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ABSTRACT

The oxygen isotope effect in Pr, Ca, and Zn dopgzesconductivity YBgCusO,; was investigated. Pr and Ca
substitute predominantly at the Y site while Zn ggeo the Cu plane site. The shift in critical fesrature ATc) between
samples oxygenated {il0 and'®0 was obtained via dc resistance measurementdpanfield dc magnetization and ac
susceptibility measurements in a SQUID magnetom&senfirmation of the substitution of the oxygensaa achieved

with Raman and SIMS measurements. The Pr, Ca arglgstituted changecTof the superconductor in different ways.
Increasing Pr concentrations loweg dnd increas@&T with the isotope coefficient, approachiné/z. The additions of

ca reduces the size of baifi;anda. Both exhibit a small parabolic effect with incsgag Ca substitution. An increase in

Zn substitution. An increase in Zn substituted Iw& but AT remains nearly constant, or perhaps gets sligimtigller,

with o increasing to approximaté{y3.
KEYWORDS: Oxygen Isotope Effect in Pr, Ca, and Zn Doped Szgetuctivity YBaCu;O7

INTRODUCTION
Calcium Substitution

Sample Preparation

The preparation method of the substitutions of 5%3% Ca, with a constant 20% Pr, intggfry .Ba,Cu3G;.; is
different from the Pr substituted samples and #1086 Ca substituted sample is included as a coegrafor the previous
set of measurements. Mixed powders of {YPr,Ca/)Ba,Cu;0,; for the concentrations of y = 0.05, 0.1,0.15, @uad
0.25 were calcined in air at 905+ C for a total 15 hours with several intermediate regrindingsiniprove the
homogeneity of the samples. The sintering process performed in the parallel processing systemcamdisted of the

following heat treatment:
e heat to 93% holding for 48 hours; then and
» cool to 500Cand hold for 18 hours; then
» cool to 400Cand hold for 10 hours; then
» cool to 300Cand hold for 10 hours; then

+  Cool to room temperature.
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All sintering cooling processes were at the natw@dling rate of the oven. Resistance measuremgets
performed on the pellets and then shaped rods arsdiere made from the pellets. Magnetization, E66 and FC data,

were performed on the rods and resistivity measargsnwere performed on the bars.
MEASUREMENTS & RESULT ANALYSIS

A comparison of the dc magnetization, the ZFC a@dchrves, is given in Figure 1. The Meissner fatdiare
tabulated in Table 1 along with the transition Wiltalculated (as described earlier) from the aceqitibility (Figure 2),
and resistivity (Figure 3) measurements. A charatie comparison (10% Ca) for the Ca substitutsenies of all three
measurements is given in Figure 4. The Ca samjdesahibit the small (< 3%) BaCuompurities that was seen in the Pr

X- ray measurements.

Table 1: General Characteristics of Ca Substituted (20%Pr) BCO. A Number in Parenthesis
Indicates That This Value is an Estimate

Ca o Meissner Transition Width
Concentration | Concentration | Fraction (K)
(at.%) (at.%) @0.050e | Mag. | Susc. | Res.
0 (85) 35% 5.2 3.7 2.5
5 84 16% 2.0 1.4 1.3
10 78 12% 1.0 0.9 0.8
15 77 17% 1.9 15 1.0
20 76 21% 2.0 1.6 1.0
25 75 24% 1.7 1.4 1.3
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Figure 1: DC Magnetization vs. Temperature for Ca 8bstituted Y (20% Pr) BCO. Top*Odata; Bottom **0 Data
boththe ZFC and FC Data Are Shown Giving the Meisser Fraction
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Figure 2: AC Susceptibility vs. Temperature for CaSubstituted Y (20% Pr) BCO. Solid Lines Represent fie *°0O

Isotope Data and the Dashed Lines Represent tHe Isotope Data. A Dashed Lines Represent tH&O Pairs is to

Help Distinguish the Curves
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Figure 3: DC Resistivity vs. Temperature for Ca Subtituted Y (20% Pr) BCO. The Solid Lines Representhe *°0
Isotope Data and the Dashed Lines Represent th& Isotope Data
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Figure 4: Comparison of Dc Magnetization, Ac Suscdibility and Resistance Measurements for ¥ gPrq ,Ba;CuzO7.4

