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4.	Aspirin can be made by reacting salicylic acid with ethanoic anhydride as outlined below.
[image: ]
(a)     In an experiment, after purification by recrystallisation, 1.76 g of aspirin (Mr = 180.0) were produced from 2.00 g of salicylic acid. 
Calculate the percentage yield for this experiment.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(b)     Suggest one practical reason why the yield of purified aspirin is less than 100%.
........................................................................................................................
........................................................................................................................
(1)
(Total 3 marks)

5.         	Ethyl ethanoate can be prepared by the reactions shown below.
          Reaction 1
CH3COOH(l) + C2H5OH(l)  [image: ]  CH3COOC2H5(l) + H2O(l)
          Reaction 2
CH3COCl(l) + C2H5OH(l) → CH3COOC2H5(l) + HCl(g)
Give one advantage and one disadvantage of preparing ethyl ethanoate by Reaction 1 
rather than by Reaction 2.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(Total 2 marks)
 


6.	Aldehydes can be prepared from acyl chlorides.
State how an aldehyde could be tested to show whether it is contaminated with traces of unreacted acyl chloride. 
State what you would observe.
Test ........................................................................................................................
Observation ............................................................................................................
.................................................................................................................................
(Total 2 marks)

7.	This question is about acylium ions, [RCO] +
(a)     The acylium ion  [image: ] can be formed from ethanoyl chloride. The ion reacts with benzene to form C6H5COCH3
(i)      Write an equation to show the formation of this acylium ion by the reaction of ethanoyl chloride with one other substance.
...............................................................................................................
(2)
(ii)     Name and outline a mechanism for the reaction of benzene with this acylium ion.
Name of mechanism ...............................................................................
Mechanism
 
 
 
 
(4)
(iii)    Ethanoic anhydride also reacts with benzene to form C6H5COCH3
Write an equation for this reaction. 
........................................................................................................................
(1)
(Total 7 marks)



8.          	An ester contains a benzene ring. The mass spectrum of this ester shows a molecular ion peak at m/z = 136.
(i)      Deduce the molecular formula of this ester.
.............................................................................................................
.............................................................................................................
.............................................................................................................
(ii)     Draw two possible structures for this ester.
 
 
 
 
 
(3)
(Total 3 marks)
 
9.      Give one reason why methanol, synthesised from carbon dioxide and hydrogen, may not be a carbon-neutral fuel.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(1)
(Total 1 marks)
 
10.          Compound C is shown below
				[image: ]
Deduce the number of peaks in the proton n.m.r. spectrum of C.
......................................................................................................................
(1)
 (Total 1 mark)
 


 

11.	(a)     	The table shows the results of three experiments to investigate the rate of reaction between 			compounds A and B dissolved in a given solvent.
		All three experiments were carried out at the same temperature.
 
	 
	 
	Experiment 1
	Experiment 2
	Experiment 3

	 
	Initial concentration of A / mol dm–3
	1.60 × 10–2
	2.40 × 10–2
	3.60 × 10–2

	 
	Initial concentration of B / mol dm–3
	4.20 × 10–2
	6.30 × 10–2
	6.30 × 10–2

	 
	Initial rate /mol dm–3 s–1
	8.00 × 10–5
	1.80 × 10–4
	4.05 × 10–4


(i)      Deduce the order of reaction with respect to A.
Tick (✓) one box.
 
	 
	Order of reaction
with respect to A
	Tick 
(✓)

	 
	0
	 

	 
	1
	 

	 
	2
	 



(1)
(ii)     Deduce the order of reaction with respect to B.
Tick (✓) one box.
 
	 
	Order of reaction
with respect to B
	Tick
(✓)

	 
	0
	 

	 
	1
	 

	 
	2
	 



(1)


(b)     The reaction between two different compounds, C and D, is studied at a given temperature.
The rate equation for the reaction is found to be
rate = k[C][D]2
(i)      When the initial concentration of C is 4.55 × 10–2 mol dm–3 and the initial concentration of D is 1.70 × 10–2 mol dm–3, the initial rate of reaction is 6.64 × 10–5 mol dm–3 s–1.
Calculate the value of the rate constant at this temperature and deduce its units.
Calculation ............................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
Units of rate constant ............................................................................
...............................................................................................................
(3)
(ii)     The experiment in part (i) is repeated at the same temperature but after the addition of extra solvent so that the total volume of the mixture is doubled.
Deduce the new initial rate of reaction.
...............................................................................................................
...............................................................................................................
(1)
(Total 6 marks)

