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The structure of superconducting BaK,BiO; (BKBO) has been studied by neutron and synchrotron
diffraction on single crystalline and on powder samples. In contrast to the phase diagram reported by several
groups we find a long range structural distortion persisting in the K-concentration range of superconductivity.
The distortion is characterized by a tilt of the Bi©@ctahedra around the culi@01] direction, space group
I4/mcm so far not observed for any BKBO compound. The mixing of light monovalent K atoms with the
heavier two-valent Ba atoms causes strong structural disorder, in particular for the octahedron tilt. This
disorder is simulated within a harmonic lattice dynamical model.

I. INTRODUCTION studies in the superconducting concentration range which
K-doped BaBiQ, is a prominent material in the context of demonstrate that there still is a structural distortion. The
high temperature superconductivity since it exhibits a highstructural difference between superconducting and non-
transition temperatute and since in contrast to the cuprates superconducting BKBO appears to consist in the direction of
one has to exclude a magnetic mechanism. Though there aifee tilt axis, though the structural details of the phase bound-
several arguments in favor of an electron lattice mechanisrary still need clarification. The competition between different
like a sizeable isotope effécand strong phonon renormal- tilt schemes and superconductivity resembles closely the ob-
ization induced by the dopirfty’ the combination of higi, ~ servation in the Pb-doped BaBi@ompound$BPBO) (Ref.
and low electronic density of states points to an unconvenl5) and it may also be related to the suppressed supercon-

tional pairing® ductivity in some LTT-phase cuprat&s.
The phase diagram of BKBO has been studied by several
groups mainly by powder neutron diffractidf.It is stated Il. EXPERIMENT

that superconductivity exists only in the structurally undis-

torted cubic phase for K concentrations higher than 0.3. For Single crystals of BKBO were obtained by electro-
lower concentrations one observes a structural distortioghemical decomposition described in Refs. 17,18. The basic
characterized by the tilt of the octahedra around a cubi€haracteristics of the used samples are summarized in Table
[110] axis, space groupbmm Electronically, thelbmm . Inorder to perform neutron diffraction and scattering stud-
phase is not only characterized by the disappearance of sigs Within reasonable counting time crystals with large
perconductivity but also by a nonmetallic behavior which,sample volumes were grown in Minsk for different K con-
however, may not be attributed to the tilt distortion. It is centrations. A smaller sample was grown at Clarendon Labo-
frequently argued that the charge disproportionation resporfatory, Oxford, in the aim of optimizing the superconducting
sible for the insulating behavior in the pure compoupdr- ~ Properties.T, and the superconducting transition widths of
sists on a short range scale in tHemm phase. Since the

charge disproportionation is related to the structural breath- TABLE I Characteristic properties of the different used
ing distortion, an alternation of large and small BiGctahe- Bal,XKXBIOQ,' crystals. Superconducting traqs!t!on temperatures
dra, this distortion should also be found in tHEmm phase were o!etermmed by SQ_UID or by ac s_u_scepnblllty measurements.
as it was claimed on the ground of EXAFS experiméﬂ'@. Int. ratio denotes the ratio of the intensities of tie5 0.5 0.5 and

Further Es}ltgolgg support for this view arises from Ramanthe(2 0 0 reflections.

scattering:=~~in undoped BaBiQ@ there is a dominant peak . .

in the spectra which should be interpreted by the brea’[hiné(_K label weight a(A) To(K) AT(K) To(K) Int ratio
mode becoming Raman-active due to the distor(faie that 0.3245)
a cubic perovskite has no Raman-active modkhe fre-  0.3555)
quency of this peak agrees nicely with the observation by 3635)
neutron scatteriny The Raman-spectra in the intermediate 9 3695)
Ibmmphase still show this peak though the long rangeg 403s5)
breathing distortion disappears at smaller K concentration. I 41gs)
the superconducting phase which is reported to be structut-
ally undistorted, i.e., cubic, only weak indications for local @n ac susceptibility only a signal an order of magnitude smaller

breathing distortions can be found in Raman scattering. than that in the other crystals was found in the temprature range

In this paper, we report the results of several diffraction 6-28 K.

