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Abstract. Magnetic measurements on liquid Sb—Zn alloys eround the composition of the
intermediate phases SbZn, SbyZns and Zn,Sby are reported. The results give no clear evidence
of an anomalous behaviour arising from the possible occurrence of association or chemtcal shori-
range order in the liquid state. The skightly increased temperature dependence of the magnetic
susceptibitity observed near the liquidus temperature seens to be that of a liguid semimetal.
The deviations from the additive rule are very small and negative and tend to disappear with
increasing temperature.

1. Introduction

The pronounced appearance of metastability in the Sb—Zn system has been the starting point
for numerous investigations of the liquid state. It is well known that, by supercooling, the
crystallization of the equilibrium phase SbZn can be suppressed, Jeaving stable SbiZng [1, 2].
There are strong indications that the preferential formation of Sh3Zn, is related to a very
special short-range order or even to the formation of chemical ‘complexes” in the liquid, as
evidenced by thermodynamic quantities [3, 4], electrical resistivity [3,6] and mass density
[7], and also by more recent theoretical considerations [8,9]. In liquid Cd-Sb, our previous
measurements yielded a small anomaly of the magnetic susceptibility centred around the
composition of metastable Cd4Sbs [10] which correlated well with the anomalies apparent
in the thermodynamic properties [11-13], and the electrical resistivity of the system [5, 6].
Since both the thermodynamic behaviour {3} and, in particular, the electrical resistivity
behaviour are much more pronounced in Sb-Zn than in Cd-3b, we assumed this anomaly
to be also magnetically better visible in Sb—Zn.

Such an anomalous magpetic behaviour has indeed been reported in the literature [14].
The present investigation was undertaken to confirm these previous results and to determine
further details with emphasis on the particular composition range between 50 and 60 at.% Zn.

2. Experimental details

The alloys were prepared by direct reaction of the pure elements using high-purity (99.999%)
antimony (Arsaco, New York) and high-purity (99.999%) zinc (Alfa-Ventron) as starting
materials. Weighed amounts of the elements, sealed in quartz ampoules under a vacuum of
0.01 Pa, were subjected to a thermal treatment at about 1100 K. After a homogenization
period of 10 h the samples were cooled to ambient temperature at a rate of 2 K min~!. The
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magnetic measurements were performed on a Faraday-type magnetic balance (Sus 10, Paar,
Austria) in sealed quartz containers, applying different magnetic fields of 7.5, 9.9, 11.7 and
12.9 kOe. In general, the acquisition of the data occurred during the cooling period in
order to extend the measurements into the supercooled region. The contributions from the
individual quartz contaipers were assumed to be temperature independent. The variation
in the magnetic susceptibilities with the field was non-systematic and almost negligible,
The data presented throughout this paper refer to average values with a total experimental
accuracy of better than 2 x 10~% cm® mol ™.

3. Results and discussion

The composition of the atloys and their magnetic susceptibilities at 850, 970 and 1170 K
are listed in table 1. A typical example of the observed susceptibility versus temperature
curves is shown in figure 1, together with those of liquid Sb and Zn [15]. The pronounced
discontinuity across the solid-liquid transition and the marked temperature dependence in
both the solid and the liquid are similar to those of pure Sb and seem to be a typical feature
of semimetals. Owing to the considerable degree of supercooling, the indicated transition
temperatures are not those of the stable phase diagram [1].

Table 1. Magnstic susceptibility of liquid Sb~Zn alloys at 850, 970 and 1170 K.

Magnetic susceptibility (10~% em® moi=1)

Zn content

(at.%) 850 K 970 K HE
527 —4.35 -2,98 =221
333 —5.85 =425 -3.0%
539 —7.06 —495 =3.15
53.5 -3.57 -1.88 -0.99
35.9 —4.72 =277 -1.51
56.9 -5.47 —3.44 =177
579 -3.96 -2.23 -0.69
58.8 —4.15 -2.22 -0.53
59.9 —-2.93 ~-L17 ~0.68
60.8 -3.66 —~1.74 ~0.33

A summarized representation of the experimental data obtained for the liquid state
is given in figure 2. All alloys of this very specific composition range exhibit the
same non-linear, slightly increased temperature dependence of the magnetic susceptibility.
This is remarkable, since neither liquid Zn nor liquid Sb exhibit such increased
temperature coefficients. Liquid Zn shows a rather linear characteristic (dy/dT =
0.4 x 1078 ¢m® mol™! K~ [15]) whereas, for liquid Sb, dx/dT increases from about
0.7 x 1078 em® mol™! K~! at 1170 K to about 1.3 x 10~% cm?® mol~! K~! at 850 K. In
the high-temperature limit the average temperature coefficient of Sb-Zn alloys adopts the
intermediate value of about 0.6 x 1072 cm® mol~! K~¥ (at 1170 K), but at low temperatures
(2.2 x 1078 cm® mol™’ K~ at 850 K)) it clearly exceeds the corresponding values for the
pure elements (figure 3).

