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Abstract

Structural and superconducting properties of Yl_xCa)'(SrBaCu3_yMyO

6+2 {(M=Al,Fe,Co) are

presented. For x =0, for all M, T_ decreases as a function of y and insulating state is

obtained for y=0.4 accompanied by a decrease in the carrier density (p ) and the Cu-O apical
distance (d) . For x>0, superconductivity is restored (for y=0.4). A relation between x, Tc, p,d

and bond valence sum of Cu2 is obtained. Further in the case of M=Co and y=0.3, an
enhancement in the irreversibility line as determined by ac susceptibility measurements is

observed.

1. Introduction

The structural and superconducting

properties of YBazCu306+z as a function of

substitution at different sites have been
extensively studied [1]. Recently, several reports
have appeared on the co-substitution of Ca at Y
site and M(Al, Fe, Co) atoms at Cu site {2,3,4,5,6].
These studies have shown the remarkable
changes in normal and superconducting
properties that take place as a result of Ca
substitution. For example, it was shown [7] that
superconductivity could be restored with 10% of
Ca in an otherwise insulating samples of
YSrBaCuz‘GMOAO6+z (M=Al,Fe). Here, we show

a relation between TC, x(Ca), Cu-O apical

distance (d) , bond valence sum (bvs) and the
hole density inferred from Hall measurements
in the title compound. Further, the effect of Ca on
the irreversibility line on some of the samples is
presented.

2. Experimental techniques

The polycrystalline samples were
obtained by standard ceramic processing. All
the samples discussed here were oxygen
annealed for 3 days. The ac susceptibility was
measured (1500 Hz) in an ac field of 0.1 Oe . The
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maximum temperature Tp at which the

imaginary part of the susceptibility occurs was
measured as a function of dc fields. Resistivity
and Hall constant, Ry (10 mA, 10 kOe) were

measured by ac techniques. Assuming a single
band model, the hole density (p) was calculated
from p = ljeRH‘

3. Results and discussion

X y T (K) x y T (K)
0 0 83 0 0.1 67

0.1 0.1 72 0.2 0.1 7

0.3 0.1 76 04 0.1 76

0 0.2 42 0.1 0.2 60

0.2 0.2 68 0.3 0.2 72

04 0.2 70 0 0.3 2

0.1 0.3 50 0.2 0.3 66

0.3 0.3 65 0 0.4 0

0.1 0.4 29 0.2 04 40

0.3 0.4 60

Table 1. T _ of Yl_XCaxSrBaCus_yAlyO6+z

derived from susceptibility data.

The resistivity and susceptibility curves are
published elsewhere [8]. Here, we discuss only
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the summary of the data obtained. Table 1 gives
the Tc values of (Ca,Al) substituted samples

determined from susceptibility data.The
detailed X-ray studies of these samples
discussed elsewhere [8] showed them to be single
phase except for x >0.3. The orthorhombic to
tetragonal transformation occured for y>0.1
and was not influenced by the presence of
Ca.With increasing Al, both Tc and p decreased

and when Ca was cosubstituted both of them
increased. Superconductivity was destroyed for
y=0.4, when p reached a critical value of

1.5.102Y/¢m® and was restored with x(Ca)=0.1
with Tc increasing from 0 to 29K. The increase

in Tc was accompanied by an increase in p. For

all the samples given in Table 1, we determined
p at 300K and found a relation between Tc and p

(fig.1). Such a relation was well established in
the case of Sr susbtituted La,CuO, [9]. We have

also carried out Rietveld analyses on these
samples and calculated in particular Cul-O
apical distance (d). As y increased (with x=0),
there was a decrease in d (fig.2a) but when Ca
was substituted (for a given y) d increased
(Fig.2b).
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Fig. 1. Hole density (p) measured at 300 K of
(Ca,Al) samples (Table 1) as a function of Tc.

Another quantity that is useful to discuss is the
bond valence sum (bvs). Brown and Altermatt
[10] proposed that the valence of an atom iin a
solid can be expressed by the following sum

Vi= jexp[(rg - rij)/0.37]

where rij is the distance between the atom i and
its surrounding atom j and r, is a empirically

determined parameter. Assuming the oxidation
state of +2 for Cu and -2 for O , we took ro=1.679.
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Fig. 2. Cu,-O apical distance (d) as a function of

(a) y(Al) with x(Ca)=0, scale on the left and (b)
x(Ca) with y(Al)=0.2, scale on the right.

In the case of strongly hybridized
systems such as superconducting copper
oxides,the bvs for the copper atoms should be
taken to represent the total charge in the bond.
One could then monitor the relative changes in
bvs as a function of other parameters such as
oxygen content [11] or substitution. The details of
the calculations are given elsewhere [12]. We
concentrate here only on the bvs of Cu(2). The
bvs decreased as y (with x=0) increased
indicating less positive charge in the Cu(2)-O
plane which also agreed with our observation of
a decrease in the measured hole density. For a
given y, we observed steady increase of bvs as a
function of Ca. This is shown in fig.3 for y=0.2
and y=0.4. It is clear that bvs scales
approximately with Tc and p.

