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((DABCO)-ZnGe(HPO,)s: The First agents in hydrothermal ZnRQynthesis has led to many novel

Zinco—Germanophosphate with a Unique organoe-zincophosphate phases, whose crystal structures are

Asymmetric Cage strongly dependent on the identity of the organic template.
Actually, several zinc phosphates with interesting chiral structures

Jianmin Li,*" Yanxiong Ke! Yugen Zhang,* Gaofei He! have been madé:.1®

Zheng Jiand,Masayoshi Nishiurd,and Tsuneo Imamoto The aim of our work is to extend open heterometal phosphate

Department of Chemical Physics and frameworks to more transition _anc_i mair_1 group elements. Zn and

Department of Chemistry ~ G€ are chosen in the synthesis, in which thé"Gmay help to

University of Science and Technology of China reduce the framework charge caused by thelﬂ@mon._ln this
Hefei, Anhui, 230026, People’s Republic of China Paper, we report the synthesis and structure of the first zinco

Department of Chemistry, Faculty of Science germanophosphate. The unique cages in the structure are asym-
Chiba University, Yayoi-cho, Inage-ku  metric, which will be very interesting in organic synthetic
Chiba 263-8522, Japan  reactions and molecular recognition.

) (DABCO)-ZnGe(HPQ); (USTC-1) was synthesized by heating

Receied January 10, 2000 5 mixture of Ge@(0.5 g), ZnSQ(0.29 g), 70%HPQ; (1.36 mL),

Microporous materials have been extensively studied becausePABCO (1.4-diazabicyclo[2,2,2] octane, 4.58 g), ethylene glycol
of their applications in the fields of catalysis, ion exchange, gas (4 ML), and pyridine (4 mL) at 176C for 10 days in a Teflon-
separation, molecular recognition, etc. Since the first discovery coated steel autoclave, to give colorless crystals which were
of microporous aluminophosphates in 198te elements by insoluble in common solvents. The largest crysta}l size was about
which microporous materials are composed have been extendedt MM long. IR spectroscopy showed that organic guests existed
to most of the transition metals and main group. A challenge for " the crystal. A single crystal was picked for ICP elemental
synthetic work in inorganic microporous materials is to introduce 21@lysis, which showed that the ratio of Zn:Ge is neariThe
heteroatoms in one open framework, which can lead to the Structure was revealed by single-crystal X-ray diffracéion.
modification of physical and chemical properties of the parent _ The characteric basic units in the crystal structure of (DABCO)
compoundsg.A series of transition elements have recently been ZNGe(HPQ)s are based on 4-rings, which contain corner-sharing
incorporated into aluminum or gallium phosphate frameworks to M(Zn or Ge) and phosphate tetrahedra. The 4-ring units link
give MAI(Ga)PQ (M = Mg, Fe, Co, Zn) with both zeolitic and  together through M(Zn or Ge)O—P bonds to form distorted
new structure type¥:1° infinite 4,8-ring sheets of tetrahedra in the—crystallographlc

Recently, interest in microporous and zerolite-analogous sys- Plane (Figure 1a). M@and PQ tetrahedrons are strictly alternat-
tems has been focuesd on germanate zeolite-type structures. Som®d in this plane. The topology of the 4,8-ring basic layer can be
germanate zeolite structures have successfully been synthesizediescribed as a seriously distortec?8t?* There are two different
in which GeQ tetrahedral, Gegoctahedral, and sometimes even  kinds of 4-membered centered-rings (4R-1 and 4R-2) and two
GeQ trigonal bipyramids are joined through shared corners to different kinds of 8-membered centered-rings (8R-1 and 8R-2)
form frameworks:-14 However, germanium phosphates are rare. in this sheet. The adjacent 4-ring cycllesf are almost perpend|pular.
Only a few MGe(POy); (M = Ag, Cu(l), Na, Li)>1® materials The 4,8 net appears as a layer motif in a number of alumino-
have been prepared by using conventional solid-state reactionsSilicate structures, such as merlinoite and gismontfiiealso
in which high temperatures over 1000 are needed for synthesis. ~ ¢an be found in some DABCO-templated phosphate structures,
Frameworks containing the zincate anion, ZhQ are also  SUch as ZHPO)s-HN2CeH1”* and [GNoH14* 2[SnPQ] ™~
relatively uncommon, probably due to the ready hydrolysis of Hz202*The layers of 4,8-ring sheets are joined through a bridging
this species. The presence of the high charge on phosphorus helptetrahedral POgroup into a 3D open framework. The 4-ring units
offset the high framework charge caused by the presence of thend the bridging POtetrahedra form another two infinite 8,12-

