = 3,6-bis(pyridin-3-yl)-1,2,4,5-tetrazine]
and [Zn2(OBA)2(3-BPT)]·2.5DMF [5, 3-BPT = 4-amino-3,5-
bis(3-pyridyl)-1,2,4-triazole] were synthesized by the reac-
tion of Zn(NO3)2·6H2O with various dipyridyl derivatives and
rigid or nonrigid aromatic dicarboxylate ligands. These five
compounds were constructed by paddle-wheel-type coordi-
nation of ZnII pairs and mixed ligands, which can be simpli-
fied as nodes and linkers to generate a variety of topologies.

Introduction

In the past decades research interest in the assembly of
metal-organic frameworks (MOFs) has been expanding
rapidly due to the construction of intriguing topological
architectures[1] and their applications in the fields of lumi-
nescence,[2] catalysis,[3] gas absorption[4] and magnetism.[5]

Major applications of MOFs are highly dependent on their
structural characteristics, especially porosity. The sizes and
shapes of the pores within MOFs can be tuned by making
use of framework interpenetration,[4a,6] self-catenation,[6,7]

supramolecular isomerism[8] or interweaving. Recently, par-
ticular attention has been devoted to interpenetration, be-
cause the control and tuning of small pore/window sizes
within MOFs is crucial for rendering the materials highly
functional for specialized applications such as gas storage
and the separation of small gas molecules.[9]

It is well known that the structures of MOFs can be de-
termined by the coordination geometry of the metal ions
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Compounds 1 and 2 exhibit threefold interpenetrated 6-con-
nected pcu topology. The interpenetration observed in com-
pounds 1 and 2 is a rare case of heterointerpenetration. The
structure of 3 is derived from a 2D double interpenetrated
rhombic grid substructure, and is an interesting example of a
self-catenated framework displaying a 6-connected uninodal
framework with a point symbol (44.610.8). Compound 4,
which is derived from a crosslinked threefold interpenetrated
substructure with pts topology, displays a self-catenated 4,6-
connected binodal framework with the point symbol
(42.62.72) (42.68.7.84). Compound 5 exhibits a self-catenated
6-connected structure with rob topology, and with the point
symbol (48.66.8). Compounds 1–5 also display varied lumi-
nescence properties in the solid state.

and the structural characteristics of the organic ligands,
which means that the topology and interpenetration of
MOFs can be controlled and modified by the selection of
suitable organic ligands. Usually, long chain ligands can
lead to large voids through which independent frameworks
can pass, leaving small but well defined voids. Therefore,
such ligands are regarded as excellent candidates for the
construction of interpenetrating structures.[10] Further, flex-
ible organic ligands can be used to assemble interesting in-
terpenetrating frameworks, thanks to their varied geome-
tries.

The OBA ligand is a typical example of a long, V-shaped,
flexible ligand that has been used to promote the formation
of interpenetrating and self-catenated frameworks. In our
attempt to investigate the interpenetration of MOFs, we
chose mixed long chain ligands such as rigid and nonrigid
aromatic dicarboxylate and dipyridyl bridging ligands for
preparing our MOFs, since different ligand bite angle,
length, and the relative orientation of the donor atoms will
ultimately alter the pore size of the products; on the other
hand, mixed coordination could facilitate the incorporation
of functionality into the MOFs. As for the dipyridyl bridg-
ing ligands, some analogous linkers derived from the modi-
fication of the traditionally employed 4,4�-bipyridine ligand
have been extensively studied in coordination chemistry; ex-
amples include the introduction of spacers groups between
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Scheme 1. View of the rigid and nonrigid aromatic dicarboxylate ligands and the long chain dipyridyl bridging ligands used in this work.

the two 4-pyridyl groups, which result in distinct spatial ef-
fects that produce unexpected architectures upon metal
complexation of the ligand.[2a,4a,5a,8a,11] In our study, we
have concentrated on two types of dipyridyl derivatives, one
bearing a triazole group and the other a s-tetrazine group.
Further, the isomers of the dipyridyl bridging ligands have
been used, which differ either in the directionality or in the
bent angles of the backbones.

Five new interpenetrated structures, 1–5, containing pad-
dle-wheel {Zn2(COO)4} clusters were obtained by the si-
multaneous use in their synthesis of long chain dipyridyl
bridging ligands and rigid or nonrigid V-shaped aromatic
dicarboxylate ligands that have bridging ability (Scheme 1).
The solid-state properties of these crystalline materials, such
as their thermal stabilities and fluorescent emissions, have
been investigated.

