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Multielectron atoms, Pauli Exclusion Principle, and the Periodic Table

• The last homework set is available.  
It has 9 problems but should be 
straightforward.  It is due at 
12:50pm on Thursday 4/30

• Final is on 5/2 from 1:30pm-4:00pm 
in G125 (this room)

• Rest of the semester:
– Today we will cover multielectron

atoms, the Pauli Exclusion Principle 
and figure out the Periodic table.

– Monday will be the fundamentals  
of quantum mechanics.

– Wednesday and Friday of next 
week will be review.

Wolfgang Pauli
1900 – 1958 
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Atomic wavefunctions and quantum numbers
Each atomic electron can be identified by four quantum numbers:
n = 0, 1, 2, … = principal quantum number

ℓ gives total orbital angular momentum: hll )1( +=L
m gives z-component of orbital angular momentum: hmLz =
ms = ±½ gives the z-component of spin: hsz mS =

The atom itself has angular momentum which is the vector sum of 
orbital and intrinsic angular momenta of the electrons. SLJ

rrr
+=

Thus, the Stern-Gerlach experiment actually measures the 
z-component of the total angular momentum: zzz SLJ +=

Useful information for homework problem 3
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Approximations for multielectron atoms
When there are multiple electrons we have to consider the effect
of the electrons on each other.  This is difficult to do precisely.

So we need to make approximations.

The outer electrons are screened by the inner electrons so the 
effective charge they feel is less than Ze which we can write as 
Zeffe.  If one electron is well outside of the other Z−1 electrons it 
feels a charge of just 1e (i.e. Zeff = 1).

The innermost electrons feel nearly the full charge of Ze so 
Zeff ≈ Z.

We can use our findings for hydrogen-like ions by 
replacing Z with Zeff so the energy is                           
and the most probable radius is

22
eff / nEZE Rn −=
eff

2
mp / Zanr B≈
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The 2p electron will be screened by the two 1s electrons and 
will only feel a net charge of 1e.  So Zeff = 1.  So                .

Clicker question 1 Set frequency to DA
Lithium has Z=3.  Two electrons are in a 1s state and one electron 
is in a 2p state.  About how many times farther out is the 2p 
electron compared to the 1s electrons?

A. 3
B. 4
C.6
D.8
E. 12

The 1s state is always closest to the 
nucleus and thus will feel nearly the 
full force of all Z protons so Zeff ≈ Z.  
This gives a radius of 3/1s Bar ≈

Bar 42s ≈

22
eff / nEZE Rn −= eff

2
mp / Zanr B≈

Taking the ratio we find r2p/r1s = 12.

For hydrogen and hydrogen-like ions this ratio is only n2 = 4.
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Multielectron atom energy levels
For a given principal quantum number n, the 
ℓ states have different radial distributions.
Since Zeff depends on how far out the 
electron is, different ℓ states have different 
energies for the same value of n.

The main criterion is how close 
the electrons get to the nucleus.

The closer the electrons get to the 
nucleus, the higher Zeff is and the 
lower (more negative) the energy.

22
eff / nEZE Rn −=

Higher ℓ electrons don’t get close 
to the nucleus so Zeff is smaller.
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The outermost electron in lithium will be screened by the two 
1s electrons and will only feel a net charge of 1e.  So Zeff = 1.  
This is the same as for the hydrogen atom!

Clicker question 2 Set frequency to DA
Lithium has Z=3.  Two electrons are in a 1s state and one electron 
is excited into the 3d state.  How does the energy of this excited 
electron compare to the energy of the electron in a hydrogen atom 
which is also in the 3d state?
A. The lithium electron energy is significantly higher (less negative)
B. The lithium electron energy is significantly lower (more negative)
C.The lithium electron energy is about the same
D. Impossible to tell

22
eff / nEZE Rn −= eff

2
mp / Zanr B≈

So in both cases, 9/3 REE −= Experimentally it is -1.513 eV for 
lithium and -1.512 eV for hydrogen
Related to homework problem 5
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Energy levels for multielectron atoms
For a given n, as ℓ
increases, the energy 
increases (becomes 
less negative).

So energy depends 
on both n and ℓ for 
multielectron atoms.

Note that the 4s state is 
actually below the 3d state.

There are now more 
energy levels so the 
degeneracy of each 
level is less.
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Building up electron configurations

Makes sense: electrons want to be 
in the lowest potential energy state.

We know the hydrogen ground state is 1s.

Both helium electrons are in the 
1s state (lowest potential energy).

Helium has two electrons.  
What are their energy states?

Two electrons are in the 1s state 
but one electron is in the 2s state!

Lithium has three electrons.  
What are their energy states?

Why aren’t all 3 electrons 
in the 1s state?!



Physics 2170 – Spring 2009 9http://www.colorado.edu/physics/phys2170/

Reading quiz 1

A. The position and momentum of a particle                         
cannot both be precisely known.

B. No two electrons in a quantum system can 
occupy the same quantum state.

C.Two components of an atom’s angular 
momentum cannot both be precisely known.

D.Multiple bosons in a quantum system can 
have the same quantum numbers.

E. None of the above

Set frequency to DA

Q. In 1925, Wolfgang Pauli came up with the 
Pauli Exclusion Principle which states …

Please answer this question on your own.  

As far as understanding atoms, this means that no two 
electrons in an atom can have the same quantum numbers.

Incidentally, 
A-D are all true 
statements.
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Filling orbitals
For multielectron atoms, energy levels are specified by n and ℓ.  
A specification of nℓm is termed the orbital.

1s

2s

To
ta

l E
ne

rg
y

e e

eElectrons fill the lowest energy orbitals but 
have to obey the Pauli Exclusion Principle so 
there are at most two electrons per orbital.

Hydrogen (H):  n=1, ℓ=0, m=0, ms=±½

Total angular momentum = ±½

Helium (He):
n=1, ℓ=0, m=0, ms=−½
n=1, ℓ=0, m=0, ms=+½ Total angular 

momentum = 0

Lithium (Li): n=1, ℓ=0, m=0, ms=−½
n=1, ℓ=0, m=0, ms=+½

n=2, ℓ=0, m=0, ms=±½{
{

Total angular 
momentum = ±½
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Filling orbitals
We can continue filling orbitals.

The electron configuration is given by writing the nℓ value and a 
superscript with the number of electrons for the energy level.

Oxygen: 1s22s22p4

1s

2s
2p

3s
3p

3d

e e
e ee eB C N O

Li: 1s22s1 Be: 1s22s2

e eH: 1s1 He: 1s2
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4p

1s

2s

3d4s

3p
3s

2p

E
ne
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y

C. 1s22s22p63s23p64s23d6

B. 1s22s22p63s23p63d2

A. 1s22s22p63s23p4

D. 1s22s22p63s23p64s2

E. none of the above

Q. What is the electron configuration 
for an atom with 20 electrons?

To minimize energy, two electrons fill 
the 4s orbital before the 3d orbital.

Clicker question 3 Set frequency to DA
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Periodic table of the elements
Periodic table created by Dmitri Mendeleev in 1869.

Big success was predicting new elements which were later found.
He grouped elements which behaved similarly.
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Periodic table of the elements
Chemical behavior is generally determined by the outer (loosely 
bound) electrons.
Elements in the same column have similar outer electrons and 
similar energies so they behave similarly.

V
al

en
ce

 (n
)

ℓ = 2 (d-orbitals)

ℓ = 0 (s-
orbitals)

ℓ = 1 (p-orbitals)

ℓ = 3 (f-orbitals)

So quantum 
mechanics can 
explain the 
periodic table!


