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Abstract. We report results of the ultrasonic investigation of Ba1−xKxBiO3 superconducting (SC) single
crystals for two potassium concentrations x ∼= 0.35 and x ∼= 0.47 in a wide temperature range including
the normal and the SC states. An instability of the crystal lattice that develops above the superconducting
phase transition leads to a softening of both the transverse c44 and the longitudinal c11 modes at temper-
atures between 200 K and 50 K. In the case of Ba0.65K0.35BiO3 a pronounced hysteresis was discovered.
Low temperature X-ray powder diffraction analysis does not reveal any change of the cubic structure in the
samples within a resolution of our X-ray technique. The softening of the elastic moduli, the hysteresis, the
maximum in the attenuation of sound along with the possible short- (or long-) range structural distortion
can be explained qualitatively in a simple model by assuming a coupling of the acoustic modes with the
anharmonic oscillations of BiO6 octahedra. Some weak anomalies are discovered in the velocity of the
longitudinal sound in the vicinity of the superconducting phase transition.

PACS. 62.65.+k Acoustical properties of solids – 74.72.-h High-Tc compounds

1 Introduction

The copper-free Ba1−xKxBiO3 high temperature super-
conductor has the highest temperature of superconducting
phase transition (Tc

∼= 32 K, x ∼= 0.37) for non copper ox-
ides. This superconductor is a suitable object for studying
the high temperature superconductivity phenomena since
it places between the high temperature copper oxides su-
perconductors and the conventional superconductors. It
has a cubic symmetry for the potassium concentration
x & 0.35 [1]. In addition, Ba1−xKxBiO3 is diamagnetic
and does not exhibit any static magnetic order. A number
of investigations, including oxygen isotope effect experi-
ments [2], inelastic neutron scattering [3,4], and tunneling
spectroscopy [5–7] have shown the significant role which
phonons play in the superconducting mechanism of these
compounds. The pairing mediated by electronic excita-
tions [8] and the bipolaronic model [9] have been discussed
too.

It is generally conceded that the unique properties of
these compounds are mainly determined by the BiO6 oc-
tahedra. The conducting band of Ba1−xKxBiO3 consists
mainly of antibonding combinations of Bi(6s) and O(2p)
electronic states [10]. Oxygen oscillations associated with
some optical phonons modulate the Bi-O bond length. An
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important role of the different phonon modes of BiO6 octa-
hedra in the electron-phonon interaction has been already
emphasized [11–13]. In Ba1−xKxBiO3 potassium ions are
randomly distributed over the Ba sites [1]. The different
potassium concentrations stabilize different distortions of
the BiO6 octahedra that results in a number of the crystal-
lographic structures [1]. So far the superconductivity has
been observed in Ba1−xKxBiO3 in the cubic phase (space
symmetry group Pm 3m) which persists at any temper-
atures for the potassium concentrations 0.35 ≤ x ≤ 0.5,
although an existence of a weak long range superstruc-
ture characterized by BiO6 octahedra rotations has been
also reported [14] for some SC samples. The highest crit-
ical temperature of the superconducting phase transition
Tc is discovered in the vicinity of the phase boundary be-
tween the cubic and orthorhombic phases in the x − T
phase diagram [1]. The cubic to orthorhombic phase tran-
sition is associated in these materials with frozen BiO6

tilting and in this case the optical R25 phonon mode at
the [111] corner of the cubic Brillouin zone is soft [15].
Structural fluctuation with a symmetry of this mode was
observed in the diffuse electron scattering in the cubic
phase of Ba1−xKxBiO3 [15]. The fluctuation is enhanced
remarkably in the cubic phase with approaching the super-
conducting phase transition. Other experimental methods
like the pair distribution function analysis in the neutron-
diffraction experiments [16], NMR [17], and the EXAFS
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investigations [11,18] show the presence of local distortion
of the cubic structure in Ba1−xKxBiO3. This distortion
implies short-range ionic displacements possibly without a
long range correlation between them. As a result the local
symmetry is lower whereas the integral methods of struc-
tural analysis, like X-ray or neutron diffraction, could not
reveal a change of the structure. An analysis of EXAFS
data led the authors of reference [18] to the conclusion
that a local disorder has a form of a rotation of the oxygen
octahedra around the pseudocubic axes of the type [110]
or [111]. A reason for the local distortion lies in strong
anharmonicity of some BiO6 octahedra oscillations.

