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We have studied the effect of structure optimization on the topology of the Fermi surface and on the
Raman-active phonons of f8r,CaCyOg. By total energy and force minimizations within the density-
functional theory we have identified the most stable atomic geometry considering both an idealized body-
centered tetragonal structure, inclusive of surface truncation, afi<a 2 orthorhombic cell simulating the
observed distortions in the BiO planes. The optimization of the tetragonal cell leads to small but visible
changes in the topology of the Fermi surface, rounding the shape of the lGzuf@ls, while the orthorhombic
distortion is responsible for the “umklapp” bands that have been observed by angle-resolved photoemission
spectroscopy. The latter also gives rise to Raman-active vibrations not permitted in the tetragonal cell and
strongly influences the attribution of the phonon peaks measured by experiments.
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[. INTRODUCTION culations of Bi-2212 available up to now have been per-
formed in an idealized crystal structlte with lattice pa-

Among the high temperature supercondudtéfSC) cu-  rameters taken from experiments and no optimization of the

; ; ; .. BiO pockets around th& symmetry point in the Brillouin
Bi,Sr,CaCyOg (Bi-2212), is a prototype for spectroscopic X .
studies due to the relative ease to characterize a stable cryZSQne(BZ) that have no clear counterpart in the photoemis-

all ; . gt i depiion spectrd? moreover, the overall shape of the two main
alliné surface not exposed 1o Segregaton or Oxygen Gepl§;, a5 centered at is not correctly reproduced. Recently, it

tion phenomena.A thorough comparison between experi- haq heen shown that the differences in the Fermi surface
mental data and theoretical calculations has been hindered yRaps of Bi-2212 observed under various experimental con-
to now by the complex structure of this compound thatditions can be reproduced by the proper inclusion of photo-
makes theab initio determination of electronic states a dif- emission matrix elements:*? these calculations assumed

ficult task. Bi-2212 exhibits in fact an incommensuratehowever a perfect tetragonal structure and artificially modi-
superstructur?e—4 in the Bi-O plane, near to a commensuratefied the ionic potential to remove the BiO pockets around the

orthorhombic distorted cel/2x 512 with axes at 45° with M point. .
respect to the in-plane Cu-O bonds. This distortion involves !N this paper, we focus on the effects induced on the low-

atomic displacements as large as 0.5 A that are expected ergy excitations of Bi-2212 and on Raman-active phonons
affect the electronic bands y a more accurate description of the geometrical structure.

. .. It has been demonstrated that the optimization of the crystal
~ A detailed knowledge of the low-energy electron excita-arametergvolume, c/a ratio, and atomic coordinateteads
tions and the Fermi surface topology is essential to undefy, yBa,Cu,0;, to a better agreement with experimettsn
stand the unusual properties of the normal state of fiigh- the case of Bi-2212 we have to include also the Bi-O modu-
cuprates and to shed light on the superconducting mechaation occurring in the observed incommensurate superstruc-
nism. A comparison between theoretical and experimentallyure. We do this adopting an averagely distorted orthorhom-
determined Fermi surfaces requires a high level of accuraclic (AD-ORTH) structure previously proposed for another
in the computation of electronic states and various nontriviatompound of the bismuth family, i.e., the one Gu@ane
ingredients such ag) a realistic description of the complex compound Bi-2201* By total-energy minimization we de-
crystal geometry and composition of the material in examtermine the equilibrium positions of the atoms considering
inclusive of surface effectdji) many-body correlations as- both the ideal body-centered tetragofBCT) structure and
sociated to the strong interaction between localizedhe distorted ong AD-ORTH), and including also surface
electrons: (iii) an explicit simulation of the photoemission effects. As a severe test for the structures we calculate
process and of photoemission matrix elements. Most of th®aman-active phonon frequencies and eigenvectors and
published works rely on drastic simplifications of some ofcompare them with experimental data. There has been a re-
these ingredients. All the first-principles band-structure calnewed interest in the electron-phonon coupling as a non-
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(a) (b) far as first-principles calculations are concerned. We have
therefore chosen a more simplistic approach, considering the
average displacements of the atoms from their tetragonal po-
sitions. Insetgb) and (c) in Fig. 1 show how the displace-
ments of the @; and Bi atoms in the BiO planes, allowed by
an orthorhombicy2x /2 cell (with space grouBbmb), ac-
count for the mean expansion and contraction of the Bi-O
bonds. The type of distortion is the same assumed by Singh
and Pickett* for the one-layer Bi-2201 compound, whereas
we stress that for the Bi-2201 crystal th@x 2 cell itself

is the commensurate analog to the real incommensurate su-
perstructure. Here, it suffices to say that in-plane average
displacements of around 0.5 @.14 A) along the distortion
direction are observed for thegQ(Bi, Og) atoms® More
details on the experimental lattice parameters as well as pla-
nar and off-plane coordinates of all the atoms in the BCT and
AD-ORTH cells will be given later in the paper.

