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AN ANOMALOUSLY LARGE EFFECT OF PRESSURE
ON THE OPTICAL AND FERROELECTRIC PROPER-
TIES OF SbSJ SINGLE CRYSTALS
(Presented by Academician A. V. Shubnikov on 27 I 1965)

In a number of compounds of the type AVBVICVII, Merz and Nitsche with
collaborators discovered simultaneously photoelectric and ferroelectric proper-
ties (1−3). The single crystals of SbSJ, belonging in the paraelectric phase to
the rhombic-pyramidal class (space group 𝐷16

2ℎ (2)), have been studied in the
greatest detail. According to optical data (4), these crystals have a forbidden-
band width of ∼ 2 eV, exhibit a photocurrent maximum at the absorption edge
𝜆 ∼ 600 m𝜇, and also have a large coefficient of the temperature change of the
forbidden-band width 𝑑𝐸𝑔/𝑑𝑡 ∼ −15 ⋅ 10−4 eV/deg (2). In our work (5) it was
shown that the photocurrent carriers are electrons and that their drift mobility
at room temperature is ∼ 50 cm2/V・sec. According to (2), SbSJ crystals exhibit
a phase transition from the ferroelectric to the paraelectric region at a temper-
ature of 22°. In the same work the dependence of the spontaneous polarization
(in the direction of the 𝑐 axis of the crystal) and of the dielectric permittivity
in the region of the phase transition was studied.

In studying the optical properties of SbSJ, Kern (6) discovered an effect consist-
ing in a shift of the long-wavelength edge of intrinsic absorption toward shorter
wavelengths under the action of a constant electric field. Thus the sign of this
effect proved to be opposite to the sign of the Keldysh–Franz effect and, more-
over, its magnitude proved to be an order of magnitude larger (6). Subsequently
Harbeke (4) showed that the shift of the intrinsic-absorption edge has a maxi-
mum at the Curie point 𝑡𝑐 = 22∘ and depends linearly on the field strength in
the ferroelectric region and quadratically in the paraelectric region. From this it
was suggested in (4) that this effect is due to uniaxial deformation of the crystal
(extension along the ferroelectric axis 𝑐) as a result of the inverse piezoelectric
effect. On the other hand, it is not difficult to see that this suggestion leads
to an anomalously large value of the coefficient describing the dependence of
the forbidden-band width of the crystal on the magnitude of the mechanical
stress, 𝑑𝐸𝑔/𝑑𝑝 (𝐸𝑔 is the forbidden-band width, 𝑝 ≡ 𝑝33 is a component of
the mechanical-stress tensor). Indeed, if one uses the values of the piezoelectric
modulus 𝑑33 ∼ 6 ⋅ 10−5 CGSE and the elastic modulus 𝐶𝐷

33 ∼ 4 ⋅ 1011 dyn/cm2,
measured earlier for SbSJ (7), then at a field strength of 2 kV/cm, 𝑝33 ∼ 150
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Figure 1: Fig. 1

Fig. 2

Figure 2: Fig. 2

kG/cm2. According to (4), at this same value of the field strength near the
Curie point the shift of the absorption edge is Δ𝜆 ≈ 90 Å (Δ𝑢 ∼ 3 ⋅ 10−2 eV), in
accordance with which 𝑑𝐸𝑔/𝑑𝑝 ∼ +2⋅10−4 eV/atm. Thus, the suggestion of the
authors of (4,6) concerning the piezoelectric nature of the shift of the intrinsic-
absorption edge in SbSJ under the action of an electric field leads, in turn, to
anomalously high values of the coefficient 𝑑𝐸𝑔/𝑑𝑝. (According to literature data
(8), this coefficient does not exceed 10−6–10−5 eV/atm.)

To test this suggestion, in the present work the task was posed of directly mea-
suring the value of 𝑑𝐸𝑔/𝑑𝑝 from the shift

the edge of the intrinsic absorption of SbSJ under the action of hydrostatic
pressure. In this case the absorption edge should shift into the long-wavelength
region (which corresponds to compression of the crystal along the ferroelectric
axis 𝑐). If the assumption made in (4,6) corresponds to reality, then the value of
𝑑𝐸𝑔/𝑑𝑝 measured in this way (here 𝑝 is hydrostatic pressure) should prove to
be close in magnitude to the value calculated above, since according to (7) the
elastic compliance coefficients 𝑠13 and 𝑠23 are small in comparison with 𝑠33, or
are opposite in sign. As will be shown below, the results of these measurements
led to the discovery

Fig. 1. Change in the forbidden-band width of SbSJ single crystals with
pressure. The initial section is characterized by an anomalously large coefficient

𝑑𝐸𝑔
𝑑𝑝 ∼ −(1.0 ± 0.3) ⋅ 10−4 eV

atm

Fig. 2. Dependence of the Curie temperature on pressure for SbSJ single
crystals, characterized by an anomalously large coefficient

𝑑𝑡𝑐
𝑑𝑝 ∼ −(1.5 ± 0.2) ⋅ 10−2 deg/atm

in SbSJ single crystals of an anomalously large shift of the edge of intrinsic
absorption and of the Curie point with pressure.

