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ABSTRACT

W i?- our previous wcxk on high T~.supswdwum, anddcscribc mwcfdlyh

rcsdu of au C- Speaosmp ymdyandiM I=@Amkx-W-d@dti

R 4f SFJCCUUmof YI-mP:.Ba2CU107~, a _ in wtih SUP=O*U~V is q~ ~

xinacnscs. Ittusbccnspccu.kd chas Rhaavakncc 4t,rcsuhingin cxuschsrgcindM

CIJ-O planc~ and causing T,-supprcssirn We find dus the R valence is close to 3+ f= all x

but chat there is extensive R 4f hykidkuim with OCk VSkU bmul sm~S. ~ ti V-

is ezscatially unchanged with x. Finns diesc fir@n.gs, we spccukc duf R 4f hy~

w-uh oL~cr valence band states has enabled R spm flucruanons to cause k TC-su~

KEYWORDS

Yl_,R, Ba2Cu3Qq; phosocmission; BIS: df qxctrurn; qumckd SU~KOS’ldUCtWi~, S~

tlumamns; ArKb30n Hamllcoruml.

INTRODUCTION

Plevlous Wmk

PrMously (Shcn er al.. 1987) wt have swdkd LfIe ckctsmmc structure ot” Lq_.!ik.Cu04

(m x4) and 0.2. ~rxi YBa2CUKJT-4 using mwmant phomcmlsslon cpccuoscopy t ~~)

and x-ray photocmuwon spuoscopy (XPS). We and yud ticsc dm m tie unpunry cluaw

iqqmcm~mauon to IJM Anderson Hacultonm.n [o ckrive approximate values of Harmluuuan

pamncms and to Ascuss superexchanbt msmacnonrn, We pomrd out tht for the= pwarrtcm

CU’+ is largely exchkd b the groumt sutc and M the non-rneta~lic maurmls sre chrgc



holes arc created by doping. An ovewiew of this and zlmcd work has recenclv been given.

(Shcn et al., 1988a) We have also studied the dispcmion ot hole excitations in [he archetype

ma.saial NiO and found that a rigid-shift correction to band structure calculations IS not vaJid-

(SII.M er af.. 1988) Hens we wi~ concentrate on new resu]ts for yl_RRIB~2cu707_J.

Yl_mFr,BazCu~07d

lle superconductivity or tie isostrucrural ailoy system Yl_RPr. Ba2Cu~C%.4 is quenched with

increasing x. (Dalichaouch et al.. 1987; Sdcrholm er al., 1987; Liang ●r af., 1987) The ocher

RBa2Cu3@a compcnmds. where R is a rare eanh or Liz arc superconductors with T. near

90K except for Cc and Tb. for which tie compounds do not form. ( Yang er af.. 1988) For

Yl_xPr~Ba2Cu307~ it is found that tie normal state elecaiczl resisuvity shows a tramicon

from meud.lic co scmiconducting behavior. widi the t~lonotonic suppression of TC from -90K

[O -6(IK and -35K for x43. 0.2 and 0.4, respectively, with the samples for x>O.6 being

non-supcrconducmg. The pressure dependence cf dtesc elccmca.1 propc2ttes IS complex and

Intcrcsmg. (Neumetcr er af.. 1988) From rnagncuc susccptibil.ity measurements an dfccuve

magnetic mcxnent of 2.7 p B/Pr-ion was exuacmd indcpndcnt of x. @alichaouch ●f uL.

1987) A pssibk intcprctmion of tic magnetic moment is chat the Pr wdencc has a fixed
value of about 3.8, ad thal extra charge is tin conuibuccd to h G-O plsncs, filling *

bcdcstkw are*yhk’edtok& sqmmtducdctg *rs. This picture is sup

by elocuon cncxgy loss SPCCUOSCOPY~) rn=~en~ of * o~p 1s+ 2P ~~’

which showed that a small prc-ducsbhold peak chaJght to irukmE valcmx band h- u

rcckcuZ a.hbough not c~fi- for x-l rcluk to xd. (Nikkcr tr d.. 1988) In conm

the Ianicc ccmsmnu of the RBalCu@7~ series strongly suggest that R is tiVdenL (Mssg