Results and Discussion

Structure of [Zn3(BPDC)3(4-BPT)1.5]·1.5DMF (1) and
[Zn3(BPDC)3(4-PYTZ)1.5]·1.5DMF (2)

Structural analysis reveals that compound 1 is a 3D triple
interpenetrated framework consisting of paddle-wheel
{Zn2(COO)4} clusters and mixed ligands. As shown in Fig-
ure 1 (a), the ZnII ion is five-coordinate and displays a typi-
cal ZnNO4 square-pyramidal coordination geometry. Each
ZnII ion bonds to one nitrogen donor atom from one BPT
ligand [Zn(1)–N(5) 2.045(3) Å] in the apical position, and
four carboxylate oxygen donor atoms from four BPDC li-
gands [Zn(1)–O(1) 2.051(3) Å, Zn(1)–O(3) 2.022(3) Å,
Zn(1)–O(5) 2.057(3) Å, Zn(1)–O(7) 2.047(3) Å] in the basal
plane. Two zinc ions are bridged by four carboxylate groups
to form the paddle-wheel dinuclear zinc carboxylate clusters
{Zn2(COO)4} with a Zn–Zn distances of 2.979 Å. The
{Zn2(COO)4} clusters are further linked to four equivalent
neighbours through four BPDC ligands to create 2D sheet
structures. These 2D sheets are linked in the third dimen-
sion by linear dipyridyl ligands, whose nitrogen atoms oc-
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cupy the axial sites of the {Zn2(COO)4} clusters, to form a
3D pillared framework (Figure 1, b).

Figure 1. (a) Coordination environment of Zn in 1; (b) one of the
three independent pcu nets of 1 (color code, green: zinc, green; gray:
carbon, blue: nitrogen, red: oxygen). The lattice DMF molecules
are omitted for clarity.

A better insight into the nature of 1 and 2 can be
achieved through a topological approach, in particular by
reducing the multidimensional structures to simple node
and linker nets. In compound 1, the {Zn2(COO)4} cluster
is surrounded by four bridging BPDC ligands and two lin-
ear 4-BPT ligands, which define a six-connected node. Each
{Zn2(COO)4} cluster is further linked to six neighbouring
clusters via two types of organic linkers, resulting in a 6-
connected threefold interpenetrated structure with pcu top-
ology (Figure 2, b). The interpenetration observed for com-
pounds 1 and 2 is a rare case of heterointerpenetration
(2+1), they are examples of threefold pcu structures with
two nets (the red and green nets in Figure 2, a) related by
an inversion center and the third net (the blue net in Fig-
ure 2, a) being symmetry independent. A similar example
has been observed in Cd(bix)3(ClO4)3.[6e,12] Although the
three interpenetrated frameworks in 1 reduce the pore size,
the interpenetration still leaves voids in the structure that
are occupied by DMF molecules.

Similar to compound 1, the structure of compound 2 is
also a 3D triple interpenetrated framework with pcu top-
ology (Figure 2, b), the interpenetration of compound 2 is
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Figure 2. (a) The three independent interpenetrating networks in 1;
(b) A schematic view of the threefold interpenetrated structure of
1 with pcu topology.

also heterointerpenetration (Figure 3, c), but 4-PYTZ is
present instead of 4-BPT. As shown in Figure 3 (a), the Zn
ion is bound by one N atom of a PYTZ ligand (Zn1–N1
2.028 Å) and four O atoms from four individual BPDC li-
gands [Zn(1)–O(4) 2.053(3) Å, Zn(1)–O(2) 2.035(3) Å,
Zn(1)–O(1) 2.026(3) Å, Zn(1)–O(3) 2.064(3) Å] in a square-
pyramidal coordination geometry.

Figure 3. (a) Coordination environment of Zn in 2; (b)one of the
three independent pcu nets of 2 ((color code, green: zinc; gray: car-
bon, blue: nitrogen, red: oxygen). The lattice DMF molecules are
omitted for clarity; (c) the three independent interpenetrating net-
works of 2.

