Basic introduction L-S coupling in chemistry

The Simple Idea

Imagine you have an atom with several electrons. Each electron behaves like a tiny
magnet due to two properties:

1. Its orbit around the nucleus (giving it orbital angular momentum).
2. Its intrinsic spin (giving it spin angular momentum).

L-S Coupling (also called Russell-Saunders Coupling) is a set of rules that describes
how these individual magnets interact to create a total magnetic character for the
whole atom. This total character determines the atom's energy levels and how it
interacts with light and magnetic fields.

In L-S Coupling, we combine the individual electron magnets in a specific order:

1. Spins Couple First: The spin magnets of all the electrons combine with each
other to form one Total Spin (S) for the atom.

2. Orbits Couple Next: The orbital magnets of all the electrons combine with
each other to form one Total Orbital Angular Momentum (L) for the atom.

3. Then They Interact: Finally, the large Total Spin (S) and the large Total
Orbital (L) magnets interact weakly with each other to form the Final Total
Angular Momentum (J) for the entire atom.

This is why it's called L-S coupling: the L and S are calculated first.

The Result: The Term Symbol

The output of this process is the Term Symbol, which is like a barcode for the atom's
electronic state. It looks like this: 2*L_J

e L:Aletter (S, P, D, F..) representing the Total Orbital Angular Momentum.

e 25+1: The Spin Multiplicity (written as a superscript). It tells you if the state is
a singlet, doublet, triplet, etc., which relates to the number of unpaired
electrons.

e J: The Total Angular Momentum (written as a subscript). This is the final
result from coupling L and S.

Example: The ground state of a carbon atom is ®P,. This tells a chemist that carbon
has two unpaired electrons (the 3 indicates a triplet state) in a P-type orbital, with a
total angular momentum of zero.



When is it Used?

L-S Coupling is an excellent approximation for light atoms (like Carbon, Oxygen,
Nitrogen). For these atoms, the repulsion between electrons is stronger than the
spin-orbit interaction, which makes the step-by-step coupling process valid.

In short, L-S Coupling is a method for figuring out the combined magnetic and
angular momentum properties of all the electrons in an atom, which is essential
for understanding its chemical behavior and spectra.

Why Do We Need Coupling?

In a multi-electron atom, there are several magnetic interactions between the
electrons:

1. Electron-Electron Repulsion: This is the strongest interaction among the
electrons themselves.

2. Spin-Orbit Coupling: The magnetic field generated by an electron's orbital
motion interacts with its own spin magnetic moment.

L-S Coupling is an approximation that works well for light atoms (Z < 30). It
assumes that the electron-electron repulsion is stronger than the spin-orbit coupling.
This means the individual electron spins couple strongly with each other to form

a total spin (S), and the individual orbital angular momenta couple strongly to form
a total orbital angular momentum (L). Then, and only then, do L and S weakly
couple to form the total angular momentum (J).