er d.. 1987) In fact- he Pr vakncc was concluded to be close to 3+ from X-ray ab~

spmoscopy (XAS) mea.surmncnu of k Pr Ldgc (Horn cr al.. 1987; AIp er af., 19S7; LyT.Ic

et d., 1998). akhough it was proposed that dte Tc -quenching IS due ‘mchrge tmnsfcr *g

from a mdcst ckviaaon of dtc valence frun 3+ Iowa,rd 4+. Oh w- have subsq-dy

come to the smsM conclusion hrn R Mulgc muck. (Neukirch er af.. 1988)

We have mdc an elccuon spmrmmpy study of this systcm for x-O, 0.2. 0.4.0.8 ●nd 1.0.

including XPS fm various cost lcvds, brcmssaahlung isochmmat S~-OPY (BIS~ f~ ~

coducciat b- ad sydtrotrcm-cxcitcd RESPES for tie Pr 4f md Cu 3d states of the
VO.kISCC bud. Our Pr RESPES datA WCTCmpurted in a Kpsratc paper. (Kang ef ti.. 1988)

In qpecrncnt with the XAS RWJIU wc ccmcluckd that chc R valence IS near 3+ for all x.

However, the R df photocmlssion qxansm. whxh was found to be largely unchanged WIdt

x. shows smmg hybrtcktton with other valence hand scatcs. In dns paper we SUmfII~m

our 131S- XPS tits and the rcsulu of efforts lo qus,nnfy k hybndizanon by fimng tic R

4f RESPES and BIS spccm ustng the impurity Anderson model.

EXPERIMENTAL DETALM

The sampk Ot’ YI.,H,ih7(hIC)-tA WId’t x4). 02, 0.4, (),6, ().8. ] .() wCtt PftpSJ’Cd ~

dcu?ritmd hv t3dichmmwh ● r fil ( Iast-f] -n.. ..--1 -- . . .. -L- Jlr*- f~., ● - ,#. ”



were pmparcd In the same batch. whde the sa.mpie wlti x= i.0 was prepared at a different

time with a slightly different oxygen treatment. An unpunty phase of BaCu02 in amounts

less than 8 md% is obsmmd in the x-ray difl%rnon daw tie amount ot which dccmascs

wth increasing x unal it is not observed for x > 0.4.

The synchrotron~xcued photocrnission spcctrt)scopy (PES) was pcti”-cd at the Stanfrxd

Synchrotrons Radiauon Laboratory \SSRLL USWj quipment ~d p~ed~s dcs~~ fully

by Shen e( af. (1987) and Kang er af. (1988). For all synchroaxm-cxcitcd spectra prcsctmd

below, normalizaaon has been performed by recording the photoekcmon vleld from a beam

flux monitoc for each phmoenussion spcctntm. The Fermi level of the sysrcm was dctcrmitd

nmm the vakmx-battd spectrum of a gold sample evapotatcd onm a stainless-steel subsr.nsc in

siu Room tcmpcma,uc XPS and BIS spectra wert obsained at the Xerox Palo Alto Rescasdt

Center (PARC) using it Vacuum Genetatom [VG) ESCALAB spectrometer. The equipment

and procedures are generally as dcscrtbed by A1.kn er u/. ( 1987). Xl% satellites due to the

non-monochrtxrtaazcd Mg lb source were subrsacrcd numerically. l?w base pressure during

the BIS measurements rose to about 3 x 10_’O Torr, mostly due to tt c outgassmg of the

samples. The Cu 2p XPS spccmrn was the same before and after BIS.

