
Case Study Based Questions 

Case Study 1 
Nucleophilic addition reactions are encountered in compounds having polar functional 
groups (C=O, C=N, C=S). In the first step, a nucleophile with its pair of electrons attacks 
the carbon atom of a double or triple bond, forming a carbanion. It is followed by a 
second step in which this carbanion reacts with a positive species. 

 

When the olefin contains a good leaving group (as defined for nucleophilic substitution), 
substitution is a side reaction. (i.e. a nucleophilic substitution at a vinylic substrate). 
Addition of HCN to carbonyl group and addition of alcohol to carbonyl group is a 
nucleophilic addition reaction. 
Addition of HCN to carbonyl group: In this reaction cyanide ion (CN) acts as a nucleophile 
which attacks the carbon of carbonyl group, the carbon-oxygen double bond breaks 
followed by capture of proton and a cyanohydrin is formed. 

 

Addition of alcohol to carbonyl compounds: Aldehydes and ketones react with one mole 
of alcohol to form hemiacetal or hemiketal, respectively. Reaction with second mole of 
alcohol gives acetal or ketal. In this reaction, the alcohol with lone pair of electrons of 
oxygen atom acts as a nucleophile. 

 

Read the given passage carefully and give the answer of the following questions: 

Aldehydes, Ketones and Carboxylic Acids 
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Q1. Identify the example in which both nucleophilic addition and nucleophilic addition 
elimination reaction occur respectively in the carbonyl compound. 
a. Reduction to alcohols 
b. Addition of sodium sulphide 
c. Tollen's test 
d. Reaction with alcohols 

Q2. Consider the following reaction: 

 

In the given reaction, equilibrium lies largely to the right hand side for most aldehydes 
and the left for most ketones due to: 
a. electronic reasons  
b. steric reasons 
c. bonding reasons 
d. Both a. and b. 

Q3. Which of the following alternative is correct for the treatment of ketones with 
ethylene glycol in the presence of dry HCL? 
a. The product obtained is ethylene glycol hemi-ketal 
b. In this reaction, electrophilicity of carbonyl carbon decreases 
c. HCL protonates the oxygen of the carbonyl group 
d. The product thus obtained is cyanohydrin 

Q4. Consider the following reaction: 
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Which of the following statements is/are true about the above reactions? 
a. H₂NZ tends to add to the carbon of carbonyl group of aldehydes and ketones 
b. The reaction is reversible and catalysed by acid 
c. The equilibrium favours the product formation due to rapid dehydration of the 
intermediate 
d. All of the above 

Answers 

1. (d) Reaction with alcohols 
2. (b) steric reasons 
3. (c) HCL protonates the oxygen of the carbonyl group 
4. (c) The equilibrium favours the product formation due to rapid dehydration of the 
intermediate 

Case Study 2 
The carbon-oxygen double bond is polarised in aldehydes and ketones due to higher 
electronegativity of oxygen relative to carbon. Therefore, they undergo nucleophilic 
addition reactions with a number of nucleophiles such as HCN, NaHSO, alcohols, 
ammonia derivatives and Grignard reagents. Aldehydes are easily oxidised by mild 
oxidising agents as compared to ketones. The carbonyl group of carboxylic acid 
does not give reactions of aldehydes and ketones. Carboxylic acids are considerably 
more acidic than alcohols and most of simple phenols. Read the given passage carefully 
and give the answer of the following questions: (CBSE 2023) 

Q1. Write the name of the product when an aldehyde reacts with excess alcohol in 
presence of dry HCL. 

Q2. Why carboxylic acid is a stronger acid than phenol? 

Q3. (i) Arrange the following compounds in increasing order of their reactivity towards 

 
(ii) Write a chemical test to distinguish between propanal and propanone. 

OR 
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Write the main product in the following: 

 

Answers 

1. An aldehyde react with excess alcohol in the presence of dry HCL to yield alkoxy 
alcohol intermediate known as hemiacetals which further reacts with one more molecule 
of alcohol to give a gem-dialkoxy compound known as acetal. 

2. Carboxylic acid is a stronger acid than phenol because the negative charge in 
carboxylate anion is more spread out compared to the phenoxide ion as there are two 
electronegative O-atoms in carboxylic anion compared to one in phenoxide ion. In the 
resonance structures of carboxylate anion, the negative charge is present on the O-
atoms while in resonance of phenoxide ion, negative charge is also present on 
electropositive carbon atom which leads to less stability of phenoxide ion than 
carboxylate anion. 

3. 

 

Aldehydes are more reactive than ketones towards Grignard reagents due to less steric 
hindrance. Grignard reagents attack if the bulkiness is low. 

(ii) Propanal and propanone can be distinguished by the Tollen's test. Propanal is an 
aldehyde. Thus, it reduces Tollen's reagent. But propanone being a ketone does not 
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reduce Tollen's reagent. 
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Case Study 3
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