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LS (Russell-Saunders) coupling



The noblest pleasure
is the joy of understanding.

Leonardo da Vinci
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LS coupling

Russell-Sauders coupling



LS coupling

The interaction between the vectors spin angular
momentum of an electron (s) and its own orbital angular
momentum (l) is called spin-orbit coupling.

In the LS coupling case, the electrostatic interactions
(Coulomb interaction) between electrons are much
stronger than the spin-orbit coupling. 

The LS coupling is more appropriate for light elements.



LS coupling

The LS coupling is based on the atom

- angular orbital momentum
- angular spin momentum
- total angular momentum



Angular momentum



Angular momentum
in quantum mechanics



Angular momentum



LS coupling

Quantum numbers

- the orbital angular momentum of the atom, L
- the spin angular momentum of the atom, S
- total the total angular momentum of the atom, J



LS coupling

2S+1LJ

spin multiplicity = 2S+1

0 1 2 3 4 5 6 7 8 9 10 11 ...
l (for electrons) s p d f g h i k l m  n  o ...
L (for atoms) S P D F G H I K L M  N  O...

j and J are intentionally missing



LS coupling

2S+1LJ

Each term symbol corresponds to an energy level of the
atom.



LS terms for carbon



LS terms for carbon



LS terms for carbon



LS coupling - p2 electronic configuration

Douglas and McDaniel method

1.  Built the microstates
2.  Add the ml values to obtain a ML value
3.  Compute all possible MS values as Gms

4.  Built the ocorrence table
5.  Extract the terms



LS coupling - p2 electronic configuration

Building the microstates



LS coupling - p2 electronic configuration

Computing all possible MS values as Gms



LS coupling - p2 electronic configuration

Counting the microstates



LS coupling - p2 electronic configuration

The vector model



LS coupling - p2 electronic configuration

Extracting the term symbols

In the column MS = 0 we see that ML spans from 2 to -2,
indicating that L = 2, which corresponds to a term D



LS coupling - p2 electronic configuration

The vector model



LS coupling - p2 electronic configuration

Extracting the term symbols

For L = 2, only the column MS = 0 is used.  It means that
S = 0 and the spin multiplicity 2S + 1 = 1, a singlet state,
indicated by the term symbol 1D



LS coupling - p2 electronic configuration

Obtaining the J values 

The total angular momentum J may have
several values in the range

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 2 and S = 0, the unique value for J is 2,
given the term symbol

1D2



LS terms for carbon



LS coupling - p2 electronic configuration

Removing the contribution of 1D2 term from the central column
we obtain

All lines go from ML = 1 until ML = -1, indicating a value
of L = 1, which corresponds to a P symbol.



LS coupling - p2 electronic configuration

The vector model



LS coupling - p2 electronic configuration

Extracting the term symbols

All columns go from MS = 1 until MS = -1, indicating a
value of S = 1, and the spin multiplicity 2S + 1 = 3, a
triplet state, indicated by the term symbol 3P



LS coupling - p2 electronic configuration

Obtaining the J values 

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 1 and S = 1, the J values are 2, 1, and 0,
resulting in the term symbol

3P2,1,0



LS terms for carbon



LS coupling - p2 electronic configuration

Extracting the term symbols

As the unique line has the value ML = 0, it means that L
= 0, which corresponds to a S symbol.



LS coupling - p2 electronic configuration

The vector model



LS coupling - p2 electronic configuration

Extracting the term symbols

As only the column used has the value MS = 0, it means
that S = 0 and the spin multiplicity, 2S + 1 = 1, a singlet
state, which gives the term symbol 1S.



LS coupling - p2 electronic configuration

Obtaining the J values 

The total angular momentum J may have
several values in the range

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 0 and S = 0, the unique J value is 0, and
the resulting term symbol is

1S0



LS coupling - p2 electronic configuration

Colecting all terms

1D2   
3P2,1,0   

1S0



LS terms for carbon



LS coupling - p2 electronic configuration

Hund’s rules 

- Hund’s rules are empirical rules which are
valid only for the lowest energy term.

- The Hund’s rules are applied once to
determine the lower energy term, and cannot be
applied to other terms of higher energy.



LS coupling - p2 electronic configuration

Hund’s rules 

1) The term with the highest spin multiplicity is
the lower energy term.

2) For electronic configurations less than half
filled, the lower J has the lower energy.

- As a result, the lowest energy term is 3P0

- The sequency of energy of the other terms can
be determined by other methods, but not by the
use of the Hund’s rules



LS coupling - p2 electronic configuration

Energy levels for a p2 electronic configuration



LS terms for carbon



The Landé interval rule

The separation between different levels in a
multiplet is proportional to the highest J value.



LS terms for carbon

Landé interval

16,416 = l

16,416 × 2 = 32,832 = 2l

43,413 -16,416 = 26,997 = 2l

26,997 / 2 = 13,498 = l



LS coupling - d2 electronic configuration

Building
the
microstates



LS coupling - d2 electronic configuration

Counting the microstates

In the column MS = 0 we see that ML spans from 4 to -4,
indicating that L = 4, which corresponds to a term G



LS coupling

2S+1LJ

spin multiplicity = 2S+1

0 1 2 3 4 5 6 7 8 9 10 11 ...
l (for electrons) s p d f g h i k l m  n  o ...
L (for atoms) S P D F G H I K L M  N  O...

j and J are intentionally missing



LS coupling - d2 electronic configuration

Extracting the term symbol

For L = 4, only the column MS = 0 is used.  It means that
S = 0 and the spin multiplicity 2S + 1 = 1, a singlet state,
indicated by the term symbol 1G



LS coupling - d2 electronic configuration

Obtaining the J values 

The total angular momentum J may have
several values in the range

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 4 and S = 0, the unique J value is 4, and
the resulting term symbol is

1G4



LS coupling - d2 electronic configuration

Removing the contribution of 1G4 term from the central column 

All lines go from ML = 3 until ML = -3, indicating a value
of L = 3, which corresponds to a F symbol.



