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The oxidation of CO to C® by metal catalysts has been
intensively investigated; for example, gold nanoparticles have
exhibited excellent propertiésThe metal catalysts are often

dispersed on a solid support, such as oxide, zeolite, and so on.
Exposed to heating during vehicle use, these metal particles trend
to agglomerate and grow, which causes their overall surface area
to decrease. As a result, catalyst activity deteriorafédsese metal

catalysts are also very easily poisoned by exposing them to moisture

or organic compounds. On the other hand, the newly developed
microporous metatorganic polymers (MMOPSs) have recently
promised many intriguing properties especially for adsorptive and
catalytic application8 Besides the high metal content of MMOPs,
one of their greatest advantages is that all active sites are
homogeneous because of the highly crystalline nature of the
materialst® For optimal catalytic activity, the active sites should
be freely accessible to reagent molecules, preferably via large
channels or cavitie? However, in many MOPs the metal ions
are completely saturated by coordinating to the organic ligands,
which makes reports on the catalytic activity of MOPs extremely
scarce and little understanding of the catalytic active sites. In this
Communication, we present a new MMOP, Cu(mipt) (mipt
5-methylisophthalate), containing coordinated-unsaturated Lewis
acid sites on channel walls. This MMOP material exhibits excellent
and stable catalytic activity for the oxidization of CO to €0
12CO and®*CO isotopic probe molecules are used to examine its
acidity.

Treatment of an aqua solution of copper(ll) nitrate and 5-me-
thylisophthalic acid (Hmipt) inside a Teflon capped scintillation
vial at 140°C for 4 days afforded blue block crystals [Cu(mipt)-
(H20)](H20)2 (1). In the structure ofl,° the paddle-wheel Gu
clusters are interconnected by bent mipt linkers to form an
undulating two-dimensional (2D) net with* 4opology?®1! Each

Figure 1. Perspective view of the microporous frameworklo$howing

the paddle-wheel Giclusters and open channels: Cu, turquoise; C, lime;

O, red.

to the corresponding value of 2.85 A in liquid wat@#2 Further-
more, these water tetramers are eclipsed to each other and alternately
arranged to form a 1D tube-like structure accommodated in the
open channels of type-I.

Thermogravimetric analysisindicates that complek loses the
uncoordinated water molecules from 40 to WO and then loses
the coordinated ones from 90 to 14C. The host framework starts
to decompose from 30CC. The powder X-ray diffraction (PXRD)
patterns illustrate that the original framework of the dehydrated
remains intact? It is interestingly noted that the dehydrationl-of
is accompanied by pronounced color changes; whereas the original
material is blue, the dehydrated material shows a black-violet color.
Exposing the dehydratetito atmosphere air, the sample restores
immediately its original blue color. Furthermore, the re-adsorbed
water of the materials can be easily removed by heating the sample

copper center has a square-pyramidal coordination environment,;y 150°c in vacuum.

and the two copper atoms share four carboxyl mipt ligands with
an Cu-Cu interatomic separation of 2.615AThe 2D 4 net
consists of two kinds of calfarene-like grids, where the four
aromatic rings of type-l adopt a uniform cis mode while those of
type-ll adopt cis and trans alternate modeSo the type-I grid
exhibits an open window with the dimensions of 8.838.33 A2
while that of type-ll is self-closed to form spherical molecular
cavities with a pore radius of 4.681'AThe adjacent identical 2D

As compared to most of MOPs with the coordination sites
blocked by the polymer-constituting ligand, compléxhas the
advantage that Lewis acid coordination sites are on the interior of
the channel walls, and thus, copper sites are accessible for
adsorption and catalytic conversidghBurthermore, complek also
possesses a percent effective free solvent volume of 29% calculated
with PLATON,'® which offers effective space for the adsorption
and catalytic conversions.

nets are eclipsed to each other to form a microporous framework  ~5 oxidation overl is performed using a fixed bed flow

with two types of open channels (Figure 1). Interestingly, two lattice
water molecules (O2W and O3W) and their symmetric entities by
the 4-fold axis aggregate respectively into cyclic water tetramers
through hydrogen-bonding interactiosThe two types of water

tetramers both assume the square conformation with an average; ggo,

O---O separation within the tetramer of 2.88 A, which is comparable
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reactor'® Figure 2 shows the arrhenius plot fbrcompared with

our recently reported Ni-containing MCGPAfter activation by
heating in air at 250C for 3 h, 1 presents a higher activity than
the Ni-containing one. At 20€C, the CO conversion ovérreaches
much higher than the reported one (3%figure 2 also
shows the plots for CuO and CuOA8); calculated from the data

in the reference’! The data shown in the figure are limited to the
samples subjected to only oxidative pretreatment, because the

10.1021/ja071662s CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

1 (QMS dala)
4 - 4 © 1 (GC data)

NHVOP
(QMS data) ¢

o]

. (6T s
CuD
Nang-CuQ
CuQ e

Culy M=
CuOfAl,O, ¥
CUudiAlO, e

In (R x10° | moleg; moly, " s')
1]
T
[6)
> EE S 4>

“ ) ) ) y .
1.8 2.0 2.2 2.4 2.6 2.8
10° [(TIK)

Figure 2. Arrhenius plots of CO oxidation over (activated at 250C),
the Ni-containing MOP, CuO, and CuOM&8); catalysts.
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Figure 3. FTIR spectra of COCO, 13CO, 12CO + 13CO) adsorbed at

room temperature oh activated at 250C (2113 cn1! for 12CO and 2064

cm1 for 13CO).

activity of Cu oxide changes sensitively by the reductive pretreat-
ment!® The activity of1 is similar or higher than that of CuO and
CuO/Al,O3. The activation energy oh (70.1 kJ/mol) is near that

of CuO (69.9 kJ/mol}$ Although room-temperature oxidation of
CO is reported over CuO, the reaction is carried out under very
exothermic conditions (not included in Figure 2), and the corre-
sponding catalytic feature is lost upon exposing the sample to
atmospheric air for a very short time (#Q5 s)!” Although
nanoCu@*2 showed much higher activity at 10% than1, the
activity approaches a similar level foabove 130°C, which may

be attributed to the aggregation of nanoCuO samples at higher
temperatures. It is most important that the activitylos stable

with time at a fixed temperature of 10€ or higher® The sample

of 1 also presents obstinate stability when exposed to atmospheric
air. Notedly, the microporous framework dfremains intact after
removal of guest molecules and after catalytic reaction, which is
indicated by the PXRD patterd®The elemental analysis results
for both samples after removal of guest molecules and after catalytic

reaction are in agreement with the theoretical value of the 4,

the 2CO band. The mixed?CO + 13CO (?COACO/Ar = 0.5:
0.5:10, 1 atm) spectrum exhibits a sum of pure isotopic bands,
suggesting the formation of mono-CO species on the Cu center.
The adsorbed CO of can be completely removed at 260G in
vacuum. It should be noted that the signal at 2113cwas not
observed in the IR spectrum of nondehydrafednder the CO
atmosphere, implying that CO was adsorbed inside the cavity of
the dehydrated, not on the bulk surfac¥.

In conclusion, we successfully present a new microporous MOP
showing active Lewis acid sites on channel walls. The stable
catalytic activity for the CO oxidation opens the door for the new-
generation structurally well-defined multifunctional MOPs as
catalysts for gas-phase reactions.
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