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Abstract.- An attempt is made to compare the structures deduced from X~ray measurements on some
pure metals, both in the liquid and the non crystalline state. With Ga and Bi, the liquid and the
amorphous solid structures show some similarities and seem to be correlated with the solid phase

which occurs when crystallisation takes place. Different behaviour is found with Hg :

the liquid

structure factor differs from the structure factor in the amorphous state whose main peak is

symmetric in form.

INTRODUCTION

The properties of most of the liquid metals
have been successfully described by a hard sphere
description in conjonction with perturbation tech-
niques [1]. Concerning the non crystalline solid
state, the dense random packing of hard spheres[2]
is apparently a satisfactory approach to modelling
atomic arrangements in metallic glasses. However,
these descriptions completely fail when crystalli-
sation does not form close packed solids ; in these
cases, the liquid structure factor often has a
shoulder or a hump on the high-angle side of the
principal peak and, in amorphous state, neither the
structure factor nor the pair correlation function
show the characteristic splitting of the second

maximum.

The present paper describes the typical beha-
viour of three of these metals (namely Ga, Bi and
Hg) which offer the experimenters the unique oppor-
tunity of investigating by X-ray diffraction mea-
surements the structure (i) of the normal and su-
percooled liquid, (ii) of the amorphous solid pre-
pared by vapour deposition onto substrates cooled
at very low temperature.

EXPERIMENTS

An X rays diffractometer operating in a symme-
trical reflection mode has been used to determine
the structure of both 1liquid and amorphous solid
metals. ’

The experimental arrangement for the measure-
ment of the scattered intensities by liquids consis-
ted of a theta-theta diffractometer (3] with a sta-
tionary, horizontal sample and a bent Tithium fluo-

ride monochromator in the diffracted beam. The
radiations were CuKa and MoKa. By dividing the sam-
ple into small droplets, it was possible to study
the structure of supercooled liquids : for Sa and
Hg the dispersions were prepared by using an ultra-
sonic generator to disperse the molten metals within
ethyl alcohol saturated with sodium oleate, thus
allowing experiments under the normal melting point
at supercooling of 140 and 61 K respectively ; for
Bi, the procedure of forming droplets to achieve
large supercooling [4] was not convenient for X-ray
investigation because of extraneous Braggs peaks
provided by the oxyde-coated droplets : the disper-
sions were prepared by shaking the molten Bi in
hexadecanol with some sterols as surfactants, the
maximum supercooling was thus limited to 68 K.

In all cases, samples were cooled or heated
in a vacuum chamber in which the pressure could be
reduced to 107° torr except for Hg where the cham-
ber was filled with helium [5].

Nominally pure amorphous metals are only avai-
TabTe by vapour deposition onto 1iquid helium cooled
substrates [2]
apparatus, consisting ofan jonic ultra-high vacuum
system with an electron gun and a liquid helium
cryostat, in conjunction with the X-ray diffractome-
ter built on the pumping system, has been described
elsewhere [6] ; the only modifications consisted in
the use of a post-specimen monochromator and a spe-

: the Tow temperature condensation

cial device for mercury deposition.

Though they were thin (respectively 3, 0.2 and
0.1 ym for Ga, Bi and Hg) the amorphous films were
thick enough for X-ray diffraction study. Three
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wavelengths were used, CrKa, CuKa and MoKa, to ob-
tain reliable data in the lTow and high wavevector
q = 4nsing/X and also to take advantage of the
wavelength dependence of X-ray absorption.