The symbols represent the data. The solidfinesigeasontinuity from point to point. The dotted Ighare a visual
aid forthe critical temperature of the resistivansition (obtained from the straight, line extraioin). The resistive
transition was normalized to R(85K).The obviouseeffof the addition of Ca is an increase in therpsiess of the
transition, and the elimination of the long taitsvary small shielding. The width of the transitisharpness for all three
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measurements with the additions of Ca and remaiinly ftonstant with the increasing Ca concentratids with the Pr,
the resistance has the narrowest transition andothdc magnetization has the widest. The isotaghift measured is
similar for both magnetic measurement but the tiegis measurement give a somewhat larger valuetlfer higher
concentration the size of the isotopic shift issaféd also by the addition of Ca as it is reducethfthat of the 20% Pr
sample fabricated under the same conditions. THect®ns is considerable since the change in Touite small only
about 7K throughout the entire substitution range ihcrease in Ca concentration in the sample ha&sfact on a number
of properties of this system. First, Tcincreasentdecrease with a maximum at approx. 10% Ca. SedbadMeissner
fraction decrease then increase with a minimumhat 10% Ca. The normal state resistivity (at T=85&)also
parabolically dependent on the Ca concentratidmoatih its minimum is the slightly higher concentmat The parabolic
effect in Tc (Figure 5) has been reported earltee Tc data and the corresponding concentratiorotf the Pr, x, and the
Pr:Ca, y, series has been fitted to the functi@ppsed by Neumeier efalThe dotted line in Figure 5 indicates this fit to
equation [2.1], which givesx,y) = 93.6K - (157K)(0.091-0.874x+393.3K)x [1]It should be noted that the last in

equation [1], the linear pair-Breaking term, isagproximation to the more complicates digamma foncivhich
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Figure 5: Critical Temperature vs. Ca Concentration

The parabolic line is a fit of the data to the fiimn’ T(x.y) = T.o-A(y-pXx-y)>-Bx,where x is the Pr concentration
and y is the Ca concentration. We obtajy F 93.6K, a=157K, B= 93.3Ky=0.091, and3=0.874. Both the Pr and the
Pr:Ca data is used in fitting the function.shoutdused when dealing with the highest Pr conceafratibecause the pair-
breaking here is no longer linear. The data, thep&ix fit to the data, and the computed isotopé& &hi the system of
(Yo.8ProBaCu0,5), y = 0, 0.05, 0.1, 0.15,0.2,0.25, is given inUf&s 6 to 10 respectively. The critical temperatutiee
isotope shifts, and the computed values of theommtcoefficient for this system are given in TaBleThe relationship
betweena and AT, as a function of Jis given in Figure 10. Due to the smaller tempeetrange plotted here, the
uncertainty in the temperature values appear ldrgéact, they are actually smaller than that aldi in the Pr series.
The value of Treported in the table is that which has been detexd from the linear extrapolation technique gda@red
earlier. The isotopic shifAT. and the value of the isotope coefficiemt,change little over the short spread in critical
temperature. The relationship between the critieaiperature and or AT, is not clear. Considering the parabolic nature
of the other properties of the system, a possibtallic fit toa andAT,, can be detected in the data. However, the large
relative uncertainties also leave the possibilitgttof a linear relationship or perhaps even nmgeanAT, at all. The

empty symbols represent tH© data and the filled symbols represent’fidata the solid line represents the Simplex fit
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to the data. The "+" symbols represent the shifi, as a function of temperature, between the titeotd the data. The
arrows on the magnetization and susceptibility lgsajpdicate the critical temperature obtained fiimear extrapolation
of the bulk of the transition: 71.0k for both thegmetization and susceptibility. The upper limit T1q is 76.0 K. The

vertical dotted line (magnetic measurements) irtdicaghe cutoff in the calculation of the mean of ibotope shift. The
horizontal line indicates this mean, and its vatuadicated above the line. The resistance measmts are normalized to

R(85K). Not all temperature scales are equivalent.
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Figure 7: Oxygen Isotope Effect in (.gPro.,Cag 05)Ba,Cus0,.,45% Ca, 20% Pr Substitution

The empty symbols represent tH6 data and the filled symbols representieata. The solid line represents
the Simplex fit to the data. The "+" symbols reprdshe shiftAT;, as a function of temperature, between the tvgotdit
the data. The arrows on the magnetization and ptibiiéy graphs indicate the critical temperatuiatained from a linear
extrapolation of the bulk of the transition: 72.9&r the magnetization (upper limit = 74.8K) and 6R.for the
susceptibility (upper limit = 74.6K). No cutoff wamposed in the calculation of the mean of theadpetshift. The
horizontal line indicates this mean, and its vatuedicated above the line. The resistance mea®mts are normalized to

