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We show that metallic glasses are stabilized by the close matching between the minima

in the interionic potentials and the maxima of the partial pair-distribution functions. +le

use an ab initio pseudopotential method to calculate the interionic potentials for transi-
tion-metal-free glasses (Mg-Zn, Ca-Mg, and Ca-Al). The amorphous structure is deter-
mined using cluster relaxation and thermodynamic variational techniques. Our theory
demonstrates that there is a close relation between glass formation and the formation of
topologically close-packed intermetallic compoUnds.

Metallic glasses obtained by rapid quenching
from the liquid state are of particular scientific
and technological interest because of their many
unusual physical properties. ' Models based (i)
on the destabilization of the crystalline mixture'
and (ii) on the stabilization of the liiluid phase'
by packing effects' or electronic effects' have
been proposed for the stability of amorphous
metallic alloys. Very recently the study of
metallic glasses formed by simple metals only
has attracted much attention. The discovery' of
the first transition-metal-free amorphous alloy
Mg, ,Zn, , has been followed by the production of

metallic glasses in the systems Mg-Ga and Ca
and Sr with Mg, Al, Ga, and Zn. '

We present here the first microscopic calcula-
tions of the stability of metallic glasses, based
on the pseudopotential approach to the interionic
forces and model calculations of the amorphous
and liquid structures. We show that the glassy
and the liquid states are stabilized by the close
matching of the minima in the interionic poten-
tials and the maxima in the pair distribution func-
tions (PDF s). At a majority concentration of
the smaller atoms, the interionic distances of a
topologically close-packed intermetallic com-
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the splitting of the second peak and the relative
heights of the subpeaks as usually observed in
metallic glasses. The partial structure factor
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have been calculated and are in reasonable agree-
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Oberle. " More important in the present con-
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means that the structure of the glass corresponds
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the close matching between the interatomic dis-
tances and the minima in the pair potentials.
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TABLE I. Gibbs free enthaply gG (in keal/g at.%) of
formation for solid (T = O'K) and liquid (T =900'C)
Ca-Mg alloys.

thank Professor V. Heine and Professor 1.J.
Sham for discussions and for a critical reading
of the manuscript.

84
at.% Ca

67 50

Solid solution
QG (theory)

Laves phase (C14)
&G (theory)

(expt. '}
Liquid solution
QG (theory)

(expt. )

(expt. b) —1 3

—1.6
201

—1.8

2 o 1
—2.5
—202

—3.6
3 02

2 43
—2.5
—2.0

~Hultgren et al. , Ref. 20.
bT = 1010 K, Sommer et al. , Ref. 21.

all concentrations. For the Ca-Al system, po-
tentials and PDF's are very well in phase" on
the Ca-rich side, but as the Al content is in-
creased, the maxima of the PDF's move out of
the minima of the potentials for second and high-
er neighbors.

We have supplemented this still somewhat quali-
tative consideration by a full thermodynamic cal-
culation of the Gibbs free enthalpy &G of forma-
tion (for details of the method, see Ref ll) of
solid and liquid solutions and of the Laves phase
in the Ca-Mg system (Table I). There is an ex-
cellent agreement between theory and experi-
ment. The solid solution is unstable (b, G&0),
the &C of the liquid solution is large and nega-
tive, with a minimum at-60 at.% Ca, the bG of
the Laves phase being still more negative.

We have shown that the destabilization of pos-
sible crystalline phases and a stabilization of
disordered (liquid or amorphous) phases both
cooperate in the formation of metallic glasses.
The stabilization is due to a very favorable close
packing dominated by the size ratio and the VEC.
The theory underlines the similarity of the chemi-
cal bonding in metallic glasses and close-packed
intermetallic compounds. Preiliminary results
demonstrate that our theory gives a very good
description of the electrical and optical proper-
ties of metallic glasses.
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