PEIOTOEMISS1ON SPECTRA

Psncls (a) and (b) of R:. 1 display the valence band spectra for x-O, 0.2.0.4,0.6,0.8, and

1.0 at photon energies hv = 70 eV and 75 eV, respectively, which arc below and m the Cu

3d cross-scctias resonance at the Cu 3p edge. The two sets of apccaa am scaled to have

the same vrdencc band miwmuun mtetmy m each set- As explained by Shen et af. (1987).

in~”ercnce from the Ba 4d cole level excucd by. ~cond order light has been removed. The

Cu RESPES msuks of Fi~. 3 arc like our prcwous rcsuks for x=O. The emlsslon of the

da-like satdlk locased at -12,4 eV is clearly enhanced at hv = 75 eV. An anaresonancc

of zhe states bcrwmcn –7 eV and Ep, which ir~volves hybridized Cu 3d and O 2p stases, is

concealed by the scaling m the figure We do not Qbactve arty correlation bcrween x and the

intensity of the d’-likc sateilitc rdative to the -4.7 eV peak. which implies that chcrc 1s no

systcmtsnc change m the Cu M stare due to the subsanmon of R.

PancI (c)of ~g. I shows the Cl 1s COtt level XPS SPCCUS for Xd, 0,2, 0.4, ().6, 0.8 and 1.0.

For aJl x these am multiple peaks, w~th changtng relative mrcnsnics. Multiple peaks uc often

fatnd m ccnmsc smrtplcs. and the dcvelopmg mmccnsus [Kohtki er al,. 1987; Takahshi a

d.. 1988; Shcn er af., 19R8b) IS that only the 528 eV line is intnnslc. The dccrc~ wuh

incrcasmg x m the uwcnsuy O( the 531 eV line relauve to the 528 CV Iinc correlates wrh

du.ngcs In the vrdencc band spcctm which show that wtth mcrcamng x thcm IS a dccrcaM

in the -47 eV mammum rclatxvc m the -2.4 eV shoulder. Since this change IS essertrsallv

tho same m both pasuls (a) mnd (b) ot the tigum. 1[ does nor revolve pnmartly the CU M

sums. We conclude that there IS vakrrc band cmlsslon m the --$7 eV mngc from extrtnxsc

oxygen. posasbiv water or gases such as CC)2 adsorbed m the gm.n boundmcs. or the Ba(hO?

Impuntv phase. “l%c hlghcr hmhrig energy () Is peak dccmascs iiunng BIS measurements.
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The valence band spectra of Y1-, ?r, Ba2CUI014 M (a) hv-70 eV, Mow the

rcmnmnce. and at (b) hv-75 eV, drove tie resonance. Tk murfemncc frout k

Ba Ad core level excncd by the second order light IS removed as dcscnbcd by Sk

er al ( 1987).

(c) The (1 Is core level XI% spccua 01 Y1.,Pr,BazL”u:O~~.

Pr 4f RESPES

The Pr 4f emission is spread throughout tk fine ~ eV of the vsdence band and is not enpkidv

visible in FigY 1 (Lb). It has been detcrmumd by RESPES sIud,tcs dcscnbcd m dctd by

Kang cr ~T~.(1988). 1[ is Impon.a.m that the shapes of die excramcd R 4f spectra for all x arc

esscntialuy I&e that shown in Fig. J for x-1, We tifcr hat I%das not cKcur m combinanon

with *C emtrtsIc oxvgen dcscnbed above

R M and CU 2P XPS

TIM Pr M and C1.i2p cum levels conms[ of spm-c:bu spll( peak which overlnp, he 1%3d\n

\tases occur between 933 eV and 935 eV for several Pr maunds. and the C’U 2pln peak

IS observed at 933.7 CV in YBa@~O~ ~, Since [he two core levels have nearly dcnacal



er af, ( 1987), cxh spm-orbit component of’ tic Cu s~cnum has a ma.m iine and a sadlitc

uslgncd to 2p5d’OL and 2p5d9 final st.aLccon.riguranons. rcspwnveiv, where L denou a

hole oi appropnam syrnme~ reltive LOtilled Iiganci O 2P st.mcs. Taking mto accoun[ the

incsmsc witi x ox’he % 3d intcnsltv under the Cu mam line. we !ind hat k rano Oi chc

Cu satdl.ite to mam line mtensltv IS essenaallv unchanged WIdI x. This mlphes hat the Cu

valence averaged over chain and plane SIUS does not change much WIdl x.

