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ON THE ISOTOPE EFFECT IN YBa2Cu307:

MEASLTIE?IENTSFOR Th’OMETHODS OF S}XTHESIS

A. P. Clarke, P. J. Yvon, R. B. Schwarz, and J. D. Thompson
Center for Materials Science and P-10 Division
Ias Alamos National hboratory, Flail Stop X-765

Ias.Alamos, Few Mexico 875A5

R. Pleisenheimer, and L. Bernardez
bwrence Livermore National Laboratory

P, O. Box 808, Livermore, California 94550

Abstract

We prepared superconducting samples of YBa2Cu3( 1dO)7-x and YBa2Cu3( %),.x

oy tvo techniques: (a) burning powder of YBa2Cu3 in 1802 and 16C2 and (!0

160)7 ~ in flocing 18crystallizing amorphous powder of YBa2Cu3( 02 and 160.,,

The percent of 180 in the YBa2Cu3( 180)7-X samples was 96.5 at.9 for method,

(a) and 92 a:.% for ❑ethod (b). The YBa2Cu3( 160)7.X samples had

99,8 &t.% 160, Susceptibility ❑easuremcncs of the superconducting

transition temperature show an oxvgen isotope effect of (),4K for bo:h

mechnds.

.



Various aurhors have lneasureti the supcrconductinL transif it~::

temperature Tc in oxide superconductors containiilg different cly~~~:.,

isotopes with the goal of obtaining an insight into the mechanism of

supercon :ivity (1-10). These measurements are summarized in Ttibl(.1.

There is now a general agreement that the effect is small, close to 0.5 K.

This shift is approximately one tenth of that which the RrS LIleory would

predict if superconducti~’ity were caused by a phonon-mediated pairi::~ C!

electrons and the phonon frequency were mainlv determined by the mass c,f

the oxygen aroms, Al:lIrIugFIour i~i~ial moti.;:l~io~;f~,r th;s S:UC!; w.,, : ,

measure the oxygen isotope effect in samples contai~:ing the }i:~!,~:,:

possible conccn:ra:ion of 180, we belie~’e tF.a:is(>:~)~ee>.c},,l::gr.car.iijs tII

used as a tool to study oxygen mobility and phase transform.ations ll;,.Lh~!,{,

materials.

Ideally, one would like LO ❑easure the isotope ●ffect- in pairs c,f

18Oand 16~~perconduct in,:,samples containing 10(~9 O which are iden:i,.,1 iI.

all other aspects (m!.crustrurture, amount of second phase material, griiir)

size, etc.). In the firs!:experiments repor:er! in t}le liter~:~.]~ (: ~ ;:,,

YBa2Cu3( 18C))7X samples were prepared by annealing YBajCu3( 160)=
-x ‘n ‘p”.

Grirrsditrh e: W! (11) raised the possihilitv tha: not a!! the lLO a:om?,

lbwere rrpl~ced by O durir-.gthese anneal inr,s. If [ht. ox.;g{l;a:(lrl K!.,ii

were np:

then Lhti

need for

various



lflDLC L rercet-icageox oxygen isotopes and Tc in YBa2Cu307 samples.

Author S>rnthesis technique at.% 180 T.cshift (F)
.——

Ba:logg et al.(l)

Bourne et al.(2)

Lear> er al (3J

Benitez et al.(~)

Morris et al.(5)

K2:.i’:;l-;Le: al (E)

o c: et al.(?)

~,ayL’ia et al.(g)

160 - 180 Gas ●xchange

160 + 180 Gas exchange

160 + 180 Gas exchange

160 + 180 Gas exchange

160 - 180 Gas ●xc}~nnge

160 - 180 Gas exchari[,e

nitrites of 180

oxidation of metals In 190

Ha:: ausch et al ~~) oxida~ion of •tta!~ i,,lF[,

Y\”on et al (10) 180oxidation of YBa2Cu3 in

Presenf work 160 - 18!IGas exchange

.———— .—
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to che formation of YBa2Cu3C)7-x. These reactions will not be studied here.

At 949°C the DSC traces show a sharp ●xothennic peak corresponding to the

reaction (13)

YBaaCu307.x + CUO (1)+ Y2BaCu05 + L(P1) ,
.

where L(pl) is a liquid phase of composition close to YBa2Cu50Y,, In a

related work (14) we found that the preparation of superconductor.F.

YBa2Cu30~ requires heating the oxide to a temperature abo~’e that for KF,,

pe:iteccic reaction in Eq. (l). After annealing the samples at 975°C for

2 h, we cooled them in flowing 1602 (or 18
02) at 2°C rein-l.

)fethod B: Crystal~~2:ion of azor~h ous YBa2Cu307,8 Insidi. a:.

argon-filled glovebox we mixed high-purity Y203, Ba02, and CUO powders in

the proportions necessary to form the alloy YBa2Cu308 5. Ue used mechan:~-;,;

allcying (HA). a htgh-energy form of ball milling, to alloy rhcse powders

T!~e HA was done using a hardened-steel ❑illing vial ●nd balls. Energy-

c!is;’e:si\’rx-ras analysis of the milled powder revealed traces (<1 art) of

iron Ue ❑onitored the degree of alloving as a function of milling timr h.;

cakir,g x-rav diffractiotj patterns on small powder samples removed froil tl;(

millicg vial ar 2h intefials Thorough mixin~, of the powders, dobm to :!I.

atomic lFVP1 , was apparent after eight hours of M.A, At t},is stage fl.(.x-

rii”; diffrar[ inn pa:rern showed a broad diffraction band corrrspondir~g to ar:

amorphous oxide and weak B.-agg peaks corresponding to crvs.tallirlr‘il(Ija:,,!