If the diamagnetic contribution g, to the susceptibility is assumed to be constant and
the electronic part . to be well represented by the free-electron expression, the temperature



Magnetic susceptibility of liquid Sb—Zn alloys 7565

5 T T T 1 T T
0F .
| J
__I:—‘ ...... .; !;’*
3 -5t i ]
g
o
se -10 -
+
s b ]
4
— /’h -
-20 ] ] ] ] ] !
80¢ 1000 1200 1400
T {(K)

Figure 1. Temperature dependence of the magnetic susceptibility of liquid 8b (O), liquid Zn
[18] (oevens ), and liquid and solid Sb-Zn 58.8 at.% Za (+)

coefficient of the total susceptibility (¥ = xaix + ¥ei) may be estimated from
dye/dT = —0.827 x 107823 (A% /05 (dp/dT) (1)

which relates dy,;/dT to the atomic mass A, the average valency z, the mass density ¢ and
its temperature derivative dp/dT. With an averaged density of about 6.2 g cm™, and a
derivative of 4 x 10™* g cm™ K~! [7] we arrive at dy,/dT = 5 x 107 em? mol~! K-1.
This is about one order of magnitude smaller than observed for liquid Zn, but nearly two
orders of magnitude smaller than for liquid Sb-Zn and liquid Sb, which only emphasizes
the semimetallic character of the materials under consideration.

Within our experimental accuracy, the magnetic susceptibilities seem to vary smoothly
with composition. The deviations from the additive rule, ¥ — xu44, are only very small;
they are shown in figure 3 on an expanded scale and for two limiting temperatures. The
values applied for the liquid elements at our reference temperatures (850 K and 1170 K}
were —1.1 x 107% em® mol~! and 2.2 x 10~% cm® mol~", respectively, for liquid Sb, and
-3.1 x 107% cm® mol™! and —1.7 x 1076 ¢cm® mol™’, respectively, for liquid Zn [15].
Despite the high degree of scatter, our data seem to hint at negative deviations from the
additive behaviour which tend to decrease with increasing temperature and Zn content. This
implies a non-monotonic variation in the magnetic susceptibility over the entire range of
compositions, presumably with a very flat minimum towards the antimony-rich side similar
to that claimed by Endo [14] more on the zinc-rich side (about 62 at.% Zn). This is an
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Figure 2. Temperature dependence of the magnetic susceptibility of liquid Sb—Zn alloys of

different compositions: », 52.7 at.% Zn; *, 53.5 8t.% Zn, ¥, 53.9 at.% Zn; +, 55.5 at.% Zn; &,
55.9 at.% Zn; O, 56.9 at.% Zn; 0, 57.9 at.% Zn; x, 59.9 1t.% Zn; O, 60.8 at.% Zn,
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interesting feature of the system; however, the present paper is primarily concerned with
the more or less extremely pronounced anomalies reported around the critical concentration
of 57 at.% Zn [4,6].

Qualitatively, there is some agreement with the negative deviations observed by Endo
[14), but—most possibly owing to the different position of the minimum—the trend with
the composition is apparently not the same. To some extent, this divergence also reflects
the limited experimental capability of determining the magnetic susceptibility of such nearly
non-magnetic liguid alloys. On the other hand, it is worth noting that the weak anomaly
indicated for Sb—Zn is about the same magnitude as that found for Cd-Sb [10].

The similarity between the behaviours of liquid Cd-Sb and liquid Sb-Zn has been
well established. Thermodynamic investigations yielded deep depressions in the entropy
of mixing, sharp minima in the enthalpy of mixing, and similarly pronounced shapes
of the partial quantities around the stoichiometry Sb;Mey {3,11,12]. The heat capacity
measurements revealed positive, highly temperature-dependent deviations from the additive
tule at about the same critical concentration [3,12]. The electrical resistivities, although
exhibiting a more complex behaviour for Cd-Sb, are also reported to pass through
characteristic maxima [3,6). A semi-empirical and comprehensive interpretation of these
liquid state phenomena has been given in terms of ‘association’ to larger chemical
‘complexes’ or some kind of chemical short-range order,

As regards the magnetic behaviour, the analogy between Sb-Zn and Cd-Sb seems to
be self-evident; nevertheless for Sb—-Zn our measurements failed to give clear experimental
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Fignre 3. Temperature coefficients and deviations frorn the additive rule of the magnetic
susceptibilities of liquid Sb-Zn alloys: x, experimental data, this work, 850 K; O, expenmeuta]
data, this work, 1170 K; ..., data taken from [14].

proof of such an anomalous behaviour, at least not around the stoichiometry under discussion
(SbyZny; about 57 at.% Zn). At this point, it has to be emphasized that thermodynamic
and electronic anomalies are not always correlated and may occur independently of one
another at different compositions, as has been illustrated for liquid Au-In or Au-Ge [16, 17].
However, for Sb-Zn the extremely pronounced peak in the electrical resistivity suggested
very particular electronic conditions around ShiZns. Thus it was surprising to find them
not ciearly reflected in the magnetic susceptibility. it is unclear to what extent the very
small deviations from additivity and the non-finear temperature dependence of the magnetic
susceptibility can be assigned to the occurrence of ordering or association processes in the
liguid.
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