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Inspired by the rich physical properties of IV-VI compounds, we choose a polycrystalline
Pbo.g9Crp.015€e to investigate its structural, vibrational, and electrical transport properties under
pressure up to 50 GPa. The structural transitions from the B1 to Pnma and then to B2 phase
in this sample are verified by the X-ray diffraction and Raman scattering measurements. The for-
mation of the intermediate phase is suggested to be mediated by Peierls distortion, and the broad
hump in the temperature-dependent resistivity in the intermediate phase gives further evidence for
this phenomenon. When the material evolves into the B2 phase, superconductivity is observed
to emerge, accompanied by suppressing the broad hump of resistivity at intermediate tempera-
tures. Meanwhile, Hall coefficient measurements indicate that the carrier type changes during the
structural transitions. These results suggest that the superconductivity in the B2 phase for this
material is originated by “melting” the Peierls lattice distortion. By extending the present findings
to other similar IV-VI semiconductors, we propose that all group IV-VI compounds could exhibit

superconductivity in their B2 phase due to the lattice melting at high pressures.

I. INTRODUCTION

The IV-VI chalcogenides have been attracting tremen-
dous interests for many years!. Among them, GeTe,
SnTe, and lead chalcogenides (PbX, X = S, Se, Te) are
the compounds with most attractive properties. Both
SnTe and GeTe have been long known for their fer-
roelectric properties in the low-temperature distorted
structure?. The PbX materials have many interesting
applications in optoelectronic, photovoltaic devices, es-
pecially the thermoelectric fields® °. Those extensive ap-
plications are inextricably linked to their unique crystal
and electronic structure properties. At normal condi-
tions, GeTe, SnTe, and PbX take the rock salt crystal
structure, which belongs to the Fm3m space group®7.
All these materials possess a direct narrow band-gap oc-
curring at the high-symmetry point L of Brillouin-zone®.
When subjected to high pressure, SnTe and PbX share a
similar sequence of phase transitions, beginning with the
phase transition from NaCl-type (B1) to a lower sym-
metrical phase (Pnma), and then from Pnma phase to
a body-centered cubic (B2, Pm3m) structure®®. Con-
ventional wisdom advocates that the intermediate Pnma
phase is induced by Peierls distortion'®. In addition, var-
ious abnormal phenomena have been presented in these
IV-VI compounds at high pressures, such as the unex-
pected changes of resistivities and thermopowers in PbX
upon compression” ' 13, These anomalies were always
believed to be associated with the structural transforma-
tions. A mode-softening behavior at the Brillouin-zone
boundary was suggested to account for the first phase
transition based on the theoretical calculations!4. Al-

though the mechanisms®7%10 for the structural evolu-
tion with pressure become clear, the exact connection
between the structures and physical properties in this
model system has not been established yet. It remains
unclear whether the anomalies of the physical properties
are caused by the structural transformation or by the
electronic transition!®16,

In the early study'!, much attention has been devoted
to the explanations for the anomalies in the resistivity
and thermopower of PbX in the first phase transition
from B1 to Pnma, for example, whether the anomalies
were connected to such a structural transition'®!7, or
just related to the band gap opening'®'9. In our recent
work??, we found that the anomalies of the physical prop-
erties in the B1 phase are related to the pressure-induced
topological phase transition (TPT). The TPT was mainly
confirmed by the sharply increased electrical conductiv-
ity, the asymmetrical form of Seebeck coefficient, the
peak of mobility, the maxima in the linewidths of the
two fundamental Raman-active phonon modes, and the
minima of the difference in their frequencies. Meanwhile,
a large enhancement of thermoelectric performance in-
duced by TPT in Pbgg9Crgg1Se was observed. After
that, the material was found to enter a topological crys-
talline insulator state as a result of band inversion, sup-
ported by the linear magnetoresistivity in experiments
and the observed surface states by band structure cal-
culations. These effects were realized solely by the ap-
plication of pressure in the B1 phase in a way to avoid
the possible lattice disorder. A similar band inversion
and associated topological insulating state have been ob-
served in group IV-VI compounds but were realized by



chemical doping?'2°. Thus, the physics related to the

anomalous behavior of B1 phase and the transition to
Pnma phase has been addressed. At higher pressures,
the electrical conductivity anomalies were observed” and
superconductivity were reported in PbTe and PbSe or
other group IV-VI compounds'?2®. Are these anoma-
lies related to the second phase transition from Pnma
to B2? It still remains unknown why superconductivity
can emerge in this system upon compression. In addi-
tion, the relationship between the structural and physi-
cal properties beyond B1 phase has not been established.
Finding answers to all these questions is the purpose of
the present study.