12.	Many aromatic nitro compounds are used as explosives. One of the most famous is 2-methyl-1,3,5-trinitrobenzene, originally called trinitrotoluene or TNT. This compound, shown below, can be prepared from methylbenzene by a sequence of nitration reactions.
					[image: ]
(b)     Deduce the number of peaks in the 13C n.m.r. spectrum of TNT.
........................................................................................................................
(1)
(c)     Deduce the number of peaks in the 1H n.m.r. spectrum of TNT.
........................................................................................................................
(1)
 (Total 2 marks)
 
13.	The amino acids aspartic acid and phenylalanine react together to form a dipeptide.
This dipeptide can be converted into a methyl ester called aspartame.
[image: ]
Aspartame has a sweet taste and is used in soft drinks and in sugar-free foods for people with diabetes.
Hydrolysis of aspartame forms methanol initially. After a longer time the peptide link breaks to form the free amino acids. Neither of these amino acids tastes sweet.
(a)     Apart from the release of methanol, suggest why aspartame is not used to sweeten foods that are to be cooked.
........................................................................................................................
........................................................................................................................
 (1)
(b)     Give the IUPAC name of aspartic acid.
........................................................................................................................
(1)
(c)     Draw the organic species formed by aspartic acid at high pH.
 
 
 
 
(1)
(d)     Draw the zwitterion of phenylalanine.
 
 
 
 
(1)


(e)     Phenylalanine exists as a pair of stereoisomers.
(i)      State the meaning of the term stereoisomers.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)
(ii)     Explain how a pair of stereoisomers can be distinguished.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
 (2)
(Total 8 marks)
 


14.          Compound W can be formed via compounds H and S in the three-step synthesis shown below.
	[image: ]
Identify compounds H and S and give reagents and conditions for Steps 1 and 2.
State the type of compound of which W is an example.
W reacts with a large excess of bromomethane to form a solid product. Draw the structure of this product and name the type of mechanism for this reaction.
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
(Total 9 marks)
 


15.	Describe how you could distinguish between the compounds in the following pairs using one simple test-tube reaction in each case.
For each pair, identify a reagent and state what you would observe when both compounds are tested separately with this reagent.
(a)     
[image: ]
Reagent .........................................................................................................
Observation with R.........................................................................................
........................................................................................................................
Observation with S.........................................................................................
........................................................................................................................
(3)
(b)     
[image: ]
Reagent .........................................................................................................
Observation with T.........................................................................................
........................................................................................................................
Observation with U.........................................................................................
........................................................................................................................
(3)



(c)     
[image: ]
Reagent .........................................................................................................
Observation with V.........................................................................................
........................................................................................................................
Observation with W........................................................................................
........................................................................................................................
(3)
(Total 9 marks)

16.	Infrared spectroscopy can be used to distinguish between esters, alcohols and carboxylic acids.
 (a)     Identify an absorption that would enable you to distinguish between methyl ethanoate and ethanoic acid.
........................................................................................................................
(1)
(b)     Identify an absorption that would enable you to distinguish between methanol and ethanoic acid.
........................................................................................................................
(1)
(c)     State how infrared spectroscopy can be used to show that an unknown ester is definitely methyl ethanoate.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(Total 4 marks)



17.	Imipramine has been prescribed as an antidepressant. The structure of imipramine is shown below.
[image: ]
(a)     The medicine is usually supplied as a salt. The salt is formed when one mole of imipramine reacts with one mole of hydrochloric acid.
Suggest why the nitrogen atom labelled b is more likely to be protonated than the nitrogen atom labelled a when the salt is formed.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)
(b)     Deduce the molecular formula of imipramine and give the number of peaks in its  13C n.m.r. spectrum.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(Total 5 marks)





18.	Salicylic acid can be used to make aspirin. Before using a sample of salicylic acid to make aspirin, a student purified the acid by recrystallisation. The method for recrystallisation is outlined below.
Step 1: The sample is dissolved in a minimum volume of hot water. 
Step 2: The solution is filtered hot. 
Step 3: The filtrate is cooled in ice to form crystals. 
Step 4: The crystals are collected by filtration, washed with cold water and left to dry.
Explain the purpose of each underlined point.
Minimum volume .....................................................................................................
.................................................................................................................................
Hot water ................................................................................................................
.................................................................................................................................
Filtered hot ..............................................................................................................
.................................................................................................................................
Cooled in ice ...........................................................................................................
.................................................................................................................................
Washed with cold water ..........................................................................................
.................................................................................................................................
(Total 5 marks)

