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Electrical and Magnetic Properties of La4-xPrxBaCuS013-y' 
M. E. LOPEZ-MORALES, J. 1. HEIRAS and R. ESCUDERO, 
Materials Institute (IIM), Nat. Auto. U. Mexico (UNAM). - The 
compound La4BaCuS013-y is remarkable in that it is one of the 
very few CuO perovskites that is metallic at all temperatures yet 
superconducting at none. In addition, it has an unusually high car­
rier concentration, as estimated from the excess cationic charge in 
the unit cell, compared to the high-Tc copper oxide compounds. 
We have investigated the effect of substituting Pr for La in this 
structure with the objective of studying possible mixed valent ef­
fects arising from the Pr cation. We find that it is possible to obtain 
single phase La4-xPrxBaCuS013-y for x ::; 2, and report the ob­
served electrical and magnetic properties of a sample set within this 
range. 

?£J..l> l rt. Gr-A-v'--+ 
.:J:'+-J-1. - u I-J A-M 

CU, CoyoQ..ca....-vt.. 0'15"10 
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.\ 

;ubsequent!ow tCJDP!:!BtuI'C re-oxidation on the oxygen ordering and 
Pe distribution iQ these systems. Monte Carlo simulations using 
Kawasaki dynamics is used to investigate the Fe cluster formation 
Illd its effect on oxygen ordering for various Fe concentrations. The 
-esults are in very good agreement with experiments, suggesting that 
he structure change during the reduction and ~-oxidation process 
;an be explained by Fe clustering in CUO plane. . 

'Work supported by the U.S. Department of Energy, Office of Basic 
~ergy Sciences under Contract No. DE-AC02~76CHOOO16. 

':24 

~13 3 Investigations of'To Dep~ndence on Magnetic and Nonmagne­


tic Ions ill YB3.2[CUI_.(M.Znl_.).h07.;.6 M.A. CASTRO, S.A. HOFF­

MAN, G.C. FOLLIS and S.M. DURBIN, Purdtu U,-In seeming con­

tradiction with BCS theory, previous studies on the response of high·Te 

mperconductors to the presence of dopants' have not conclusively found 

~ qualitative difference between the effects of magnetic and nonmagnet­
:c impurities on Te. We are investigating dopant effects on, T. which 
~pi>ear to be sensitive to the magnetic character of.the impu~ity. Apart 
from magnetic spins, an impurity ion may introduce other perturbations 
which could mask the effect of spins. The charge carrier concentration, 
for instance, can be affected if the dopant and host ions have differ­
mt valences. By simultaneously doping with ions of different valences 
md magnetic nature, we are able .to vary both the charge carrier den· 
lity and the concentration of magnetic spins. We report on magnetic 
lusceptibility and electrical resistivity measurements on polycrystalline 
YB3.2(Cul_.(M.Znl_.).)307_6 (with M=Ga., Fe, Ni) to determine the 
:lependence of T. on impurity concentration, as well as anomalous dis­
persive x-ray diffraction mea.surementson single crystals to determine 
the dopant site occupanc~ distribution. 
rhis work is supported by the Indiana Center for Innovative Supercon­
ducting Technology and tlie NSF through Grant DMR 86-57587. 

• K. Westerholt el al., Phys. Rev. B 39, 11680 (1989). 

8:36 
Q134 
Bn Dopant ip Ua,CU3Q7 and ua,cw,Qa* S. PRADHAN, 
~ •wu, J. MOSES and . P. BOOLCHAND , University of 
cincinnati, ---YBa2 (CU, .•SnX) 40S samples at x=O·.Ol 
llnd 0.02 have been prepared by sintering the 
precursors at 22~ atm. and 900~C in pure oxygen. 
rc of both. samples established magnetically 
reveal. a value ' of 77 (1) K. XRD scans of the 
samples reveal ' primarily a 1-2-4 phase. ',9Sn 
lIossbauer spectroscopy results reveal in both ­
::ases a partially resolved but ·· asymmetric 
ioublet. These results on 1-2-4 will be compare 
Eo the results of several studies(\) on 1-2-3, to 
lecode the dopant site location in these layered 
::uprates. . . 

.. 
t Supported by NSF grant DMR-89-02836 

(1) 	 T.Saito et al. Physica C171,167(1990) and 
references there in. 

" ' 

fRIDAY MORNING 

normal state reslsllvity, and Raman spectrum measurements will 

be presented and discussed. 


• Supported in part by ROC NSC Grant NSC80-0208-MOO7-95. 