In this work, we choose Pbg.g9Crg.015¢ as an exam-
ple to reveal the internal correlation between the struc-
tural evolution and the associated physical properties.
This material has the highest thermoelectric efficiency
among all of the PbSe materials reported to date?”. High-
pressure X-ray diffraction (XRD) and Raman scattering
measurements are combined to study the phase evolu-
tion. The resistivity and Hall coefficient measurements
are used to investigate the physical properties. A close re-
lationship between the structural and physical properties
are given. Superconductivity in B2 phase is presented.
The driving force for the superconductivity in the studied
material is also discussed.

II. EXPERIMENTS

The high-quality sample Pbg.g9Crg.o1Se used in this
experiment was prepared by melting, hand milling, and
hot pressing, detailed elsewhere?”. For both the XRD
and Raman scattering experiments, two symmetrical di-
amond anvil cells with 300 pum culets were used for high
pressure studies. The sample chamber with the diame-
ter of about 150 um was created in steel gasket (T301).
Small piece of the sample (about 30 x 30 x 20 pum3) to-
gether with small ruby balls was loaded into the sample
chamber. Neon was loaded into the sample chamber to
serve as the pressure medium. The XRD patterns were
collected at the Advanced Photon Source, GSECARS
sector 13. The wavelength is 0.3100 A and the size of
the focus beam is less than 2 pm.

The obtained two-dimensional XRD patterns were in-
tegrated into one-dimensional patterns with the help of
the Fit2D software?®. The integrated intensity vs the
angle 26 pattens were analyzed based on the Rietveld
method by using the software of GSAS??. For the Raman
scattering measurements, the power of exciting laser was
kept to be 1 mW with a wavelength of 488 nm to avoid
the possible damage of the sample. The scattered light
was focused on 1800 g/mm grating and then recorded
with a 1300 pixel Princeton Charge-Coupled Device.

The high-pressure resistivity and Hall coefficient mea-
surements were performed in Quantum Design’s Physical
Properties Measurement System (PPMS). The pressure
was applied in a nonmagnetic diamond anvil cell made

from Cu-Be alloy®’. This customized cell has two sym-
metrical diamond anvils with the culets of about 300 pm.
A steel gasket (T301) was electrically insulated using cu-
bic boron nitride and epoxy mixture. The sample cham-
ber with the diameter of about 150 pym was drilled and
filled by the polycrystalline sample. A standard four-
probe method was used for the electrical transport mea-
surements. The resistivity was obtained by using the van
der Pauw method?!.

For all the experiments mentioned above, the pressure
was calibrated by using the ruby fluorescence shift3?, and
the pressure was implemented around room temperature.

III. RESULTS AND DISCUSSION
A. Structural evolution with pressure

We first perform the high pressure synchrotron
XRD measurements on the powdered polycrystal
Pbg.goCrg.015e at room temperature. The XRD patterns
up to 48.5 GPa are shown in Fig. la. It can be seen
that all the Bragg peaks shift to larger angles with the
increase of pressure, showing the shrinkage of the lattice.
At low pressures, the initial B1 phase is found to be sta-
ble up to 5.5 GPa. After that, there are several changes
in the XRD patterns, such as the number, shape, and
intensity of the peaks, suggesting the emergency of new
phase. Upon compression to 11.6 GPa, the changes in
the diffraction patterns are completed. This means that
the second structural phase and initial phase have a nar-
row coexistence region. Upon further compression, the
number of Bragg peaks gradually decreases, indicating
the emergence of a third phase. Figure 1b shows the re-
fined results at the selected pressures of 1.2, 14.5, and
46.3 GPa by using Rietveld method. The refinements
yield model parameters of Ry, = 1.72% and x? = 2.04
for the B1 phase, Ry, = 3.96% and x? = 6.86 for the
Pnma phase, and R, = 2.13% and x? = 3.15 for the B2
phase. The structures of the B1, Pnma, and B2 phases
are shown in Fig. lc, respectively.

