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Outline
• Origin of Angular dependence

K, L edges
• Angular averaging

Powders, partially oriented, crystals
Symmetry requirements

• Exploiting angular dependence
High Tc  Superconductors, Manganites
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Origin of Angular Dependence
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Angular Averaging (K-edge, SS)
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Angular Averaging (K-edge, SS)
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Symmetry requirements
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symmetry to see angular dependence
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Example 1

42 CuOSrLa xx−High Tc superconductor

CuO2

La2O2

Wants the plane, 
but too many
distances…

x,T



High Tc superconductor 42 CuOSrLa xx−

La-O(2)(1X) 5
La-O(1)(2X) 48
La-O(1)(2X) 44
La-O(2)(1X) 76
La-O(2)(2X) 77
La-O(2)(1X) 78

2.35
2.59
2.68
2.54
2.73
2.97

Distance (Å) Angle w/c-axis
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High Tc Superconductor 42 CuOSrLa xx−

Approach 1:

1. Trust angles ( use polarized theory)
2.    Analyze c-pol, ab-pol separately

Analyze c-pol La-O(1) distances                 
set them in ab-pol get La-O(2) planar

Approach 2:
1. Trust angles ( use polarized theory)
2. Analyze c-pol and ab-pol simultaneously

constraining “inclined” La-O(1) distances )1(Oĉ||ε̂

ab||ε̂

ĉ

1Θ

C-pol data set Ab-pol data set+
1

2cos Θ≈cχR(La-O(1))=R1R(La-O(1))=R1

2
sin 1

2Θ
≈abχ

“global” variable



High Tc superconductor 42 CuOSrLa xx−

Approach 3:

1. Fit angles (use random theory)
2. Analyze c-pol, ab-pol simultaneously 3/1≈ranχ
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R(La-O(1)) =  R1
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O(1)
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2cos Θ≈cχ

2
sin 1

2Θ
≈abχ

ab-pol data set

R(La-O(1)) = R1

2
sin3))1(( 1

2Θ
=− ranab AOLaA
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globlal variables



High Tc superconductor 42 CuOSrLa xx−

PRL 76, 439 (1996)
PRB 56, R521 (1997)
PRB 61, 7055 (2000)



Example2
Ni impurities in 4115.085.1 ONiCuSrLa yy−

Cu/Ni

O(2)

O(1)

1.89Å2.41Å

ĉ

Planar O(1)  4X, rigid
Apical O(2)  2X, soft

Dominate powder XAFS



Example2
Ni impurities in 4115.085.1 ONiCuSrLa yy−

ĉc-pol data set
O(2)

Ni

Cu

O(1)
2

2cos3 ΘranA
R(Ni-O(2))=R2 O(2)

R(Ni-O(1))=R1

ab-pol data set
1

2cos3 ΘranA

2
sin3 1

2Θ
ranA

R(Ni-O(1))=R1 O(1)

1.882(8)Å 1.888Å
2.25(1)Å 2.414Å

XAFS Diffraction
O(1)

O(2)

R(Ni-O(2))=R2

2
sin3 2

2Θ
ranA



Example3 )4.0(728.12.1 =xOMnSrLaCMR

M-F
I-P

ĉ

â

O(1)Mn

O(3)

O(2)



Conclusions

• Angular resolved XAFS increases 
“effective” number of independent points in  
data 

• Solving otherwise unsolvable local structures

PI NN /

Allowing:

• Increased sensitivity to small lattice anomalies
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