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Anomalous suppression of superconductivity in Zn-substituted BiSr,Ca;_Y,(Cu;_yZny),04g, 5
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We have found an anomalous suppression of superconductivity @t30—0.35, wher@ (the hole concen-
tration per Cy ~ 1/8, in the partially Zn-substituted compound,Bi,Ca, _,Y,(Cu;_,Zn,),0q, 5 With y
=0.02-0.03. In these samples wjth-1/8 andy=0.02—0.03, transport properties such as electrical resistivity
and thermoelectric power exhibit less metallic behavior than usual. There is a possibility that a kind of order
of holes and/or spins is stabilized owing to pinning by Zn, as in the La-based cuprate. It is likely that the
so-called “1/8 problem” is not only characteristic of the La-based cuprate but also common to all high-
cuprates including Cu@planes in their crystal structurdss0163-182@08)06713-1

I. INTRODUCTION tem of the Bi-2212 phase, whose dependence of. is
well defined and simpl&!* We investigate T, of
The anomalous suppression of superconductivity in théi,SrCa ,Y,(Cu;_yZn),0g, s in detail, focusing on
La-based cuprate witlp (the hole concentration per Cu samples withp~ 1/8. Here, Zn atoms are introduced into
~1/8, namely, the so-called “1/8 problem” is a long- samples as pinning centers of the possible stripe order. We
standing oné:? It is known that both La_,BaCuQ, and also investigate the electrical resistivity and thermoelectric
La,_yR,SKCUQ, (R indicates rare-earth elementsith ~ POWer, in order to find some symptom of the possible static
x=p~1/8 undergo a structural phase transition from thePrder of holes and spins.
orthorhombic midtemperature phase to the tetragonal low-
temperaturdTLT) phase(space group P4,/ncm) at a low Il. EXPERIMENT

temperature, and have a local minimum of the superconduct- Sintered samples of BSLCa_ (Y(Cl,_,Zn,);0s: 5

g tr?_r;smon temperaturd, as a function ofx at X=P " were prepared by the conventional solid-state reaction
~1/8°7° As for ITaz:,XSrXCuOA,, on the other hand, .|t.|s method. Raw materials of BDs, SrCO;, CaCOs, Y ,0s,
known tha_t the similar suppression of supercond_uctlwty 6_“Cuo, and ZnO powders were used in the molar ratio of Bi :
X= p~1/8 is markedly enhanced through the partial substig, - cq:-v:-Cu:zZn=2:2 1-x: x ° 2(1-vy) : 2y. The
tution of Zn for Cu, though the TLT phase does not appear ahowders were mixed and prefired at 800 °C for 12 h in air.
low temperatured.The role of the TLT structure or Zn sub- Then they were reground, pressed into pellets, and sintered
stitution in the suppression of superconductivity has not beefyr 24 h at temperatures between 860 and 880 °C. This sin-
clarified for a long time, but the recent discovery of thetering process was carried out once again so as to obtain
stripe-patterned static order of holes and spins imomogeneous samples. All products were characterized by
La 4Ndo sSto 1CuQ, by Tranquadeet all® has thrown new  powder x-ray diffraction to be of the almost single-phase
light on the 1/8 problem. They have concluded that the rolestructure.

of the TLT structure in the suppression of superconductivity Electrical resistivity measurements were carried out by
is to make the dynamical stripe order static, because the TL1he standard dc four-point probe method. The thermoelectric
structure is favorable for pinning of the stripe order. Theypower was measured by the dc method with a temperature
have also pointed out that impurities will also be useful forgradient of~ 0.5 K across a sample.

the pinning. Accordingly, we guess that the enhancement of

the suppression of superconductivity through the Zn substi- IIl. RESULTS

tution is due to the stripe-patterned static order pinned by Zn.

In fact, we have found an anomaly in the thermoelectric Figure 1 displays the temperature dependence of the elec-
power, which can be attributed to the static order, in thetrical resistivity p. The x dependence of ., defined as the
partially Zn-substituted La ,Sr,Cu,_,Zn,O, with x~1/8  midpoint of the superconducting transition in ihes T plot,
andy=0.01-0.02112 is shown in Fig. 2. These values ©f are in good correspon-

If the dynamical stripe order of holes and spins is characdence with the onset temperature of the Meissner effect, es-
teristic of the CuQ plane withp~ 1/8, it will exist not only  timated from the magnetic-susceptibility measurements. The
in the La-based cuprate but also in the other hHigleuprates X dependence ofl; in the nonsubstituted samples with
with p~ 1/8. Moreover, when some pinning centers are in-y=0 is the same as described in the literattirE. As well
troduced into this kind of cuprate, the stripe order is expectedinown in the high¥t. cuprates, the value of . decreases
to become static, leading to suppression of superconductivthrough the partial substitution of Zn for Cu. What is remark-
ity. able in thex dependence of; is that a plateau appears at

In this paper, we take the B8rL,Ca Y, CwOg, 5 Sys- x=0.30-0.35 fory=0.02 and that a local minimum df; is
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observed ak=0.30-0.35 fory=0.025-0.03. Although the prise, values ofp at x=0.30-0.35 are larger than those at
data of T, scatter a little, the plateau and local minimum of x=0.40—-0.45. Especially foy=0.03, values ofp at x

