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Abstract. The sound velocity, v, and the sound attenuation coefficient, α, have been measured for
liquid Te50Se50 mixture at 20, 32 and 43 MHz in the temperature and pressure range up to 1000 ◦C
and 150 MPa. Near the melting point α decreases with increasing temperature, as is expected from
the temperature variation of shear viscosity. In addition to the normal behaviour, we have found two
peaks ofα in the temperature range where the semiconductor-to-metal transition is observed. One is
the high temperature peak, which appears around 850 ◦C irrespective of the frequency, and the other
is the low temperature peak, whose position depends strongly on the frequency. The peaks become
more prominent with increasing pressure, indicating the importance of the inter-chain couplings.
Assuming a Debye-type relaxation for the frequency-dependent adiabatic compressibility, we have
estimated the relaxation time to be about 7 ns from the high temperature peak.

1. Introduction

Recently we have measured the sound attenuation coefficient, α, of expanded liquid mercury,
and in addition to the critical attenuation we have observed the secondary maximum in the
density dependence of α at a density near 9 g cm−3, where the metal–nonmetal (M–NM)
transition occurs [1, 2]‡. Assuming a Debye-type relaxation for the frequency-dependent
adiabatic compressibility, we have estimated the relaxation time to be of the order of
nanoseconds, and suggested that slow dynamics is generated by the sound pressure in the
M–NM transition range [1, 2]. This new finding arouses an interesting question of whether such
slow dynamics could be observed in other liquid systems that undergo the M–NM transition.
In the present work we study the acoustic properties of liquid Te50Se50 mixture, which is
transformed from a semiconductor to a metal at a moderate temperature by heating up [4].

Although both selenium and tellurium are well known crystalline semiconductors, Te is
changed to a liquid metal on melting unlike Se. Near the melting point liquid Se consists of
twofold coordinated polymeric chains with bond angle similar to that of the crystalline helical
chain and broad distribution of the dihedral angle [5]. The chain length becomes shorter
with increasing temperature [6] and near the critical point it is estimated to be about seven
atoms [7]. There have been frequent disputes about the structure of liquid Te since early
experimental [8] and theoretical [9] investigations. Recently it has been suggested that liquid

† JSPS Research Fellow.
‡ A similar observation was reported subsequently by Kozhevnikov et al [3].
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Te is also composed of chain fragments [10], which are formed by the normal covalent bonds
and the elongated covalent bonds due to the inter-chain interactions [11–13].

In liquid Te–Se mixtures the semiconductor-to-metal (S–M) transition occurs in relatively
narrow temperature range, which moves to higher temperatures with increasing Se concen-
tration [4, 14]. The S–M transition is accompanied by a structural change from an Se-like
loosely packed structure to a Te-like densely packed structure [15–17], and it was recognized
as an example where the liquid–liquid phase transition is blurred due to fluctuations [18].
Near the transition temperature thermodynamic anomalies such as the minimum of the sound
velocity [18–20] and the maximum of the specific heats [21–23] were observed.

All the studies mentioned above were mainly aimed at investigating the static properties
of liquid chalcogens. However, since the most characteristic feature of the liquid state,
compared with the solid state, is the time evolution of the atomic arrangement, it would be very
interesting to study dynamic aspects of the S–M transition. As to the liquid Te–Se mixtures, the
measurements of the viscosity [24] and thermal conductivity [25] are a few examples that are
concerned with dynamic properties, though both quantities exhibit no anomalous behaviours
even in the S–M transition range.

In the present study we have found anomalous sound attenuation in liquid Te50Se50

mixture. The remainder of this paper is divided as follows. We will describe the experimental
method for the acoustic measurements in section 2 and the experimental results in section 3.
The results show a strong and complicated dependence on temperature, pressure and frequency.
Analysing the data in section 4, we will show that there appear two peaks in the temperature
variation of α. In section 5 we will estimate the relaxation times and discuss a possible
mechanism for the relaxation. Finally a brief summary will be given in section 6.

2. Experimental procedure

The sound velocity, v, and the sound attenuation coefficient, α, have been measured for liquid
Te50Se50 mixture at 20, 32 and 43 MHz in the temperature and pressure range up to 1000 ◦C and
150 MPa. The mixture was prepared from 99.999% purity Te and Se. The experiments were
carried out at nearly constant pressures. Figure 1 shows the state-points where the ultrasonic
measurements have been made.