SbSJ crystals grown from the gas phase and having the shape of needles of size
1.5×1.5×20 mm were investigated. Aquadag electrodes were applied to the ends
of the needles. At atmospheric pressure the crystals had an absorption edge near
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600 m𝜇 (at ∼ 18∘) and a Curie point of ∼ 23.8∘. The measurements were carried
out in a high-pressure multiplier equipped with an electrical lead-in and a quartz
window (for details of the method see (9,10)). The pressure was transmitted
by isopentane and measured with a manganin resistance manometer with an
accuracy of up to 50 atm. At a specified pressure, the spectral distribution of
the photocurrent was recorded using a UM-2 monochromator and an EMU-4
electrometer. The shift of the absorption edge with pressure was fixed from the
shift of the photocurrent maximum (11).
As was expected, the sign of the effect proved to be opposite to the sign of
the effect in the experiments of Kern and Harbeke (4,6), i.e., with pressure the
absorption edge shifted into the long-wavelength region (the forbidden-band
width decreased with pressure). Figure 1 presents the dependence of the change
in the forbidden-band width Δ𝐸𝑔 on the pressure 𝑝 in the range from 1 to 104

atm, taken at a temperature of 18∘. In the region of low pressures (up to 250
atm) a considerable shift (Δ𝜆 ∼ 75 Å) of the absorption edge with pressure was
found (the section is indicated by a dashed line), after which saturation was
observed over a broad pressure range. The initial section of this dependence
corresponds to a coefficient

𝑑𝐸𝑔/𝑑𝑝 ∼ −(1.0 ± 0.3)10−4 eV/atm,

and for the saturation section

𝑑𝐸𝑔/𝑑𝑝 < 10−6 eV/atm,

i.e., the initial section corresponds to an anomalously large change in the
forbidden-band width of SbSJ with pressure. The coefficient 𝑑𝐸𝑔/𝑑𝑝 measured
by us for SbSJ in this section is almost two orders of magnitude larger than in
other crystals for which analogous measurements had previously been carried
out. The magnitude of the anomalously large coefficient 𝑑𝐸𝑔/𝑑𝑝 was found, in
absolute value, to be close to that calculated above. To explain the presence on
the curve of the dependence of the forbidden-band width of SbSJ on pressure
of a saturation section, we assumed that in the process of increasing pressure
there occurs a simultaneous shift of the Curie point toward

toward lower temperatures. In this case, saturation can be explained by the
transition of the crystal from the ferroelectric region to the paraelectric region,
where the value of the coefficient 𝑑𝐸𝑔/𝑑𝑝 is lower by at least 2 orders of mag-
nitude. Since the transition to the saturation region occurs in the low-pressure
range (up to 103 atm, see Fig. 1), this explanation, in turn, presupposed for
SbSJ an anomalously large shift of the Curie point with pressure (according to
the data of Fig. 1, not less than 0.6 ⋅ 10−2 deg/atm).

To verify this supposition, we investigated for SbSJ the dependence of the
Curie temperature 𝑡𝐶 on pressure. The temperature of the phase transition
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was recorded by the usual method of taking the hysteresis loop (by the disap-
pearance of the loop). The dependence presented in Fig. 2 in fact revealed
for SbSJ an anomalously large shift of the Curie point with pressure, the shift
occurring toward lower temperatures. According to these data, for SbSJ

𝑑𝑡𝐶/𝑑𝑝 ∼ −(1.5 ± 0.2) ⋅ 10−2 deg/atm,

and, consequently, it is an order of magnitude larger than in other ferroelectrics
studied so far. It is also essential that, according to the data presented in Fig.
2, at a temperature of 18° the transition of the crystal to the paraelectric region
should occur already at a pressure of 400 atm, which agrees with the data of
Fig. 1. (Therefore the transition to saturation in Fig. 1 is marked precisely
in this region.) Thus, it may be considered established that the presence on
the curve of Fig. 1 of two regions (with an anomalously large and a normal
coefficient 𝑑𝐸𝑔/𝑑𝑝) is due to a phase transition in SbSJ. The results obtained
also indicate that at lower temperatures (far from the phase-transition point)
the transition to saturation on the curve of Fig. 1 should shift into the region
of higher pressures, which may make it possible to obtain a large shift of the
absorption band of SbSJ. These measurements are being continued by us.

Thus, there is no doubt that the shift of the absorption edge in SbSJ under the
action of an electric field observed in (4, 6) is due to the anomalously strong
dependence of the width of the forbidden band of the crystal on pressure. The
latter dependence, as well as the anomalously large shift of the Curie tempera-
ture with pressure, are of independent interest.
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