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Section 5:    MULTI-ELECTRON ATOMS 

 

In this section, we describe the atomic structure and general properties of elements that form 

the Periodic Table of Elements. 

 

 

Multi-electron Atoms 

 

PAULI EXCLUSION PRINCIPLE AND ELECTRON SHELLS 

 

Atoms with  Z>1 contain >1 electron. This changes the atomic structure considerably because 

in addition to the electron-nucleus interaction, there is the repulsive electron-electron interaction.  

 Calculations show that allowed electron energies are no longer solely determined by the 

single quantum number, n.  

 Several distinct electron states (orbits) exist, all with the same n, forming a `shell' of 

states. 

 In general, these states have different energies.  

 The number of different orbital states in a shell of a given n is n
2
. 

  

However, also note that electrons obey the Pauli Exclusion Principle which states that: 

 

 Electrons with spin ½ have 2 possible orientations – up and down. Therefore, the 

maximum number of electrons in any shell = 2n
2
.   

 Each shell is identified by a letter according to its n value: The innermost shell (n = 1) is 

called the K-shell, the next innermost shell (n = 2) is called the L-shell, etc.   

n Shell  Maximum number of electrons  2n
2
 

 1 K 2 

 2  L 8 

 3 M 18 

 4  N 32 

 -- -- -- 

 

 

No two electrons can occupy precisely the same state. 



BPA MULTI-ELECTRON ATOMS 

 

L5-2 

 Atoms with filled shells are known to be very stable and are chemically inert.  They form 

the inert or noble gases: For example, 

 Helium (Z = 2) has a full K-shell (2 electrons). 

 Neon (Z = 10) has a full K-shell (2 electrons) and a full L-shell (8 electrons).  

When a shell is full the next electron must occupy a higher state. 

 E.g.  lithium (Z = 3) has a full K-shell plus one electron in its less tightly-bound L-shell. 

 Lithium, therefore, is chemically active as it can readily lose its outermost electron to 

form a Li
+
 ion, which has just two electrons filling its K-shell.  

 Similarly, sodium (Z = 11) has full K- and L-shells plus one extra electron in its M-shell.  

 It has similar properties to lithium and both of are known as alkaline metals.  

 

SUB SHELLS 

The outer atomic shells consist of a number of separate groups of states called sub-shells.  

 All states in a sub-shell have the same orbital angular momentum L 

 They are identified by a second integer quantum number . 

   denotes the number of discrete units of  = h/2π [see section 3], which make up the 

angular momentum, i.e. 

L                                                             (4.1) 

where n ,3,2,1,0 .  

A letter is commonly used to specify the angular momentum quantum number.  

 Specifically, S, P, D, F, G, etc. correspond to   = 0, 1, 2, 3, 4, etc.  

 

Different sub-shells have different energies, which is why a shell is divided into sub-shells of 

states. 

However, states in a given sub-shell do not necessarily have different energies. They 

correspond to different orientations of L in space and in the absence of any external electric or 

magnetic field, the states of a given sub-shell will all have the same energy  

 

Different sub-shells can contain different numbers of electrons.  

 The M-shell (n = 3) is made up of 3 sub-shells (  = 0, 1 and 2). 
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 They are labelled 
3
S, 

3
P, 

3
D, which can contain up to 2, 6, and 10 electrons, respectively.  

 The superscript denotes the n quantum number.  

 The capacities of these three sub-shells sum to a total of 18 electrons for the shell.  

 

The next inert gas, after neon, is argon (Z = 18). 

 It has full K- and L-shells but only eight electrons in its M-shell corresponding to filled 
3
S 

and 
3
P sub-shells.  

 The energy of the N-shell (n = 4) is close to the M-shell. 

 The lowest energy (
4
S) sub-shell of the N-shell lies below the highest-energy (

3
D) sub-

shell of the M-shell.  

 

The next element after argon is potassium (Z = 19).  

 It has eight electrons in its M-shell (filled 
3
S and 

3
P sub-shells) and one electron in its N-

shell, in addition to filled  K- and L-shells.  

 The one electron in the N-shell is relatively weakly bound, which is why potassium is 

also an alkali metal with similar properties to lithium and sodium. 

 

Arranging the elements in order of increasing Z  - it is found that the chemical properties of 

the inert gases, the alkali metals, etc. recur in a periodic manner.  

 This arrangement is called the Periodic Table.  

 The reason for the periodic properties is that all elements with similar electron 

configurations in the outer shells have similar chemical properties.  
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PERIODIC TABLE of ELEMENTS 

 

 