The experimental apparatus for the ultrasonic measurements is shown in figure 2. Quartz
rods 8 mm in diameter were used as buffer rods for transmitting the ultrasonic waves. Two
quartz rods, A and B, were inserted into a quartz tube with the inner diameter of 8 mm and the
outer diameter of 10 mm. The axial length of both quartz rods was 95mm. A gap between the
two rods served as the sample part and the sample length lS was 7.4 mm for the measurements
at 20 MHz, 6.0 mm at 35 MHz and 1.8 mm at 43 MHz. Similar ultrasonic cells made of
sapphire [1] or sintered alumina [19] were described in detail.

The temperature of the sample part was raised by a heater surrounding the central part of
the cell, and monitored by chromel–alumel thermocouples. The temperature was calibrated by
detecting the melting of zinc ingots put in the sample part. The cell assembly was set in a steel
high-pressure vessel which was pressurized with argon gas. The pressure was measured by a
Heise gauge. The experimental errors in temperature and pressure were ±8 ◦C and ±0.5 MPa,
respectively.

The sound velocity, v, was measured by an ultrasonic pulse transmission/echo method [26].
Z-cut Pb(Zr · Ti)O3 transducers were bonded to the cold ends of quartz rods. For 20 MHz
we used the fundamental resonance frequency, and for 32 and 43 MHz we used the third
harmonics. The time required for an ultrasonic pulse to traverse from one transducer to the
other, τAB , and the time required for an echo to return from the interface between the rod A (or
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Figure 1. The state-points of the present ultrasonic measurements are plotted on the P–T plane.
Three different symbols are used depending on the frequency. The melting point, Tm, of Se50Te50
(345 ◦C) is indicated by the arrow.

Figure 2. The experimental apparatus for measuring the sound velocity and attenuation for liquid
Te50Se50 under high temperature and pressure.

B) and the sample, τAA (or τBB), were measured. All the signals were accumulated 100 times
and recorded with a digital oscilloscope. The difference between τAB and (τAA + τBB)/2 gives
the time required for the pulse to traverse the sample. Then v can be deduced from

v = lS/{τAB − (τAA + τBB)/2}. (1)

The error in v was less than 2% at 20 MHz, 3% at 32 MHz and 5% at 43 MHz.
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The sound attenuation coefficient α can be deduced from

α = − ln TS/lS (2)

where TS is the transmission rate through the sample. Since it is difficult to change lS in situ
under high temperature and pressure, we have adopted an alternative method to estimate the
transmission rate [27].

When the incident pulse is applied to the transducer A, the sound pulse is transmitted
through the rod A, sample and rod B successively, and reaches the transducer B. Here the
voltage generated at the transducer B in this way is denoted by VAB . Since fairly long buffer
rods are necessary for the measurements at high temperatures, the sound attenuation due to
the quartz rods is no longer negligible. Therefore, we measured not only VAB but also the
voltages, VAA and VBB , which are generated at the transducers A and B, respectively, by the
echo signals reflected from the interface between the liquid sample and the buffer rods. In
addition we also measured the transmission signal VBA to confirm the validity of the present
method. These quantities may be expressed as follows [1]:

VAB = V0αATAtASTStSBTBβB (3a)

VBA = V0αBTBtBSTStSATaβA (3b)

VAA = V0αATArASTAβA (3c)

VBB = V0αBTBrBSTBβB (3d)

where V0 is the voltage of the incident pulse and TA(TB) the transmission rate through the
buffer rod A (B). αA (αB) is the efficiency of the transducer A (B) in converting the electric
voltage to the sound pressure, and βA (βB) is the efficiency in the inverse process. rAS (rBS)
is the reflectivity of the sound pressure at the interface between the buffer rod A (B) and the
liquid sample, and tAS (tSB) is the transmissivity. Both rAS (rBS) and tAS (tSB) can be calculated
from the acoustic impedance [1], which is the product of the density and sound velocity [28].

Making use of equations (3a), (3c) and (3d), one can obtain the following formula for the
transmission rate TS(A→B) through the sample from A to B:

TS(A → B) = VAB√
VAAVBB

√|rAS ||rBS |
|tAS ||tSB |

√
αBβA

αAβB

. (4a)

Similarly from equations (3b), (3c) and (3d) the transmission rate from B to A, TS(B→A), is
expressed as

TS(B → A) = VBA√
VAAVBB

√|rAS ||rBS |
|tBS ||tSA|

√
αAβB

αBβA

. (4b)

