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Element K-edge (eV) L-edge (eV)
C 284
N 410
O 543

S 2472 163
Ca 4039 346
Ti 4966 454
V 5465 512
Cr 5989 574
Mn 6539 639
Fe 7112 707
Co 7709 778
Ni 8333 853
Cu 8979 933
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Coordination Geometries
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Electronic Structures

Electronic Configuration
         Absorption Spectral Multiplet

Oxidation States of First Row Transition Metals
VB VIB VIIB VIIIB IB

V Cr Mn Fe Co Ni Cu

+1 +1 +1 +1 +1 +1
+2 +2 +2 +2 +2 +2 +2
+3 +3 +3 +3 +3 +3 +3
+4 +4 +4 +4 +4 +4
+5 +5 +5 +5

+6 +6 +6
+7

Octahedral Complexes
dn Examples HS LS dn Examples HS LS

d1 Ti3+ S=1/2 — d6 Fe2+, Co3+ S=2 S=0

d2 Ti2+, V3+ S=1 — d7 Co2+ S=3/2 S=1/2

d3 V2+, Cr3+ S=3/2 — d8 Ni2+, Pt2+ S=1 —

d4 Mn3+ S=2 S=1 d9 Cu2+ S=1/2 —

d5 Mn2+, Fe3+ S=5/2 S=1/2 d10 Zn2+, Ag2+ S=0 —
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L vs. K-edge Transitions

L-edge advantages over K-edges: 1) a spectral multiplet which
is sensitive to electronic structures (due to the strong 2p-3d
interaction); 2) a dipole allowed transition; 3) a better energy 
resolution and 4) a bigger XMCD effect.

L vs. K Spectroscopy
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Hamiltonian

Ground State Hamiltonian:

Hls
+ Hmu

+ H3d

Final State Hamiltonian:

Hls
+ Hmu

+ Hc.3d
+ H3d

+ Hc
+ Hc.ls

Hc.ls - core hole spin-orbital coupling, 5-20 eV

Hc - chemical shift, 1-2 eV / oxi st.

H3d - energy of the 3d states, ~ 5 eV*

Hc.3d - Coulomb/Exchange Interactions, 0-2 eV*

Hmu - all 2-electron integrals

Hls - 3d spin-orbital coupling

*    The crystal filed strength is roughly ~ 1-5 eV

Ligand Field Approach
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Core Hole S-O Splitting
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Branching Ratios
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Fe L3-  Diagram
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Ni Sum Rule Analysis
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Ligand Field Effect
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Ionic vs. Covalent Ni
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Ni Dithiolene L-edges
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Transition to Mixed Orbital
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NiFe Hydrogenases States
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To detector
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NiFe Hydrogenase L-edges
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L-edge Summary
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Multiplet Cal

- Obitals
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