FIG. 1. (Color onling In (a) half of the primitive unit of the IIl. METHOD AND COMPUTATIONAL DETAILS
body-centered tetragon@BCT) cell with space group4/mmmof

Bi-2212 is depicted. Inb) and (c) the BiO plane is sketched in All calculations have been carried out using the full-
absence or presence of the distortion, respectively. The orthorhonpotential linearized augmented plane-wavd APW)
bic cell is rotated by 45° in thab plane with respect to tetragonal method®’and its recent extension (APWocal orbital) as
one. implemented in thavien2k code!® The muffin-tin radii in-
side which the plane waves are augmented by radial func-
negligible and ubiquitous effect influencing the electron dy-tions expanded over spherical harmonics have been chosen
namics in the high-temperature superconductdmccurate to be 1.9(Ca), 1.9 (Cu), 2.2 (Sr), 2.25 (Bi), and 1.45(0)
ab initio calculations of phonon modes are therefore veryBohr. Exchange and correlation effects are accounted for by
much needed, which were lacking for Bi compounds untilthe local-density approximatioi.DA). In the wave-function
now. expansion=2200 (2400 basis functions have been used,
The work was organized as follows. After a brief intro- and 40(27) specialk points within the irreducible part of the
duction of the Bi-2212 crystal structure in Sec. Il, the BZ sufficed for BZ integrations for the BCTAD-ORTH)
method in use and some computational details are presentstructure. Starting from the experimental parameters we have
in Sec. lIl. The discussion of the results will be addressed iroptimized the volume and/a ratio for the BCT(and also
Sec. IV, and conclusions will follow. b/a for the AD-ORTH cell by minimization of the total
energy. At each step the atoms were allowed to relax to their
equilibrium positions under the influence of the atomic
forces, a procedure leading to very accurate equilibrium
The basic unit of Bi-2212 is composed of two CuO structures. The remanent forces in this case are less than 0.2
planes per cell separated by Ca ions, and two Bi-O layer§"Ry/a.u., which is an important starting point for the calcu-
separated from each of the CuO complexes by a Sr-O layelation of reliable phonon frequencies. Within the frozen-
The Bi-O planes have, similar to the Cu-O chains in thephonon approach a polynomial fit of calculated atomic-force
yttrium family, the role of a “charge reservoir,” attracting values is carried out. For the fully symmetAg modes this
electrons and therefore doping the Gu@anes with holes. was done for the equilibrium position plus two to four dif-
When the complex superstructures in the BiO plane observeigrent displacements of each participating atom along the
by diffraction experiments are neglected, the crystal structur€artesian axis. Diagonalization of the dynamical matrix
of Bi-2212 is well represented by the body-centered tetragoyields the phonon frequencies as well as the normal vectors
nal cell (with space group4/mmm shown in Fig. 1a). The  of the vibrations.
superstructure arises because of the mismatch between the

Il. CRYSTAL STRUCTURE: BCT VS AD-ORTH

equilibrium Bi-O bond length and the lattice constant im- IV. RESULTS
posed by the Cu®planar nets. The weak coupling of the o
two BiO planes has been found to favor the appearance of A. Structural optimization

such distortion, as opposed to the case of the TI-2212 com- Starting from the experimental data by Sunshéntel®
pound, where the shorter distance between the TIO planes {Exp) we have optimized the volum&ol-Opt) or both, vol-
responsible for its absence. Moreover, the observed supeime andc/a ratio (Full-Opt), as described above. The case
structure is incommensurate with respect to the Cu-O latticgvhere internal coordinates are relaxed using the experimen-
constant, and is only approximately arranged byy2 tal lattice volume and/a ratio (Atom-Op} is also given.

