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Open-framework and microporous materials have attracted a
lot of attention recently due to their traditional use in catalysis,
separation, and ion-exchange and their expected future use as
hybrid composite materials in electrooptical and sensing applica-
tions! Since the initial discovery of AlP©type materials by Figure 1. The ORTEP view of coordination environments for Zn, P,
Flanigen and co-workers, much of the synthesis has focused onand O atoms in the asymmetric unit. Atom labels having “A” or “B”
metal phosphates with pure inorganic framewdrRs important refer to symmetry-generated atoms. Two oxygen atoms of one of the
synthetic principle established by the exploration of this class of carboxylic group (C32) are not located due to their large positional
materials is that open-framework structures can be configured freedom within 24-ring channels.
during synthesis by the charge-matching of inorganic or organic
cationic species with suitable ionic framework precursor spécies. for single-crystal analysis on a SMART CCD diffractometer at
This approach has been particularly effective in the rational design room temperaturé.
and synthesis of transition metal phosphates and main group metal The framework is constructed from Zn and one of the organic
oxides? species (HOsPCHCOOH), and can be described as an interrupted

In contrast, although notable progress has been made in thetétrahedral zeolite-type structure. It is built from three uniqu&Zn
construction of coordination polymetselatively less progress  Sites, two QPCHCOC*™ groups, one gPCHCOOH" group
has been achieved in the synthesis of open-framework materials(Figure 1). All five terminal oxygen atoms in two;@CHCOC*
with organic building blocks using charge-compensating cafions. groups are utilized to connect Znsites. However, one oxygen
Introducing organic building blocks into the framework, and more atom in each-PO; group and one oxygen atom in theCOO
desirably, dangling organic functional groups from the framework group are bonded to the same zinc site (Zn3, Figure 1). Such a
walls into the porous channels is ideal for generating porous configuration is favorable because of the formation of stable six-
materials with novel molecular recognition properties and chemi- atom rings (P-O—Zn—0—-C—C). Therefore, each £#CHCOO
cal reactivities. However, the generation of such structures posesgroup in effect behaves like a regular POgroup in zeolite-

a significant synthetic challenge due to the high coordination type frameworks and is 4-connected to four zinc sites. Cor-
tendency and flexibility of organic functionalities. Herein, we respondingly, two of the three unique Zn sites are also 4-connected
report an example of an open-framework material with dangling to phosphorus sites.

carboxylic functional groups in 24-ring channels. The third Z#* site, even though penta-coordinated to five

The title compound was synthesized by preparing a mixture 0xygen atoms, is effectively 3-connected to phosphorus sites
of Zn(NOs)»*6H,0 (1.61 g), HOsPCHCOOH (0.532 g), 1,3,5- because two pairs of oxygen atoms are chelating oxygen atoms
benzenetricarboxylic acid (BTC, 0.806 g),®(4.00 g), ethylene  from two O;PCHCOO groups. To maintain a Zn /P ratio of 1,
glycol (15.99 g), and ethylendiamine (0.848 g). The mixture had the GPCHCOOH group is also 3-connected to the framework
a pH of 6.19 and was heated in a Teflon-coated steel autoclaveZn*" centers, and the dangling -GEIOOH groups line the wall
at 170°C for 5 days® The product consisted of thin, needle- 0f 24-ring channels (Figure 2).
shaped crystals with a typical diameter aroung:r© The optical It is of interest to note that the structure-directing agents, di-
examination, combined with X-ray powder diffraction, suggests protonated ethylenediamine molecules in this case, are not located
that no other crystalline phase was present. One crystal was usedit the center of the 24-ring channels, but instead are within the
wall that separates the 24-ring channels. Ethylenediamine mol-
*Riverside, California. ecules are completely ordered intdrans-conformation. Their
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Figure 2. A unit cell packing diagram viewed down tleeaxis showing the location of different species and 24-ring channels. Red: oxygen; yellow:
zinc; purple: phosphorus; green: carbon; blue: nitrogen.

The dangling carboxylic group has a high positional freedom, boxylate4 in the literature, many of these are based on coordina-
and atomic positions for two oxygen atoms are not well defined. tion principles. In addition to the ultra-large pore size (24-ring
The residual electron density peaks are mainly distributed aroundwindows), the title compound also contains 12- and 8-ring
the disordered carboxylic groups and at the center of 12-ring channels parallel to the 24-ring channels. Three types of parallel
channels. The electron density peaks around the center of 12-channels form hexagonal, honeycomb arrays. The title compound
ring channels are likely those c_>f disordered BTC molecules. The jg 5 rare example of an open-framework material with dangling
presence of BTIC _molﬁculehs IS 3'50 s'ug%_ested by tEe Itherm?'carboxylic functional groups uniformly distributed in the channel.
grav:)metrlc analysis that showed a significant weignt oss of g structure-directing reagent/charge-balancing cation is located
48.4% (Calfd weight loss based on one BTC molecule per formula along the 24-ring framework metal sites, leaving centers of the
unit: 48.1%) between 200 and 78C. A control experiment channels surrounded by organic functional groups. This may allow

carried out without the addition of BTC (same quantities of the . ) . . )
rest of the components) did not generate the same phase basef9anic functional group accessible for further chemical manipu-

on the powder X-ray diffraction. To further probe the effect of lation.

BTC and the role of the carboxylates in the synthesis, three

different carboxylic acids were used in the reaction mixture:  Acknowledgment. We acknowledge Semiconductor Research Cor-
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boxylic acid, anctis-1,3,5-cyclohexanetricarboxylic acid. All of
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framework reported here. coordinates, bond lengths and angles, anisotropic thermal parameters and
The synthesis of the title compound provides an interesting figures of X-ray powder diffraction pattern and simulated X-ray powder

example of the use of the charge-compensating principle in diffraction pattern (PDF). This material is available free of charge via

generating novel open-framework structures containing functional the Internet at http:/pubs.acs.org.
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