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Abstract—The thermal emf in samarium monosulfide was investigated at temperatures between 300 and
530 K. At T = 435–455 K, an anomalous increase in the emf was found. This effect is explained by a noncoher-
ent change in the valency of samarium ions. © 2000 MAIK “Nauka/Interperiodica”.
In [1, 2], a change in the energy of activation of elec-
trical conductance in samarium monosulfide (SmS) at
T ~ 450 K was discovered. It is believed that, at
T > 450 K, current carriers are activated from the 4f
levels of samarium ions (Ef = 0.23 eV), and at T < 450 K,
from some uncontrollable impurities. It has been
assumed [3] that these impurity levels (∆E = 0.045 ±
0.015 eV) are due to interstitial Sm2+ ions rather than to
those occupying lattice sites (of NaCl type). It has also
been shown [4] that the semiconductor-to-metal phase
transition under hydrostatic pressure takes place when
the conduction electron concentration in SmS reaches
nk = (8 ± 1) × 1019 cm–3. It is therefore tempting to
induce this transition by thermally activating carriers to
the concentration nk and trace the phase modification
from changes in the electrical performance of the mate-
rial. Four-probe dc conductivity measurements proved
to be unreliable because of the instability of the output
signal in the temperature range of 400–500 K. It
appears that such difficulties were also encountered in
earlier works concerned with kinetic phenomena in
SmS. Such a judgement follows from the fact that data
for conductivity and thermal emf in this temperature
interval are lacking [2, 5]. In connection with this, the
temperature dependence of thermal emf between 300
and 530 K has been given careful study.

Samples used were cleaved SmS(100) single crys-
tals measuring 8 × 2 × 2 mm. At T = 300 K, the carrier
concentration and the thermal emf were, respectively,
nk ~ 6 × 1018 cm–3 and 300 µV/K. During heating and
cooling the samples in a vacuum, the temperature and
the thermal emf were continuously recorded with two
copper/constantan thermocouples. They were either in
direct contact with the samples or attached to evapo-
rated nickel contacts. The distance between them was
from 6 to 8 mm. To be certain that an effect does exist
and to avoid uncontrollable temperature gradients, a
series of experiments was performed by heating sam-
ples immersed in VM-1 vacuum oil.
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The measured temperature dependence of the ther-
mal emf is given in Fig. 1. The temperature dependence
of the differential thermal emf obtained from this curve
is presented in Fig. 2. The sharp peak of the emf at
T = 435–455 K is noteworthy. Its magnitude (more than
10 mV) exceeds the background value (0.2–0.4 mV) by
almost two orders and has the opposite sign. This sug-
gests that an emf mechanism near the peak is other than
that in the rest of the temperature interval under study.

It is natural to relate this effect to the semiconduc-
tor-to-metal phase transition observed in SmS under
hydrostatic pressing [6]. The transition proceeds in two
stages: (1) a change in the electron subsystem and,
hence, a change in the samarium ion valency (Sm2+ 

Sm3+ + ) in the defect system and (2) a similar change
in the system of samarium ions occupying lattice sites
with a subsequent change in the lattice parameter. In
both cases, the valency changes because of screening of
the electrical potential of the ions by conduction elec-
trons. Note that stage 1 provides conditions (supplies a
sufficient quantity of electrons to the conduction band)
for stage 2. In our case, stage 1 alone is likely to take
place. Without pressing, the 4f levels of Sm2+ ions at
lattice sites are 0.23 eV away from the conduction-band
bottom. For the phase transition under a hydrostatic
pressure Pk = 650 MPa, the 4f levels shift 0.1 eV closer
to the conduction-band bottom (the baric shift of the 4f
levels is ~0.16 meV/MPa [3]). In this case, electrons are
more weakly confined by the potential than at P = 0.
Thus, we can suppose that, without hydrostatic press-
ing, the screening effect of electrons that fall into the
conduction band after stage 1 is insufficient for stage 2
to take place. In other words, SmS remains in the semi-
conducting state, as observed in [1, 2, 5]. However,
impurity samarium ions are distributed over the sample
nonuniformly and, in addition, may occupy nonequiva-
lent interstitial positions. As a result, we observe a non-
coherent change in the valency of these samarium ions
in time and space in response to a temperature varia-
tion. Extra electrons that result in the conduction band
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Fig. 1. Temperature dependence of the emf signal for the SmS sample.
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Fig. 2. Temperature dependence of the (1) differential thermal emf and (2) conductivity σ [5] for the SmS sample. Energy of acti-
vation is (I) 0.056 and (II) 0.18 eV.
produce a concentration gradient and the related emf
that are measured in experiments. Thus, the observed
anomalous emf is associated not with a temperature
gradient but rather with a conduction-electron concen-
tration gradient due to intrinsic processes occurring in
the sample. To put it otherwise, it is not an emf in the
conventional meaning of this term. This conclusion was
verified in the oil experiments, where an external tem-
perature gradient was absent but the emf was recorded.

The thermal emf and the conductivity of SmS in the
given temperature interval were also studied earlier.
Curve 2 in Fig. 2 was taken from the SmS sample sim-
ilar to ours in parameters (α = 315 µV/K and n =
7 × 1018 cm–3 at T = 300 K) [5]. We were the first to
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observe the occurrence of emf due to a noncoherent
valency change. This has been made possible by the use
of continuous, rather than discrete, recording.

The reproducible features of the effect are as fol-
lows: (1) The occurrence of emf is accompanied by
spontaneous heating of the sample. (2) The emf peaks
can be as high as 50–80 mV. (3) The effect shows up at
temperatures between 400 and 500 K.

Consider the differential thermal emf in the rest of
the given temperature range (beyond the observed
anomaly). At T < 435 K, α drops with increasing T,
which is common in semiconductors. At T > 455 K, α
remains constant or even grows slightly with T. Such
behavior is inconsistent with an increase in σ (Fig. 2)
observed in [5] if one adheres to the conventional band
theory of electrical conduction in SmS. If, however, it
is assumed that, at T = 435–455 K, Sm3+ ions with a
concentration of ~1020 cm–3 (which is the concentration
of interstitial samarium ions [3]) appear in the sample,
which means that about 1% of the samarium ions
became trivalent, the hopping conduction mechanism
may come into play. Such a situation was observed in
SmS thin films [7]. Under these conditions, the behav-
ior of α is hard to predict and calls for further investi-
gation. Thermally activated hops might take place
between the 4f levels of Sm2+ ions and holes on impu-
rity levels. The energy of activation of this process is
Ef – ∆E ~ 0.185 ± 0.015 eV. It is this energy value that
is found from the conductivity data at T > 455 K
(Fig. 2).
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