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The compositions Bi,Sr;_,Y,Cu,O3 have been prepared with the structure of superconducting Bi,
Sry_,Ca,Cu,05. The range of x in Bi,Sry_, Y, Cu,0; is roughly 0.2 to 1.0 and chemical analysis shows
that the Cul concentration increases with decreasing x. The compositions are superconducting (T, ~
65-72 K) for x = ~0.2 to 0.4. Insulating behavior is observed in the region from x = 0.5 to 1.0. This
insulating region would not be expected if the Bi 6p band overlapped the Fermi level, as indicated by

recent band structure calculations for Bi,Sr,CaCu,0;.

Introduction

The occurrence of superconductivity ad-
jacent to a metal-insulator boundary is an
established feature of many systems as the
composition is varied. For oxides, insula-
tor-to-superconductor transitions occur as
function of x in the system SrTiO;_, (1),
AWO; (2), La;-,A,.Cu0Q,; (3), and YBa,
Cu3044, (4). Superconductivity at highest
temperatures is found in the systems Bi,Sr,
Can—lcun02n+4 (5: 6), T12Ba2can—lcuno2n+4
(7), and TlBa2Ca,,_1Cu,,02,,+3 @, 9) where n
ranges from 1 to 3 in bulk phases. We re-
port here on an n = 2 system of the Bi,Sr;
CaCu,Os type, which shows an insulator-
to-superconductor transition as the compo-
sition is varied. Similar behavior has been
reported for Bi,(Sr,Ca);_,Y,Cu,05 systems
10, 11).
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Experimental

The compounds were synthesized by re-
acting Bi,Os, Sr0O,, Y;0;, and CuO in stoi-
chiometric ratios at 900°C for 12 to 24 hr.
Purity of the phases was checked by pow-
der X-ray diffraction data using a SCIN-
TAG (PAD IV) automated powder diffrac-
tometer. The Cu3* content was analyzed by
titrimetry. Superconducting transition tem-
peratures were determined by magnetic
flux exclusion measurements.

Resuits

The range of x in the Bi,Sr;_,Y,Cu,Oy4
system was determined from X-ray diffrac-
tion data. The a, b, and c lattice parameters
varied smoothly form x = ~0.2 to 1.0 (Fig.
). Outside this range, impurity phases

196



LETTERS TO THE EDITOR

5.50 T —

5.48

o
>
(-]

544

a lattice parameter (l«)

[
»
1S

5.40: +
02 03 04 05 06 07 08 08 10 1.1

x in BipSrz Y, Cuy0g

31.2

W w
s 8 8 2
S [ ] -] Q

W
<]
N
.

c lattice parameter (A)

30.0

28.8 + + t + t
02 03 04 05 06 07 08 09 10 1.1
x in BigSrg Y, CusOg

Fi1G. 1. (Top) Variation of a (average a and b) lattice
parameter as a function of x for Bi,Sr;_,Y Cu,04,,.
(Bottom) Variation of ¢ lattice parameter as a function
of x for Bi,Sry_,Y,Cu,0s.,.

were detected in addition to the n = 2
phase. The c axis decreases with increasing
x, as might be expected, since Y3* is
smaller than Sr**. However, there is an in-
crease in the a axis with increasing x which
can be attributed to the decrease in the cop-
per oxidation state which leads to longer
Cu-O distances within the copper oxygen
sheets. Compositions are superconducting
for x = ~0.2 to 0.4 (T, ~ 65-72 K). Chem-
ical analysis indicated a substantial Culll
concentration for superconducting compo-
sitions such as Bi,Sr;;Y03Cu:05. How-
ever, the Cu concentration decreases
sharply with increasing concentration of Y
(Fig. 2). The decrease in Cu™ concentration
also results in loss of superconductivity and

197

in a change to insulating behavior. Electri-
cal resistivity measurements on pressed
powders indicate that for x = 0.5 to 1.0 the
compounds are semiconductors; as x in-
creases the room temperature resistivity
also increases.

