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lodine intercalation in Bi ,Sr,Ca(Cu;_,Co0,) ,0 g, 5 With different & values
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The effects of iodine intercalation have been investigated for the Co-substituted Bi-2212 phase
Bi,Sr,CaCuy, _,C0,),05. s with different & values in the overdoped regime. Whereas in the pristine samples
T. depends orz and 4, in the intercalated on€g, is independent ob. This indicates that the hole concen-
tration p in the Bi-2212 phase has an upper limit and becomes saturated by the transfer of holes from the
intercalated iodineT.(z)/T.(z=0) of the intercalated samples differs from that of the pristine ones. This
suggests that the intercalation of iodine decredgenot only through an increase , but also through a
structural change, probably the interlayer decoupling between adjacent blocks of thepau®s.[S0163-
182996)05125-9

I. INTRODUCTION samples were characterized by powder x-ray diffraction
(XRD). We could not detect impurity phases due to the Co
High-T, cuprates are mostly described in terms ofsubstitution forz=<0.02. The oxygen content of the sintered
Josephson-coupled two-dimensional Gu®lanes. It is samples was changed by subsequent annealing in flowing
widely known that the superconducting transition temperagas of N, and O, at 600 °C. From iodometry analysis and
ture T, increases with the number of Cy(lanes per unit weight change, the oxygen content of the unsubstituted
cell, n, at least forn=3. To explain this, several models samples £=0) was estimated to bé~0.25 (as sinterej
have been proposéd? taking into account both intraplane 6~0.19(N, annealeyi and 5~0.28 (O, anneale}| respec-
properties and interplane coupling. In the tively.
Bi,Sr,Ca,_1Cu,05,.4 (n=1,2,3) system, it is known that The intercalation of iodine was carried out by vapor-phase
the intercalation of atoms or molecules between the weaklyeaction in an evacuated glass tdts,an iodine temperature
coupled BiO-BiO double layers increases thaxis consid- T; and a sample temperatufg of T;=Ts=150 °C.
erably, leaving the intraplane lattice parameters T, was determined from resistivity measurements, choos-
unchanged?® In particular, intercalation of iodine into the ing a 50% value of the normal resistivity at the supercon-
Bi-2212 phase has been well establishédThen, the ques- ducting transition as a criterion.
tion has been raised whether the resulting decreasg; in

through iodine intercalation is due to decoupling of the Il. RESULTS AND DISCUSSION
CuO, plane&® or due to transfer of holes from the interca- ) .
lated iodine to the Cu@ planest®t Figures 1a) and Ib) show typical XRD patterns of

Formerly, Fujiwaraet al” approached this problem by Bi2Sr,CaCu;_,Co,) 04, ;1 with y=0 and 1. It is found
mapping theT.-x diagram of the intercalation compound that thec-axis lattice parameter increases due to the interca-
Bi,Sr,Ca, .Y ,Cu,Og. sl on that of the pristine compound lation fromc/2=15.4 A toc=19.0 A by 3.6 A for all
Bi,Sr,Ca;_,Y ,Cu,Og, 5. They concluded that the change Z values, while thea-axis parameter remains constant at 5.41
of the interlayer coupling leads to an overall decrease it . With increasingz>0.02, growth of impurity peaks is
T, while the transfer of holes leads to a shift of the maxi-observed in the XRD patterns. In the pristine samples, the
mum T towards lowerx values. main impurity peak is hidden underneath tfl7) peak,

In this paper, to approach the above problem in anotheYirtually increasing its magnitude in comparison with the
way, we investigate the effects of iodine intercalation for the(115 and (200 peaks. The structural change through the
Co-substituted Bi-2212 phase fr,CaCu;_,C0,) ,0¢. 5 mtercglatlon shifts the (09 peaks, SO that the main impurity
with different 8 values. Among possible substituents for Cu, P€ak is no longer superposed in the intercalated samples.

Co has been chosen because of the comparatively large From the weight change through intercalation, the iodine
solubility 1213 contenty was determined to bg=1.0+0.03 forz<0.02, as

shown in Fig. 2. Regardless of the oxygen contgntje-

creases with increasirgfor z>>0.02. This is consistent with

the growth of impurity phases far>0.02, supposing that
Polycrystalline samples of BSr,CaCu;_,Co,),04,s iodine can only enter the Bi-2212 phase, but not the impurity

have been prepared by a conventional solid-state reactigphases.

method. Powders of BD;, SrCO;, CaCQO;, CuO, and Figure 3 showsT, vs z for pristine and intercalated

CoO have been mixed in a stoichiometric ratio and weresamples with different oxygen contents. For pristine samples,

prefired at 800 °C. After pulverization, the prefired samplesT,o=T.(z=0) decreases with increasinjand hence with

were pelletized and sintered in air for 24 h at 850 °C. Theincreasing hole concentration per Qu, This demonstrates

last step was repeated to obtain homogeneous samples. Alfiat these samples are located on the overdoped side of the

Il. EXPERIMENTAL DETAILS
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FIG. 1. Powder x-ray diffraction patterns for as-sintered samples Co-concentration z (%)

of Bi,Sr,CaCu,_,Co,),04, s before(a) and after(b) iodine in-

tercalation. Forz=0.04, impurity phasesmarked by dots and a FIG. 3. T, vsz in Bi,Sr,CaCu, _,C0,) ,04. 5l , with different
triangle appear. In pristine samples, the main impurity peaks values:0, samples N annealed;A, as sinteredQ, O, an-
(marked by a triangleis hidden underneath th@17) peak of the  nealed. Solid and open symbols indicate pristipe 0) and iodine-

Bi-2212 phase. intercalated y~1) samples, respectively. For each concentration
z, the pristine samples with differeatvalues yield almost the same
T.-p diagram, wherd; decreases upon hole doping. T, after intercalation.

