PHYSICAL REVIEW B VOLUME 53, NUMBER 2 1 JANUARY 1996-11

Oxidation state of Ce in Pb,Sr,Ce;_,Ca,Cu30g
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The structural and electronic properties of,Bb,Ce; ,Ca,Cu;Og have been studied using neutron and
x-ray diffraction, magnetization, and x-ray absorption near edge struX#NES) experimental techniques.
Our experiments show that although&,Ce; _,Ca,Cu;04 has the same crystal structure as any of the other
Pb,Sr;R; _,Ca,Cu;04 (R=Y,Pr-Lu) compounds, superconductivity is not observed in the cerium-based ma-
terials. Neutron diffraction data also reveal an orthorhombic to monoclinic structural transition in
Pb,Sr,YCu;Og above room temperature, and this transition is expected to occur in other rare-earth
Pb,Sr,R, _,Ca,Cu;Og materials also. PiLs;-edge XANES measurements show that Pr is trivalent in
Pb,Sr,Pr; _,Ca,Cu30g. In contrast, XANES measured on both the Cg and CeK edges indicate that
cerium is tetravalent in RPIsr,R; ,Ca,Cu;Og. The valence oR is not affected by the Ca doping either
for cerium or for any of the other rare-earth ions studied LRtand CuK edge XANES indicate that some
of the extra charge introduced by cerium is transferred to the Cu-O layers responsible for the super-
conductivity changing C#i™ to Cu'". This charge transfer may explain the absence of superconductivity in
Pb,Sr,Ce; _,Ca,Cu30g.

I. INTRODUCTION and x-ray absorption near edge structQk&NES) experi-
ments on PBSr,Ce; ,Ca,Cuz;0g and compared these
The effects on the physical properties of rare-eal®) ( results to those from similar experiments on
substitution for yttrium in YBaCu;O, have been studied Pb,Sr,R;_,Ca,Cus0g (R=Y, Pr, and Th. In this paper,
using various experimental techniques. The superconductinge report the results of these experiments, which clearly
properties of these materials are not affected by the raredemonstrate that Ce is tetravalent, in contrast to Tb and Pr,
earth substitutiohexcept forR=Ce, Pr, and Tb. Interest- which are trivalent. The valences of the rare-earth ions or the
ingly these are the only threk ions that have stable4#4  Pbion, which is 2-, are not affected by the Ca doping in this
states. In the case of Th or Ce, the ThBai;O,  system. The CK-edge XANES data indicate that the extra
or CeBaCuzO, phases do not form. In contrast, charge introduced by Ce at least partially reduces the Cu,
PrBa,Cu;0; forms with the same crystal structure as YBathereby affecting superconductivity.
»,Cu30-,, but superconductivity is not observed in this
material®> It has been suggested that the relative stability of Il EXPERIMENTAL DETAILS
tetravalent or intermediate-valent states of Ce, Pr, and Th
may be responsible for this exceptional behavior. However, Powder samples of RISr;R;_,Ca,Cuz;03 (R=Y, Ce,
recent experimenton Thy ;Y ( Ba,Cuz0- confirm that the ~ Pr, and Th were prepared by solid-state reaction techniques.
Tb ions are in the trivalent state. It has also been reportethitially, stoichiometric ratios of PbO, CuO, CaGQO
that the relative stability of TbBaginhibits the formation of SrCOs;, and Y,03, Cey(C,04)3-9(H,0) (cerium oxalatg
TbBa,Cu30- during the sample preparation process. RecenTb,0;, or Pr;0,; were mixed, pelletized, and prefired at
studie$ on PrBa,Cuz0- indicate that Pr ions are also in the 750 °C for 2 days. The samples were reground, pelletized
trivalent state. Hence this system does not give conclusivagain, and then sintered at 750 °C under @ &imosphere
information about the rare-earth valence effects on the supefer 2 days. This procedure was repeated until the x-ray dif-
conductivity. fraction data, which were taken on a Scinté@ diffracto-
An ideal system to study rare-earth valence effects ometer (Cu K« radiatior), showed the sample to be single
superconductivity is one in which all rare-earth ions from anphase.
isostructural series. Such a system is,BBRCu;Og, in Neutron diffraction measurements were performed on
which all rare-earth ions, including Ce, Pr, and Tb, crystal-about 20 g samples at room temperature using the General-
lize with similar fundamental structurés*? In addition to  Purpose Powder DiffractometefGPPD at the Intense
superconductivity, this series shows a variety of very interPulsed Neutron SourcddPNS) at Argonne National Labora-
esting rare-earth magnetic properttés?° Superconductivity ~ tory. The data were collected at three different mean detector
in these materials can be induced either by creating a sampémgles of 148°, 90°, and 60°, which correspond to an instru-
with about 85% occupancy at the rare-earth site or by replacmental resolutiorAd/d of about 0.0025, 0.005, and 0.01,
ing 20—80 % of the trivalent rare-earth ion with divalent Ca.respectively. Data in thd ranges of 0.5-2.9, 0.5-3.9, and
Once again, the exception is tRe= Ce analog, which gives 0.8-5.4 for 148°, 90°, and 60° detector banks, respectively,
no indication of superconductivity at any Ca doping level. were analyzed simultaneously using the general structure
In order to understand the influence of Ce on this system, wanalysis systeniGSAS) program::
have performed neutron and x-ray diffraction, magnetization, The magnetization experiments were performed using a
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TABLE I. Contributions to the XANES experimental resolutions that arise from instrument broadening
and natural linewidths for the various edges studied. The percent change in calculated linewidths resulting
from the convolution of the instrument broadening with the natural linewidth is also reported. All numbers
reported are in units of eV.

