
Pauli Exclusion Principle
• To understand multi-electron atoms, Pauli, in 

1925, proposed the exclusion principle:
No two electrons in an atom may have 

the same set of quantum numbers
• Holds for all fermions – with half integral spins
• This together with the idea that atoms will 

occupy the lowest energy levels available allows 
us to understand the Periodic Table

• Imagine building up the elements in the Periodic 
Table one at a time starting from H



Constructing the Periodic Table

K shell

L shell with 2s 
& 2p subshells



Periodic Table of the Elements



Ionization Energy vs Z
• This is the minimal energy needed to ionize an 

atom – note the lowest ionization energies are 
for atoms w/ single electrons in p or d subshells



Atomic radii vs Z
• Note that smallest radii are for noble 

gases with filled subshells



Periodic Table of the Elements



Assorted Comments on Periodic Table
• Inert gases:  last column; closed subshells; no valence e-; 

chemically inert; zero net spin; poor electrical conductivity; 
monoatomic gases at room T

• Alkalis (H and metals): first column; single s valence 
electron; easily form + ion; good electrical conductors

• Alkaline Earths – 2nd column; 2 s shell e- can extend far 
from nucleus so are large in size; ions are +2 charged –
easily form (low ionization E) – fairly active chemically

• Halogens – 2nd column from right; chemically very active 
with valence = -1; form strong ionic bonds

• Transition Metals – 3 rows of 3d, 4d, 5d subshells – have 
some interesting unpaired spin elements (Fe, Co, Ni) = 
ferromagnetic

• Lanthanides – or rare earths – also have some unpaired 
spin elements

• Actinides – all radioactive



Total Angular Momentum
• Orbital (L) and Spin (S) angular momentum 

add to produce a total angular momentum (J) 
where 

• For single electron atoms, s = ½ and ℓ = 
integer, so mℓ = integer and ms = ½ integer; 
therefore mj (ranging from –j to +j) must be ½
integer and j = ℓ ± s = ℓ ± ½

• follows the same rules as other angular 
momenta;

• j and mj are “better” QN than mℓ and ms
because the total angular momentum is 
conserved

J L S= +

J
( 1) z JJ j j and J m= + =



Spin-Orbit Coupling and J
• S and L couple through 
• Magnetic moment ~ S and Bint ~ L hence spin-

orbit coupling 
• Addition of L & S for ℓ = 1, s = ½
Two possible net J 
states

L & S precess
around J 

With an external B 
along z, Jz has a definite 
value

internals sV Bμ= − ⋅

~sV S L⋅



Selection Rules for J
• Selection rules are Δmj and Δj both = 0, ±1
• For Hydrogen fine structure splitting (from 

spin-orbit coupling) example:

S state has ℓ=0, 
so j = ½

P & D states are 
split (ℓ ± ½) 
giving fine 
structure with   
ΔE ~ 10-4 ev



More complex fine structure for Na
• Na (a single e- atom) energy levels compared to those of H
• Strong attraction of inner electrons causes E levels to be reduced 

relative to H



LS vs JJ Coupling in multi-e- atoms
• In adding up the total angular momentum 

for a multi (2)-electron atom, we could:
– Add L = L1 + L2 and S = S1 + S2 and then 

think of L and S interacting – so-called LS 
coupling

– Or add J1 = L1 + S1 and J2 = L2 + S2 and think 
of J1 and J2 interacting – so-called JJ coupling

– In weak B fields and smaller atoms, LS 
coupling is appropriate while in larger atoms 
or at higher B fields, JJ coupling theories work 
better



Two e- atoms and LS Coupling
• Two spin states – singlet (S=0) and triplet (S=1)
• There are 2S+1 (= multiplicity) states for a 

given L
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