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DISCLAIMER 

This document was prepared as an account of work sponsored by the 
United States Government. Neither the United States Government 
nor any agency thereof, nor The Regents of the University of Califor
nia, nor any of their employees, makes any warranty, express or im
plied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe pri
vately owned rights. Reference herein to any specific commercial 
product, process, or service by its trade name, trademark, manufac
turer, or otherwise, does not necessarily constitute or imply its en
dorsement, recommendation, or favoring by the United States Gov
ernment or any agency thereof, or The Regents of the University of 
California. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government 
or any agency thereof or The Regents of the University of California 
and shall not be used for advertising or product endorsement pur
poses. 

Lawrence Berkeley Laboratory is an equal opportunity employer. 
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Quenching and Annealing Effects on the Specific Heat of YB~Cu307_0 

J.P. Emersona, R. A. Fishera, D. A. Wrighta, N. E. Phillipsa, J. E Gordona,b and E. M. McCarron 
IIIC 

aLawrence Berkeley Laboratory, University of California, Berkeley, CA 94720, USA 
bPhysics Department, Amherst College, Amherst MA 01002, USA 
cE. I. DuPont de Nemours and Co.; Wilmington DE 19880, USA , 

The effect of heat treatments and quenching with no change in oxygen content was studied 
for a polycrystalline sample of YBCO. Quenching the sample. changes the properties drastically, 

. as seen in the specific heat and the resistivity. This study shows that non-superconducting 
regions, some. of which are not associated with Cu2+ moments, can be created in YBCO by heat 
treatment alone. 

The volume fraction of superconductivity (f,) in YB~Cu307_0, as determined by the 

discontinuity in the specific heat (C) at T c• shows large sample-to-sample variations and a · 

negative correlation with a low concentration (n2) of Cu2+ magnetic moments. [n2 (moles 

Cu2+/mole YBCO) is determined by the amplitude of a Schottky anomaly inC in an applied 

magnetic 'field, Cm(7T) (see Fig. 1).] The correlation offs with n2 shows that the Cu2+moments 

must be located mainly on the YBCO lattice and suggests that they are associated with defects 

that suppress super-cbnductivity. As part of an effort to relate n2 to differences in sample 

preparation, a ceramic sample of YBCO has been subjected to a series of heat treatments-two 

successive quenches into liquid nitrogen after heating to 200°C; a rapid cooling through the 

tetragonal/orthorhombic (T/0) ·transition (actually from 950°C to 350°C); and finally, 

"reconstitution" by annealing at 950°C and slow cooling to 350°C-with intermediate 

measurements offs, ri2, and resistivity (p). Since the superconducting properties are also sensitive 

to the value of <5, the oxygen stoichiometry was monitored by high temperature susceptibility 

measurements which showed that no significant changes occured. 

Table I gives the value of fs determined by .1C(T c), and for comparison, n2 and the 

fraction of superconductivity derived directly from n2, fs(n2). Bothfs andfs(n2) are based on a 
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correlation of ~C(T c) with n2 derived from data on a large number of independent samples; 1•2 

Both n2 and ~C(T c) are determined with a precision of about 3% (Figs. 2, 3). 

The first quench reduced fs from 0.85 to 0.78; increased n2, but by a larger relative 

amount; and changed p, dramatically increasing its magnitude and altering the T -proportional 

behavior (see Fig. 4). (Changes in p of this kind have been attributed to changes in 8, but 

evidently, they can be produced by the quench itself, when a quench is used to freeze in the value 

of 8.) The second quench, and the rapid cooling through the T/0 transition produced further 

reductions in fs but no significant increases in n2. The second quench caused a small further 

increase in Q; reheating to 950°C, even with rapid cooling through the T/0 transition, restored 

p to its original value. Apparently the defects that changed p, that were produced in the first 

quench, were completely repaired by heating to 950.°C. Finally, after reconstitution at 950°C and 

slow cooling to 350°C, fs increased and n2 decreased, but the volume fraction of 

superconductivity remained lower than in the original sample. 

The discrepancies between fs and fs(n2) are not large compared with the experimental 

precision, but they do suggest that the correlation betWeen fs and n2 is an oversimplification. 

They must arise from non-superconducting regions produced by defects that are not associated 

with Cu2+ moments, and which could be either metallic odnsulating in character. There is some 

indication that these regions were , produced by the interinediate heat treatments and were 

eliminated by the reconstitution. 

This work at Berkeley was supported by the Director, Office of Basic Energy Sciences, 

Materials Sciences Division of the U.S. Department of Energy under Contract No. DE:-AC03-

76SF00098. 
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FIGURE CAPTIONS. 

I. Cm(7T) is determined by subtracting the linear (Ce), lattice (C1), and hyperfine (Ch) 
components. 

2. Cm(7T) before (lower) and after first quench. 

3. Specific heat anomaly at T c determined using an entropy conserving construction. Other 
methods for determining ~C(T c) yield similar results. 

. ' 

· 4. Resistivity vs. temperature for YBCO. 
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Table I. Volume fraction of superconductivity determined from 
ilC(Tc), fs = ilC(T c)/78T c; n2; fs(n2) = 1 - n2/0.012. 

Condition fs n2 fs(n2) 

Original 0.85 0.0023 0.81 

After first quench 0.78 0.0036 0.70 

After Second Quench 0.73 0.0037 0.68 

After rapid cool, 950-350°C 0.62 0.0038 0.68 

After reconstitution 0.73 0.0032 0.73 
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