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Atom Structure



Quantum numbers
The energy level to which each electron belongs 

is determined by four quantum numbers 
n – this principle quantum number assigned integral values 

1, 2, 3, 4, 5 , … that refer to the quantum shell to which the 

electron belongs. Quantum shells are also assigned a letter.  

n=1 is K, n=2 is L, n=3 is M, on so on

l - is the azimuthal quantum number which determines the 

angular momentum of the electron.  l= 0,1,2,…n-1. the 

azimuthal quantum numbers are designated by lower case 

letters. s for l=0, p for l=1, d for l=2, f for l=3, etc

 There are another two quantum numbers: ml=-l…-1,0,1…l; 

ms=1/2, -1/2 (for electron)



Atomic Orbital



Electronic population in subshells

Relative energies of the electrons for the various shells and sub-shells

Pauli exclusion principle: two or more electrons with the 

same quantum numbers cannot occupy the same energy level 

in the atom



Valance
• The valance relates to the ability of an atom to enter into 

chemical combination with other elements

• Valance is often determined by the number of electrons in 

the outmost combined sp level

• Mg:    1s22s22p63s2                   valance = 2

• Al:      1s22s22p63s23p1                                                  valance = 3

• P  :     1s22s22p63s23p3 valance = 5

• Ge:     1s22s22p63s23p63d104s24p2 valance = 4

• Valance may depends of the nature of the chemical reaction.



Electronegativity

If an atom has a valance of zero, the element 

is inert, for example: 
 Ar: 1s22s22p63s23p6 Valance - 0 

Other atoms prefer to behave as if their outer 

sp levels are either completely full or 

completely empty.

Electonegativity describes the tendency of an 

atom to gain an electron



Periodic table sorted by 
Electronegativity



Example 1.1

Using the electronic structure, compare the 

electronegativities of calcium and bromine

The electronic structures are:
Ca  :     1s22s22p63s23p64s2

Br  :      1s22s22p63s23p63d104s24p5

Calcium has two electrons in its outer 4s orbital and 

bromine has seven in its 4s4p orbital. Thus calcium, 

with  an electronegativity of 1.0, tends to give up 

electrons and is strongly electropositive, but bromine 

with an electronegativity of 2.96, tends to accept 

electrons and is strongly electronegative.



Bonds in solid
Four important mechanisms by which 

atoms are bonded in solid

• Mixed bonding

Bond Binding Energy

(kJ per mol)

The metallic bond 625-1550

The covalent bond 520-1250

The ionic bond 100-800

Van der Waals bonding <40



Metallic Bond
Each atom gives up its valance electrons and becomes slightly positively charged.
The negatively charged electrons hold the metal atoms together. 
The electrons are free to move leading to good thermal and electrical conductivity. 



Example 1.2
 Calculate the number of electrons capable of conducting 

an electrical charge in ten cubic centimeter of silver.

Ag:  1s22s22p63s23p63d104s24p64d105s1

silver has only one valance electron hence each atom gives one 
electron for electric conduction. 

From literature we find that:

The mass of 10[cm3] of silver is:

The number of atoms is:

And there is 1 valance electron/atom, 

Number valance electrons = 5.856∙1023 in 10 cm3  of silver



Covalent Bond
The atoms shares the electrons 
Carbon –6 electrons

2 electrons in 1s shell (close shell)
4 electrons in 2s2p shell (lack of four e’)

Hydrogen –1 electron in 1s shell (open shell)

Methane (CH4) molecule
Properties
•Very strong
•Poor electrical conduction

N2 ,H2 , O2, SiO2, MgCl2



Ionic bond
• One donate its valance 

electrons to a different atoms, 

filling his outer shell

• Electrostatic attraction due to 

Columb’s law:



Example 1.3

• Describe the ionic bonding between 
magnesium and chlorine

The electronic structure and valences are:

Mg: 1s22s22p63s2

Cl:    1s22s22p63s2 3p5

Mg has two electrons in its open shell which he’ll be more than gladly 
to give them away (and become Mg+2 ion) to chlorine who needs only 
1 electron in order to close its outer open shell. After the donation one 
might get chlorine ion Cl- . The two ions will attached due to columb ‘s 
law and the MgCl2 compound will form



Mixed bonds

In most materials, bonding between atoms is a 

mixture of two or more types.

Metals may have combination of metallic and 

covalent bonding

Ceramics and semiconductors have mixture of 

covalent and ionic bonding

The fraction of bonding that is covalent can be 

estimated form the equation:

Fraction covalent = Exp(-0.25∙ΔE2)

ΔE – difference in electronegativity



Example 1.4

• What is the fraction of the covalent bonding in 
silica (SiO2)

First lets estimate the electronegativity of silicon and 
oxygen:
Si – 1.9
O – 3.44

ΔE=3.44-1.9=1.54

The fraction is:  Exp(-0.25*1.542)=0.553



Pure ionic Vs. Pure covalent
There is a continues range of crystals between the ionic and the covalent 

limits



Van Der Waals bonding
Intermolecular forces which caused by 

correlations in the fluctuating polarizations 

of nearby particles

In general, an intermolecular potential has a repulsive component (Erep=B/rn) 
and an attractive component (Eatt=-A/r), which, in turn, consists of three 
distinct contributions:
1.The electrostatic interactions between permanent dipoles
2.Induction, which is the interaction between a permanent multi-dipoles on 
one molecule with an induced multi-dipole on another. 
3.Attraction experienced by non-polar atoms, but it is operative between 
any pair of molecules.
Weak and short-range interaction



Examples of Van der waals forces

Dipole – dipole interaction

(includes hydrogen 

bonds!)

Dipole – induce dipole 

interaction



Interaction between symmetric 
molecules

In general, atoms of an ideal gas should 

not be attracted nor repelled by on 

another

Atoms may experience instantaneous dipole moment. 
Partial charge on one atom cause  a neighbouring atom  to 
distort due to the electrostatic attractions/repulsions of 
their electron cloud

Attraction forces exists between the two 

induced dipole atoms 



Using the graphs of the interatom potential of tungsten (W) and aluminium 
(Al), determine: 

1. Which of the metals has the lower melting point?
2. Which of the metals has the lower heat expansion coefficient?

Example 1.5
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Al

W
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W



Summary of atomic bonding


