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Introduction – Electron Configuration

In previous chapter we learned that electrons exist in atoms in specific 
locations and are always in motion – in the shell (orbit) and within the subshell 
(orbital).

In this chapter we will learn how to fill these electrons in atoms in two 
different ways:

• Electronic configuration (spdf notation): Here we fill electrons in the various sub 
shells according to given rules.

• Box configuration: In this case we show electrons as arrows and subshells as boxes 
and then fill out the electrons.
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The Rules of Filling Electrons

There are three main rules for filling electrons in shells and subshells.

• Aufbau principle: building up the electronic configuration using ground state 

energies. Electrons and filled in the subshells according to energy levels of 

shells and subshells. 

• Fill the lowest energy electrons first, no matter which shell they belong to. 

• Pauli’s exclusion principle: No two electrons can have the same quantum 

numbers.

• In one orbital/subshell (ml number), the electrons should have opposite spin 

(magnetic spin numbers).

• One orbital/subshell (ml number) can have a maximum of 2 electrons. 

• Hund’s rule: Fill the electrons in the subshells singly first, then pair them up. 

(magnetic quantum number – ml)

• Electrons do not pair in degenerate orbitals (same energy orbitals) if an empty 

orbital is available.
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The First Three Rows

H 1s1

He 1s2

Li 1s2  2s1

Be 1s2  2s2

B 1s2  2s2 2p1

C 1s2  2s2 2p2

N 1s2  2s2 2p3

O 1s2  2s2 2p4

F 1s2  2s2 2p5

Ne 1s2  2s2 2p6

Na 1s2  2s2 2p6 3s1

Mg 1s2  2s2 2p6 3s2

Al 1s2  2s2 2p6 3s2 3p1

Si 1s2  2s2 2p6 3s2 3p2

P 1s2  2s2 2p6 3s2 3p3

S 1s2  2s2 2p6 3s2 3p4

Cl 1s2  2s2 2p6 3s2 3p5

Ar 1s2  2s2 2p6 3s2 3p6

Row 1

Row 2 Row 3
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Here are the electron configurations in spdf 
notation, for the first 18 elements in the periodic 
table. 
The shell number is written first, followed by 
subshell and then the number of electrons in that 
subshell, written as superscript. 



Box Configuration

To fill the electrons in box, use full or half 
arrows to show electrons (as shown for He).
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Electrons are filled singly first and 
then paired up in any orbital.



Rules for Writing Electron Configurations

The three rules for writing electron 
configurations are straightforward for the first 
20 elements. After that, attention should be 
paid to Aufbau principle, which is that 
electrons should be in orbitals of lowest 
possible energy.  

To understand this, the diagram on the right 
can help to see how energy levels are lower in 
orbitals that have higher shell number – e.g. 4s 
is lower in energy than 3d and 4p is higher 
than 3d.

• Orbitals fill in the following order: 

   1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 

   or as shown on the right. 

    (Follow the arrow)
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Use the Periodic Table
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Patterns in Filling Electrons

When filling out electrons of the same group a pattern emerges.

As we can see all group I element configuration ends in s1, group II in s2, group 
IV in p4 and group VII in p5. This patterns helps us to view the periodic table as 
different blocks depending on what subshell is filled last, s, p, d or f. 

The other quick information one can get from the periodic table is the identity 
of the last electron filled, which shell and which orbital. See the next couple 
slides for more on this. 
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Group I

1H:     1s1

3Li:    1s2  2s1

11Na: 1s2  2s2 2p6  3s1

Group II

4Be:    1s2  2s2

12Mg: 1s2  2s2 2p6 3s2

Group IV

6C:    1s2  2s2 2p4

14Si: 1s2  2s2 2p6  3s2 2p4 

Group VII

9F:    1s2  2s2 2p5

17Cl: 1s2  2s2 2p6  3s2 3p5



The Periodic Table Divided in Blocks
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Last subshell for Group I will is always s1, Group II always in s2, hence group I and II is 
referred to “s block”.  Groups III to VIII are the “p block” as those elements fill the p 
subshell which can have 6 electrons. I have also written the n quantum number to show 
how each row indicates the shell number.



