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Comment on “Incommensurate composite structure of the superconductor B6r,CaCu,Og. 5"
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J. Etrillard, P. Bourges, and C.T. L[#Phys. Rev. B62, 150(2000] compared the structural description of
the aperiodic structure of the so-called high-superconductor Bi-2212 in the incommensurate modulated
structure model and in the composite model. According to neutron diffraction data, they disqualified the first
one. Another calculation proves that this conclusion is not justified. The structural equivalence between both
descriptions is demonstrated, using previous structural results, and using the 4D formalism for aperiodic
crystals.
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In their recent report, Etrillard and co-workers investi- their results to the previous ones. The agreement concerning
gated the nature of the incommensurate structure of the higlhe displacive modulation amplitudes is outlined mainly con-
T. superconductor BSr,CaCyOg, 5. According to elastic  cerning the cationic description of the structure, and particu-
neutron scattering experiments and considering the observdarly with the results of Petricek and co-work&$he com-
neutron diffraction intensities of selected reflections alongparison is not made with our own previous stddyt in this
specific directions of the reciprocal space in th&,c*) scat-  case too, there is a very good agreement, even concerning the
tering plane, they tried to calculate the corresponding strucexygen modulation parameters, except the hypothetical extra
ture factors, using the usual four-dimensional model foroxygen atom in the BiO layers. For the other oxygen atoms,
modulated structurésand the structural refinement param- occupation modulations have also been introduced which are
eters given by Milest al® They apparently found an obvi- quite analogous to the refined ones in our study. Such large
ous disagreement with their experimental data. When considsimilarities cannot be a pure coincidence, and the proposed
ering the usual modulation vectars=0.21b* +c*, their  structural model cannot be completely wrong. Thus the de-
calculation gave similar intensities for satellite reflectionsscription using the composite model cannot be considered as
(h,k,l,+m) and (,k,I,—m), when the observed intensities the only valid description of the structure.

(h,k,I,—m) appeared much weaker. An explanation is pro- In order to clarify this point, we have calculated the
posed, based on the composite structural model of Walkesquared structure factors using neutron diffusion factors, in
and Qué' In this case, satellite reflections of higher intensitythe usual incommensurate modulated model with the two
could correspond to the main reflections of the second sutsets of refined structural parameters already publighas-
lattice of the composite structure. Unfortunately, it seems notng the refinement program JANAZ8.The agreement be-
possible for the moment to validate this hypothesis by othetween both calculations is rather good and the corresponding
calculations. results are drawn in Fig. 1 using Miles’ parameters. These

It is clear that diffraction results strongly depend on theresults do not agree with the calculated structure factors in
nature of the beam. Particularly with this kind of structureRef. 1. They are to be compared with the experimental data
where oxygen atoms coexist with bismuth ones, it would begiven in Fig. 1 of Ref. 1. One clearly observes bigger inten-
of primary importance to get valuable measurements usingities fork=2.21 ork=4.42 then fork=1.79 ork=23.58.
neutron diffraction. Unfortunately, until the work of Miles Moreover, at least qualitatively, the agreement between the
et al.’ the size of the samples did not allow reliable neutronrelative observed and calculated intensities is rather good.
diffraction data collections. Moreover, Etrillaret al® im- This calculation clearly shows that the standard usual modu-
pute to oxygen the predominant contribution to the modudation model cannot be discarded in favor of only the com-
lated structure and so all the previous x-ray diffraction stud{osite model.
ies should be cautiously considered when describing the Reference is also made to a previous analysis of the 2201
oxygen configuration. Indeed, these studies are numerous cuprate phase by the composite model, using x-ray and neu-
and except the results of Kagt al’ are in relative good tron powder diffraction dat& This study can be directly
agreement with each other. The differences can only beompared with the structure refinement of the same 2201
found in the models used to describe disorders or oxygephase using the 4D model for incommensurate modulated
position within the BiO layer. This is directly the conse- structures and single crystal x-ray diffraction d4tarhe
guence of the weak sensitiveness of x ray to oxygen. Whenomposite aspect of the structure mainly concerns the BiO
considering these different results, and even if oxygen idayers, because they are simultaneously built with the Bi at-
deeply involved in the modulated scheme, in a relativelyoms belonging to the main sublattick,&5.4 A) and with
hidden way, one cannot only attribute to oxygen the mairthe O atoms belonging to the second sublattids (
features of the modulated structure. The proof has been giversb,/2.21). These BiO layers are schematically drawn in Fig.
by the last study of Miles and co-worketsThey have re- 2 in both descriptions, with their relative interatomic BiO
ported a structure refinement carried out from neutron dif-distances. We can see that both studies, very different in their
fraction data using a large single crystal and have compareexperimental conditions as in their refinement procedures,
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FIG. 3. x,—X, four-dimensional Fourier maps fof;=0.157
and x3=0.054 around the oxygen site. R®hysical space(a)

FIG. 1. Calculated squared structure factors in the modulateqiodulated incommensurate description; bold curves: refined modu-

incommensurate description for first ordée<(2+0.21) and sec-

ond order k=4+0.42).

® 90 g 0.9 @

lated functions with significant site occupati¢Ref. 8); (b) com-
posite description.

result in quite identical BiO configurations except in a rather
limited region, labeled D in Fig. 2. In fact, these D regions
correspond to statistical disorders of both the Bi and the O
atoms in the BiO layers. This disorder cannot be easily taken
into account in standard modulated or composite models and
can be neglected in a first approach in this comparison. They
have been more properly described in the similar modulated
structure refinement of the 2212 phaed still gave equiva-
lent bridging oxygen positions as in the composite descrip-
tion.