•• Permanent address: IBM, T.J. Watson Research Center, 

Yqrktown heights, NY 10598 


9:00 
Q136 

The Effect of Sr-substitution on the V-site of the YB~CU30r 
Superconducting Structure. B.H. MA, C.U. SEGRE, Illinois 
Institute of Technology, M.K. ANIS, A.A. GILL, S.A. HAYAT .. Z. 
IQBAL, K.E. LIPINSKA-KALITA, F.C. MATACOTTA, M.M. 

.~AIH, P. STASTNY, International Centre for Theoretical Physics 
- The solubility range of Sr on the Y-site in the YB~Cu301 Struc­
ture was studied using two series of compounds: (Gd1_"Sr,,) . 
(Ba1.SSrO.S)CU30r_6 and (Sml_.,Sr.,)(Ba1.5Sro.S)CU30r_6. 'Struct­
ural, compositional and transport data are reported as functions of 
Sr-content, x and sample preparation temperature. The Sm sam­
ples show' systematic increases in T co with both Sr-content and 
annealing temperature. The difference in behavior between Gd 
and Sm-based samples is most likely related to their differing ionic 
sizes. Increasing the Sr content seems to prevent the trivalent Sm 
from occupying the Ba site and thus reducing Te. Measurements 
,of screening fraction' made by a.c. susceptibility at 4K show that. 
with one exception, a decrease with increasing x (Sr content) but 
an increase with increasing annealing temperature. The Sm-based 
samples annealed at 970·C, however, show a relatively constant 

screening factor as a function of composition. 


9:12 


Q137 Electrical and Magnetic Properties of La4_.,Pr.,BaCuSOl3_y­

M. E. L6PEZ-MORALES, J. L. HEIRAS and R. ESCUDERO, 

Materials Institute (IIM)l Nat. Auto. U. Mexico (UNAM). - The 

compound La4BaCuS013_r is. remarkable in that it is one of the 

very few ·CuO perovskites that is metallic at all temperatures yet 

superconducting at none. In addition, it has an unusually high car­

rier concentration, as estimated from the excess cationic charge in 

the unit cell, compared to the high-Te copper oxide compounds . . 

We have investigated the effect of substituting Pr for La in this 

structure with the objective of studying possible mixed valent ef­

fects arising from the Pr cation. We find that it is possible to obtain 

single phase LC4-.,Pr.,BaCus013-!i 'for x :5 2, and report the ob­

. served electrical and magnetic properties of a sample set within this 
range. 

9:24 
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A5STRACT 

A =ew oxygen defect perovskite BaLa4CuSOI3.4, characteri:ed by a ~i~ed 
valence of copper has been isolated ; the paramcters of the tetr3~Dn3l i 
cell arc closely related to that of tll! c'-lbic pr;rovsklte:a - 3.644 (4) A 
'" ap IS and c • 3.S6i(3) ,~ • ap • The X-ray diffraction study sho'.·s l
that the ato~s are displaced fro~ their ideal positio~s in the c~~ic ~. 

cell, owing to the p~ese~ce of ordered oxygen v.:1cancies. The st~dy of 
conductivity, nagnet~c susceptibility and ther~oelectric po~er vers:;s 
te~?erature sho~s that this oxide is a very good ~etallic con~uctor. 

r:;TR(,)Dt;CTIo~ 

Oxygen defect perovs~ites. have been more ~xtensively studied these 

last years o~ing to their pote~tial applications in c.:1talysis, electrccata­

lysis or as GauGes (1-3). In this respect ~ixed valence copper oxides offer 

a ~ice field for i~vestigaticn : several perovskites (G) or pcrovskite-rcla­

ted structures hc;','c bee:t isolated (5-6). These materials in ~hich co~per , . ;. 


t.lkes several coordinations si;:J'Jlta~eously and a valence state inter:::cdiate " !­

;
betwee:t II and III can intercalate large amounts of oxygen according to the 
oxygen pressure and the ter.:perature.·- Their electron tranS?ort properties I 

I 

ranging fro~ se:::i-conductive to pctallic (7) are clos'cly co~related to t~e t 
aClour.t of btercalatcd o),')'&e:1. 

The present paper ceals ,.·ith a nev oxysen cefect perovskite t 
~aLa,Cu5013.4. which is like LaJ3a3Cu6014<5 (~) a :::ixed valence copper Dxide !' 
~ut ~hose behavior is q\.:ite difEerent •. 

i 
!,..~vnthesis r 

. S~=ples were prepared in pl3tinu~ cruci~le ~nd in air fro~ apprc?ri~te 
mixtures of dried oxides La203. Cu0 ~~d carbonate B~C03. The mixtures were r 
first he~ted .:1 few,ho:;fs at S-~O·C. ;:rc'-lnd and ~eated at IOOO'C durin;: sever.:1l !. 
hours. They wcre t~en · grou~d 3G~in. and mixed with an orcanic bi=dcr. co~­ I
presscd into b~rs ~nd then ~lc~ly hc~tcd up to loon·c. After 24 hours or ~ ,::Jore .1t 1 ()f)O·C. thc b~rs '.'cre ::i~ally quenched to room ter.:per.:1ture. T:-;~ \.:se 	

:
of a 	 binder ~as necessary to av~id th.:1t the compressed bars brc.:1k before r.667 	 t: 

:0 " 

j 

t ' 
i.: 

_Or 
,. 

