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Hybridization in PrBa ,Cu;0; and PrBa,Cu,Og
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Comparative studies dRBa,Cu;0; and RBa,Cu,Og, with R=(R1,yPry) and withR"=Y, Yb, Nd, or Gd,
exclude the possibility that hybridization of Pr's 4tates with cuprate-plane oxygep 2tates is responsible
for the observed degradation of critical temperaturdg with increasing Pr contenty.
[S0163-18208)07409-9

RBa,Cw,0; (R123-7) materials have been fabricated foran amount comparable with both the difference in thé*Pr
R=Y, Cm, and all rare earths except Ce, Tb, and Pm. Al-and Nd"3 radii, and the difference infradii, ~0.02 A, and
most all of these compounds superconduct with critical temexpected the critical temperature for superconductivity to
peraturesT .~ 90 K.! The one noncontroversial exception is drop, due to increasedf-2p hybridization Surprisingly, T,
Cm123-7, which does not supercondtidthe other excep- increasedwith pressure. This result has never been satisfac-
tion is controversial: Pr123-7 is the insulator of choice fortorily explained within the context of any cuprate-plane
many Josephson-junction technologies, and is widely beModel of superconductivitf _ . .
lieved to not superconduct as conventionally grown, al- The main concem with the Kirat al. experiment is that it
though several authors have recently succeeded in synthesy2S Performed on pressurized Nd123-7, which is different
ing superconducting Pri23-73-' using sophisticated from Pr123-7, both in the size of itsf4radius and in its

methods that minimize the number of Pr-on-Ba-site defect?nergies' The hybr_idization mixing coefficidVItdependslon
(Prgy). Since a few of these demonstrations of superconduc"Zln energy denominatakE as well as on a #2p matrix
tivity involve only granular superconductivify® some skep- elementv,
tical researchers have claimed that, even in the cases of bulk M= —V/AE
superconductivity;1° the observed superconductivity éx- ’
trinsic to Pr123-7, namely, some impurity phase that hasand bothV and AE are different for Nd and Pr. Not only
nearly the samé&.~90 K but necessarily with a new super- doesV depend strongly on thef42p overlap(which is dif-
conducting crystal structure. ferend, but also the chemical difference of Ntland Pi 2 is
Currently there appear to be three general viewpoints ofeflected in the energy denominatdie, and either differ-
why Pr123-7 is different from mo$123-7 homologuedi)  ence might play a role in determining whethkyr increases
Pr123-7 is arintrinsic nonsuperconductoand does not su- Or decreases with pressure. However, the facts that
perconduct, primarily due toybridizationof the large-radius Cm123-7 does not superconddcand that(ii) Ce destroys
Prt3ions’s 4f electronic state with aj2 state of an adjacent superconductivity in both (Nd ,Ce,)123-7 (Ref. 17 and
oxygen ion in a cuprate plartg;(ii) Pr123-7 is arintrinsic (i) in (Y;-,Ce,)123-7 (Ref. 17 with increasing Ce content
insulator because ohole filling, namely, the Prion is in the u (to the extent that these materials have been fojrsea)-
Pr'4 state'® and (iii) Pr123-7, when synthesized with the gest that largeare-earth or Cm sizes not chemical differ-
sophisticated methods, is artrinsic superconductgrwhose — encesare related to the destruction of the superconductivity.
failure to superconduct is attributable to a defect formed durTo clarify this point, one would like to have an experiment
ing conventional synthesis, most likely Pr-on-a-Ba-sitesimilar to the Kimet al. pressure experiment that involves
(Prs,), which forms easily because of Prs large size®’  the same rare-earth cation, rather than the different Pr and
This paper deals with hybridization, the first of these view-pressurized Nd cations—and hence eliminates any differ-
points, which has been the most popular reason given for thences of the mixing coefficientd .
failure of Pr123-7 to superconduct. To do this, we compared the effects of various rare-earth
This hybridization depends critically on the-@p over-  dopantsR’ on R123-7 and orRBa,Cu,0Og (R124-8) con-
lap, namely, on the Pr-O bond length and the spatial extententionally grown withR=R;_,Pr, . Here the difference be-
of the 4f electron of the P¥. To verify that this effect is ing exploited is the extra chain layer of ti124-8 com-
responsible for the failure of Pr123-7 to superconduct, Kimpound: R123-7 and R124-8 are Vvirtually identical
et all* executed an experiment 6r90 K superconducting  structurally in the vicinity of the rare-earth idR and in the
Nd123-7, based on the fact that Nhas a 4 radius(and  adjacent cuprate planes and Ba-O layers, and differ only in
hence Nd 4-oxygen 2 overlap only slightly smaller than thatR124-8 has an extra Cu-O chain. Even the critical tem-
Prt®s[0.56 A vs 0.58 A(Ref. 15]: Applying pressure, they peratures for superconductivitwhich are believed to be ex-
squeezed Nd123-7 until the Nd-O bond length contracted bjremely sensitive to differences in structusre not too dif-
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ferent, being~90 K for R123-7 and~82 K for R124-8¢ 100 ' ' ' ]
Moreover, the extra Cu-O chain &124-8 is remote from W, ,PrBo,Cus0,
the rare-earth site, and so we expect that the hybridization of #,_Pr,Bo,Cu,0q
Pr with cuprate-plane oxygen will be virtually the same in

