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9. Electrons in Atoms III



Review
• Electrons in atoms occupy orbitals described by their quantum numbers.

Quantum 
Number

Principal Angular 
Momentum

Magnetic Spin

Symbol n l ml ms

Values 1,2,3, … 0,1,2, … (n-1) -l, 1-l, …, l-1, l +½ , -½  

Related To Distance from 
Nucleus

Orbital 
Shape

Orbital 
Orientation

Magnetic 
Behavior

• Electrons with the same n are in the same shell.

• Electrons with the same n and l are in the same sub-shell.

• Electrons with the same n and l and ml are in the same orbital.



Review
• Electrons in atoms occupy orbitals described by their quantum numbers.

Quantum 
Number

Principal Angular 
Momentum

Magnetic Spin

Symbol n l ml ms

Values 1,2,3, … 0,1,2, … (n-1) -l, 1-l, …, l-1, l +½ , -½  

Related To Distance from 
Nucleus

Orbital 
Shape

Orbital 
Orientation

Magnetic 
Behavior

• Which statement is more accurate?

1. An n = 3 electron is 100 pm from the nucleus

2. There is a 90% probability that an n = 3 electron will be found within 
100 pm of the nucleus

• Fill in the blanks:

• We cannot know both _______ and ________ with absolute certainty.



Electron Configuration

• What orbitals are occupied by electrons in the ground states of different 
atoms?
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• Aufbau Process

• Electron Configuration (Ions)

• Adding Electrons (Making Anions)

• Removing Electrons (Making Cations)
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Energy Ordering
• In the ground state, electrons fill orbitals such that the overall energy of 

the atom is as low as possible

• Different orbitals have different energies

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p< 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p 

Energy Increasing

1s

2s 2p

3s 3p 3d

4s 4p 4d 4f

5s 5p 5d 5f

6s 6p 6d

7s 7p



Mini Quiz
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p< 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p 

Energy Increasing

1s

2s 2p

3s 3p 3d

4s 4p 4d 4f

5s 5p 5d 5f

6s 6p 6d

7s 7p

H



1s1

H
15d

or
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2s 2p
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H
15d
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Does hydrogen have a 5d orbital?
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Does hydrogen have a 5d orbital?  YES!

Is it occupied?



Mini Quiz
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p< 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p 

Energy Increasing

1s

2s 2p

3s 3p 3d

4s 4p 4d 4f

5s 5p 5d 5f

6s 6p 6d

7s 7p

H



1s1

H
15d

or

Does hydrogen have a 5d orbital?  YES!

Is it occupied?   Not in the ground state





1s22s1

n l

Number of electrons in 

orbitals of given n and l



(2p0...

Empty orbitals

(implied and unwritten)

H



1s1
122 221 pssB C

How to Read Electron Configurations

We say: “One „s‟ two, two „s‟ one”

222 221 pss
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Pauli Exclusion Principle
• No two electrons can have the same four quantum numbers

• So … No more than two electrons can occupy an orbital

• Two electrons occupying the same orbital must have opposite spins

H



1s1



1s2He

1s

1s

n = 1

l = 0

ml = 0

ms = + 1/2

(1,0,0, +1/2)

(1,0,0, +1/2)

(1,0,0, -1/2)
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• Aufbau Process

• Electron Configuration (Ions)

• Adding Electrons (Making Anions)

• Removing Electrons (Making Cations)



Hund’s Rule
• The energy of an orbital only depends on its principal quantum 

number (n) and its angular momentum quantum number (l)

1s

2s 2p

3s

2p

(n = 2, l = 1)

px

(ml = -1)

pz

(ml = 0)

py

(ml = +1)

Degenerate Orbitals

(same n and l)



Hund’s Rule

2p

(n = 2, l = 1)

px

(ml = -1)

pz

(ml = 0)

py

(ml = +1)



1s22s22p1B



1s22s22px
12pz

02py
0

B

Orbital Diagram

• Electrons fill orbitals with the same energy one at a time, with 
all their spins in the same direction



Hund’s Rule



1s22s22p1

B



1s22s22px
12pz

02py
0

2p

(n = 2, l = 1)

px

(ml = -1)

pz

(ml = 0)

py

(ml = +1)

2p

(n = 2, l = 1)

px

(ml = -1)

pz

(ml = 0)

py

(ml = +1)

2p

(n = 2, l = 1)

px

(ml = -1)

pz

(ml = 0)

py

(ml = +1)



1s22s22p2

C



1s22s22px
12pz

12py
0



1s22s22p3

N



1s22s22px
12pz

12py
1



Mini-Quiz

• An atom has electron configuration 1s22s22p4. Into what orbital do you 
predict the next electron will go (assume the atom stays neutral)? What 
will be the direction of its spin?

• How many electrons can fill an s orbital?

• How many electrons can fill a p orbital?

• For a given l, how many electrons can fill that orbital?
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• Aufbau Process

• Electron Configuration (Ions)

• Adding Electrons (Making Anions)

• Removing Electrons (Making Cations)



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

H

• How many electrons are in neutral hydrogen?

• Into what orbital do we place the first electron? Why?

• Important: first step is always to determine how many electrons are in the 
neutral atom and make sure this number matches the number of 
electrons in your final orbital diagram.



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

H



1s1

1s

• Does it matter that we started with a ‘spin-up’ electron?

• How many electrons can occupy an s orbital?

• What element has atomic number Z = 2 ?

• What is the spin of the second electron?



