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Bonding in Minerals Chemical Bonds and  

Formation of Compounds 



Abundance of elements  
in the Earth's crust 

Element Percentage 

Oxygen 46 

Silicon 27 

Aluminium 8 

Iron 5 

Calcium 3.6 

Sodium 2.8 

Potassium 2.5 

Magnesium 2 

Abundance of elements in  
the Earth's atmosphere 

Element Percentage 

Nitrogen 78 

Oxygen 20 

Water 1 

Argon 9340 ppm 

Carbon dioxide 380 ppm 



• 

• 

• 
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Chemical reactions are generally driven by the movement of electrons between the  

atoms. 

Atoms do not participate in their ground state in the reactions, rather they get ionised by  

loosing or gaining electrons. 

When an atom looses electron, it becomes +ve charges and is known as cation. A 

cation  is smaller in size than the parent atom. 

When an atom gains electrons, it acquires -ve charge and is known as anion. An anion 

is  larger in size than the parent atom. 

e.g. Sodium chloride  

also known as Halite 

Sodium atom looses one electron to acquire + charge, while chlorine atom becomes - 

charge. 



The chemical elements combine together during reactions to form compounds, in which the  

atoms are held together by chemical bonds. 

 
Bonds are classified as two types: 

1. Valence related bonding 

2. Bonds not related to valence electrons 

 
Valence related bonding 

Valence electrons are those located in the valence shell of the atom (last energy shell). These  

electrons actively participate during reactions and are the reasons for the formation of chemical  

bonds. 

These bonds are of two types: 

1. Ionic or electrovalent bonds 

2. Covalent bonds 



Ionic Bonds 
❖ Formed by the electrostatic attraction between cation and anion. 

e.g. Halite Na+ Cl- 

Fluorite Ca2+ F2-  

Calcite Ca2+ 

CO32- 
• 

• 

• 

This bond is very strong. 

Ions bond together in ratios that ensure that the net positive and net negative charges are  

equal, to maintain electrical neutrality. 

When bonding, ions act like charged spheres and pack together in a symmetric and  

systematic manner. This represents a low energy configuration, so ionic bonds are fairly  

strong. 

Halite 



Covalent Bonds 

❖ 

❖ 

❖ Formed by sharing of electrons between atoms. 

This type of bonding involves the overlap of orbitals of two atoms. 

Strength of the bond is directly proportional to the degree of overlap; more the overlap,  

stronger is the bond. 

Most common example is of diamond and graphite. 

Diamond (C), has high overlap of orbitals and resulting covalent bond is very strong, making it  

the hardest mineral on the Earth. 

Formation of covalent bond in diamond: 

Carbon: 1s2 2s2 

2p2 
Ground State 

Four electrons are needed to  

bring its configuration to that  

of Neon, closest nobel gas. To  

share four electrons four  

different unpaired orbitals 

must be available. This poses 

a problem because in the  

ground state only three 2p  

orbitals are available to share  

electrons. 
Formation of hybrid orbitals in carbon 



sp3 Hybridisation in diamond 

Sharing of sp3 orbitals: 
• 

• 

each of four sp3 hybrid orbitals is shared with an identical hybrid orbital on each of  

four adjacent carbon atoms to form continuous structure of diamond. 

these bonds are known as sigma bonds. 



Graphite (C), is made up entirely of carbon and also has covalent bond, but only 2px and 2py  

orbitals hybridise with the 2s orbitals. 2pz orbital is not hybridized. Such a hybridisation state is  

sp2 state. 

Carbon atoms bond to three neighbours using three 2sp2 hybrid  

orbitals to form continuous sheets of carbon. These three bonds  

are sigma bonds. 2pz orbital is oriented at right angles to the  

carbon sheets and shares electrons differently to form pi bonds.  

With pi bonds the orbitals overlap side to side, so electrons are  

shared laterally. 

Continuous hexagonal sheets of carbon 

in  graphite 



Metallic Bond 
• Metallic bonds are a type of covalent bonds in which valence electrons are delocalised and  

free to move from atom to atom throughout the crystal structure. 

 
It is these free electrons that causes the metals to conduct  

electricity. 



Bonds not involving valence shell electrons 
Such bonds depend on relatively weak electrostatic forces that can develop because of  

asymmetric charge distribution. 

1. Hydrogen Bonding 

A hydrogen bond is the electromagnetic attractive interaction between polar molecules, in  

which hydrogen (H) is bound to a highly electronegative atom, such as nitrogen (N), oxygen 

(O) or fluorine (F). The name hydrogen bond is something of a misnomer, as it is not a true  

bond but a particularly strong dipole-dipole attraction, and should not be confused with a  

covalent bond. It is most prominently seen in water molecules/ice. 

Hydrogen  

bonds 

Polar Water Molecule 



2. Van der Waals bonding 

Van der Waals forces include attractions and repulsions between atoms, molecules, and  

surfaces, as well as other intermolecular forces. They differ from covalent and ionic bonding in  

that they are caused by correlations in the fluctuating polarizations of nearby particles. 

Attractive interactions resulting from dipole-dipole  

interaction of two hydrogen chloride molecules 

Ionic 

Covalent Metallic 

halides 

oxides 

silicates 

diamond sulphides sulphosalts 

galena 


