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1.Define the term electronegativity. What is the general trend of 
electronegativity across the periodic table?  
 
2. Draw the following molecule using LCAO notation. Be sure to label all 
orbitals and bonds.  
 

a) O  
 
 
 
3. Provide the Hybridization state: sp3, sp2 or sp, for each indicated atom 
of the following molecules.  
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!

e)! !
!
4.!!!Indicate!the!Hybridization!State:!sp3,!sp2!or!sp!for!each!indicated!atom!in!the!
molecules!that!follow.!!
a)!Ibuprofen!!
 
!
!

!
!

!
!
!
!
b)!caffeine,!shown!below.!!

!
!
!
!

CHM 2120 – Assignment #1 
 
In this assignment: 

- Lewis structures, formal charge 
- Electronegativity, dipoles 
- Resonance 
- Acid/base 

 
1. Draw the following molecules as full Lewis structures. Many molecules below 

possess a charge that is not shown—calculate the formal charge on each atom and 
indicate the location of the charge where applicable. 

Hint: each atom has a full octet, so start by adding electrons to each atom to 
complete its octet. The only atoms we will encounter in this course that lack 
an octet are carbon (a carbocation lacks an octet) and metals (B, Al, Mg, Li, 
etc). 
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!

!
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!
!
!
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!
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CHM 2120 – Assignment #1 
 
In this assignment: 

- Lewis structures, formal charge 
- Electronegativity, dipoles 
- Resonance 
- Acid/base 

 
1. Draw the following molecules as full Lewis structures. Many molecules below 

possess a charge that is not shown—calculate the formal charge on each atom and 
indicate the location of the charge where applicable. 

Hint: each atom has a full octet, so start by adding electrons to each atom to 
complete its octet. The only atoms we will encounter in this course that lack 
an octet are carbon (a carbocation lacks an octet) and metals (B, Al, Mg, Li, 
etc). 

 
 

  

 
 
 
4. Define the term chirality.  
 
 
 
5. Identify all of the chiral centers in the molecule below (HINT: there 
should be 11). 
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!

!b)! !

c)!! !
!
!
!
!

6. Identify!all!the!chiral!centers!in!the!molecule!below!(HINT!there!should!be!
11):!!

!
!
!

7. Find!the!chiral!center(s)!of!each!molecule!below!and!determine!the!
configuration!of!each!center!(R!or!S):!

Br

 
 
6. Define ring strain? What is the most stable conformation for a 
cyclohexane?  
 
 
7. Draw the following chairs as a line structure in 2D. Be sure to include 
the appropriate stereochemistry. 
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!

a) !!

b) ! !
!
!

c)! !
!
!

5. (i)!Draw!the!2!chair!configurations!for!the!molecules!below.!!!
(ii)!For!each!structure,!label!the!constituent!as!either!axial!or!equatorial.!!
(iii)!Determine!the!most!stable!of!the!two!configurations!and!justify!your!
choice!!

!

a)! !

OH

OH

Br
 

 
8.  (i) Draw the 2 chair configurations for the molecules below.  

(ii) For each structure, label the constituent as either axial or 
equatorial.  

(iii) Determine the most stable of the two configurations and 
justify your choice 

a) 
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!

a) !!

b) ! !
!
!

c)! !
!
!

5. (i)!Draw!the!2!chair!configurations!for!the!molecules!below.!!!
(ii)!For!each!structure,!label!the!constituent!as!either!axial!or!equatorial.!!
(iii)!Determine!the!most!stable!of!the!two!configurations!and!justify!your!
choice!!

!

a)! !

OH

OH

Br

b) 
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!

!b)! !

c)!! !
!
!
!
!

6. Identify!all!the!chiral!centers!in!the!molecule!below!(HINT!there!should!be!
11):!!

!
!
!

7. Find!the!chiral!center(s)!of!each!molecule!below!and!determine!the!
configuration!of!each!center!(R!or!S):!

Br

 
 
 
 
9. (a) Draw all the chair conformers and one boat for cyclohexanol using 
line structures (assume OH points up).  
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(b) Draw the Newman projections along the C1-C2 bond for each of the 
conformations.  
 
