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In the past decade, the supramolecular assemblies of discrete

cages as well as metabrganic frameworks (MOFs) with porous
structures have developed rapidly due to their potential uses for
gas separation and storagmn-exchangé, molecular and chiral
recognition, and catalysfsFor example, Yaghi et al. utilized
secondary building units (SBUs) to serve as large vertices to
construct MOFs with large channels for gas storigeMOFs with

chiral recognition and catalysis properties have also been reported

by Lin’s group3¢-' On the other hand, Staffg and Fuijitd* used
planar rigid multipyridyl ligands andis-protected square-planar

metals to create a series of discrete nanoscale cages and macrocycles

for molecular recognition and chiral catalysis. Discrete nanoscale

cages can also be prepared by supramolecular assemblies of flexible

or semirigid organic ligands with metal ioAsSo far, rare effort
has been devoted to the combination of these two interesting fields
to construct MOFs containing cages resembling the discrete®ones.
Herein we present two stable 3D MOFs containing nanoscale cages
which are constructed by a Cd(ll) ion and a rigid planar ligand of
imidazole-4,5-dicarboxylate (IDT).

The crystals of{ NajCd;(IDC)¢]-3bpy-7H,0},, (bpy = 4,4-
bipyridyl) (1) and{ (BusN)K3Cd,(IDC)e} -6H,O} » (2) were obtainedl
in high yields by the hydrothermal reactions of Cd({j4H,O
and IDC~ using bpy and BsNBr as templates, respectively. X-ray
crystallograph§reveals that botfi and2 possess the same metal
organic framework, in which the coordination environments of
Cd(l1) and bridging modes of ID€ are shown in Figure 1. Among
the two crystallographically independent Cd(ll) ions, Cd(1) is six-
coordinated with four oxygen and two nitrogen atoms from two
individual u3-IDC®~ and oneu,-IDC3", forming a slightly distorted
trigonal prism geometry with N(1vii), O(2), and O(4) atoms
composing one triangular plane, and O(1vii), O(1), and N(2) atoms
composing the other plane. In contrast, Cd(2) is coordinated to six
symmetry related O(3) atoms from three individugdl DC3~ with
a perfect trigonal prismatic geometry. BotikIDC3~ andu4-IDC3~
motifs possess crystallographically imposgdsymmetry and are
planar with the mean deviations of 0.0221 and 0.0481 A, respective-
ly. Eachus-IDC3~ connects one Cd(2) and two Cd(1) atoms, while
eachu,-IDC3~ bridges four Cd(1) atoms, giving a planarsM
triangle and a planar M quadrangle, as depicted in Figure 1.

In both compounds, sixs-IDC3~ and sixus-IDC3" bridge a total
of 21 Cd(ll) ions to generate a large nanoscalgllvt cage (Figure
2a) with a diameter of ca. 1.4 nm. As shown in Figure Sla, six
MaL triangles (green) are located in the equatorial positions, and
six ML quadrangles (blue) wrap around the two polar sites.
Theoretically, the ML, cage can be considered to consist of eight
triangles and fifteen quadrangles, leading tc®43cage building
unit (CBU), which has not been observed in the known zeolite
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Figure 1. Partial molecular structure dfand2, showing the coordination
environments of Cd(ll) and bridging modes of IBGons (represented by
blue quadrangle for the,-IDC3~ plane and green triangle for the-IDC3~
plane).

CBUs so far. The polyhedron of 815 cage contains 21 vertices,
23 faces, and 42 edges, according with the Euler rule of “elge
2 = vertex+ face”. The cage is formed by planarsMtriangles
and ML quadrangles, quite similar to that of fullereneggCthat
is constructed by the planar five and six carbon rings and much
different from the cages of zeolites, where the void surfaces are
composed of bended-©r—0O (T = Si, P, Al) connections. There
are six large and three small quadrilateral and two small triangular
windows on the surface of each cage (Figures 2b and Sla), with
the dimensions for the large windows of 33.0 A2 The windows
are formed via sharing the vertices of thelMriangles and ML
gquadrangles and are open to six neighboring quadrilateral windows
and five trigonal prismatic cage-shaped windows around the cage,
as shown in Figure 2b. Each cage shares its plangrtiangles
with six neighboring cages in the equatorial positions (Figure S1b,c)
and its planar ML quadrangles with three neighboring cages on
each polar site (Figure Ste). A novel 3D framework is generated
through the above cage-to-cage connections (Figure 2c), which
exhibits a hexagonal closest packingi@stype metals if each cage
is regarded as one ball (Figure S1f).

Each cage contains three disordered bpy molecules and four Na
ions in 1 (Figure S2a,b) and one disordered Rt and three K
in 2 (Figure S2c¢,d), in which the alkali metal ions are located around
the large square windows (Figure S2a, d), and are weakly interacted
with bpy nitrogen atoms (id), water molecules, and IDC oxygen
atoms. It is noteworthy that and 2 cannot be obtained without
the presence of bpy and BU™ molecules, implying that the bpy
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by larger K- and ByN™ cations. This indicates that the escape
rate of the guest molecules can be influenced by the particle sizes
of 1 and may be potential use for control release of the absorbed
guest molecules.

In conclusion, we demonstrate here that a new type of stable
3D MOFs can be constructed by nanoscale cages via sharing the
rigid planar ligands, which display fullerene-like surface and zeolite-
like windows. The MOFs show the following unusual features. First,
the fullerene-like cages are connected via sharing the single-layer
walls. Second, the large nanoscalg;M, cage shows a new type
of 38415 CBU. Third, the escape rate of the guest molecules can be
influenced by the particle sizes ©f More interestingly, such MOFs
combine the common features of traditional zeolites, MOFs, and
fullerene and may generate a new kind of materials that combine
the useful properties of zeolites, MOFs, and fullerene.
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Figure 2. (a) The nanoscale ML1» cage. (b) The windows around the
cage. (c) The 3D MOF viewed along tlaeaxis (the guest molecules are
omitted for clarity).

and BuN™ act as the templates during the formation of the cages.
Usually, triangular and tetrahedral molecules or ions are used as
templates to construct the cage structdresshile the formations

of cages directed by linear guest molecules are still rare.
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crushed to powder, so more guest molecules escape from the cages.
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the crystals oR were crushed to powder, the water molecules still
escape slowly from the cages since the channels are still blocked
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