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In this work, we present a novel soft chemical synthesis to aluminum nanoparticles based on the
hydrogenolysis of the metastable organoaluminum (I) compound (AlCp*)4 (1) in mesitylene at 150°C
and 3 bar H2. Aiming at the development of a general wet-chemical, nonaqueous route to M/E intermetallic
nanophases (E) Al, Ga, In), we studied the co-hydrogenolysis of1 with [CpCu(PMe3)] (2) as the model
case aiming at Cu/Al alloyed nanoparticles. One equivalent of1 combined with 2 equiv of2 yields the
nanocrystalline intermetallicθ-CuAl2 phase (Cu0.33Al0.67), as revealed by elemental analysis, powder X-ray
diffraction, transmission electron microscopy (TEM), and energy-dispersive X-ray analysis. The obtained
Cu0.33Al 0.67 material was also characterized by the27Al Knight Shift resonance. Alloy particles Cu1-xAl x

(0.10e x e 0.50), typically 15( 5 nm (TEM) in size, are accessible as colloidal solutions by variation
of the molar ratio of1 and 2 and by the addition of poly(2,6-dimethyl-1,4-phenylene oxide) during
hydrogenolysis. The27Al NMR Knight Shift resonance moves to high field starting form the value of
1639 ppm for pure nano-aluminum particles to 1486 ppm of Cu0.33Al0.67, reaching 1446 ppm for Cu0.50Al0.50,
and was not detectable for Al contents below 50%. Upon oxidation (controlled exposure to the ambient),
a selective oxidation of the Al component, presumably forming core-shell structured Al2O3@Cu1-yAl y

(0.10e y e 0.50) particles, was studied by UV-vis spectroscopy,27Al magic-angle spinning NMR, and
X-ray photoelectron spectroscopy. The Al content can be freely adjusted and lowered down to about 15
atom % (Cu0.85Al 0.15) without oxidizing the Cu(0) core.

Introduction

Suitable organometallic precursors and the adaptation of
colloid chemistry to nonaqueous media have pushed metal
nanoparticle research beyond the limitations of both classical
techniques for particle synthesis: metal salt reduction and
vapor condensation.1 But the extension of this precursor
concept from transition metals to their intermetallic com-
pounds with main group metals has not been in the focus
metal colloid research so far. Aluminide nanoparticles and
colloids are particularly challenging targets, however, since
the discovery of quasicrystal phases in the Al (rich)-Mn
system has generally revived the interest in structure and
bonding of classic Hume-Rothery phases, including interest
their materials properties.2 Even certain concepts of catalyst
preparation refer to aluminides. Raney-nickel is known to
each freshman student in chemistry! Likewise, aqueous
leaching of θ-CuAl2 (khatyrkite) powder yields a highly

porous copper sponge (Raney-copper) which turns into an
active catalyst for methanol synthesis when promoted with
ZnO and Cr2O3.3 Within this context, we have previously
reported in this journal on the wet-chemical, nonaqueous
synthesis of nanobrass,4 Cu1-xZnx (0 e x e 1), using co-
pyrolysis of ZnEt2 with [Cu{OCH(CH3)CH2NMe2}2], and
quite recently we have been successful in extending this study
toward the development of highly efficient quasi-homoge-
neous, colloidal Cu/ZnO catalysts for methanol synthesis
from syn-gas.5 Consequently, we have been interested in
extending ournano-metallurgical concept to Cu/Al phases,
also aiming at a colloidal congener for the industrially
important ternary Cu/ZnO/Al2O3 catalyst.6

The entry to a wet-chemical nanometallurgy of aluminides
in general relies on a clean molecular source for bare
aluminum atoms or particles in solution allowing for moder-
ate conditions and reasonable quantities and particle con-
centrations. Air stable nano-Al powder, with the particle
surface passivated by perfluoroalkyl carboxylic acids, has
most recently been prepared by Jouet et al. using the thermal
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Chem. Mater.2003, 15, 4217.
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