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The pressure variation of resistivity and optical absorption in SmTe has been studied.
A continuous pressure-induced semiconductor-to-metal transition is observed, which we
ascribe to the promotion of electrons from the 4f level into the conduction band as the

gap between them shrinks with pressure and finally vanishes. The gap deduced from the
saturation resistivity ratio p (P),~t /p(0) is in good agreement with the gap of 0.62 + 0.02
eV obtained from infrared absorption data.

The monochalcogenides of Sm, Eu and Yb crys-
tallize in the NaCl structure' and are found to be
semiconductors. ' Because of their interest as
magnetic semiconductors the Eu chalcogenides
have received the most attention in recent years
and quite extensive optical absorption measure-
ments and some pressure work" have been re-
ported on them. Similar studies are conspicuous-
ly absent in the case of Sm and Yb compounds.
This Letter reports the discovery of a continuous
pressure-induced transition in Sm Te from semi-
conducting to the metallic state, as the pressure
is increased from 0 to 55 kbar. We ascribe this
semiconductor-to-metal transition to the promo-
tion of electrons from the 4f level into the con-
duction band as the gap between them shrinks
with pressure and finally vanishes. The energy
gap deduced from resistivity measurements is
good agreement with our optica1 absorption data.
We believe that the pressure behavior described
for Sm Te will prove to be the general pattern for
the semiconducting rare-earth monochalcoge-
111deS,

Samarium telluride was prepared by reacting
Sm metal chips in Te vapor at about 900'C for
48 h and subsequently melting the sample in a
tantalum tube. The ingot thus obtained was poly-
crystalline, with fairly large-sized single crys-
tals. The NaCl structure' and the lattice con-
stant appropriate to Sm Te were verified from
the powder x-ray diffraction data. For resistivi-
ty measurements, single-crystal samples were
cut from selected regions in the ingot. Ohmic

contacts were provided with indium and the stan-
dard four-probe technique was used to measure
the resistance. The room-temperature resistivi-

ty was approximately 10' cm. For optical ab-
sorption studies, a polished single-crystal plate
approximately 15 mm' in area and 0.1 mm in
thickness was used.

High-pressure resistivity measurements were
carried out under hydrostatic conditions up to
about 45 kbar using n-pentane-isoamyl alcohol
mixture as pressure medium, and up to 55 kbar
using AgCl as pressure medium, in a piston-
cylinder device. The two sets of measurements
were in good agreement in the region of their
overlap. The data on resistivity versus pressure
are reproduced in Fig. 1. It will be seen that the
resistivity decreases by almost seven orders of
magnitude and saturates at about 55 kbar. The
logarithm of resistivity versus pressure exhibits
two straight-line regions, with a break in slope
at about 20 kbar. The pressure coefficients
d 1np/dP are -0.10 and -0.46 kbar '. These
slopes yield -2.6 &&10 ' and -11.S X10 ' eV/kbar
for the pressure coefficient of the carrier activa-
tion energy. At low pressures the temperature
coefficient of resistivity is strongly negative and
varies strongly with pressure. At the highest
pressure it becomes positive, showing thereby
metallic behavior.

Figure 2 shows the optical absorption as a func-
tion of photon energy. The principal absorption
edge is centered at about 0.62 + 0.02 eV (-2 pm).
There is a subsidiary absorption at longer wave-
lengths centered at about 3 pm (0.38 eV). A
weak absorption band centered at 0.22 eV (-5.6
pm) with a half-width of 0.02 eV was also ob-
served (not shown in Fig. 2) in our scanning be-
tween 5 and 15 pm.

In order to explain the resistivity and optical
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FIG. 2. Transmission spectra of single-crystal
SmTe between 0.35 and 0.7 eV. Beyond 0.65 eV the
sample is opaque up to the highest energy of our
measurement (-3.0 eV). At longer wavelengths a
weak absorption band centered at 0.22 eV (-5.6 pm)
was observed.
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FIG. 1. Resistivity-pressure data for SmTe.
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absorption in Sm Te we propose the following
model: The principal absorption edge centered
around 0.62 eV represents transitions from the

4f level to the conduction-band states. The sub-
sidiary absorption arises due to transitions from
a trap level which lies about 0.38 + 0.02 eV below
the bottom of the conduction band. The weak ab-
sorption band represents transitions from the 4f
level to the trap level. Figure 3 illustrates the
proposed model.