The average Zn–N distance in compound 2 (2.0373 Å) is
appreciably shorter than that in compound 1 (2.0433 Å),
and the Zn···Zn separation is smaller than that in 1. The
two compounds also differ in the type of pillar ligand pres-
ent [4-BPT (in 1) and 4-PYTZ (in 2)]. The length of 4-
PYTZ (18.0336 Å) is longer than that of 4-BPT (17.583 Å).
As a result of this difference in ligand length, the shapes
of the 2D sheets that are generated from the {Zn2(COO)4}
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clusters and BPDC ligands are different in the two com-
pounds, with the side length and diagonal measurement be-
ing 15.213 Å and 23.025�19.050 Å for compound 2, and
15.2129 Å and 22.0026 �21.1104 Å for compound 1.
Furthermore, the neighbouring layers are staggered with re-
spect to each other, and the distance between two layers
is 17.8767 Å in compound 2, which is longer than that in
compound 1 (17.3498 Å).

Structure of [Zn2(OBA)2(4-PYTZ)]·2DMF (3)

Unlike the predictable structures constructed from rigid
organic ligands, structures containing flexible organic li-
gands may display unexpected architectures and topologies,
especially interpenetration and self-catenation. In light of
this, we replaced the rigid aromatic dicarboxylate ligand
(BPDC) with a flexible ligand (OBA), and obtained com-
pound 3. Structural analysis of compound 3 reveals a 3D
coordination framework, which contains paddle-wheel
{Zn2(COO)4} clusters and mixed ligands (OBA and 4-
PYTZ) (Figure 4, a). The {Zn2(COO)4} paddle wheel is fur-
ther linked to four equivalent neighbours through four
OBA anions to give a distorted 2D rhombic grid, with a
side length of 10.366 Å and a diagonal measurement of
23.999 �15.065 Å as defined by the metal–metal distances.
Due to the flexibility of the OBA ligand, the –O– spacer
between two benzoate groups exhibits a twisted configura-
tion suitable for linking the paddle wheel {Zn2(COO)4}
clusters. Unlike the 2D sheets of compounds 1 and 2, the
2D rhombic grid of 3 is a distorted to give a wavy layer.
Two such layers interpenetrate each other easily, with the
paddle-wheel cluster of one layer located at the centre of
the channels of the second layer, thus occupying the void
of the rhombic grid and producing an infinite 2D double-
layer structure (Figure 4, b). As a consequence of this pack-
ing arrangement, the framework possesses two kinds of he-
lical chains, and the right-handed and left-handed helical
chains alternate in sharing the paddle wheel {Zn2(COO)4}
clusters. These alternating helices are further linked by
Zn1–N coordination bonds to afford a 3D framework. As
shown in part c of Figure 4, the double helical chains wrap
around the axes formed by the organic ligands of the frame-
work, in this manner these attractive structural features are
linked together. These infinite helical chains are extended
along the crystallographic b axis, and the central axis of
each helical chain is a twofold screw axis.

The length of the repeating parts of a single helical chain
is 15.065 Å, the distance between the repeating parts of
each neighbouring helical chain is 7.532 Å and the size of
the helical channels is 8.430�9.406 Å. The chiral double-
layers extend parallel to the bc plane and are stacked along
the a axis. Adjacent double-layers are linked by linear 4-
PYTZ ligands to afford a 3D pillared coordination net-
work. The voids between adjacent chiral double-layers are
filled with DMF solvent (Figure 4, d). The overall structure
of 3 can be described as a 3D framework consisting of Zn-
OBA layers and 4-PYTZ pillars. To fully understand such
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Figure 4. (a) Coordination environment of Zn in 3. The lattice
DMF molecules are omitted for clarity; (b) perspective view of the
3D coordination framework. The large voids between two adjacent
chiral double-layers are filled by DMF solvent molecules; (c) view
of the double-layer structure (4-BPT molecules have been omitted
for clarity); (d) a space-filling plot of the double-stranded helices
(the organic molecules have been differentiated by colour for better
representation); (e) A schematic view of the 6-c uninodal net with
the point symbol (44.610. 8). The eight-membered rings are emphas-
ized in red, and blue linkers are catenated in the self-catenated net-
work.

a 3D MOF, the {Zn2(COO)4} cluster can be simplified as
6-connected nodes. Consequently, according to the TOPOS
calculations,[13] compound 3 can be reduced to a 6-con-
nected uninodal net with the point symbol (44.610.8) (Fig-
ure 4, e). An interesting feature of this topology is the pres-
ence of self-catenation. In other words, in a similar fashion
to molecular knots, rods penetrate the smallest circuits of
the same network. As highlighted in Figure 4 (e), two small-
est eight-membered circuits that serve to join together the
(4,4) nets, form the catenane-like interlocking structure. The
self-catenated feature in this structure may be generated
from the linking of twofold interpenetrated rhombic grids.