 
10. Define the follow terms: stereoisomer, enantionmer, diastereomer.  
 
 
11. Determine whether the following pairs are constitutional isomers, 
stereoisomers or confomers.  
 
a)  
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!

!
!

9. Draw!and!name!the!Newman!projection!of!the!most!stable!and!the!least!
stable!conformation!of!the!following!molecules!along!the!indicated!bond.!

!

a)! !!!!!!!
!
!
!

!!!!b)! !
!
!
!
!

10. Determine!whether!each!of!the!following!pairs!are!constitutional!isomers,!
stereoisomers!(diastereomers!or!enantiomers)!or!conformers!(same!
molecule)!!!
!

a)!!

b)! !

OH

NH₂

Cl
Cl ClCl

 
 
 
b)  
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!

c)! !

d)! !
!

!
11. For!each!molecule!below:!!

(i)!Draw!the!resonance!structure!using!arrows!to!show!movement!of!
electrons!!
(ii)!Rank!the!resonance!structures!!
(iii)!Justify!your!ranking!!
(iv)!Draw!the!resonance!hybrid!!
!

a)! !!

b)! !
!
!
!
!
!
!
!
!

O

O

 2 

1. Draw the structure of (2R,3S,Z)-2-aminonon-7-en-3-ol. (3 points) 
 
 
 
 
 

2.  
a. Draw all of the resonance structures of the following compound using 

arrows to show the movement of electrons. (4 points) 
b. Rank the resonance structures. (2 points) 
c. Justify your ranking. (5 points) 
d. Draw the resonance hybrid structure. (2 points) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

3.    
a. Draw the mechanism and products for the following reaction. (5 points) 
b. Will the reaction favour the starting materials or the products? (1 point) 
c. Justify your choice in part b. (3 points) 

 

  
 

 
 
 
 

 

O

O

N
H

Br

Final mark 
c) 
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!
!
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!

c)! !

d)! !
!
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b)! !
!
!
!
!
!
!
!
!

O

O

 2 
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2.  
a. Draw all of the resonance structures of the following compound using 

arrows to show the movement of electrons. (4 points) 
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3.    
a. Draw the mechanism and products for the following reaction. (5 points) 
b. Will the reaction favour the starting materials or the products? (1 point) 
c. Justify your choice in part b. (3 points) 

 

  
 

 
 
 
 

 

O

O

N
H

Br

Final mark
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12. For the following (i) draw the mechanism and products for the 
reaction, (ii) indicate if the reaction will favor reactants or products and 
justify your answer.  
 
 

 2 of 15 

1. Name the following molecules using IUPAC nomenclature or accepted trivial names: 
(2 points) 

 
a.   

  
 
   

b.  

   
 

  
2. Draw clear structures for the following molecules: (2 points) 
 

a. (Z)-but-2-enal 
 
 
 
 
 

b.  Methyl 2-hydroxybutanoate 
  
 
 
 

 
3.  

a. Write equations for the following reactions using arrow notation. (2 points) 
b. Will the reaction favour the starting materials or the products? (1 point) 
c. Justify your choice. (3 points) 

 

 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
 
13.  Which hydrogen is more acidic? Why?  
 

N O
HH

 
 
 
14. For each molecule below:  

(i) Draw the resonance structure using arrow notation to show 
movement of electrons  
(ii) Rank the resonance structures 
(iii) Justify your ranking 
(iv) Draw the resonance hybrid  
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!
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1. Draw the structure of (2R,3S,Z)-2-aminonon-7-en-3-ol. (3 points) 
 
 
 
 
 

2.  
a. Draw all of the resonance structures of the following compound using 

arrows to show the movement of electrons. (4 points) 
b. Rank the resonance structures. (2 points) 
c. Justify your ranking. (5 points) 
d. Draw the resonance hybrid structure. (2 points) 
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O

O

N
H

Br

Final mark
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15. State Markovnikov’s rule. Provide an example of a markovnikov and 
anti-markovnikov products.  
 
