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Lattice softening in superconducting The local structure of the superconducting alloys BdxOs
compositions of Ba(K)BiO3 with x > 0.37 dramatically differs from the average one. The in-

tegral methods (x- ray and neutron scattering) showed a simple

cubic structure for these compounds (Beial, 1990) while the

Raman scattering pointed out the local deviations from a simple
A. P. Menushenkov, 2* K. V. Klementev, 2 cubic symmetry (Anshukovat al., 1990), EXAFS studies showed
R. Cortes » and J. Purans ¢ the existence of the local oxygen octahedra tilting up to-&°
(Yacobyet al, 1997), XPS spectra found the strong splitting of the
Bi 4 f spectral lines which pointed on the existence of two different
Bi valence states in the superconducting compositions (Qvarford
etal, 1996).

Our resent EXAFS - studies of the nearest oxygen environment
of Bi in BKBO evidenced that oxygen ions vibrate in the double-
well potential and their vibration are correlated with the charge
carriers transfer due to the existence of the two different electronic
Temperature dependent x-ray absorption spectra investigation Wé;,t?lctures of the octahedral complexes Biand BiL?Og (here,
measured for Ba yK«BiO3 (Bi L 3-edge) with denotes the hole pair in the antibonding Bi®p,- orbital of
x = 0.0,0.25, 0.4, 0.5 and for BaPb@ (Pb Ls-edge). It was found the octahedral complex) (Menushenket al, 1998; Menushen-
that at low temperatures the Debye-Waller factor of the square kov & Klementev, 2000). The local lattice instabilities observed
diagonal Bi-Bi bond has the maximum value near the as the double-well potential of oxygen ion vibrations move around
insulator-metal phase transition for the compound with 0.25 the lattice in correlation with the local carrier pairs movement and
andx = 0.4. Temperature dependence of the Debye-Waller factorshould influence on the lattice dynamics in the Bi-Bi sub-lattice.
of Bi-Bi bond strongly differs from the Einstein model curve that It is the purpose of the paper to study the behavior of the Bi-
well describes the harmonic systems (for examp|e B@?b‘@ns Bi sub-lattice of BKBO system at the different K-doping levels
behavior is consistent with the strong anharmonicity of the Bi-O and temperatures which was not investigated in previous works
shell due to the double-well vibration potential reported by us ~ (Menushenkowet al, 1998; Menushenkov & Klementev, 2000).
earlier. Presented results point to the essential lattice softening ofVe study here the Bi-Bi shell along the square diagonal of:BiO
the superconducting compositions, which is important forthe ~ Plane which has no multiple scattering input into EXAFS signal
understanding of superconductivity mechanism in perovskite typeand is treated well in the single scattering approximation.
oxides. Keywords: local distortions ; Debye-Waller

factor ; perovskite. 2. Experimental and data analysis
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We have measured the ceramic samples of BaPd@ BKBO

1. Introduction with x = 0, 0.25, 0.4, 0.5 synthesized as described in (Anshukova
The crystal lattice structures of copper oxide high temperatet al, 1990). The materials were examined by x-ray powder dif-
ure superconductors (HTSC) and bismuth-based oxides such §#ction for phase purity. The samples were controlled using trans-
Ba;_xKxBiO3 (BKBO) and BaPh_BixO3z(BPBO) have some Port and susceptibility measurements. Bagihd the composi-
important common characteristics. Both oxide classes havlions of BKBO with x = 0.25 showed semiconductor-like be-
perovskite-like lattices with Cu@(n=4, 5, 6) or Bi(Pb)@ com- havior, while compounds witlx = 0.4 and 0.5 showed typical
plexes joined at the common oxygen ions. In bismuthates, the inhetallic p(T) dependence and superconducting properties with
tersection of the octahedral complexes in the three crystallographibc ~ 30K andTc ~ 16 K, respectively. The samples of BaPpO
directions determines their three-dimensional cubic structure. The&/ere metallic but not superconducting at all temperatures.
CuO, complexes are joined in Cyplanes, which produces the For the XAS measurements, a crushed fine powder was precip-
two-dimensional structure of copper-oxides. itated onto a micropore substrate. The thicknesses of the samples