6.49 4.2984 2 / 24510 1.5%
0.16g 4.2930 325 58 200) 1.0%
1.79 4.2916 285 41 180) 0.5%
0.59 4.2904 27 10 22000 1.3%
469 4.2845 295 59 14m13) 0.4%
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the crystals B, C, E, and F are comparable to the best value &
reported for powder samples. The most reliable determina: 5 30 =" r oo Fom— |4
tion of the K content can be performed by measuring the £ G i'gu };5}“" ! 1430 &
pseudocubic lattice constaay, and by analyzing it with the — 200 } . ...“' 8
relation i LS {ang
:r—? ..‘o"'(@. ] §
a,=4.3548-0.174%, (1) = 100} g "8 2
obtained by Peét al® on powder samples. i 1427 =
Neutron scattering studies were performed at the g obm o e . ) . 426
ORPHEE reactor using the triple spectrometers(ttermal € 0 100 200 300 400 0 100 200 300 400
sourcg, G4.3, 4F2(cold sourcg, and the two axis diffracto- T (K) T (K)
meter 3T1 (thermal source In all experiments pyrolitic 0.045 0.16
graphite monochromators were us@d the case of Z (© (d)
double focusing, in the case ofF2 a double monochro- & ﬁ@iﬁg i 111015 2
matop and in the triple axis experiments focusing or double 'S 0.035 11 ‘53 014 T
focusing graphite analyzers. In order to suppress the higheg o FWHM long. %,f Y
order contaminations with a pyrolitic graphite filter, the final 7 * FWHM tran. ; r____.;} {o13¢€
energy was fixed to 14.7 meV. Samples were oriented withs 0.025 — =3
the[100] and the[011] directions parallel to the diffraction s i 1012&
plane. popsbeiet L gy
In addition a large set of Bragg-reflection intensities was 0 100 200 300 400 O 100 200 300 400
collected on the four-circle diffractometeiC2 allowing a T (K) T (K)

complete structure analysis at 50, 295, and 450 K. This dif- ) . N
fractometer is installed at a hot source and uses @ZT) FIG. 1. Results obtained with the small crystal D of composition
monochromator X =0.808 A), which permits to extend the B2630aBIiOs: (8) Temperature dependence of the superstructure
data collection to rather higtp values. Powder diffraction 'eflection intensities measured on the four-circle, denoted by open
studies using synchrotron radiation were performed at th%nOI filled C'rCIeS(A'g)’ and gn ths. tr'lple. axis SpeCtrometfer’ d?nme?
Wiggler beam-line DW22 at the LURE using samples ob- y squares(TA). (b) pseudocubic lattice constant as function o

. - . temperaturejc) full width at half maximum(FWHM) of scans
tained by grinding parts of the above described crystals. performed across the superstructure reflections in longitudinal and

transverse directionid) FWHM of energy scans performed across
Ill. RESULTS AND DISCUSSION the superstructure reflections.

