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Since the preparation of the AIR@mily* with zeolite structures (a) -
and the discovery of 14.1 A channel in mineral cacoxénitere
reported, the synthesis of inorganic open frameworks with extralarge
channels has been intensively studied in the systems of silicates,
germinates, and metal phosphated.With larger pores or channels
in structure, more applications may be realized to meet the
increasing demand on advanced materials for performing shape-
selective catalysis on reactants too large to enter the pores of

currently employed industrial catalysts, designing low-k materials N o _ hring i fi

and MRI contrast reagertsas well as gas storage materials with ~ £/94r¢ 1. The 26R unit in NTHU-5: (a) each ring is composed of six
L . . ) AlF,04 octahedra (purple), eight Zn@etrahedra (cyan), and twelve HPO

extraordmanly high capacits? Recent discovery on the novel  groups (yellow/orange): (b) the overlap of two consecutivsyimmetry-

photoluminescence property of microporous structures has alsorelated 26Rs with the top one (same as plot a) being drawn in ball-and-

extended their use from molecular sieve to inorganic phosphor asstick model for a clear view of the connection.

a new class of intrinsic luminescence materta®.

It is a highly challenging task to design an inorganic structure @)
with a desired pore size, since metakkygen building units can
exist in various geometric polyhedra and display an assorted Al
connectivity. Thus, unlike MOF designed synthesis in mi-
croporous inorganic materials cannot be easily achieved. To our +

knowledge, the largest channel size ever reported in them is 24-
membered rings (24R) which was only discovered in three
germinate% 8 and six MPO compounds:-17-2Navigating through

the periodic table, however, one can find nearly forty metal elements
to form M—O—P bonded open frameworks, but only three of them,
thatis, M= Ni, Zn, and Ga, were observed to create 24R channel rjg,re 2 Two types of helical chains in NTHU-5: (a)AIFO4] helix
structures. Yet all synthetic MPO frameworks have not attained a (left) and.[Zn(HPQ)] chain (right); (b) section of interlinked helical chains
channel size large enough to be compared with that of the naturally through HP(2)@ units. In this plot, the space-filing model is drawn to
formed channels in cacoxenite which contains both Al and Fe metal eMPhasize their helical nature.

centers. In contrast, existing 24R channel structures are only HP(1)Q; units being located in the chain center and Zt&rahedra
constructed from one I_(ind of the polyhedral metal centers, for ., tvo sides for outward connection (Figure 2a), in contrast to
example, tetrahedral Zhin ND-1 or ZnHPO-CJ1, tetrahedral 8  5mmon 4R chains with ZnQetrahedra in the chain center with
in NTHU-1, and octahedral R in VSB-1 or VSB-5. Inspired by hosphite/phosphate groups outw#&dhe other helical chain is
nature cacoxenite, we have started to exploit bimetal systems aimed,o negatively chargedAIF(HPO),]2-, which contains a[AIFO,]
at creating aluminum-containing open frameworks and discovered pqix as the chain axis with HP(2)@roups surrounding the axis
a novel bimetal phosphite structure with 26R channej8IHs).- and acting as linkers to connect witfizn(HPQs)] chains (Figure
[AIFZn,(HPG;)4] (designated as NTHU-5). This finding pushes the 2b). Therefore eachZn(HPOy)] chain is connected to two
ex_isting maximum channel size from 24R forward up to 26R JAIF(HPO,);]2~ chains while each.JAIF(HPO),J2~ chain is
(Figure 1). _ _ connected to fous[Zn(HPQ)] chains resulting in the unprecedented
NTHU-5 was prepared by heating a mixture 0b®4, Zn(NOy)z, 26R tunnels in microporous materials (Figure 3).
HF, HsPOs, CHoNH,, C:HsOH, and BO in the molar ratio of 1:1: The most striking feature of NTHU-5 is that every channel is
4.5:6:10:106:666 in a Teflon-lined acid digestion bomb at 120 ¢gnsiructed by a concatenation of 26R units (Figure 1a) which are
for 2 days under autogenous pressure. The resulting productinterjinked through A-F—Al and P-O—Zn bonds. The 26R unit
consisted of a single-phased NTHU-5 in a yield of 66% (based on i composed of six AlO, octahedra, eight ZnOtetrahedra and
the limiting reagent zinc). Single-crystal structure anafysevealed twelve HPQ groups. Every two consecutive 26Rs along the channel
that the three-dimensional inorganic framework is built up with yirection are 4symmetry-related (Figure 1b), and the square
octahedral AlIEO,, tetrahedral Zn@ and two HPQ units, which channel openings observed ab plane are the overlap of

form two types of helical chains along theeaxis (Figure 2). One 56 mempered rings. Maximum free atom-to-atom distance across
of the helical chains is the neutral 4R chainfZn(HPOy)] with the ring is 20.1 A and the solvent accessible volume within the

