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Ab initio evidence for the formation of impurity ds,2_,2 holes in doped Lg_,Sr,CuQ,
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Using the spin unrestricted Becke-3-Lee-Yang-Parr density functional, we computed the electronic structure
of explicitly doped La_,Sr,CuQ, (x=0.125, 0.25, and 0)5At each doping level, an impurity hole band is
formed within the undoped insulating gap. This band is well localized toad®ahedra adjacent to the Sr
impurities. The nature of the impurity holeAs 4 in symmetry, formed primarily from the? orbital on the Cu
and p, orbitals on the apical O's. There is a strong triplet coupling of this hole with the intrBgjcCu
x2-y?/01 p, hole on the same site. Optimization of thecoordinate of the apical O’s in the doped GuO
octahedron leads to an asymmetric anti-Jahn-Teller distortion of the O2 atoms toward the central Cu. In
particular, the O2 atom between the Cu and Sr is displaced 0.26 A while the 02 atom between the Cu and La
is displaced 0.10 A. Contrary to expectations, investigation of a 0.1 A enhanced Jahn-Teller distortion of this
octahedron does not force formation of éfy? hole, but instead leads to migration of tiehole to the four
other CuQ octahedra surrounding the Sr impurity. This latter observation offers a simple explanation for the
bifurcation of the Sr-O2 distance revealed in x-ray absorption fine structure data.
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INTRODUCTION formation of at least some® holes upon doping, in direct
contradiction to the conventional LSDA model.

The electronic structure of the cuprates obtained by the Further evidence foe? character at the Fermi level ap-
local spin density approximatiofLSDA)! holds an unusual peared when Anisimoet al? took their calculations a step
position in the field of superconductivity research. It isfarther by considering the effect of implicit and explicit Sr
considered a failure because it is unable to produce the urgloping in Lg ;5515 ,<CuQ,. In both cases the LSDAU ap-
doped insulating ground state and does not explain the noproach found the doped hole to be a localizedxCy?/O1
mal state properties of the doped materials. Yet despite these, hybrid in the undistorted crystal, in support of the LSDA
significant shortcomings, LSDA has in no small way contrib-picture. However, when they allowed a distortion of the api-
uted to the consensus view that the only orbitals relevant teal O2 atoms about the doped hole, they found a local mini-
cuprate superconductivity are the €y? and O1 planap, ~ mum where the hole changed to a localized £102 p,
orbitals. Other orbitals, in particular the Gt and apical hybrid. This anti-Jahn-Teller state was found to be only 54
02 p, orbitals, were determined to be well below the FermimeV above the global minimum. The distortion was con-
level, and therefore not relevant. This assumption colors thétrained to be symmetri¢both apical O2 atoms moved
interpretation of virtually every experiment and imposes0.26 A toward the central Guand only performed for the
clear constraints on theories of superconductivity in thesémplicitly doped case. An asymmetric distortion was not in-
materials. vestigated nor was a distortion in the explicitly doped case.

The endurance of the LSDA results regarding the relevanBoth of these situations should be more favorable for this
orbitals near the Fermi level is odd given that more advancednti-Jahn-Teller state.
density functionals have hinted at a more complicated pic- Recently, an x-ray absorption fine struct@AFS) study
ture. In particular, the failure of LSDA regarding the un- by Haskel and co-worketsoncluded that a majority of Sr
doped state was addressed in the early 1990's by severahpurities in La_,Sr,CuQ, induced such an anti-Jahn-
groups. Svané,and later Temmermast al.® considered a  Teller state, with the Sr-O2 distance increasing by 0.2 A. A
self-interaction correctiofSIC) LSDA, in which the self- minority of Sr impurites lead to an enhanced Jahn-Teller dis-
Coulomb term that a localized electron improperly sees witttortion, with the Sr-O2 distance decreasing by 0.1 A. As the
itself in a conventional LSDA is removed. Anisimat al*  results of Anisimowet al* are somewhat ambiguous, this in-
took a somewhat similar approach with the LSBKH  triguing experimental finding invites a reconsideration of the
method, as did Czyzyk and Sawatzkpll achieved some ab initio description of the doped state.
success in producing an insulating gap of the right magnitude In a series of papersye have argued against the LSDA
in La,CuQ,, correcting the most glaring flaw in the LSDA. single band picture and presented a model for the cuprate