Temperature dependence of superstructure reflection in-
tensities.The first indication of a structural distortion in su-  What appears rather anomalous in the structural transition
perconducting samples of BKBO was found during a fourin BKBO is the extension of the critical region; the critical
circle experiment on the small crystal with low mosaic scattering can be followed up to 400 K, i.e., close to twice
spread(crystal D, see Table)l With the four circle diffrac- Tgs. Constant energy scans with higher statistics in a second
tometer it has been possible to follow distinct superstructurgun of experiments onR.2 have been fitted by a Lorentzian
reflections,(1.5 1.5 2.5 and (2.5 1.5 1.5 in cubic notation, [(Q— Q)%+ 2] %, convoluted with the experimental reso-
as a function of temperature. The results are shown in Fig. dution. The temperature dependencecadnd the correspond-
Without any knowledge of the low symmetry space grouping correlation length of the fluctuatiogsare shown in Fig.
one may argue that these distinct reflections arise from dif2. Even at temperatures almost 200° higher than the thermo-
ferent domains in the low-temperature phase. Differences idynamic transition the fluctuations are characterized by a
the intensities belowl ;=220 K are explained by unequal rather large length scale. Below we will show that the sym-
domain volumes. The character of this transition has to benetry of the low-temperature phase corresponds to space
identified with an octahedron rotation similar to the one ob-group I4/mcm Concerning the symmetry the transition is
served by powder neutron diffraction for smaller K content.hence identical to the one observed in Srfi{®however, in
Close inspection of Fig. 1 shows that there is still significantthis compound the critical scattering is restricted to the re-
intensity at higher temperature which renders the determinagion 0.95;—1.05;. The reason for the pronounced smear-
tion of the critical temperature difficult. In the lower part of ing of the transition in BKBO can be found in the disorder
Fig. 1 we show the temperature dependence ofQh@nd induced by the Ba-K mixing which yields strong effects in
energy-width of scans through this superstructure intensityhe case of BKBO since the charges are varying by a factor
performed on the triple axis spectrometdf2l The widths of 2 and the masses by a factor of 3idnic radii are almost
below ~200 K correspond to the experimental resolution,identicaf®). Similar effects are observed for (La/SQuO;,
however, the scattering becomes broadene@ space and although the Sr content there is much smaller than the K
in energy when the temperature is close to or increasedontent in BKBO and the differences in charge are smaller.
aboveTs. In principle, this corresponds to the usual critical The smearing of the transition or the pinning of fluctuations
scattering around a second order phase transition, and it BKBO may be compared to ferroelectric relaxor
nicely agrees with the observation on the four-circle diffrac-materials’* where the ferroelectric transition is essentially
tometer: above the transition the domain structure is lost anahfluenced by substitution disorder. Our simulations of the
the observed intensities reflect the cubic symmetry. structural disorder due to Ba-K mixing confirm a strong in-
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0. 025 250 TABLE Il. Results of the structural analyses on crystal D with
composition Bggg3BiO3; in the cubic phasem3m, 450 and
0.020¢ 1200 295 K) the sites are Bi af0,0,0, Ba at(0.5 0.5 0.3, and O at
~ 0015l 1150 o (0,0,0.5. In the 14/mcm phase the lattice corresponds ®a
= — x \2ax 2a, there is one oxygen at (0.2%, 0.25-x, 0) and an-
» 0.010} {100 z other one a{0,0,0.25, the thermal parameters of these were con-
strained to be identical.
0.005 ¢t 150
. . . . T (K) 450 295 50
0 250 300 350 400 0 Ry /Rymw(Int.) 2.42%/1.70% 2.63%/1.74% 4.21%/3.63%
T Indep. Reflections 78 87 789
FIG. 2. Half width at half maximum of the Lorentzian profiles Ba-U (A?) 0.01423) 0.00991) 0.004@1)
fitted to the measured scans across(thé 1.5 1.5-superstructure Bi-U (A 2) 0.00521) 0.00381) 0.001966)
reflection in Bg e 3BiO; (left scale, filled circles The scans 0-U;,(A?) 0.03023) 0.02372) 0.01231)
were performed in longitudinal direction, and in order to describe  o.y,A 2) 0.00882) 0.00701) 0.00571)
the measured peak shape the Lorentzian profile was convoluted 0O1x 0.015119)

with the experimental resolution. The measurements were per-

formed on the triple axis spectrometer 4F.2. With the right scale we
present the temperature dependence of the corresponding corredqual domain fractions and discuss the relative intensities of
tion length. the superstructure reflections. The transition temperature
may be defined as the crossing between a linear temperature
fluence on the octahedron tilt and the corresponding transidependency belowWs and and the linear extrapolation of the
tion, see below. temperature dependence of the critical scattering afieve
The pseudocubic lattice constant recorded in tR@ £x-  The so-determined transition temperature is slightly above
periment shows no sizeable anomaly related to the structuréiie temperature where the broadening of the intensity distri-
phase transition, see Fig. 1. The same type of superstructubition in Q space sets in. However, it may be seen in Fig. 3
is observed in the whole series of examined crystals. The lefhat the transition becomes more sluggish with increasing K
part of Fig. 3 shows the results of measurements on the tripleontent which impairs the determination of a critical tem-
axis spectromete®43 using large crystals of different com- perature. The transition temperature and the intensity nor-
position(crystals A, C, and F, see Tablgdll of them show malized to that of thg200 fundamental reflection at low-
the structural distortion with a similar smearing as the ondgemperature decrease with increasing K concentration in
discussed above. For one of the crysfakss=0.41, the mea- agreement to the observation at lower K content in powder
surements upon cooling and upon heating did not reveal angyeutron diffractiorf The K doping unfavors the octahedron
hysteresis. In contrast, the experiment on the smaller crystéilt. One may note that the superstructure intensities are very
D revealed different intensities for successive cooling cyclegveak which might render their detection by powder neutron
which we attribute to nonreproducible domain ratios. In thediffraction difficult.
larger crystal these effects should be averaged. For these The superstructure reflection was also found in the small
large crystals A, C, E, and F, one may hence assume almosample B presenting a very sharp and high superconducting
transition. This confirms once more that the distortion is co-
— 6000 existing with superconductivity. The right part of Fig. 3

