J. Am. Chem. S0d.999,121,8389-8390 8389

Zinc Phosphate with Gigantic Pores of 24 Tetrahedra
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Materials with open-framework structures are of great impor-
tance in many fields of today’s applied chemistry, such as ion-
exchange, molecular sieving, catalysis,‘efcThe search for new
phosphate and other materials with open-framework structures
with increasingly larger cavities has been extremely intensive in
recent year4® The number of new synthetically made compounds Figure 1. General view of the structure of ND-1 projected along the
with extralarge pores, i.e., pores of more than 12 tetrahedra, hasc-axis of the hexagonal cell. The framework is built of corner-sharing
grown steadily since 1988, when VPI-5 with 18-membered rings ©Xygen tetrahedra centered by zinc (dark gray) and phosphorus (Ilght
was discovered The largest openings known so far among the gray). The channels, made of 24 such tet_rahgdra, are arranged in a
silicates and phosphates are of 20-membered rings, for twoNoneycomb array. The templates todns 1,2-diaminocyclohexane and
Synthetc phosphates, clovere and JDFL2@nd one natural e Vele oleces (solied sckes) s found rear e wals of e
gfhZigua:ﬁéfg?géegz\%lfgegg:t supé)énggjsé ltqo(;/vgtrgdtig% Sixnttrr]]gspl)sas vacuum), with no atoms or moIecuAIes found there. The diameter of this
Among those are, for example, the use of large or oligomeric bular empty space is about 8.6 A (shown).
templates as well as the selection of framework elements that

can form three-membered rings such as the zincosilicates and they.1.5 5:-117 210C. 2 days in Teflon-lined autoclaves, pH8).
zincophosphatesor synthesis of nonoxide-based mate_ri%\‘iiet Later, BPQ was replaced with POy, and it was found that the
another a_pproach, practlged _p_nmarlly for the synthesis of meso- synthesis can be carried out at lower temperature, °G8Cand
porous silicates and aluminosilicates such as MCM-41 and others,ith ither zinc acetate or nitrate. The template was deliberately
involves the use of cooperative templalt;ng by assemblies of cjnsen as the 1,2-isomer of diaminocyclohexane rather than the
templates, i.e., liquid crystal templatify’? Capable of such 1 3 "4 1 4.substituted isomers because of its well-defined
mechanism are surfactant-type templates, i.e., templates that havgyqrophobic and hydrophilic parts, and therefore the higher
relatively well separated h_ydrophoblc and hydrophilic ends, where potential for liquid-crystal templating. Furthermore, a cyclic
the latter are usually amino groups, phosphates, or sulfates. Iniempjate was chosen because of the intrinsic rigidity of the cyclic
the case of the mesoporous materials, the templates have long,yqrophobic part and its inability to twist and take different
hydrocarbon chains that form aggregates (micelles), and the contormations. The only solid product from these reactions was
resulting frameworks are glassy-like. Here we report the synthesis \p.1 in nearly 100 % yield. It crystallizes as very fine, colorless
and structure of a zinc phosphate s@#0;),(PO,0H)(HDACH)- needles, resembling strands of wool or cotton. Fortunately, some
2H0 (referred to as ND-1), with openings made of 24-membered f the needles were thick enough for single-crystal X-ray
rings, where an assembly of much smaller “surfactant” molecules, giffraction. A data set was collected from such a crystal, and the
1,2-diaminocyclohexane (DACH), acts as the template. structure was successfully refin&d.

ND-1 was initially °bta".‘ed (as a pure S.Olid phase) from a  One way of describing the structure of ND-1 is to emphasize
hydrothermal reaction designed to synthesize a templated zinCy gimijarity with the mesoporous M41S-class of materials (the
bokr)o?ht?sph?]te ar;]alﬂ%gﬁus }0 a kr;]own et#ylgne@amme-templzte etter known MCM-41 is one of them), both comprised of close-
CB% S: girr?cp gipe)t:te t gig&:e' taﬁ ;yr\],\t,afgf r?r';(gf;? C?;tt%mif p_acked chfinnels in hexagonal, honeycomb arrays (Figl_Jre 1). The

' ' ' difference is that the structures of the mesoporous materials cannot
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electron density is less than the maximum of 0.78@ found
in the difference Fourier map). This is quite different from other
phosphates with extralarge pores, where the openings are stuffed
either with water, as in the cacoxenite, or with templates, as in
JDF-20 and cloverite. Thus, to “open” the channels in the latter
cases, one needs to remove the templates, usually done by
<- calcination. In the case of ND-1, such an operation is unneces-
a b saryl®
Figure 2. ORTEP plots (thermal ellipsoids at the 95% probability level) Since the channels of ND-1 (as synthesized) are hydrophobic,
of the cross sections of the tubular channels of ND-1 at the widest (a) our first tests for absorption were carried out with hydrophobic
and narrowest (b) places. These alternate along the channels and, wheRpecies. Preliminary results based on IR spectroscopy indicate
projected, result in the picture shown in Figure 1. Notice that both rings that the compound absorbs species of appropriate size such as
are made of 24 tetrahedra, although the one shown in b is pUCkeredbenzene, toluene, and cyclohexane, but not the lateer
inward. butylbenzene. Exchange of the diaminocyclohexane dication with
other cations was also studied. An unexpected phenomenon was
observed in the test with sodium cations in slightly basic solution.
Within a few minutes, at room temperature, the needles of ND-1
began to disappear, and at the same time crystals with cubic shape
grew on the bottom of the beaker. After about 2 h, the process
was complete, and the new crystals were removed, washed, and
examined by X-ray diffraction. It was found that they are also of
a material with open-framework structure, $ag(POy)3s-4H,0,
that is isostructural with sodalite, MNal 3Si;O1°4H,0. Thus, the
following equation can be written:

Zny(PQ,),(PO,0OH)(CN,H, ) 2H,0 + 3Na" + OH™ +
H,O — NagZn,(PO,);+4H,0 + CN,H, &~

Figure 3. Perspective view of a channel of ND-1, clearly showing its

large opening even with the templates and water molecules present. . . . .
ge op 9 P P The synthesis of NZn3(POy)3-4H,O from zinc oxide, phosphoric

acid, and sodium hydroxide at room temperature has been studied
before?c Apparently, in our case, ND-1 disassembles at these

this compound. Furthermore, theans isomer has two chiral conditions, and a more rigid structure V.V'th smaller_ openings
centers, providing two enantiomersS2S) and (IR, 2R) species. assembles at t_he same time. Therefore, this soft-chemlstry_ process
Since the structure is centrosymmetric, both of those are present@n be classified as a process of self-assembly of sodalite from
The templates are grouped by threes in triangles with ap- @n advanced precursor, ND-1, and sodium cations at very mild
proximately the same-coordinate; i.e., they are at one and the conditions. This seems to be the first case of zeolitic intercon-
same level along the channel which runs alongataais of the verision at such a low temperature and in such record times.
hexagonal cell. The triangles are stacked along the channels in &Preliminary results also suggest that, in the presence of other
staggered fashion and thus appear as hexagons on the twocations (K, Rb*, Cs", (CH)sN*, (C;Hs)aN"™, and (GHg)aN"),
dimensional projection (Figure 1). Each triangle is composed of ND-1 transforms into other, unknown products, some of which
species of one and the same chirality, and since the triangles areare in the process of being structurally characterized.

related by an inversion center, their chirality alternates along the  Finally, we should point out the potential of ND-1 to be used
channels. The two water molecules are roughly below and above gg 3 tool for separation and recognition of tieandtransisomers

the templates. Each is hydrogen-bonded to two oxygen atomsy 1,2-diaminocyclohexane. A mixture of the two can be heated
from the frame, one with distances of 2.82(1) and 2.76(1) A, and j, an autoclave with appropriate amounts of a zinc salt and

the other with distances of 2.62(1) and 2.90(1) A. The two hosphoric acid (both relatively inexpensive). This will result in
molecules seem to be also hydrogen-bonded to each other with relatively purecisisomer in the liquid and pureeansisomer in

dis_lt_incehof 2'72(2) A.b lar b ith unif e th id the solid. Furthermore, the latter will be composed of the two
e channels are tubular but not with uniform size: they widen enantiomers irexactly1:1 ratio. Next, the solid is placed in a

gg%zlgé:gko?iﬂgdxﬂgst(zggr?lsarrlov{:/‘ggt %)rb ;hieiggrn?sx'ga:ﬁeNa+-containing basic solution, where solid sodalite is formed and
the two enantiomers are released in the solution. Work is in

channels are ca. 14.8 and 10.5 A, respectively. The tetrahedra . A
pointing toward the center of the chanr?el in Fiygure 2b are the PrOJress on possmle recovery of plain zinc phosphate from the
(PO;OHY?*~ groups, and thus the shortest diameter occurs betweens’OOIaIIte and its repeated use for synthesis of ND-1.

two hydroxyl groups of a P-centered tetrahedron. In the wider _ _ _
sections, this diameter occurs between oxygen atoms from Zn-  Acknowledgment. This work was supported by the National Science
centered tetrahedra. The framework density of ND-1 measured Foundation (DMR97-01550).
by the number of tetrahedra per 1008ié not a record low but
is definitely one of the lowest, 12.1. Supporting Information Available: An X-ray crystallographic file,

A unique structural feature of ND-1 is that it contains sizable in CIF format, is available. This material is available free of charge via
openings, even with the templates present. A diameter of ca. 8.6the Internet at http://pubs.acs.org.
A'is measured between the end carbon atoms of two cyclohexane%

. . A991985R
across the channel (Figures 1 and 3). The existence of such free
. - - |

spzce or vacuun? I‘Pha structure asf.synthe5|z|ed ||s gn(?recederr]lteu (15) Upon heating, ND-1 is stable up to 20C (kept fa 5 h atthat
and very unusual. The structure refinement clearly indicates that emperature). It loses the template and its structure collapses at temperatures
there is no electron density in this hollow cylindrical space (the above 35¢°C. It produces ZsP,0; above 700°C.

Although a mixture of isomers of 1,2-diaminocyclohexane is
used in the synthesis, only thians species act as templates in