The ultrasonic investigation is a powerful method
for studying different lattice instabilities. Previous ul-
trasonic study [19] performed on polycrystalline samples
of Ba1−xKxBiO3 showed a broad minimum in the tem-
perature dependence of the sound velocity both for the
transverse and the longitudinal modes at temperature of
about 40 K. In order to clarify the role of the lattice
and different structural instabilities in physical proper-
ties of these compounds we carry out the ultrasonic and
low temperature X-ray powder diffraction investigation of
Ba0.65K0.35BiO3 material for two potassium concentra-
tions x ∼= 0.35 and x ∼= 0.47. At low temperatures the
compound with x ∼= 0.35 is situated near the line sepa-
rating cubic and orthorhombic phases in the x− T phase
diagram, whereas Ba0.53K0.47BiO3 is far away from the
orthorhombic phase at any temperature.

2 Experimental results

In our investigation we used single crystals grown in dif-
ferent laboratories (Institute of Solid State Physics, Minsk
(x ∼= 0.35) and LEPES, Grenoble (x ∼= 0.47)). Simi-
lar electro-deposition growth method was used in both
cases [20,21].

The crystals had a size of about 1.5×1.2×1 mm3. For
the magnetic ac-susceptibility measurements (not shown
here) we found that both of the crystals were supercon-
ductors with the onset of the superconducting phase tran-
sition at Tc

∼= 31.7 K and the transition width ∼= 6 K in
Ba0.65K0.35BiO3 and the onset at Tc

∼= 24 K and the width
∼= 2 K in Ba0.53K0.47BiO3. We utilized resonance LiNbO3

transducer with the fundamental frequency of 10 MHz
glued by the liquid polymer (Thiokol-32) in the case of the
transverse sound. A wide frequency band piezoelectric film
glued on the samples with a two component epoxy was
used for the excitation of the longitudinal sound waves.
The experimental ultrasonic technique was described else-
where [22].

The single crystals utilized in the ultrasonic investi-
gation were cut and used in X-ray powder diffraction ex-
periments in the temperature range between 20 K and
300 K. These diffraction experiments were carried out us-
ing a Siemens D500 powder diffractometer with Cu Kα1

radiation (λ = 1.540598 Å) equipped with a closed cy-
cle helium refrigerator. The lattice parameters were de-
termined to be a = 4.295 Å for x ∼= 0.35 and a = 4.270 Å

Fig. 1. X-ray powder diffraction data plots at 300 K (upper
panel) and 20 K (lower panel) for Ba0.65K0.35BiO3. Diffraction
indices are also shown. Cooper Kα1 line with wave length λ =
1.540598 Å was used. Inset shows intensity of (211) reflection
measured at 300 K (solid circles), 120 K (solid squares), and
20 K (open circles).

for x ∼= 0.47 at 300 K. Low temperature diffraction exper-
iments revealed an absence of the structural phase transi-
tion down to 20 K for both compounds within a resolution
of our X-ray technique. Figure 1 exhibits X-ray powder
diffraction data obtained at 300 K (upper panel) and 20
K (lower panel) in Ba0.65K0.35BiO3. Neither extra peaks
nor any visible change in linewidth were observed at low
temperatures (see inset of Fig. 1). It means that if a long
range distortion of cubic structure exists it should be very
small at least below the resolution of our X-ray technique.