X 54/2 orthorhombic celf. The full account of these distor- The results obtained using the BCT cell are reported in
tions represents a severe task even for modern computers, &ble I; the well-known LDA underestimate of the volume is
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TABLE |. Lattice parameters and atomic coordinatiesunits of lattice constantdor the BCT structure
of Bi-2212: columns 1-3 refer to different optimization levésee text for the detailswhile in the last
column the experimental data taken from Ref. 19 are listed.

Full-Opt \Vol-Opt Atom-Opt Exp

Vol (A3) 202.2 202.2 226.3 226.3
c/a 8.258 8.065 8.065 8.065
A(E)(mRy) —-67.4 —65.1 0

Zcu 0.0499 0.0498 0.0491 0.0543
Zg 0.1100 0.1103 0.1058 0.1091
Zg; 0.2008 0.2015 0.1949 0.1989
Zo,, 0.0514 0.0513 0.0503 0.0510
Zo,, 0.1331 0.1328 0.1296 0.1200
Zo,, 0.1991 0.2000 0.1929 0.1980

also found here and amounts to more than 1QPeory: change is the sizable increase of the dimpling in the SrO
202.2 A% experiment 226.3 ARef. 3], while for (YBCO)  plane(of around 0.3 A, while it is only slightly reduced in

it was around 6% only. The optimizexda ratio is 2% larger the CuQ and BiO planes. The dimpling of the Cy@lane
than the experimental one, but its influence on the cohesivid HTSC has been shown to be connected to the bifurcation
energy and the equilibrium positions of the nuclei is small.of the saddle point near thé point?° and much attention
The calculated band structure for the experimental celhas been devoted to it in the framework of the van Hove
agrees very well with other LAPW resuftd,and will not be  scenarid*

given here. Both the volume reduction and the increase in the The same optimization procedure has been used for the
c/a ratio results in a squeezing of the Cu-O in-plane bondAD-ORTH cell and the results are shown in Table Il. Note
length; as a net effect hybridization between Gudd BiO  that the the origin of the cell is shifted byf,b/2,—c/4)
planes through the SrO plane is favored inducing both BiCfrom the one of the BCT cells, while the orthorhomkiand
bands to cross the Fermi level. This is consistent with they axes are rotated by 45° with respect to the tetragonal cell
results obtained by Szpunar and Smith in Ref. 9, who invesand point along the Bi-O bond directions. Compared to the
tigated the effect of stress along tbexis by decreasing the BCT cell, a smaller reduction of the volume is found by LDA
c/a ratio up to 12%, and found consistently the opposite(4.2% vs 10%; thec/a (b/a) ratio increase$decreasesby
trend, i.e., the BiO bands move to lower energies. For whaabout 2(3.4%. The atomicz coordinates are generally very
concerns the atomic coordinates within the cell, a relevansimilar to the ones in the BCT cell, while only a slight en-

TABLE II. Lattice parameters and atomic coordinatés unit of lattice constanjsfor the AD-ORTH
structure of Bi-2212: the experimental data are taken from Ref. 3.

Full-Opt \Vol-Opt Atom-Opt Exp
Vol (A%) 428.1 428.1 446.7 446.7
cla 5.827 5.711 5.711 5.711
b/a 0.963 =1 =1 =1
A(E)(mRy) -52.4 —-35.2 0
Zey 0.2019 0.2013 0.2011 0.1978
Zg, 0.1441 0.1435 0.1445 0.1405
Zgi 0.0543 0.0528 0.0542 0.0525
2oL, 0.1995 0.1991 0.1991 0.1976
202, 0.2006 0.2002 0.2002 0.1994
Zo,, 0.1192 0.1192 0.1193 0.1189
Zo, 0.0568 0.0554 0.0571 0.0500
Xcu 0.2497 0.2497 0.2496 0.2506
Xsr 0.2526 0.2524 0.2536 0.2500
Xgi 0.2269 0.2255 0.2202 0.2258
XoL, a 0.0000 0.0000 0.0000 0.0012
Xo2, a 0.5000 0.5000 0.5000 0.4993
Xog, 0.2666 0.2663 0.2675 0.2750
Xog, 0.1705 0.1726 0.1703 0.1561