16. How is an epoxide formed? Give two mechanisms to open an epoxide.  
 
17. When 1,3-butadiene reacts with HBr, a mixture of 3-bromo-1-butene 
and 1-bromo-2-butene is obtained. Give a mechanism to explain this 
result.  
 
18. Carbonyls can be made by oxidation. Name the starting material and 
two types of reagents used in the reaction.  
 
19. Carbonyls can also be reduced to an alcohol. Give the reagents and 
draw the mechanism using acetone.  
 
 
20. You have the following reaction mixture. Propose a method to isolate 
benzoic acid.  

Br
OH

O

HCl, HOMgBr,  
 

 
21. What are the three criteria for aromaticity?  
 
22. Indicate whether the following ions are aromatic, anti-aromatic or 
non-aromatic. Justify your choice.  
 

a) 

Answers 

 4 of 15 

6.  
a. What are the three criteria for aromaticity? (3 points) 

 
o The ring(s) is planar 
o All atoms are sp2-hybridized 
o There are 4n+2 π electrons (n = 0, 1, 2...) 

 
 
 
 
 

b. Is the following ion aromatic? Explain clearly how you came to this 
conclusion. (2 points) 

        
- Ring is planar 
- All the ring atoms are sp2-hybridized, including the carbocation (contains an empty 

p-orbital) 
- There are 6 π electrons, so n = 1 

 
Yes, this molecule is aromatic 

 
 
 
 
7. Give a mechanism for each step in the following reaction sequence: (5 points) 

 

 
 
 
 
 
 
 

 
 
 

b)  
 
 
23. Circle the strongest acid of the pair. Clearly justify your answer and 
include key structures that support your answer.  
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Cl 
 
 

OH

O
O

O

OH

O

 
 
24. Provide a mechanism for the following transformations.  
 

a) 

Assignment 3 Answers 

 2 

 
 
 

 

 
 

b) 
MgBr O  

 
 
 
 
 
25. Give the reagents required to obtain each of the products from the 
starting reagents provided.  

a) 

Assignment 3 Answers 

 8 

9. Show how you could effect the following transformations. Include stereochemistry 
where appropriate 
 

 
 
  

                              

Assignment 3 Answers 

 8 

9. Show how you could effect the following transformations. Include stereochemistry 
where appropriate 
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b)   

 

c) 

O

O  

O

OH  

 

 

26. Give the product of the following transformations;  

a) 

Assignment 3 Answers 

 6 

 
7. Give the product of the following transformations: 
 

  

 

b) 

Assignment 3 Answers 

 7 

8. Predict the major product(s) of the following reactions: 
 

 
  
 

 

c) 

CHM 2120 - Assignment 3 - ANSWERS 
 
In this assignment: 

- Electrophilic addition reactions 
- Radical substitution reactions 
- Anti-Markovnikov addition to alkenes 
- Syntheses 

  
Note: Some questions were taken directly from CHM1321 assignments. You can choose to 
review your notes from last year or repeat the assignments. 
 

1. Provide a mechanism for the following transformations (only product is required for 
h and i): 

 

 

d) 

CHM 2120 - Assignment 3 - ANSWERS 
 
In this assignment: 

- Electrophilic addition reactions 
- Radical substitution reactions 
- Anti-Markovnikov addition to alkenes 
- Syntheses 

  
Note: Some questions were taken directly from CHM1321 assignments. You can choose to 
review your notes from last year or repeat the assignments. 
 

1. Provide a mechanism for the following transformations (only product is required for 
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e) 

Assignment 4 – Aromatic chemistry 
Answers 

 5 

4. Show how you would synthesize each of the following monosubsituted benzenes: 
 

a. Nitrobenzene 

 
b. Chlorobenzene 

 
c. Methylbenzene (toluene) 

 
d. Isopropylbenzene (2 ways) 

 
e. Acetylbenzene (acetophenone) 

 
  
5. Give the product expected or reagents required for each of the following reactions. 

Clearly justify the formation of the major product. 
Note: you could be asked on the test to support your answer with a 
mechanism and any relevant resonance structures as shown in class. 

 
  

 

 

27. Propose a synthesis of the following product.  

a) Acetylbenzene  
 

b) 

OH

starting from Br  
 
 
 
 
 