0.0m %1 3 x0410 ool shows the temperature dependence of that intensity with the
= R x0%Sol | fg 5000 = inset presenting the data close Tg, where, however, no
= = ol anomaly could be detected within the statistical errors.
& 0.010 R 4000 g Determination of the low temperature space grolipio
o . 3000 & independent studies, single crystal neutron diffraction and
o “ T ® g powder dlffracnon using synchrotron radlapon, were used to
o 0005 p=-_ “ 12000 ~ to determine the space group td/mcm With the smaller
N o = . k 11000 & crystal D, which has a sufficiently low mosaic spread, we
%%%:;; Ry have performed structure analyses at 50, 295, and 450 K,
0 Rz 2o, measuring sets of 859, 812, and 926 Bragg reflection inten-

e ——— 0
O 100 200 300 50 100 150 200 250 300 sities, respectively. The data sets at 295 and 450 K, i.e., in
T T the cubic phase could be treated by the standard techifques
FIG. 3. Left part: temperature dependence of the superstructur@nd the results are given in Ta?le . H"f}lf spheres of reflec-
reflection intensitieg1.5 0.5 0.5 scaled to the intensity of th@ 0 UONS were measured up to 106° and 98° {# 4t 295 and at
0)-Bragg reflection in three large crystals of BKBO wite=0.41, 450 K, respectively{corresponding to (Sif{)/\)ma=0.98
0.363, and 0.324, crystals A, C, and F. Fer 0.41 data has been and 0.93, respectivelyThe data sets were averaged accord-
collected upon heating and upon cooling. Right part: temperaturéNd to the Laue-groum3m yielding 87 and 78 independent
dependence of the superstructure reflection intensity in the smafeflections with very low internaR values of 1.24 and
crystal of composition BgssK o 358i03, B, which exhibits a sharp  1.26 %, respectively. The data was corrected for absorption
superconducting transition @t.=32.5 K. The inset shows the in- and an extinction correction was refined according to the
tensity data close to the superconducting transition. Becker-Coppens formalism of type I; all refinements were
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performed with theePROMETHEUSprogram packag®: As al-  wherel4/mcmandlbmmare at the same levé)) The mea-
ready indicated by the exceptionally low interrfRlvalues, sured intensities have then to be fitted by a sixfold superpo-
the corrections are relatively small. In addition, the aniso-sition

tropic atomic displacement parameters, the Ba/K and the

oxygen occupation was varied. The Ba/K occupations re- Int(hkle<aF?(hk,1)+BF?(k,h,1)+ yF?[0.5h+k

fined with the 450, 295, and the 50 K data indicate a K 2
concentration of 0.38), 0.393), and 0.3%2), respectively +1,0&h+k=1),(h=k)]+F70.Xh+k
(we have usedg,=0.517 fm andbx=0.371 fm with its —1),0.5h+k+1),(h—k)]+ eF[0.5h—k
largest error arising from the uncertainty of the Ba scattering

length. For the O occupation we find 0.995and 1.0045) +1),0.5h—k=1),(h+k)]

at 295 and at 450 K, respectivélyconfirming that the elec- (- a—fey—b—e).

trochemically synthesized crystals have an almost stoichio- Y

metric O content, which is expected due to the high effective F2[0.5h—k—1),0.5(h—k+1),(h+K)]. @)

O-partial pressure at the growth electrode.

In the case of the 50 K experiments the data were col- The data can be described reasonably well within the
lected in the 2,X2a,X 2a,, lattice with a, the perovskite |bmm model, however, th& values are significantly higher
cubic lattice constant, an eighth of a sphere was measured G spite of the greater number of free parameters in the ortho-
to 20 =78°, at higher angles only reflections correspondingrhombic model R, (Int.)=4.50% and R,,/(Int.)=3.81%
to a F-centered lattice were measured. The intensity data maympared tdR,(Int.)=4.21% andR,,,(Int.)=3.63% in the
be described within the cubic perovskite, however, the larggetragonal model. ThR value test which is more significant
number of observed superstructure reflections results in fhan those found in the powder diffraction data at lower K
high R value of 13.7%. A major complication for the 50 K concentratiorf, suggests that the low-temperature space
data analySiS within distorted models arises from the tWin'group isl4/mcm In the case of the Rietve|d-p0wder refine-
ning which superposes the contributions of different domaingnent the orthorhombic space group is favorable for refining
similar to the situation in (La/SgCu0y.** There is no split-  the profiles and will impair the symmetry analy&iwithin
tlng of the Bragg reflections detected within the resolution Of’[he 14/mcm model one obtains a Sing|e tilt ang|e of 3.46°
the four-circle diffractometer 5C2. Therefore, it is ascer-gnd inlbmmone determines two ang|es at the two distinct O
tained that the measured intensities correspond to the intpsitions 3.15° and 3.61°14/mcm corresponds to a tilt
gration over all domains. The data were averaged accordinground a[001] axis or around a Bi-O bond wheredsmm
to Laue groupmmmin order to maintain the information of corresponds to a tilt around th&10] axis or around a line
the domains for a tetragonal as well as for an orthorhombigarallel to the octahedron edge. Due to the superposition
low temperature structure yielding 789 independent reflecimduced by the twinning the difference in the quality of the
tions and a low internaR value of 1.61%. In analogy to the description is not essential though still significant.
phase diagram for BPBQRef. 15 and the low K-content  The thermal parameters at all temperatures are rather
part of that of BKBO(Ref. 8 one may consider two possible |3rge and will be discussed below. However, our results at 50
space groupst4/mcmandlbmm In both lattices the two K may be compared to those of Kwet al?® obtained on a
shorter parameters arise from the cubic perovskiteyBy powder sample of similar composition. Kwet al. analyze
Xa, and the longer by &;. In the case of the tetragonal their data in the cubic undistorted symmetry and obtain a
space groug4/mcm associated with a tilt of the octahedra very large value for the thermal parameter of the O site in the
around[001], one has to consider three different orientationsdirection of the displacement by the tilt;}00)=U,,(O)
though the real twinning law is more complex. These three=0.0191(2) A? corresponding to a root mean square dis-
arrangements correspond to the orientation of the tetragonglacement of 0.14 A or a root mean square tilt of 3.5°. The
axis along 100], [010], or [001] of the cubic perovskite. The |arge magnitude of the thermal parameter and the simple
calculation may be easily performed using the nonstandargrystal structure allow a reliable determination with powder
F-centered settingcorresponding to @x2ax2a); a mea-  diffraction. Our refinements of the undistorted model with