	19.
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(Total 14 marks)
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image7.png
Catalysts are used extensively in reactions.
(2) Write an equation for the reaction between nitrogen monoxide and carbon monoxide in
a catalytic converter of a petrol-engined car. Identify a catalyst used in a catalytic

converter.
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Catalyst

(2 marks)




image8.png
Write an equation for the catalytic cracking of dodecane (Cy2Ha) to form cyclohexane
and one other alkane. Identify the catalyst used in this reaction.
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image9.png
Write an equation for the fermentation of glucose (C¢Hy205) and identify a catalyst for

(2 marks)





image10.png
Write an equation for the elimination of water from butan-1-ol showing the structures
of the organic compounds. Identify a catalyst used in this reaction.
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image22.png
Ethanoic acid and ethanol react reversibly to form ethyl ethanoate and water according to the
following equation.

CH,COOH + CHyCH0H == CH,COOCH,CHy + H,0

A mixture of 0.420¢ of cthanoic acid and 0.0100mol of cthanol was allowed to reach cquilibrium at
20°C. “The ethanoic acid remaining in the equilibrium mixture reacted exactly with 3.00cm® of
0.500moldm™ sodium hydroxide solution added from a burette.






image23.png
Write an expression for the equilibrium constant, K., for the reaction between ethanoic acid
and ethanol.






image24.png
Calculate the number of moles present in 0.420g of ethanoic acid (M, = 60.0).






image25.png
Calculate the number of moles of sodium hydroxide in 3.00cm® of 0.500 moldm™ sodium
hydroxide solution. Hence calculate the number of moles of cthanoic acid present in the
cquilibrium mixture.

Moles of sodium hydroxide

Moles of ethanoic acid






image26.png
Use your answers from parts (ahnd (5o calculate the number of moles of acid that have reacted
with the ethanol. State the number of moles of ester and of water present in the equilibrium
mixture.

Moles of acid reacted

Moles of ester

Moles of water






image27.png
Calculate the number of moles of ethanol present in the equilibrium mixture and hence
caleulate the value of K.
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Consider the following reaction sequence.

CH; CHy X CH; CH;
LT Reaction 1 [T
CH;— C— C—CHy CHz— C—
| KOH(ethanol) |
Br Br Br

Reaction 2

CHsCHs
HyC=C— C=CH,

Outline a mechanism for the elimination reaction shown in Reaction 1.




image28.png
Assume that the maximum errors for the apparatus used in this experiment were

balance total error 0001
burette total error +0.15cm? (from two readings and an end-point error)

Caleulate the maximum percentage error in using each piece of apparatus, and hence the
maximum overall percentage error.






image29.png
A data book value for K, for this reaction is 3.92 at 20°C. Calculate the difference between
the value calculated in part (e) and the data book value. Express this difference as a
percentage of the data book value.

(If you could not complete the calculation in part (), you should assume a value of 3:40 for K.
“This is not the correct value.)

Difference

Percentage .





image30.png
Comment on the quality of the experimental result for Ke.
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The volume of the sodium hydroxide solution used in this titration was very small. Suggest an
alternative concentration for the sodium hydroxide solution, and explain how this would
improve the accuracy of the experiment.






image32.png
State why it is necessary to maintain a constant temperature in this experiment. Suggest one
method for maintaining a constant temperature in this cxperiment.
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Some of the reactions of propene are shown below.

Reaction 1 Reaction 2
HyC =CHCH; ——> CH;CHBICH; ——— CH;CH(NHy)CH;
propene HBr NH;
Reaction 3 Reaction 4
NaOH(aq)
l"' C‘H’ CH3CH(OH)CH3
§79
H H Jn




image3.png
Outline a mechanism for Reaction 1.
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Outline a mechanism for Reaction 2.




image5.png
Name substance P, which is formed in Reaction 3. Explain why substance P is a solid
‘at room temperature.




image6.png
Reaction 4 is a nucleophilic substitution reaction. Explain what
meant by the term nucleophile and identify the nucleophile in this reaction.