(Ri-yPr)123-7 and in R;_,Pr)124-8. Consequently, for
any rare-earttR’ that occupies only the rare-earth sites, the
suppression of ; in R123-7 andR124-8 should be the same

(03]
O

(o))
<

Transition Temperature T,

for R=R;_,Pr, if hybridization is responsible for the sup- 40 Aszf“ ]
pression and for the failure of Pr123-7 to superconduct: e
20F 1
|dTc/dy| 123 7=[dTc/dyl124 -
If there is any difference in such hybridization and suppres- ot . . ’ -
sion of T;, the difference indT./dy| should be slight and 000 025 050 075 100
|dT./dy| should be larger in the material with the smaller Dopant Content vy
bond length between the rare-earth site and the cuprate-plane
oxygen.(There is no difference iAE, and only a difference FIG. 1. Onset critical temperatur@s for (R;_,Pr,)123-7 (Ref.

in V related to the larger % 2p overlap associated with the 21) and R;_,Pr,)124-87?vs Pr conteny, for R"=Y, a small ion
shorter bond length.But the difference in the Pr-O bond thatis known to not dissolve on Ba sites. These data are typical of
lengths in Pr123-7 and Pr124-8 is only about 0.0% Apite ~ Many measurements, which cover quite a rafRefs. 23 and 24

a small difference, with Pr124-8 having tistorter bond. In both cases, we have fit the data to an Abrikosov-Gor’kov pair-
Therefore, if hybridization is responsible for the failure of Pfeé}k'r;g curveRef. 2f5- as a matter of convenience, and recogniz-
Pr123-7 and Pri24-8 to superconduct, then a pldiofsy "9 ts limitations(Ref. 26.

for (R;_,Pr,)123-7 and R;_,Pr)124-8 should produce conventionally growrPr123-7and Pr124-8to superconduct
lines with the same slope$dT./dy|, or a slope for That leaves hole-fillingdisputed by many authot>29 and
(Ri,yPry)124—8 that is only slightly larger thafdT./dy]| pair breaking by Ry, (which requires that the primary super-
for (Rifypry)123_7; the suppression af, by hybridization ~ conducting condensate not lie in the cuprate pl3nas the

should be the same for the same local crystal geometry, i@nly well-known remaining current explanations of the
dependent of the choice &' . anomalous behavior of these materials. Future efforts to un-

Such experiments have been reported by Hetrial 2 for derstand why Pri123-7 and Prl124-8 do not superconduct
R'=Y, Yb, Nd, and Gd, and by a number of authors for when synthesized conventionally should focus on proving or
R =Y in E)oth ,the 123_’7 and 124-8 materials. Typical re- disproving one of these two mechanisms, or on developing a

sults for Y, Pr.Ba,Cw0, (Ref. 21 and Y, ,PrBa,Cu,0; "eW mechanism. _
(Ref. 22 ;reyprészzntgfj i7n(Fig.2f_‘])26 1-yrlybetls If, as appears to be the case, these materials are both

The predicted similarities of the slopes due to hybridiza—i_ntrinSiC supe_rconductors when synthesized with the sophis-
tion are not evident in the datéFig. 1): dT./dy for ticated techniques, t.h.en one must understand hcggdhf
(Ri,yPry)123-7 and Rifypry)124'8 are not nearly the stroys superconductivity, but Ridoes not—especially ifas

i . . many workers belieyethe superconducting condensate is in
same; anddT./dy] is not slightly larger for the shorter Pr-O ) ,
bond length of Ri_ypry)124-8; butldT, /dy] for the 123-7 the plane that lies about halfway between the two Sites.

compounds is roughly two times as large as for the 124 % Note added in proofRecent measurements of the effect
. : “of pressure orsuperconductingPrBa,Cu;O; show thatT
compounds, for all choices &’ we have examinedR’' =Y, b P PrBaCu0, ¢

o o ith , hly 2.5 K/GPa, ding 105
Yb, Gd, and N This is completely contrary to what is ICTEASEaN™ presstre, rougnly a, exceeding

e ; : K at 10 GPa. These data provide some of the strongest evi-
expected of a hybridization mechanismTof suppression. ence confirming the ideas discussed hgreYe, Z. Zou, A.
Independent confirming evidence of the unimportance OE/I : '
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