"'''''-=------------ ­



Z. 1'11)1. B - Condcnwd Maller M, IS9-193 (19R6) Condensed 
ZeitsctYIft " A~------------------_. fer PhysiK B I V Idller 

,', Sprinler. VCfla~ 1...116 

- . - 1 

Possible High T.: Superconductivity 

in the 8a-La-Cu-O System 


,· 
J.G. BHDOI'Z ud K.A. MiiUH 

IBM Zurich Research Laboratory, Ruschlikon, Switzerland 

Received April 17, 1986 

Metallic. oxygen-deficient compounds in the Sa - la - Cu - °system. with the composi­
'.. 

tion Balla , -.Cus9~J -. 11 have been prepared in I"crvstalline form. Samples with ~ 

.t = I and 0.75. y> o. annealed below 900 °C under r UCtng con ltaons. consist of three 
" 

phases. one of them a perovskite-like mixed-valent copper compound. Upon cooling. 
the samples s~ow a linear decrease in resistivity, then an approximately logarithmic 
increase. interpreted as a beginning of localization. Finally an abrupt decrease by up 
to three orders of mal.!.nitude occurs, reminiscent of the onset of rcolati\'e su rconduc­
tivitv. The highest ;nset tem , a [ 's ob_sc \ed in the 30 K an&t. It IS markedly 
r uced y filg current densities. Thus. it results parti;.&1 y from the percolative nature, 
bute possibly also from 2D superconducting Iluctuations of double IX.ovslcite layers 
of one of the phases present. 

.. At the extreme forefront of research in supercon­
ducth'ily is the empirical search for m:w materials" 
[1). Transition-metal alloy compounds of .A IS 
(NbJSn) and B 1 (Nbl'i) structure have so far shown 
the highest superconducting transition temperatures. 
Among many .A 15 compounds. careful optimization 
of Nb - Ge thin films near the stoichiometric compo­
sition of Nb)Ge by Gavalev et al. and Testardi et al. 
a decade ago allowed them to reach the hi~hest Tr = 
23.3 K reported until now [2. 3), The heavy Fermion 
systems with low Fermi energy, newly discovered. are 
not expected to reach very high T,', (4). 

Only a smaU number of oxides is known to exhibit 
superconductivity. Hi!h-Iemperature superconduc­
tivity in the U - Ti - ° system ....ith onsets as high 
as 13.7 K was reported by 10hnston et al. (5). Th~ir 
x-ray analysK m 'nk-d the pn:scn<% of thn.-e ditTerent 
crystalln,raphi4: phasc.., one of them, with a splOeI 
SlnKture. sho....lng the high T, (5). Other oxides H~ 
pcrovskilCS exhibit supercondu~ti\'ity d~spit~ th,,"ir 
sm:111 ('arrier concentrations. ", In Nb..J0p'-'J SrTIO" 
"ith ,. = 2 )( 10:1) cm -J, the plal-ma t.-dge is belo .... the 
high~t 'If'lical phonon..... hich is therefore un,hk~'\J 

(6). This large I:k,(;lron-phonon coupling allo....s a T, 
of 0.7 K (7) with CooP'=r pairing. The ex:currence of 
high electron-phonon coupling in another metallic 
oxide, also a perovslcite. bec:lme evident with the dis­
covery of superconductivity in the mixed-valent com­
pound BaPb l _.Bi,OJ by Sleight et al.. also a decade 
ago (8). Thl! highest T, in homogeneous oxygen-defi­
cient mixc:J crystals is 13 K with a comparati\'e1y low 
concentration of carries If = 2-4 x 10~ I cm - J (9). Flat 
electronic bands and :a strong breathing mode with 
a phonon feature near 100 cm I. whose intensity is 
proportional to rr' C.'xist (10). This last example indi­
cates that within the BeS mechanism. one may find 
still higher T,'s in pero..-skite-type or related metallic 
oxides. if the ck'l.'tron-phonon inll!rxlions and the 
carrier densitie'i at the Fermi Ievcl c:an be enhanced 
further. 