T. are very reproducible in our repeated experiments. =0.30-0.35 are extraordinarily large and the temperature
As for p in the normal state shown in Fig. 1, the value of dependence g is semiconductorlike.
p increases monotonously with increasinfpr y=0. This is Figure 3 shows the temperature dependence of the ther-

reasonable, for the hole concentration decreases through theoelectric powelS. Although the temperature dependence
substitution of ¥* for Ca?*. The value ofp increases of S has not yet been understood clearly for the High-
through the Zn substitution. For=0.02-0.03, to the sur- cuprates, it is empirically known th& at 290 K, Syqk,
decreases with increasing universally for the highF.
T T T T cuprates>18n fact, one can confirm that this empirical law

L n: i holds good fory=0-0.02. That isS,qq  increases with in-
Bi,Sr;Car_.Y«(CuiyZny),03,5 creasingx, namely, with decreasing. For y=0.025-0.03,

100 7] however, the empirical law appears not to hold good. Values
i BT 1 of Syg9k @aroundx=0.3 are a little too large.
i 07 o~ 1
~ ﬂvv’7 g’z %o ] IV. DISCUSSION
o ! FARRN
S A \: . According to the empirical law 08,9, «,*° the value ofp
(3] 3 ; . . .
&~ 50 | 4 odﬁg /o - is estimated as 0.120-0.136 ak=0.30-0.35 in
Bi,Sr,Ca _,Y,Cu,04, 5. Referring to the chemical-titration
o y=000 4 analysis in B,Sr,Ca _,Y,Cw,0q. s by Kawanoet al, '’ it is
v y=001 also estimated as 0.124-0.11&at0.30-0.35. It is improb-
o y=0.02 able that the value g changes markedly through the partial
o y=0.025 substitution of Zr#* for Cu?". Consequently, it is con-
a =003 4 cluded that the plateau or local minimum oF, at
: 0'2 : 0'1 : x=0.30-0.35 fory=0.02-0.03 is related tp~ 1/8. For

these samples with~ 1/8 andy=0.02-0.03, the electrical
resistivity is singularly less metallic and the value $§ «
tends to be larger than usual. This indicates that the mobility
FIG. 2. Y-concentratiorx dependence off,, defined as the Of holes or the number of mobile holes decreases in these
midpoint of the superconducting transition curve in thes T plot, ~ Samples. These anomalies may be called a 1/8 problem in the
for Bi,Sr,Ca _,Y(Cl_,Zn,),0s. 5. Closed symbols indicate Bi-based cuprate, which we have expected to find.
samples which are not superconducting above 4.2 K. Dashed lines As for S in the highT. cuprates, another interpretation
are guides to the eye. has been proposed by Seraal '® They insist thaS is given
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by the sum of th&-linear term and the anomalous term. The charge-density wave except the stripe order may be pinned
T-linear term is usual and ascribed to electron diffusion inby Zn.

metal. The anomalous term is due to spin fluctuation or spin

correlation. In the highF; cuprates, it is well known that the

value ofS decreases through the partial substitution of Zn for V. CONCLUSION

Cul®29They explain this result as being due to decrease of
the anomalous term, owing to suppression of the spin fluc
tuation or spin correlation. According to their interpretation

the increase inS for the samples withp~1/8 and _502_003. In these samples withp~1/8 and

y=0.02-0.03 may be explained as being due to increase gf- 02_0.03, both electrical resistivity and thermoelectric
the anomalous term, owing to enhancement of the spin flucyower exhibit less metallic behaviors than usual. On the
tuation or spin correlation. analogy of the 1/8 problem in the La-based cuprate, there is
According to the conclusions by Tranquadhal,'® the g possibility a kind of order of holes and/or spins exists also
following scenario may be described. That is to say, thgn the Bi-based cuprate with~ 1/8 and that it is pinned by
stripe-patterned dynamical order of holes and spins existgn, |eading to the less metallic behaviors and the anomalous
also in the Bi-based cuprate with~1/8. The dynamical syppression of superconductivity pt-1/8. This is a 1/8
order becomes rather static on account of pinning by not thgroblem in the Bi-based cuprate. It is likely that the 1/8
TLT structure but Zn partially substituted for GiConse-  problem is not only characteristic of the La-based cuprate but
quently, samples witp~1/8 andy=0.02-0.03 become less common to all high¥, cuprates including Cu@ planes in
metallic and their superconductivity is suppressed. The intheijr crystal structures.
crease inS of these samples may be due to enhancement of To be more conclusive, further experiments such as
the spin fluctuation in a region where the stripe-patternegjirect observation of the possible order of holes and/or
dynamical order is Changing to be rather static. This Scenarigpins by means of electron diffraction and neutron
is SUppOl’tEd by some theoretical and eXperimental results fQj’iffraction are necessary in the Zn-substituted
Bi ,SK,CaCyOg. 5.2272°0ne is a theoretical calculati®hon  g; ,SLCa Yy (Cy,Zn,),0g. 5 with x=0.30-0.35 ang/
the assumption of the existence of a fluctuating stripe order=0.02—-0.03.
which well explains the experimental results of angle-
resolved photoemission  spectroscopy and optical
conductivity?® Another is a polaronic quantum stripe model
based on the experimental result of extended x-ray-
absorption fine-structuré:?® At present, however, it is hasty This work was supported by a Grant-in-Aid for Scientific
to regard this scenario as conclusive, because the stripe ord@esearch on Priority Areas “Anomalous Metallic State near
of holes and spins has not yet been found directly in théhe Mott Transition” (07237102 of Ministry of Education,
Bi-based cuprate. There remains a possibility that a kind oScience, Sports and Culture, Japan.

We have found anomalous suppression of superconduc-
tivity at x=0.30-0.35, wherep~1/8, in the partially
'Zn-substituted  BjSr,Ca Y, (Cuy_yZn,),05, 5 with y
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