BIS SPECTRA

Fig. ~ compares BIS spccma !or x*. 0.2. 0.4. 0.6. 0.!3. and ! .0. All the spcctm arc scaled

m have tie same magnm.uics at che limww peak M 15 eV. TIM spectrum tor x=() is V-

similar co hose in the I.iccranu’c ~va.n dcr .Marcl er al.. 1987) in having a peak aS N 2 cV.

‘0 final sum. a WYdCband s~g a! z 7 eV above EF -gwhich WC XSSIP [0 the Cu d

from amixnsrc otO 3s. Cu 4s. Ba5d and Y 4d scaccs, a.nda namw peak m 15 eVducto

[he Ba 4f0-~fl mmwrions. From his figure. It IS clear hat che spcmal weight near EF is

csscnnallv mu tor ail x. and dmt tcaums near 2 CV and 7 CV increase u x Incrcascs. We
have extracmd du Pr s~m by subaacnng die spcamrn tor x4) km LIUUt’oreach x. -

matching he magnitudes or tic peaks cormpnding to k Ba 4~-411 transitions. assuming

chas high.iy amrnic-like sca=s arc na affcaal by the Pr subsucur.mn- TIM areas urukz ti Pr

~f spectral wmghts arc roughly propcmiom.1 m the R conccncraaon x. witi the excxptsat of

K-1.(). T’?K area rarios ~ A(xd3.3 : A(O.4} : A(O.6) : A(O.8) : A(l.0) = 0.19. 0.38: ().@ :

0.80: 0.82. As w.di the oxygen 1s XPS spcnz wc qmcuhc LM the dif%rcnt bchawtx h

Em ,.
-/ ..,.-.-J. ,.,; y,.“
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x= 1.0 rctlecrs tie slight difference In 1[s pmparauon. The exuaac.d R spccua.1 weight above

EF is shown m Fig. 3 fix x=1. Them w wo features ccntcrd at 2 eV and at 7 ev, ~ti

complicated Iineshqms and with essennallv zero specml weight at EF. The spcara for otier

x arc ve~ similar. exccp~ t.has r.he mtermry of che 2 CV feature demcases siighdv miacive 10
[hat of tic 7 eV femu.c as x Incrcmes.

Pr 4f SPECTRUM

Qualmmve Asslgnrnenrs

The top panel of Fig. 3 shows tie co.-npkc Pr 4f S- we]ght dismbuuon tor x= 1.0.

OhillCd by combining the S-MI CXMWCd km REWES and BIS. The RESPES ~

1sscaled relative co tie BIS spectrum so has k weight d,iscrtbution has 2/14 of i~ area klow

EF. c~ “ g to k P#+ scac. Forcompasi.son. die bottom panel of dm figure skmm ~

uualogous Pr 4f spctmrn for Pr mcutl. obcaincd by combining BIS (kg er af.. 1981) and

P= .&r,a km hv=dO cV. OMehczka cl af.. 1984) The s~cm,un Messcrmdlv chat cx~ fm a

smgle-va.km ~+ ion. Thus k vcmca.1 bars strew the we@u and posmons of the tins.1 state

multipkts of 4f1 and 4P coniiguranons arising in a calculation of k 4f2-4f1 ad 4@-4F

PES ad BIS uansitions using ti method of cocficicnts of fractional parentage. (~ c1 ~..

19$1 ) The large 4f Codomb intcracaon Ufl is shuwn by the 5 CV scpararim of & -st

PES ionizmio nand BISafliniry linc.s. Tk!W5spa3n,un alsoshcnws asmallpak-EF,

which atiscs from hv~on Ixrwun k 4f s~c and the culducsion b~ ad can k

Pr9a&u,07.d I

4

Fig.3. (a) Top: 17c complete R 4f spcc-
pr 4f

~ for F%Ba2C~j%4. 0~
I

I i
by cornbmmg tie spax!.m! ex-

.

