JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by UNIV OF YORK

Communication

Templated Assembly of Sulfide Nanoclusters into Cubic-CN Type Framework
Xianhui Bu, Nanfeng Zheng, Yugi Li, and Pingyun Feng
J. Am. Chem. Soc., 2003, 125 (20), 6024-6025+ DOI: 10.1021/ja030103s « Publication Date (Web): 26 April 2003

Downloaded from http://pubs.acs.org on March 26, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 12 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja030103s

JIA|C|S

COMMUNICATIONS

Published on Web 04/26/2003

Templated Assembly of Sulfide Nanoclusters into Cubic-C 3N Type
Framework

Xianhui Bu,™ Nanfeng Zheng, Yugi Li, and Pingyun Feng*
Department of Chemistry, Umrsity of California, Rierside, California 92521

Received February 11, 2003; E-mail: pingyun.feng@ucr.edu

Supertetrahedral clusters (denoted as ™= 2, 3, 4 ...) are Table 1. A Summary of Crystallographic Data for UCR-8
regular tetrahedrally shaped fragments of the cubic semiconductingStructures
ZnS type latticé~1° For isolated Tn clusters, the formulas fon T name framework formula a(d) RF)  20max
(n = 2-5, nis the number of metal layers) aresXho, M1oXzo, UCR-8FeInS-DBA  (FelnisSen)2s~  35.000(4) 6.41 40
MooX 35, and MssXse, respectively, where M is a metal ion and X UCR-8CoInS-DBA  (C@alnssSe7)?5~  35.002(3) 6.75 45
is a chalcogef3 Recently, supertetrahedral clusters have been found UCR-8ZnInS-DBA  (ZnanesSy)**~  34.981(4)  6.11 45
to be useful for the construction of porous covalent superlatiidés. UCR-8CdInS-DBA  (CblnssS7)*  35.194(8) 879 32
By replacing regular tetrahedral atoms with dlusters in structures a Structures were solved from single-crystal data collected at 298 K
such as diamond, crystalline micro- and mesoporous solids with on a SMART CCD diffractometer with Mo & R(F) = 5 | |Fo| — |F¢| |
large pore size and high pore volume could be generated. This is/Y [Fol with Fo > 4.00(F). The space group is 1-43d for all compounds.
because the ring size defined as the number of tetrahedral atoms i
increased byn times. An increase in the ring size is important
because crystalline porous materials with a ring size larger than 12
are rather scarce, but highly desirable for applications involving
large molecules.
Two noticeable limitations exist in known superlattices built from
supertetrahedral clusters. One is the inter-cluster linkage mode
among supertetrahedral clusters. So far, supertetrahedral cluster:
are invariably joined together by bi-coordinated sulfur bridges.
Another limitation is the tendency to form the interpenetrating,
centrosymmetric diamond-type rt8 This is often undesirable
because in addition to reducing the pore size and pore volume, the
centrosymmetry resulting from the intergrowth of two nets hampers
the efforts aimed at integrating electronic and optical functionality
into these chalcogenide structures.
Here we report a series of compounds (collectively denoted as
UCR-8) that possess a type of framework topology never previously
observed in open framework solids. Because of the large cluster
size and the elimination of the intergrowth of two nets, the volume
fraction of the inorganic framework in UCR-8 is as low as 38%.

UCR-8 can be synthesized in more than one chemical comp05|-Figure 1. Three T4 clusters, Mn1Sss (M = F€*, C@*, Zr?+, and Ca%),

tion from a nonaqueous solvent by employing different divalent e joined together by sharing a tri-coordinated sulfur: re#; lblue, M;
cations such as Fg Cc?*, Zn?*, or CP™ (Table 1)¥2 In UCR-8, yellow, $-.

the inter-cluster 5 atom simultaneously bridges three supertet-

rahedral clusters to form a rare (3, 4)-connected three-dimensionalpolymorphs, the cubic-{ll, topology is of outstanding theoretical
framework with alternating 4-connected cornerless T4 clustegs (M and technological interest because its bulk modulus is expected to
In16Ss1, M = Fe, Co, Zn, and Cd) and 3-connected sulfur atoms exceed that of diamond. It has been suggested that the cyghig-C
(Figure 1). Prior to this work, a sulfur atom has not been known to may potentially be synthesized under high pressure and quenched
bridge more than two supertetrahedral clusters. In a (3,4)-connectecto ambient pressure for use as a super-hard material.

framework (Figure 2), the ratio of tetrahedral clusters to trigonal The core of the Min;6Ss; cluster, a tetrahedrally coordinated
atoms is inversely proportional to their connectivity (i.e., 3:4). sulfur atom, occupies the same position as the C atom in the cubic-

Therefore, the overall formula of the framework is (#n¢Ss1)s- C3N4. The coordination environment of the 3-connected vertex (i.e.,

(Sk, which can also be written as (ZingsSe7)26 . $*7) is quite planar and has an-#$—In angle of 117.0. The In—
UCR-8 has a framework topological type identical to that of the S—In angles in UCR-8 range from 104.%o 117.0 and the

theoretically calculated cubic carbon nitride (cubigNG) with S formation of the cubic-gN, type framework in UCR-8 seems

substituting for trigonally coordinated N atoms and,fmeSs: related to such flexibility of the IrS—In angle, particularly, the

substituting for tetrahedral carbon atoms (Figuré32). number ability to form an angle near 120

of carbon nitride polymorphs have been proposed (e.gzNa, If only the 4-connected vertex (the core tetrahedral sulfur site)

B-C3N4, pseudocubic-§N4, and graphite-6N4). Among these  and the 3-connected vertex (the bridgirgy Site) are considered,
the angle surrounding the 3-connected vertex is even closer to the
T Department of Chemistry, Santa Barbara, CA 93106. planarity (118.8). The angle surrounding the 4-connected vertex
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been found that the generation of microporosity depends on the
nature of inorganic cations and it is possible to obtain microporosity
if a suitable inorganic cation is found to help exchange out organic
cations and stabilize the inorganic framewdtk.

The incorporation of divalent cations into indium sulfide clusters
is related to the valence sum requirement of the tetrahedrally
coordinated sulfur atom at the core of the T4 cluster. To satisfy
the Pauling’s valence sum rule, divalent ions such as Zn are needed
around the core tetrahedrad=Ssite 3810 Each of the four divalent
cations contributes a bond valence of 2/4 so that the valence sum
around the tetrahedraPSis 2, consistent with the valence of the
sulfur anion (Figure 1). The presence of divalent cations is supported
by the structural refinement and the microprobe elemental analysis.

Despite the disorder of guest amine molecules, they exert an
essential structure-directing role. Many different amines have been
examined under similar conditions and only dibutylamine (DBA)
is capable of directing the formation of the cubigNg type
topology. UCR-8ZnInS-DBA has also been found to exhibit a strong
photoluminescent emission (fwhra 100 nm) centered at 470 nm
when excited at 410 nm.
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UCR-8 and another (3,4)-connected net (i.e., th®ptet) on which
a recently reported metal-organic framework is ba4é#in the
P10, net, the 4-connected vertexes are in square planar coordina- (1) g\é%ngChU"ev R. J.; Power, P. R.Am. Chem. S0d.997 119 9566~
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