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8.1 Electron Spin and the Pauli Exclusion Principle

 The beam of hydrogen
atoms is split into two by the 
magnetic field.
 Half of the atoms are bent in 

one direction and half in the 
other. 

 The fact that the atoms are 
affected by the external 
magnet shows that they 
themselves act as magnets.

ms= +1/2

ms= -1/2

The Stern–Gerlach
experiment
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 Electron Configurations and Orbital Diagrams
 An electron configuration of an atom is a particular 

distribution of electrons among the available subshells.
 A subshell consists of a group of orbitals having the same n 

and l quantum numbers but different ml values.
 5B: 1s22s22p1

 An electron in an orbital is shown by an arrow; the arrow
points up when ms = +1/2 and down when ms = -1/2.

 The orbital diagram of B is:

 Pauli Exclusion Principle
No two electrons in an atom can have the same four quantum
numbers.

1 orbital = 2e 3 orbitals = 6e

Always differ in Ms quantum number either    or
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(Q) Which of the following orbital diagrams or electron 
configurations are possible and which are impossible, according 
to the Pauli exclusion principle? Explain

 Building-Up Principle (Aufbau Principle)
 lowest energy orbitals are filled first : 1s, then 2s, then 2p, then 

3s, then 3p, etc.
 Following this principle, you obtain the electron configuration
of an atom by successively filling subshells in the following order: 
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f.

If 2e have the same 4 quantum number this consider wrong depend on Pauli principle

Example 8.1

Example 8.1
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Order of orbitals (filling) in 
multi-electron atom

 Electron Configurations and 
the Periodic Table

 noble-gas core: an inner-shell configuration corresponding to 
one of the noble gases.

 valence electron: An electron in an atom outside the noble-
gas or pseudo-noble-gas core.

Core-elektrons

pseudo-noble-gas core
noble-gas core
valence electron
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The electrons in 
the last shell

Diamagnetic

Increase 
Because of the 
effective nuclear 
charge

Increase

Ionization energy 
'

Siz
e

Electron affinity

Exceptions
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 Exceptions to the Building-Up Principle

chromium (Cr)(Z =24): [Ar]3d44s2  expected
[Ar]3d54s1  experimental

copper (Cu)(Z =29): [Ar]3d94s2  expected
[Ar]3d104s1  experimental

8.3 Writing Electron Configurations Using the Periodic Table

Kr(36): [Ar]4s23d104p6 or   [Ar]3d104s24p6

Nb(41): [Kr]4s23d104p6

Sb(51): [Kr]5s24d105p3

More stable

More stable
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(Q) Use the building-up principle to obtain the configuration for the 
ground state of the gallium atom (Z = 31). Give the configuration 
in complete form (do not abbreviate for the core). What is the 
valence-shell configuration?

The valence-shell configuration is 4s24p1



(Q) What are the configurations for the outer electrons of:
a. tellurium, Z = 52, and b. nickel, Z = 28?

Te : [Kr]5s24d105p4  [Kr] 4d10 5s25p4   5s25p4

Ni : [Ar]4s23d8  4s23d8

Exercise 8.4 The atom (X) has the ground-state configuration
[Xe]4f14 5d106s26p2. Find the period and group for this element.
From its position in the periodic table, would you classify lead as
a main-group element, a transition element, or an inner transition
element?

Example 8.2

Example 8.3
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8.4 Orbital Diagrams of Atoms; Hund’s Rule

 Magnetic Properties of Atoms
paramagnetic substance diamagnetic substance

All electrons are pairedAt least one unpaired electron

(Q)Write an orbital diagram for the ground state of the iron atom.

Hund’s rule states that the lowest 
energy arrangement of electrons in a 
subshell is obtained by putting electrons 
into separate orbitals of the subshell 
with the same spin before pairing 
electrons

Example 8.4
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1. Within each period (horizontal row), the atomic radius tends to decrease with 
increasing atomic number (nuclear charge).
2.Within each group (vertical column), the atomic radius tends to increase 
with the period number.
(Q) Arrange the following in order of increasing atomic radius: 
(1) Al, C, Si.
(2) Na, Be, Mg 

C < Si < Al
Be < Mg < Na

 Atomic Radius
Size

Example 8.5
Exercise 8.6

The 3 
properties are 
studied in the 
gaseous state
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 Ionization Energy
Li  Li+ + e- First ionization energy = 520 kJ/mol

= 5.39 eV     (1eV = 96.5 kJ/mol)       

The highest are the Nobel gases because they are the most stable 

- jdilettzitist I
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• high values of first ionization energy associated with the noble 
gases
•very low values of first ionization energy associated with the 
group 1 elements;
•general increase in values of first ionization energy as a given 
period is crossed
•Ionization energies tend to decrease going down any column. 
This is because atomic size increases going down the column.
Exceptions:
•(B<Be) 3A element (B)(ns2np1) has smaller ionization energy 
than the preceding 2A element (Be)(ns2). Or (Al < Mg)
•(O<N)6A element (O)(ns2np4) has smaller ionization energy than 
the preceding 5A element (N) (ns2np3) . Or (S < P)
As a result of electron repulsion
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Exercise 8.7 The first ionization energy of the chlorine
atom is 1251 kJ/mol. which of the following values would be the 
more likely ionization energy for the iodine atom. Explain.
a. 1000 kJ/mol. b. 1400 kJ/mol.

It is more likely that 1000 kJ/mol is the ionization energy for 
iodine because ionization energies tend to decrease as atomic 
number increases in a column.

First ionization energy < second ionization energy
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Example 8.6

Se < S < Ar
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 Electron Affinity
is defined as the energy required to remove an electron from the 
atom’s negative ion (in its ground state)

 In the Group 5A element (arsenic, As, in the above list), the 
added electron must pair up with one of the np electrons since 
all of the np orbitals have one electron, whereas in the 
preceding element the extra electron goes into an empty np 
orbital. This pairing of electrons in an orbital requires some 
energy, resulting in a smaller electron affinity for the Group 5A 
element compared with the preceding 4A element.

Experimentally EA is determined by the following eqn.
Change in the energy

Electron affinity
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 In a given period, the electron affinity rises from the Group 1A 
element to the Group 7A element but with sharp drops in the
Group 2A and Group 5A elements.

 Group 8A elements (noble gases) have zero or small negative 
values (indicating unstable negative ions)

 Group 6A and Group 7A elements have the largest electron 
affinities of any of the other main-group elements

Group 4 > 5
Group 8 =zero

Group 1 > 2

period 2 < 3

Exceptions
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