&The O, atoms retain their tetragonal positions in our calculations.
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FIG. 2. (Color online Fermi surface cross
cuts in thek,-k, plane k,=0) for the BCT cell
with (a) experimental andb) optimized lattice
constants and atomic positioisee Table )l (c)
The same as ifb), but in the presence of a BiO
terminated(001) surface, where the atomic posi-
tions were further relaxed in order to account for
the breaking of the bonds at the surface layer.

r M z

hancement of the dimpling in SrO plane is found. As de-the M point, where the splitting is expected to be larger, the
picted in Fig. 1, the average displacements from the tetragQnterpretation is complicated by the hybridization with the
nal positions of the Bi and O atoms in thg BiO layers _mduceBiO orbitals, which induces an anticrossing between the
alternately e>_<pan_ded an_d contracted Bi-O bond distancgs,nds. Both BiO bands, with antibonding character pg,

along thex direction, which amount to 2.690.64 A and symmetry, are found to cross the Fermi level for the opti-

2.67+0.55 A for the experimental and fully optimized struc- mized structure, giving rise to two distinct intersecting pock-

tures, respectively. Along the other bond direction, which is X ) I
now distorted into a zigzag line, the average bond distance®!S @roundvl, which dope the Cupplanes with additional

are 2.72 A and 2.59 A for the experimental and optimizedhmes- According to our calculation; t.he structural optimiza-
cells, respectively. Total energy calculations performed withfion of BCT cell is therefore not sufficient to move the states
the experimental lattice constants show that the distorte®ith BiO character away from the Fermi level. This is in
structure is more stable than the tetragonal one with an erfontrast with photoemission experiments where no clear evi-
ergy difference of 0.60 eV per formula unit, similar to what dence of BiO pockets is found around thiepoint, and with
has been found for the Bi-2201 compoutidlhis is a first  the nonmetallic character of the BiO plane as observed by
clear indication that the tetragonal description is far fromscanning tunneling spectroscofy.
being realistic, and one should not entirely rely on it when Since photoemission and even more tunneling experi-
comparing with ARPES or Raman experiments. ments probe only the surface layers of a material—and the
BiO plane is the natural cleavage plane during the sample
preparation—one might argue that the surface BiO bands
might deviate from the bulk ones. We have therefore inves-
Figure 2 depicts the cross cuts of the Fermi surface withigated this possibility and simulated the presence of a BiO
the k,=0 plane as calculated for the BCT cell. The contourplane terminated001) surface. Thereby we used a slab-
plots have been obtained by associating a sharp Lorentzian supercell technique which considers repeated slabs, each
each eigenvalue and summing the contribution at the Ferndomposed of two halves of BCT cells embedded in vacuum.
level from all the bands at eadhpoint. Moving from the The in-plane lattice constant was the one determined in the
experimental structur¢Fig. 2@)] to the fully optimized optimization of the bulk, while the atoms were allowed to
structure[Fig. 2(b)] we observe small but visible changes in relax along the direction perpendicular to the surface. Such
the Fermi surface topology. The two main barrels centered aelaxations were found to be of limited size, consistent with
X, arising from the CygO, bands, giving rise to the well- the highly two-dimensional nature of the compound, but still
known holelike Fermi surface, attain a more rounded shapiduced slight changes in the Fermi surfdsee Fig. 20)].
and the splittinglusually indicated as “bilayer splitting’of =~ The dimpling in the BiO plane doubles in val@&om 0.09
the bonding and antibonding parts is generally reduced. Nedo 0.16 A and the BiO bands becomes almost degenerate

B. Fermi surface

(a) (b)