Instrumental Effective
Beam Natural resolution energy Percéa)
Edge Energy line width width resolution change
PbLs 13055 4-2 5.81 1.81 6.09 5
CeK 40443 4-2 15.1 17.80 234 55
Cels 5723 4-1 3.48 0.81 3.75 8
Pri, 5964 4-1 3.60 0.88 3.89 8
CukK 8979 4-2 1.55 0.83 1.76 13

superconducting quantum interference dev8®UID) mag- be indexed with the same orthorhombic cell. These addi-
netometer over the temperature range of 10—-320 K. Smational reflections ,k,|) satisfy the conditioh+k=2n+1
pellets(100—300 myof powder samples were used for theseand therefore are symmetry forbidden by tGecentering
experiments. In order check for superconductivity, smalloperation. Our temperature-dependent neutron diffraction ex-
magnetic fields €10 G) were employed, whereas magnetic periments on P§Sr,YCu;04 show that these peaks exist at
susceptibilities were measured using an applied field of 50@ll explored temperatures from 15 to 873 K. These weak
G. peaks are not observable in x-ray diffraction experiments,
XANES experiments were conducted on powder samplesuggesting that an additional component of oxygen ordering
at ambient temperature on the wiggler beam lines 4-1 ancdhight be responsible for thiS-centered violation. These ex-
4-2 at the Stanford Synchrotron Radiation Laboratory oftra very weak peaks can be indexed usingRmean (Ref. 9
Stanford University. CeK-, Cu K-, and PbL;-edge data
were collected on beam line 4-2, which was equipped with a
Si(400) double-crystal monochromator that provides an en-
ergy resolution of SE/E=2.53x1075. Ce Ls- and Pr 3000
L;-edge data were collected on 4-1, which is equipped with [
a Si111) double-crystal monochromator that gives an energy 2000 L
resolution of SE/E=14.1x10"°. 1 mm premonochromator [
vertical slits were used on both beam lines, and the mono-
chromators were detuned by 50% to remove the higher-order 1000
harmonics. Under this configuration, the calculated instru- [
mental energy bandwidth and its effect of the broadening on

Pb,‘,SrZCeo_50a0_5Cu308

| ——
- observed
— fit ‘
- —~ -difference

" )
the natural width of XANES are given in Tab|e2%,.23 The E ._’-ITIIHIIIIIIIIVIII!II\INI'I\ |I||uul:z| bt 1 rm:u I I TR TN THH
method of data analysis is described elsewRére. 5 u»‘ﬁw’,vl~’lmi.~»\+twp~l'{w‘{wwh;'y\"'ﬂhy‘*~«~-'-~v---«w--\,a--u--r—-u»—--—-‘»-wA~
o '13(())%).5 1.0 1.5 2.0 2.5 3.0
ll. RESULTS AND DISCUSSION S F(b) 200 (:1.4) . (1,1-4)
. . - E 2 (0.2,0) _ o data
A. Neutron diffraction measurements 2 300 E % ® R
Neutron diffraction data were collected on several
Pb,Sr,R;_,Ca,Cu;04 (R=Y, Ce, Pr, and Thx=0.0,0.5) 200
samples at room temperature. We were able to prepare
single-phase samples of P&r,R; _,Ca,Cuz0g4 only in the :
region of x=0.2-0.7. A few small additional peaks in the 100F 9
x=0.0 and 0.8 samples were attributable to other phases. A
typical data set, on PIsr,CeCaysCuz0g, is shown in 0 ;
Fig. 1. Several space groups, including tetragonal [N /R Y 7768
(P4/mmm),® orthorhombic CmmmPmanPmmn),’~1° d-Spacing ()