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

He



1s2

1s

• Can we add any more electrons to the 1s orbital?

• What element has atomic number Z = 3?

• Into what orbital do we place the next electron?



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

Li



1s22s1

1s

• What shell and sub-shell do we fill next?

Be



1s22s2
1s 2s

2s

• How many electrons can the next sub-shell hold?

• How many orbitals are in the next sub-shell?



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

B



1s22s22p1

1s

• What orbital do we fill next?

2s

• What is the spin of the electron in that orbital?

2px
2py 2pz



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

B



1s22s22p1

1s

• What orbital do we fill next?

2s 2px
2py 2pz

C



1s22s22p2

1s 2s 2px
2py 2pz

N



1s22s22p3

1s 2s 2px
2py 2pz

• What is the spin of the electron in that orbital?



Aufbau Process

• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

O



1s22s22p4

1s

• What shell and sub-shell do we fill next?

2s 2px
2py 2pz

F



1s22s22p5

1s 2s 2px
2py 2pz

Ne



1s22s22p6

1s 2s 2px
2py 2pz

• How many electrons are in that sub-shell?



Aufbau Process
• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

Ne



1s22s22p6

1s 2s 2px
2py 2pz

• A convenient way to simplify notation:

Na



1s22s22p63s1

1s 2s 2px
2py 2pz

3s



3s1 3s

Na



[Ne]3s1
3s

[Ne]



Core vs. Valence Electrons

Na



[Ne]3s1

3s

[Ne]

• We call the noble gas electrons core electrons

• We call the non-noble gas electrons valence electrons

• Valence electrons determine most of chemical properties of 
an element

What are the valence electrons in the following atoms?


1s22s22p6



3s1

Core Electrons Valence Electrons

C As He



Aufbau Process
• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

Na



[Ne]3s1

3s

[Ne]

• Into what orbital do we put the next electron?

• On your paper, write the electron configurations and orbital diagrams for 
Mg, Al, Si, P, S, Cl, and Ar

Element Electron 

Configuration Orbital Diagram



Aufbau Process
• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

Ar



[Ne]3s23p6 [Ne]

• Into what orbital do we put the next two electrons?

• Into what shell and sub-shell do we put the third electron?

3s 3px
3py 3pz

• How many orbitals are in that sub-shell?



Aufbau Process
• Aufbau = ‘building up’ in German

• Describes the way in which the ground state electron configurations of 
different atoms are built

• Let’s go through some examples …

Sc



[Ar]4s23d1 [Ar]

• It looks like we’ve got the idea now …

4s 3dyz
3dxy

3dz2 3dx2-y2 3dxz

• … but there are a few exceptions and one helpful trick.

Zn



[Ar]4s23d10 [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz



Aufbau Process
• You can use the periodic table to help you write electron configurations

• Let’s try writing the electron configuration of Bismuth (Bi)



Aufbau Process
• First, identify the most recently filled noble gas.

Bi



[Xe]



Aufbau Process
• Use ‘blocks’ to determine the next sub-shell to fill after the noble gas

• The row (period) tells you the principle quantum number (n)

S-block P-block

D-block

F-block

1

2

3

Bi



[Xe]6s

1s

2p

3d

4f

4

5

6



Aufbau Process
• Number of columns in block tells you number of electrons in sub-shell

S-block

2 columns 

2 electrons in sub-shell

P-block

6 columns 

6 electrons in sub-shell

D-block

10 columns 

10 electrons in sub-shell

F-block

14 columns 

14 electrons in sub-shell



Aufbau Process

S-block P-block

D-block

F-block

1

2

3

Bi

1s

2p

3d

4f

4

5

6



[Xe]6s24 f 145d106p3

• Fill in remaining electrons, working left to right across the table



Aufbau Process

Cr



[Ar]4s23d4 [Ar]

• Exceptions: overall energy is sometimes minimized by moving one 
electron into a higher-energy orbital if that results in a perfectly half-filled 
or fully filled sub-shell 

4s 3dyz
3dxy

3dz2 3dx2-y2 3dxz

Cr



[Ar]4s13d5 [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz

Cu



[Ar]4s23d9 [Ar]

4s 3dxy
3dz2 3dx2-y2 3dxz

3dyz

Cu



[Ar]4s13d10 [Ar]

4s 3dyz
3dxy

3dz2 3dx2-y2 3dxz
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Adding Electrons
• To make anions, add extra electrons following the Aufbau process for 

neutral atoms

• Important difference: the total number of electrons will exceed the total 
number of protons – the atom will be charged

F



[He]2s22p5



[He]2s22p6



[He]2s22p6



7F




8Ne

+ 1 e-

Same Number of Electrons

7 Protons vs 8 Protons

Negatively Charged vs Neutral

Atoms with the same number of electrons are isoelectronic
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Removing Electrons
• To make cations, remove an electron from the orbital with the highest 

principal quantum number (n) 

Sc



[Ar]4s23d1 [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz

Sc+ 1134][ dsAr [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz

13][ dAr [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz

][Ar [Ar]
4s 3dyz

3dxy
3dz2 3dx2-y2 3dxz

Sc2+

Sc3+



Summary

• Specific rules govern how electrons fill orbitals in neutral 
atoms

• For anions, add electrons following the Aufbau process

• For cations, remove electrons from the highest-n orbital

Homework

• Electrons in Atoms Handout (Due Friday)

• Next class, we will see how the properties of different atoms 
follow patterns in their electron configurations