Figure 2 shows the temperature dependence of the
sound velocity of the longitudinal c11 mode (k//u//[100],
k is the wave vector and u the polarization of the sound
wave) in Ba0.65K0.35BiO3, measured both with cooling the
sample down and heating it up. There is a large softening
(about 7% in the sound velocity) below 150 K with a min-
imum at 70 K. The anomaly in the sound velocity is ac-
companied by a maximum in the attenuation of sound (see
Fig. 3). A hysteresis occurs in the temperature range be-
tween 50 K and 250 K for both the sound velocity and the
attenuation of sound. The sound velocity behavior is step-
like at 100 K for temperature sweep up, whereas the curve
is smoother for temperature sweep down. The maximum
in the attenuation is more prominent for the curve which
corresponds to increasing temperature. A hysteresis loop
is also shown in Figures 2 and 3 for the thermal cycle when
the sample was heated only up to 180 K and then cooled
down again. In the case of this thermal cycle the hys-
teresis loop becomes much narrower. We have also mea-
sured a temperature behavior of the transverse c44 mode
(k//[100], u//[001]) in Ba0.65K0.35BiO3 (see Fig. 4). Tem-
perature dependence of the sound velocity of this mode
is slightly different from the behavior of the longitudinal
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Fig. 2. Temperature dependence of the sound velocity of the
longitudinal c11 mode in Ba0.65K0.35BiO3. Temperature sweep
up (solid symbols) and sweep down (open symbols) are shown.
Two lower curves demonstrate a change in the width of the
hysteresis loop in case when the sample was heated only up
to 180 K and then cooled again down. The data for the two
different thermal cycles (final temperatures 180 K and 292 K)
were shifted arbitrarily along the ordinate axis for the sake
of clarity. The ultrasound frequency was 48 MHz. Inset shows
behavior of the sound velocity of the c11 mode in the vicinity
and below of the superconducting phase transition (Tc

∼= 32 K)
after subtraction of the linear background from the data. The
arrow shows the onset of the SC phase transition determined
from the ac magnetic susceptibility measurements.

Fig. 3. Temperature dependence of the attenuation of sound
of the c11 mode in Ba0.65K0.35BiO3. This data was measured
simultaneously with the sound velocity dependencies shown in
Figure 2 at the same frequency. The two upper curves corre-
spond to the thermocycling procedure described in Figure 2
caption for the two lower curves. The data for the two dif-
ferent thermal cycles were shifted arbitrarily. The meaning of
solid and open symbols is the same as in Figure 2. Inset shows
a low temperature behavior of the sound attenuation of the c11

mode.

Fig. 4. Temperature dependence of the sound velocity (sym-
bols) and the attenuation of sound (solid line) of the trans-
verse c44 mode (k//[100], u//[001]) in Ba0.65K0.35BiO3. For
the sound velocity temperature sweeps up and down, and for
the attenuation only a sweep up is shown. The ultrasonic fre-
quency is 10 MHz.

c11 mode. Although there is approximately the same total
(∼8% in the sound velocity) softening and the tempera-
ture hysteresis exists, there is not any more the step-like
behavior at 100 K neither for the temperature sweep up
nor for the temperature sweep down. Below 120 K an op-
posite path tracing the hysteresis loop takes place for the
c44 mode in comparison with the c11 mode.

In contrast to Ba0.65K0.35BiO3, the sound velocity of
the c11 mode in Ba0.53K0.47BiO3 demonstrates a rather
smooth temperature behavior (see Fig. 5a). The soften-
ing begins at 250 K and ends in a minimum at 33 K.
The total change in the sound velocity is approximately
the same (∼7%) as for Ba0.65K0.35BiO3. The attenuation
of the c11 mode passes through the broad maximum at
135 K (see Fig. 5b). The hysteresis has almost completely
disappeared in Ba0.53K0.47BiO3.

Thus Ba0.65K0.35BiO3 and Ba0.53K0.47BiO3 show
some difference in the behavior of the longitudinal acoustic
mode. There is an abrupt change of the elastic constant ac-
companied by hysteresis in the former case, and a smooth
softening in the latter case. All these anomalies can tes-
tify to the presence of the structural instability in the sys-
tem for both potassium concentrations. The instability is
larger if the system is closer to the cubic to orthorhombic
structural phase transition (the case of Ba0.65K0.35BiO3

compound).
There is no sharp anomaly in the sound velocity at

the superconducting critical temperature Tc. One can see
a significant linear term in the longitudinal sound veloc-
ity in Ba0.65K0.35BiO3 below 60 K (see Fig. 2). In or-
der to extract some details of the sound velocity behavior
in the vicinity of Tc in this compound we found a tem-
perature dependent background as a linear fit of the ex-
perimental data at temperatures below 56 K and then
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Fig. 5. Temperature dependence of the sound velocity (a) and
the attenuation of sound (b) of the longitudinal c11 mode in
Ba1−xKxBiO3. Open circles correspond to decreasing and solid
circles to increasing temperature. Inset shows a behavior of
the sound velocity of the c11 mode in the vicinity of the su-
perconducting phase transition (Tc