Compared to compound 2, the overall structure of com-
pound 3 shows no interpenetration, for two possible
reasons. First of all, two rhombic layers interpenetrate each
other to occupy the layer “void” space, so there is insuf-
ficient void space to accept other molecules; secondly, the
void between two adjacent double-layers is smaller in 3 than
in compound 2, and can only be filled by solvent molecules.
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Structure of [Zn2(OBA)2(3-PYTZ)·Zn2(OBA)2(DMF)2]·
7DMF (4)

To explore the effect of ligand isomerism on the struc-
ture, the bent dipyridyl ligand 3-PYTZ was used instead of
the linear dipyridyls ligand 4-PYTZ; these ligands have the
same bridge part but different coordination characteristics.
As shown in Figure 5 (a), the geometries of the ZnII ions in
compound 4 are square pyramidal. Each Zn1 ion is coordi-
nated to one oxygen atom of DMF and four carboxylate
oxygen donor atoms from four OBA ligands, and exhibits
a ZnO5 square coordination geometry with atom O(22) in
the apical position [Zn(1)–O(22) 2.007(3) Å], and atoms
O(1), O(6), O(11), and O(16) in the basal plane [Zn(1)–O(1)
2.074(3) Å, Zn(1)–O(6) 1.984(3) Å, Zn(1)–O(11) 2.098(3) Å,
Zn(1)–O(16) 1.999(3) Å]. Each Zn3 ion is surrounded by
one nitrogen donor atom from a 3-PYTZ ligand in the api-
cal position [Zn(3)–N(3) 2.046(3) Å], and four carboxylate
oxygen donor atoms from four OBA ligands in the basal
plane [Zn(3)–O(4) 2.068(3) Å, Zn(3)–O(10) 2.019(3) Å,
Zn(3)–O(19) 2.046(3) Å, Zn(3)–O(15) 2.034(3) Å], revealing
a ZnNO4 square-pyramidal coordination geometry. Two
adjacent zinc ions are bridged by four carboxylate ligands
to form {Zn2(COO)4} clusters. The {Zn2(COO)4} clusters
have distinct characteristics, the axial positions are occupied
by labile solvent ligands or 3-PYTZ ligands, resulting in a
square {Zn2(COO)4} cluster or a trigonal bipyramidal
{Zn2(COO)4N2} cluster that can be simplified as 4- and 6-
connected nodes, respectively.

Figure 5. (a) Coordination environment of Zn in 4. The lattice
DMF molecules are omitted for clarity; (b and c) ball-and-stick
view of the structure of one of the three independent pts frame-
works of 4. 3-PYTZ molecules have been omitted for clarity.

The overall structure of 4 can be described as a very com-
plicated 3D MOF with {Zn2(COO)4} clusters connecting
two types of organic linkers: OBA and 3-PYTZ ligands. To
fully understand such a 3D framework, the topological
method is used to simplify the structure. Topologically, by
considering each {Zn2(COO)4} cluster as a network node,
the overall 3D framework can be rationalized as a new 4,6-
connected binodal framework with the point symbol
(42.62.72) (42.68.7.84).
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Further analysis of this structure indicates that it consists

of three interpenetrated frameworks with pts topology (see
parts b and c of Figure 5 and Figure 6, a) and {Zn2-
(COO)4} cluster nodes and OBA connectors. These frame-
works are interconnected by 3-PYTZ spacers (Figure 6, b).
This topology indicates the presence of self-catenation. As
highlighted in Figure 6 (e), two of the smallest eight-mem-
bered circuits form a catenane-like interlocking structure.

Figure 6. (a) The pts topology of the threefold interpenetrated net-
work of a (4,4)-connected (42.84) structure in 4.3-PYTZ molecules
have been omitted for clarity; (b) Topology of the new 4,6- con-
nected framework in 4 with the point symbol (42.62.72) (42.68.7.84).
The square {Zn2(COO)4} clusters and trigonal-bipyramidal
{Zn2(COO)4N2} clusters are represented as 4-connected and 6-con-
nected nodes, respectively; (c) The self-catenated network of 4, the
eight-membered rings are printed in red and blue.