:’1”.
uactcd from RESPES (Kaag t:

A/ ~\
‘(

I
ai, 1988) and BIS. The RESPES

n x2 A
= I

u ti

Spcctnun 1s scald dative m the
z

d

f
/u BIS spcctmn SO th81 t.k ~ Of

1,L 4
u r k area below EF and drove EF
L,-,
z’ is 2:12.
k I (b) Bottom: The C09Ttp~ %

:’
?r Metal 4f s~ourn fm Pr maml by

. 2V 9 a~ ●V 31s
2
a A.

ccmbining tie PES spcctnxn for

hu=H() CV fWiehckzka eraf, 1984)+
z ‘,

md [he HIS spccuum [Lang ef af.
‘. 1981 ) \’cmcaJ lines show tins.1

/— slaw mulplcts_,—. —
/1

I (
,[ ,,

The dlffcmnce near LIF signals
k. .,

much largcI hvlmdizauon cffecu

—.— —- I’Or lW3a7(”ul(J~~ [hdn tor Pr-
‘iO ‘5 7 5 ;0 :5

QWRGY RELATNE T3 E. ieV) mcml.



tit using tic .Anderson lmpunty mcacl. [Gunna.rsson and Schonha.mmer. 1983. 1985. 1987)

More compkx PES iineshapcs In essenualiv mvalcm Pr inurmetaiiic compounds (Parks er

al.. 1984: Sampathkurnaran el al,. 1985) amc from hvbndizanon 10 a scrucn.ucd conducnon

band and can a,ko be fit wIch this mod. (Gunna.rsson and S:hdn.hammer. 1985. 1987)

Consdcring this prcwous work on nvbndizanon ctfcccs m Pr and its compounds. wc mterpmt

the RBa2Cul~d -lf spestrurn as esscnmai.iv mvaknt. bllt wIch the BIS/PES peaks near EF

slgnali.ng much larger hvbridizaaon effects than for R metal. We tt:agn the 7eV BIS fca.cure

as rhe 4f2+4~ tmnmuon. This lnmprccauon unplies a shift C( che 4t_3stares by about 3 eV

[o higher crmrgms. relative to the BIS spectrum of Pr med. and in addition. a :kucase by

approximately 20% in chc overall mulriplet splitting, to about 4 e V at IWI-IM. from the mccal

value of amt 5 eV. S-h changes are known m compxuds of the light Ianchanidu with

uansltion metals (bub@uas er al.. 1987), and arc most i.ikly due to hvbridizmon cffecu and

to a larger 4f Coulomb interaction. as tound in cerium oxdes. (Nak.no ●t a./.. !987)

.mpunw Anderson Harndmnl~, Anaivsls

We have aacmpted to quantify Lur murprctation by fitting die R 4f speantm using the

impmwy Amierson Ha,nulton.ian. This Hami-itort,ian mdels tie R 4f state as a 14-fold

degcnera.u W orbit4 charactmzmd by its bi.di.ng ermgy C(relative to EF, and its ~b

inmactmn Uu. TIM orbital is hybridized to a condnuum &tsity of s- with strength

characterized by ● pa.mmeur &. T%e Gunnamm/Schhhammcr ( i985. 1987) calcuk~

fcr Cc has ken adapted approxunatelv 10 Pr as ck~lxd by them. with the 4f spin-i:

armi mukipkt splittings included onlv in sunuiati.ng the B!S final states. Our fiuinq effo I has
been only pardally successful- If we assume hybdkatmn to a mesalk WMy 0; SWS. b

weights of dM BIS and PES peaks near EF reladve to thcx f~- irom EF can be ~

mher well wish only a male-at deparnrre from uivalence. However. dM thctmmd s-

pcrtorcc show BIS and PES pks meemg at E~, where-as our expenmen-d peaks lie away

from EF smmhAL On k ok hancL if wc assume hybrid.uamx to a continuum witi a

sma.il gap at EF, we can pduce rhmrmd df S- w~h ~SO di.sPlaY a !34% but m o-

a BIS fea.rurc near EF of adeqmst sue, we must use s=h a large hybsidizuicm chat L~c vaksscz

is driven nearly 50% ●way fmm f~ (toward f~. si= f’ is exclti wuh a filled vakmx bad!

and the P= s~ also develops exua fcanucs not seen expsmensallv. A cornprmtm

xenano apprs to be I-nposslble wthn tie framework of the impum-y An&rw!;i makl.