Discussion

Bi;Sr;_,Ca,Cu,04 phases are known over
a range of x that does not include x = 0 (6).
The nonexistence of Bi,Sr;Cu,0Og appar-
ently arises because the cation site between
the adjacent CuO, layers requires a rela-
tively small cation such as Ca?*, Although
some substitution of Ca?* by Sr?* occurs,
complete substitution is unknown in any of
these layered copper oxides, including the
n = o member, (Sr,Ca)CuO, (12). How-
ever, Y?* is smaller than Sr?*, and thus Y?*
can serve to decrease the average size ¢
the cation between the adjacent CuO; lay-
ers.

An understanding of the Bi,Sr;_,Y,Cu,O;
systems is complicated by our lack of un-
derstanding of the Bi,Sr;-,Ca,Cu,Oz sys-
tem where there are interrelated unresolved
compositional and structural issues. Writ-
ten as Bi,Sr;-,Ca,Cu,;05, no Cul would be
present in this compound. This would seem
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inconsistent with the observed supercon-
ductivity; furthermore, chemical analysis
shows a significant Cu™ content (6). The
defect giving rise to Cu'l might be oxygen
interstitials, but current evidence suggests
that Cull is probably present even without
such interstitials. Structural refinements
show that there is no significant oxygen
content between the adjacent CuO, layers
(6). There is evidence for oxygen between
the adjacent Bi-O layers in certain prepara-
tions (/3). However, this interstitial oxygen
causes a decrease in T, and presumably
results in oxidation of Billl to BiY rather
than of Cull to Cul’, Another defect mecha-
nism for producing Cul! would be cation
vacancies on the Sr?* site. Some micro-
probe data appear to support the possibility
(14), but recent crystallographic results
(15) indicate that a deficiency of Bi** is
more likely than a deficiency of A2* cations.
The suggestion that Bi** might substitute
for Ca?* between adjacent CuO, layers
adds a further complication since this
would push the average oxidation state of
copper below 2.

Given the evidence for Culll, the Bi,
Sr;_,Ca,Cu,05 and Bi,Sr;_, Y, Cu,0O5 formu-
lations must be regarded as idealized.
Whatever the cause for Cull, the substitu-
tion of Y3* for AZ* should result in a de-
creased average oxidation state for copper.
In fact a decreased Cul" content is ob-
served both for the Bi,Sr;_,Cu;03 and Bi,
(Sr,Ca),_, Y, Cu,O3 systems (10, 11). For
the Bi,Sr,YCu,;03 end member one might
expect the presence of some Cul. We have
XANES experiments underway on
Bi,Sr,YCu,05 to search for Cul.

Another suggestion based on band struc-
ture calculations (16) is that the Cul! con-
tent in Bi,Sr,CaCu,0Og5 results from an over-
lap of the Bi 6p band with the Cu d,._,-—0O
2po band at the Fermi level. This proposal
makes little sense on chemical grounds
since it would be akin to oxidation of Cul!
by Bi''. The band structure calculations are
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misleading because they are based on an
idealized structure whose Bi—Q distances
differ widely from the real structure. In an
oxidized system, the Bi 6p band is expected
to lie well above the Fermi level. The insu-
lating regions in the BixSr,Ca);_. Y, Cu,04
systems furnish further proof that the Bi 6p
band does not overlap the Fermi level.

A metal-insulator boundary has now
been found in the systems La, ,A.CuQy,
YB32CU306+X, and BizSI‘3_XYxCUZOg. In the
former two systems, it has been shown that
the insulating state is associated with anti-
ferromagnetism (17, 18). Recent muon spin
resonance studies have shown that
Bi;Sr;YCu,0g is also antiferromagnetic
with a Néel temperature of about 210 K
(19). Thus in these three systems, long-
range magnetic order is apparently de-
stroyed through Cu doping before super-
conductivity can arise.
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