LEGIBILITY NOTlCE

A major purpose of the Techm-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
acaaeinic community, and federal,
state and local governments.

Although a small portion of this
report iIs not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR89- 796

Recejved hy (81
APR Q 6 1989

Los Aa~on N are rarary o 0] -
ALY oN Nat oa Laboratory '8 operated by the University of Cainfornia for the Uniteg Siates Department of E"flq' under Contrg oy T4 ¢
G a B ] 1

TTLE N THE 1s0ToPE EFFECT IN YBa Cuyo7: MEASUREMENTS FoR Two
METHODS OF SYNTHESIS

LA-UR--89-796
DEBY9 009402

>

AUTHORS! P arke
. .E'--n

. B, Sohwars
Do Thomyp e,
. Metsonhoimen
 bernardes

- L. E T

SUBM "D N T'eobe presented ar o the Procecdings tor The Metallurigal
coogetn g TAS Vepran . NV, Fetruary 27, Mareh 3, lunu,

DISMCLAIMER

v anrs onssred By apencs 1t 1 oated States

Thie -rpueet & s prepared soan seoul
e ol et it Then

cerene it Nether The Touted St Ceonrrnment it e e

e ke T L T pre s (I |-|-..r|| Soyanainre . L wrm oyl
I TR LN S CA U] Coaat o ' ol . et
] - 1 A LR T TR U L] A vt Wt
[v- ! 1 . ] 1 b
' et a I A amn
- O L ' 'L wa
' "
[ L] - I W
) g I.'l L
Mov v Voo ,
. L T L I T TR TR . , L
- . ) [ T TEEEN TR TN [N Y] e R T Y o om
4 = - ¥ \ - - . .
LU L N T Vo
. . LY LR R [ L R I T T TR PR CLLIRLIT Y TP YRR TSRRLRLY ) C omiatie 0
i .

NG )G N

' ilsaa . AW g

¢ ; ‘ T”( (r\\ Los Aliamos National Labor; m)ry
(¢ i‘ N Los Alrnos New Mexico 87545


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ON THE ISOTOTE EFFECT IN YBa,Cu,;05: :
MEASUREMENTS FOR TwO METHODS OF SYNTHESIS
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Los Alamos National Laboratory, Mall Stop K-765
Los Alamos, New Mexico B7545

R. Me.senheimer, and L. Bernarde:
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Abstract
We prepared superconducting samples of YBaZCu3(180)7_x and YBAQCu3(160\7_x
oy twvo techniques: (a) burning powder of YBa2Cu3 in 1802 and 1602 and (b)
crystallizing amorphous powder of YBa2Cu3(160)7_B in floving 1802 and 160?.
The percent of 180 in the YBaZCu3(laO)7_x samples was 96.5 at. 4 for method
(a) and 92 at. % for method (b). The Y532Cu3(_160)7_x samples had
99.8 at.% 190 Susceptibility measurements of the superconducting

transition temperature show an oxvgen lsotope effect of (0.4 K for both

methnds.

Paper to be publiished An "High Temperature Superconducting Nxide ™, edita
by § H Whang and A Dastupta, (TMS, Warrendaie, I'A, 1YE9).



Various authors have measured the superconducting transition
temperature T. 1In oxide superconductors containing different ovxvpen
isotopes with the pgoal of obtaining an insight into the mechanism of
supercon - :tivitv (1-10). These measurements are summarized in Table 1.
There is now a general agree~ment that the effect is small, close to 0.5 K.
This shift is approximately one tenth of that which the RCS theory would
predict if superconductivity were caused by a phonon-mediated pairing cf
electrons and the phonon frequencv were mainlv determined by the mass c¢f
the oxygen atoms. Although our imitial motivation for this study war .
measure the oxvgen 1isotope effect in samples containing the h:iphes:
possible concentration of 18O, we believe that isoiope exchanpe carn ais o
used as a tool to studv oxygen mobility and phase transformations in ‘these

materials.

ldeally, one would like to measure the isotope effecv In pairs of

18

superconductin: samples containing 100% 0 and 16O vhich are identica: 1in

all other aspects (microstrurture, amount of second phase material, grain

size, etc.). In the firs: experiments reported in the literature (! ¢ 1t
YBaZCu3(180)7_x samples were prepared by annealing YBa:Cu3‘160)7_x in 1a(2

