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The oxygen isotope effect a was studied for Pr and Ca substituted YBCO, and for Zn substituted EuBCO and YBCO. «

increases to values near 0.5 for the highest Pr concentrations, and lowest transition temperatures. In the Zn substituted systemn

o remains small to thé lowest transition temperatures. It is shown that the isotope exponent is a function of mobile hole
concentration, it decreases with increasing hole concentration and remains low for over-doping.

We are rcporﬁr!ng determinations of the oxygen !
isotope effect in Pr, Ca and Zn substituted YBCO. We
prepared the series (Y1.x Pry) BayCu30¢.92 forx =0.2,
0.3, 0.4, and 0.5, and the series (Y1.x-yPrxCay)
Ba;Cu306.92 for x = 0.2, and y = 0.05 10 0.30, and for y =
0.05and x =0.2,0.3 imd 0.4. The samples were prepared
from the high purity ol‘xidcs; calcining for extended periods
between 125 and 620 boum was used with frequent i
regrinding. Three identical pellets of calcined material were |
parallel-processed in flowing, and purified 160y 01 180y,
This method has been described prcviously‘. The simcn'ng5
conditions were designed to ensure full oxygenization, we.
determined the total o?xygcn content as 6.92 + 0.03 by
jodometric titration. The 180 concentration was determined
by SIMS and found fér different samples between 75 and
94.3%. Raman scattering on several samples agreed with
this. We also prepared samples of EuBa(Cuy.xZng)300.3
for x = 0.015, 0.025, and 0.035, and one sample of
YBa(Cuo.947-no.os)3d1-s-

The isotopic shift was observed resistively and
magnetically by low field dc magnetization and ac
susceptibility. We find in general good agreement between
both methods, but sometimes the magnetically determihed
shifts are larger than the resistive ones. In Fig. 1 we show
the oxygen isotope exponent & = ~dln Tc/d Inm, )
normalized to 100% 180 concentration, as a function of
transition temperature. For the system
(Y1xPry)BazCu3Og 92 a increases to values near 0.5 at the
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FIGURE 1

The normalized oxygen isotope exponent a (100% 180) as
a function of transition temperature Te. Round symbols
refer to (Y1.xPry)Ba2Cu306.92, x = 0.2, 0.3,0.4 and 0.5. -

Diamonds refer to EuBaa(Ciy.xZny)307.8, x = 0.015,

. 0.025, 0.035, and to YBa(Cug 94 Zno.06)3 O7-8 (transition

temperature 32 K). Open symbols: magnetic
determinations, closed symbols: resistive determinations.

highest Pr concentration2. Ca substitution at constant Pr
content sharpens the transition, T¢ goes through a shallow
maximum and o decreases somewhat. This is shown in

Fig. 2. For the Zn substituted systems, the isotope



exponent remains small.jand only shows a slight increase to
a =0.07 for T, = 32 K. It is clear from Fig. 1 that the
transition temperature does not determine the size of the '
isotope exponent, |

In the Pr and Ca substituted series of YBCO it is
believed that the transition temperature is influenced by two
effects3: Magnetic pair-breaking due to Pr, and changes in
mobile hole concentration; Pr reduces the mobile hole
concentration with an effective valence near 4 and Ca
increases i34, We determined the mobile hole
concentration by using the fitting procedures of Neumeier et
al3, the fits 10 the transition temperature in Fig. 2 are
obtained in this way. The relative mobile hole
concentrations Ap obtained in this way allowed us to plot
both T, and & as function of the mobile hole concentration
per Cu0 sheet, Fig. 2. The isotope exponent as function of
mobile hole concentration Ap fits a single curve, it
increases for low Ap, and decreases for larger values, and |,
for over-doping (Ap > 0). '

The substitution of Zn also leads to a rapld dccreasc
in transition temperature. Various explanations have been
advanced: Magnetic pair breaking5 or increased hole
concentration beyond the optimal oneS Hall effect
measurements definitely show an increase in mobile hole -
concentration6 and we have used the analysis of ref. (6) to
estimate this concentration for our Zn substituted samples.
We see from Fig. 2 that the low isotope exponent in this
system fits the general relation between & and Ap in spite of
the drastically different behaviour of T.. It appears
therefore that the mobile hole concentration per Cu0 plane is
‘the dominating pammcter for the size of the isotope
exponent.

A number of dlémeucal investigations have
predicted a low isotope effect near the maximum T¢ in a
series, based on van Hove singularities in the carrier
density of states789 ncar the Fermi surface. Our data are
in general agreement with this.
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FIGURE 2
The transition temperature T (open symbols) and

normalized oxygen isotope exponent-a (filled symbols) as a
function of relative mobile hole concentration per CuO
plane. Squares refer to the system (Y 1.xPrx)BaCu306.92,
circles to (Y1.x.yPrsCa y)Ba2Cu30¢6.92, and diamonds to

1o the isotope exponent & is only a guide to the eye.
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" EuBay(Cu1.xZny)307.§ and YBax(Cuy Zng)307.5. The fit