sured intensity has then to be fitted by the single crystal data yield a comparably large value
) 5 0.01793) A 2. It is obvious that in our cubic treatment the
Int(h k 1)=scalg¢aF=(h k )+BF(h | k) enhanced parameter arises from the neglect of the distortion.
F(1—a—B)FA k h)], (2  The fact that Kweiet al*® find the same value clearly indi-

cates that their sample exhibits a similar structural distortion.
where «, 8 designate the volume fractions of the different In order to confirm the tetragonal space group we have
domains and-(hkl) is the structure factor of thehkl) re-  performed synchrotron diffraction studies on powders ob-
flection. tained by grinding small parts of the crystals cut from oppo-

The results of the refinements with the 789 reflections aresite corners. The observed peak shapes remained in all cases

given in Table Il in the standard settiig/mcm The de- larger than the experimental resolution of about 0.06 degrees
scription of the data within space grolibpmm is more dif-  full width at half maximum(FWHM) in 20. The samples
ficult since the twinning is more complex. For the analysis ofwere inserted in a closed cycle refrigerator for cooling, and
the twinning, one may consider that each of the tetragonah order to reduce the influence of single grain scattering the
twin domains splits into two domains as in a tetragonal tosample was kept continuously oscillating. Complete patterns
orthorhombic transition leading to six orientationdhis  were recorded with a wavelength of 1.066 AKDRO
should not be confused with the total symmetry reduction<<100°) at only a few temperatures for a part of crystal A.
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£ & FIG. 5. Left part: temperature dependence of the lattice param-
& 2500 2500 & eters determined by Synchrotron radiation on ground
2 g Bay 6K0.3Bi03. The tetragonal lattice parameters were rescaled to
g 1250 | ¢ 1250 g the undistorted cubic constant. Right part: temperature dependence
£ ~ of the tetragonal splitting defined @$2a—1 (obtained on both

sampley compared to the temperature dependence of the intensity
of the (1.5 0.5 0.3-superstructure reflection intensity.

o

é o

d

the (224) cubic reflections whereas the (222eflection
stayed unchanged. The reduced tetragonal splitting agrees
with the smaller observed superstructure reflection intensity
in this crystal, see Table I. The powder ground from a part of
crystal D exhibited reflections widths too large for an analy-
sis of these small splittings.

g

3
N
3
(spun -quo) Aysuayu)

Intensity (arb. units)
3

700 | 1200
The transition fronP m3m to 14/mcmis characterized by
oL , J L , Jdo the condensation of a zone-boundary phonon mode, since it
74 75 76 74 75 76 leads to a doubling of the translation cell. The corresponding
20 (degree) 20 (degree) phonon mode in the cubic phase is the triply degenerate ro-

o _ tation mode at the R point!* associated with a three com-

FIG. 4 _Parts of the diffraction pattern_s measure_d V\(Ith Synchro- onent order parameter. The condensation may lead to tran-
tron radiation on a powder sample obtained by grinding a part of . . . / b 3
crystal A for composition Bggdlq 3 BiO3. The solid lines corre- sitions . Into space groupsi4/mcm Ibmm, or R3c .
spond to fits of the data with the Rietveld technique in space grouﬁiependlng on tr%? components of the order parameter which
I4/mcm The notations of the reflections correspond to the undis?€COme nonzer@: In order to analyze the behavior of spon-
taneous strains one has to add coupling terms to the Landau-
free energy? In the case of a zone boundary mode, any term