∼= 24 K). The ultrasound
frequency is 53 MHz.

subtracted this line from the experimental data. The re-
sult is shown in the inset of Figure 2. Note that the scale
on the vertical axis in the inset is about 10−2 times that in
Figure 2. The temperature dependence of the sound veloc-
ity demonstrates a fine structure if the linear temperature
background is subtracted. In particular, there is a kink in
the vicinity of Tc and then a small relative decrease in the
sound velocity. The curve passes through a minimum at
12 K and retrieves its value at lowest temperatures. Ac-
cording to the thermodynamic consideration of the second
order SC phase transition a discontinuous softening may
occur for longitudinal acoustic modes [23]. The magnitude
of the sound velocity change is determined by the magni-
tude of the linear strain dependence of Tc. In addition,
below Tc the sound velocity has to have an other slope
than in the normal state. Shear waves do not show any
discontinuity in magnitude of the sound velocity and the
discontinuity in temperature slope is determined by the
quadratic strain dependence of Tc. There is no visible dis-
continuity in magnitude of the longitudinal sound velocity
at the transition. It is not clear if the observed change in
a slope of the sound velocity in the vicinity of Tc is as-
sociated with the forming of the SC state. We would like
to point out that the rather broad SC phase transition in
our case can mask an effect in elastic properties. We do
not have any information on a strain or pressure depen-
dence of the critical temperature and we cannot estimate
a value of the sound velocity change predicted by theory.

We can conclude from our experimental data that such a
discontinuity should be less than 5 × 10−5. Below 25 K
the sound velocity changes approximately linearly with
temperature down to 14 K. Then an unknown mechanism
leads to an additional stiffening of the c11 elastic modulus
at lowest temperatures. An alternative thermodynamics,
assuming Ehrenfest fourth order SC phase transition in
Ba1−xKxBiO3 has been suggested recently [24] (but see
also Ref. [25]).

The attenuation of sound of the c11 mode exhibits a
shallow broad maximum at temperatures just below Tc

(see insert of Fig. 3). Then the attenuation decreases with-
out any sign of saturation down to the lowest measured
temperature of 2 K. Such behavior is not typical for the SC
phase transition and SC state (see, for example, Ref. [26]).
But again we cannot assert that this behavior is related to
superconductivity or caused by other reasons. Neither the
sound attenuation of the c44 mode in Ba0.65K0.35BiO3 nor
the attenuation of the c11 mode in Ba0.53K0.47BiO3 show
any peculiarity in the vicinity of Tc (see Fig. 4, Fig. 5b).
It is interesting to compare our results with the results
of the ultrasonic investigation of the related compound
BaPb1−xBixO3 [27]. This compound has a set of similar
structures as a function of Bi concentration x, and be-
comes a superconductor below 12 K. In reference [27] only
the superconducting state was studied and temperature
dependence of the sound velocity and the attenuation of
sound looks quite different from the one shown in inserts
of Figures 2 and 3.

3 Discussion

Now we shall discuss some possible physical reasons for the
softening of the c11 and c44 modes in Ba1−xKxBiO3 (see
Figs. 2, 4, 5a). In spite of the fact that our low temperature
X-ray powder diffraction experiments failed to detect any
change of cubic structure we cannot completely rule out
some slight orthorhombic or tetragonal distortion of the
cubic lattice (first of all in the case of Ba0.65K0.35BiO3)
which is beyond the resolution of our X-ray technique.
Both our samples exhibit superconductivity observed in
the cubic phase, although, as we have mentioned above,
some long range superstructure in superconducting sam-
ples was also reported [14]. If the structural phase trans-
formation happens a renormalization of the sound ve-
locity and the attenuation of sound may stem from the
coupling of the order parameter to the deformation. In
this case an analysis is similar to one performed long ago
for the phase transition with a soft R25 optical phonon
mode [28]. The coupling terms in the thermodynamic po-
tential linear in strain and quadratic in the optical mode
displacement [15,28] should lead to step-like anomalies in
the corresponding elastic constants and velocities of sound
at the critical temperature. But even so there is the ques-
tion about the huge temperature range (50−250 K) where
acoustic anomalies were observed and unusual hysteretic
behavior in this temperature range. The temperature de-
pendence of the c11 mode for x = 0.35 could indicate a
structural transition at T = 100 K, but this is not the case
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for the c44 mode indicating another reason for anomalous
behavior. Analysing temperature dependences of the elas-
tic constants in the paradistortive phase above the struc-
tural phase transition in some hexahalometallates Henkel
et al. [29] considered a model based on the elastic strain
coupling to the fluctuations of the soft mode coordinates.
Assuming very large fluctuation area in Ba1−xKxBiO3 we
tried to fit our experimental data in frame of this model.
We could not get any reasonable agreement to the ex-
perimental data for our compounds. Also a deformation
potential analysis [30] does not give satisfactory results.