 National Tsing Hua University structure was estimated as 52.1% of the unitZaiutyl ammonium
* National Central University. ions are located within channels with terminaNHs* groups
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Figure 3. The structure of NTHU-5: (a) perspective view along ¢keexis,
showing 26R channels encircled by helical chains (organic cations are
omitted in the plot); (b) side view of one 26R channel showing lateral 8R
windows. The channel is also composed of a stack of 26-membered rings
which are shown in alternating gray and colored polyhedra.

orienting toward the charged helicdAIF(HPOs),]2~ chains at four
corners. They also form hydrogen bonds with the neutfah-
(HPG;)] chains on four edges (Figure S4). The existence of this
organic component was confirmed by bdth MAS NMR data
and elemental analysi8.

NTHU-5 has been considered to be the first 26R channel structure
ever reported. It is also for the first time that a microporous structure
with participation of aluminum in a pore size over 20R is prepared.
All Al 3+ centers are difluorinated with twe,-F ligands forming
one octahedral edge. The presence of fluoride was confirmed by
19 NMR spectroscopy. We also measured & MAS NMR
spectrum which showed one distinct resonance-at.8 ppm,
indicating that the chemical shift of octahedraPAin phosphite
lattice is fairly close to that in phosphate lattié@$/oreover,3'P
solid-state NMR data revealed two resonances with chemical shifts
at 6.0 and—0.4 ppm. They respectively correspond to P(1) and
P(2) for HP(1)Q, connected with three Zn centers, and HP&)O
connected with one Zn and two Al centers. The phosphite hydrogen
was confirmed by its characteristic stretching at 2395 cnt,
and itsH resonance was observed at a chemical shift of 7.5 ppm
(Figure S7).

The bimetal-containing NTHU-5 structure can sustain heat up
to 210°C, being more stable than the single metal 24R structure
of ZnHPO-CJ2! These two compounds have the same M/P ratio
of 3:4 and the same organic cations, but they adopt entirely different
structures. The compositional difference lies in the differently
charged heterometal atom Al, which is also fluorinated and no
longer four-coordinated as Zn. From the view of synthesis, NTHU-5
may be considered as a thermodynamically and kinetically stable
phase. Compared with existing 24R channel structures, NTHU-5

was actually prepared at the lowest temperature with the shortest

reaction time and could be easily reproduced in single crystalline
phase with a reasonably high yield. Furthermore, we discovered
that the trivalent metal site in NTHU-5 could be replaced by
heterometal other than Al. If M(N§; (M = Ga or Fe) is used in
place of ALO; in the above synthesis, Ga or Fe analogue of
NTHU-5 can be obtained as a nearly pure-phase product in high
yield as well (see Table S1). In the Ga analogue, it is the,GaF
octahedra that formsdGaFQy] helical chain axis via the bridging
of u,-F. We found that theé'P resonance for P(1) remained a
chemical shift at 6.0 ppm but P(2) was down-shifted to 3.7 ppm
owing to the P-O—Ga linkage. In the Fe analogue, the octahedral
helix becomes,[FeFQj], which renders magnetic property to the
NTHU-5 structure (Figure S11).

This study has demonstrated that differently charged metal ions
can together form MO—P—O—M' bonded structure with ring size
larger than any other existing inorganic open frameworks. The

unique structure of NTHU-5 is built with two types of helical chains
with its unprecedented 26R channel being truly a stack of
26-membered rings instead of just an opening. In addition #,Al
other trivalent metals with adequate crystal radii and six-coordina-
tion, for example, G& and Fé", can be adopted by NTHU4.
This is an extraordinary property since previous examples showed
that intraframework metal sites could only be partially doped,
otherwise they may result in structure variation. The system of
NTHU-5 has provided an intriguingly new chemical synthesis for
inorganic microporous materials with optimal reaction conditions.
Further research on this system is in progress.
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