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Resonance & Benzene 
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Question 

•  Which of the following compounds has a
 double bond that is conjugated with the π
 system of the benzene ring? 

•   A)  p-Benzyltoluene 
•   B)  2-Phenyl-1-decene 
•   C)  3-Phenylcyclohexene 
•   D)  3-Phenyl-1,4-pentadiene 
•        E)     2,4,6-trichloroanisole 

Question 
•  Predict which of the following has the

 smallest heat of combustion. 

•  A)      B) 

•  C)              D)  
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The π Molecular Orbitals 
of Benzene 



4	



Benzene Molecular Orbitals 

nodes 

Aromatic vs. “anti-aromatic” 
A. Deniz, et. al., Science, 5 November 1999 Question 

•  How many π electrons does the
 compound shown have?  

•   A)  5 
•   B)  8 
•   C)  10 
•   D)  12 
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Question 

•  What is the value of N of Huckel's rule
 for the cyclopentadienyl cation
 (shown)?  

•   A)  N=1/2 
•   B)  N=1/4 
•   C)  N=1 
•   D)  N=2 

Question 

•  Which is a true statement based on
 Huckel’s Rule.  

•  (Assume that both are planar and that vacant p
-orbitals do not interupt conjugation.) 

•   A)  I is aromatic and II is not. 
•   B)  II is aromatic and I is not. 
•   C)  I and II are aromatic. 
•   D)  I and II are not aromatic. 

I II 
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FROST CIRCLES  
Question 

•  How many isomers of dibromophenol
 are aromatic? 

•   A)  3 
•   B)  4 
•   C)  6 
•   D)  8 
•       E)    none 
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aromatic 

6 π electrons 

Aromatic 

Anti-aromatic 
(planar) 

Non-aromatic 
(non-planar) 

aromatic 

6 π electrons; 
completely conjugated 

Question 

•  The planar compound shown below is
 classified as  

•   A)  non-aromatic 
•   B)  aromatic 
•   C)  anti-aromatic 
•   D)  none of the above 
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Buckball (Fullerenes) can 
also be made into tubes. 

Single, double, and multi
-walled carbon nanotubes
 have many applications: 

Conductive Plastics, Energy
 Storage, Conductive
 Adhesives, Molecular
 Electronics, Thermal
 Materials, Fibres and
 Fabrics, Catalyst
 Supports, Biomedical
 Applications 
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Aromatic Heterocyclic Compounds 

A heterocycleis a cyclic compound in which 
one or more of the ring atoms is an atom other than  

carbon. 

Pyrole & Furan are Aromatic 

Pyridine Is Aromatic 

aromatic 

Acid-Base Chemistry & Aromaticity   
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Acid-Base Chemistry & Aromaticity   Question 
•  Which of the following compounds is best

 classified as an aromatic heterocycle? 

•   A)    B) 

•   C)    Aniline  D)    Pyridine 

•       E)    All of them 

Hetero-bicylic-aromatic compounds 

Quinine 
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Examples of Important Nitrogen 
Hetero-bicyclic Aromatic Compounds 

Benzene:  

• Benzene is classified as a Group A, human
 carcinogen by the EPA.  
• Increased incidence of leukemia has been
 observed in humans occupationally exposed to
 benzene.   
• Chronic inhalation has caused various blood
 disorders, including reduced red blood cell count
 and aplastic anemia. 
• Reproductive effects have been reported for
 women exposed to high levels by inhalation.  
• Adverse effects on the developing fetus have been
 observed in animal tests.   
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Trace amounts of naphthalene are produced by magnolias,
 deer, termites, and have been found in meteorites. 

It has been used as a common household fumigant which
 was referred to as “moth balls”. Humans, particularly
 children have developed hemolytic anemia after ingesting
 moth balls 

Napthalene is regarded to be a possible human carcinogenic
 and has caused cancer in animal studies. 

Benzo[a]pyrene: Carcinogenic Mechanism 

DNA-benzopyrene
 adduct 

 Exposure / Toxicity 
http://cebp.aacrjournals.org/content/14/8/2030.long 

cigarette smoke, ramen noodles, coffee, grilled red meat, water 
http://oehha.ca.gov/water/phg/pdf/091610Benzopyrene.pdf 

Toxicity/ Carcinogenicity: California Report 
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