The above data can be understood
qualitatively as follows. It has been fairly well
established that Al goes to the Cul chain sites[1].
Since the average valence of Cu 1 is less than 3,
Al substitution will increase the oxygen content
in the chains resulting in an increase in
negative charge and the hole in the plane will
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tend to reduce as was also explained by Cava et
al [11] in their charge transfer model. Further, it
was argued recently that within a class or
subclass of cuprates the variation of the Cu-O
bond valence sum could reflect a corresponding
change in the hole density [13]. Our data show
that Tc, p, d and bvs decreased as y , but

increased as x. Partial substitution of Y by Ca
injects holes into Cu-O layers as was also
surmised earlier [14-16]. In particular, it was
shown in

Yl_xCaxBaZCu306+z, for z<0.4,

superconductivity was induced for x>0.2 and
that Ca did substitute for Y [15,16].
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Fig. 3. Bond valence sum(bvs) of Cu(2) as a
function of Ca concentration for Al=0.2 and 0.4.

Based on the above qualitative
interpretation, we expect similar effects in Fe
and Co substituted samples since Co and Fe (to
some extent) are known to substitute the Cu
chain sites [1]. Indeed, Ca was found to restore
superconductivity in the otherwise insulating
samples containing y =0.4 of Fe and Co.
However, there were important differences. For
example, we compare the Tc values of Al,Fe and

Co (y=0.4) as a function of Ca concentration in
fig.4. All these samples were annealed at 450 C
in flowing oxygen for 72 h and furnace cooled.
For x=0, the oxygen content of these (Al and Fe)
samples were between 6.98 to 7.05 which
decreased to between 6.9 and 6.8 as a function of

Ca.The rate of increase of T, with Ca dependend
on the substituted M element. Whereas Tc

increased steadily with Ca for Al and Co, it
decreased in the case of Fe after reaching a
maximum value of about 30 K at around x=0.15
(fig.4). This decrease could result from several
factors such as an increase in hole density
beyond the optimum value, changes in
structural parameters and pair breaking effect
due to an increased occupation of Fe at the Cu2
planar sites. Further experiments are necessary
to clarify this point.

x(Ca)

Fig. 4. T, of 0.4 (Al, Fe, Co) samples as a

function of x (Ca) concentration. The lines are
drawn to guide the eyes.

In order to investigate if substitution of
Ca brings about changes in the superconducting
state, we have measured the imaginary
susceptibility ( %) of Co(0.3) samples as a
function of T in different static magnetic fields
H.Though the interpretation of )" is not
straightforward, several authors have pointed
out [17] that under certain conditions, the peak
observed at Tp in such experiments reflect the

intergranular critical current (Jg)and the T -H

data could represent the irreversibility line (IL).
All the samples studied were of similar size and
shape.
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Fig. 5. Tp/Tc as a function of applied de¢ field for

Co(0.3) samples having different Ca
concentrations.

H is plotted as a function of t =Tp /’I‘C

for x(Ca) = 0,0.1 and 0.2 (fig.5). A remarkable
enhancement of the IL can be seen as a function
of Ca. Following Miiller et al[18] , the data were

anlysed using the relation H=K(1-t)". We
obtained n =1.67(x=0), 1.37(x=0.1) and 1.74
(x=0.2). There was thus no correlation between x
and the exponent n. However, the constant K
steadily increased as x(Ca). In the limit of Tp

tending to zero, we obtained, from the above
relation, H= H'= 45, 100 and 7100 Oe respectively
for x=0, 0.1 and 0.2. If one interprets the
appearance of Tp as due to Jg then one could

possibly say that Jg vanishes at higher fields H'

when Ca concentration increased from 0 to 0.2.
In the absence of a detailed microstructural
study, we would like to attribute this increased
pinning to a reduction in oxygen disorder and
an increase in the electron mean free path. The
latter could also explain a reduction in the
normal state resistivity by a factor of 15 when x
increased from 0 to 0.2 [5].

4, Conclusions

Remarkable effects of Ca on the
structural and superconducting properties of
Yl_xCaXSrBaCug_yMyO6+Z (M=Al,Fe,Co) were

observed. In particular, superconductivity was

restored in the otherwise insulating samples
with y=0.4 for all M when x>0.1. A relation was
established between T, hole density,Cu-O apical

distance and the bond valence sum of Cu2. The
variation of Tc with x in the case of (0.4) Fe

samples which is different from that in the case
of Al and Co samples, could be due to some Fe
going to Cu planar sites. An enhancement in the
irreversibility line was found as a result of Ca
substitution. The compounds studied here and
the data presented should be useful to test several
models based on charge transfer, bi-polaron,
magnetic interactions, phase separation etc.
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