Structure of [Zn2(OBA)2(3-BPT)]·2.5DMF (5)

Due to the different orientation of the N,N�-dipyridyl
group donor atoms, 3-BPT exhibits different coordination
characteristics than 4-BPT. With this consideration, we
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used the 3-BPT ligand to construct compound 5, which is
a 3D metal-organic framework. As shown in Figure 7 (a),
each ZnII ion bonds to one nitrogen donor atom from one
3-BPT ligand [Zn(1)–N(1) 2.025(3) Å], which is in the api-
cal position, and four carboxylate oxygen donor atoms
from four OBA ligands situated in the basal plane [Zn(1)–
O(4) 2.030(3) Å, Zn(1)–O(2) 2.043(3) Å, Zn(1)–O(1)
2.058(3) Å, Zn(1)–O(3) 2.067(3) Å]. Therefore the ZnII ions
exhibit ZnNO4 square-pyramidal coordination geometry.
The distance between the two zinc ions of the {Zn2-
(COO)4} cluster is 2.932(8) Å. Similar to 3, the overall
structure of 5 can also be described as a 3D framework
comprising Zn-OBA layers and 3-BPT spacers. Each
{Zn2(COO)4} cluster is connected to six other clusters
through four OBA ligands and two 3-BPT ligands to gener-
ate a neutral six-connected 3D network.

Figure 7. (a) Coordination environment of Zn in 5. The lattice
DMF molecules are omitted for clarity; (b) view of the structure
of one layer in the structure of 5. The 3-BPT molecules have been
omitted for clarity; (c) view of the space-filling plot of one layer
in the structure of 5, in which the organic molecules have been
differentiated by colours for better representation; (d) a 1D rectan-
gular channel in 5 as viewed along the c-axis; (e) a schematic view
of a 6-c uninodal rob net with the point symbol (48.66.8). The six-
membered rings within the self-catenated network are emphasized
in red and blue.
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In compound 5 the two pyridyl nitrogen atoms of 3-BPT
are in a trans-conformation. In the Zn-OBA layer of 5 (see
parts b and c of Figure 7), the {Zn2(COO)4} clusters are
bridged by OBA ligands to form helical chains with a pitch
of 18 Å along the b axis. The helical chains have opposite
handedness and adjacent chains are interconnected by
{Zn2(COO)4} clusters. When the structure of 5 is viewed
along the c axis, rhombic channels, which are occupied by
solvent molecules, are observed (Figure 7, d). From the
viewpoint of network topology, the overall 3D structure of
5 can be rationalized as a uninodal 6-connected framework
with rob topology [point symbol (48.66.8)], in which the
{Zn2(COO)4} clusters act as network nodes and the two
types of organic ligands, OBA (red) and 3-BPT (blue), as
linkers (Figure 7, e). One key feature of this topology is the
cross-linking of 2D (4,4) nets by parallel rods. The 2D
sheets of {Zn2(COO)4} clusters are bridged by bidentate
OBA ligands and 3-BPT pillars which are crisscrossed to
bridge at two different angles relative to the sheets. Another
interesting feature of this topology is the presence of self-
catenation. As highlighted in Figure 7 (e), two of the small-
est six-membered circuits that serve to join together the
(4,4) nets form a catenane-like interlocking structure.[14]

Each six-membered circuit with a link within a layer is cate-
nated by two interlayer rods, and the six-membered circuits
mutually interweave to form a self-catenated structural mo-
tif.

Thermal Stability

The thermal stabilities of the compounds were investi-
gated by thermogravimetric (TG) analysis (see Figure S1 in
the Supporting Information). Compound 1 loses its lattice
DMF molecules at 79–136 °C (calcd. 7.93 % and found
7.94%). The final residual weight for 1 corresponds to that
of ZnO (JCPDS: 74–0534) (calcd. 17.50% and found
17.65 %). The TG curve for compound 2 show a weight loss
corresponding to the lattice DMF molecules over the 68–
145 °C range (calcd. 7.94% and found 7.51 %), after which
the weight loss is accelerated, and finally ZnO is yielded.
The first weight loss for compound 3 occurs from 112 to
220 °C and corresponds to the elimination of two DMF
molecules from the structure (calcd. 14.26 % and found
16.43%). The final residual weight for 3 corresponds to that
of ZnO. For compound 4, the first weight loss occurs from
98 to 325 °C and can be ascribed to the departure from the
structure of coordinated DMF molecules and lattice DMF
molecules (calcd. 30.18 % and found 29.46%). The final re-
sidual weight for 4 corresponds to that of ZnO. The TG
curve for 5 shows that a weight loss of 17.32% occurs in
86–157 °C range, and is presumably due to the removal
from the structure of two and a half lattice DMF molecules
(calcd. 17.18%). The final residual weight for 5 corresponds
to that of ZnO.

