
Ground state of 3dN system



• Term symbols with maximum spin S are lowest in energy, 

• Among these terms: 

Term symbols with maximum L are lowest in energy

• In the presence of spin-orbit coupling, the lowest term has 

• J = |L-S| if the shell is less than half full 

• J = L+S if the shell is more than half full

Hunds rules

Ground state of 3dN system



max S > max L > max J (if more than half full)  

What is the Hund’s rule ground states for 3d2 ?

Hunds rules

2  1  0  -1  -2 

2  1  0  -1  -2 

Ground state of 3dN system



max S > max L > max J (if more than half full)  

What is the Hund’s rule ground states for 3d2 ?

Hunds rules

2  1  0  -1  -2 

2  1  0  -1  -2 

L=3, S=1   

J=2  Term symbol = 3F2        

Ground state of 3dN system



max S > max L > max J (if more than half full)  

What is the Hund’s rule ground states for 3d2 ?

Hunds rules

2  1  0  -1  -2 

2  1  0  -1  -2 

Ground state of 3dN system



What is the Hund’s rule ground states for 3d2 ?

Hunds rulesGround state of 3dN system



Energy Symmetries Oh Total symmetry

1S 4.6 
eV

1A1

3P 0.2 
eV

3T1

1D -0.1 
eV

1E + 1T2

3F -1.8 
eV

3A2 + 3T1 + 3T2

1G 0.8 
eV

1A1+
1T1+

1T2+
1E

Crystal Field Effects on 3d8 statesGround state of 3dN system



Crystal Field Effects: Tanabe-SuganoGround state of 3dN system





Charge Transfer Effects

3d8

3d9L
9

8

Ground state with charge transfer



Tanabe-Sugano with Charge transfer

α 3d8 + β 3d9L

Ground state with charge transfer



Crystal Field Effects: Tanabe-SuganoGround state symmetry and XAS



2p XAS of Mn2+Ground state symmetry and XAS

High-spin or low-spin

2T2

6A1



3d spin-orbit couplingGround state symmetry and XAS

4T1 split by 3d spin-orbit



3d spin-orbit couplingGround state symmetry and XAS

4T1 split by 3d spin-orbit
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[Delgado et al. J. Synchrot. Rad 23, 1264 (2016)]
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+ charge transfer

+ translation symmetry

[Delgado et al. J. Synchrot. Rad 23, 1264 (2016)]
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