Perhaps the most important and most overlooked poinband structure involving the stabilization of the €y?/0O1
raised in these studies is the consistent observation of p, band(herein referred to as?-y?) with respect to the Cu
marked increase in Cz¥ and O2p, character at the top of z%/O2 p, band(herein referred to ag®). This model leads to
the valence band. The basic nature of the undoped hole stateFermi level crossing of the narrozf band and the broad
(a hybrid Cux?-y? and O1p, orbital) is unchanged with x2-y? band along the0,0—(,7) direction of the three-
respect to the LSDA. But these calculations all suggest théimensional(3D) Brillouin zone and is consistent with sev-

0163-1829/2002/68.4)/1445017)/$20.00 65 144501-1 ©2002 The American Physical Society



PERRY, TAHIR-KHELI, AND GODDARD PHYSICAL REVIEW B65 144501

eral important and otherwise anomalous features of the TABLE I. Direct lattice vectors for the ¥, 8, 4X, and

NMR, ARPES, Hall effect, and Josephson tunneling. 2% supercells of La_,Sr,CuQ,, wherex=0.0, 0.125, 0.25, and
Most recently, we took advantage of some modern devel0-5, respectivelyin A).

opments in density functional theofFT) and looked at the

electronic structure of undoped 4@uO, using the unre- —1.906 1.906 6.609
stricted spin form of the Becke-3-Lee-Yang-Parr functional X=0.0 1.906 —1.906 6.609
(U-B3LYP).2 This hybrid functional, developed since the 3.812 3.812 0.000

first LSDA calculations were performed on the cuprates, in-

. . —7.624 —7.624 0.000
corporates both gradient corrections and 20% Hartree-Fock _
. . . . x=0.125 7.624 —7.624 0.000
exchangé. It has attained a high level of popularity for its
. . 1.906 5.718 6.609
accurate treatment of molecular systems, and indeed, this
“off-the-shelf” functional successfully produced a 2.0 eV —7.624 0.000 0.000
insulating band gap in L&uQ,, in excellent agreement with x=0.25 0.000 7.624 0.000
experiment. As with the SIC-LSDA and LSDAU 1.906 1.906 —6.609
calculations’ ™ a significant increase in Cef/O2 p, char-
acter at the top of the valence band was noted. —1.906 1.906 6.609
In this work, we consider how the U-B3LYP functional Xx=0.50 1.906 —1.906 6.609
describes the doped material,LgaSr,CuQ, (x=0.125, 0.25, 3.812 3.812 0.000