and monoclinic €2/m,P2,/m,P2;),'**2 have been re-

ported for this system. The observed reflections from our g 1. Neutron diffraction data from BBr,Ce, _,Ca,Cu,O at
samples preclude a tetragonal unit cell, indicating insteagyom temperature, obtained using 148° detector banks. The fit of
that the crystal symmetry is orthorhombic or lower. the data to theCmmmorthorhombic space group is shown (.

Our most reliable fit to the observed data was done in there true crystal symmetry of this compound is lower ti@mmm
orthorhombic space groupmmm Even though this sym- (see text The monoclinicC2/m space group accounts for the
metry gives a reasonably good fit overall, there are few nobroadening of selected peaks as showfbjnThed spacings of the
table discrepancies. First, we have observed several addixpected Bragg peaks are markedahfor the Cmmmand in (b)
tional very weak reflections in all samples studied which carfor the C2/m space group.
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TABLE Il. Lattice parameters and selected interatomic distances g6BRCu;0g5. These data were
obtained from refinements based on the space g&mpnm The orthorhombic lattice constants, (b, and
c), cell volumes, andRr-O distances are listed for various rare-earth samples. Numbers in parentheses
represent errors in the last digit.

R ad) b (A) c (A) Volume (A %) R-O (A)
Y 5.39431) 5.43371) 15.72512) 460.931) 2.39891)
Y 0:Caos 5.37842) 5.41842) 15.74545) 458.9G2) 2.43702)
Ce 5.4317) 5.47412) 15.82384) 470.452) 2.48572)
CeyCaps 5.40641) 5.44971) 15.75862) 464.3a1) 2.44131)
Pr 5.44491) 5.483@&1) 15.79823) 471.7@1) 2.49091)
ProsCaos 5.40162) 5.44572) 15.80026) 464.722) 2.54381)
Tb 5.40331) 5.44331) 15.732%3) 462.721) 2.42131)
ThoCag s 5.38952) 5.42972) 15.76465) 461.332) 2.44382)

space group. Second, in addition to the extra weak reflec- Our preliminary temperature-dependent neutron data on
tions, some of the peaks such as (hel,4 are considerably Pb,Sr,YCu;Og provide some interesting information about
broader thar(2,0,0 or (0,2,0 peaks as demonstrated in Fig. the structure. The data at room temperature and 873 K are
1(b). More generally for both the x-ray and neutron data, thecompared in Fig. 2. Like P8r,CeysCaysCuzOg, this
(h,k,1) peaks with botth and|+0 are broader than either compound also may have a slight monoclinic distortion at
theh or |=0 peaks. This systematic difference is consistenfOOM temperaturgFig. 2a)]. However, when it was heated
with a small monoclinic distortion(angle 3#90°) as re- 10 hightemperature_s, the broad peaks narrowed, and the_ data
ported earlier by several other groups? Under this mono-  Were fit very well with theCmmmspace group as shown in
clinic distortion, the b,k,1) peaks with botth andl#0 are  Fi9- 2b). In contrast to the room-temperature data, the

split into two peaks i, k,I) and (,k,—1).
P P m ) (h ) | o observed

A refinement of our data using the monoclinic space PDZSrzYCugO8 | o
group C2/m (Ref. 1)) is also shown in Fig. (b), and the 200 ‘
refined angleB from this fit is 90.2471)°. Even though our (@) 200 (0,2,0) (11,49 295K
data are good enough to resolve peaks attributable to the i
monoclinic distortion, the data show significant peak broad- 150 b
ening, but no splitting. This type of broadening has been r
previously observed in layered oxide systems, where it has 100 [
been attributed to defects arising from stacking fatfits. [
The poor statistics on the very weak reflections, together s0 [
with the broadened line shapes for selected peaks, provided *2 i
insufficient unique data to justify the added parameters re- 3 Y
quired to obtain a good fit using a symmetry lower than 8 of , e ' e
cmmm = 2.68 2.70 2.72 2.74 2.76
The above two deviations fror@ mmmsymmetry have e 300 (b) (1,,4) 873 K
been observed in all BSr,R; _,Ca,Cuz04 (R=Y, Ce, Pr, § 400 b
Nd, Th, and H® compounds at room temperature with the z [

