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Recent studies in metabrganic frameworks (MOF%)have
focused on the construction of MOFs with permanent porosity for
gas storagé separatiorf,and catalysi. These applications hinge
on two important properties of MOFs: porosity and stability. So
far, almost all reported open MOFs are microporous (with pore
sizes<2 nm). The augmentation of their channel sizes to meso-
porous range (250 nm) still poses a great challenge. Ligand
extension is an apparent option, but open MOFs built from large
ligands tend to collapse upon guest removal. The concurrent
application of ligand extension and SBU stabilization from this
laboratory has led to open MOFs with permanent porosity and large
channelg. Another difficulty in the preparation of a mesoporous
MOF (mesoMOF) by ligand extension is that a MOF constructed
from a large ligand is often accompanied by framework interpen-
etration. This can drastically reduce the size of the pores, thus
limiting the entrance of large molecules to the M®®ays must
be devised to extend the ligand while inhibiting interpenetration
and reinforcing the framework against disintegration upon guest

removal. The quantum leap in research along these lines is the

preparation of a mesoMOF exhibiting the characteristic type IV
isotherm showing pore condensation and adsorpti@sorption
hysteresis. This communication presents such a mesoMOF
(mesoMOF-1).

Herein, we demonstrate a facile route for the synthesis of a stable

mesoMOF. It involves a one-pot solvothermal synthesis, followed
by stabilization at pH values around 3.0. Importantly, these novel

mesoporous materials possess uniform pore sizes and thermal

stability comparable to that of other MOFs. This work may provide
a general entry to the synthesis of stable mesoMOFs.

The ligand 4,44"-striazine-1,3,5-triyltrip-aminobenzoate
(TATAB, Figure 1aj is our ligand of choice for constructing
mesoMOF-1. It is more extended than other tricarboxylate ligands,
such as BTGYBTB,22and TATB2¢ There are three amino groups
in the ligand prearranged so that they will not participate in frame-
work formation but will accept protons after the MOF is formed,
giving rise to a stable ionic mesoMOF. With the new ligand contain-
ing hierarchical functional groups, we have prepared mesoMOF-
1, Cw(TATAB) »(H,0)s*8DMF-9H,0, and applied a series of acids
to stabilize its framework, leading to permanent meso-channels.

Crystals of mesoMOF-1 were prepared in a solvothermal reaction
of Cu(NG;),:2.5H,0 and HTATAB in DMF at 90 °C. The product
was isolated as blue octahedral crystals (yield: 68%).

X-ray diffraction studies from multiply twinned crystals reveal
that mesoMOF-A crystallizes in cubic space groupm3. Two
copper atoms are bridged by four carboxylates to form the well-
known paddlewheel secondary building unit (SBU, Figure 1b) with

axial aqua ligands. As a result of repulsions between the hydrogen

atoms of the peripheral rings and those of amino groups, the
TATAB ligand in mesoMOF-1 is nonplanar, with an average
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Figure 1. (a) TATAB. (b) A paddlewheel structural unit of mesoMOF-1.

(c) A T4 octahedron. The red sphere represents the void inside the cage.
(d) A cuboctahedral cage. The distance between opposite corners is
38.5 A. (e) A view of packing of mesoMOF-1 from the [001] direction. (f)
The augmented twisted boracite network of mesoMOF-1.

dihedral angle between central and peripheral rings of’1&E&ch
SBU connects four TATAB ligands, and each TATAB binds three
SBUs to form ary octahedron (Figure 1c), in which all six vertices
are occupied by the SBUs, and four of the eight faces are spanned
by TATAB ligands. Eight suchTy octahedra occupy the eight
vertices of a cube to form a cuboctahedron (Figure 1d) through
corner sharing. These cuboctahedra propagate to a three-dimensional
ramework (Figure 1e) with a twisted boracite net topology (Figure
f).? Open channels from all three orthogonal directions are identical
in size and are as large as 2%%6.1 A (atom to atom distances).
MesoMOF-1 is isostructural with HKUSTd and the single-net
structure of PCN-8¢ PCN-6 is interpenetrated because the planarity
of TATB allows strongz—a interaction between ligands of the
two interpenetrated nets. In mesoMOF-1, suchr interactions
are absent because of the nonplanarity of TATAB ligands, thus
mesoMOF-1 is non-interpenetrated. In HKUST-1, BTC is planar,
but the ligand is simply too small to allow interpenetration, which
would cause significant steric repulsions between the two inter-
penetrated nets.

Because mesoMOF-1 is non-interpenetrated, high porosity can
be expected: the solvent accessible volume calculated using
PLATON!C is as high as 88.3%. The calculated density of
mesoMOF-1 after solvent removal is as low as 0.262 §/dvot
surprisingly, the crystals of mesoMOF-1 lose solvent quickly once
removed from the mother liquor. Thermogravimetric analysis (TGA)
indicates that as-synthesized mesoMOF-1 decomposes at temper-
atures lower than 18€C (Figure 2).

To stabilize the meso-channels, acids [HX>=X, Cl, Br] have
been used to react with the amino groups in TATAB to afford ionic
frameworks, [Ce(H3TATAB) 2(X)3]X 3, or mesoMOF-1-HX, which
should have higher thermal stability.

TGA studies of mesoMOF-1-HX (Figure 2, % F~, CI—, or
Br-) indicate that these ionic frameworks are stable up to°&0
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Figure 2. The TGA curves of mesoMOF-1 and mesoMOF-1-HX
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Figure 3. Gas sorption isotherms (77 K) of mesoMOF-1-HX.

After acid treatments, these compounds exhibit permanent porosity,
which has been confirmed by gas sorption studies. Prior to gas
sorption experiments, guest solvent molecules are removed by
solvent exchang#, followed by thermal activatio® under a
dynamic vacuum at an optimized temperature of @0Activation
at higher temperature results in a decrease in measured surface area 3 Am. Chem. So2004 126, 32. (e) Pan, L.; Parker, B.. Huang, X.:

(see Supporting Information).

the mesoMOF confirm the existence of mesopores. This mesoMOF
possesses pores of uniform size and is relatively easy to make. It
may have a large impact on separation and size-selective catalysis.
In particular, it could become an ideal template for the preparation
of monodispersed nanomateriéls.
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