FIG. 3. Band structure of the undistortéa)
and distortedb) orthorhombic cell along thé'
—M direction in the orthorhombic Brillouin
zone; the tetragondl point lies in the middle of
thel’—M line.
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gives a sensible account on how well the equilibrium posi-
tions as well as the bonding between the atoms are described.
The different symmetries of the structures we used to
characterize the Bi-2212 crystal—which are described by
different space groups, i.&4/mmmand Bbmh respectively,
for the tetragonal and orthorhombic cells—lead to different
spectra. In a group-theoretical analysis of enmmtetrag-
onal cell, 14 Raman-activeqé&0) modes (Bqg+ 1By
+7E,) are predicted® In addition, several other vibrations
are expected to become Raman active in the orthogonal cell
due to the distortion or folding at the Brillouin-zone
edge?®®° Limiting ourselves to the vibrations which do not
lower the symmetry of the crystal, a group-theoretical analy-
sis of theBbmbspace group foretells a total of Ag modes
in the AD-ORTH cell, which in a first approximation sepa-
rates into seven vibrations along tbexis and five along the
a axis (see Ref. 29 for details Six among the seveo axis
modes are those present also in the tetragonal cell, and they
FIG. 4. (Color onling Fermi surface cross cuts in thg-k,  involve the collective motions of the Cu, Sr, BigQand Q;
p|ane Q(Z: 0) for the AD-ORTH structure: the rotated square atoms. An additionat-axis OUt'Of-phase vibration of the two
(dashed linpwhose corners are tHepoint in the middle of the two ~ (now inequivalent Oc, atoms in the Cu® plan€” arises in
axes compares with the tetragonal Brillouin zones shown in Fig. 2the orthorhombic cell, due to the distortion.

_ The frequencies of the sik,;; Raman-active modes and
crossing thd™-M direction at the same point. The CuO bar- the 12 A4 modes in the BCT and AD-ORTH cell, respec-
rels move towards thi®l point and the BiO pockets becomes tively, are listed in Tables Il and IV together with the cor-
less distinguishable. Overall, the so optimized Fermi surfaceesponding eigenvectors. We first comment on the phonon
compares better with ARPES measuren(eeg, for instance, spectrum obtained with the tetragonal cell. The reported
Refs. 23-27 and 12 eigenvectors allow us to attribute, as evidenced by bold char-

The structural distortion in the BiO plane occurring in the acters in Table IlI, the six frequenciéis increasing order of
real Bi-2202 may be an additional effect altering the diSper‘eigenvalue to the main vibrations of Bi, Cu, Sr, £, Ocy,
sion of the BiO bands and possibly inducing an upward shift 4 Q,. As expected, the phonons associated to all the oxy-
of the partially occupied BiO bands around thepoint of  gen atoms assume the highest values. Moreover, the motion
the tetragonal Brillouin zone. We plot in Fig. 3 the band of the three oxygen atoms has a somewhat purer character,
structure in the vicinity of the Fermi level for Bi-2212 in the \yhile the lower vibrations of the transition metal ions in-
BCT (a) and the AD-ORTH structuréb), along thel' =M yglve the in- and out-of-phase motion of more than one
line of the orthorhombic Brillouin zone. ThéM two-  atom.
dimensional(2D) symmetry point of the tetragonal cell sits  To which extent are these phonons influenced by the pres-
in the middle of thel’—M line. Four among the six bands ence of the orthorhombic distortion? As can be inferred from
which cross the Fermi level stem from the BiO plane whileTable 1V all the in-phase vibrations except one keep their
the other two are the bilayer-splitted CuO bands mirrorechure c-axis character, and attains a value close to its coun-
across the zone boundaries due to ¥e:I" folding. The  terpart for the BCT cell. The two highest modes at 597 and
distortion in the Bi-2212 does not sensibly move the BiO367 increase in the range of 10—20 ¢t while the Cu vi-
bands, neither does it visibly reduce the hybridization withpration diminishes by the same amount. The out-of-phase
the CuO bands. vibration of the oxygen atoms in the Cy@lane, not present

As shown in Fig. 4 the overall topology of the Fermi in the tetragonal cell, attains a frequency of 210 ¢m
surface is now more complicated, in qualitative agreement The alternate expansion and contraction of the Bi-O
with photoemission experiments that, as already mentionedhonds occurring in the AD-ORTH structure along the distor-
show multiple CuO barrels assigned to the scattering of théion direction changes the nature of the bonds which involve
photoemitted electron from the orthorhombic distorted BiOatoms in the BiO plane. As a consequence dtaxis vibra-
planes. The incommensurate and disordered nature of thfon of the @ atom is found to strongly couple with the
distortion together with finite energy resolution of the spec-g-axis vibration of the apical § atoms. As a net result, the
trometers may be responsible of extra broadenings that mighfode hardens by 60 cm and attains a value of 289 crh.
justify why many of the details of the Fermi surface are|n turn, thea-axis vibration of the @, atom mixes strongly
smeared out and do not result into clear features at the Fernjjith the c-axis vibration of the @ atom, and additionally
level. with the a-axis vibration of the Sr atom, so that a second
mixed a/c axis mode appears at 192 ¢ As a matter of
fact, the latter mixed modes might be envisaged as a breath-

A rigorous test for the quality of any structural character-ing of the atomic distances in the SrO plane whenever this
ization is the calculation of the phonon frequencies, whichplane is approached by thegsGatom during itsc-axis vibra-

C. Raman-active phonons
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TABLE IlI. Frequenciesw (in cm 1) and eigenvectors of the sk, 4 c-axis modes in the BCT cell.