The solid lines of pami.s (a) dwough (CJ O( Fig. 4 show, rcspxveiv, me 4t BIS, -lf PES. ad

3d XPS spcctn ot our mem.ilic mmed valence imaki. The mw of fb) show~ [he conom.ntm

density ot s~. WId’I UIC Imporm.nt part below EF euawtally the same as Lhc h% 4f off-

rcsona.nce spam.un shown. where the (Iu 3d cm,umn dormnaws. but with an 1~

Inmnslry be.wca -2 eV and EF m a~cm.mt for tie ccmmbuaon tmrn oxygen p-scams. We

n- ha m=atcmuc spacings trom Pr to tmh Cu and O pcmm strong hybndizancm. and

A“ = ().16 cV, i.ntesmcdmte between smaller values br m-ike Cc Intermcta.Uics [Aikn ●r af..

1987) and ia.rgcr va.h.us tor ccnwn OXUS. t Nakano er CJJ.. !W7) The mher mcxki parameters
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Fig. J. Tk solid Iinc and k dots in du Inset of [he panel (b) show, respecavcly, [he

caxismum dcnmy of ~- and the Pr df off-resonance SIKCUWI of MMWh.

TIM solid lines IP ihe panels (a), (b), and (c) show, m~nve!y, tie cahbed

4f BIS. 4f PI%. and 3d ~ s~ua of our mcsall.ic mud valence mcxW The

~c8.I PES ad BIS swuz naVC hen shifted away from EF b:i 0.6 cV Lti 2

cV, rcspemvely, and supposed cm expenmemal spectra [m doLsj of’ RBa2GG~.

The dcms m the panel (c) IS tie M XI% spectrum o: R+31 ~Burroughs, er ad. 1976).

wh iu meksm background and non- monochromauc-soumc sauili[es ( Incnmpleulv I

rrmuved

PAYIS (d) and (e) show [he 3d XPS speccm of Pr.01 [Bunoughs er d., ]976) m

a kisEuc energy :c~le. ~d PT02 ( 13i~cOm er al., ]988) (m a binding en-,’ scale.

rcspcnvclv. Panel t ~ show? [he calculated k! spccuum for our gap~~-cotltmuum

model.



~q. ~(f~ -(1) = -.3 ev. U(f = 8.45 eV, and tie 4f-3d Coulomb interaction UrC = 12.1

eV. The dmorcacal PES w-d f31S spezua have besn shi.fwd away from EF by 0.6 eV and 2

eV, respectively, and superpwcd on expcrimemd spcctrz producing the ap~arancc of firs

as gmd as typically arc obraincd for Ce spccaa- (Allen et uf.. 1987) Akhough tie R 3d

spccnum is obscured in PrBa2Cu3074 by the Cu 2p specuum, as dcscnbcd above. we can

guess that it should resemble that of Rz03, and be different from rhas of PKlz, * tic

finding dm.t tie R L-edge XAS spectrum is ve~ much h.kc rhax of R2Q and very much

d.iffcrcnt from that of PrQ. (Alp et uf.. 1988) Pancis (d) and (e) show the 3d XPS s~aa

of R203 (BLUTOUghSer d., 1976) and M3z (Bia.nconi er ai.. 1988), respectively. I%c Pr2@

spccm.um with its inelastic background and non-monochromatic-source satellites at 540 eV

and 561 CV (incomplecclv) removed numerically, is also shown in paml (c), and it is indeed
much like LIMSof ou rheory CWC. PaIEl (f) shows tie calculated 3d spccuum for ow
gapped-ccmdnuum model and it is obvious chat it looks much different fim [has of R@3

due to die strong f2/~ valence mixing. It is not merely coincidence tha it resembles the MZ

spccuum. which displa~ tic effects of strong fl/f2 valence mixing, analogous co dm ncariy

eqwd ~/f’ vaknce mming m Ce02. (Yakano er uf., 1987)

