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A 3D porous metal−organic framework (MOF) with 1D open
channels has been constructed hydrothermally using ZnII and a
rigid planar ligand IDC3- (imidazole-4,5-dicarboxylate). This MOF
can adsorb water selectively over organic solvents and can be
regenerated and reused. It also represents a rare example of a
MOF with open channels that form/collapse reversibly upon
hydration/dehydration.

In the past decade, much attention has been given to the
design and synthesis of porous metal-organic frameworks
(MOFs), owing to their potential applications in ion ex-
change,1 gas adsorption/separation,2,3 and catalysis.4 One of
the major hurdles in the construction of such porous materials
is the prevention of interpenetration. The use of large
secondary building units as vertices has proven to be
beneficial.2 Recently, we have demonstrated that a rigid
planar ligand containing multiple coordination sites, imida-
zole-4,5-dicarboxylate (IDC3-), is effective in promoting
non-interpenetrated MOFs.5a,b We and others have used
IDC3- to construct a series of porous MOFs with a variety
of metal ions.4d,5 In our continuing effort to construct porous

MOFs using the IDC3- ligand, a new MOF, namely, [Zn6-
(IDC)4(OH)2(Hprz)2]n (1), was obtained. MOF1 can adsorb
water selectively over organic solvents and can be regener-
ated and reused.3p,6 It also represents a rare example of a
MOF with open channels that form/collapse reversibly upon
hydration/dehydration.

A hydrothermal reaction of Zn(NO3)2‚6H2O, H3IDC, prz
(prz ) piperazine), and water under 180°C for 2 days gave
pale-yellow needle-shaped crystals of1‚13H2O in 60% yield.7

An X-ray crystallographic study8 reveals that1 crystallizes
in P21/n. As shown in Figure 1, there exist three symmetry-
independent Zn2+ ions in 1. Each Zn2+ is five-coordinated
in a slightly distorted trigonal-bipyramidal coordination
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environment. Zn1 coordinates one N and three O atoms from
two discreteµ3-IDC3- ligands and one N atom from the
Hprz+ bridge, with O1, N3, and N5 occupying the equatorial
positions and O3 and O5 residing in the axial positions. Zn2
also coordinates one N and three O atoms from two separate
µ3-IDC3- ligands and one O atom from aµ2-OH- bridge,
but the atom connectivity is not the same as that of Zn1,
with O7, N2ii, and O9iii occupying the equatorial positions
and O4ii and O6 sitting on the axial positions. Zn3
coordinates two N and two O atoms from two distinctµ3-
IDC3- ligands and one O atom from aµ2-OH- bridge, with

N4, O9, and N1i occupying the equatorial positions and O8
and O2i dwelling in the axial positions. In all three
symmetry-independent ZnII atoms, the axial Zn-O bonds
are longer than the equatorial Zn-O and Zn-N bonds. Each
µ2-OH- anion bridges two ZnII ions, with the distances and
an angle of 1.935(5)-1.936(5) Å and 120.9(2)°, respectively.
Eachµ3-IDC3- connects three ZnII in a symmetrical coor-
dination mode with a pseudo-C2 axis going through Zn2 and
C8.

As shown in Figure 2a, eight ZnII ions, six µ3-IDC3-

ligands, and twoµ2-OH- bridges form a large [Zn8(IDC)6-
(OH)2] ring, and four ZnII ions, twoµ3-IDC3- ligands, and
two µ2-OH- bridges form a small [Zn4(IDC)2(OH)2] ring.
The rings are further connected by the coordination interac-
tions of theµ3-IDC3- ligands and ZnII ions to generate a
novel MOF containing nanotubular open channels as shown
in Figure 3. Parts b and c of Figure 2 show the framework
structure surrounding a single tubular channel. The tubular
channel extends along thea axis, with a 21 axis going through
the center of each channel. The Hprz+ cations are located
within the wall of the channel (Figures 2b and 3a), and the
protonated N atom of each Hprz+ points toward the open
channel, which may serve as potential acidic catalytic sites.
The dimension of each channel is 9.38× 9.67 Å measured
by atom-to-atom distances (H9‚‚‚H9a ) 9.38, C1‚‚‚C4b )
9.67 Å, a) -x, 1 - y, 2 - z, b ) 1 - x, 1 - y, 2 - z). The
channels are filled with guest water molecules interacting
with theµ2-OH- bridge and the NH group of Hprz+ on the
surface of the channel through hydrogen bonding
(Figure S1 in the Supporting Information).

