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What Group is carbon in?

How many valence electrons does it have?

How many does it want to gain through covalent bonding?

How many half-filled orbitals does it have to make these covalent bonds?

The fact that it forms 4 bonds means that 1 electron from the 2s orbital must be promoted to the 
empty p orbital :

This process is called excitation . The energy require to do it is compensated by the energy released 
when the covalent bonds are formed.

The problem faced now is that we would expect unequal bonds as one of them is formed using an s-
orbital.  The fact that methane has 4 equal bond lengths indicates that this is not the case.

We find that a process of hybridisation  occurs to form 4 hybrid 
orbitals  of a new energy, shape and orientation are formed.

The exact nature of these orbitals depend on the type of orbitals that 
have been hybridised to form them as with mixing paints:

If a carbon is only bonded to 3 other atoms then it forms three sp 2 hybrid orbitals :

What geometry will be formed by 3 identical hybrid orbitals ?  -->

If we draw the example of ethene (C2H4) we see that after forming 3 covalent (sigma) bonds using the 
3 hybrid orbitals, we coincidentally have 2 parallel unhybridised p-orbitals who also need to form a 
covalent bond:

What is the shape of one hybrid orbital ?  -->

What geometry will be formed by 4 identical hybrid orbitals ?  -->

What kind of covalent bond is formed by these p-orbitals?

So we find that a double bond is always formed from...

What geometry will be formed by 2 identical hybrid orbitals ?  -->

If we draw the example of ethyne (C2H2) we see that after forming 2 covalent (sigma) bonds using the 2 
hybrid orbitals, we coincidentally have 4 parallel unhybridised p-orbitals who also need to form a 
covalent bond:

What kind of covalent bond is formed by these p-orbitals?

So we find that a triple bond is always formed from...

BONUS QUESTION - What kind of hybridisation might phosphorous use in PCl 5?

Lone pairs can also be involved in hybridisation
Both ammonia and water have lone pairs that are found in hybrid orbitals. As their geometries are both based 
around a tetrahedron,  we know they must contain four equal sp3 hybrid orbitals :

* We can use this knowledge to relate hybridisation and geometry information.
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