The mcudlic continuum mcdcl repruiuccs the various 3d and 4f spectral signacurcs generally

tiought to measure the Pr 4f valence and hybridization sucng~. The calculated ground stare

is 4.2% f’, 89.9% fz and 5.9% fJ, giving 2.02 f-ekcuons. The scsious~ss or si~cancc

of the @lent LIUMwc cannot rqrmiucc chc expaimental 4f gap around EF is noc clear. Of

gte-as concern is du possibi.iiry chat the gap is an experimental artifact assdaccd s-hw

wish the use of ceramic samples. or of suxf~ oxygen loss. or a charging cffccf ~ in

some unknown way. Fm c~@c. kb et uf.(1988) ie@ R_dJf ht Sh@ e

of YBa2CU3G4 cleaved al 201L Wk oxy~n -ion is VV slows show m~ _

photmn.i.ssion intensity at EF dwn wc fmd irIour room ternpemnm measurements of ceramic

samples for x4. Fujimon er d. (198$’) suggested that oxygen-vacancy disorder in tk~ low

car!icr dcnsiry mamxials can produce a Coulomb gap at EF. which might be simtdad by a

shift Our psesent inclimmon is to give crdencc to our characterization of the Pr V* and

hybridization ms’cngfh, while working to resolve the expcrimcnr.a.l utwemincies c~g

& g~ iwwti EF.

DISCUSSION

A nmable model for Y 1.XPrlBazCu307a must account for We magrumdc of the R magncac

moment and k change fran a superconductor to a S.em]conciuctor wth increasing x. V&

have feud k the R valence 1s close to 3+ for all x, conslsrem with XAS resulu ard with

latScc paramem measurements. In addition. du extracted Pf 4f spectral Iineshap indicates

much hvbndiuinon to txher valence band scams. We have preVIOUSIV discussed (Kang er d..

1988) various alterrumves for explaining tie R moment and concluded tiat I(S reduced value

HOW hat cxpcad for #* must be acmbuccd co tie large hvbrdizanon but chat tie exact

mdwu.s.m is not clear, Our findings also cast doub[ cm tie posslbi.lity rhat the tra.nsformatmn

from a supcsronductor to a semmmductor txcurs merclv bv r-hecharge-tmrisfer mccha.msm. h



is natural co spc-cuiatc instead tiat tie cxrensive hybridization bcrwe.en Pr 4f and other valence

band states may have disrupted some fcarures of the elecuonic or magnetic suucrurc ot tic x=O

material which is essential for superconductivity. This mechanism would apply particularly

to Lm rare earths Ce. Pr and Tb for which tie 4f sr.mcs have small 3+ ionization cn~es

(kg er af.. 198 1) dcgcneratc with the ocher valence band stmcs. a simation fa~onng wrong

hybridization.

Expanding our previous discussion (Kang et af., 1988), wc sugges[ here hat it is the R

magnetic degrees of ileedom that are most importam Much of tie theoretical thinking

tithin cordated ckcuon models for rhe electronic srructure of the CU-O planes leads to *C

conclusion hat the electrical behavior of holes in the CU-O planes is determined in one way

(Amkrson. P.W. 1987) or anothcr(Bi.rgencau er af., 1988; Hirsch er af.. 1988; St.cchcl and

Jennison. 1988) by C u-O andh CU-CU magnetic infractions. Fmm an insulator point of

view, it is expected tiat hybridization berw~.n R 4f sus and tie ZpSU@Sof tie O atoms

in the adjacent Cu-(1 planes leads [o su~rexcha,nge m~tions between I% and (h or O

moments which wouki have !.!!cpotential to profoundly aher tic behavior tiat would occur

m heir absence. Alarnativcly, from the view of tie metic mcdcl, ticrc ~cur Kondo spin

flllctuitiorts wifh M u=iatd energy WAC of TK. .AMough our mwl calculation is v-

u.nrcalisdc for TK in neglecting spin-orbit and mdripict splittings, it is suggestive t!! ‘he

va,k of TK obtakd is aht 125 K !b same order of magnitude as TO. TC~TK h? @

condition for maximum suppression of TC by a magnetic impurity in a BCS su~mhxtor

with sin~t pairing (M(lllcr-Hanrnann and Zittaru 1970) and may have generic si gniiicsn=

in the prcscm case.
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