A solid of 1 displays a strong ligand-to-metal charge-
transfer5b photoluminescence emission band at 573 nm at
room temperature (Figure S2 in the Supporting Information).
A thermal gravimetric analysis (TGA) study (Figure S3 in
the Supporting Information) indicates that1 loses its water
solvates under 100°C, with the weight loss of 15.9% being
consistent with that of the calculated value (1‚13H2O,
16.2%). After the loss of water molecules, there is no other
weight loss before 340°C, indicating the presence of a stable
dehydrated framework over a wide range of temperatures.
X-ray powder diffraction (XRPD) was used to check the
structural identity and possible phase transition of the
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Figure 1. Coordination environments of three Zn2+ ions, includingµ3-
IDC3- and prz in1. H atoms and water molecules were omitted for clarity
(symmetry code: (i)-x + 1/2, y + 1/2, -z + 3/2; (ii) x - 1, y, z; (iii) x -
1/2, -y + 3/2, z - 1/2).

Figure 2. (a) Large [Zn8(IDC)6(OH)2] ring and small [Zn4(IDC)2(OH)2]
ring. (b) View of an open channel down thea axis. (c) View of the open
channel along theb axis (the yellow bar represents free space inside the
open channel).
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samples. The measured XRPD pattern closely matches
the one simulated from single-crystal diffraction data
(Figures 4 and S4 in the Supporting Information), indicating
that a single phase of1 is formed. However, the XRPD
patterns at higher temperatures (50-300 °C) are different
from those of the as-isolated sample, indicating a structural
change upon guest water removal. In addition, a nitrogen
adsorption measurement indicates that the dehydrated1
becomes nonporous after removal of guest water molecules
at 120°C (Figure S5 in the Supporting Information).

To check the adsorption properties of1 and to examine if
the framework can be reversibly formed upon dehydration
and hydration, a crystalline sample of1 was dried under
vacuum at 120°C for 2 h and then immersed in a variety of
wetsolvents (water, ethanol, acetone, tetrahydrofuran, ben-
zene, toluene, and xylene). All of the XRPD patterns are
almost the same as those of the as-isolated1, indicating the
recovery of the original framework after guest molecule
adsorption. Elemental analyses, IR spectra, TGA, and TGA-
MS measurements all indicate that the adsorbed guest
molecules by dehydrated1 from all of the tested solvents
are water molecules (see the Supporting Information). The
maximum number of adsorbed water molecules by a [Zn6-
(IDC)4(OH)2(Hprz)2] unit is 14 (17.2%). In the meantime,
the water contents of the tested organic solvents were reduced
after treatment with a dehydrated sample of1 (see the
Supporting Information), demonstrating that the dehydrated
sample1 can selectively adsorb water over organic solvents.
This can be ascribed to the highly hydrophilic nature of1
with its channel wall being built mainly fromµ2-OH-, Hprz+,
and µ3-IDC3- groups (Figures 3 and S1 in the Supporting
Information). The desorption/adsorption experiments can be
repeated many times, indicating that the framework of1 is
resilient toward dehydration/hydration. Although 3D porous
MOFs similar to that of1 have also been constructed with
other rigid planar ligands containing multiple coordination
sites,9 their 3D frameworks remain after guest removal.
Compound1 represents a rare example of a MOF with open
channels that form/collapse reversibly upon hydration/
dehydration. It can be used as a desiccant that adsorbs water
molecules very selectively. Compared to traditional molec-
ular sieves that are widely used as desiccants for organic
solvents,1 possesses the following advantages: first, the
adsorbed water molecules can be removed under relatively
lower temperatures and, second,1 can selectively adsorb
water molecules over organic solvents.
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Figure 3. (a) 3D framework of1, showing the nanotubular channels along
thea axis (water molecules and H atoms are omitted for clarity). (b) Space-
filling model of the open channels.

Figure 4. XRPD patterns of simulated, as-synthesized, and immersed dried
crystals for 24 h in different solvents.
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