LS coupling - d2 electronic configuration

All columns go from MS = 1 until MS = -1, indicating a
value of S = 1, and the spin multiplicity 2S + 1 = 3, a
triplet state, indicated by the term symbol 3F

Extracting the term symbol



LS coupling - d2 electronic configuration

Obtaining the J values 

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 3 and S = 1, the J values are 4, 3, and 2,
resulting in the term symbol

3F4,3,2



LS coupling - d2 electronic configuration

Removing the contribution of 3F4,3,2 term from all columns 

This is the same counting table obtained for the p 2

electronic configuration, which has the terms 1D2, 
3P2,1,0,

and 1S0.



LS coupling - d2 electronic configuration

Colecting all terms

1G4  
3F4,3,2  

1D2   
3P2,1,0   

1S0



LS coupling

Hund’s rules 
1) The term with the highest spin multiplicity is the
lower energy term.

2) For electronic configurations less than half filled, the
lower J has the lower energy.

3) When there are more than one term with the highest
spin multiplicity, the term with the highest L value is
the term with the lowest energy.

- As a result, the lowest energy term is the 3F2 term.



LS coupling

2S+1LJ

spin multiplicity = 2S+1

0 1 2 3 4 5 6 7 8 9 10 11 ...
l (for electrons) s p d f g h i k l m  n  o ...
L (for atoms) S P D F G H I K L M  N  O...

j and J are intentionally missing



LS coupling



LS coupling



LS coupling

Parity indication

In the cases that the sum of l values for all
electrons is equal to an odd number, the term
symbol is

2S+1LJ°
Examples

p1 , 2P3/2,1/2°
p3 , 4S3/2°   2D5/2,3/2°   2P3/2,1/2°
f1 , 2F7/2,5/2°  



LS coupling

Non equivalent electrons configurations.
The case s1p1 - building the microstates



LS coupling - s1p1 electronic configuration

Counting the microstates

In all columns ML spans from 1 to -1, indicating L = 1
and a term P



LS coupling - s1p1 electronic configuration

Extracting the terms

If we consider all columns, MS spans from 1 to -1,
indicating an S value equal to 1, and 2S+1 = 3, which
results in a triplet state term 3P



LS coupling - s1p1 electronic configuration

Obtaining the J values 

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 1 and S = 1, the J values are 2, 1, and 0,
resulting in the term symbol

3P2,1,0°

The parity symbol indicates that the sum of all l
is an odd number (s + p; 0 + 1 = 1).



LS coupling - s1p1 electronic configuration

Removing the contributions of the 3P term from all columns

- In all columns ML spans from 1 to -1, indicating L = 1
and a term P
- In the central column MS = 0, indicating S = 0, 2S+1 =
1, a singlet state, which results in the term 1P



LS coupling - s1p1 electronic configuration

Obtaining the J values 

J = L+S, L+S-1, L+S-2, ... , |L-S| 

As L = 1 and S = 0, the unique J value is 1,
resulting in the term symbol

1P1°

The parity symbol indicates that the sum of all l
is an odd number (s + p; 0 + 1 = 1).



LS coupling - s1d1 electronic configuration

Colecting all terms

3P2,1,0°  1P1°



LS coupling - non equivalent electrons

- As the terms for p1 = p5 and d1 = d9, the terms for p1d1,
p1d9, p5d1, and p5d9 are the same.





LS coupling - application to determine the
electronic configuration

- The ground state of Cu, Ag, and Au is a singlet. 
Determine the electronic configuration of these elements.

Cu possible electronic configurations are
4s2 3d9        2D5/2,3/2

4s1 3d10         2S1/2 (singlet; it is a false dublet)
4s0 3d10 4p1      2P3/2,1/2

o

As a conclusion, the electronic configuration for Cu is 4s 1

3d10.  Similarly, the electronic configurations for Ag and
Au are 5s1 4d10and 6s1 5d10, respectively.



LS coupling - application to determine the
electronic configurations

- Ground state terms

Ni = 3F4     Pd = 1S0     Pt  = 3D3  

Possible electronic configurations and terms
s2 d8        3F4,3,2   

3P2,1,0  
1G4  

1D2  
1S0

s1 d9         3D3,2,1  
1D2 

s0 d10        1S0

As a conclusion, the electronic configurations are

Ni = 4s2 3d8     Pd = 5s0 4d10    Pt  = 6s1 5d9        



LS coupling - application to label electronic transitions



LS coupling - application to label electronic transitions



Selection Rules
Electric dipole allowed electronic transitions

LS coupling

T ø T°

ÄS = 0

ÄL = 0, ±1

ÄJ = 0, ±1 (0 ø 0 forbiden)



LS coupling - application to label electronic transitions
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