and 0.5, using supercells of size>8, 4, and 2X, respec-
tively. The combination of this new functional and explicit
doping produces a cleab initio picture of the cuprates fun- dard 8-51G Gaussian type basis set was t&&ar Cu, Sr,
damentally different from LSDA. At each doping level, holes and La, the Hay and Wadt effective core potenti@€P’s
are inhomogeneously created on one Gudtahedron adja- were used? The valence electrons and outer cores (@d
cent to each Sr impurity. Localization of the doped holes is3p for Cu, 4s and 4p for Sr, and % and 5 for La) were
consistent with nuclear quadrupole resonafi@R) data treated explicitly with these ECP’s. The basis sets used were
which clearly resolves two inequivalent Cu sites in dopedmodified from the original basis sets of Hay and Wadt, since
La,_,Sr,CuQ, and LaCuQ,, 5.'° Our calculations reveal some functions are too diffuse for calculations on crystals.
the holes are dominated by @& and O2p, character. These For Cu, the two diffuses exponents were replaced by a
holes are triplet coupled to the intrinsic holes on the dopedingle exponent optimized to 0.30 in our previous publica-
site, leading to the formation of a spin-polarized impurity tion on undoped LgCuQ,.2 The two Cu diffuse exponents
band within the insulating gap. Independently optimizing thewere replaced by a single exponent optimized to 0.20. The
¢ axis coordinates of the O2 atoms, we find an anti-Jahnbasis set was contracted tos@h2d) based on atomic GlI)
Teller distortion about the doped site similar to the localcalculations. For La, the two diffuse two diffusep, and the
minimum found by Anisimoet al:* Furthermore, we find an  diffuse d exponents were removed. The basis set was con-
enhanced Jahn-Teller distortion of these same apical O2 atracted to (22p1d) based on atomic L(#I) and L&ll) cal-
oms leads to migration of the? hole to different Cu@Q oc-  culations. To this the corsfunction of the standard Sr 31G
tahedra around the impurity. This latter observation suggestsasis séf was added, and the combinedsgp1d) basis set
a simple explanation for the bifurcation of the Sr-O2 distanceyas used for both La and Sr sites. The overall basis set is
seen in the XAFS data of Haskel and co-workevshile the  smaller than that used previou$lut tests with larger basis
important issue of disorder will be addressed in a separatsets did not lead to any qualitative change in the results for
article, the U-B3LYP picture is unequivocal. The doped holeeither the undoped or=0.50 doped materials.
in La,_,Sr,CuQy, is localized near the impurity and & in The tetragonal LsCuQ, crystal structure Id/mmn) was
character. taken from Hazed® The lattice parameters of the conven-
As we have already documented the superiority of thisional cell area=b=3.812 A andc=13.219 A. All calcu-
functional in describing the undoped cuprate, this new pic{ations, including undoped, were run in appropriate super-
ture must be regarded as a serious challenge to LSDA. Theells (2x for x=0.0 andx=0.5, 4X for x=0.25, and &
clear implication from this work is that models of supercon-for x=0.125). The direct lattice vectors for these supercells
ductivity should not be constrained to consider only the Cuare given in Table I. The positions of the irreducible Cu, O1,
x?-y? and O1p,, orbitals. They must consider the @ and  and La/Sr atoms in the conventional cell were taken from
02 p, orbitals as well. Hazen: Cu= (0.0000, 0.0000, 0.0000 01 = (0.5000,
0.0000, 0.0000 and La/Sr= (0.0000, 0.0000, 0.3614
However, the position of the O2 atom was optimized for
each doping level. For the undoped material, the optimal
Calculations were performed using a modified version ofposition was calculated to be G2 (0.0000, 0.0000, 0.18}2
cRysTAL98! To handle the large number of two electron This gives a Cu-O2 distance of 2.40 A, in good agreement
integrals generated in the=0.125 calculations 70 gi-  with crystallography data of 2.43 A. Optimization of other
gabyte$, we altered the wagRYSTAL98 manages these files. coordinates was considered on a limited basis, as noted be-
We also incorporated Johnson’s modification of the Broyderow.
procedure to improve general convergeffcEor O, the stan- The undoped band structure, calculated inxa 2upercell

RESULTS AND DISCUSSION
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FIG. 1. Band dispersion plotted along symmetry lines of the
orthorhombic Brillouin zondsee Ref. 8from the U-B3LYP calcu- Sr
lation of La,Cu0,. Results are in good agreement with the SIC-
LSD and LSDA+U computations of Refs. 2-5.