We can try to understand the equivalence of both models
in the case of the so-called Bi-2212 structure. Let us con-
sider, for example, the 4D Fourier synthesis map correspond-
ing to the atomic position of the oxygen atom within the BIO
layer, belonging to the second sublattice defined in the com-
posite description of the structufEig. 3(@)]. This figure has
been drawn in the 4D superspace with the cell corresponding
to the modulated model, i.e., with the modulation vector
g=0.21b*+c*. The 4D unit cell is represented by a gray

FIG. 2. Schematic representation of the BiO layer of the 22018r€a. The refined longitudinal modulation function has been

cuprate phase projected alonglLarge opened circlesBi; small
black circles=0; interatomic distanced: black: d<2.2 A; grey:
2.2 A<d<2.4 A: white: 2.4 A<d<2.6 A. (a) Modulated incom-
mensurate descriptiofRef. 12; (b) composite descriptioriRef.

11).

drawn and describes very well the electron density except in
a limited interval forx,=0 corresponding to the D region
previously mentioned. In fact, in this interval, the modulated
occupation of the site is very wedkand this site is replaced
by another sit&, corresponding to the bridging position
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already mentioned. Thus the corresponding part of the dis- X4
placive modulation function has no physical meaning. The
same supercrystal can be equivalently described by another
4D cell, characterized by a different modulation veatpr
=2.21b* +c*, as predicted by Etrillarét al., and schemati-
cally represented in Fig.(B). Another modulation vector
g,=1.21b* +c* could be still more appropriate. In any case, -
the oxygen electron density can then be represented by a
linear functionx,= 0.5 (bold lines in the figurg only inter-
rupted for 0.25:x,<<0.75. Let us recall that for a composite
crystal, neglecting intermodulation between both sublattices,
the 4D supercrystal can be described by two independent sets
of linear atomic string$"*3corresponding to both sublattices. 0
In the present case, the linear string corresponding to the
oxygen atom is attributed to a second sublattice, and the FiG. 4. x,—x, four-dimensional Fourier maps for,=0.224
present supercrystal can easily be described within the conand x,=0.0514 around the bismuth site. Bold and dashed lines:
posite model. However, the interruption of the string has taefined displacive modulation functions for the disordered Bi site
be explained. In fact, for 0.25x,<<0.75 (respectively 0.75 (Ref. 8; P.S=physical space.
<X,<1.25), the oxygen atom within the BiO layer, is char-
acterized byx;=0.16 (respectively,—0.16). So, we have to modulation amplitudéit becomes of the same magnitude as
attribute to this oxygen atom a corresponding average posthe Bi modulation amplitudeand to explain the correspond-
tion with x,=0 and with a large displacive transverse modu-ing Fourier maps with two distinct maxima. Even if this
lation function alongx, (amplitude +0.16). The same type duplication is less clear in the case of the cuprate compound,
of modulation was already attributed to the correspondingve can nevertheless observe also two maxima, and the same
oxygen atom of the BiO layer of the 2201 structure using thedescription could also be applied. In this case, the composite
composite descriptioh: for this compound, the equivalence description appears also to be less adequate. This example
of both descriptions has been outlined above. In the composhows that it is not possible to describe these structures with-
ite description, the introduction of the additional huge trans-out taking into account Bi and O disorders, which are intrin-
verse modulation appears rather artificial. It outlines thesic and systematic in highz superconductor layered com-
strong correlation between oxygen and bismuth atoms whicpounds.
belong to the same rocksalt type structural block, and for We agree with Etrillarcet al. that the choice of one model
which it is rather difficult to imagine that Bi and O atoms for the structural description of these aperiodic compounds
belong to two different sublattices. can induce different interpretations for lattice dynamics
In fact, the displacive modulation associated to the 4Dproperties. We want to outline that such a choice is not as
electron density function corresponding to the Bi atdfig.  simple as it seemed to be in their presentation and that
4) can also be described by a sawtooth function. The saméihe arguments given to disqualify the modulated model are
type of modulation function was also refined in the case ohot valid. From a structural point of view, both models result
the BIiO layer of the intrinsically modulated composite struc-in the same atomic positions for these phases. We agree
ture [Bigg:Sr0,],[CoO,]1 0. 1° In this last case, the saw- about the fact that the structure cannot be described as a
tooth function had also for consequence a very large discreglassical modulated one, but we can hardly support the com-
ancy between diffracted intensities of satellite reflectiongposite description with an oxygen lattice deeply interwoven
with +mq and with —mq (let us recall that these satellite with the main bismuth lattice. This last description would
reflections correspond to the intrinsic modulation of the BiOimpose severe and artificial occupation or displacement rules
layer, which is independent from the composite character ofor the uniqgue O atom of the corresponding sublattice. A
the structurg The asymmetry is clearly not a proof for a crucial problem probably lies in the systematic existence of
composite structure but is directly related to the asymmetngtructural disorders in the present structures, which do not
of the sawtooth modulation functions. depend on the considered model. Two questions are still
Another useful comparison can be made with the moduepen: how two different formal models, which can describe
lated structure of the bismuth 2212 ferrifeln this study, a in equivalent ways the same structure, can also explain in
new model has been given for the oxygen atom of the BiCequivalent ways the complex lattice dynamic of these phases,
layer. Instead of only one site in special position in the mir-and how unavoidable disorder phenomena, as related in the
ror plane orthogonal to thgdirection, two symmetry related extended zones of the BiO layers, can influence collective
sites were introduced in general positions. This descriptiormodes and have to be taken into account in any dynamic
allows us to give to the oxygen atom a reduced longitudinabtudy.
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