Here we shall discuss a mechanism which can result
in the observed ultrasonic anomalies. This mechanism is
related to the large anharmonicity of some optical os-
cillations [11,13,17,18] that could also be a reason for
the structural transition in Ba1−xKxBiO3 compounds.
We present a simple model which explains the salient
features of our experimental results. The peculiarities in
the sound velocity and the attenuation of sound can be
linked to the particular dynamics of oxygen octahedra.
In Ba1−xKxBiO3 oxygen atoms move in an anharmonic
double-well potential originating, for instance, from an ex-
istence of two nonequivalent bismuth positions Bi(I) and
Bi(II) [11] or from the results of potassium substitution on
the barium sites. The two bismuth positions are associated
with the presence of a pair of holes in a hybridized anti-
bonding Bi(I)(6s)–O(2pσ) orbital and an absence of such
holes in Bi(II)(6s)–O(2pσ) orbital. A dynamic interchange
Bi(I)O6 ↔ Bi(II)O6 between the positions is also possi-
ble. Movement of oxygen atoms in double-well potential
results in a rearrangement of the oxygen octahedra with
variation of temperature. That leads to the renormaliza-
tion of the elastic constants and to the observed anomalies
in the sound velocity and the attenuation of sound. Cor-
relation between the local ordering can lead the system to
the structural transformation.

To consider this effect more rigorously let us introduce
the configuration coordinate q which describes a local dy-
namics of oxygen octahedra in double well potential. It
was shown [31,32] that for crystal lattice with a sublat-
tice (or group of atoms) moving in a double-well potential
the renormalized frequencies of crystal lattice can be pre-
sented in the following form:

ω̃k(T ) = ωk(T ) + ωk(T )

[
λ3

(
σ+〈q〉2

)
− λ4

(
σ + 4〈q〉2

)
mΩ2

]
,

(1)

where ω̃k is a frequency of acoustic waves in the crystal
with the selected sublattice moving in the anharmonic po-
tential. ωk(T ) is a temperature dependent ultrasonic fre-
quency without renormalization by anharmonicity. 〈q〉 is
an average displacement of an atom in the anharmonic po-
tential (in case of the harmonic approximation 〈q〉 = 0),
σ = 〈q2〉 − 〈q〉2, Ω is an effective frequency of oscilla-
tions in the anharmonic potential, λ3 and λ4 are coupling
constants which characterize cubic and quartic interac-
tions of the main lattice with the anharmonic sublattice.
A temperature dependence of the sound velocity (v ∝ ω̃)

is determined by the renormalization function in square
brackets of equation (1).

Our main task now is to calculate the temperature
dependence of 〈q〉(T ), σ(T ), and Ω(T ). For this purpose
we use the variation inequality [33]:

F ≤ F0 + 〈H −H0〉0, (2)

here H is the full Hamiltonian of the system; H0 is the
approximated Hamiltonian (see below); F is the free en-
ergy of the system, described by the Hamiltonian H; F0

is the free energy of the system with the Hamiltonian H0;
〈 〉0 means averaging over H0. We represent here oscilla-
tions in the anharmonic potential at fixed temperature as
oscillations in the effective shifted harmonic potential. In
this approach H and H0 can be written as:

H =
p2

2m
+
α

2
q2 − β

3
q3 +

γ

4
q4,

H0 =
p2

2m
+
mΩ(q − 〈q〉)2

2
· (3)

Then inequality (2) can be represented as:

F ≤ kBT ln
(

2sh
(
~Ω

2kBT

))
+
(
α

2
〈q〉2 − β

3
〈q〉3 +

γ

4
〈q〉4

)
+
(
α

2
− β〈q〉+

3
2
〈q〉2γ − mΩ2

2

)
σ +

3
4
γσ2 (4)

where σ = 〈(q − 〈q〉)2〉0 = ~
2mΩ cth

(
~Ω

2kBT

)
.