The last term of equation (4a),
√
αBβB/αAβB , was determined by equating

TS(A → B) = TS(B → A) (5)

and it proved to be nearly constant (within 4%) throughout the measurements.
The relative error in the attenuation coefficient, |�α/α|, is expressed from equation (2),

as follows [1], ∣∣∣∣�α

α

∣∣∣∣ �
∣∣∣∣ �TS

TS ln TS

∣∣∣∣ +

∣∣∣∣�lS

lS

∣∣∣∣ . (6)

Here �TS is the error of the transmission rate and �lS is the error of the sample thickness.
It is evident from the inequality (6) that the error limit of α becomes large not only when TS
approaches null but also when it approaches unity. Thus the data are considered to be reliable
when the TS value lies between 0.05 and 0.7, and for this purpose we selected an optimal
sample thickness for each frequency. The upper limit of the relative error of α was evaluated
to be 20% throughout the present work.
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Figure 3. The sound velocity at 20 MHz is shown as a function of temperature. Several different
symbols are used depending on the pressure. A typical error bar is shown in the figure.

3. Results

3.1. Sound velocity

Figure 3 shows the temperature dependence of v measured at 20 MHz along the experimental
paths shown in figure 1. Near the melting point v decreases with increasing temperature
and it begins to increase at higher temperatures. This behaviour was first found by Yao et
al [18] and confirmed by subsequent works [19, 20]. The temperature, Tmin, where v exhibits
the minimum, is about 650 ◦C at 6 MPa in the present work, which is higher than the value
reported by Yao et al [18], and slightly lower than those by Takimoto and Endo [19] and
Tsuchiya [20] at atmospheric pressure. Such discrepancy may be due to ambiguities in the
temperature calibration in the previous measurements. As the pressure increases, v increases
rapidly and Tmin shifts to lower temperatures. The overall feature is very similar to the work
by Takimoto and Endo [19].

The sound velocity was also measured at 32 and 43 MHz but no appreciable dispersion
was observed.

3.2. Sound attenuation

The sound attenuation coefficient divided by the square of frequency, α/f 2, is shown for 20, 32
and 43 MHz as a function of temperature in figures 4(a), (b) and (c), respectively. Here the data
taken at 50, 100 and 150 MPa are selected. We measured α both on heating and cooling runs,
and confirmed the reproducibility of the data. As shown in the figures, α depends strongly on
temperature, pressure and frequency.

For 20 MHz, α/f 2 at 50 MPa decreases rapidly near the melting point to a small value,
and begins to increase near 750 ◦C, exhibiting a maximum around 850 ◦C. The maximum
around 850 ◦C becomes more prominent at higher pressures. In addition a hump grows near
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Figure 4. The attenuation coefficient divided by the square of frequency, α/f 2, at 20 MHz (a), at
32 MHz (b) and at 43 MHz (c) is shown as a function of temperature. The data taken at 50, 100
and 150 MPa are selected. Three different symbols are used depending on the pressure. Typical
experimental uncertainties are indicated by the error bars.

500 ◦C with increasing pressure. For 32 MHz, α/f 2 shows a minimum instead of a hump
near 500 ◦C, and a broad peak is seen around 750 ◦C at 50 MPa. With increasing pressure, the
peak at 750 ◦C becomes separated into two peaks: a sharp peak around 650 ◦C and a diffuse
one around 850 ◦C. For 43 MHz, the temperature variation of α/f 2 at 50 MPa is structureless
except for small humps around 500 and 750 ◦C. However, the hump around 750 ◦C becomes
larger with increasing pressure, and at 150 MPa it seems to consist of two overlapping peaks
around 700 and 850 ◦C.
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Figure 4. (Continued)

4. Analysis

To analyse the observed complicated behaviour of α, we begin with a standard formula for the
sound attenuation in liquids [29]:

α

f 2
= 2π2

ρv3

{(
ζ + 4

3η
)

+ κ

(
1

Cv

− 1

Cp

)}
(7)

where f is the frequency, ζ and η are the bulk viscosity and shear viscosity, respectively, κ is
the thermal conductivity and Cv and Cp are the specific heats at constant volume and pressure,
respectively. Perron [25] measured the thermal conductivity of SexTe1−x mixtures for x � 0.4
at atmospheric pressure and obtained a relation:

κ = κR + LσT (8)

with the residual thermal conductivity κR = 3.5 mW cm−1 ◦C−1, the Lorenz number
L = 2 × 10−8 V2 ◦C−2 and σ the electrical conductivity. We have estimated the thermal
conductivity term, (2π2/ρv3)κ(1/Cv − 1/Cp), by using equation (8) and available data for
σ [14], Cp [21] and density [15], which reveals that this term is less than 1% of the observed
α/f 2. Hence, equation (7) may be rewritten as