R(85K). Not all temperature scales are equivalent.
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Figure 8: Oxygen Isotope Effect in (¥ gPrqCag1) Ba,Cuz05.,), 10% Ca, 20% Pr Substitution

The empty symbols represent tfi@ data and the filled symbols represent the 16@. date solid line represents
the Simplex fit to the data. The "+" symbols reprashe shiftATi, as a function of temperature, between the titgotd
the data. The arrows on the magnetization and ptibiity graphs indicate the critical temperatuigtained from a linear
extrapolation of the bulk of the transition: 74.Z&r the magnetization (upper limit = 75.8K) and 4M.for the
susceptibility (upper limit = 75.7K). No cutoff wamposed in the calculation of the mean of theapet shift. The
horizontal line indicates this mean, and its vatuedicated above the line. The resistance meawmts are normalized to

R(85K). Not all temperature scales are equivalent.
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Figure 9: Oxygen Isotope Effect in (¥ esPro.2Can 15 Ba,Cus07.4), 15%Ca, 20% Pr Substitution
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The empty symbols represent #® data and the filled symbols representfi@data. The solid line represents
the Simplex fit to the data. The "+” symbols regmsthe shift ATi as a function of temperature, between the tustb
the data. The arrows on the magnetization and ptibiiéy graphs indicate the critical temperatuiatained from a linear
extrapolation of the bulk of the transition: 73.C&r the magnetization (upper limit = 74.0K) and Z#8.for the
susceptibility (upper limit = 73.8K). No cutoff wamposed in the calculation of the mean of theadpetshift. The
horizontal line indicates this mean, and its vatuedicated above the line. The resistance measmts are normalized to

R(85K). Not all temperature scales are equivalent.
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Figure 10: Oxygen Isotope Effect in (¥ ¢ProsCag Ba,Cuz05., ), 20% Ca, 20% Pr Substitution

The empty symbols represent ti® data and the filled symbols represent’fi@ data. The solid line represents
the Simplex fit to the data. The "+" symbols reprdshe shiftAT;, as a function of temperature, between the tvgotdit
the data. The arrows on the magnetization and ptibiiéy graphs indicate the critical temperatuiatained from a linear
extrapolation of the bulk of the transition: 71.f8¢ the magnetization (upper limit = 72.54 and KLf6ér the susceptibility
(upper limit = 72.6K). No cutoff was imposed in thelculation of the mean of the isotope shift. THugizontal line
indicates this mean, and its value is indicatedvalibe line. The resistance measurements are niaetdab R(85K). Not

all temperature scales are equivalent.

CONCLUSIONS

The fit of Tc to the concentrations of Pr, x, aral €, to equation [2.1] fit very well. The maximwhtainable T,
(in the YBCO system) from our calculations is 93.6khich appears to be a more reasonable value Neameier's

97K>°.We obtain an effective valence of +3.874 for thesightly smaller than Neumeier's +3.95,whicltimsistent with
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the measurements that indicate a mixed valenceeestw3 and +4 With the optimum hole concentratio(s 0.091)
being slightly smaller than NeumeierisX 0.1), the predicted (relative) change in mobiide concentration will also be
very similar. In fact, only one parameter is sigraintly different from Neumeier's, and that is deefficient A. Our value
of A=157K is 37% of Neumeier's A = 425K. The dleravalue of A suggests that Would be more strongly affected by
pair- breaking than by a change in hole concenimatrhe 20% Pr, 0% Ca sample made for comparisagquite different
from that of the Pr 20-50% system. Itsi$ about 5K lower than before, the magnetic ttaorsiwidth is much broader
(-1.4X) and its isotope shift is also larger (-1)5Klearly the preparation technique greatly affd¢be characteristics and
hence the quality of the samples. As the higheatityumaterials, single crystals, tend to have v&mgrp transitions, and
the polycrystalline materials have broader traosgj the relationship between the isotope shift gnedwidth of the
transition was investigated for both the Pr andCRrsubstituted materials. A linear correlation kestav theAT. and the
transition width is found. The intercept for a zevimth transition remains finite, in the range 08K to 0.4K. This result

poses the question of whether the isotope shiftilshactually be taken as a constant for this system
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