Grimsditch er x!. {11) ralsed the possibility that not al! the 10 atoms
were replaced by 1‘b(') during these annealings. If the oxvpen ators wh,oi

were nor L eplacred were plaving en important role in the superconductivics
then the small measu:ed effect could be explained in a natural wav The
need for preparing sarples with the highes: possible 130 content prom*ed

various investi{ipgators (8-10) to develop YBa,Cu;(lBU,;_x svnthesis

techniques not based on isotope substitution In an earlfier work (10H wi
reportec the synthesis of YBanu3(180)7_x with 96 >t M0 wiich had a T.
0 4 F lowst than that o: YBnq(uj(lbﬂ),_x It is thus clear that the oxvpe:

isotope effect 1n YBa,Cuy0,  {s intrinsically smail

We report here T mearurements dn samples prejared beorwe dicgaras
me* hod.. Tl measutrements for the first method were alireads des:rihed 1y

1

aro eaxcier pud sscation 10 and are onlvosumiariced b



tapLE 1. rercentage oI oxygen isotopes and T. in YBa;“u;0, samples.

Author Svrnthesis technique at.s 18 T, shifc (¥
Batlogg et al.(1) 165 . 185 Gas exchange 75 0
Bourne et al.(2) 16g 4 185 gas exchange 950 0
Learv et al (1 169 . 18 Gas exchange 90 0.40
Benitez et al.(4) 165 o 185 Gas exchange 90 0.16
Morris et al.(5) leg o 185 (as exchange 88 .20
Katavara et al (€) 16g . 180 Gas exchange B 0.0
Oct et al. (7) nitrites of 180 Qs 30
Garcia et al . (8) oxidation of metals in 13O 90) <10
Mattausch et al.(9) oxidation of metalr in 18, 7 0. .ol
Yvon et al (10) oxidation of YBa,Cuj in 18, 96 .3 0«
Present work 16g . 180 Gas exchange 97 0 4O

E {meital
Syrabesis ¢of the Sup i 1 aes

16¢)) and

7-x
Ybai(ujl‘h0\7_x by two methocs (a8) burning an allov powder of YBa.Cu, in
1(’()‘—.. ard 1ho , and (b) annealing and crvstallizing an amorphous powder of

Y5a2(u1\1“o'8 , in 16, anda 18

We prepared  superconcducting  pewder samples  of Yha Cu g (

anc ).y

16

Meited A Buriing ef YBa Cuy pewder dn '®0, and o, The

YBa tuy powder wans prepared by ball millhing a 2 1 molar mixture of Ba'u and

TCu powder s Details on the svnthesis of the YRa Mo, powlder have heeor
publtshed (o We used a differential scancing calorimeter (DY o, to
oxidLse the Ykt poewder dn “\'. and IFU'. Ito e to tontrod o
myidgtten tate, oxyyer was Inittally oallowed anto the DA oAt A slow rate
while the sample was being heated to W 0"C At 2K miL ! Most of tha
oxidat for. ocourted below dan' Figosve 1oshowe the Pho traces tor YBa oo
powder heated ar 1067 mlnl in “‘()‘. and ]H(l'. flowing av 14 rrr] n-n.l

Additional ox!datfon of the powder ocours durting subsequent heatiny fron

et ta 40080 Retween 5070 and 990" the I traces vhow severa!l wrall



- —T T 7=

to the formation of YBa;Cu30; .. These reactions will not be studied here.
At 940°C the DSC traces show a sharp exothermic peak corresponding to the

reaction (11)

YBBF,CUBO?_X + Cu0 nd ‘1'2BaCu05 + L\pl) , (1)
where L(pl) is a liquid phase of composition close to YBa2Cu50v. In a
related work (1l4) we found that the preparation of superconductirg

YBa;Cuqy0-~ requires heating the oxide to a temperature above that for rthe

pervitectic reaction in Eq. (1). After annealing the samples at 975°C for
2 h, we cooled them in flowing 1602 (or 1802) at 2°C min' !,
Method B: Crystajllization of amorphous YBa:Cu307_8 Inside¢  a:r.