ζ + 4
3η

∼= αρv3

2π2f 2
≡ α∗. (9)

In figure 5 α∗ as defined above are plotted for 32 MHz at various pressures as a function
of the reciprocal temperature in the temperature range below 500 ◦C. The figure also includes
the temperature dependence of η for liquid Te50Se50, which is estimated as a arithmetic mean
of η between Te40Se60 and Te60Se40 at atmospheric pressure [24]. It is evident that in the low
temperature range α∗ varies almost linearly with 1/T with nearly the same slope as η and
that α∗ is larger than η by a factor of 2 to 3, suggesting that the ratio ζ to η is nearly unity
as is often the case of viscoelastic liquids [30]. This is a reasonable result, because near the
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Figure 5. α∗ defined by equation (9) is plotted against the reciprocal temperature. Here the data
below 500 ◦C at 32 MHz are shown, together with temperature dependence of the shear viscosity
η for Se50Te50 estimated from [24]. Three different symbols are used depending on the pressure.

melting point liquid Te50Se50 has an Se-like structure composed of chain molecules and the
chain length becomes shorter with increasing temperature.

Next we assume that the bulk viscosity ζ can be divided into a normal term ζN , which
obeys the same Arrhenius law as η, and an anomalous term ζA:

ζ = ζN + ζA (10)

ζN + (4/3)η = A(P ) exp[B(P )/kBT ] (11)

where A(P ) and B(P ) are independent of temperature but depend on pressure. Then the
anomalous term may be given by

ζA = α∗ − A(P ) exp[B(P )/kBT ]. (12)

By treating A(P ) and B(P ) as fitting parameters, we have fitted equation (11) to the observed
α∗ for 32 MHz in the temperature range below 500 ◦C, and by using the resultant A(P ) and
B(P ) parameters we have extracted the anomalous term ζA in the whole temperature range of
the present experiment. As seen in figure 6, ζA is almost flat up to 500 ◦C, where it begins to
rise rapidly. At 150 MPa there exists a narrow peak at 630 ◦C and a broad peak around 850 ◦C,
while at 50 MPa there is apparently one broad peak. Our naı̈ve picture is that at high pressures,
where a chain molecule exists very close to the adjacent one, the application of pressure should
have some definite influences upon the inter-chain correlation, while at low pressures, where
there is more free space among chain molecules, such influences could be blurred. From this
point of view we try to resolve the peak at 50 MPa into two sub-peaks. In figure 6, the solid
lines denote these sub-peaks expressed by Gaussian functions and the dash–dotted line denotes
their sum. The dash–dotted line in figure 6 reproduces the original peak well.

In contrast to the data for 32 MHz, a hump already exists below 500 ◦C in the temperature
variation of α for 20 MHz, which prevents us from fitting equation (11) to the data directly.
Thus we have tentatively utilized the same parameters A(P ) and B(P ) as those for 32 MHz,
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Figure 6. The anomalous term of the bulk viscosity, ζA, at 32 MHz is shown as a function of
temperature. The solid lines denote the two components resolved from the peak at 50 MPa and the
dash–dotted line denotes the sum of these components. Three different symbols are used depending
on the pressure.

and deduced by ζA using equation (12). Then, as shown in figure 7, we find that peaks,
which grow up with pressure, are seen around 450 and 850 ◦C and ζA remains nearly zero at
intermediate temperatures, where the sharp peak was observed for 32 MHz.

For 43 MHz, we have adopted two methods to subtract the term A(P ) exp[B(P )/kBT ].
One is a direct fitting to the low temperature data, and the other is to use the same parameters
A(P ) and B(P ) as those for 32 MHz. The resulting ζA by the former method is shown
in figure 8(a) and the latter in figure 8(b). Although the behaviours below 600 ◦C are very
different from each other, the shapes of ζA at high temperatures are nearly identical. This
is not surprising because the normal term is substantially reduced at high temperatures. We
have tentatively separated the high temperature peak into two sub-peaks by using Gaussian
functions, as shown by the solid lines.

Based upon these observations, we may summarize the characteristic features of the
present results, as follows. First, there exist two peaks in the temperature variation of α.
One is the high temperature peak, which appears around 850 ◦C irrespective of the frequency,
and the other is the low temperature peak, whose position depends strongly on the frequency.
Secondly, the width of the low temperature peak is relatively narrow compared with that of the
high temperature peak. Thirdly, both peaks become more prominent with increasing pressure.