Figure 2 shows the pressure-dependent lattice param-
eters and volumes. Below 5 GPa, this sample has a cubic
NaCl-type structure (B1, see Fig. 1c). After that, a new
structure of orthorhombic phase emerges and shows a co-
existence region with B1 phase between 5.5 and 8.5 GPa.
The orthorhombic phase is identified as GeS-type struc-
ture belonging to space group D%g (Pnma, see Fig. 1c).
Considering the lattice parameters of Pbg.99Crg.g15€e: a
= 5.930 &+ 0.002 A for B1 at 5.5 GPa, and a = 11.140
+ 0.004 A, b = 4.280 + 0.003 A, ¢ = 4.070 + 0.003 A
for Pnma at the same pressure, the lattice parameters
of these two phases are approximately related to each
other as follows: a(Pnma) = 2 x a(B1), b(Pnma) =
(v/2/2) x a(B1), and ¢(Pnma) = (v/2/2) x a(B1). In ear-
lier studies, it has been found that the Pnma structure
of PbTe under pressure is created by an orthorhombic
distortion of the B1 phase'®. The doubled period of the
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FIG. 1. (a) Synchrotron X-ray diffraction patterns of Pbg.g9Cro.01Se at room temperature and various pressures up to 48.5
GPa. (b) Typical data points and refinement results at pressure of 1.2, 14.5, and 46.3 GPa by using Rietveld method. The
experimental data points are presented in small open circles. The calculated values based on the different structures are shown
in the thin curves. The Bragg peak positions are marked by the sticks in each panel. The differences between the experiments
and calculations are shown by the thin curve in the bottom of each panel. (c) The structures of the B1, Pnma, and B2, phases
with the olive circles for Pb(Cr) atoms and pink circles for Se atoms.

Pnma lattice is suggested to be driven by a Peierls dis-
tortion of the initial B1 phase”. For the studied system
Pbg.9oCrg.015e, the period of the initial phase is doubled
along the a-axis for the Pnma phase. Therefore, the
phase transition from Bl to Pnma in Pbg.goCrg.g1Se is
suggested to be also mediated by a Peierls distortion.
Upon further compression, Pbg.g9Crg.o15e keeps the
Pnma phase character up to 20 GPa. After that, an-
other phase comes into sight, which is defined as a cubic
CsCl-type structure (B2, see Fig. 1c). Thus, the rapid
decrease of resistivity of PbTe after the first structural
transition observed in previous studies should relate to
the second structural transition”. At the pressure of 22
GPa, the lattice parameters are a = 10.826 + 0.004 Ab
=4.040 £ 0.003 A, and ¢ = 3.880 4 0.003 A for the Pnma
phase, and @ = 3.380 + 0.002 A for the B2 phase. This
second phase transition occurs in a wide pressure range
until about 40 GPa. After that, only the B2 phase can
be detected. The B2 phase is more symmetric in com-
parison with the Pnma phase. These results give clue
that the B2 phase is derived by the pressure-suppressed

Peierls distortion in the Pnma phase. In Fig. 2b, the
volume evolution with pressure was fitted by using the
Murnaghan equation of states3?:

8By V v

2l L+ 1B = DG~ 1 ()

P

where Vp, By, Bj, are the unit-cell volume, bulk modulus,
and first-order derivative of the bulk modulus at ambient
pressure. The fitting yields Vy = 57.24 + 0.39 A%, By =
53.14 + 4.55 GPa, and B, = 3.2 £ 0.2 for the B1 phase;
Vo = 52.01 4+ 0.57 A3 By = 79.23 + 6.25 GPa, and B},
= 5.6 + 0.6 for the Pnma phase; and Vi = 42.90 + 0.44
A3, By = 164.25 + 7.63 GPa, and Bj) = 4.3 4 0.5 for the
B2 phase. Here, the number of formula units per unit
cell (Z) was induced to denote the systematic change of
the volume of different phases upon compression. The Z
value is 4 for both the Bl and Pnma phase, and 1 for
the B2 phase, respectively. The volume collapses from
the B1 to Pnma phase and from the Pnma to B2 phase
are 7.2% and 8.1%, respectively.
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FIG. 2. (a) Pressure dependence of lattice parameters (b),
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FIG. 3. (a) The selected Raman spectra of Pbg.g9Cro.015e at
room temperature and various pressures up to 41.5 GPa. (b)
The pressure dependence of the obtained phonon frequencies.
The dashed line represents a rough boundary between the
phases.