(Bmab), is shown in Fig. 1. Unlike the LSDA], and| spins
localize on adjacent Cu’s, producing the expected 2.1 eV FIG. 2. Schematic of the crystal structure around a Sr impurity
band gap. The results are in good agreement with SIC-LSD#x La,_,Sr,CuQ,. The Cu atom is at the apex of a square pyramid
(Refs. 2,3 and LSDA+U (Refs. 4,5 band structures as well about the impurity, and Cuand CU form the base. The Cuand

as our previous U-B3LYP calculatichsvhich employed a Cu’ atoms are distiguished by spin.

larger basis set. As described in our previous work, analysis

of the density of statefDOS) indicates th% undoped hole is gy amine this issue, we have calculated the U-B3LYP band
composed almost entirely from the @8-y and Olp, Of-  spctyres for explicitly doped La,Sr,Cu0,.

bitals, consistent with the standard model. However, there is Doping is achieved by making a substitution of a Sr atom
a notable increase in the @A and O2p, DOS at the top of ¢, 5 single La atom in the appropriate supercell, breaking
the valence _band as compared to the LSDA. The top 0.1%,, degeneracy of the Cu sites. For each doping lexel (
electrons/unit cell of the valence band are 52% £(02 =0.125, 0.25, and 0)5the same behavior was observed:
p. This value is slightly larger than what we computed pre-y,ne4 holes are formed inhomogeneously in the vicinity of
viously (40%), perhaps due to the change in basis set or du@e impurity. In Fig. 2, we show schematically the crystal

to the change in the O2 geometry, but the observation oficyre about the Sr impurity. There are five Cu atoms sur-
significant A,4 orbital character at the top of the valence rounding the Sr in a square pyramidal geometry. The atom

band is in qualitative agreement with other DFT method§apeled Cu in Fig. 2 is at the apex, and the atoms labeléd Cu
that achieved an insulating ground stat2As we have dis-

cussed in several publicatioh8this increase irz? character

at the Fermi level is the result of a stabilization of ttfey?
band due to a proper accounting of on-site Coulomb repul- /
sion. In the LSDA, it is widely agreed that this Coulomb
repulsion is overestimated® A consequence of this is that N "]
the x?-y? band is raised in energy relative to the fully occu- ~ A / ST
pied bands. As articulated in our previous work, this obser- & 11 = ]
vation alone casts some doubt on the validity of the LSDA & AT g )
single band picture.

A common approach to understanding the doped state in-
volves starting with the band structure for the undoped ma-
terial and removing the appropriate number of electrons.
Adopting such a rigid band model with the undoped LSDA
band structure would suggest the system is homogeneoush
doped by removing additional electrons from thé-y?
band" A rigid band model from the undoped U-B3LYP band  FiG. 3. Band dispersion plotted along symmetry lines of the

structure would also suggest the system is homogeneouspfthorhombic Brillouin zone from the U-B3LYP calculation of
doped by forming a mixture of>-y* andz® holes. However, Lay 5SIp sCuQ,. Solid line: T spin. Dashed line} spin. The splitting
the rigid band approach is questionable given N@®®&f. 10  of the doped| spinz? band(the dashed lined just above the Fermi
and XAFS (Ref. 6 data which suggest the doped cuprateslevel) and the undoped spinz? band(the solid line just below the
are both electronically and structurally inhomogeneous. Tdrermi leve) is clearly visible.
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FIG. 4. Density of states from the U-B3LYP calculations of, LgSr,CuQ, (a) x=0.0, (b) x=0.125,(c) x=0.25,(d) x=0.5. Solid line:
total DOS. Dashed line: C&¥ + 02 p, DOS at doped sites. Dotted line: @ + 02 p, DOS at undoped sites.

and CU form the base. The latter pairs of Cu atoms areholes can be obtained from the DOS given in Fig. 4 and
distinguished by spin. Of these five Cu atoms, it is the apexXable Il. The nature of the holes on the undoped sites is
Cu that is preferentially doped. Thus we define the dopedelatively unchanged upon doping. The €+y? hole char-

unit as the Cu@ octahedron associated with this apex Cu.acter ranges from 0.552 at=0.0 to 0.602 atx=0.50. A

The holes formed in the doped unit are dominamty, Cu similar small increase in hole character upon doping is also
z%2/02 p, in character and triplet coupled to tdy, Cu observed on the neighboring O1 atoms. In contrast, the na-
x?-y?/01 p,, intrinsic holes on the same site. Since there isture of the holes on the doped sites is markedly different.