The data were fitted with the Rietveld technique, and satisl-Inear in the orQer parameter Is not |n\{ar|ant under the sym-
N . . metry of the high temperature phase; therefore, the lowest
factory description is obtained in space grolgymcm

MR C allowed coupling is a term linear in the strain and quadratic
whereas the fit within space grolipmmshows deficiencies . 2 o
. L . . . in the order parameterQ<. In addition one has to add the
and results into unrealistic orthorhombic splittings. In Fig. 4

some parts of the diffraction pattern are shown together witﬁe'aStIC energy caused by the strain given by the square of the

the Rietveld description in space grolgfmcm The indices s;r_am times the corresponding elastic cons@ét. The con-

are given in cubic notation; the tetragonal lattice parametergtlon that tzhe s%/siem has to be stress freE/&e

are related to the cubic one loy=2a, anda,= \2a,. The =0loe(a €Q"+Ce") =0, leads to the proportionality be-

cubic (222) reflection corresponds to (4Q4in tetragonal tween strain and the square of the order parameter

notation and should not split in the tetragonal phase. Indeed

this reflection remains unchanged when cooling from 295 to €xQ?, (4)

15 K. In contrast, in an orthorhombic phase (22%)ould

split into (404), and (044). The cubic (400) and (224)  which may be easily verified by the superstructure reflection

reflections should split in the tetragonal phase intointensity, which is also proportional to the square of the or-

(008),/(440), and (408)/(624),, respectively, as it is well der parameter. In Fig. 5 we show the temperature depen-

described by the Rietveld fifthe description of the peak dence of the tetragonal lattice parameters, which demonstrate

intensities is still suffering from single grain scattering ef- the shrinking of thea,b plane due to the rotation of the

fects. On the ground of these peak splittings we can excludectahedra around theaxis. In the right part of the figure the

the orthorhombic space group. tetragonal strain is compared to the intensity of the super-
A powder sample Il, obtained from the opposite corner ofstructure reflection intensity, which confirms perfectly the

crystal A yielded the same results. A sample cut from samplexpected relatiori4). In the case of the orthorhombic phase

B revealed peak broadening upon cooling for the (4@0)d one would expect a similar relation for the different ortho-

torted cubic perovskite.
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1 / & 295K 3
$ = 10K
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! 0 . ‘ , ‘ .
0/ , 0 100 200 300 400
0 0.25 0.50 T (K)
red. wave vect. (f E f) FIG. 7. Temperature dependence of the frequency and the width

of the rotation mode aR=(0.5 0.5 0.5) in BggKo3BiO3. The
FIG. 6. Dispersion of the lowestacousti¢ As branch in  data were measured by const@htcans on the thermal triple axis
Bay 6K 3BiO3, at the zone-boundaig=(0.5 0.5 0.5) this branch  spectrometer 2T at two differei@ values.
ends in the triply degenerate rotation mode. The dashed line indi-

cates the frequencies calculated with a shell moRef. 27. Surprisingly there is no indication of the structural transition

occurring near~220 K. In addition the mode remains

rhombic strains, which was not found for samples at thestrongly broadeneéabout four times the experimental reso-
border of thelbmm phase in Ref. 8. lution) in the entire temperature range. For a usual transition