Photoluminescence Properties

Metal-organic frameworks constructed from d10 metal
centers and conjugated organic ligands are promising can-
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didates for hybrid photoactive materials with potential ap-
plication as light emitting diodes (LEDs). These crystalline
solids usually display controllable photoluminescence prop-
erties and high thermal stability. Thus, the room tempera-
ture solid-state emission spectra of the as-synthesized ZnII

compounds 1–5 have been investigated. As reported pre-
viously, solid H2OBA and H2BPDC ligands are nearly non-
fluorescent in the 400–800 nm range after excitation at
room temperature with light with wavelengths between 360
and 450 nm.[15] To further analyze the nature of these emis-
sion bands, the photoluminescence properties of the ligands
4-BPT, 3-BPT, 4-PYTZ and 3-PYTZ have also been ex-
plored (see Figure S2a in the Supporting Information).
When excited with 320 nm light, emission peaks occur in
the emission spectra at 406/464 nm (for 1), 414/458 nm (for
2), 440/470 nm (for 3), 406/462 nm (for 4) and 382/480 nm
(for 5) (see Figure S2b in the Supporting Information). The
free 4-BPT and 3-BPT ligands contain pyridyl and triazole
conjugated groups, and they show two weak emission peaks
in their spectra at 382/476 and 382/490 nm (λex = 320 nm),
respectively. The free 4-PYTZ and 3-PYTZ ligands contain
pyridyl and tetrazine conjugated groups, and they show two
weak emission peaks in their spectra at 428/460 and 410/
462 nm (λex = 320 nm), respectively (see Figure S2a in the
Supporting Information). In comparison the free N-donor
ligands, the emissions of compounds 1–5 are noticably
shifted. The ZnII ion with d10 configuration is difficult to
oxidize or reduce. Thus, it can be presumed that the peaks
appearing at 462 nm in the spectrum of 4 and at 382 nm in
the spectrum of 5 can be assigned to the intraligand π�π*
transitions of the 3-PYTZ and 3-BPT ligands, respectively.
The other fluorescence peaks appearing at around 400 and
460 nm in the spectra of 1–5 may be ascribed to ligand-
centred transitions, and the small red or blue shifts of these
peaks compared with those of the free ligands is a result
of metal-ligand coordination interactions. Furthermore, the
considerable enhancement of the intensity of these peakss
relative to those observed in the ligand spectra may be at-
tributed to the increased rigidity of the ligands when they
are bound to the metal centre, which effectively reduces the
energy loss. These results indicate that such metal com-
pounds may be good candidates as potential photoactive
materials.

Conclusions

In summary, a series of self-assembled metal-organic
frameworks have been constructed with long-chain ligands
bearing a triazole or s-tetrazian groups, rigid or nonrigid
aromatic dicarboxylate ligands, and zinc salts. These frame-
works illustrate once more the aesthetic diversity of coordi-
nation chemistry. The results from this study reveal that
paddle-wheel {Zn2(COO)4} clusters can be constructed by
changing the aromatic dicarboxylate ligands coordinated to
the Zn ions. Furthermore, as a result of the participation
of different pyridyl bridging ligands that act as secondary
ligands, compounds 1–5 with intriguing topologies have
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been synthesized. Herein, the design and assembly of
MOFs with charming topologies can be attributed to the
proper selection of carboxylic acid ligands as well as vari-
ous pyridyl bridging ligands. Further systematic work with
the aim of studying the effects of the structural features of
other metal ions, such as Co, Cd, and Mn, on the architec-
ture of the resulting frameworks is now in progress in our
laboratory.