To illustrate these features more clearly, the positions of the high and low temperature
peaks are plotted in figure 9 as a function of pressure, together with the locus of Tmin, where
the sound velocity exhibits the minimum. The peak positions change little with pressure. At
100 and 150 MPa, where the peaks are clearly seen, the positions of the low temperature peak
are arranged with a nearly equal spacing in accordance with the difference in the frequency.
Figures 10(a) and (b) show the height of the low and high temperature peaks, respectively,
as a function of pressure. The height of the high temperature peak has a clear frequency
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Figure 7. The anomalous term of the bulk viscosity, ζA, for 20 MHz deduced by utilizing the same
parameters A(P ) and B(P ) as those for 32 MHz is shown as a function of temperature. Three
different symbols are used depending on the pressure.

dependence. The lower the frequency is, the higher the peak is, and the height begins to rise at
lower pressures for the lower frequency. The height of the low temperature peak also increases
rapidly with pressure.

5. Discussion

When the volume change occurs out of phase with the applied sound pressure, the bulk viscosity
becomes large. Thus it is proportional to the imaginary part of the inverse of the frequency
dependent adiabatic compressibility, β(ω) [30],

ζ = Im(1/β(ω))

ω
(13)

where ω is the angular frequency (=2πf ). In the previous paper [1] we interpreted the
anomalous sound attenuation of liquid Hg in the metal–nonmetal transition range as a Debye-
type relaxation in a two-level system, where we consider that the sound pressure may give
rise to switching from nonmetallic to metallic and vice versa. Recent results of α in Hg with
different frequencies [31] further support our previous discussion [1]. In the Debye model the
relaxation time τD is related to β(ω), as follows [32]:

β(ω) = β∞ +
β0 − β∞
1 + iωτD

(14)

where β0 is the static adiabatic compressibility (β0 = 1/ρv2) and β∞ is the adiabatic
compressibility at frequencies beyond the radio frequency range. Then ζ is rewritten as

ζ = (β0 − β∞)τD

β2
0 + ω2τ 2

Dβ
2∞
. (15)
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Figure 8. The anomalous term of the bulk viscosity, ζA, at 43 MHz is shown as a function of
temperature. Three different symbols are used depending on the pressure. The subtraction of the
low temperature part is done by a direct fitting (a), and by using the same parameters as those at
32 MHz (b). In (a), the solid lines denote the two components expressed by Gaussian functions
and the dash–dotted line denotes the sum of these components.

As shown in figure 10(b), the height of the high temperature peak has a frequency dependence
that is consistent with equation (15). Since ζN is negligible at 850 ◦C, we can put simply,
ζ = ζA. As an example, ζA at 100 MPa is plotted against the frequency in figure 11. The solid
line described by equation (15) with τD = 6.7 ns and β∞ = 2.47 × 10−10 Pa−1 fits the data,
implying a slow dynamics. It should be noted, however, that the fraction of the relaxation part
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Figure 9. The peak position in the temperature variation of ζA is plotted as a function of pressure
for various frequencies. The solid line shows the locus of Tmin, where the sound velocity exhibits
the minimum. The meaning of these symbols is tabulated above the figure. The melting point, Tm,
of Se50Te50 (345 ◦C) is indicated by the arrow. Typical error bars are shown in the figure.

of β(ω), (β0 −β∞)/β0, is less than 0.5%, which is consistent with the fact that no appreciable
dispersion was observed in the sound velocity. The value of τD for Te50Se50 is larger than that
for monatomic liquid Hg (less than 4 ns) [31]. This is not unreasonable, because the average
chain length in liquid Te50Se50 is estimated to be about seven atoms at 850 ◦C from magnetic
susceptibility data [32] (see also figure 13).

By contrast the low temperature peak cannot be interpreted by the simple Debye model,
because ζA does not monotonically decrease with frequency. Based upon the evidence
that the low temperature peak moves to higher temperatures with increasing frequency, we
suppose that there may be a time scale τch which characterizes the inter-chain rearrangements
and which varies with temperature. In polymer physics the sound attenuation is often
discussed in connection with changes in the intra-chain conformation (e.g. trans-to-gauche
conversion) [33], which should be hindered by adjacent chains under high pressure. For liquid
Te50Se50 such behaviour is expected to be observed near the melting point. In fact, the normal
term expressed by equation (11) decreases with increasing pressure, as shown in figure 5. Since
the height of the low temperature peak increases with pressure, the peak must be associated
with the inter-chain rearrangements. At the temperature of the peak position we have simply
taken the inverse of the relevant frequency as τch. In figure 12 τch estimated from the data at
100 MPa is plotted as a function of temperature together with τD . A smooth extrapolation of
τch would give a value around 16 ns at 850 ◦C, which is comparable with τD . In figure 13 these
relaxation times are plotted against the average number of atoms per chain estimated from the
magnetic susceptibility [32].
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Figure 10. The height of low temperature peaks (a) and high temperature peaks (b) are plotted
against the pressure. The meaning of these symbols is according to figure 9. Typical error bars are
shown in the figure.

