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College of General Education, University of Tokyo, Tokyo 153, Japan.
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Abstract.- The electrical conductivity T, the thermoelectric power S and the sound velocity C have
been measured for liquid Te-Se mixtures in a wide temperature and pressure range. Substantial changes
in o and S from semiconducting to metallic values are induced by a slight application of pressure.
The region where such changes occur is determined on the concentration-temperature plane and in

that region the prominent maxima in the temperature variations of compressibility appear. It is
suggested that the observed semiconductor-to~metal transition is originated from the structural

change.

INTRODUCTION——~ A number of experiments
have demonstrated that the electronic
properties of liquid Te-Se mixtures change
substantially with temperature and concen-
tration. The mixtures with Se-~rich concen-
tration exhibit semiconducting behaviour
at low temperatures. With increasing Te
concentration or increasing temperature
the semiconducting nature changes towards
metallic. Liquid Se is known to
contain chain molecules derived from two-
fold covalently bonded atoms together with
dangling-bond atoms, and the character of
bonding among these chain molecules is van
der Waals type. By addition of Te atoms,
the concentration of threefold bonded
atoms inecreases and when it becomes a suf-
ficient amount the metallic. character ap-
pears. Since such chain structure with an-~
isotropic bonds is expected to be trans—
formed to the structure with more isotrop-
ic bonds by changing pressure and tempera-—
ture, it is dinteresting to study the elec~
tronic and thermodynamic properties of the

liquid Te-Se mixtures at various pressures

and temperatures. In this paper, we report
the results of the electrical conductivity
o, the thermoelectric power S and the
sound velocity C of liquid Te-Se mixtures
under high pressures.

EXPERTMENTAL PROCEDURES—-- The electrical
conductivity of liquid Te-Se mixtures has
been measured in the pressure range 2-25
kbar by using the piston cylinder method
up to 650°C and in the pressure range O-1
kbar by using an internally heated auto-
clave up to 1600°C.. The thermoelectric
power S has been measured simultaneously
with ¢ at the lower pressures (0O-1 kbar).
The sound velocity in liquid Te-Se mix-
tures has been measured by the ultrasonic
pulse transmission/echo technique near the
atomospheric pressure up to 800°C ‘and the
adiabatic compressibility'ﬁs has been es~
timated by using density datal1] . The
measurement of C under high pressures has
been done by using the piston cylinder ap-—
paratus up to 10 kbar and up to 600°¢C.
Further experimental details are described

eleswhere [2,3].
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Fig. 1. Pressure variation of ¢ for

liquid Te-Se mixtures at 460°¢.

RESULTS AND DISCUSSION-- Figure 1 shows
the pressure variations of ¢ for liquid
Te-Se mixtures at 460°C. The pressure var-
iation of ¢ for ligquid pure Te is small.
For liquid Te60§?40 and Te505e50 mixtures,
G inereases rapidly with pressure ina rela-
tively low nressure region (< 5 kbar) and
reaches nearly metallic values ( 300 ohm-l cm-l)
at high pressures. The rate of increase in
0 is reduced by further addition of Se.

Figure 2 shows the values of (31n G/aP)T
and (?1n S/BP)Tfor aliquid Teg,Seg, mix-—
ture at 100 bar as a function of tempera-
ture. Broad maxima are seen around 600°C
in both (9in c/ap)T vs T and -(91n s/ap)T

vs T curves., These maxima shift towards

{kbar™)

500
T o

Fig. 2. The pressure coefficient of o,
(p1n o'aP)T (o), and that of S,
(31n S/oP). (), as a function of temper-

ature for liquid Te mixtures.
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Fig. 3. (a) Contour of constant

(81n G/GP)T on the X-T plane. Numbers

denote (3d1n O/aP)T in kbar %,

(b) Contour of constant ¢ on the X~T
plane. Numbers denote ¢ in ohm—lcmﬂl.
higher temperatures with Se concentration.
In Fig. 3 (a), the contours of constant

(91n G/aP)T are shown on the concentration
X - temperature T plane. The bold line de-—
notes the region where (9ln G/bP)T has the
maximum value. The locus of the maximum of
—(91n S/aP)T also falls mearly on the bold
line in Fig. 3 (a). Figure 3 (b) shows the
contours of constant ¢ on the X-T plane at
100 bar, together with the same bold 1£ne
as in Fig. 3 (a).