Experimental Section
Materials and Physical Measurements: With the exception of the
ligands of 3-BPT, 4-BPT, 3-PYTZ and 4-PYTZ, which were synthe-
sized according to a literature procedure,[16] all reagents and sol-
vents for syntheses were commercially available and used as re-
ceived without further purification. Elemental analyses were per-
formed on a Perkin–Elmer 2400 element analyzer. The FTIR spec-
tra were collected on a Nicolet Impact 410 FTIR spectrometer.
Thermogravimetric experiments were performed with a TGA Q500
V20.10 Build 36; data were collected from room temperature to
800 °C at a heating rate of 10 °C/min. The emission and excitation
spectra of the samples were recorded on an Edinburgh Instruments
FLS920 spectrofluorimeter equipped with both continuous
(450 W) and pulsed xenon lamps. X-ray powder diffraction
(XRPD) patterns were recorded on a Rigaku D/max 2550 X-ray
Powder Diffractometer, at a speed of 1°/min. The calculated XRPD
patterns were produced from single-crystal X-ray diffraction data.

Syntheses: The five coordination polymers were all synthesized un-
der solvothermal conditions. In each synthetic procedure an ap-
proximate metal/dipyridyl ligand/dicarboxylate ligand starting
composition of 1:1:1 was utilized.

Synthesis of Compound 1: A mixture of Zn(NO3)2·6H2O (0.0297 g,
0.1 mmol), H2BPDC (0.0242 g, 0.1 mmol), and 4-BPT (0.024 g,
0.1 mmol) was suspended in a solvent mix containing DMF
(2.5 mL) and acetonitrile (2.5 mL). The mixture was heated in a
Teflon®-lined steel bomb at 80 °C for 24 h. Colourless block-
shaped crystals formed were collected in 57% yield (based on Zn).
C64.5H54.5N10.5O13.5Zn3 (1388.80): calcd. C 55.97, H 2.78, N 7.56;
found C 55.92, H 3.98, N 7.53. IR (KBr): ν̃ = 3311 (w), 2927 (w),

Table 1. Crystallographic data for 1–5.

Compound 1 2 3 4 5

Molecular formula C64.50H54.50N10.50O13.50Zn3 C64.50H52.50N10.50O13.50Zn3 C46H38N8O12Zn2 C95H103N15O29Zn4 C47.50H47.50N8.50O12.50Zn2

Fw 1388.80 1386.78 1025.58 2180.40 1068.18
Crystal system triclinic triclinic monoclinic monoclinic monoclinic
Space group P1̄ P1̄ C2/c C2/c C2/c
a [Å] 15.241(3) 15.224(3) 27.932(6) 25.367(5) 21.891(4)
b [Å] 15.251(3) 15.259(3) 7.5323(15) 16.334(3) 18.090(4)
c [Å] 17.584(4) 18.059(4) 23.999(5) 21.515(4) 17.127(3)
α [°] 80.73(3) 91.84 (3)
β [°] 88.38(3) 96.69(3) 103.99(3) 97.30(3) 106.62(3)
γ [°] 87.63(3) 98.28(3)
V [Å3] 4029.3(14) 4117.8(14) 4899.3(17) 8842(3) 6499(2)
Z 2 2 4 4 4
Dcalcd. [g/cm3] 1.145 1.118 1.390 1.638 1.092
F(000) 1426 1422 2104 4520 2208
Final R indices R1 = 0.0628 R1 = 0.0580 R1 = 0.0370 R1 = 0.0529 R1 = 0.0704
[I� 2σ(I)][a,b] wR2 = 0.2068 wR2 = 0.1225 wR2 = 0.0913 wR2 = 0.1386 wR2 = 0.2046
R indices R1 = 0.0863 R1 = 0.1460 R1 = 0.0508 R1 = 0.0841 R1 = 0.0829
(all data) wR2 = 0.2217 wR2 = 0.1346 wR2 = 0.0953 wR2 = 0.1501 wR2 = 0.2135

[a] R1 = ||Fo| – |Fc||/Σ|F|o. [b] wR2 = [Σw(Fo
2 – Fc

2)2/Σw(Fo
2)2]1/2. w = 1/[σ2(Fo

2) + (ap)2 + (bp)], p = [max(Fo
2, 0) + 2(Fc

2)]/3.
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1957 (w), 1674 (s), 1398 (s), 1093 (s), 841 (m), 771 (s), 679 (m), 453
(m) cm–1.