The logarithmic decrease in resistivity is due
to carrier activation into the conduction band, as
the latter moves towards the trap level and the
deeper lying 4f level. The activation energy for
carrier excitation was determined as 0.36 eV
from resistivity-temperature data taken at 20
kbar. The activation energy decreased progres-
sively with pressure at higher pressures, con-
sistent with the dE/dP quoted above. These ex-
periments and the agreement between the E
determined from resistivity and optical experi-
ments (see later) show that the Fermi level is
essentially locked to the 4f level. If we assume
that the latter does not move in energy with pres-
sure, the pressure coefficient of -11.9&10
eV/kbar deduced from the resistivity data above
20 kbar should be ascribed to the rate of motion

0.38e V

0.62 eV

TRAP LEVEL

FIG. 3. Proposed model to explain the optical and
resistivity data.

of the lowest lying conduction-band minimum
towards the 4f level. This pressure coefficient
is almost the same as that reported' for EuTe
from the shift in absorption edge with pressure.
The initial pressure coefficient of -2.6X10
eV/kbar is explicable if we make the assumption
that the trap level is tied to one of the upper ly-
ing conduction bands and moves downwards in
energy with a pressure coefficient of -9.3 x10 '
eV/kbar. Since the trap level would then be mov-
ing at rate of -9.3x10 ' eV/kbar, the effective
pressure coefficient would initially be only -2.6
x10 ' eV/kbar. However when the trap level is
within a few times kv' of the vicinity of the 4f
level, the full pressure coefficient (-11.9x10
eV/kba. r) of the lowest conduction band would be-
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come effective.
Our assumption that the trap level in Sm Te is

tied to one of the possible upper lying conduction
bands is not unreasonable and this type of behav-
ior has been seen in CdTe' and GaSb. '

The room-temperature resistivity'at atmo-
spheric pressure and the optical absorption re-
sults reveal that the density of trap sites is
smaller by an order of magnitude compared with
the density of electrons at the 4f level. We ob-
tain an extrapolated resistivity at one atmosphere
of 10'-10' 0 cm (see the dashed line in Fig. 1).
From the temperature dependence of the resis-
tivity at atmospheric pressure we deduce a car-
rier activation energy of about 0.35 eV; This is
consistent with the position of the subsidiary
weak infrared absorption which places the trap
level at about 0.38 + 0.02 eV below the bottom of
the conduction band.

Using the extrapolated resistivity from Fig. 1,
the saturation resistivity ratio is found to be
slightly higher than 10". From this, the energy
separation AF. between the conduction band and
the 4f level can be estimated, using the expres-
sion p(P)/p(P, ) = exp(- 6E/h T), as 0.60 + 0.02 eV.
This is in good agreement with 0.62 eV deter-
mined from optical absorption measurements.

The observed positive temperature coefficient
of resistivity at the highest pressure indicates
that metallic conductivity has been reached under
pressure. Thus Sm Te shows a continuous pres-
sure-induced transition from semiconducting to
the metallic state. Evidently this is a conse-
quence of the merging of the conduction band
with the 4f level at the highest pressure and con-
sequent delocalization of one 4f electron per Sm,
when the energy separation between the two goes
to zero. In this event a substantial decrease in
the lattice constant is to be expected since the
Sm" would essentially become Sm" and the
atomic volume of the latter is substantially
smaller. From the resistance data, it is clear
that this transition occurs continuously and one
might therefore expect the lattice constant to de-
crease smoothly but anomalously with pressure.
Rooymans has reported an isostructural transi-
tion in SmTe at about 60 kbar, ' in which the lat-

0
tice constant a contracts from 6.5 A at 30 kbar to
6.2 A at about 60 kbar. Although a discontinuous
transition has been presumed to occur by this

author, his data points, in fact, seem to indicate
that the transition may be occurring over a broad
range of pressure, as is expected on the basis of
the present work. Also, a recent high-pressure
x-ray diffraction study" of Tm 'Te has indi-
cated that a continuous pressure-induced iso-
structural transition is probably occurring in
which Tm" becomes Tm". The metal-semi-
conductor transition in Sm Te under pressure is
a continuous transition and our results seem to
be consistent with a model involving delocaliza-
tion of the 4f electron into the conduction band
states derived from 5d-6s, as the latter moves
down in energy and crosses the 4f level. Among
the various models that have been proposed to
explain metal-semiconductor transitions, the
one proposed by Falicov and Kimball" appears
to be particularly appropriate to describe the be-
havior of SmTe. For not only does this model
allow for a continuous transition but also it de-
scribes the behavior of a semiconductor whose
gap is shrinking.
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