Oplﬁ oge dodpﬁdlsne F:Ietr) Su?err]cell, symm_etr;l/ dlc_tates that all TABLE II. Populations per atom for doped and undoped sites.
of the doped holes will be of the same spin. It is important toDoped sites are defined as the Guit in line with the Sr impu-

realize that _thi$ W(_)uld not be th_e case in the real SySterT}’ity along thec axis (see Fig. 2 Undoped sites refer to all other
where the distribution of doped sites is random. Indeed, Wg;oms.

expect a random distribution of Sr sites to have a profound

effect on the band structure, restoring approximate singl@oped Cw?y? Cuzz 02p, O2p, o1
unit cell symmetry in particular. But there is no reasonable

expectation that this would significantly alter either tife  X=0.125 0.410 0341 0238 008  0.227
orbital character of the holes or the triplet coupling of thesex=0.25 0.418 0.367 0227 0108  0.245
holes to thex?-y? holes. Understanding these caveats, inx=0.5 0.425 0375 0.224 0.140  0.267

these highly ordered doped materials, the degeneracy of the

2 \,2 2
7 and | spin bands is lifted. A new, spin z? hole band undoped Cuy” cuz 02 o1
appears in the undoped insulating gap, having a width whiclk=0.0 0.552 0.003  0.005 0.180
is dependent on the doping level. The band structurexfor x=0.125 0.567 0.005  0.008 0.195
=0.5 is shown in Fig. 3. The minority spirj (spin) dopedz? x=0.25 0.581 0.028 0.010 0.210
band lies entirely above the Fermi level. x=0.5 0.602 0.015 0.019

More detailed information on the nature of the doped
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There is significant Ca? hole charactefranging from 0.341 ' A
atx=0.125 to 0.375 ax=0.5), as well as Op, hole char- 20 f spin T
acter(ranging from 0.238 to 0.224 on the O2 between the Cu
and Sr and 0.086 to 0.140 on the O2 between the Cu aphd La
Inspection of Fig. 4 reveals that this @& O2 p, character
can be isolated to the band which appears in the insulating
gap upon doping. This band increases in width upon doping
(from ~0.1 eV atx=0.125 to~0.8 eV atx=0.5), reflect-

ing an increase in coupling between doped sites as their con
centration increases. The split in tk&y? | spin hole band
should also be noted, particularly in the=0.125 andx
=0.25 DOS figures. The lower energy component is domi-
nated by the doped sit€-y? orbital, while the higher energy A
component is dominated by the undoped sitey? orbital. (@)
Interestingly, the Cw?-y? hole charactedecreasesn the
doped sitegfrom 0.552 atx=0.0 to 0.410 ax=0.125 and
0.425 atx=0.5). This decrease in Ctf-y? hole character is 20
compensated by an increase [} hole character on the
neighboring O1 atoms. This redistribution of charge in the
x?-y? band effectively minimizes the formation of unfavor-
able Culll) states when holes are formed in ttfeband.

As stated earlier, the position of the apical O2 atoms
along thec-axis was optimized for each doping level. Bor
=0.5 there are four unique O2 atoms. Bor 0.25 there are
six, and forx=0.125 there are eight. The positions of all four
02 atoms in thex=0.50 state were optimized independently.
The O2 atom between the Sr and Cu in the doped unit movec
away from the Sr atom and toward the Cu by 0.24 A. The
02 atom between the La and Cu of this doped unit moved
toward the Cu by 0.10 A. The 02 atoms of the undoped (b) Energy (eV)
CuGQ; octahedra both moved a negligible amount in the di-