Recently the time evolution of local chain structure has been discussed in liquid Se by
means of ab initio molecular-dynamics simulations [34–36], which demonstrate that bond
breaking and re-arrangement of chains take place in a sub-picosecond time scale [36]. To
explain the anomalous sound attenuation in liquid Te50Se50, however, the more cooperative
nature of the inter-chain re-arrangements should be taken into account, because the time scale
in the present study is larger by more than three orders of magnitude. As to the anomalous
sound attenuation in the metal–nonmetal transition range of liquid Hg, we made a speculation
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Figure 11. The peak value of the high temperature part of ζA at 100 MPa is plotted against
the frequency. The solid line is described by equation (15) with τD = 6.7 ns and β∞ =
2.47 × 10−10 Pa−1.

Figure 12. τch estimated from the data at 100 MPa is plotted by the open circles as a function of
temperature. τD is also plotted by an closed circle. The line in the figure is a guide for the eyes.

that, when a local region could be switched from nonmetallic to metallic by the sound pressure,
it would be stabilized due to the metallic cohesion and remain metallic for a short time even
after the sound pressure is removed [1]. It has been suggested for liquid Te [11–13] that,
although twofold coordinated chain structure is preserved even in the metallic state, the chains
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Figure 13. τch is plotted by the open circles against the average number of atoms per chain
estimated from the magnetic susceptibility [32]. τD is also plotted by a closed circle. The thin line
is a guide for the eyes.

are no longer helical but some of the covalent bonds are elongated by inter-chain charge
transfer. This picture has been successfully applied to liquid Te–Se mixtures [37] and liquid
Se under pressure [38]. Inferring from a high pressure crystalline form of Te, in which planar
zigzag chains with long and short covalent bonds are stacked in the direction perpendicular to
the plane [39], one could expect a zigzag-like local structure in liquid Te and also in Te–Se
mixtures. Once such a zigzag-like structure was formed, it could be stabilized by the metallic
cohesion.

It may be instructive to refer to our recent studies [40, 41] on the dielectric relaxation of
supercritical water to think about a possible relation between sub-picosecond phenomena and
nanosecond relaxation. Unexpectedly the relaxation time increases rapidly with decreasing
density in the gaseous state, indicating that an isolated water molecule would have a very long
relaxation time [41]. We have explained this phenomenon by considering that the applied
electric field can hardly change the thermal motion of water molecule as long as it is rotating,
and that only when it loses angular momentum by colliding with another molecule, can the
electric field control the molecule orientation. This means that the molecule is sensitive to
the applied field only on special occasions. Extending this idea to the acoustic response of
liquid Te–Se mixtures, one could expect that the chain molecules become sensitive to the sound
pressure when they happen to have a zigzag-like structure after many stochastic processes of
bond breaking and re-connecting. At low temperatures such structural modification would
take more time because the chains are longer and more stabilized.

6. Summary and outlook

The sound attenuation coefficient α of liquid Te50Se50 has been measured at 20, 32 and 43 MHz
in the temperature and pressure range up to 1000 ◦C and 150 MPa. Near the melting point α
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decreases with increasing temperature, which is explained by the temperature variation of shear
viscosity [23]. In addition to the normal behaviour, we have found two peaks in the temperature
variation of α. One is the high temperature peak, which appears around 850 ◦C irrespective of
the frequency, and the other is the low temperature peak, whose position depends strongly on
the frequency. Both peaks become more prominent with increasing pressure, indicating the
importance of the inter-chain couplings. Assuming a Debye-type relaxation for the frequency-
dependent adiabatic compressibility, we have estimated the relaxation time to be about 7 ns
from the high temperature peak.

We are now extending the acoustic measurements to other systems in which the metal–
nonmetal transition is observed, to investigate whether the slow dynamics in the metal–
nonmetal transition range is a universal phenomenon like that at the liquid–gas critical point [42]
and liquid–glass transition [43].
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