Because of the strong hybridization of covalent Bi(RbBud were about two absorption lengths at the chosen absorption edge.
—O2p, bonds, the above mentioned complexes are the most tightly The x-ray absorption spectra were collected at D-21 line of DCI
bound items of the perovskite-like structure. Therefore such im{LURE,Orsay, France) synchrotron operated at the energy 1.85
portant peculiarities of perovskite structure as the lattice instabilityGeV and the average currernt 250 mA of positron beam at the
with respect to the soft tilting mode of Cy@r BiOg complexes Lz edges of Bi (13040.6 eV) and Pb (13426 eV). The energy resol-
(see for review (Plakida, 1995)) and highly anisotropic thermalution of the double-crystal Si [311] monochromator at 13 keV was
factors of oxygen ions vibration (Wignacowet al., 1988; Kwei about 2—3 eV. The low-temperature measurements were carried out
et al, 1989) are inherent to the both classes of superconductingsing a liquid- helium circulation-type cryostat with a temperature
oxides and cause anharmonic vibrations of oxygen atoms. control of +1 K.

The layered structure of the copper-based perovskites, the pres- The background in the experimental spectra was removed as de-
ence of several non-equivalent copper positions, and there beirggribed in (Newvilleet al, 1993), taking care to remove the low
a number of different Cu-O bonds complicate the local strucfrequency oscillations. The EXAFS-functiongk)k? obtained
ture analysis. At the same time, the simplicity of the cubic threefrom absorption spectra were Fourier transformed in the range of
dimensional structure, the simpler electronic structures ef p wavenumbek from 1.5 to 16.5A 1, using Kaiser-Bessel window-
valence band of BPBO-BKBO systems in comparison wlith p ing function (see Fig. 1).
band of cuprates and lack of charge reservoirs and of magnetic ions The model EXAFS-function was constructed as
makes the interpretation of the local sensitive experimental data
easier to a great extent. x(K) = NF(K) sin[2kR+ ¢(k)] exp(—2k?c?)/(kR?) (1)
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and fitted to Fourier-filtered experimengalk), wherek is the pho- 6.15 - ‘ ‘ ‘x:O Y
2 . . .
toelectron wave numbeN, R, ando“ are the coordination number, . . 1434
length, and Debye-Waller (DW) factor of Bi-Bi bond, correspond- et e ]
ingly. The phase shiftp(k) and scattering amplitude (k) were -44.32
calculated, using FEFF code. 6.10 - 1 <
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Figure 2

Temperature dependence of the square diagonal Bi-Bi distances a) and
Debye-Waller factor values b) for BaK4BiO3 (x = 0, 0.25, 0.4, 0.5)

and BaPb@.

For the insulating BaBi@ so as for the K-doped compounds
with x = 0.25,0.4, 0.5 the character of the Debye-Waller factor
temperature dependence essentially differs from the harmonic Ein-
stein model. They begin quickly increase with temperature at low
temperatures. For example for BKBO wixh= 0.4 the temperat-
ure dependence of the Debye-Waller factor is close to linear [the
triangles in Fig. 2(b)]. Such a behavior can not be explained from
the point of view of the conventional lattice vibrations. However it
Figure 1 finds fully explanation in the frame of our model of the relationship
Experimental EXAFS(k)k? (left) and its Fourier transform magnitude penyeen the local crystal and the local electronic structures of the
and imaginary part (right) for Ba,K.BiOs (x = 0, 0.25, 0.4, 0.5) and Bi-based perovskites (Menushenkov & Klementev, 2000; Kagan

BaPbQ at 7K. et al, 2000).
Here, we focus on the temperature dependencies of the Bi-Bi The model includes the following key positions:
bond length and of the Debye-Waller (DW) facters correspond- 1. The parent compound BaBi@epresents a system with the
ing to the square diagonal Bi-Bi shell which manifests itself as thqnitially preformed local electron and hole pairs spatially and en-
peak around & in Fig. 1(right). ergetically localized inside the octahedral complexes 8éDd
BiL20g. The BiL2Og octahedra have stiff (quasi-molecular) Bi-O
3. Results and discussion bonds and the smaller radius, and BiGctahedra represent non-