argon-filled glovebox we mixed high-purity Y,0,., BaO,, and CuO powders in
the proportions necessary to form the alloy YBaZCu3OB.5. We used mechan:ca’
alleving (MA), a high-energy form of ball milling, to alloy thcse powders

The MA was done using a hardened-steel mwilling vial and balls. Energv-
dispersive x-ray analysis of the milled powder revealed traces (<] at . t) of
iron. We monitored the degree of alloving as a function of milling time bhv
taking x-rav cdiffraction patterns on small powder samples removed froa the
milling vial at 2h intervals. Thorough mixing of the powders, down to tha
atoric level, was apparent after eight hours of MA. At this stage tte x-
rav diffraction pattern showed a broad diffrartion band corresponding to an
amorphous oxide and weak B agg peaks corresponding to crvstalline Y 0, and
Baqu? Most of the powder was {n the amorphous state. During MA the
powder loses oxvgen and, from the change in weight of the milling vial. .
calculate that at the end of MA the powde:r had a cemnosition close to

YBa:Cuanj 8

We used the same DSC of method A to anneal the amorphous YBa.Cu,0. o

powder In 1502 (or 1802) flowing at 15 cm3 mln'l. The annealing treatmern:
corctared of Lheating the samplew at the rate of 1070 min’ 1 coheldiny then e
“ % far Y and conling them at the rate of 2 mill'l The DSC tracer

in Jip 2, ohrained durdng the {nftlal heating of the powder, show ft.

diwtita ot peale lathdied A ta D Peake A ta O are not obuwerved during
conling step,. nor during subsequent  heating: antt thus correaspont
frreversibi]le reactions We ddentified these reactions through 1.
diftractron patterns taken on powder samples that were heated ot

temperatures  just below and above each of  the peaks  (lao Pealb A
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Figuire 1 - Digferen:iﬂ scanning calorimeter traces for YBa-,Cu3 powder
oxidized in “°¢. and “‘°0,. -
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o e a———~ , sew s vaoTo wi sus L MM COLIESPONAS TO the crystaslization
of the amorphous oxide powder forming Y203 and BaCuOZ. Peak B (endothermic)
has an onset near 700°C and corresponds to the formation of tetragcnal
YBa,Cu305 o by an 1irreversible solid-state reaction. In general, such
reactions are cxothermic. The DSC curve shows an endothermic event because
the reaction also involves the evelution of 0,, as clearly detected bv
thermogravimetry. 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 YBa:Cu3(160)7_B powder in the
DSC, the powder fooses oxvgen irreversibly, ending at a composition close
to YBaZCu3O7_O. We used a thermogravimerric balance (15) to measure tin
changes in powder weight during a heating and cooling cycle in flowing
1602. and the results are shown in Fig. 3. The heatipg rate, dwell time at
975°C, and cooling rate were the same as those used in the DsC runs for
mezl.ods A and B, Once the powder has been heated to 97:5°C, the weight
change is reversible and weight-temperature data taken on further heating
or cooling superimposes onto the lower (cooling) curve in Fig. 3. The
irreversible weight changes during the first heating of the powder are
therefore given by the difference between the two cuirves in the figure. 1t
is apparent that the largest oxvgen loss occurs above 730°C, following the

nucleation and growth of the tetragonal phase of YBa .Cu,0..

We used laser-ionizazion mass spectroscopy (LIMS) to obtain accurate

160' 170.

8 : . ; .
measurements of the aad 1 0 concentrations in the sampies.  Tio

YBa ,Cu (]80) semples prepared by method (a' had 9€.5 at @ 180.
2-Y3 7 P _

18

close to

the concentration 97.2¢ ¢ in the enriched gas used to prepare then

During the LIMS measuremen:. on the sarples prepared by meinod (b owe

18

noticed tha! the 0 concentr:tion increases with increasing depth Below

18

a depth of several microns the O reaches a stendy vaiue of 92 at § This

indicare that durlng the ..da- shiprent of the aas; le to Livermore for the

LIMS measurements, the sam; le lost 18, at the yorfuce hy ex hanging it with

a:mospheric It( The viis (uj(ILU17 sample.. had w4 R arw 16,
Meapupemer: of T
We derjved the T.o of the compacts fron di mapnetsc mones

