Covalent Bonding Notes
What are covalent bonds? 
1. Electrons are shared rather than transferred
2. Generally bonding between non-metals is covalent and bonding between a metal and non-metal is ionic

a. However, ions with +3 or +4 charges form polar covalent bonds
3. 2 shared electrons = single bond

a. Double bond = 4 electrons shared

b. Triple bond = 6 electrons shared

4. The bond results from a balance between the attraction between the nucleus and electrons and the repulsion of the two nuclei

5. The covalent bond is said to be directional

a. It’s easier to understand this if you know that ionic bonds are non-directional.  Ionic substances don’t exist as discrete molecules but as a bunch of ions packed together in a way that minimizes repulsion between like charges – a crystal lattice
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b. A covalent bond forms when orbitals overlap.  
c. There are two ways that orbitals can overlap:

i. ( (sigma) bonds 

1. Single bonds are always sigma bonds

2. In double and triple bonds, one of the bonds is a sigma bond and the others are pi bonds.
3. Sigma bonds form when an one lobe of an orbital overlaps with one lobe from another orbital: 

ii. ( (pi) bonds

1. pi bonds only exist in molecules with multiple bonds

2. Pi bonds result when both lobes of two p-orbitals overlap with each other.

Why does bonding occur? 

1. Remember the law of the universe…everything tends towards lower energy – so bonding occurs so that atoms can be in a lower energy state

2. The lowest energy state for an atom is reached when an atom has a filled outer shell of electrons (an octet) 

a. Except for H, He, Li, Be, and B which can exist with 2 in their outermost shell (this is because they will have a filled 1st energy level which can only hold two electrons)

How do atoms get 8 electrons?  

1. Depending on what an atom bonds with, they could gain, lose, or share electrons 

a. If they bond with an atom with a much lower electronegativity, they will steal an electron from that atom and form an ionic bond
b. If they bond with an atom with a much higher electronegativity, they will give up an electron and form an ionic bond
c. If they bond with an atom with roughly the same electronegativity, they will share electrons

i. If the difference in electronegativity is between 0 and 0.5 they will share electrons EVENLY and make a NONPOLAR bond

ii. If the difference in electronegativity is between 0.5 and 2, they will share electrons UNEVENLY and make a POLAR bond

1. The electrons are pulled towards the more electronegative atom giving it a partial negative charge 
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2. Example:

[image: image3]
a. The two chlorine atoms each share one of their 2p valence electrons with the other so that they each have 8.  

b. This is shown more easily using Lewis Structures

c. 
[image: image4]
d. Lewis structures show how the atoms are bonded and where all the electrons are located. 

i. Form more information on Lewis Structures – see my other notes.

+





-





-





+





-





+





-





+





-





+





-





+





-





+





-





+





-





+





-





+





-





+





-





+





Which pair is the molecule?


It doesn’t matter – the ionic bonds are non-directional.  There is no discrete ionic molecule – only a bunch of ions clumped together.





Crystal lattice
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Because you can clearly define a molecule – we say the bonding is directional – the bond is between two specific atoms.





Covalent Molecules
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( = lower case Greek letter delta which means “partial” So Hydrogen has a partial positive charge (less than +1)





This arrow gives the direction of the dipole moment for this bond.  The positive pole is on the hydrogen and the negativity pole is on the oxygen atom (the negative pole is always on the more electronegative atom
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