Ra(u(l, Most of the powder was in the amorphous state. During tlA t},t.

powcleI loses oxy~en and. from th~ change in wPig}Ir of the milling ~“iiil, L,

.
. calculate th~t ●t the ●nd of HA the powd~: had a composition C1OSP to

Y%;t-u]r)l ~
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----------- --/ ---- -~1 -L~-=- -~ -JUJ ~ U1lU cOIIesponas co tne crystallization

of the amorphous oxide powder forming Y203 and BaCu02. Peak B (endothermic)

has an onset near 7000C and corresponds to the formation of tetraRcr.:il

YBa2Cu307-x by an irreversible solid-state reaction. In general, such

reactions are =xothermic. The DSC curve shows an endothermic event beta’~si.

the reaction also involves rhe e~”olution of 02, as clearly detected b’;

thermogra~”imetry. Peak C (endothermic) has an onset temperature of 840°C.

This reaction is still under investigation. Peak D (endothermic), with

onset of 940°C, corresponds to the peritectic reaction in Eq. (1)

During the annealing of the amorphous }’Ba.Cu3(160).

9SC,

7,8 pok’der in t},(

the powder looses oxygen irreversibly, ending at a composition::C1OSG

to YBa2Cu307,0. We used a thermogra~’imetric balance (15) to meas~rt t},,

changes in powder weight during a heating and cooling cycle in flo~’inf,

%2, and the results are shown in Fig, 3. The heating rare, dwell timr a:

9750C, and cooling rate were the same as those used in the DsC runs for

mt:l,ods A and B, Once the powder has been heated to 975°C, the weigii:

change is reve:-sible a~d weight-temperature data taken on further heating,

or cooling superimposes onro the lower (cooling) cum’e in Fig. 3. The

irreq:ersible weight changes during the first heari~g of the powder are

therefore given bv the difference between the two cul”ves in the figure. It

is apparent that the largest oxygen loss occurs above 730°C, followinf. Lt:i

nucleation and grow:}] of tileterragonal p!iasr of YB;i,CLI-O-... 3)
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Figure 3 - Weight change of a 39.2 - ❑g YBa2Cu3( 160)74 sample durii,g an

anneal in 160.

and YBa2Cu3( 1BO)7.X measured at 1-K interJals while heating the sa~~les

from 7 K in a magnetic field of 100 G. The magnetic ❑oment ❑easurerren:s

ha~”ebeen plotted in units of 4UX, where x IS the ❑agnetic susceptibility.

To ❑ake the change of units we assumed that the sample has Li.t-

demagnetizing factor of a homogeneous spheroid WiLh principal axis equal to

the major dimensions of our samples. In reality, our samples arf

cylindrical with one end spherical and the other flat, as shown in F~,g. 1

in Ref. [10;. The inserts in Figs. 5 and 6 show x near Tc. L’ithin t~is

temperature regime the applied magnetic field is much larger than the

sample’s critical field Iicl and the x measurements are very sensitive to

the o.:rrall chan~,e in the ❑agnetic properties of th~ sample Ki:h

decreasing Lempcra:urr, aridas the vulume fracrion of superconductirlF.pl,ase

inrr.-ases, the sample changes from slightly paramagnetic aho~:(.Tc [(~

diamagnetic below T=, From the figure Inserrs we deduce that for tIo:!.

mettlnds of svnthesi= the onset of superconduct ivit~ is U 4 K hi~,tleri:;

“ITs$l:rll,(X17-X [}lan irlYBa;(-u3(%+x
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---- ..- .--* a.m. c allu,, UL {u) aIl ~llllacura~e value ot the.

demagnetizing factor. The minimum value of x for each pair of sampjes js

the same, and this suggests that the only difference between the sa~ples is

their oxygen isotope content.

J)iscussion

It should not be surprising that the YBa2Cu3( 180)7-X samples prepar~d

by 18 18oxidizing YBa2Cu3 powder in 02 have an O content almost identical

to that of the enriched gas used to prepare them, The Y13a2Cu3(%7.X

samples prepared by annealing and crystallizing amorphous YBa2Cu3 1607.8 in

1802 have 92 at.!i 180, which is 2 at% higher than the concentr~tion of 180

achieved by previous investigators that used gas-exchange techniques (see

Table I). The small differeilce, if real, could be attributed to the 180

contents In the ●nriched gases used by previous authors being lower than in

ours . Another explanation is that In our experimcn~s the starting

amorphous yBa2CU31607,8 powder undergoes several structural phase

transitions while in an atmosphere of enriched 180 before beccming a

16crystalline (tetragonal) phase of YBa2Cu3 07.*. The atomic reshuffling

during these structural transformations may help in the isotope

16substitution. In contrast, during the annealing of YBa2Cu3( 0)7-xin 1802

there is only a ❑inor structural tisnsformation near 650°C, when the

structure changes from orthorhombic to tetragonal.

The orthorhombic- to-tetragonal transformation is absent during the

16first heatin~ of the amorphous YBa2Cu3 07,8 powder because the tetragonal

YBa2Cu307 phase nucleates at 730°C, above the transformation temperature.

Certainly, the reverse tetragonal -to-orthorhomhic transformation occurs on

cooling and is indeed detected as a small change in the slope of the lower

curve in FiE. 3. This transformation involves ❑ost likely only local

atomic rearrangements of the oxygen ions.

The onset of superconductivity in YBa2Cu3( %7.X is approximately

0,4 K higher than il YBa2Cu3( ‘80)7-X and this effect musr be attributed to

the difference in the atomic masses of
]6(J and 180. This Shift is,

however, smaller than that which can be expl~ined bv the BCS th~ory of

superconductivlrv.
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