Synthesis of Compound 2: The same synthetic procedure reported
for 1 was used to prepare 2, except that 4-PYTZ was replaced by
4-BPT, and acetonitrile was replaced by EtOH. Red prism crystals
of 2 were collected in 70% yield (based on Zn).
C64.5H52.5N10.5O13.5Zn3 (1386.78): calcd. C 55.81, H 3.79, N 10.37;
found C 55.84, H 3.77, N 10.54. IR (KBr): ν̃ = 3060 (w), 2927 (w),
1676 (s), 1639 (m), 1606 (s), 1394 (s), 1089 (w), 841 (m), 769 (m),
603 (m), 455 (w) cm–1.

Synthesis of Compound 3: The same synthetic procedure reported
for 2 was used to prepare 3, except that H2BPDC was replaced by
H2OBA (0.258 g, 0.1 mmol), to give colourless block-shaped X-ray-
quality crystals in 75% yield (based on Zn). C46H38N8O12Zn2

(1025.58): calcd. C 53.82, H 3.71, N 10.92; found C 53.84, H 3.74,
N 10.89. IR (KBr): ν̃ = 3073 (w), 2922 (w), 1675 (s), 1631 (s), 1594
(m), 1396 (s), 1227 (s), 1159 (m), 1090 (w), 1063 (w), 876 (m), 783
(m), 737 (w), 656 (m), 606 (m), 534 (w), 455 (w) cm–1.

Synthesis of Compound 4: A mixture of Zn(NO3)2·6H2O (0.0297 g,
0.1 mmol), H2OBA (0.0258 g, 0.1 mmol), and 3-PYTZ (0.024 g,
0.1 mmol) was suspended in a solvent mix containing DMF
(2.5 mL) and methanol (2.5 mL). This mixture was heated in a Tef-
lon-lined steel bomb at 60 °C for 72 h. Red block-shaped crystals
suitable for X-ray diffraction analysis were collected in 35% yield
(based on Zn). C95H103N15O29Zn4 (2180.40): calcd. C 52.28, H
4.72, N 9.63; found C 52.31, H 4.75, N 9.60. IR (KBr): ν̃ = 3074
(w), 2932 (w), 1662 (s), 1631 (s), 1597 (s), 1498 (m), 1394 (s), 1240
(s), 1161 (m), 1097 (w), 1012 (w), 879 (m), 782 (m), 698 (m), 660
(m), 525 (w), 504 (w), 448 (w) cm–1.

Synthesis of Compound 5: The same synthetic procedure reported
for 4 was used to prepare 5, except that 3-PYTZ was replaced by
3-BPT (0.0236 g, 0.1 mmol), to produce red block-shaped crystals
of 5 in 69% yield (based on Zn). C47.50H47.50N8.50O12.50Zn2

(1068.18): calcd. C 53.41, H 4.48, N 11.15; found C 53.5, H 4.46,
N 11.3. IR (KBr): ν̃ = 3070 (w), 2935 (w), 1681 (s), 1626 (s), 1595
(s), 1501 (w), 1392 (s), 1307 (w), 1289 (w), 1246 (s), 1157 (s), 1118
(w), 1044 (w), 1007 (w), 879 (w), 781 (m), 698 (m), 669 (w), 513
(w), 451 (w) cm–1.

X-ray Structure Determinations: X-ray single-crystal diffraction
data for 1 and 3–5 were collected on a Rigaku RAXIS-RAPID
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diffractometer. The data processing was accomplished with the
PROCESS-AUTO program. XRD data collection and structural
analysis of 2 were performed on a Bruker SMART CCD dif-
fractometer equipped with a graphite monochromator. The
SMART software was used for data collection, for indexing the
reflections, and for determining the unit cell parameters; the col-
lected data were integrated with the SAINT software. All data were
collected at of 20 °C. Structure solutions were by direct methods
performed with the SHELXL crystallographic software package.
All non-hydrogen atoms were easily found in the difference Fourier
maps. All non-hydrogen atoms were refined anisotropically. Fur-
ther crystallographic data and structure refinement details are sum-
marized in Table 1. The 4-BPT ligand in compound 1, and the 3-
BPT ligand in compound 5 are disordered, the models for which
are shown in Figures S3 and S4 in the Supporting Information.

CCDC-808319 (for 1), -808320 (for 2), -808321 (for 3), -808322
(for 4), and -808323 (for 5) contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Thermogravimetric analyses (Figure S1), solid-state fluores-
cence emission spectra (Figure S2), and disorder models for ligands
in compounds 1 and 5 (Figure S3–S4). IR spectra (Figure S5–S9)
and powder XRD patterns (Figure S10-S14) for 1–5.
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