Oxygen Isotope Effects

In Novel Superconductors

Alexander Shengelaya
Thilis State University, Georgia

5th Geor gian-Ger man Wor kshop in Basic Science August 2012



Discovery of the isotope effect in mercury

Isotope Effect in the Superconductivity of 4.18
Mercury*

EMANUEL MAXWELL
National Bureau of Standards, Washingion, D. C.
March 24, 1950

Phys. Rev. 78, 477 (1950)

4.16

4.14

Superconductivity of Isotopes of Mercury*

C. A. REyNoLDs, B. SErIN, W. H. WrIGHT, AND L. B. NESBITT

Rutgers Unsversity, New Brunswick, New Jersey 4 12
March 24, 1950 "

transition temperature (K)

® author's values
e Maxwell's values

TOM® =  a=0.43(6)

198 200 202
Phys. Rev. 78, 487 (1950) average mass number

204



@ The Nobel Prize in Physics 1972

John Bardeen Leon Neil Cooper  John Robert
Schrieffer
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|Isotope effect

BCS theory (1957)

T.0 w exp(=1/ 1)

[ M~ a=-dInT_/dIn M
dpos =1/2

Wy, - typical phonon frequency (Debye frequency)
A electron-phonon coupling constant
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Isotope effect on T,
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|sotope effect

Experimental results for “simple” metals




Theoretical models
exchange of virtual bosonsin a polarizeable medium

pairing = attractive interaction between electrons

kB Tc = E, exp(-1A)

E,. energy scale of the interaction
A : coupling constant (weak coupling)



Theoretical models of superconductivity

crys tal lattice phonon electron/
defect electron

phonon polaron
(electron + lattice
deformation)
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Oxygen-isotope effect on T in YBa,Cu;0-: Early results

System | Tc (K) [ %O (%) | AT (K) 0o Reference
YBapCuzO7 | 92.1 75 <0.1 | 0+0.02 | Batlogg et al
(1987)
EuBapCuzO7 | 92.15| 75 <0.1 | 0+0.02 | Batlogg et al
(1987)
YBapCuzO7 | 90.0 | (90) <0.3 | 0£0.027| Bourne et al|
(1987)
YBapCuzO7 | 92.1 90 0.5 0.05
Leary et al.
91.4 75 0.3 0.04 (1987)
91.5 73 0.4 0.05




Is this correct?

» |sotope effect ismall=
electron-phonon interaction
IS not important

Lattice effects are
not important
in HTSC !

9 * Isotope effect isarge=
° electron-phonon interaction

IS very important

 Need reliable experiments
and adequate theory to

answer this question!



Isotope effect exponent a

Mc Millan, Phys. Rev. 167, 331 (1968)






Experimental set-up for the preparation
of °0/1%0 samples

160

pressure
gauge to

vacuum
pump
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heating coils cold trap

180

K. Conder, Materials Science and Engineering R32, 41 (2001)



Experimental set-up for the preparation
of °0/1%0 samples

Thermogravimetric curves during |sothermal oxyen
exchange in Y123 substituted with 180

weight-loss (%)

_0.55

741.0

K. Conder, Materials Science and Engineering R32, 41 (2001)



Schematic structure of cuprate superconductors

insulating oxide layer
charge reservoir

CuO»-plane

CuO»-plane

insulating oxide layer
charge reservoir
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Oxygen-Isotope Effect on T
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Franck et al., Phys.Rev. B 44, 5318 (1991)



OIEon T, In La,_Sr,CuO,

Zhao et al., Nature 385, 236 (1997)
Zhao et al., J. Phys.: Condens. Matter 10, 9055 (1998)



Precise volumetric analysis of the oxygen content Iin
La, ,Sr,CuO,

Very accurate determination of the
oxygen content usig a precise
volumetric analysis

4.001
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Oxygen contents of sample pairs 3.999 |
(160/180) with identical x are the same :

within +/- 0.0002 per Cu site

Oxygen content y
w
©O
QO
<o

= difference in hole densities of the 160

and 180 samples is negligible 3'996(; T 005

0.15 0.20

0.10
Sr content x
= large observed OIE are intrinsic

Zhao, Keller & Conder, J. Phys.: Condens. Matter 13, R569 (2001)



Oxygen-isotope effect on T,

B 13a; g55rp.15CU1xNixOqg
‘ YBaz_XLaXCUQ,OZ

Schneider and Keller, PRL. 69, 3374 (1992)






Site-selective oxygen-isotope effect experiment ?




Structure of YBa,Cu30y




Structure of YBa,Cu30y




Structure of YBa,Cu30y
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Intensity [arb.u.]

Raman spectra of YBa,Cu;0,

— test of site-selective 1°0/*80 exchange
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Oxygen-lsotope Effect on T,
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Zhao, Keller & Conder, J. Phys.: Condens. Matter 13, R569 (2001)



Boron isotope effect in superconducting MgB»

MgB, is a phonon-mediated layered
high-temperature superconductor
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crystal structure of MgB» ag = 0.26(3)

Bud'ko et al., PRL 86, 1877 (2001)
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Mg and B isotope effect in superconducting MgB»

crystal structure of MgB,

MgB, is a phonAon-mediated layered ’
high-temperature superconductor
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Question 1

What Is the isotope effect in superconductors ?
How Isotope exponent is defined ?




Question 2

Why by heating the sample /0, atmosphere
Isotope exchange can be made ?




Question 3

How oxygen isotope effect exponent depends
on doping In cuprate highs:Superconductors