Strong elcctron-ph,..non inlcr;Ktions in oxides 
can OC'Cur o .... ing to (lOlaron fonn;tlion as ,,'ell as in 
mix\.-d-v~llcnt systems. " sUP'!rconductivily (metalli~l 
to bipobronic (insul.ltorl tr;lnsilillO phase di;lgram 
....as propo",x\ th"'llrcllCally hy Chahawrty [II). " 
m\.'I.'hanlsm I'M polaron lilrmation is the Jahn-Tdlcr 
clT,,'I.'t. ;h sludi"x\ hy II i~" 1'1 ;11. [I ~I. I"llatl:d "'e~·. 
!'li J • mJ (.' ..~. in ,l\:t;Jh,,'dr;11 '''H!cn 1:00'inlllnl,,'ni 



Table IV. Comparison of the Cu(2) - Cu(2) interplanar, or "slot", distance dSI t' with source 
referenced, with increasing trivalent state ionic radii RLn for various rare eartfl clements Ln 
in LnI3a2Cu307. Values of ionic radii are from Ref. 30. Data from this Table used in con­
structing fig. 4. Distance units are in A. 

~. ' 

Ln Ref.dS10t R Ln 

Er 3.350 a 1.144 
, . 

Ho 3.367 b 1.155 

Y 3.369 c 1.159 

Gd 3.395 d 1.193 

~d 3.513 a 1.249 

3.554 This Work 

3.676 e 1.30 ~ GS 

as. J. La Placa, unpublished data. 


b Reference 6. 


c Reference 26. 


d J. A. Campa, J. \1. Gomel de Salazar, E. Guticrrez-Puebla, 

M. A \1onge, I. Rasines and C. Ruiz- Valero; Phys. Rev. 837, 529 (1988). 

c \1. [zumi, K. Cchinokura, A. \1acda and S. Tanaka, 

Jpn. J. AppJ. Phys. 26, Ll555 (1987). 
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La4-xPrxBaCu5013±o~t. 

Synthetic Procedure 


• 	Mix stoichiometric amounts of LC302' 
BaC03 and CuD 

• Grind in light organic liquid (acetone) 

• Eliminate CO2 by b'aking at 900 C 

• 	Grind in acetone again 
• 	Calcine at 950 C 
• Mix and grind product with an low MW 

'organic binder (ZYP "HTSC Vehicle") 


• Calcine at 950 C 

_. Dry-grind product 

• 	Final calcine at 970 C 

• Dry-grind product 
• Press into pellets at 6 metric tons 
• 	Sinter in air at 990 C 

-~---~--------



La4-xPrxBaCu5013±o\ . 


Synthetic Procedure 


, Caveats 

• 	Must dry La302 at 950 C prior to 
weighing , 

• 	First calcine at temperature not greater 
than 900 C in order to prevent melting 

• 	Organic binder helps homogenize final 
calcine mixture 

• 	Dry grin·ding needed to eliminate 
residual traces of binder 

_. 	NB: Long calcine periods (rv days) 
needed as Pr concentration increases 
due to low diffusion rate of this cation 
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Herman, Kasowski and Hsu 

Phys. Rev. B37, 2309 (1988) 

M X r M A Z r ' 
3~--~--~----~--------~----~--------

·2 
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-> 
CJ 

;-. 1 r 
Cl 

' ­

CJ 
C 
~ 

-1 

[~%O] . [ Y:r % 1 ~ 121 (0 0 1 . 1 21 ' . . t0001 . 

Reduced Wave Vector 



• • • • • • 

.. ' 

6~----~----~------~----~----~----~ 

5 

x = 0.0 


-

p(T) = Po + PG(T<0D) + aT 

2 
 Po = 1.9472 mOxcm 
a = 0.0168 mOxcm/K 

1 ~----~----~------~----~----~----~ 
o 	 50 100 150 200 250 300 


Temperature (K) 
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Curie Constant 
VS. 

Pr Concentration 
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x == Xo + C 

La4-xPrxBaCU5013 Xo (10-6 emu/g) C (emu K/g) e (K) 
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Summary 


• "Quasi"-3D metal 

o 	 Single phase for x ~ 2 

" Pauli Xo. and TEP suggest 
EF independent of x 

• Curie constant indicates Pr3+ 
independent of x 

e 	 p decreases as x increases - ­
anomalous behavior -- needs further 
study 
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Future Agenda 


.... 

• 	More resistivity and TEP experiments 


• 	Understand why material is only 
single phase for x ~ . 2 

• 	Continuara...• 

No sa pierda el proximo capitulo 
de su novela favorita, 

"Los fisicos tambien lloran" 


a lamisma hora 

y por los mismos actores 


Indianapolis APS March Meeting 





