
 1

 

 

 

                              

        CHM 2123 ORGANIC CHEMISTRY LABORATORY  

YELLOW - MIDTERM EXAM – NOVEMBER 2013 

 

Professor:  Katherine McGilvray 

Date:  Saturday, November 2nd, 2013    9:30 am - 11:00 am 

Time: 90 minutes 

 

Name:______MARKING SCHEME_________________     Student #:__________________________ 

Section:_________________________   Your TA:____________________________ 

 

QUESTION POINTS RESULT 

1 7  

2 8  

3 10  

4 6  

5 7  

6 6  

7 8  

TOTAL 52 /52 

Note:  Q5 and Q7 contain bonus questions! 

 

 

Good luck!! 

 

Faculté des sciences  |  Faculty of Science 

Département de chimie  |  Department of Chemistry 

Pavillon d’Iorio Hall 
10 Marie-Curie Ottawa ON   Canada    K1N 6N5 

℡ 613-562-5728 � 613-562-5170   

 

Check to see that 

your exam contains 

9 pages  



 2

1. .  (7 points)  A student dissolved 1.14 mL of 2-methylcyclohexanone (MW = 112.17 g/mol, ρ = 0.924 

g/mL) into a 50 mL round bottom flask containing 20 mL ethanol.  0.25 g NaBH4 (MW = 37.83 g/mol) 

was then added in small portions.  The reaction was left to stir for 15 minutes at room temperature, 

followed by the addition of 10 g crushed ice and then 10 mL of water. 1 mL of 3 M HCl was added drop-

wise to the reaction mixture and considerable foaming occurred for about five minutes, and an 

additional 5 mL water was finally added.  Following work-up, 0.60 g of the anti product (on the left), 

and 0.36 g of the syn product were each isolated, where scratching the flask with a glass rod was 

necessary to induce recrystallization of the syn product. 

 

a) Calculate the conversion of the reaction. (3 points) 

Option 1: Option 2: 
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b) Determine the diastereoselectivity of the reaction. (1 point) 

    or 1.6 : 1 syn : anti 

 

 

c) Following the reaction, work-up by addition of water, ice, and HCl was necessary. Why?  Explain 

with words and a balanced equation. (2 points) 

 

 

 

 

d) Explain how scratching helps to induce crystal formation. (1 point) 

 

(Something along this line is worth 1 pt, where a defect provides a catalytic site for crystal 

formation.)   
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2.  (8 points) Elimination and Substitution: While performing the reaction shown below, a student 

decides to monitor the progress of the reaction using thin layer chromatography. The TLCs for the 

reaction is represented below.  

 

a) Calculate the Rf values of A and B. Show your calculations. (1 point) 

 

 

 

 

b) Draw the structure of the reactant and products 1 and 2 corresponding to spots A, B and C. (2 

points)  2 points for all 3; 1 point for 2/3 

A: 

 

B: 

 

C: 

 

 

c) Using key words, briefly justify your reasoning for this assignment (in part b) based on the principles 

of thin layer chromatography. (3 points) 

 

d) A student is attempting to favour the elimination product over the substitution product for the 

reaction above.  List two changes to the reaction conditions that will increase the yield of the 

elimination product. (2 points) 
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3. (10 points) Separations. Using a flowchart, provide a method for the separation of the following 

mixture of compounds in dichloromethane.  Isolate each compound to the crude product. 

(Recrystallization not necessary). 

OH

O

OCH3

10 % NaOH
or

1 M NaOH
or

NaOH/H2O

1

org

MgSO4 (or Na2SO4)
Filter (-0.5 if no filter)

1

+ DCM + trace H2O

1

+ DCM

Evaporate Solvent 1

aq

1 structure Correct structure
in correct phase

1

10 % HCl
or

1 M HCl
or
HCl

1

Organic
Solvent

aq

0.5 if no
org solv.

No points for NaOH alone,
must have water added

H2O
NaCl

1

org

can be
together

Marking aq and
org phases

1

O

O

O

O

ONa

O

OCH3

OH

O

OCH3

MgSO4 (or Na2SO4)
Filter (-0.5 if no filter)
Evaporate Solvent

1

OH

O

OCH3  

(Please use common sense while correcting this question, as students will propose many approaches.  If 

student prepipitates ROOH from aqueous phase and does not do 2nd extraction (as shown above), this is 

still acceptable. They just need to wash their crystals with H2O to ensure removal of NaCl (1 point)  



 6

4.   (6 points) Sodium acetate, CH3COONa, was dissolved in 2-bromopropane in an Erlenmeyer flask, 

and the mixture was left to stir for 20 minutes at room temperature, until an aliquot was extracted for a 
1H NMR. Determine the structure of the product(s) and justify your choice based on the iH NMR and 

FTIR spectra, respectively, shown below. Assign each peak to the representative atoms in the NMR 

spectrum., and assign distinctive peaks in the IR spectrum. 

  

 Part marks for logical interpretation of their proposed product. -1 point if not 2-bromopropane 

product          

         
O

O
1

 

CH (1) 

CH3CH (1) 

CH3CO (1) 

C(O) (1) 

CH (1) 
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5.    Mechanistic and kinetic analysis of reactions (7 points) 

 

a) Indicate the possible substitution product(s) and byproducts of the reaction illustrated above. 

(2 points) 

 

b) Based on what you have learned and performed in this course, briefly describe a series of 

experiments (120 minutes max.) that could allow you to determine the mechanism of the 

reaction.  (5 points) 

 

Monitor formation of HBr over time to determine kinetics

Set up experiment with [alkyl bromide] = [MeOH]

Titrate aliquots with NaOH at regular time points

Plot data: a) ln[HBr] vs t = 1st order

b) 1/[HBr] vs t = 2nd order

Line of best fit will indicate reaction mechanism as SN1 or SN2

1

1

1

1

1
 

 

 

 

c) Explain how you could use IR/NMR spectroscopy to validate your mechanistic findings?  

 

NOW BONUS = 1 point 
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6. (6 points) One method of determining the mechanism of a reaction is to use radio-labeled atoms.  For 

example, 18O can be used to trace oxygen over the course of a reaction.   

A student assumes that the source of the oxygen in the carbonyl of the carboxylic acid is from the 

chromate, and sets up an experiment using radio-labeled sodium dichromate. After performing the 

experiment as shown in the lab manual, he observes the following results: 

 

a) With the aid of a mechanism, explain why the major product contained no radio-labeled oxygen. 

(4 points) 

 

b) Why does a small amount of 18O appear in the final p-nitrobenzoic acid product? (2 point) 
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7. Odds and ends (8 points) 

a)  Substitution and elimination reactions can often compete to yield a range of products, particularly 

with secondary substrates such as 3-chloropentane. Rank the nucleophiles/bases in descending order 

(best to worst) to exclusively favour of a substitution reaction, and briefly justify your choice.  (3 

points) 

CH3CH2ONa  CH3COONa    NaOH      (CH3)3OK      NaI 

 

b)  Why was the tea boiled for the caffeine experiment? Why was it subsequently chilled in an ice bath? 

(1 point) 

 

c) Fill in the missing reactants, products, and/or reagents for the following multi-step synthesis.               

(4 points) 
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Bonus: Phenolphthalein is a common indicator used for titrations.  It is colourless in acidic solutions 

and pink in basic solutions.  Provide the structure of the pink form of phenolphthalein and show the 

mechanism of the reaction from the colourless form of phenolphthalein to the pink form (3 points).

O

O

HO

O

colourless

NaOH

H

CO2
OH

O

Electron movement

1

1

1

 

1H NMR 
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