(2,00) (0,2,0)
B angle varying from 90.2° to 90.3°. Limited x-ray diffrac- 300 b

tion data inR=La, Sm, Eu, Dy, and Lu also gave indications r ]
for a monoclinic distortion.

200

Despite these difficulties, our refinements using the
Cmmmspace group are reliable enough to reg&® dis- wo b
tances. In Fig. 1, we also include our fit using space group P
Cmmm(No. 65 (Ref. 7 and the difference between the fit 0 mw‘g 1
and observed data. The lattice parameters and rare-earth— 270273 3R X [ oI
oxygen interatomic distanceR{O) obtained from this fit are d-Spacing (A)

given in Table Il. Whereas we could discern no significant

change in the oxygen content between Ce and other rare- pig > Neutron diffraction data of BSr,YCusOg at (a) 295 K
earth compounds, problems with the details of our refineyngp) 873 K. The fit is to thecmmm(orthorhombig space group.
ment preclude a quantitative conclusion. However, a cleafne gifference in intensities is mainly due to the different counting
understanding of the crystal structure is necessary in order t@mes. The width of(1,1,4 is larger than th&2,0,0 and (0,2,0
obtain accurate rare-earth and oxygen contents in OUseaks at room temperature, whereas those widths are almost equal
samples. Indeed, the observed line broadening may be aft 873 K. These observations are evidence for a monoclinic distor-
indication of defects or variations in oxygen content within tion that occurs when these compounds cooled to room temperature
one sample. from high temperatures.
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FIG. 3. Low-field (=10 G) magnetization vs temperature data 5950 5960 5970 5980 5990
obtained from polycrystalline compounds of Energy (eV)

Pb,Sr,Ry Cay Cu3z04 for R=Ce, Pr, and Th. These data indicate
superconductivity irR=Pr and Th, whereas no evidence for super-  F|G. 4. PrL;-edge XANES data from PrF(trivalent, PrO,
conductivity was found in Ce compounds down to 10 K. (tetravaleny, Pb,Sr,PrCu;0g, and superconducting

. Pb,Sr,PrysCay sCusOg at room temperature. The fluorescence
(1,1,4 peak at 873 K has the same half width as (®,0 data are shown for RISr,Pr;_,Ca,Cu;Og, while transmission

and(0,2,0 reflections. The data at 473 and 673 K are similaryata are shown for PeFand PrQ, as the thickness of the sample
to those obtained at 873 K, whereas the lower-temperaturg;j strongly affect the fluorescence spectrum due to the high con-
data are similar to those obtained at room temperaturesentration of Pr. The similarity between the spectra obtained from
Hence any orthorhombic-to-monoclinic structural distortionpp,sr,Pr, ,Ca,Cu;0g and Pri demonstrates that Pr in the Pb-
is expected to occur between 295 and 473 K. We suspect thghsed samples is trivalent.

a similar transition to an orthorhombic structure above room

temperature occurs in all these compounds because @pmplex system® The Pr Ls-edge XANES
Pb,Sr,R;_,Ca,Cus04 data showed selected peak broadentesults on  PbSr,PrCu;0Og and  superconducting

ing at room temperature. Pb,Sr,Pry sCay sCuzO4 are compared in Fig. 4 with stan-
dard PP* and P#* compounds.The fingerprint of a r
B. Magnetization measurements spectrum(PrF;) is a single resonance or white line centered

at 5968 eV, whereas a Pt spectrum(PrO,) has two lines
centered to higher energies 5971 and 5980 eV. XANES data
on Pb,Sr,Pr;_,Ca,Cuz0g (x=0.0 and 0.5 shown in Fig.
L ‘4, exhibit only a single peak at 5968 eV. This observation
strate sup_e_rconducnwty in th@=Pr and Th compounds_ demonstrates that the Pr is trivalent in these materials, and
with transition temperatures above 60 K. Superconductmqhat the Pr valence is not affected by the Ca doping. This

transition temperatures in this series are very sensitive tasult is similar to a previous repdftin which it was dem-
details of the sample preparatioisyith Tc's as high as 84 onstrated that the Tb ion is trivalen£ in PBr,ThCuz0g.

