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How can we study a complex system?  

Apply a perturbation and check what happens.  



Outline :  
·Cuprates -  a complicated system...  

·What is the source of critical doping variations?  
ƁCLBLCO 

ƁNMR 

ƁResults  

ƁConclusions  

·Oxygen Isotope Effect on the Néel temperature.  
ƁThe Isotope Effect  

ƁµSR 

ƁResults  

ƁConclusions  

·CLBLCO: is it all about disorder?  
ƁImpurities in CLBLCO  
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(CaxLa1-x)(Ba1.75-xLa0.25+x)Cu3Oy 
Å y controls the 
total charge 
(doping ).  
 
Å x controls the 
charge location . 
 
Å The total cation  
charge does not 
change with x.  
 
Å Thereôs a 30 % 
difference in TC

max
 

between the 
families.  
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Critical Doping levels x=0.1 (black) 

The CLBLCO Compound  



Is there a physical explanation?  
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R.Ofer  et al.  PRB 74 , 220508 (2006 )  

The CLBLCO Compound  

· Stretching each family data by  a factor of K(x) creates 
identical critical doping levels.  
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Cu NMR 

BVS calculations -  Cu 

XAS-  Cu 

XAS-  O 

Previous Results -  CLBLCO 



Oxygen 17 NMR 

Å 17O nucleus has a quadrupole moment.  
  It is sensitive to both electric and magnetic field  
  distributions.  

Å In the doping process holes are       
  induced in the planar oxygen orbitals.  

Å 17O has a relatively small spectral width.  

H=HZeeman +HQuadrupole (EFG )  

The Experimental Method  



The Enrichment System  

Å Samples are put in the furnace.  

Å The furnace is sealed and vacuumed.  

Å Gas containing the desired isotope -  either 18O or 17O -  is 
released into the tube with the sample.  

Å The furnace is heated to allow the isotope to diffuse into 
the sample.  

The Enrichment process:  

Natural 
abundance 

Isotope 

99.76 % 
16

O 

0.038 % 
17

O 

0.21 % 
18

O 
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Nuclear Quadrupole Resonance  
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Å The Quadrupole Frequency 
measures the Charge Distribution 
around the nucleus  

Nuclear Quadrupole Resonance  

ȅ 



Nuclear Magnetic Resonance  
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Qń



The parameters x and y change the quadrupole frequency  
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17O NMR of CLBLCO -  Raw Data  



17O NMR of CLBLCO  

 1. Holes in the oxygen 2pů orbital  

2. Holes in copper orbitals  

3. Surrounding atoms (La, Ba, Ca)  
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Planar oxygen in CLBLCO  

The contributions to the planar oxygen ȊQ:  

ɜQ measures the number of planar oxygen 2 pů holes  

J. Haase  et al.  PRB 69 , 094504 (2004 )  

Å We compare samples with different doping levels.  



17O NMR of CLBLCO  
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Results  

Eran  Amit  and Amit  Keren  PRB 82 , 172509 (2010 )  

The ratio between the slopes is equal to  
K(x= 0.1 ) over K(x= 0.4 )  



yN 

For y<y  N  the number of planar O 2pů holes does not change  
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Results  
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The critical doping values are global and depend only on the 
number of 2pů holes created by doping.  

y 



The CLBLCO phase diagram is scaled with 
no adjustable parameter.  

Å Dividing by Tc
max (x)  

CLBLCO Scaling  

Å Replacing T N with J  

Scaling:  

The maximum T C is defined by the AFM coupling J 


