With increasingz, T, decreases linearly untd=0.02 for
all samples with differens andy values. At this concentra- ing the intercalation process, we treated the pristine samples
tion a kink appears and the slopeTof suppression decreases with z=0 and differents values under intercalation condi-
slightly. Since the growth of impurity phases is observed fortions, omitting, however, iodine. We observed an increase in
z>0.02, above this concentration Co atoms are concluded due to the oxygen loss, for the oxidized sample from
not to be fully incorporated into the Bi-2212 structure. Note Tco=61.1 K to 73 K and for the as-sintered sample from
that the slopedT./dZ, as well asT, is carrier dependent Tco=68.9 K to 80 K, whileT. remains unchanged for the
and decreases with increasipgor the pristine samples. ~ oxygen-reduced samples &&,=92.9 K. Although the

After intercalation, we find almost the sarfig for each ~ samples clearly lose some oxygen during the intercalation
concentrationz, regardless of thes value. For example, Process, this loss is insufficient to account for the observed
Teo=51.1+0.6 K after intercalation for all three types of o independence of . after intercalation. A possible expla-

pristine Samp|es wite=0. To examine the oxygen loss dur- nation is that the transfer of holes from the intercalated io-
dine to the CuQ@ planes is lower for samples with higher

6 values, keeping the value pfconstant® That is, the value

] ' ' ' ' of p in the Bi-2212 phase seems to have an upper limit and
1.05 Bi,Sr,Ca(Cu,,C0,),0g.5 Iy T becomes saturated by the transfer of holes from the interca-
lated iodine, leading to the samie .. Such a behavior has
1.00 - 1 already been observed for samples of the Bi-2212 phase,
> annealed under high pressures of,Qvhere oxygen is con-
§ 0.95 . sidered to enter the samples as Mstead of G~ above
g 6~0.35
§ 0.90 4 i Figure 4 shows replotted data ®f asT.(z)/T.q vsz. For
£ the pristine samples, all data points are located on a single
2 ss ] curve, which is independent af, namely,p. The interca-
lated samples, however, show a small but clear deviation
towards stronger suppression. This can be seen even at low
0.80 i concentrationg=<0.02, where effects of the impurity phases
0 5 4 6 8 10 can be excluded. The same deviation has been found using
Co-concentration z (%) ']Ehe diamagnetic onset of the ac susceptibility as a criterion
or T..
FIG. 2. lodine conteny in Bi ,Sr,CaCu, _,C0,) ;0. 5l , de- Recently, we reported on the existence of a scaling law,

. . 3
termined from the weight change through intercalatibpsamples ~ 0Pserved in overdoped highs cuprates?® It was demon-
as sintered[d, N, annealedO, O, annealed. Above=0.02, y strated that data with differenp values, replotted as
decreases with increasirmg This is in agreement with the appear- Tc(Z)/Tco,_ fall onto a single curve for'ea(_:h substituent. That
ance of impurity phases seen in the powder x-ray diffraction patiS, assuming thgb does not change with, it was found that
terns. T(2)/Teo=Te(p,2)/T(p,0)=09(2), where g(z) is the
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—— 1 — . uncompensated extra charges, the effect will be absorbed
. into an effective suppression functigriz).
Bl2sr2ca(cu1-zcoz)208+81y - For Co-substituted pristine samples, as a matter of fact,
8 the scaling holds good. Accordingly, the deviation of the
N l intercalated samples from(z) of the pristine ones means
g\ that the decrease if. through intercalation cannot be ex-
N plained as being due to only the transfer of holes from the
- @ | intercalated iodine to the CuQplanes. It is said that the
',i\ structural change through intercalation also affagts

101 Q

0.9

0.8 - N Here, from a theoretical point of view, we discuss the
’ RUSREN deviation fromg(z) for the intercalated samples. The scaling
LA ] law in the overdoped regime has been understdbased on
I ' ' ] 2~ the Abrikosov-Gorkov pair breaking thedfywith slight
074 | . . S - modifications for superconductors with anisotropic gap sym-
ﬁ\ f N metries like extended wave andd wave. For these gaps,
RN A ] even nonmagnetic impurities are pair breakihg' and
AR : T./T is given for smallz values by
0.9 - 1 .
0.6 DN 1

TC _ 1 a FN 1
{ 1 TCO_g(Z)_ X4kB TCO' ( )
0.5 4081 ' .

wherey<1 is related to the gap anisotropy ahigez is the

. ' _ ' scattering parameter. The scaling law in the overdoped re-
gime has been understood as being due to the compensation

0 1 2 3 4 5 6 13

of the p dependence of .y by the p dependence ofF .

Then the deviation towards stronger suppression for the in-
tercalated samples is simply explained as being due to a de-
_FIG. 4. Dependence of Tc/Tee on z for  crease inT,, on account of the structural change, probably
Bi,SroCaCu; —,C0,) 20g. 4l y With different & values. Open sym-  the interlayer decoupling between adjacent blocks of the

bols represent the pristine samplgs=0) of Fig. 3, and solid sym- CuO, planes, though we cannot rule out tHag is also
bols represent averages over the intercalated samyptes ) of Fig. affected by the structural chan@%.
3 with different 5 values. The inset shows a range of low Co con- ', - cjusion, both charge transfer and decoupling of the
centrations. The dashed line represents the Sc.al'ng fung(@ynof CuO, planes have to be taken into account to understand the
the pristine samples. The dotted line of the intercalated sample.? suppression through iodine intercalation, which is consis-
shows a deviation frong(z). N . 23 ’

tent with former reporté:

Co-concentration z (%)

p-independent scaling function depending only on the crystal
structure and the substituent.
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