K.26 Our data on PbSr,Tb, Ca, CuzOg are in contrast to XANES data on the Ce L, edges of
a previous report’ in which superconductivity was not Pb,Sr,Ce; Ca,CusOg (x=0.0 and 0.5 are compared

observed down to 15 K. In contrast to the Pr and Tb date\’/vith those of Cé* and Cé* standards as shown in Fig. 5

gfrg CIS no e\gdegce tforlo EUPELCOW;]UE#V'W "N The fingerprint of a C&" spectrum(CeF;) is a single reso-
2512C€0.8Cag sCUsOg down to , although this COM- 15ce or white line centered at 5728 eV, whereas 4"Ce

pound was prepared in identical conditions to those for the5 ectrum(Ce0,) has two lines centered to higher energies

Pr and Tb compounds. Our measurements on Ce samplgg31 and 5738 eV. PISr,Ce; ,Ca,Cu;0g (x=0.0 and
. 2 1-x X 3vYs - Y

W'th different Ce/Ca ratios, Q?(<O.8, also shgwed no |r_1d.|- 0.5 XANES, shown in Fig. 5, have two peaks at 5731 and
cation of bulk superconductivity. Our magnetic suscept|b|I|ty5738’ and are therefore similar to the data obtained from

?ha;geogflj]%irsfeé&%%zxil:izoSggre:{eggugd 't(t)ht;? isslmclzlgri:\() CeO,. Hence, in contrast to other rare-earth ions, Ce is tet-
P 9 550> 3-8 : ravalent in PSr,Ce;_,Ca,Cu;0g4. As seen from Fig. 5,

these compounds behaves like a nonmagnetic ion. This Ol?ﬁe valence of Ce is not affected by Ca doping
servation is taken as evidence that Ce is tetravalent, because.l.he observation of C& in Pb.Sr.Ce. .Ca éu O. is
212 1-x X 3Ys8

. T . . -
e o, G451 et St e e CoTOOred by Cecadge XANES Gt iich re rour
crvstal-field potential ' together with those from Gé and Cé™" standards in Fig. 6.

y P ' There is a shift in the absorption energies for trivalent
(CeF;) and tetravalen{CeO,) Ce ions, as can be clearly
observed from the first derivative of the intensities. The reso-

XANES is a single-ion probe that has been shown tonant energies for C& and Cé' are 40466 and
be a powerful tool for determining valence states in40473 eV, respectively. The CeK-edge data on

Magnetization data from BRISr,RysCaysCus;O0gs (R
=Ce, Pr, and Th obtained as a function of temperature at
low field, are shown in Fig. 3. These data clearly demon

C. X-ray absorption near edge structure measurements
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FIG. 5. CelLjs-edge XANES spectra from CgF(trivaleny,
CeO, (tetravalenx, and PBSr,Ce; _,Ca,Cu;0g (x=0.0 and 0.5
The fluorescence data are shown for,BhCe; ,Ca,CusOg,
whereas transmission data are shown for Cedhd CeQ.
The similarity between the spectra obtained from
Pb,Sr,Ce; _,Ca,Cu3;0g and CeQ demonstrates that Ce in the Pb-
based samples is tetravalent.

Pb,Sr,CeysCapsCusOg are also similar to those of
Ce0,. Hence these experiments demonstrate that Ce is tet-
ravalent in PRSr,Ce; ,Ca,Cu;0g.

Cels- andK-edge XANES data show Ce to be tetrava-

Normalized Intensity
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FIG. 7. CuK-edge XANES results of &GO (1+), CuO (2+),

lent in this system, whereas XANES data on the other rarePb,Sr,Ce;_,Ca,Cu3Og (x=0.0 and 0.5 and PBSr,YCu;Osg.

earth ions, most notably Pr and Tb, indicate that they aré\ll these data were collected using the electron-yield method of
detection.

trivalent. In trivalent rare-earth BBr,RCu;O¢ compounds,
the valences have been studied and are accepted %s Pb
Sr?*, Cu™ (sandwiched by Pbp and CY"-O (plane.l®
Holes, which are created by doping €afor R®*, are
thought to go into the CuO planes, convert the?Cuo
Cu®", and thereby induce superconductiVity?® The ques-

tion then arises as to how the material compensates for the

additional charge introduced whé&h= Ce. One possibility is

that the extra charge reduces another ion. In order to inves-
tigate this possibility, we have performed XANES experi-
ments on P ; and CuK edges of these materials.

