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In this work, we compare different precursor approaches for
the mild decomposition to copper–aluminum and –gallium
powder materials in nonaqueous solution. Referring to pre-
vious work on the preparation of Cu–Al alloy materials from
[(AlCp*)4] and [CpCu(PMe3)], the amine-stabilized metal
trihydrides [(Me3N)AlH3] and [(quinuclidine)GaH3] were
used as alternative sources for Al and Ga. In a comparative
study, [(Me3N)AlH3] and [(AlCp*)4] were treated with the Cu
precursors [CpCu(PMe3)] and [{Cu(mesityl)}5] in mesitylene
solution in various molar ratios at 150 °C and 3 bar H2 to give
metallic precipitates of the composition Cu1–xAlx (x = 0.67,
0.50, 0.31). Whereas the combination [(AlCp*)4] with
[{Cu(mesityl)}5] did not yield an intermetallic phase, all other
Cu/Al precursor combinations led to alloyed Cu–Al materi-
als. For x = 0.67, the θ-CuAl2 phase formed, as shown by
X-ray powder diffraction (XRD) and solid-state magic-angle-
spinning (MAS)NMR spectroscopic studies. Similarly, the re-

Introduction
The synthesis of high-quality crystalline intermetallic

phases by relatively simple and reproducible approaches is
of both fundamental and technological interest, and we
have been studying related chemical precursor strategies
since a number of years.[1] In this regard, the classical
Hume–Rothery phases, such as Cu–Al alloys, have attracted
attention from the viewpoint of the understanding of chem-
ical bonding and their importance as engineering materi-
als.[2] The phase diagram of the binary Cu–Al system,
which is one of the well-investigated cases,[3] shows several
equilibrium intermediates such as β-Cu3Al, γ-Cu9Al4,
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action of [{Cu(mesityl)}5] with [(quinuclidine)GaH3] immedi-
ately led to the precipitation of a gray powder, without the
addition of hydrogen. The powder was identified by means
of XRD as θ-CuGa2. At x = 0.50 and below, the reactions were
less phase selective depending on the precursor combina-
tion. [CpCu(PMe3)] combined with both Al precursors af-
forded a mixture of several Cu–Al phases, whereas
[{Cu(mesityl)}5] was treated with [(Me3N)AlH3] to yield a ma-
terial whose X-ray signature was assigned to the monoclinic
Cu0.51Al0.49 phase. The γ-Cu9Al4 phase could not be obtained
from [CpCu(PMe3)]; instead, solid solutions of α-Cu were ob-
tained. The treatment of [{Cu(mesityl)}5] with [(Me3N)AlH3]
in the Cu/Al molar ratio of 9:4 (x = 0.31) gave a gray powder,
which could be identified by XRD as γ-Cu9Al4.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Cu4Al3, CuAl, and θ-CuAl2.[4] From examination of the
Cu-rich side of the phase diagram between α-Cu and the θ-
CuAl2 phases, it is obvious that it is very difficult to obtain
a phase-pure copper aluminum intermetallic compound
Cu1–xAlx (0.25�x�0.50). To date, several processes to ob-
tain Cu1–xAlx alloys, including high-temperature melting
are known. For example, Havinga et al. reported on the
arc-melting synthesis of the θ-CuAl2 phase and charac-
terized the compound by powder X-ray diffraction.[5] Re-
cently, Grin et al. presented a full structural characteriza-
tion of the θ-CuAl2 phase by single-crystal X-ray structural
analysis (Figure 1) and detailed solid-state 63,65Cu NMR
spectroscopy.[6,7]

El-Boragy et al. synthesized the hexagonal Cu0.58Al0.42

phase as well as the monoclinic Cu0.51Al0.49 phase by heat
treatment.[8] Gulay and Harbrecht investigated the phase
changes in α-CuAl structures, for example, the orthorhom-
bic ζ1- and ζ2-Cu4Al3 phases.[9] These authors showed that
the phase transformations take place at low temperatures;
for example, the ζ2-Cu3Al4–δ phase decomposes to η2-CuAl
and ζ1-Cu4Al3 above 400 °C.[10] Other metallurgical meth-
ods include mechanical mixing of the Cu and Al metals.
For instance, the formation of θ-CuAl2 and γ-Cu9Al4 were
observed by ball milling, rolling, or welding tech-




