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Sapporo 060-0811, Japan  Au®dlhas been reported with mesoporous MCM-41, SBA-15,
Toyota Central R&D Laboratories, Inc.  anodic alumina nanotubes, and carbon nanotubes as hosts. In our
. Nagakute, Aichi 480-1192, Japan previous study on the preparation of Pt carbonyl clusters in NaY
Japan Science and Technology Corporation and Department and FSM-16211we found that rodlike Pt nanowires were formed
. of Materials Science and Engineering  j FSM-16 by the photoreduction of AtCk.12 In this com-
Meijo University, Nagoya 468-8502, Japan  mynjcation, we report the synthesis and characterization of novel
Receied Naember 27, 2000 necklace-shaped PRh, Pt-Pd, Pt, and Rh nanowires in HMM.
The unique magnetic property of the-FRd nanowires is also
To control size and shape of nanocomposites has been arnreported.
attractive goal in materials science and catalysis in terms of |n atypical synthesis (Scheme 1), HMM-1 (2D hexagonal, pore
nanotechnology. The “ship-in-bottle” synthesis is one of the diameter 3.1 nm, BET surface area 812gnt)®2was dried under
promising methods for templating synthesis of metal complexes vacuum 1073 Torr, 1 Torr= 133 Pa) at 373 K for 24 h. The
and nanocomposites in micro- and mesoporous matérilas. dry HMM-1 was impregnated with an aqueous solution ef H
Recently developed MCM-431FSM-167? SBA-15% organic- PtCk-6H,O and RhGJ-3H,O (atomic ratio Pt/Rh= 1.0, total
inorganic hybrid HMM? and other hybrid materialshave metal loading 2.5 wt %). After drying, the sample was exposed
mesopores (pore diameter30 nm) to accommodate bulky metal  to the vapor of water (ca. 20 Torr) for 2 h, and to that of methanol
complexes or nanocomposites, which are accessible to large(ca. 100 Torr) for 2 h. Then the sample was irradiated with a
substrates in catalytic reactions. HMM has a homogeneous high-pressure mercury lamp (100 W, 25600 nm) at room
distribution of organic £CH,—CH,—) and inorganic (S0Ds) temperature for 24 h. The resulting pale gray powder, designated
moieties at the molecular level in the framework, thus producing Pt—Rh/HMM-1, was again dried under vacuum for 12 h—Pt
higher structural order than the inorganic silica mesoporous Pd/HMM-1 (Pt/Pd= 6.1, total metal 5 wt %) was prepared in
materials. the same method with fRtCk-6H,0 and HPdCl, as precursors.
Nanostructured materials of transition metals are expected to A transmission electron microscope (TEM) image of- Rt/
show unique physical and chemical properties different from those HMM-1 is shown in Figure 1a, in which the nanowires are
of bulk metals. In particular, metal nanowires have attracted much opbserved in the mesopores. The diameter of the wires is 3 nm in
attention due to their potential magnetic, optical, electrical, and accordance with the pore size of HMM-1 (3.1 nm), and their
catalytic properties. To date the preparation of several mono- |ength ranges from 10 to 50 nm (mean length 23 nm). Figure 1b

metallic nanowires of transition metals such a$ Rg,%° and is a high-resolution TEM (HRTEM) image of the PRh
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Figure 1. (a) A TEM (JEOL JEM-2000ES, 200 kV) image of-PRh nanowires in HMM-1. (b) An HRTEM (JEOL JEM-2010F, 100 kV) image of
Pt—Rh nanowires in HMM-1. (c) A TEM (Hitachi H-800, 200 kV) image of-HRd nanowires in HMM-1.

from 10 to 350 nm (mean length 170 nm). The EDX analysis 0.025
suggests that the nanowires are bimetallic; the observed Pt/Pd
ratios are 6.47.3 and the charged one is 6.1.

Monometallic Pt or Rh nanowires were also prepared by the
photoreduction of EPtCk-6H,0 or RhCh-3H,0 in HMM-1. The
Pt nanowires in HMM-1 (Pt 5 wt %) have the diameter of 3 nm,
and the length is 16250 nm (mean length 120 nm). In the Pt
L,- and Ly-edge X-ray absorption near-edge structure (XANES)
studies measured at 20 K, the number of unfiliestate per Pt
atom for Pt/HMM-1 is estimated to be 0.351 by assuming that
the number for Pt foil is 0.308 Therefore, the oxidation state
of the Pt nanowires in HMM-1 is Pt(0), but they are slightly
electron-deficient compared to bulk Pt. The Rh nanowires in
HMM-1 (Rh 2.5 wt %) have the length of 340 nm (mean
length 48 nm). The Pt and Rh nanowires also show the necklace-p jivim-1 (PUP= 6.1, total metal 5 wt %), PtRh/HMM-1 (PURh=
like structure in the TEM images. 1.0, total metal 2.5 wt %), and PYHMM-1 (Pt 5 wt %).

The powder X-ray diffraction (XRD) patterns for the Pt, Rh, . o .
Pt—Rh, and Pt Pd/HMM-1 exhibited peaks of (100), (110), and .. Figure 2 exhibits the temperature dependenge of the magnetiza-
(200) at +-4° due to a 2D hexagonal structure of HMM-1. No tion dat_a for the prd Pt-Rh, and Pt wires in HMM-1. The .
significant change of the low-angle peaks was observed after thelmagn?t;]c sushcept|b|l|t(|jes of the tfhree sr?n}ples_ Se%m to oZefy Curie’s
photoreduction procedure, indicating that the pore structure of S(‘;\;H?AtMoﬁg some de\élgltllgnlrom the TW 'ioﬁgéve or Pt
HMM-1 was maintained in the formation of nanowires. Typical -1 at around 60 K. Interestingly, the -Hed system
peaks of metal crystallites appeared at-85° for the four shows a great increase in the magnetic susceptlblhyy as cooling
samples after the photoreduction. below 90 K, while the PtRh and Pt systems give lower

The necklace-shaped morphology consisting of the connected™agnetization. The magnetization for-fRd/HMM-1 is two or
nanoparticles is characteristic of the nanowires formed in HMM- three times hlgherethan expected from the simple sum of the values
1. The maximum diameter of the nanonecklace is 3.1 nm, the O.f bulk Pt and Pd® The unusual enhanc_ement of the magnetiza-
minimum one at the nodes is 2.0 nm, and the length of the ':jlpn for Ptl—.Pd/ler\]/IM-l rr|1ay ble attributable to the low-
particles is 3-5 nm. In contrast, rodlike nanowires with smooth imensionality of the metal topology.
surfaces are formed in FSM-16, MCM-41, and SBA#57thus Acknowledgment. This work was supported by a Grant-in-Aid for
implying that the necklace-structure is ascribed to the interaction scientific Research from the Ministry of Education, Science, Sports and
with the internal surface of HMM-1 having organic spacers in Culture, Japan (No. 11650803).
the silica fragments. This structure of Pt nanowires in HMM-1 ) ) ) )
remained unchanged with heating at 473 K under vacuum. Supporting Information Available: TEM images of Pt/HMM-1 and

Rh/HMM-1, and XRD profiles of Pt, Rh, PtRh, and Pt Pd/HMM-1
(13) Preliminary extended X-ray absorption fine structure (EXAFS) studies (PDF). This material is available free of charge via the Internet at
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Figure 2. Temperature dependence of magnetic susceptibility fer Pt

indicate the formation of the PRh bonding for PtRh/HMM-1. However, http://pubs.acs.org.
further study is needed for the compositional homogeneity of Pt antf Rh.
Detailed EXAFS characterization is now in progress. JA004067Y
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