" Cu Sr Bi o O Ogi

576 0.03 0.02 -0.27 -0.19 0.94 0.09
356 0.05 0.27 0.05 ~0.94 -0.19 0.03
233 0.00 ~0.03 0.21 ~0.06 0.14 ~0.96
163 ~0.33 0.87 -0.27 0.22 ~0.03 -0.10
116 ~0.92 -0.23 0.25 -0.12 0.07 0.08
50 ~0.17 ~0.34 ~0.86 -0.11 ~0.24 -0.21

tion. In addition to the modes with pure or mixa@eaxis  vibration of Qy (233 cni* for the tetragonal cell vs the
character there are four pugeaxis vibrations. Thea-axis  experimental attributed value of 460 cfy. The introduc-
V|brat|o_nls of the Bi and Sr atoms are found at 106 andjon of the orthorhombic distortion, although strengthening
132 cm -, respectively. The in-plane vibration of the Cu at- his mode to around 290 cm, does not improve sensibly
oms |n§t1ead results to be much harder, at a frequency Qfie situation. Instead, we find that it is theaxis vibration of
355 cm 7, three times larger than the corresponding vibrayhe o atom to have a frequency of 424 iy close to the
tlpn along thec axis. Th_e most mterestlng fmdmg, as we will experimental peak. It is important to recall that all the modes
discuss below, is relative to thega-axis vibration, which we are discussing hav, symmetry and are thus expected
attains a frequency of 424 ¢m, almost twice the value cal- . 9 .
culated for itsc-axis vibration to appear in Raman spectra taken under noncrossed polariza-
: tion geometry such asz, xx, oryy. In light of these results,

It is interesting to compare our theoretical findings with . h . I K d 460 th
experimental data. We start the discussion by saying that/€ associate the experimental peak aroun cto the

while the frequencies of the measured phonon peaks agrée@Xis rather than the-axis vibration of the @ atom. Cal-
reasonably well among experiments performed under similafulations of Raman spectra under different scattering geom-
conditions, their assignment has been by no means uniquRries might be able to address this issue in the future and
and varied sensibly among different groups. Experimentél”OW for a direct comparison with the experimental spectra.
previous to 1996 disagree in fact with each other on théAnother peak is observed in experiments at around
interpretation of phonons in the whole spectrisee, for 404 cm 1, and attributed to the motions along tbexis of
instance, Table | in Ref. 32, and reference thetdimorder  the oxygen atom in the CuO plane; our value for the in-phase
to keep the discussion manageable, only the data obtainesdaxis vibration frequency of the Q atoms is of 366 cm?.

after 1996 will be considered. The strongest debate concerndoving towards lower frequencies, the modes observed by
the origin of the two highest frequencies, i.e., at around 46@xperiments around 115 and 130-140 ¢mare concor-
and 630 cm?, which were attributed to the motion of the dantly (by the various experimental groypettributed to the

Og; and Q;, atoms®2~2¢ or vice vers&’ Our calculations, vibrations of the Sr and Cu atoms along thaxis. We find
both for the tetragonal and orthorhombic cells, give a strondnstead that the vibration of the Cu atom takes place at lower
support to the former type of attribution. Nevertheless, if thefrequency than the one of Sr. Fewer investigations focused
calculated value for the mode is reasonably close to the onto the low-frequency part of the spectrum where the
experimental one, a striking deviation is found for thaxis  phonons of the heavier atom, i.e., Bi, should appear, and a

TABLE IV. Frequenciesw (in cm™1) and eigenvectors of the 1&, modes in the AD-ORTH cell. The atoms vibrate along thenda
axes, as indicated.

