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A topological isomer based on Zn, paddlewheel, dicarboxylate, combination of metal ion and organic ligands can give rise
and diamine ligands is synthesized by solvothermal methods after to a large number of topological isomers depending on the
careful modulation of the reaction conditions. The new framework three-dimensional connectivity. Therefore, efforts to discover
is characterized by a pillared Kagome net topology and possesses new open frameworks using well-known and easily available

ligands are also important.

A recent paper has shown the flexibilities of the 1,4-
benzenedicarboxylate (bdc) ligand in a pillared square-grid
net of [Zny(bdc)(dabco)]® ZBDt hereafter, meaning the

As interest in the study of coordination polymers grows, tetragonal phase of Zrbdc—dabco (dabco is 1,4-diazabicyclo-
advances have been made in various aspects of the crystallinf2.2.2]Joctane). The unusually bent bdc linkers connecting
open frameworks. Topological analysésve improved our  the paddlewheel nodes in ZBBave inspired us to explore
understanding of the three-dimensional nets, and an unprecthe possibility of obtaining a new framework in which the

a sustainable pore structure with high surface area (~2400 m?/g)
and large hexagonal channels (~15 A).

edented level of surface area has been establisiAdsh, dinuclear units are connected in a shape other than a square.
potentials have been raised toward such applications asThe rational expectations would then be triangular or
storage’ separatiord,catalysis’} and host-guest chemistry. hexagonal connection because, along with the square, triangle

The last area would benefit greatly if the porous crystalline and hexagon are the basic building motifs for regular plane
hosts possess not only high surface areas but also largenets? Therefore, we have systematically approached variation
apertures, which delimit the size of the guest molecules that
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Scheme 1. [Zny(0O2C)s Paddlewheel and Its Role as Nodes in Two
Isomeric Nets

Pillared
| square-grid net
| (ZBDt)
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of the synthetic conditions and successfully obtained a new
phase having the same chemical composition as tZ2BD
with a completely different connectivity, which resulted in

a higher porosity and much larger open channels. The new
phase is referred to ZBDhereafter, wherdn implies the
hexagonal Symme”y (Scheme l.)' Figure 1. Perspective view of the ZBDframework showing the two types

For synthesis of ZBD, the relative amounts of reagents, of open channels (a) and enlarged views of the free apertures (b) and side
reaction temperatures, and solvents in the solvothermalwindows (c) after considering the van der Waals surface of the framework
conditions for ZBD have been modulated in a systematically gm'_cmd as awire mesh. Legend: Zn, green; C, gray; H, white; O, red; N,
controlled manner. Although most of these attempts have
not returned encouraging results, we have noticed that a smalknown;'” however, three-dimensionally connected Kagome
amount of hexagonal single crystals forms along with the nets showing a reversible sorption behavior have been
block-shaped crystals of ZBOwhen acetonitrile is used as  reported only twicé?
the cosolvent? The synthetic procedure has been optimized ~ The solvent sites of the paddlewheel units are exposed
further by adopting a ternary solvent systéiN'-dimeth- above and below the Kagome layer and are occupied by
ylformamide (DMF)/CHCN/ethylene glycol (EG) to yield  nitrogen atoms of the dabco ligand. Therefore, adjacent
only the hexagonal crystals of ZB3* The composition of ~ Kagome layers are pillared directly on top without a lateral
ZBDh is [Zny(bdck(dabco)] and is identical with that of  dislocation and form straight open channels running along
ZBDt. the c axis (Figure 1a).

In the structure determined by X-ray diffraction on  Asshown in Figure 1b, the small, triangular open channel
preevacuated single crystals of ZBE? Zn, paddlewheel allows an imaginary sphere of 4.5 A diameter to pass through
nodes are interconnected by slightly bent bdc linkers, as in without touching the van der Waals surface of the framework,
the case of ZBB Unlike ZBDt, however, the same nodes implying that only small guest molecules with linear
and linkers form two-dimensional sheets composed of geometry may fit inside. The large, hexagonal channel has
triangles and hexagons (Scheme 1). One such layer is knownidths of 17.1 A when measured between the centers of two
as the Kagome nét frequently seen in ornamental designs. OPposite phenyl rings and 21.5 A when measured between
The Kagome pattern has also been observed in microarrayghe two nitrogen atoms at the corner. When the van der Waals
of colloidal crystals® in a periodic assembly of DNA surface of the framework is considered, the width of the
nucleotidess and, more frequently, in the structure of various hexagonal window is 13:515 A. Straight open channels
inorganic solids with interesting magnetic properfies. With such a large aperture is not common in porous