A new result of S for liquid pure Se is
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Fig. 4. Isotherms of S for liquid Se

as'a function of pressure.
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presented in Fig. 4 as a function of pres-—
sure. The pressure and temperature varia-
tions of S obtained by us show nearly the
same trend as those by Fischer and Schmutz-—-
ler[h], though the absolute values of S by
us are about 30 % smaller than those by
them. The pressure coefficient of S is
large around 120000, to which one attains
when the bold line in Fig. 3 is extrapolat-
ed to 100 % Se.

Figure 5 shows the results of BS for liq-
uid Te-Se mixtures au a function of tempera-—
ture, together with BS for liquid pure Te
[S]and Se K]. At low temperatures the ﬁS—T
curves for the mixtures show almost the
same trend as that 7o pure Se. With rais-~
ing temperatureABS—values of the mixtures increase
more rapidly than those of Se and they have
the maximum values at 440°C for liquid

at 610 °C for Te and at

505®50

At higher temperatures

Te7OSe30,
o
750°C for TeBOSe7O.

BS of the mixtures decreases with increasing
temperature, which is the same behaviour as
that of liquid putre Te. It is noticed that

the region at which the maximum appears in
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Fig. 5. Temperature variations of BS
for liquid Te-Se mixtures together with

for liquid pure Te 5 and Se 6 .
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BS coincides approximately with the bold
line on the X-T plane in Fig. 3, where the
semiconductor-to-metal transition are in-
duced by a slight application of pressure.
Figure 6 shows the temperature variation
of C for liquid Te

mixture. The

505®50
sound velocity increases considerably with
increasing pressure and the temperature at
which C shows a minimum shifts towards
lower temperatures with increasing pres-—
sure., This suggests that the temperature
of the semicondiictor-to-metal transition
decreases with increasing pressure, which
has been confirmed by the conductivity
measurement under pressures.

As seen in Fig. 5, the large compressi-
bility indicates that there exist large
density fluctuations near the transition
region. Near the region, there appears the
anomaly in the molar volume Vﬁ vs tempera-
ture curves (see Fig. 7 (a)), that is, the

thermal expansion. coefficient &, changes

P
from positive to negative[l]. Furthermore
the concentration variations of other

properties such as the Knight shift[7]and
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Fig. 6. Temperature variations of the
sound velocity for liquid Te505e50

at various pressures.



the average coordination number[8,9]exhibit
anomalous behaviours in the same region.

The fact that the maximum in compressi-
bility appears near the region where aP
changes from positive to negative can be
interpreted by the sketches shown in Figs.

7 (a) and (b). These figures show the
thermodynamic aspects of the structural
transition from Se-like loosely packed atoms
with twofold coordination to a Te-like dense-
1y packed structure with highly coordinated
atoms in the mixtures. The sharp structur-
al transition, which is indicated by the
dashed lines in Figs. 7 (2) and (b), is
smeared out owing to the thermal agita-
tion.

As a final remark, we refer to the re-
sults of recent density and NMR measure-
ments for .liquid pure Se [10,11] . It was
found that the isochores on the P-T plane
have an inflection at high temperatures
and that the pressure variation of the re-
sonance shift due to the paramagnetic dan-
gling bonds shows anomalous behaviours at

high temperatures. These evidences may

Vin

Fig. 7. (a) The solid line indicates
the temperature variation of molar
volume at constant pressure. (b) The
solid line indicates the preséure vari-~
ation of molar volume at constant tem-
perature. The dashed lines indicate
typical variations of Vm in the case

of the first order phase transition.
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suggest that a structural transition simi-
lar to that in liquid Te-Se mixtures occurs

even in ligquid pure Se.
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