Pb L;-edge XANES experiments were conducted on
Pb,Sr,R,_,Ca,Cuz0Og (R=Y, Ce, and P, and the data

PbZS r?_CeO_SCao_sCu3o8

Ce K-edge

-

0.8 [
0.6
0.4 |

0.2 |

Normalized Intensity

0

T
[——Ce_ Ca /4™
[ 05705 ;

40400
1

36500 40604

40400

FIG. 6. Ce K-edge XANES results from CefF (trivaleny,
CeO, (tetravalent, and PBSr,Ce,sCayCuzOg confirm the re-

40450

40500

L i L
40550 40600

Energy (eV)

were compared with those of Pb foil, divalent PbO, and tet-
ravalent PbQ. All spectra  obtained from
Pb,Sr,R;_,Ca,Cu30g, including theR=Ce compounds,
were similar to those obtained from PbO. These results show
that Pb in all these compounds is divalent and is affected
neither by the presence of tetravalent Ce nor divalent Ca.
Representative Cu K-edge XANES results on
Pb,Sr,R;_,Ca,Cuz04 (R=Y, Ce, Pr, and Thare shown in
Fig. 7. C,O (Cu*) and CuO(Cu?™") are used as standards.
Cu* has a pre-edge peak centered at about 8981 eV. This
pre-edge peak is absent from higher valent Cu spectra, so
that the relative magnitude of this pre-edge feature can be
used as a quantitative estimate of the"@u?" ratio present
in a material. All measured BBr,;R;_,Ca,Cu;0g spectra
have a pre-edge peak at about 8981 eV, but it is weaker in
intensity than in CuO. The presence of some
Cu" is consistent with both charge balance arguments and
previous assertions that the Cu ions, sandwiched between
PbO layers, are monovalent. The relative intensities of the
Cu pre-edge feature for the Y- and Ce-based samples are

sults from the Celz-edge data. All these data were collected in Shown in Fig. Tb). An analysis of the data confirms that the
transmission mode. The inset shows the first derivative of the intenpeak from PBSr,CeCwOg is slightly more intense than

sities.

that obtained from P§5r,YCu;0g, consistent with an in-
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creased amount of Cuin qualitatively P Sr,CeCu,Og  data, whether the excess charge introduced by tht" Ge
over that in PBSr,YCu;0g4. This result demonstrates that compensated quantitatively by the reduction in Cu or
at least some of the electrons introduced by*Care com-  whether there is some additional oxygen incorporated into
pensated by reducing some €uions in the CuO planes to the Ce compound. What is clear is that there is no appre-
Cu’. The Cu XANES data obtained from P®r,Cey,sCa ciable change in the Pb-O sublattice and that all the Pb ap-
0=Cu30g4 are not significantly different from those of Pb pears to remain divalent in the Ce analog. The incorporation
,Sr,YCu30g, and this can be observed in Fig. 7. Theseof Ca into the samples, to form B8r,Ce;_,Ca,Cuz0s,
results indicate that if C& is doped for C&" in this sys- does not affect the Ce valence, but is seen to oxidize some of
tem, the extra charge will preferentially oxidize the planarthe Cu®. From these data we conclude that the extra positive
Cu". CuK-edge XANES in other trivalent Pi$r,R,_,Ca  charge introduced into the Pb-Sr-Cu-based framework by
.Cus0g (R=Y, Pr, and Tbx=0.0 and 0.5showed that Ca Ce** is compensated by reducing some of the?’Cuo
doping does not affect the Cuconcentration in the samples. Cu®. The substitution of C&" for Ce** serves to reoxidize
It has been reportéfithat the extra holes created due to thesome of the Cd instead of oxidizing Cé" to produce the
Ca doping in the trivalent P{sr,R,_,Ca,Cuz;Og com- holes responsible for superconductivity.
pound will go to the CuO planes and change?Cuo Cu The XANES results indicating the presence of Ce are fur-
3. This change will leave our pre-edge ratios unaffecfed. ther supported by the magnetic susceptibility data taken as a
function of temperature. The data obtained from the Ce com-
IV. DISCUSSION pound are very similar to those determined from the Y ana-
log. Y is diamagnetic, as is C&, whereas C&" (f! con-