B. Vibrational properties under pressure

The Raman spectroscopy is an effective means for un-
derstanding the evolution of vibrational properties of ma-
terials under pressure. Generally, there is no Raman
active mode in B1 phase because of the symmetry con-
straint. However, many studies have reported the Raman
active modes in the B1 phase of PbSe in experiments as
well as in theoretical works®*3°. As can be seen in Fig.
3a, two phonon modes of Pbg.g9Crg.o15e with weak and
broad characters are presented at low pressures. The
two phonon modes located around 40 and 135 cm™! are
the transverse optical (TO) and longitudinal optical (LO)
branches at the I' point, respectively. The observed first-
order Raman bands were suggested to originate from the
lattice disorder#3°. In addition, a small peak around 90
cm ™! can be seen in the Raman spectra. This small peak
may be the LO mode at the X point®. Above 5 GPa,
the spectra exhibit different shape and many additional
Raman peaks appear. This indicates a phase transition
from the B1 to the Pnma phase supporting the results
determined from the XRD measurements (Figs. 1 and 2).
For the GeS-type structure of Pbg 99Crg.g15€, five Raman
active modes (four A, and one Bsg) are detected in this
study. With increasing pressure, the intensities of these
Raman modes firstly become stronger and then are grad-
ually suppressed. Above 38 GPa, almost all the Raman
modes disappear, indicating that this sample completely
transforms into the third phase (B2).

Using the Lorentzian-shape fitting3® gives the ex-
tracted pressure-dependent frequencies of each phonon
mode (Fig. 3b). As can be seen all the Raman modes
shift toward higher frequencies under pressure. In our
previous work?®, the FWHM also shows a peak at the
same pressure for each mode. Both the frequency anoma-
lies and the phonon mode width peaks are signatures
for the TPT in this sample. The boundary of struc-
tural transition from the B1 to Pnma phase is clearly
shown at around 5 GPa. The phase transition from the
Pnma to B2 phase is supported by the slopes change in
the pressure dependencies of the frequencies around 20
GPa. After that, the Raman modes gradually diminish
upon further compression, illustrating the disappearance
of the Pnma phase. Above 39 GPa, no detectable Ra-
man mode is observed in the B2 phase, in agreement
with XRD results (Fig. 2). Therefore, the combination
of the Raman scattering and XRD measurements pro-
vides the detailed evolution paths for different phases in
Pbg.99Crg.015e with pressure.

C. Pressure-induced superconductivity

Charge-density wave (CDW), which is related to the
Peierls lattice distortion, was generally explained by the
Fermi surface nesting phenomenon®”. The CDW distor-
tions have been reported in thermoelectric materials3®39,
but they were predominantly observed in transition-
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FIG. 4. (a) Temperature dependence of the resistivity of Pbg.g9Cro.01Se at various pressures from 0.5 to 15 GPa. (b) Tem-
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metal dichalcogenides (TMDs) with group V metals, such
as 2H-TaSsy, 2H-TaSes, and 2H-NbSe,, which are also
known to be superconductors?’. The interplay between
the CDW order and superconductivity has been explored
for a long time in condensed matter physics. Usually,
the CDW lock-in temperature T pw is higher than T.,.
The application of pressure often decreases the Topw
and increases T.. After the complete “melting” of the
CDW phase, the T, always reaches a maximum before
decreasing upon further compression. In view of the ho-
momorphy between CDW and Peierls distortion, we ex-
pect that superconductivity in Pbg.g9Crg.g1Se can occur
after melting of the lattice distortion in the Pnma phase
under pressure.

For verifying the conjecture mentioned above, we mea-
sured the temperature dependence of the electrical trans-
port properties for Pbg.ggCrg.g1Se under pressure. As
displayed in Fig. 4a, the resistivity has a strong suppres-
sion at low pressures below 3.4 GPa and shows a metal-
lic character as the behavior at ambient pressure?”. The
band structure calculations show that the B1 phase has a
semiconducting character with a narrow band gap at low
pressures'®2%. When pressure is increased to around 4
GPa, the resistivity has a sudden increase and has char-
acteristic non-metallic temperature dependence. Simul-
taneously, the anomalies of pressure-dependent carrier

concentration and mobility also show up?’. These spe-
cific behaviors should relate to the change of Fermi sur-
face as indicated from the asymmetrical form of Seebeck
coefficient??. These behaviors in the B1 phase were sug-
gested to be caused by the pressure-driven TPT20:41, Af-
ter that, the resistivity increases consecutively, illustrat-
ing the structural transition from the B1 to Pnma phase.
Meanwhile, the resistivity behaves like a semiconductor,
which is consistent with the electronic structure calcu-
lations that the Pnma structure of PbSe compound is
an indirect band semiconductor??. Moreover, the exper-
iments of thermoelectric power and electrical resistance
give a semiconductor gap of ~ 0.2 eV for this compound
at ~ 9.5 GPa!”. Upon further compression, the resistiv-
ity has a continuous increase until to 19 GPa. Obviously,
this abnormal phenomenon is closely related to the struc-
tural phase transitions as indicated from the XRD results
(Figs. 1 and 2).

