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Diffraction experiments were carried out on two samples of nominal composition Pb3SrsY;CusO,
(sample 1) and PbsSrsY;Ca;CusO, (sample 2) at ambient temperature and ambient pressure.
Samples were contained in either 0.5 mm or 0.2 mm borosilicate capillaries depending on the energy
selected. Five energy settings were chosen for analysis: -25 keV (-0.5 A), -16 keV Sr-K edge ( ~77 A),
-16 keV Y-K edge (-0.73 A) -13 keV Pb-Lyy (-0.95 A) and ~9 keV Cu-K (-1.38 A). The resonance
edges were selected by scanning the particular edge and examining the fluorescence signal. After
setting the edge, a Si standard was used to determine the exact wavelength value.

After a low pO; synthesis both samples were found to posses the orthorhombic 3212 type of structure
discovered by Caval' and co-workers, where a~5.38 A, b ~5.42 & and ¢ ~15.75A. There was no
evidence to indicate a monoclinic structure® through peak broadening was apparent. Since
instrumental broadening contributions have effectively been eliminated, only anisotropic peak

broadening was detected. This is common in such layered materials and may be attributable to
stacking faults.

Sample 1 was found to have an onset of superconductivity at 67K from magnetic measurements.
Rietveld analysis using the GSASP! routine indicated that the sample composition of the main
product phase (>96%) is much closer to the ideal (Pb;Cu;)Sr;Y;Cu,Oy rather than its nominal
composition, The sample contains stacking faults as confirmed by HREM analysis, while the oxygen
content was determined from neutron diffraction on DIA at ILL to be at the ideal value of 8.0.



The results of the Rietveld refinement, table 1, show the sample to have a slight deficiency of Pb on
its ideal site with Sr compensating for this deficiency. The calculated amount of Sr is small, close to
the limits of quantitative determination. There was no indication of cation deficiency/disorder on the
SrO and CuO;, layers. There was, however, a clear deficiency on the Cu layer (sandwiched between)
the PbO layers. The results indicate that Y is present on this site. Again the amount is small and
should really only be taken as clear evidence of cross-substitution rather than as a quantitative value.

Table 1. Cation composition determined by Rietveld refinement

a(d) (&) c(4) &5 o) R, (%) Chi?
5.3926(2) 5427602 15.7459(4) 12.86 10.26 5.24
Atom X ¥ z Frac U/UA100 (B
Ph(1) 05 0 0.38754) 0.043(4) 07%2
Sr(2) 05 | 0.3875(4) 0.0408) 0722
Y(1) 0 0 0 1.00 0.83(5)
S(1) 0 0 0.2204(2) 1.00 0.78(7
o)) 0 0 05 0.877(7) 0.36(9)
Y(2) 0 0 05 0.036(7) 0.36(9)
Cu2) 05 0 0.1031(5) 1.00 0.91(D
o(l) 05 0 0.2541(4) 1.00 15
0(2) 0.02%7) 0.092(3) 0.388(10) 0.25x4 15
o3) 0.25 0.25 0.091X7) 1.00 15

Sample 2, summarized in table 2, shows many of the same problems as sample 1 i.e. stacking faults,
composition not same as nominal, and cation disorder. The phase purity was slightly less than in the
Ca free sample but was found to have an onset of superconductivity at 76K from magnetic
measurements. Since there was no neutron diffraction measurement on this sample, the Oxygen
content was assumed to be 8.0, although an Oxygen deficiency should be considered. There was no
evidence for significant substitution on the Pb site. The sample is Ca deficient and the calculations
did show only a tiny amount of Pb on the Y/Ca site.

Table 2. Cation composition determined by Rietveld refinement

a(d) b (&) c(d) Ry (%) R, (%) Chi?
5382%2) 5417%2) 15.7748(4) 12.35 11.62 876
Atom X ¥ z Frac UyU*100 (82)
Pb 05 ] 0.387%2) 1.00 0.64(3)
Sr 0 0 0.220%5) 1.00 0.6%(5)
Y1) 0 0 0 0.762(8) 1.07¢10)
Ca 0 0 0 0.248(8) 1.07(10)
Cu(1) 0 i 05 0.799(6) 0.36(6)
Y(2) ] 0 05 0.036(6) 0.36(6)
Cu(2) 05 i 0.107%3) 1.00 0.53(3)
o) 05 0 0.263%(14) 1.00 15
o) 0.039%(4) 0.084(5) 0.3856(12) 0.25%4 15
') 025 025 0.0960(8) 1.00 15

There is evidence that cations are displaced from their ideal sites on the Pb-0, Sr-0 and Y/Ca layers
from anisotropic temperature factor refinements and difference Fourier maps from these samples
and neutron diffraction data.