Cu-02=2.14A

0.0

N
vk

1.0

(eV spin formula unit)”

spin l

0 0.5 1 1.5 2 2.5

Energy (eV)

Ispin T J

Cu-02=2.40 A

SN
aarn

spin l

0.0

(eV spin formula unit)”

2.0

-1 -0.5 0 0.5 1 1.5 2 2.5

rection away from the Sr impuritie®.03 and 0.02 A). In- 20
vestigation of Sr and La-axis displacement indicated that
the Sr moved toward the doped CgiGctahedron by 0.02 A
while the La atoms were unchanged. Thus, the Sr-O2 dis-
tance increased overall by 0.22 A relative to the La-O2 dis-
tance. Investigation of O1 atom displacements in #ie

0.0 /\f/\/\/\w
plane showed no change in their positions. The well-known

1.0
optimize thec-axis position of the two O2 atoms in the

spin T J
Cu-02=250A
Cu-02=231A

1

1.0

I

CuG; tilt was not investigated. Given the small displace-
ments of the undoped O2 atoms and the Sr, we chose to onh

(eV spin formula unit)

doped unit forx=0.125 andx=0.25. The results are virtu- 20 | spin l
ally identical to the displacements seenxat0.50. At both ) , ) X , X i
x=0.125 andx=0.25, the O2 atom between the Sr and Cu -1 05 0 05 1 15 2 2.5
moved 0.26 A toward the Cu, while the O2 atom between
the La and Cu moved 0.11 A toward the Cu. While Anisi-
mov et al* only considered a symmetric distortion of the FIG.5. Density of states from calculations on lgaSry 1,4Cu0,
apical O's about the doped site, the 0.26 A displacement thdbr (a) the anti-Jahn-Teller distorted optimal structu@e) the un-
they reported is in agreement with our data. optimized (undopedl structure, and(c) the enhanced Jahn-Teller
The finding of a localized hole in these calculations isstructure.
consistent with NQR data which reveals two distinct types of
Cu’s in the doped superconduct8rThe anomalous B” deed, a large anti-Jahn-Teller distortion at the apex Cu site
sites have been shown to increase with doping, and themround the impurity is found in the XAFS data of Haskel and
appearance is independent of the dop@tor excess ©  co-workers’ In some samples, they found an anti-Jahn-Teller
The NQR data provide strong support for localized hole for-distortion of 0.15 A for the O2 atom between the Cu and Sr.
mation, something the standard LSDA band structure fails tén other samplegdiffering in preparation procedurethey
predict! Analysis by Hammelet al1° suggests the hole is found a bifurcation of the O2 position, where an anti-Jahn-
localized in a Cu@ octahedron adjacent to the impurity. In- Teller distortion of~0.2 A was observed at a majority of

(© Energy (eV)
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sites and an enhanced Jahn-Teller distortior-6f1 A was tion of the apex O2 atom. In the majority of cases, holes

observed at a minority of sites. This structural bifurcationshould be formed at the apex Cu as described in this work,

could not be observed in these calculations due to the symeading to an anti-Jahn-Teller distortion of the apex O2 atom.

metry of the supercells employed. However, our calculation®iscrepancies in the XAFS samples among various samples

are in quantitative agreement with the anti-Jahn-Teller distormay be due to doping uniformity, as has already been rfbted.

tion at the doped site. Calculations characterizing the band structure with randomly
To also gain insight into the enhanced-Jahn-Teller statedistributed impurities will be documented in an upcoming

we calculated the band structure for 0.125 moving the 02  article.

atom between the Sr and Cu 0.1 A toward the Sr. Given this

distortion, we optimized the-axis position of the other four CONCLUSIONS

02 atoms about the Sr impurity. All other atoms were left in In summarv. we performed DET band structure calcula-

their undoped positions. A comparison of the DOS for the Y P

. . . R the doped superconductor ,LgSr,CuQ, (X
anti-Jahn-Teller distorted optimal structure, the unoptlmlzecﬂOns on : 2 X
structure, and this enhanced Jahn-Teller structure xfor =0.125,0.25, a_nd O)ausing the_ unrestnc_:ted_gspm form of
—0.125 is given in Fig. 5. The main change observed in th the B3LYP functional. In a previous publicatiérthis func-

