
Quantum Mechanics and 
Bonding Hybridization

Chapter 4.6



How are Bonds Formed?

• THE STORY SO FAR…
– The Lewis structure of a molecule provides a simplified 

view of bond formation and allows us to determine the 
number of bonding and lone electron pairs

– VSEPR theory can then be used to predict the molecular 
geometry

– We can even use electronegativity values to determine 
bond polarity and bond dipoles to determine the overall 
molecular polarity

• BUT…
– Lewis structures, VSEPR theory, and bond dipoles do not 

describe how bonds are actually formed



Valence Bond Theory

• Valence bond theory is a theory stating that 
atomic orbitals overlap to form a new orbital 
with a pair of opposite spin electrons

– A covalent bond forms when 2 atomic orbitals, 
each with an unpaired electron, overlap

– When the covalent bond forms, the lowest energy 
state is obtained when participating electrons are 
of opposite spin



Orbital Overlap

• The covalent bond in hydrogen gas (H2) is formed when the 1s orbital of one 
hydrogen atom overlaps with the 1s orbital of another hydrogen atom



Orbital Overlap

• The covalent bond in HF is formed 
when hydrogen’s 1s orbital and one 
of fluorine’s 2p orbitals overlap

• The covalent bond in F2 is formed 
when one of fluorine’s 2p orbitals
overlaps with one of the 2p 
orbitals in another fluorine atom



Valence Bond Theory

• Okay, great! Let’s use Valence Bond Theory to 
explain how the orbitals overlap in a methane 
molecule



Problem #1

Carbon has only TWO
orbitals available for overlap

methane has FOUR
covalent bondsBUT



Problem #2

The available p orbitals are at 
90⁰ to one another

BUT The shape of methane is tetrahedral
with 109.5⁰ between bonds

109.5 ⁰



Hybrid Orbitals

• A hybrid orbital is an orbital that forms from the combination 
of at least two different orbitals on an atom

• Hybridization is the process of forming hybrid orbitals



Hybrid Orbitals



sp3 Hybrid Orbitals

http://www.google.ca/imgres?q=hybrid+orbitals&start=363&hl=en&biw=1440&bih=698&addh=36&tbm=isch&tbnid=_O6hcUUnunijwM:&imgrefurl=http://www.learn.ppdictionary.com/resources/chemistry_q_and_a.htm&docid=uVd7G-EnkhiwcM&imgurl=http://www.learn.ppdictionary.com/resources/12chembnd122_fig02.gif&w=276&h=166&ei=QB2UUPTeC6raywGctIDABA&zoom=1&iact=hc&vpx=831&vpy=147&dur=1014&hovh=132&hovw=220&tx=133&ty=105&sig=103379395651031038981&page=16&tbnh=127&tbnw=211&ndsp=24&ved=1t:429,r:9,s:363,i:268


Let’s try it for WATER:



sp2 Hybrid Orbitals
• BF3 is trigonal planar 

according to VSEPR theory
• we need 3 hybrid orbitals, so 

3 atomic orbitals are 
required

• s + p + p = sp2



sp Hybrid Orbitals
• BeCl2 is linear according to 

VSEPR theory
• we need 2 hybrid orbitals, 

so 2 atomic orbitals are 
required

• s + p  = sp



Hybrid Orbitals Summary



Practice

• Determine the hybrid atomic orbitals that 
describe the bonding in ammonia





Sigma and Pi Bonds
• A sigma bond is formed when the lobes of two orbitals 

overlap end to end (electron density is between the nuclei, 
along the internuclear axis)

• A pi bond is formed when the lobes of two orbitals overlap 
side by side (electron density is above and below (or in front 
of and behind) the internuclear axis



Sigma Bonds



Pi Bonds



Double Bonds

Consider the molecule ethene:

What VSEPR shape should the central atoms have?

What type of hybrid orbitals should the central atoms have?



Double Bonds



Double Bonds

Sigma bonds form between: 
•the sp2 orbital of one carbon 
with the sp2 orbital of the other 
carbon
•The sp2 orbital of carbon and 
the s orbital of each hydrogen

Pi bonds form between: 
•The p orbitals of the two carbon 
atoms



Triple Bonds

Consider the molecule ethyne:

What VSEPR shape should the central atoms have?

What type of hybrid orbitals should the central atoms have?



Triple Bonds



Triple Bonds

Sigma bonds form between: 
•the sp orbital of one carbon 
with the sp orbital of the other 
carbon
•The sp orbital of each carbon 
and the s orbital of each 
hydrogen

Pi bonds form between: 
•The p orbitals of the two carbon 
atoms

http://www.google.ca/imgres?q=hybrid+orbitals&start=339&hl=en&biw=1440&bih=698&addh=36&tbm=isch&tbnid=fu57fFX07x--eM:&imgrefurl=http://www.meritnation.com/discuss/question/1216360&docid=doVVeWcSTiwLwM&imgurl=http://www.meritnation.com/app/webroot/img/userimages/mn_images/image/9(79).png&w=326&h=207&ei=QB2UUPTeC6raywGctIDABA&zoom=1&iact=hc&vpx=937&vpy=92&dur=2215&hovh=165&hovw=260&tx=98&ty=78&sig=103379395651031038981&page=15&tbnh=135&tbnw=213&ndsp=24&ved=1t:429,r:16,s:339,i:213


Summary

single bond 1 sigma bond

double bond 1 sigma bond
1 pi bond

triple bond 1 sigma bond
2 pi bonds



Practice

• Predict the hybridization and describe the 
three dimensional structure of propene



HOMEWORK

Required Reading:

p. 230-238
(remember to supplement your notes!)

Questions:

p. 238 #1-11