Coordination polymers related to the Kagome lattice are also coordination polymers. For comparison, MOF-5 is a well-
known metat-organic framework having channel-type pores
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600 7 The abrupt rise and saturation of the sorbed amounts at a
e > € eCe & eC0o Oo O low relative pressure are type | behavior characteristics for
. z microporous materials. The Brunas&mmett-Teller (BET)
4007 1 and Langmuir surface areas obtained from the adsorption
300 j isotherm are 1603 and 2420%ky, respectively. The total
pore volume of ZBM is estimated to be 0.86 éfy. The

2 « » > topological isomer ZBD has BET and Langmuir surface

. areas of 1450 and 209(%fy, respectively, and a pore volume

0 . . . . of 0.75 cn¥/g. The larger values of the surface area and pore
0.0 0.2 0.4 0.6 0.8 1.0 volume for ZBCh corroborate with the expectation based

P (atm) on single-crystal structure analysis (see above) and on simple
Figure 2. Gas sorption isotherms of ZBDfor nitrogen and hydrogen geometric consideratiori8.

measured at 78 K. The filled and open symbols represent sorption and .
desorption data, respectively. The hydrogen gas sorption of ZBDhas also been

and a surface area of about 3008g°® and its free aperture ~ measured at 78 K. The hydrogen uptake at 0.94 atm and 78
measures approximately 8 A. The triangular and hexagonalK is 200.5 cni/g (STP). This is equivalent to 1.8 wt % of
open channels are interconnected through small windows ofhydrogen uptake and slightly smaller than that of ZBZ23
3.5-5 A (Figure 1c). cm?/g). The fact that ZBID possesses a larger surface area
The solvent-accessible free volume of ZBI3 estimated and yet adsorbs a smaller amount of hydrogen than ZBD
to be 65% of the total crystal volurffeand is slightly larger ~ under the same conditions is not surprising. As one of us
than that of its topological isomer ZBD(62%). The has already proposed, a large open channel is not an optimal
extraframework space should have been filled by synthetic pore structure for hydrogen sorptiéhinstead, it may be
solvents. Not surprisingly, however, the solvent molecules worth trying to load metallic guests that help hydrogen
are severely disordered, and no useful information about thesorption into the hexagonal channels of ZBDF carefully
relative amounts or orientation in the pores could be obtainedpjanned, such an inclusion will still leave the triangular

from the single-crystal X—ray_ analysis on gs—syr!thesized channels available for hydrogen storage.
crystals. Nevertheless, we think that §I}N with a linear In summary, we have systematically approached the
geometry acts as a template for the triangular channelsS nthesis of a new open-framework ZB@sING a known
throughsr=r contacts, and extensive intermolecular hydrogen ynihesis pen- 9

combination of metal and ligands. The ZBBamework has

bonding between DMF and EG or among EG molecules ™. . .
creates solvent aggregates that help form the hexagona pillared Kagome net and a sustainable pore structure with
arge hexagonal channels-{5 A). The novel features of

channelg! N . e
ZBDh maintains its structural integrity after complete ZBDh may be useful for the inclusion and diffusion of large

removal of the solvents occupying the voids. Thermal 9Uest molecules. Although the roles played by cosolvents
gravimetric analysis (TGA) shows that the as-synthesized during the synthesis of ZBDare yet to be clarified, the
material releases solvents even at room temperature and lose®yNthetic protocol and solvent cocktail used in this work
30% of its weight upon heating to about 280 (Figure S1 ~ deserve further attention because they may lead to the
in the Supporting Information). The decomposition of the discovery of new open frameworks from well-known com-
framework is observed near 30T. Because an open- binations of transition-metal ions and common organic
framework structure may collapse without decomposition ligands.

upon evacuation, we measured powder X-ray diffraction )
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