As shown in Fig. 4b, the resistivity is largely sup-
pressed by applied pressure after 19 GPa. At higher
pressures, the resistivity gradually starts to behave like
a metal at the normal state. This phenomenon is con-
sistent with previous work reporting that a metal state
occurs only at the high-pressure CsCl-phase (B2) of PbSe
compounds'?!'7. A pronounced resistivity drop can also
be clearly seen below 6.5 K at 19 GPa, and then the



resistivity drop becomes more evident with further in-
creasing pressure. Zero-resistivity at low-temperatures
is firstly observed at 37 GPa, suggesting the appear-
ance of superconductivity in this material under pres-
sure. To confirm the obtained superconductivity, the
measurements of the temperature dependence of the re-
sistivity at various magnetic fields were performed. The
results at the pressure of 40.2 GPa are summarized in
Fig. 4c. The temperature-dependent resistivity curves
gradually shift towards the low temperatures with in-
creasing magnetic fields. It seems likely that magnetic
field of about 4 Tesla is sufficient to suppress the su-
perconductivity at this pressure. Here we define T,
to be the onset temperature at which the drop in re-
sistivity occurs. The upper critical field at T = 0 K
can be given with the Werthamer-Helfand-Hohenberg
equation®®: H.5(0) = 0.693[—(dH.o/dT)]7,T.. The cal-
culated value of H.2(0) is about 4.2 Tesla at 40.2 GPa.
In Fig. 4d, the colored areas represent the fitted temper-
ature dependence of H.o using the expression: H.o(T) =
He(0)[1—(T/T.)?]/[1+(T/T.)?] based on the Ginzburg-
Landau theory. The observed superconductivity in this
material is consistent with previous work that supercon-
ductivity with T, =~ 6.5 K occurs in the B2 phase of
PbSe'2.

Thus, we find that the emergence of superconductiv-
ity in the B2 phase is closely followed by the disappear-
ance of the Peierls distorted Pnma phase. This phe-
nomenon is analogous to the competitive relation be-
tween CDW and superconductivity observed in TMDs*°,
The driving force for the emergence of superconductiv-
ity in Pbg.99Crg.o15¢ is closely related to the melting of
Peierls lattice distortion. In addition, it should be no-
ticed that a broad hump centered around 180 K in the
Pnma phase becomes more obvious with increasing pres-
sure (Fig. 4a). We argue that the broad hump should be
caused by the lattice distortion in the Pnma phase. With
the emergence of superconductivity, the broad hump be-
comes weaker. Then, the broad hump gradually disap-
pears at higher pressures (Fig. 4b). This behavior pro-
vides another supportive evidence for the assertion that
the melting of the lattice distortion order is the origin for
the emergence of superconductivity in Pbg.g9Crg.g1Se.

D. Relation between the structural and physical
properties

In order to evaluate the close connection between the
lattice and electronic structures and the physical prop-
erties at high pressures, we summarized the pressure de-
pendence of the resistivity at temperature of 10, 100,
and 300 K in Fig. 5a. It can be seen that the resistivity
first decreases with pressure and then increases sharply
upon further compression below 5 GPa. The emergence
of the sharp valley near 3 GPa has been identified by
the TPT and the occurrence of topological crystalline
insulator'?2°,  When the material is driven into the
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FIG. 5. (a) Pressure dependence of the resistivity at selected
temperature of 10, 100, and 300 K. (b) Pressure dependence
of the Hall coefficient (R ) measured at temperature of 15 K.
R has different signs in the different phases.

Pnma phase, the slope of pressure dependent resistiv-
ity has an obvious change. This anomaly has been often
observed in previous studies”'"'12, Now it becomes clear
that this is a structural transition. After that, the resis-
tivity has a moderate increase in the intermediate region
(Pnma). This abnormal increase may be induced by the
lattice distortion in the intermediate phase. The resistiv-
ity begin to decrease upon further compression, which is
related to the second phase transition from Pnma to B2
phase. Then, the resistivity continuously decreases with
pressure.

