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FORMATION OF 3/2 ELECTRON
COMPOUNDS IN ALLOYS OF
COPPER, SILVER, AND GOLD

N many alloys of eopper, silver, and gold with the
elements of the B-sub-groups, the phase next to
the « solid solution has a composition near that
required by an electron concentration of 1-5, and for
convenience these may be called the 3/2 electron
compounds. The crystal structures of these are of
three types: (1) body-centred cubic structures,
either disordered (8) or ordered (8’) ; (2) close-packed
hexagonal types (§ or §’); (8) B-manganese type
(denoted p).

A review of the existing data by W. Hume-
Rothery, P. W. Reynolds and G. V. Raynor (J.
Inst. Metals, 66, 1940), shows that the 3/2 electron
compounds are formed only when the size-factors
are reasonably favourable, the term ‘size-factor’
being used to denote the difference between the
atomic diameters of solvent and solute. A detailed
examination leads to the following generalizations :
(@) increasing valency favours the { or p structures at
the expense of the B or B’ structures ; (b) increasing
temperature favours the { structures at the expense
of the p’, €, or p structures; (¢) increasing size-factor
favours the B structures at the expense of the { or
p structures ; (d) increasing the size-factor moves
the composition of the 3/2 electron compounds in
the direction of lower electron concentration, and
also narrows the range of composition of the phases
in terms of electron concentration ; (e) the tendency
to form ordered B’ structures in copper, silver, and
gold alloys is in the order gold > silver >
copper.

A review of the data shows that considerations of
gize-factor and electron concentration are not by
themselves sufficient to explain the facts, but that
an additional factor is present to an increasing extent,
as the solvent and solute metals differ in their electro-
chemical properties. In their alloys with electro-
positive metals (such as magnesium or zinc), copper,
silver, and gold are the electronegative members, and
the electrochemical factors are in the order gold >
silver > copper. In alloys with the electronegative
elements (such as arsenic), copper, silver, and gold
are electropositive, and the eleetrochemical factors
are in the reverse order, copper > silver > goid.
This reversal of the relative electrochemical nature
of the solvent and solute takes place at about
Group IV.

The tendency to form the B’ structures with long-
range order is favoured by an increasing electro-
chemical factor, and, when this is sufficiently pro-
nounced, the B’ liguids and solidus curves rise to a
maximum, as in the system gold-magnesium. A
consideration of the effect of the development of long-
range order on the form of the equilibrium diagram
leads to an explanation of the form of the copper-
beryllium diagram. An examination of the phase
boundaries of the equilibriumn diagrams shows that,
in many cases where the percentage of the solute is
high, the diagrams begin to acquire characteristics
that would be expected in ordered structures, even
though X-.ray investigations show that long-range
order does not exist. It is suggested that a short-
range order may be present, and it is shown that this
conception accounts for the shapes of parts of the
equilibrium diagrams, and for the limiting composi-
tions to which some of the phase boundaries approach.,
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