Summarizing the structural studies, one may conclud®ne would expect a frequency-softening of the mode upon
that there is a tetragonal phase betweenlttram and the cooling towardsT and a splitting belowl 5 with one mode
cubic phase, the latter should be restricted to much higher Istaying at low frequencies associated with the non-
content. In particular superconducting samples are still discondensed components of the order parameter. This behavior
torted at low temperatures. This distortion has certainly esis observed in SrTiQ*° We think that the missing of a sig-
caped detection in the previous powder diffraction experi-nature of the phase transition in the phonon modes in BKBO
ments due to the low superstructure intensity combined withis another consequence of the huge structural disorder due to
the small strains and/or a restriction to short range lengttBa-K mixing. Phonons are determined by the local structure
scales. It appears tempting to identify the superconductingn a time scale larger than their reciprocal frequency. There-
phase with the tetragonal space group, like it is proposed fdiore, the pronounced critical quasielastic scattering has a
BPBOZ This resembles the interpretation of Reial® ex-  similar influence on the phonon mode as the long range dis-
cept that there is still a distortiofbbut differen). The differ-  tortion below Tg. The character of the transition in these
ence between nonsuperconducting and even nonmetalltompounds has strong order-disorder character.
BKBO and the superconducting samples would then be trig- Simulation of the structural disorder by harmonic lattice
gered by a different tilt scheme and, hence, resemble thdynamics.In a perfect crystal the atomic mean square dis-
suppression of superconductivity in the LTT phase of somglacements arise only from the thermal excitation of the pho-
cuprates® However, this idea needs certainly more detailednon modes. Assuming harmonic lattice dynamics, which in
analysis. For instance there is significant spread in the literathe rather hard BKBO compounds is reasonably justified be-
ture on the K extension of the superconducting region inlow room temperature, one may calculate the phonon contri-
polycrystalline sample€:?*17 Furthermore, there might be bution by a lattice dynamical model. Due to the determina-
some difference in thébmmnvl4/mcm phase boundary for tion of the entire phonon dispersitra reliable model for the
powders and single crystals since this is a first order transilattice dynamics has been developed using the ionic charges,
tion. Unfortunately, our attempts to grow single crystals inthe shell charges and coupling to the cores, and the interac-
the lbmm phase were not successful up to now. tion potentials between the ions. Each phonon mode contrib-

Dynamics of the phase transitioRigure 6 shows the dis- utes to a mean square displacement along a defined direction
persion of the lowestacousti¢ A 5 branch measured on crys- of a certain ion, if the ion is displaced along this direction in
tal D at 295 and at 10 K on the triple axis spectrometer 2 Tthe vibration, i.e., if the corresponding polarization vector
The branch ends at tHe point (0.5 0.5 0.3 in the rotational component is nonzero. The integration of the polarization
mode, and it exhibits significant softening when approachingatterns of all branches weighted with the thermal occupa-
this mode. At both temperatures the dispersion shows thgon number over the Brillouin zone gives then the entire
signature of a close structural instability. Furthermore, thephononic contribution to the thermal parameter.
dispersion can be well reproduced by the lattice dynamical In Fig. 8 we compare the parameters as observed in the
model obtained by fitting the whole set of dispersion curveghree four-circle experiments to these harmonic calculations
determined on the same cryst&f’ (solid lineg. The general tendency of the parameters is re-

In Fig. 7 we show the temperature dependency of thdlected in the calculated values, but there is a significant en-
frequency and that of the line-width of the rotation mode.hancement of the experimental mean square displacements
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Bdg, 63K, 378105 Bay, g3, 378103 pendicular andAU3=0.00003 A? parallel to the Bi-O
0. 02 p————— 0.04 ———— -
o U.-0 bond. The ad.dltlon of thgse vaIueg to the temperature depen-
. U .-B = 03200 dent phononic contribution describes the observed param-
117Ba o.03f 1% -

eters reasonably well. In particular it may account for a large
part of the enhancement of;l{O), the thermal parameter
related to the octahedron rotation. Most of the thermal pa-
rameters can hence be explained by the harmonic lattice dy-
namics and the Ba-K mixing. That the;1¢O) value is still

= U“—Bi ®,

> larger than the calculation is certainly due to the anharmonic
P potentials related to the tilt, which are completely neglected
0 100 200 300 400 500 0 100200300400500 N our model. o _
T @ T 40 The influence of the Ba-K mixing Bg¥ 3BiO; can be

o ) estimated by comparing the static averaged oxygen displace-
FIG. 8. Atomic displacement parameters foroB#o.sBiO; 8 ment in the distorted phase 0.14 A |, to the disorder induced
a function of temperature. The symbols designate the values detefyot mean square displacement of 0.08 A as determined by
mined by elastic neutron diffraction; the solid lines indicate thethe difference between phononic and measured mean square
contribution of phonons calculated in a harmonic lattice dynamicaldisplacement. The disorder induced local variation of the ro-

model and the dashed lines designate the phonon contributiO{}jltion is comparable to its mean value. Therefore, it is not

added by the temperature independent square displacements ip-, . . o i,
duced by the Ba-K disorder. The disorder contribution was deterf‘smnIShIng that the critical character of the phase transition

