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Zeolites contain molecular-sized voids within their crystal
structures.? Recently, research on zeolites for novel applications
of their unique structures as host frameworks for molecules, ions,
and clusters has been reporédeor these potential uses, we focus
on the preparation of oriented films of zeolites by heteroepitaxial
growth. The ability to connect heterogeneous zeolite structures also
enables the construction of multidimensional, nanospatial networks.
Such nanospatial networks may serve as hosts to integrate molecular
electronics and other molecular devices within their structures.

To control both in-plane and out-of-plane orientations of a
crystalline film, epitaxial growth is a direct approach. As for zeolite, «
intergrowth o,r overgrowt.h phenomena have been well knbwn, Figure 1. A model of heteroepitaxial growth of chabazite on sodalite. The
although the intended epitaxy, such as FAU/EMIMAZ/EMT, stacking sequence along the chabazite [111] is “aabbcc” (top), and that
ETS-10/ETS-4,and CAN/SOD%® has been reported very recently.  along the sodalité1110direction is “abc” (bottom). Chabazite can grow
In our pre\/ious work, heteroepitaxia| gro\Nth of hexagona| cancrinite heteroepitaxially on a_ sodalite substrate while keeping the relation of
on a millimeter-sized cubic sodalite single cry&tlhas been  chabazite (111)/sodalil1l}.
shown. Sodalite and cancrinite have structural similarities, because s
their aluminosilicate layers of six-membered rings are identical to e
each other. The differences in the structures originate from the B
stacking sequences of the six-membered rirgsdalite alond1111 A
is constructed by an “abc” stacking sequence, while cancrinite along g
[0001] is constructed by “ab”. In our previous study, cancrinite
layers consisting of columnar crystals were successfully grown
heteroepitaxially, but the grains among the crystals could not be E¥&
removed.

In this study, we focus on the heteroepitaxial growth of trigonal s 5 _
chabazite with voids of three-dimensional intersection structures. g, e > An FE-SEM image of a patterned surface-texture of chabazute
Chabazite is also constructed from six-membered ring layers with on a sodalite surface. “Rodlike” structures are observed in two directions
a stacking sequence of “aabbcc” along [111]. Therefore, chabaziteas marked in the image.
can grow heteroepitaxially on a sodalite substrate while keeping
the relation of chabazite (111)//sodalté11}, as shown in Figure ~ growth of chabazite on a sodalite surface and the subsequent twin
1. In this Communication, we report on the first success of the formation of chabazite.
heteroepitaxial growth of a continuous zeolite film on a millimeter- In the early stages of chabazite growth, disk-shaped products
sized sodalite single crystal. Because of twin formation of chabazite, facing two different directions are observed, as shown in Figure
a unique patterned surface-texture is obtained on the millimeter- 3a. From a morphological point of view, the top surface of the
scale. chabazite disk is assigned as (111). The as-grown sodalite is

Experimental conditions are shown in Supporting Information surrounded by 11G planes, and there are two kinds of accessible
1 and 2. The morphology of chabazite on a sodalite surface is six-membered rings facing two different directions on the sodalite
observed with a field-emission scanning electron microscope (110) surface, as shown in Figure 3b. Two possible overgrowth
(FE-SEM: Hitachi, S-900). The cross section is also observed with directions are represented by sodalite [ladd sodalite [111] in
a transmission electron microscope (TEM: JEOL, JEM 2010F), Figure 3b. The angle between sodalite [110] and sodalite] [kl
and the orientation of chabazite is determined. For the TEM well as that between sodalite [110] and sodalite [111], is about
observation, the sample is processed using a focused ion bean85°. Therefore, Figure 3a supports the claim that chabazite grows
(FIB: Micrion, JFIB-2100), similar to the previous case of heteroepitaxially toward two different directions while keeping the
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cancrinite? relation of chabazite (111)//sodalifé11}, as shown in Figure 3c.
An FE-SEM image of the unique patterned surface-texture Selected area electron diffraction (SAED) patterns of the interface
obtained is shown in Figure 2. Chabazite film, which is cani between sodalite and chabazite regions are shown in Figure 3d.

thick, is composed of “rodlike” structures facing two directions. This pattern is taken along with the sodalitd {] zone axis. The

As shown later, such a texture is formed by the heteroepitaxial outer six spots in Figure 3d are identified as those due to the sodalite
* The University of Tokyo. {11¢ plane, and the inner four sp9t§ are due to the chabgizif} .
*PRESTO. plane. From the SAED patterns, it is demonstrated that chabazite
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Figure 3. (a) An FE-SEM image of chabazite disks in the early stages of
growth. (b) A model of the top surface structure of a sodalite (110) surface.
Sodalite and chabazite are mentioned as “SOD” and “CHA”, respectively.
There are two kinds of accessible six-membered rings in two different
directions (SOD [11]land SOD [111]) on the sodalite (110) surface. (c) A

model of heteroepitaxial growth of chabazite on sodalite (110) surface. (d)

Selected area electron diffraction (SAED) patterns of the interface between

the sodalite and chabazite regions.
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Figure 4. (a) An FE-SEM image of twin formation of chabazite in the
early stages of heteroepitaxial growth. (b) A model of twin formation of
chabazite. (c) A projection image of (b) along sodalite [110]. Two of the
three chabazite disks are seen as “rodlike” structures.

grows toward two different directions on a sodalite surface. Spots
are assigned as sodalite (Qlchabazite (01) and sodalite (101)//
chabazite (@1). Therefore, the relations of the planes are determined
as follows: (1) sodalite (111)//chabazite (111), and sodalité){01
chabazite (01), and (2) sodalite (1d4chabazite (111), and
sodalite(101)//chabazite @1).

The unit-cell orientation relationships correspond to the het-

eroepitaxial growth of chabazite on the sodalite substrate, as shown

in Figure 1.
Figure 4a shows an FE-SEM image of twin formation of

the six-membered rings(Supporting Information 4). New chaba-
zite disks can overgrow at an angle of about @0 chabazite disks,
and there are three equivalent directions that the twin formation
can occur in, as shown in Figure 4b. Figure 4c shows a model of
a projection image of chabazite disks perpendicular to sodalite
{11G;. Two of the three chabazite disks are seen as “rodlike”
structures. Therefore, the “rodlike” structures observed in Figure 2
are composed of edges of the disk-shaped products, as shown in
Figure 4c. Thus, heteroepitaxial growth of chabazite on sodalite
and the subsequent twin formation of chabazite continue to form
unique patterned surface-textures of chabazite.

In conclusion, the heteroepitaxial growth of a continuous
chabazite film has been accomplished on a millimeter-sized sodalite
crystal for the first time. The unique patterned surface-texture of
chabazite films is rationalized by the heteroepitaxial growth of
chabazite on sodalite and the subsequent twin formation of
chabazite. Further studies on the fabrication of multidimensional,
nanospatial networks using the zeolites will be published elsewhere.
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Supporting Information Available: Detailed experimental pro-
cedure and explanation of twin formation (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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