The pressure dependence of the Hall coefficient (Rp)
measured at 15 K is shown in Fig. 5b. Ry is a very
important parameter, because that it can indicate the
reconstruction of the Fermi surface. As can be seen,
Ry has a sharply increase with increasing pressure up
to 5 GPa. At the pressure of 5 GPa, Ry displays a sign
change from the negative to the positive value, giving an-
other evidence for the phase transition from B1 to Pnma.
Then Ry changes again from the positive to the negative
value near 19 GPa, supporting the structural transition
from the Pnma to B2 phase. Therefore, the pressure-
driven switching between the n- and p-type conduction
reflects the changes in the electronic structure and the
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structural evolution in this material.

E. Pressure-temperature phase diagram

Combining with the resistivity, Raman scattering, and
X-ray diffraction measurements, Fig. 6a gives the evolu-
tions of phase and T, with pressure. Figure 6b shows the
pressure dependence of the carrier concentration (ng),
which is calculated using the formula ng = 1/eRy, where
e is the unit of charge. In the region of the B1 phase,
this material shows a metallic behavior and has an n-type
character. Above 5 GPa, the Pbg.99Crg.o15e begins to
enter a Pnma phase, accompanied by the carrier change
from the n-type to p-type. The sign change in ny is
an indication of a significant reconstruction of the Fermi
surface, consistent with the occurrence of the Peierls dis-
tortion in the Pnma phase. When the B2 phase emerges
and the Peierls distortion in Pnma phase is largely sup-
pressed, the sample enters into a superconducting state
with T,. about 6.5 K around 19 GPa. Meanwhile, the
sign of the carrier type gradually changes again from
positive to negative. This indicates that the dominant
electron carriers are responsible for the superconducting
phase. After that, T, shows a slow decrease with increas-

ing pressure. Meanwhile, the absolute value of the carrier
concentration has an obvious increase upon further com-
pression, which is a positive factor for the formation of
superconductivity.

For the phonon-mediated superconductivity, 7. is
mostly determined by the average phonon frequency and
the electron-phonon coupling constant?*. The latter can
be expressed by the combination of the electronic stiff-
ness and the lattice stiffness?®45. The obtained ny can
serve as a measure for the electronic stiffness due to its
tight connection with the density of states at the Fermi
level. The different behaviors of T, and ny with pressure
imply that the phonon frequency may be the key factor
responsible for the T, in Pbg.99Crg.g1Se.

The results presented above together with our previ-
ous work?? allow us to build the close relationship be-
tween the structural and physical properties for the stud-
ied material at high pressures. The high-pressure struc-
tural evolution follows the path: B1 (NaCl-type) - Pnma
(GeS-type) - B2 (CsCl-type). In the B1 phase, the TPT
is observed at around 3.4 GPa. This material changes
from the band insulator to the topological crystalline in-
sulator. After the structural transition from the B1 to
Pnma phase, this material enters in to a lattice modu-
lated semiconducting state. Its CDW state is suppressed
by the second phase transition. Meanwhile, this mate-
rial evolves into a metallic state at the normal state, and
superconductivity is observed at low temperatures.

IV. CONCLUSIONS

In summary, we have performed the high-pressure
X-ray diffraction, Raman scattering, Hall coefficient,
and resistivity measurements on the polycrystalline
Pbg.99Crp.01Se up to 50 GPa. Two phase transitions (B1-
Pnma-B2) in this sample have been clearly verified by
these systematic measurements. The formation of the
intermediate phase is suggested to be mediated by the
Peierls distortion. The broad hump in the temperature-
dependent resistivity in the intermediate phase gives fur-
ther evidence for the Peierls distortion. Superconductiv-
ity has been observed in the B2 phase, accompanying by
suppressing the broad hump of resistivity at intermedi-
ate temperatures. These findings indicate that the emer-
gence of superconductivity in the B2 phase is a result
of pressure-induced Peierls lattice distortion. The close
correlation between the structural evolution and the as-
sociated physical properties has been firmly established
for this compound. The present findings can also be ex-
tended to the other similar IV-VI semiconductors. Su-
perconductivity is expected to emerge in the B2 phase
in the similar systems after “melting” the Peierls lattice
distortion of the intermediate phase(s).
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