divalent cation’ Using organic cations as structure-directing fing sheets, approximately in the (@) and ¢1,1-1)-
crystallographic planes (Figure 1b and 1c), in which 8- and 12-
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'(2') Chibpindalé, A M.; Peacbck, K. J.; Cowley, A. R.Solid State Chem. 8R2, 8R3, 8R4, 12R1, and 12R2). Eight 4-ring units occupy the
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Figure 1. The figures of three sheets in the crystal structure of (DABZ0Ee(HPQ); (USTC-1). (a) The figure of 4,8-ring sheet viewed down from
b axle direction. (b, ¢) The figures of 8,12-ring sheets in the crystal structure. H atoms and DABCO molecules are omitted for clarity. M(Zn or Ge):
black, P: dark gray, O: gray.

number of tetrahedral atoms per 1008).An this structure, the
FD value is 12.7, which is almost on the Burnner and Meier’s
4-ring boundary’ Because the X-ray scattering factors of?Zn
and Gé" are very close, it is very difficult to distinguish the
positions of these two atoms in the crystal structure. A similar
situation existed in Ga/Ge'", Zn?t/Gatt, Co?"/Ga* phosphate

or aluminosilicate zeolites. These sites were often considered as
Ga"/Ge, Zr?tIGat, Ca?TIGa T, or AIFT/Si*T mixed sitesh1428
The ideal bond distance is 1.74 A for 66 and 1.95 A for
Zn—0.2 The average MO distance (1.942 A) in this molecule
sieve is very close to the ZrO bond length. This result may be
ascribed to mixed Z1/Ge*" sites, low symmetry, and distortion
of the structure.

The DTA-TG curve of the compound showed that there were
Figure 2. The view of open channels in the crystal structure. H aotms two steps of weight loss. Between 290 and 4@Qthere is about
and DABCO molecules are omitted for clarity. M(Zn or Ge): black, P: 20% weight loss, which is attributed to the DABCO (calcd
dark gray, O: gray. 20.8%). Between 645 and 68€, there is another weight loss of
7.3%, which is ascribed to the dehydration of the HPQ@nion
(calcd 5.26%). Each step of the weight loss is accompanied by
an endothermic peak. When heated at 40Gor 3 h, the sample
became dark. X-ray powder diffraction showed that the sample
became amorphous. This means that the structure collapsed when
the template molecule was removed.

In summary, we have carried out the synthesis and X-ray
structure analysis of the first zinegermanophosphate molecular
sieve with a low FD value. It is worth noting that the cages in
this material are asymmetric and are formed by six different
tetrahedral rings. We are currently using other large guest
molecular templates to synthesize new structures with larger cages.
Further studies of these materials are in progress.

Acknowledgment. We thank Professor T. Imamoto of Chiba Uni-
versity for supporting this work. This work was financially supported by
the National Natural Science Foundation of China, Grant No. 29871027,
The National Education Committee of China.

Figure 3. The figure of the asymmetric cage. H atoms and vertex oxygen

atoms are omitted for clarity. M(Zn or Ge): black, P: dark gray stick, Supporting Information: XRD diagram of the crystal and XRD

O: gray stick, C: gray ball, N: dark gray ball. diagram of the sample heated at 400°C for 3 h, IR spectroscopy of the
. . . . crystal, and IR spectroscopy of the sample heated at 400°€H{PDF).

two connections via oxygen to zinc or germanium atoms and has aon x-ray crystallographic file (CIF). This material is available free of

two terminal P-O bonds. P(2) and P(3) make three ®—M charge via the Internet at http://pubs.acs.org.

(Zn or Ge) linkages and have one terminat® vertex. The

charge-balancing criterion requires the presence of three protons]AO()OlO?'vI

associated with the PO bonds. P(1y0O(2) = 1.521 A, P(2) (25) Estermann, M.; McCusker, L. B.; Baerlocher, C.; Merrouche, A.;

0O(8)= 1.598 A ,and P(3y0O(10)= 1.591 A are protonated. The  Kessler, H.Nature 1991, 352, 320.

framework is “interrupted”; that is, not all of the tetrahedrally 195(9276%&8)”'2% W. T. A;; Hannonmann, lAngew. Chem., Int. Ed. Engl

coordinated atoms make four bonding connectiA%interrupted (27) Brunner, G. O.: Meier, W. MNature 1989 337, 146.

connections have often been found with low FD values (the  (28) Shannon, R. DActa Crystallogr 1976 A32, 751.