16

measurement s Flpures 4 ord % show the magnetic mopernt . of YRa (v 07700,
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Figure 3 - Wejight change of a 39.2 - mg YBaZCu3(160)7_8 sample duriig an

annea, in 16O.

and Y552Cu3(180)7_x measured at 1-K intervals while heating the sarples
from 7 K in a magnetic field of 100 G. The magnetic moment measurements
have been plotted in units of 4»y, where x is the magnetic susceptibility.
To make the change of wunits we assumed that the sarple has tie
demagnetizing factor of a homogeneous spheroid with principal axis equal to
the major dimensions of our samples. In reality, our samples are
cviindrical with one end spherical and the other flat, as shown in Fig. 1
in Ref. [10;. The inserts in Figs. 5 and 6 show y near T.. Within tiis
temperature regime the applied magnetic field is much larger than the
sample’'s critical field Hcl and the x measurements are very sensitive to
the overall change in the magnetic properries of the sample With
decreasing temperature, and as the volume fracrion of superconducting phlase
incrrases, the sample changes from slightly paramagnetic above T, to
diamagnetic below T.. From the figure inserts we deduce that for botlh
methods of synthesis the onset of superconductivity is 0 4 K higher iu
THu;fuj(]00n7_x than in YBasCu3(180)7_x.

Below 20 K, x becomes temperature {ndependent At  these  low
tempel atules H(1 is mach larger thar 10 ¢ ontrengtis oof the omeanuror,
field) and the data gives the true magnetic moment of the sample The fact

that x does not reach -47 can be due to (a) a small mas:. fraction of the
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Figure 4 - Magnetic susceptibility measurements in YBanu3(160)7 and
YBa,Cuy(°70)y powder prepared by method (a) during the heating of the

sarples in a magnetic field of 100 G. The insert shows the mcasurements
near T_.
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Figure 5 - Mapnetic susceptibility measurements in ynarcux(lﬁo) and
YBa .Cuyc """, powder prepared bv method () during the heating of the
sar: les in a mapnetic ficeld of 100 G, The insert shows the measurement:

near Tc



. et mme emee sewa wwa scLacc auugyul  \U) dnl olunacurate value ot the
demagnetizing factor. The minimum value of x for each pair of samp.es js
the same, and this suggests that the only difference between the samples is

their oxygen isotope content.

iscussio

It should not be surprising that the YBa2Cu3(180)7_x samples prepared
by oxidizing YBa,Cu, powder in 1802 have an 180 content almost identical
to that of the enriched gas used to prepare them. The YBa2Cu3(180)7_x
samples prepared by annealing and crystallizing amorphous YBaZCu31607_B in
1802 have 92 at.u 180, which is 2 at% higher than the concentrition of 8
achieved by previous investigators that used gas-exchange techniques (see
Table 1). The small differeace, 1f real, could be attributed@ to the 184
contents in the enriched gases used by previous authors being lower than in
ours. Another explanation is that in our experiments the starting
amorphous YBaZCu316O7.B powder undergoes Sseveral structural phase

transitions while in an atmosphere of enriched 18

O before beccming a
crystalline (tetragonal) phase of YBaZCu31607_x. The atomic reshuffling
during these structural transformations may help 1in the 1sotope
substitution. In contrast, during the annealing of YBa2Cu3(160)7_xin 1802
there is only & minor structural trensformation near 650°C, when the

structure changes from orthorhombic to tetragonal.

The orthorhombic-to-tetragonal transformation is absent during the
first heating of the amorphous YBaZCu316O7_8 powder because the tetragonal
YBa,Cu; 0, phase nucleates at 730°C, above the transformation temperature.
Certainly, the reverse tetragonal-to-orthorhomhic transformetion occurs on
cooling and is indeed detected as a small change in the slope of the lower
curve {n Fig. 3. This transformation involves most 1likely only local

atomic rearrangements of the oxygen ions.

The onset of superconductivity 1in YBa?Cu3(}60)7_x is approximately

0.4 K higher than i1 YBa,Cu3('80); . and this effect must be attributed to

the difference in the atomic masses of ]60 and 18O. This shift is,
however, smaller than that which can be explained by the BCS theory of

superconductivity.
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