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[image: image2.jpg]A2 Unit F324: Rings, polymers and analysis
	Module 1: Rings, acids and amines


	Question 1
	Total marks: 15

	(a)
Describe the shape of a benzene molecule and the type of bonding within it.


	
	Marks available: 3


	Student answer:

(a)
Benzene molecules are planar and have bond angles of 120 °. 


Each carbon atom has a sigma bond to the next carbon atom and a hydrogen atom. 


The p-orbitals overlap in a sideways manner to form a delocalised π bonding system around 

the carbon ring.



	Examiner comments:

(a) 
It is always a good idea to give bond angles as well as the shape of the molecule in 


question. Avoid the common mistake of referring to π bonds as p bonds.



	(b)
The reaction between benzene and chlorine takes place in the presence of an aluminium 
chloride catalyst.


(i)
Write the equation for the reaction between benzene with chlorine.

(ii)
Describe the mechanism for this reaction. Use the curly arrow model in your answer 

and equations to show the role played by the catalyst. 


(iii)
Explain why phenol does not need a catalyst in order to react with chlorine.


	
	Marks available: 
(i) 1 (ii) 5 (iii) 2


	Student answer:

(b)
(i)
C6H6  +  Cl2   (  C6H5Cl  +  HCl


(ii)
Step 1


The aluminium chloride catalyst reacts with chlorine to form a Cl+ electrophile.


AlCl3  +  Cl2  (  AlCl4–  +  Cl+

Step 2 


A pair of electrons from the delocalised ring forms a bond with the Cl+ electrophile.
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This creates a non-aromatic intermediate species with four bonds on one carbon atom. 
The proton is then released by two electrons moving back into the ring, forming a stable 
molecule once again.

Step 3 


The H+ ion then reacts with the AlCl4– produced in step 1 to regenerate the aluminium 
chloride catalyst.


AlCl4–  +  H+  (  AlCl3  +  HCl


(iii)
The lone pairs of electrons on the oxygen atom in phenol (C6H5OH) partially delocalise 


into the benzene ring, which increases the electron density within the ring and makes it 


more susceptible to attack by electrophiles such as Cl+.


	Examiner comments:

(b)
(i)
C6H6 (benzene) can also be represented by its structural form (i.e. a benzene ring) in 



equations.


(ii)
A diagram is usually the best method of describing a mechanism. The curly arrow model 

shows the movement of a pair of electrons.  Make sure all the curly arrows leave from a 

bond as shown here in Step 2.
(iii)  Make sure you give any electrophiles the correct (+ve) charge. Remember it is only a partial delocalisation.



	(c)
Butanone and butanal are both carbonyl compounds and isomers of each other.

(i)
Describe a chemical test which would confirm that both butanal and butanone 


contain a carbonyl group.

(ii)
Describe a chemical test which would differentiate between butanal and butanone.



	
	Marks available: (i) 2 (ii) 2
  

	Student answer:

(c)
(i)
Add 2,4-dinitrophenylhydrazine to the solutions. An orange/yellow precipitate will form if 


a carbonyl compound is present.

(ii)
Add Tollens’ reagent and warm. Butanal can be oxidised and reduces the silver ions in 

Tollens’ reagent to form silver atoms which are deposited as a silver mirror on the inside 

surface of the test tube. No silver mirror would be seen with butanone.



	Examiner comments:

(c)
(i)
Remember, in an exam, 2,4-dinitrophenylhydrazine can be shortened to 2,4-DNPH 



(Brady’s reagent).  

(ii)
This answer relies upon the ability of aldehydes (e.g. butanal) to be oxidised. So 


another correct response could be as follows: Heat with acidified potassium dichromate.  

Butanal will turn the solution from orange to green. The solution remains orange with 


butanone.


In both cases, it is good practice to state what the non-reacting substance (i.e. the 
butanone – a ketone – in this instance) would do.

 


	Module 1: Rings, acids and amines


	Question 2
	Total marks: 15

	(a)
Liquid pure ethanoic acid reacts with aqueous sodium carbonate at room temperature. 
Describe what you would see and write the equation for the reaction, including state 
symbols.



	
	Marks available: 3


	Student answer:

(a)
The mixture would effervesce.

2CH3COOH(l)  +  Na2CO3(aq)  (  2CH3COO–Na+(aq)  +  H2O(l)  +  CO2(g) 


	Examiner comments:

(a)
It would be acceptable to say fizz instead of effervesce. Remember to read the question 


carefully. You are told that the acid is a liquid (state symbol l) and the sodium carbonate is 

aqueous (aq). All you need to realise is that sodium salts of carboxylic acids are soluble, so 

they would be aqueous and have the state symbol (aq).



	(b)
Methylethyl butanoate CH3–CH2–CH2–COO–CH(CH3)–CH3 is an ester with a fruity smell. This 
ester will undergo alkaline hydrolysis. Draw and name the structures of the organic products 
from this reaction.


	
	Marks available: 3 



	Student answer:

(b)
CH3–CH2–CH2–COO–Na+   Sodium butanoate

 CH3–CHOH–CH3  Propan-2-ol


	Examiner comments:
(b)  One frequent error students make is to place the Na+ ion with the alcohol product and form butanoic acid as the other product.



	(c)
4-nitromethylbenzene can be converted to 4-aminomethylbenzene.

(i)
Give the reagents and conditions needed for this reaction.

(ii)
What type of reaction has occurred? 
(iii)
Write the equation for the reaction.



	
	Marks available: 
(i) 1 (ii) 1 (iii) 1


	Student answer:

(c)
(i)
Reflux with tin and concentrated hydrochloric acid


(ii)
Reduction

(iii) 
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	Examiner comments:
(c)  (i)   This is the only place in the specification where this reducing agent is used.
(ii)  The tin and HCl react to form hydrogen which reduces the 4-nitromethylbenzene by 
removing oxygen atoms from the NO2 group to form water and replacing them with 
hydrogen atoms.
(iii)
The equation has been correctly balanced. Note the reducing agent does not feature in 
the equation, just [H] – representing hydrogen atoms from the reducing reagent – has 
been used.



	(d)
4-aminomethylbenzene can be converted into an azo dye in two stages. Outline how this 
conversion can be carried out. Give any relevant equations and draw the structure of the 
azo dye.


	
	Marks available: 6


	Student answer:

(d)
Stage 1

React 4-aminomethylbenzene with nitrous acid, HNO2 (which is generated from NaNO2 + 
HCl), at a temperature below 10 °C. This forms methylbenzenediazonium chloride.
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Stage 2
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Methylbenzenediazonium chloride is reacted with phenol under alkaline conditions (e.g. 
aqueous sodium hydroxide).



	Examiner comments:
(d)  If you are representing the equation using a structural version, be very careful about the placing of the positive charge on the methylbenzenediazonium ion – it should appear as benzene –N+(N.

Note the methylbenzenediazonium ion couples with the phenol at the 4- position.




Sample student answers
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