The main results are presented in Fig. 2(a), (b)). From this picturgtable molecules with filled antibonding orbitals and the larger ra-

it is clear, that the square diagonal Bi-Bi distances slightly changé"US- Because the sum of the nearest octahedron radii exceeds the
with temperature. In the same time the temperature dependence !gftice parametee, the octahedral system is tilted around [110]
the Debye-Waller factors of Bi-Bi bonds are not trivial. For the aXis, producing a monoclinic distortion of BaBi@s a combina-
metallic, but not superconducting compound BaRli Pb-Pb tion of the static breathing and tilting distortions.

vibrations are simple harmonic, i.e. the Debye-Waller factor tem- 2. The conductivity of BaBi@ occurs only at the local pair
perature dependence is in according with the Einstein model [thiansfer due to the dynamic exchange Bilg — BiOg. The local-
squares in Fig. 2(b)]. This behavior is in full agreement with theization energy of a pair determines the transport activationEgap
observed harmonic behavior of the nearest Pb-O shell in BaPbOThe binding energy of a palE, becomes apparent as the optical
(Menushenkov & Klementev, 2000). gap.

846 A. P. Menushenkov et al. J. Synchrotron Rad. (2001). 8, 845-847



materials science

3. The two types of carriers are present in the metallic phaséher increasing of the potassium concentration leads to diminish-
of Bay_xKxBiO3 with x > 0.37: the itinerant electrons from the ing of the Debye-Waller factor values. The lattice stiffness in-
infinite BiL2Og — - - - —BiL20g Fermi-cluster (fermions) and the creases which reflects the decreasing of the critical temperature
delocalized local electron pairs from the BiComplexes (bosons). to T = 16K for x = 0.5 compound. This facts are in the full
The former produce the Fermi-liquid state and are responsible faagreement with the above model since the K-doping decreases the
the insulator-metal transition observed»at~ 0.37. The latter number of centers were the oxygen ions vibrates in the double-well
provide the superconductivity 8 < T. due to the free moving potential and increases the lattice stiffness due to the increasing the
of the local electron pairs in the process of the dynamic exchangeumber of the stiff Bil2Og octahedra.

BiL20g < BiOg. The both Fermi and Bose subsystems are spa-
tially separated in these compounds since belong to the differeat; Conclusion

clusters. » o . . The presented EXAFS investigation of Bi-Bi sub-lattice of BKBO

4. The pairing mechanism in the bismuthates is more probablgystem pointed out that the existence of the double-well vibration
of the electronic than of the phonon-mediated origin. However thepotential in the Bi-O shell essentially influences on the Bi sub-
lattice plays an important role in superfluid providing the phase Cotatiice dynamics. It leads to the unusual temperature dependence
herence of the local pair moving. Itis the phase coherence destrugt the Bj-Bi Debye-Waller factors. The lattice has the most soft-
tion that limits the critical temperature in BKBO-BPBO systems. ness near the insulator-metal transition were the critical temperat-

In according with the above model all the octahedral complexesire in the superconducting range has maximum value. The above
PbL20g in the metallic BaPb@are equivalent and oxygen ion vi- results evidence in favor of the model of the relationship between
brations are simple harmonic. The conventional harmonic vibrathe local crystal and the local electronic structures of the Bi-based
tions of the nearest Pb-O shell do not effect on the Pb sub-latticgerovskites proposed by us earlier.

dynamics, so we observe the normal Einstei_n-lil_<e Debye-Waller We acknowledge the LURE Program Committee for providing

factor temperature dependence [the squares in Fig. 2(b)]. beamtime. The work is supported by Russian Foundation for Basic
In the parent compound BaBidhere is an alternating system of Researches (Grant No. 99-02-17343) and Program “Superconduct-

the different octahedral complexes Bi@nd BiL?Og and oxygen ivity” (Grant No. 99010).
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