Two Considerations After n=3

Aufbau Principle: Energy of orbitals is not linear after 3rd shell. Here are 
things to watch out for when filling out the 3rd shell and above. 

• Fill s in the higher n number before starting d. Fill the 4s before 3d 
because of energy consideration. Same goes for 5s before 4d.

• This gets more complicated when we get to filling f orbitals because f 
starts in the fourth shell but does not start filling until after 6s!

The chart on the previous slide showed the order in which to fill the electrons. 
The other way is to follow the periodic table as it is and remember that the 
transition metals will have one lower n number than the start of that row.

Transition Metals: In transition metals there are 10 electrons in d orbital and 
the consideration here is of stability. You will always fill s completely before d 
for two columns below: 

• Chromium (4th column in transition metals) and elements below: 

    Should be 4s2, 3d4 ; But is 4s1, 3d5 (for Mo: 5s1, 4d5) 

• Copper (9th column in transition metals) and the elements below:  

    Should be 4s2 3d9; But is 4s1, 3d10 (for Ag: 5s2, 4d10)

This is to make the d configuration more stable.
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Use the Periodic Table
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More Electron Configurations

Calcium = 20 electrons; spdf notation: 1s22s22p63s23p64s2

Box notation:

Iron = 26 electrons; spdf notation: 1s22s22p63s23p64s23d6

Box notation:

Bromine = 35 electrons; spdf notation: 1s22s22p63s23p64s23d104p5

Box notation:
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Using all the rules and information we have learned, now we can fill electrons 
for elements with higher number electrons.



Electronic Configuration of Periodic Table
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s – block p – block d - block

If you look in each of elements in the periodic table below, I have shown how the 
electrons are filled in the last shell of that element, e.g.  the last shell filled in bromine is 
4, so the last electrons filled are 4s2 4p5.  You can clearly see the trend in how electrons 
are filled in a row and in each group.



Filling out electrons in Using the PT
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I
53e-

53 (I) 1s22s22p63s23p64s23d104p65s24d105p5

1s2

2s22p6

3s23p6

4s23d104p6

5s24d105p5

1s2

2s2

3s2

2p6

4s2

5s2

3d10

4d10

3p6

4p6

5p5

Iodine



Solved Problem: Identifying errors in spdf notation
Which of the following electron configurations are allowed and which are not 
allowed? If they are not allowed, explain why? And if possible, which rule is being 
violated.

a. 1s22s12p3

b. 1s22s22p8

c. 1s22s22p63s23p63d11

a. Not allowed; Fill s before starting p. 
 Aufbau principle

b. p8 is not allowed. p can have only 6 e-. 
 Pauli’s exclusion principle.

c. Fill s before d and also d11 is not allowed because 
d has only 10 e- so fill it to 9 e (which also should 
be s1d10). 

 Aufbau principle.
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Solved Problem: Identifying errors in box configuration
Which of the following electron configurations are allowed and which are not 
allowed? If they are not allowed, explain why and give the correct answer.

a. Fluorine

b. Copper

c. Sulfur

a. Fluorine has 9 electrons, so count it okay. It 
should have 5 electrons in the p orbital. 
Also, two electrons cannot have the same 
quantum numbers i.e. going in the same 
direction.

b. Copper has 29 electrons, so total count is 
okay, but d orbital needs to fill first before s 
in this case to make d electrons more stable. 

c. Sulfur has 16 electrons, so total count is okay, 
and p should have 4 electrons, but any 
orbital cannot have more than 2 electrons. 



Key Words

• Spdf and box configurations 

• Pauli exclusion principle

• Hund’s rule

• Aufbau principle 

• Exceptions in filling out electrons after 3rd shell and in d orbital.
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