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Orbital energy diagrams
Subshells

within a shell 
are at the same 
energy level in 

hydrogen:
2s= 2p.

Subshells are split 
in a multielectron

atom:
2s< 2p.

orbital energies are 
lower in a 

multielectron atom.

Compared to  the 
hydrogen atom...



Electron configuration
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s p d fnotation (cont’d)
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s p d f notation (cont’d)
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Using the periodic table to write e- configurations

The electron configuration 
of Si ends with 3s2 3p2

The electron 
configuration of Rh

ends with 5s2 4d7



Exceptions to aufbau
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Exceptions to the Aufbau principle (cont’d)

Half-filled d subshell
plus half-filled ssubshell

has slightly lower in 
energy than s2 d4.

Filled d subshell plus 
half-filled ssubshell has 
slightly lower in energy 

than s2 d9.

More exceptions occur 
farther down the periodic 
table. They aren’t always 

predictable, because energy 
levels get closer together.



Exceptions to the Aufbau principle (cont’d)
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Valence electrons
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Valence electrons and core electrons

Five valence electrons, for which n = 4

28 core electrons
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Electron configurations of ions
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Electron configurations of ions(cont’d)
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What would be 
the configuration 
of Fe3+?  Of Sn2+? 

Valence electrons 
are lost first.

Electron configurations of ions(cont’d)



e- configuration of ions (cont’d)



Magnetism
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Periodic properties
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Periodic properties: atomic radius
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Atomic radius (cont’d)
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Atomic radius (cont’d)

Mg has a greater 
effective nuclear 

charge than Na, and 
is smallerthan Na.



Atomic radii of the elements
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The ionic radius
of each ion is the 
portion of the 
distance between 
the nuclei 
occupied by that 
ion.

Ionic radii
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Ionic radii- cations
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Ionic radii- anions



Some atomic and ionic radii
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Ionization energy
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Trends in IE



Selected 
ionization 
energies

Compare I2 to I1 for a 2A 
element, then for the 

corresponding 1A element.

Why is I2 for each 1A element 
so muchgreater than I1?  

Why don’t we see the sametrend 
for each 2A element?  I2 > I1 … but 

only about twice as great …



Selected ionization energies
General trend in I1: An increase 

from left to right, but …

…I1 drops, moving 
from 2A to 3A.

The electron being 
removed is now a p

electron (higher energy, 
easier to remove than an s).   

I1 drops again 
between 5A and 6A.

Repulsion of the 
paired electron in 6A 
makes that electron 

easier to remove.



First ionization energies

Change in trend 
occurs at 2A-3A 
and at 5A-6A for 
each period …

… but the change 
becomes smaller at 

higher energy levels.
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Electron affinity



Selected electron affinities
The halogens have a 
greater affinity for 

electrons than do the alkali 
metals, as expected.



Other periodic properties 
(overview)
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Metals
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Metallic character

• Metallic character 
generally increases
from right to left across a 
period, and increases
from top to bottom in a 
group.
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Nonmetals

• Nonmetallic character 
generally increases 
right-to-left and 
increases bottom-to-
top on the periodic 
table (the opposite of 
metallic character).
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Metalloids



Summary of trends
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The noble gases



Atoms emit energy when 
electrons drop from higher 
to lower energy states.

Elements with low first 
ionization energies can 
be excited in a Bunsen 
burner flame, and often 
emit in the visible region 
of the spectrum.

Elements with high 
values of IE1 usually 
require higher 
temperatures for 
emission, and the 
emitted light is in the UV 
region of the spectrum.

BaSrCa

KNaLi

Other trends-
flame color
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Oxidizing and reducing agents revisited

When Cl2 is bubbled 
into a solution 

containing colorless 
iodide ions …

… the chlorine oxidizes 
I– to I2, because EA1 for 
Cl2 is greater than EA1

for I 2.

Displaced I2 is 
brown in aqueous 

solution …

… but dissolves in 
CCl4 to give a 

purple solution.
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… while magnesium 
is largely nonreactive
toward cold water.

Calcium metal reacts 
readily with water …

Potassium metal 
reacts violently with 
water. The liberated 

H2 ignites.

Oxidizing and reducing agents revisited (cont’d)


