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Hydrogen atom quantum numbers

n,l,m, ,ms>
n is called the principal quantum number.
n=1,2, 3....
| is called the orbital angular momentum quantum number.
|=0,1,2...(n-1) =5, p, d, f...
m, is called the magnetic quantum number.
m=1I1-1,.- :atotalof 21 +1; | =0 to n-1
m; is called the spin magnetic quantum number.

ms=1/2,-1/2 :atotal of 2s + 1; s =1/2



Multi-electron atoms

n,l,m, ,ms>
Aufbau (building-up) Principle:

Fill the atomic orbitals with electrons starting at the lowest
available energy states before filling higher states.

Pauli Exclusion Principle:
No two electrons can have the same 4 quantum numbers.
Hund's Rule (one of three)

For an electron shell with multiple orbitals, the term with
maximum number of unpaired spins has the lowest energy.

There are exceptions to Aufbau principle and Hund's Rules, but
not the Pauli exclusion principle
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Pauli exclusion principle: 11,0,0,%2> and 11,0,0,-12>



2S

1s

Li - [He]2s1



2S
1s

= 1/2
Li - [He]2s1 >=



Multi-electron atom quantum numbers

L and S

For multi-electron atoms, we replace | and s with L and S,
where L is the TOTAL orbital angular momentum quantum
number, and S is the TOTAL electron spin quantum number.
In this case, S is N/2 where N is the number of unpaired
electron spins. Spectroscopists use TERM SYMBOLS to
describe the angular momentum state of an atom:

2S+1L

where the letter corresponding to the L quantum number
is used (e.g.,0,1,2... becomes S,PD...).



Multi-electron atom quantum numbers

L and S

For example, the 1s22s' ground state of Lithium is called
the "doublet S" state (L=0, S=1/2),and the Is?2p' excited
state is called the "doublet P" state (L=1, S=1/2):

Li- [Heles' “S , P Li- [Hel2p!
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For example, the |s22s'
ground state of Lithium
is called the "doublet S"
state (L=0, S=1/2), and
the 1s22p' excited state
is called the "doublet P"
state (L=1, S=1/2):

S, *P

Fig. 24. Energy Level Diagram of the Li Atom [after Grotrian (8)]. The
wave lengths of the spectral lines arc written on the connecting lines repre-
senting the transitions. Doublet structure (see Chapter II) is not included.
Some unobserved levels are indicated by dotted lines. The true principal
quantum numbers for the S terms are one greater than the empirical running
numbers given (see p. 61); for the remaining terms, they are the same.
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Hund's Rule!
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Hund's Rule!
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Fig. 56. Energy Level Diagram for N I.
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The Periodic Table describes this filling method.
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Weirdness #1: 4s fills before 3d (also 5,6,7)
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Weirdness #2: 4f fills after La ([Xe]6s25d')
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Other weird things...

Cr
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Other weird things...

Cr

step | - count electrons.
24

step 2 - identify inert gas core
[Ar]

step 3 - specify remainder of
configuration:

4s2,3d4

result: [Ar] 4s2%,3d* (...right?)



Other weird things...

Cr

step | - count electrons.
24

step 2 - identify inert gas core
[Ar]

step 3 - specify remainder of
configuration:

4s',3d>

result: [Ar] 4s',3d® ...right!



watch out for “d¥”’ and “d°®”.
nature wants to be d® and d'9, so

it robs from s in the first two rows of
transition metals.
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watch out for “d*’ and “d?”...
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Remember the Stern-Gerlach Experiment!?

Ag atoms unusually have one unpaired spin.
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Stern and Gerlach had to know this before?



..ok, now we can talk about periodic trends.
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...these are some important trends.
Do you know what these words mean?

Atomic radius

lonization energy

@ ~ Atomic radius