Minimization of the right side of the inequality (4) gives
the following system of equations for the temperature de-
pendence of the average displacement 〈q〉(T ) and the ef-
fective frequency Ω(T ):

− (3〈q〉γ − β)
~

2mΩ
cth
(
~Ω

2kBT

)
= α〈q〉 − β〈q〉2 + γ〈q〉3

mΩ = α− 2β〈q〉+ 3γ
[
〈q〉2 +

~
2mΩ

cth
(
~Ω

2kBT

)]
. (5)

Temperature dependence of the attenuation of ultrasound
can be calculated in the actual case when ωsτth � 1 using
the following expression [34]:

αs =
γ2

Gτth
3ρ

CTω2
s

v3
s

, (6)

where C is the specific heat; νs is the sound velocity, ωs is
a frequency of the ultrasound wave, γG is the Grüneisen
constant, and τth is the life time of a thermal phonon
in the solid. An expression for the specific heat C(T )
can be easily derived from the free energy defined by
equation (4).

Figure 6 shows the temperature dependence of the
sound velocity calculated with our model. The parame-
ters of the anharmonic potential were chosen in a way
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Fig. 6. Results of numerical calculation of the sound veloc-
ity versus temperature in Ba1−xKxBiO3 (see text for details).
Arrows show corresponding curves for temperature sweep up
and down. Inset shows a double well potential for the oxy-
gen octahedra used in simulations. The following parameters
of the double-well potential were used U2(q): U0 = 0.035 eV;
q1 = 0.078 Å; q2 = 0.15 Å; U1(q): U0 = 0.018 eV; q1 = 0.095 Å;
q2 = 0.15 Å.

to describe correctly both softening of the sound velocity
and the temperature region of the hysteresis. We would
like to point out that our fitting values of the energy bar-
rier U0 = 0.035 eV and the distance between two positions
of the minimum q2 = 0.15 Å for the U(q) agree well with
the values determined from an analysis of the X-ray ab-
sorption spectra [11] U0 = 0.04 eV and q2 = 0.16 Å. It
is important to note that in order to describe correctly
the hysteretic behavior of the sound velocity we assume
that some of the octahedra move in the modified double
well potential U2(q). The double-well potential U2(q) is al-
most symmetrical whereas for U1(q) the one of the wells is
weakly developed although the potential is strongly anhar-
monic (see insert of Fig. 6). But, as the numerical simula-
tion revealed, the number of oxygen octahedra N1 moving
in the potential U1(q) far exceeds the number of octahe-
dra N2 moving in the potential U2(q) (N1/N2 ≈ 25). The
fact that some oxygen octahedra move in modified double
well potential is not surprising. Evidently, there is some
distribution of the double-well potential energy profile at
the oxygen sites, depending on the local configuration of
Bi(I)–Bi(II)–Bi(I) or Bi(I)–Bi(II)–Bi(II) atoms and on the
local potassium occupation of the barium sites.

A relation between the coupling constants λ3 and λ4

determines the direction of path tracing of the hysteresis
loop. In the case of the c11 mode λ3/λ4 ≈ 6.5 and the
cubic interaction prevails. An opposite tracing path takes
place for the c44 mode below 120 K (see Fig. 4). In our
model this fact is explained by another ratio between the
coupling constants λ3/λ4 ≈ 3.5. Calculated curves for the
sound velocity and the attenuation of the c44 mode are
quite similar (except for the direction tracing of the hys-

Fig. 7. Results of numerical calculation of the sound attenu-
ation as a function of temperature (Eq. (6)) in Ba1−xKxBiO3

(see text for details). Arrows have the same meaning as in
Figure 6.

teresis loop) to the behavior of the c11 mode and they are
not shown here.