mined by relaxation of the local interactions in the harmonic model.'S that anomalous. The fluctuations appear to be strongly
pinned by the local disorder. Local disorder has also been
indicating additional disorder. For example, in the case of th&onjectured from EXAFS studiés.
HTCS cuprate¥-3*much better agreement has been found in  The only thermal parameter whose enhancement may not
spite of a more complicated structure. The discrepancy mogdie explained at all within this model is the oxygen value
likely arises from the disorder induced by the Ba-K mixing, parallel to the bond. This enhancement might arise from
and is most pronounced for,Jof the oxygen, which is the damped or quasistatic breathing-type fluctuations and is re-
parameter related to the octahedron rotation. flected in anomalies in the phonon dispersion. The Bi-O-
Using the harmonic model we have simulated the influ-bond stretching vibrations, which are associated with the dif-
ence of the Ba-K mixing. For that purpose we have intro-ferent types of breathing instability are found to be strongly
duced distinct potentials for the Ba-O and the K-O interacrenormalized in the metallic phase indicating a particularly
tions and distinct charges. Then largex(8x 8) supercells  strong electron phonon couplingn agreement with band
have been constructed with an arbitrarily fixed occupation oftructure calculation.
the A site by Ba and K ions. These cells contain 512 unit
cells and 2560 sites. Corresponding to the K contenx of IV. CONCLUSION

=0.4, 307 Ba atoms and 205 K atoms are distributed ran- L . .
The combination of neutron and synchrotron diffraction

domly to theA sites. The variation of the interatomic poten- ) L -
tials results in nonzero forces on the ions. when these ar'étumes on BKBO clearly indicates that there still is a struc-

fixed to values of the perovskite structure. We then allow the hed ion. The local disorder induced by the mi
ions to relax these forces by positional displacements, Whos%Cta edron rotation. The local disor er induced y the mix-
g of Ba and K atoms on the same site essentially modifies

squares were averaged over the supercell. After ten iteratior] ) T . .
the average force was reduced to about 0.005 eV/A corrél'® c_h_araqter of thia priori displacive phase transition. The
sponding to an average accuracy in the position of aboufansition is smeared and the expected phonon softening does

0.00(6 A . The relaxation process was done exclusively innot occur. The symmetry of the distorted phase is tetragonal,

directr space which does not provide an essential problenfPace group4/mecm adding an additional structure between
for Bay Ko 4BiOs due to the strong screening of the Cou- the known orthorhombic and undistorted cubic phases. The

lomb potentials. Nevertheless, interactions up to 20 A had tétructural distortion in this tetragonall space group rep.resents
be taken into account. In general, screening was accountéBe natural consequence of a rotational instability with the
for by a Lindhard-type functiomwith a Fermi vector Oﬂ(f SGQEGHCEP m3m-l4/mcmlbmm, since the direct transition
=0.45 A~! and a screening vector dfts=0.49 A"1)  Pm3m-lomm is not allowed by Landau-theory to be
which is given in reciprocal space. The calculation uses theontinuous’® The phase diagram of BKBO, therefore, re-
assumption that the ratio of the effective ionic charges corsembles that of BPBO even more than previously thought
responds to that of the nominal valences, in this ca&a)Z  and one might argue that just the change of the tilt direction
Z(K)=2. For identical ionic radii also the prefactors of the triggers the different physical properties, i.e., metallic in
Born-Mayer potentials must have the same ratio within thd 4/mcmand nonmetallic ifbmm. There have been serious
framework of transferable potentials. efforts to study the metal insulator transition by optical
By performing this procedure for a large number of arbi-method$?12133334gnd by EXAFS'° These results indicate
trarily chosen supercells and by averaging the results, onthat the transition is associated with the disappearance of a
may suppress the peculiarities of a certain configuration andhort range breathing distortion which appears to be stabi-
gets the mean square displacements induced by the disordered in the orthorhombic structufé i.e., by the tilt around
in the interaction. We obtain for Ba/KU=0.00095 A%for  an axis parallel to an octahedron edge. A connection between
Bi AU=0.00023 A? and for OAU;;=0.00301 A? per- the tilt and the breathing instability was also conjectured
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from band structure calculatioftswhich concluded that the suggests an analogy with nonsuperconducting cuprates,
tilt is favorable for a breathing distortion. It appears highly where charge order of the stripe-type has been obséf&d,
desirable to study single crystalline samples close to thsince in this case it is argued that the particular tilt scheme
metal insulator transition by neutron scattering, howeverstabilizes the charge order related to a one-dimensional
these samples appear to be extremely difficult to prepare. Butreathing distortion.

even in the superconducting samples studied here we find an

enhanped value f(_)r the .O thermal paramet_er parallell to ACKNOWLEDGMENTS
the Bi-O bond which indicates some persisting breathing
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The dependence of electronic properties on the tilt schemerystal of good superconducting properties.
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