All the powdered samples in the PBr,R, ,Ca,CuzOg  figuration has an unpaired spin and a free-ion effective
series R=Y, Ce, Pr, and Ththat were studied in this work moment of 2.545. There is no evidence for the introduc-
are isostructural, as evidenced by x-ray and neutron diffraction of a local moment on Cu whelR= Ce, consistent with
tion. Whereas the true symmetry appears to be only pseudfe conclusion that the charge compensation produces
orthorhombic, it was possible to get a consistent preliminarycuy*, which has no unpaired spins.
fit by assuming a higher, orthorhombic symmetry. From the  From the low-field magnetization data, it is determined
chosen model, it |§.p055|ble to'dlscern the relatlve.dlstance@]at the Pr and Tb analogs of P#r,R;_,CaCusOg are
with enough reliability to establish trends as a functioiRof  superconducting, whereas the Ce analog, synthesized under
These trends can be compared to the tabulated ionic radii @imilar conditions could not be made to superconduct. The
trivalent R,** which decrease monotonically with increasing absence of superconductivity in the Ce analog is attributed to

Z, except for ¥**, which is slightly smaller than Tb". The  the reduction of some planar Cu to CuThe Ca doping
ionic radius of C&" is larger than that of the other trivalent merely reoxidizes some of the monovalent Cu to?Ctin-

rare earths studied, and hence R® distances and lattice stead of creating some excess cha(@e®*) in the CuO

constants are expected to be the largest for the Ce analog. §lanes. In principle, overdoping with Ca should produce the
contrast to this expectation, tfieO distance, lattice param- required carriers, but phase stability becomes a problem for
etera,b, and the cell volume obtained from the pure Ceca concentrationg>0.7. Attempts to induce superconduc-
compound are smaller than those obtained from the COM&jvity by making samples of PiSr,Ce;_ s[sCusOg
sponding Pr compound. However, assuming ratios of ioniq[j:vacancy (Refs. 11, 32 also proved unsuccessful.

radii, the Ce-O bond distances are not short enough to cor- The  absence  of superconductivity  in  the
responq to the presence of tetravaler_n Ce. The diﬁraCtiOTP’bZSrZCel_XCaxCu308 phase is attributed to the disruption
results indicate that the valence of Ce is higher than 3; howpf the CuO planar electronic states that results directly from
ever, it should be noted that the structures of these Pb-bas%ﬂarge transfer induced by the incorporation of tetravalent
materials are complicated and that RO distances are un- ce. Whether the effect of the charge transfer on supercon-
doubtedly controlled by factors more complex than simplyqyctivity is augmented by subtle hybridization effects similar
the size ofR. Unfortunately, whereas the lattice constantsy, those proposed for Pr in PrB@us0; (Ref. 33 remains
and positional parameters obtained using orthorhombic symynclear. The observation of superconductivity in the Pr ana-
metry are reliable, there are large uncertainties in the tem—og of the PSr,R; _,Ca,Cus0y series indicates that there
perature factors and occupancies that preclude a meaningfyfay pe subtle differences in hybridization effects in this se-

comment on the oxygen content of the Ce analog relative tfies, as compared to thBBa,CusO- series, that are not
the other members of the series. currently understood.

The question of the Ce valence is resolved by the
L,-edge XANES data, which clearly show that, in contrast to
the other rare earths studied, Ce is tetravalent in
Pb,Sr,CeCwOg. There is no evidence for the presence of We thank Mark R. Antonio, J. W. Richardson, Jr., and U.
either trivalent or intermediate-valent Ce, either of whichWelp for their technical assistance. We also thank U. Staub
would be easily observabf. A comparison of the Cu for useful discussions. This research is supported by the De-
XANES data taken from th&®=Ce analog with those ob- partment of Energy, Basic Energy Sciences, Chemical Sci-
tained from other trivalenR shows that there is a higher ences and Materials Sciences, under Contract No. W-31-109-
Cu" concentration in the Ce compounds. However, it is un-ENG-38. SSRL is operated by the Department of Energy,
clear, from either the Cu XANES or the neutron diffraction Office of BES.
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