o) Cu Cu Sr Sr Bi Bi 0g, 0%, Og Og Ogi Ogi

c axis a axis c axis a axis c axis a axis c axis c axis c axis a axis c axis a axis
597 0.02 0.00 0.02 0.00 -025 -0.02 -0.09 -0.10 0.95 0.12 0.05 0.04
424 0.00 0.00 —-0.03 0.01 0.00 -0.21 0.04 0.03 0.05 —0.06 —-0.01 —-0.97
367 —0.09 —0.28 —-0.19 —0.03 —0.02 —-0.01 0.67 0.63 0.12 0.08 —0.08 0.06
356 0.02 —0.95 0.06 —-0.10 0.01 0.00 —-0.12 —-0.27 —-0.04 0.03 0.01 —0.02
289 —-0.01 —0.06 0.02 0.09 —-0.22 0.16 0.02 0.12 0.00 -—-0.65 0.69 0.00
210 -0.02 0.10 0.00 0.09 -0.09 0.00 0.65 -0.62 —0.08 0.26 0.31 -0.02
192 -0.03 0.04 021 -045 -022 -014 -0.19 0.27 -0.15 0.55 0.49 -0.03
163 -0.30 -0.01 0.88 0.17 -0.17 0.06 0.13 0.07 -001 -007 -020 -0.03
132 -0.07 0.10 0.06 —0.86 0.08 0.15 0.18 —-0.17 0.08 -0.33 -019 -0.01
106 -0.41 0.01 -0.07 —-0.04 0.02 -086 —-0.01 -0.08 0.01 -0.20 0.03 0.20
104 0.84 0.00 0.22 —-0.04 —-0.22 -0.37 0.14 0.03 —0.05 —-0.14 -0.11 0.09
47 0.16 0.00 0.28 0.01 0.86 —0.08 0.06 0.07 0.21 0.02 0.29 0.02
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well-resolved peak at around 60 Chhas been successfully a volume reduction and to an increase in tia ratio—is
observed®*° This is nicely in agreement with our calcu- Sufficient to induce appreciable modifications in the shape of
lated value of around 50 cnt. To summarize, a reasonable the Fermi surface that compare better with what has been
but not completely satisfactory agreement is obtained thereneasured by photoemission experiments; this is even more
fore only for the three phonons stemming from the Bi,© SO after the inclusion of surface termination. Only within the
and Q;, atoms, which are found to be at most 10% weakerorthorhombic distorted cell it is possible to reproduce the
than their experimental counterparts; such underestimatiogecondary structures observed in photoemission spectra.
although at a smaller level, has been already observed for The presence of BiO derived bands cutting the Fermi en-
other highT, cuprate Compound]g;“l ergy is a characteristic of all the band calculations we have
We must say that the experimental attribution of the peak®erformed, assuming both optimized, nonoptimized, and
of a Raman spectra have been achieved either by investigdﬂea| and distorted geometries. Even an explicit treatment of
ing the change in frequency and/or intensity upon substitucorrelation effects in the Culplane beyond the mean fiéfd
tion with Y or Pb atoms, or by isotopégpr by comparing Seems not to modify this picture leaving the hybridization
with existent theoretical calculations. For the former type ofPetween Cu and BiO bands unaltered. The nonmetallic char-
analysis, the attribution strongly depends on the choice of thacter of BiO planes deduced by scanning tunneling spectros-
atomic site where the substitution is believed to take place$opy and apparently confirmed by the absence of clear BiO
and therefore is not unambiguous. For what concerns théerived structures in measured Fermi surfaces remains then a
theory, the only calculations present in the literature havéuzzling issue.
been performed by means of lattice-dynamics models by Ab initio calculation of phonon frequencies for ideal and
Pradeet al,*? whose calculated frequencies are at 87, 164distorted structures demonstrate clearly that the distortions
182, 387, 493, and 517 cm. A thorough comparison of the have large effects and should be taken into account when
phonon attribution given by Pradst al. with our results is  interpreting Raman-scattering experiments. The symmetry
not possible, because no eigenvectors are reported in thd@wering associated to the distortion makes more vibrations
work. Moreover, such type of calculations rely on ratherRaman active. Moreover, we have been able to make an
crude parametrizations of the interatomic potentials used tglternative attribution of some specific vibrations. The final
model the bonds, which their adequacy for a quantitativeassignment of all the phonon frequencies would benefit from
comparison with experiments. calculations of Raman spectra under different scattering ge-
ometries.

V. CONCLUSIONS
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