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A novel soft chemical synthesis of Ni1-xAl x nanoparticles (0.09e x e 0.50) by cohydrogenolysis of
[Ni(cod)2] (1) with [(AlCp*) 4] (2) or with [(Me3N)AlH3] (3) in nonaqueous solution is presented (cod)
1,5-cyclooctadiene, Cp*) 1,2,3,4,5-cyclopentadienyl). The treatment of equimolar amounts of1 and2
in mesitylene solution under 3 bar of H2 at 150°C gave a brown-black colloidal solution of intermetallic
â-NiAl particles, characterized by transmission electron microscopy/energy dispersive X-ray analysis
(TEM/EDX) and powder X-ray diffraction (XRD). The solution was stable under 3 bar of H2 at 150°C
for up to 8 h. Theâ-NiAl colloids were treated postsynthesis with17O-enriched 1-adamantanecarboxylic
acid (ACA) as a surface capping group, giving nearly monodisperseR-NiAl colloids that were stable
under argon at room temperature for weeks. The coordination of ACA at theR-NiAl surface was studied
by 17O NMR and IR spectroscopy. A series ofR-Ni1-xAl x samples with a variety of compositions (x )
0.50, 0.33, 0.25, 0.17, 0.09) were prepared analogously, and the samples were characterized by means of
elemental analysis (ICP), XRD, and TEM/EDX. Air oxidation ofR-Ni1-xAl x nanoparticles leads to core-
shell particles of the type (Al2O3)δ/2@Ni1-xAl x-δ (0.09e x e 0.50;x > δ). XRD, X-ray photoelectron
spectroscopy (XPS), and X-ray absorption spectroscopy (XAS) analyses showed that the Ni core is
protected against oxidation down to an Al content of about 10 atom %.

Introduction

The aluminides MAl of the late 3d metals Fe, Co, Ni, and
Cu represent a series of binary intermetallic Hume-Rothery
phases that are of special importance in material sciences.1

Nickel aluminide, presumably the most prominent represen-
tative, is an attractive material for many industrial products,
e.g., car and machine parts or turbine blades,2 due to its bulk
physical properties such as low density, high melting point,
and creep resistance.3 NiAl in particular exhibits excellent
corrosion stability. The formation of a crystallineγ-Al 2O3

layer on thin films of NiAl by preferential Al oxidation and
the diffusion of Al onto the surface of NiAl phases upon
oxidation were studied in detail.4-6 But as well, nickel
aluminide alloys play an important role in catalysis. For

example, Raney nickel, which is the archetypical catalyst of
olefin hydrogenation, is a nanoporous Ni material prepared
from the NiAl alloy and formed by leaching of Al under
basic conditions.7

The metallurgy and chemistry of ultrafine and nanocrys-
talline metal aluminide powders including the surface oxida-
tion has more recently been studied largely because of
improving the materials properties of aluminide-based alloys
as the Hall-Petch effect predicts an increase of hardness or
strength associated with decreasing grain size.8 Nanoscale
aluminide powder materials are typically prepared by metal-
lurgical processes such as high-energy mechanical milling
or welding,9 arc plasma,10 spray pyrolysis,11 and laser
evaporation/condensation.12 Chemical approaches to micro-
crystalline NiAl powders include, for example, the report of
Withers et al. on the reaction of NiCl2 and Al at 750°C in
a molten eutectic salt mixture of NaCl and KCl.13 Abe and
Tsuge combined NiCl2 and AlCl3 in presence of ammonium
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