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A new 2-D coordination network with 22.2-Å square-grid coordina-
tion networks was prepared from a dicopper(II) tetraacetate [Cu2-
(AcO)4] as a linear linker motif and 5,10,15,20-tetra-4-pyridyl-
21H,23H-porphine (H2TPyP) as a four-connected vertex, forming
a regular high-porous structure. The characterization by N2

adsorption indicated that this coordination network has uniform
micropores and gas adsorption cavities.

Metal-organic frameworks (MOFs) with cavities have
been subjected to intensive study for the past decade.1 Such
materials have been extensively studied in recent years
because of their intriguing structures and, more importantly,
for their potential applications in gas storage, molecular
sieves, ion exchange, and catalysis.2 This class of porous
coordination networks is obtained through the selection of
metal and ligand sets based on their coordination tendencies
and geometries.

Previous studies have demonstrated that dinuclear metal
carboxylates construct 1-D channels to utilize the H bond
and/orπ-π-stacking capabilities of suitable organic ligands.3

Additionally, previous studies have demonstrated the forma-
tion of infinite porphyrin-based MOFs using 5,10,15,20-tetra-

4-pyridyl-21H,23H-porphine (H2TPyP) and mononuclear
metal (Hg,4a Co,4b Fe,4c Mn,4d and Zn4d,e) as a linker.
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Scheme 1. Construction of a Porous Coordination Network
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In this Communication, we report the synthesis and
characterization of a new porphyrin-based MOF consisting
of CuTPyP and a dicopper cluster as a linker.

The reaction of H2TPyP with dicopper(II) tetraacetate [Cu2-
(AcO)4] produces the first porphyrin-based MOF. Formulated
empirically as [Cu2(AcO)4(CuTPyP)1/2]‚CHCl3 (1), which
exhibits a 2-D infinite 22.2-Å square-grid coordination

network consisting of CuTPyP linked by Cu2(AcO)4, the
structural motif is displayed in Scheme 1. The structure of
1 was determined via single-crystal X-ray diffraction (XRD)
analysis.5

The distances of the square grid of1, with a dinuclear
metal as the linker, were longer than those with a mono-
nuclear metal unit as the linker.4 All four pyridyl groups of
CuTPyP are coordinated to independent dinuclear metals of
Cu2(AcO)4, the result of which is an undistorted square-grid
2-D network. Figure 1 shows one of the regular 2-D sheets
in 1. The Cu-Cu distance of 2.5986(15) Å for1 is slightly
shorter than the corresponding distance in [Cu2(BDA)2-
(H2O)2](MeOH)2(H2O)4 [2.66(1) Å]6 or [Cu2(O2CMe)4(4,4′-
tpcb)1/2](C6H6)3 [2.600(1) Å].7 The Cu-Naxial distance for1
is 2.148(8) Å, which is typical of such interactions.7 The
2-D layers stack along thec axis, with an interlayer
separation of1/2c (ca. 7.12 Å) and in an ABAB sequence
(Figure 1). The structural networks do not interpenetrate. The
structure does not show wide channels when viewed in the
stacking direction because the larger squares of adjacent
layers are not aligned. However, channels that run along an
orientation that is inclined with respect to the planes of the
layers, that is, along the corresponding planes, can be
observed. These channels show five types of cross sections
for various pore distributions when the van der Waals radii
are considered as follows: an elliptical section of ca. 4.4×
9.5 Å along [001] (Figure 2a), an elliptical section of ca.
1.6× 3.5 Å along [010] (Figure 2b), a cruciform section of
ca. 5.3× 8.3 Å along [011] (Figure 2c), a cruciform section
of ca. 3.0× 7.6 Å along [110] (Figure 2d), and a circular
section of ca. 6.7× 7.4 Å along [111] (Figure 2e).

A thermogravimetric analysis of1 in a He flow was
performed. The sample mass first decreases by ca. 22 wt %

Figure 1. Crystal packing diagram of1 showing three sets of 2-D arrays
colored alternately. Guest solvents are omitted for clarity.

Figure 2. Space-filling view of1 shown down the five directions (guest solvents are omitted for clarity), where open channels of (a) 4.4× 9.5 Å, (b) 1.6
× 3.5 Å, (c) 5.3× 8.3 Å, (d) 3.0× 7.6 Å, and (e) 6.7× 7.4 Å are partly occupied by a guest solvent.
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at 33-140 °C, and then a second decrease of ca. 22 wt %,
with respect to the initial mass, occurs at 140-315°C. The
second weight loss gives rise to decomposition of the
frameworks because Cu2(AcO)4 is the linker between the
CuTPyPs and plays an important role in retaining the cavity.8

Evacuation of1 at room temperature generates [Cu2(AcO)4-
(CuTPyP)1/2] (1′), which retains a crystallinity, as shown by
a powder XRD pattern, that is consistent with that of1
(Figure 3) and exhibits high gas-occlusion properties.

The adsorption and desorption isotherms of1′ are shown
in Figure 4.9 The adsorption of N2 follows a type I11 isotherm
with a Brunauer-Emmett-Teller surface area of 812.08 m2

g-1, a Langmuir surface area of 1035.96 m2 g-1, and a

micropore volume of 0.4737 cm3 g-1, which are significantly
higher than those of any porphyrin-based MOFs reported to
date under the same conditions.12

In summary, we have synthesized the first porphyrin-based
MOF supported by H2TPyP and Cu2(AcO)4. The porous
structure of1, which is constructed by the self-assembly of
a 2-D coordination network consisting of a 22.2-Å square
grid, was determined by X-ray crystallography. The structural
motif of 1 appears to explain the retention of crystallinity in
1′ and has a high surface area and micropore volume
characterized by N2 adsorption measurement. Further studies
will include an investigation into H2 storage, separation,
catalysis, and molecular recognition, as well as an extension
of supramolecular chemistry. The synthesis and characteriza-
tion of porphyrin-based MOF styles with more extended
dinuclear metals as the linker are in progress.
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Figure 3. XRD patterns for1 and1′ showing that1′ indicates the retention
of crystallinity in the absence of guest molecules.

Figure 4. (a) N2 adsorption (b) and desorption (O) isotherms for1′
measured volumetrically at 77 K. (b) Micropore size distributions for1′
calculated by the MP method from the adsorption isotherms.10
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