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Intermetallic ~ compounds  are  stoichiometric
compounds consisted of two or more metal elements
that have considerably different electronic
characters or atomic radii (apart from each other in
the periodic table). Unlike conventional solid-
solution alloys, intermetallic compounds have
specific crystal structure different from those of the
parent metals, thereby displaying specific and
highly ordered atomic arrangement at the surface.
Such a surface reaction environment allows to
control adsorption configuration, diffusion behavior,
and reaction dynamics of the reactant molecules. To
date, we have discovered three examples of this
unique surface catalysis: (1) hydrogen-mediated
stereoselective alkene isomerization over RhSb, (2)
chemoselective molecular recognition of nitroarenes
by Rhin | and (3) regio- and chemoselective
hydrogenation of diene to monoene. Thus, the
highly challenging molecular transformations that
are hardly achieved using conventional
heterogeneous catalysts could be done with the aid A 4
of this surface chemistry. Moreover, this alloying
effect quite differs from the conventional alloying effects known as ligand and ensemble effects.
We coined this novel type of alloying effect “alignment effect”, which is owing to the
orderedness of intermetallic compounds but cannot be accomplished using conventional
solid-solution alloys.
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Figure 1. Time courses of frans-ST selectivity,
and DPE vyield in the
liquid-phase hydrogen-mediated isomerization
of ¢is-ST over Rh/SiO2 and RhSb/SiO2
catalysts.
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Figure 2. Selectivities to frans-alkenes during
cis-ST and cis-MS isomerizations catalyzed by
various SiOz-supported Rh- and Ru-based
alloys and monometallic Rh at 25 °C.

Selectivities at 50% conversion are shown.
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Figure 3. (a) HR-TEM image of RhSb
nanoparticles. (b) NBD pattern focused on a
single RhSb nanoparticle shown in (a). (c)
Equilibrium crystal shape of RhSb determined
by WOulff construction. (d) Surface atomic
arrangements of the RhSb nanoparticle
displayed in (c).
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Figure 4. FT-IR spectra of CO chemisorbed on
RhSb/SiO2 at various CO pressures.
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Figure 5. (a) Hydrogen atom diffusion
pathways over RhSb(020) and (211) surfaces
and (b) their corresponding energy diagrams.
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Figure. 6. Energy diagram for the cis—trans isomerization of 2-butene on the RhSb(020) plane and

adsorbate structures.
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Figure 7. Hydrogenation of various
nitroaromatic compounds over RhIn/SiO2

catalyst.

Figure 8. (a) TEM image of RhiIn/SiOz2. (b) High
resolution TEM image of a single Rhin
nanoparticle. (c) Fast Fourier transform of the
TEM image shown in (b). (d) Magnification of
the region designated by light blue square in (b).
Rhin crystal structure oriented along the [111]
direction was overlapped. (€) Model structure of
a Rhin nanocrystal with {110} facets.
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Figure 9. Optimized structures of 4-nitrostyrene
adsorbed on Rh(111) and RhIn(110) surfaces
by vinyl and nitro moieties.
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Figure 10. Conversion-selectivity curves

obtained from 1. 4-hexadiene hydrogenation
over Pt and Rh-based catalysts.
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Figure 11. (a) HAADF-STEM image of
RhBi/SiOz. (b) Elemental maps of Rh (red) and
Bi (green) acquired using EDX. (c) High
resolution-HAADF-STEM image of one RhBi
nanoparticle.  (d)

Crystal  structure  of

intermetallic RhBi viewed along [001] direction.
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Figure 12. FT-IR spectrum of CO adsorbed on
RhBi/SiO2. Bold dashed lines indicate the
theoretical vibrational frequencies of CO
adsorbed on atop sites of (110) and (102)
planes.
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