DOS with the movement of this O2 atom is the shift in e %ional was shown to provide a superior description of the

hole band. For the anti-Jahn-Teller distorted optimal L~:truc-lmd0p(ad antiferromagnetic state of a0, Here, we

ture, thisz2 band is in the middle of the undoped insulating showed it leads to a fundamentally different picture of the

. . X oped state as compared to the conventional LSDA descrip-
gap. For the undistorted structure, this band is near the bo "on. Hole formation was found to be highly inhomoaeneous
tom of the gap. But for the enhanced Jahn-Teller structure, -, ° gnly g '

the 72 band is stabilized such that holes are formed in an /it localization adjacent to the Sr impurity. Most signifi-

other band. A detailed analysis of the DOS reveals tharthe Ciggﬁ’ :get;grggﬁ-;yog{ tlzl?g\:g&\’\_laf qutI:id I'g ijiis Iionp-
holes migrate to either the two Coctahedra adjacent to the Eetween theA do edyholes and ){[h'B ir?trinsic r?ole%
impurity (having a spin opposite to the apex)Car to the 19 0OP 19

4 . . . . . leads to the formation of a highly spin polarized band
two CU' octahedra adjacent to the impuritgaving a spin o : ) ,
parallel to the apex QuAt certain geometries it was possible which lies in the middle of the insulating gap. We expect that

to form holes on all five Cu’s surrounding the impurity, but Earr?gi?rwc?ljfetzn?gg% ?i:f tShreSslteii g'#gg{?ugggaaﬁerg;itgzte
optimization of the O2 atoms led to localization. Here we ' g pin sy Y PP

rave Shon e partcuar ocalzaton haféols form at - Sp TS S/TMey, L progicng sgnvcant e
the CU sites. The apical O’s associated with the’ Giioms ' 9

. . : . a wide range of doping levels, we expect the basic nature of
unplergoyan antl-Qahn-Tgller distortion of 0.09 A while thethe doped hole should be largely unchanged from that pre-
apical O’s associated with the two Catoms see no such

! . ; sented here.
distortion. Given the very small gap between felectrons

d thez2 hol the doped sit t hérole t It is our firm view that the LSDA band structures from
anad thez- holes on the doped Sites, We expec OIe 10 fourteen years ago have led the field astray. At this juncture,
further localize to just one of the Cwctahedra. Symmetry

. e : the ab initio evidence supports the formation af holes
constraints prevent this in these calculations.

. . o upon doping, and this must be taken into account in the

.W'th respect to the antl—JahnTTeIIer opt|m[zed S.trucwre’analysis of normal state properties and in the development of
this enhanced-Jahn-Teller state is 0.57 eV higher in energy \ols of superconductivity
(71 meV per Lag7551p.12£Cu0, unit cell). While the ground '
state of this highly ordered doped structure is well defined,
these calculation indicate the dope®l hole could form at
any of the five Cu atoms surrounding the impurity. We sug- We wish to acknowledge helpful discussions with Dr.
gest the observed bifurcation in the Sr-O2 distance is due tDaniel Haskel and Dr. Peter Schultz. This work was partially
migration of thez? holes to alternative sites when the loca- supported by the Materials and Process Simulation Center
tions of the impurities is random. In order to produce a morgMSC) at Caltech which is supported by grants from DOE-
uniform distribution of doped holes given random impurities, ASCI, ARO/DURIP, ARO/MURI, 3M, Beckman Institute,
in some cases it may be favorable to form holes at either th8eiko-Epson, Dow, Avery-Dennison, Kellogg, and Asahi
CU' or CU sites leading to an enhanced Jahn-Teller distorChemical.
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