


Organic Chemistry is the study of carbon-containing molecules. 
 

This class has two points. 
 

The first point of the class is to understand the organic chemistry of living 
systems.  We will teach you how to think about and understand the most amazing 
things on the planet!! 
 

Water is essential for life, you will learn why water has such special 
properties. 
 

You will learn the secret structural reason proteins, the most important 
molecular machines in our bodies, can support the chemistry of life. 
 
You will learn why when you take Advil for pain, exactly half of what you 
take works, and the other half does nothing. 

 

You will learn how toothpaste works. 
 

You will learn how a single chlorofluorocarbon refrigerant molecule 
released into the atmosphere can destroy many, many ozone molecules of 
the critical ozone layer surrounding our planet. 
 
You will learn how medicines like Benadryl, Seldane, and Lipitor work. 
 

You will learn how Naloxone is an antidote for an opioid overdose. 
 

You will learn why Magic Johnson is still alive, decades after contracting 
HIV. 
 

You will learn how MRI scans work. 
 
The second point of organic chemistry is the synthesis of complex molecules 
from simpler ones by making and breaking specific bonds.   
 

You will learn how to understand movies of reaction mechanisms like 
alkene hydration. 
 
You will learn reactions that once begun, will continue reacting such that 
each product molecule created starts a new reaction until all the starting 
material is used up. 

 

You will learn reactions that can make antifreeze from vodka. 
 
You will learn a reaction that can make nail polish remover from rubbing 
alcohol. 

 

You will learn how to look at a molecule and accurately predict which atoms 
will react to make new bonds, and which bonds will break during reactions. 

 

You will learn how to analyze a complex molecule’s structure so that you 
can predict ways to make it via multiple reactions starting with less complex 
starting molecules.   

 



 
The ability to rationally synthesize new molecules changed human destiny and 
drives the economies of the world by enabling: 
 

1. The synthesis of new drugs to cure disease and dramatically increase human 
life span 

2. The development of lubricants and components for virtually all machines 
3. The creation of new methods for integrated circuit production enabling faster 

computation  
4. The creation of new materials for millions of uses including 3d printing and 

biodegradable plastics 
5. The synthesis of new pigments for dyes, paints, cosmetics and digital displays  
6. The synthesis of all synthetic clothing fibers 
7. The production of highly refined and cleaner burning fuels 
8. The production of rechargeable batteries 
9. …to name just a FEW applications.   

 
In other words, essentially everything that we associate with what makes modern 
life so incredible. 
 





 
 











A stepwise approach to perfect Lewis structures* 
 

Step 1:  Arrange atoms in space based on connectivity given in 
molecular formula. 
 

Step 2:  Add single bonds to all atoms that are connected to each other. 
 

Step 3:  Identify all carbon atoms without a filled valence shell.  For 
each such carbon atom, look for an adjacent atom that is also without a 
filled valence and connect with one or two multiple bonds. 
 

Step 4:  Add lone pairs to fill all remaining unfilled valence shells. 
 

Step 5:  Add any formal charges as identified by the table presented 
during the first lecture. 
 
*This works for all but molecules with a carbocation.  Do not worry 
about those at this time. 
___________________________________________________ 
Valence Electrons in Neutral Atoms: 

H  C  N  O  F,Cl,Br,I 
1  4  5  6        7 

 
Formal Charge Identification: 
 

   Neutral          Positive Charge   Negative Charge 
Atom # electrons 

in the 
valence 

shell 

 
Bonds 

Lone 
Pairs 

 
Bonds 

Lone 
Pairs 

 
Bonds 

Lone 
Pairs 

H 2 1 0 0 0 0 1 (rare) 
C 8 4 0 3 0 3 1 
N 8 3 1 4 0 2 2 
O 8 2 2 3 1 1 3 

F,Cl,Br,I 8 1 3 - - 0 4 





 



























Solutions to the Schrodinger equation – atomic orbitals 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

     Y1s                    Y2s                                Y2px                Y2py       Y2pz 
 

 
 

    







 

Hybridization – Valence Bond Approach to bonding 
 

sp3 (Y2s  + Y2px  +  Y2py + Y2pz) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sp2 (Y2s  + Y2px  +  Y2py) + Y2pz 

 

 

 

 

 

 

sp  (Y2s  + Y2px)  +  Y2py + Y2pz 
 
 
  



 



 
 

 



 
A common situation, and the one many resonance contributing 
structures describe, occurs when three 2p orbitals combine on 
adjacent atoms.  A good example is the carboxylate anion.  When 
three adjacent 2p orbitals interact (we add the three 2p orbital 
wave functions                                         ), three new molecular 
orbitals are produced; a low energy bonding “pi-way”, a non-
bonding orbital and an antibonding orbital as shown below.  This 
pattern of three molecular orbitals is generally the same 
whenever three 2p orbitals interact even if there are different 
atoms involved, for example the enolate ion or allyl cation.  There 
are four electrons in the pi system of the carboxylate anion, (you 

can see this by looking at either of the contributing structures; two electrons from the pi bond and two 
from the third lone pair on the negatively charge O atom).  Note the non-bonding orbital contains the 
electron density of two electrons that are paired, do NOT think of it as having one upaired electron on 
each O atom.   I know, weird, but remember it is best to think of bonding electrons as waves, not 
particles.  Note the electron density on only the O atoms of the non-bonding orbital explains why the 
negative charge is localized on the O atoms in the carboxylate anion. 
 
 
 

 
 

 
 
 
 

Antibonding orbital 
 
 
 
 
 
   
    Non-bonding  
 orbital 
 
 
 
 
                                     
   “π-way” orbital 
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Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px + ΨC2py + ΨC2pz)
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Ethane

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:

H

H

H

+ ΨC2py + ΨC2pz + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px

+ ΨC2py + ΨC2pz) + ΨC1s + (ΨC2s + ΨC2px + ΨC2py + ΨC2pz)
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Ethene
(Ethylene)

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:

+ ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz
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ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px + ΨC2py) + ΨC2pz

+ ΨC1s + (ΨC2s + ΨC2px + ΨC2py) + ΨC2pz



 
 

Ethyne
(Acetylene)

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz + ΨC1s 
+ ΨC2s + ΨC2px + ΨC2py + ΨC2pz

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:

HC CH

ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px) + ΨC2py + ΨC2pz + ΨC1s 
+ (ΨC2s + ΨC2px) + ΨC2py + ΨC2pz
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Carboxylate anion

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz + ΨO1s + ΨO2s + 
ΨO2px + ΨO2py + ΨO2pz+ ΨO1s + ΨO2s + ΨO2px + ΨO2py + ΨO2pz

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:
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ΨH1s + ΨC1s + (ΨC2s + ΨC2px + ΨC2py) + ΨC2pz + ΨO1s + (ΨO2s + 
ΨO2px + ΨO2py) + ΨO2pz+ ΨO1s + (ΨO2s + ΨO2px + ΨO2py) + ΨO2pz

Sigma (σ) bonding - overlap 
of hybridized orbitals
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Enolate anion

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first, 
then look for overlap with remaining orbital wave functions:

ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz + ΨC1s + 
ΨC2s + ΨC2px + ΨC2py + ΨC2pz+ ΨO1s + ΨO2s + ΨO2px + ΨO2py + ΨO2pz

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave 
functions:
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ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px + ΨC2py) + ΨC2pz + ΨC1s + 
(ΨC2s + ΨC2px + ΨC2py) + ΨC2pz+ ΨO1s + (ΨO2s + ΨO2px + ΨO2py) + 
ΨO2pz
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Amide contributing structures revisited
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