RESULTS AND DISCUSSION

The structure factor S(q) of 1iquid Ga, Bi and
Hg are shown in Fig. 1, 2 and 3. Both Ga and Bi
exhibit a shoulder on the righ-angle side whereas
Hg only shows a hump ; in Ga, the shoulder gradual-
1y increases when the temperature is lowered but in
Hg and Bi these anomalies remain unchanged though
they are less evident at high temperature because
of the broadening of the first maximum. The most
noticeable effect of the temperature on the struc-
ture factors is the damping in high g range and the
reduction of the first peak height S(qo) as tempe-
rature rises ; the temperature dependence of S(qo)
is identical for these three metals, as shown in
Fig. 4 where the ratio of the height [S(q,)1; to
that observed at the melting point [S(qo)]Tm are
plotted as a function of the reduced temperature
T/Tm,
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From S(q), the pair correlation functions,

g(r) (Fig. 5, 6 and 7), can be obtained in the
standard way by Fourier transformation : the struc-
ture of 1iquid Ga and Hg remains quite unchanged
when the temperature is lowered except some increa-
se in the large range correlation. It is of parti-
cular interest to note that experiments on Ga and
Hg have been performed in the strongly supercooled
state close to the ultimate stability limit of the
tiquid state but no striking feature is seen either
in S{q) or in g(r) concerning any incipient ordered
state as suggested by mean field theory [7]. When
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freezing occurs in supercooled liquid Ga it is ra-
ther to the metastable B-phase whereas the normal
stable form has always been observed to occur when
crystallisation takes place in supercooled liquid
Hg and Bi ; moreover, some authors used the crys-
talline lattice as a framework for describing li-
quid Ga [8], Bi [9] and Hg [5, 10] by a quasi

: they all establish a
close correspondence between the Tiquid and corres-

crystalline structure model

ponding crystalline solid structure.

The same conclusions may be transposed to the
non-crystalline solid Ga and Bi
state these two metals show evident resemblances to
the corresponding liquid both in structure factors

: in amorphous

(Fig. 1 and 2) and in pair correlation functions
(Fig. 5 and 6) ; because of the absence of diffu-
sive displacements in the solid state, the observed
oscillations are more pronounced and the shoulders
seen in Tiquids appear better defined.

le think that such a similarity between the
liquid and the amorphous structures -supported by
the fact that the amorphous films do crystaliize to
the same varieties that supercooled liquids- must
be connected with the process used to obtain amor-
phous samples. Indeed, in preparing Ga and Bi films
by vapour deposition, atoms (or ions) impinge on the
cooled substrate with an initial kinetic energy
sufficient to disturb the atoms previously deposi-
ted and to raise temperature locally up to the mel-
ting point ; obviously this effect concerns few
atoms around the points of impact and the quench
rate is rapid enough to garantee non-crystalline
solid formation with some reminiscence of Tiquid
state. Because of the high vapour pressure of mer-
cury it is possible to produce films while the eva-
poration crucible is maintained at low temperature;
atoms reach the substrate without producing too
much damage : the structure factor of the amorphous
film thus obtained (Fig. 3) exhibit no shoulder on
the first peak and rather looks 1ike the hard sphe-
re description and the non-crystalline solid struc-
ture of mercury (Fig. 3 and 7) notably differs fra
that in the Tiquid state.

The normalized first peak height of the struc-
ture factor obtained from the experiments carried
out on the three amorphous metals are shown in
Fig. 4 : there is strong evidence that the plots
corresponding to the non crystalline state do not
lie on the curve expected from extrapolation of the



1iquid state ; it seems probable that this occur-
rence stems from a more or less relaxed structure
in these amorphous films, which suffer no annealing
since they are observed to be unstable on heating.

CONCLUSION

We strove to perform experiments on pure me-
tals since we are concerned with only one kind of
atom so that data reduction and structural results
are easier to handle. We have no place here either
to detail the experimental procedure or to describe
the full particularities of the structure deduced
from experiments or from modelling. We only empha-
sized the similarities between the liquid structure
and the further crystalline phase in Ga, Bi and Hg;
in these particular metals, the distorted structure
factor whose explanation gave rise to many attempts,
has quite identical temperature dependence. In the

non crystalline state, Hg shows a distinct beha-

viour we attributed to the preparation mode of the
it is possible to assume that all

amorphous films :

non crystalline metals might exhibit a hard sphere
structure if, in vapour deposition, atoms reach a

cooled substrate with no initial kinetic energy.
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