Figure 7 shows a calculated temperature dependence
(see Eq. (6)) of the sound attenuation. One can see rather
good agreement with the experimental data (see Fig. 3).
A peak in the attenuation stems from the motion of oxy-
gen octahedra in the strongly anharmonic potential U1(q).
Whereas a movement of some oxygen octahedra in U2(q)
potential leads to the hysteresis in the sound velocity and
the attenuation of sound. Numerical simulation shows that
the hysteresis should not appear if one changes a temper-
ature scan direction in the middle of the hysteretic area.
One can clearly see this tendency in our experimental data
(see lower curves in Fig. 2 and upper curves in Fig. 3). Ap-
parently an increase of potassium concentration x changes
the double-well potential parameters that leads to a de-
crease of the hysteresis loop width. We observed this in
the Ba0.53K0.47BiO3 compound (see Fig. 5).

It is interesting to compare Ba1−xKxBiO3 to the A-15
superconducting compounds, where the electron-phonon
interaction manifests itself through two alternative chan-
nels: the superconductivity and a structural phase trans-
formation [23]. Many physical properties of Ba1−xKxBiO3

are quite similar to physical properties of A-15 supercon-
ductors [23,35]. Examples are some structural instability,
just above the superconducting state, a relatively high
critical temperature (in comparison with conventional su-
perconductors) of the superconducting phase transition,
soft phonon modes (acoustic in A-15 compounds and op-
tic in Ba1−xKxBiO3), an anharmonicity of some phonons,
and large softening of the elastic constants. It has been
shown that an enhancement of Tc in A-15 compounds
originates from a lattice instability which arose due to
an anharmonicity of some phonon modes. An onset of
the superconductivity in A-15 compounds arrests abruptly
the growing structural instability and probably prevents
the need for a structural transformation. If a structural
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transition takes place it leads to a reduction in Tc [23,35].
The superconductivity survives below the structural phase
transition in A-15 compounds, although it is not clear if
a structural transformation happens in superconducting
Ba1−xKxBiO3. A-15 superconductors demonstrate nei-
ther hysteresis nor an abrupt change in temperature de-
pendence of the sound velocity.

There are some models of a superconductor (see, for
example, Refs. [36,37]) which consider explicitly the lat-
tice anharmonicity and the lattice instability as a reason
for the high critical temperature. Apparently, the mecha-
nism suggested in these works cannot entirely be responsi-
ble for the superconductivity in Ba1−xKxBiO3, since the
estimates made in the frame of the BCS theory on the
basis of harmonic phonons give reasonable values of Tc

and the electron-phonon coupling constant λep. However,
in case of Ba1−xKxBiO3 the anharmonic mechanism can
give an additional contribution to forming the SC state
and the electron-phonon coupling constant λep can be en-
hanced due to the anharmonicity of some phonons associ-
ated with oscillations of oxygen octahedra.

4 Conclusions

We have carried out ultrasonic and low temperature
X-ray powder diffraction experiments in the copper-free
high temperature superconductors Ba1−xKxBiO3 for two
potassium concentrations x ∼= 0.35 and x ∼= 0.47. Large
softening of the longitudinal and transverse elastic mod-
uli confirms the existence of a lattice instability at tem-
peratures slightly above the superconducting phase, al-
though X-ray diffraction shows an absence of a structural
phase transition down to 20 K within the resolution of our
X-ray technique. Our theoretical model proceeding from
the interaction of acoustic modes with movements of oxy-
gen octahedra in a double well potential gives a good
agreement with the experimental observations. We would
like to point out that the existence of the anharmonic
double-well potential can also be a reason for a local static
distortion of the cubic structure. This case is encompassed
by our theoretical consideration. Finally, a correlation be-
tween the local distortions can result in the structural
phase transition.

In the context of all the statements made above we
would like to emphasize that it is important to take the
(local) structural instability into account in order to de-
scribe correctly the physical properties of Ba1−xKxBiO3,
including the origin of the SC state. Evidently the anhar-
monic phonons play a significant role in these compounds.

This acoustic investigation of the Ba1−xKxBiO3 super-
conductor is a further example of the possible interplay of
lattice properties and the superconductivity. Other exam-
ples investigated by our group are the cubic superconduc-
tor CeRu2 [38], the Chevrel phase materials [39] and the
stannides Yb3Rh4Sn13 [40]. In all these cases softening of
acoustic modes in the normal state is also important.
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