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 (5)
(Total 11 marks)



4.               Benzene reacts with propanoyl chloride in the presence of aluminium chloride. Write equations to show the role of aluminium chloride as a catalyst in this reaction. Outline a mechanism for this reaction of benzene.






(5)
 (Total 5 marks)
 
5.       A reaction mechanism is a series of steps by which an overall reaction may proceed.
The reactions occurring in these steps may be deduced from a study of reaction rates.
Experimental evidence about initial rates leads to a rate equation. A mechanism is then proposed which agrees with this rate equation.
Ethanal dimerises in dilute alkaline solution to form compound X as shown in the following equation.
2CH3CHO → CH3CH(OH)CH2CHO
X
A chemist studied the kinetics of the reaction at 298 K and then proposed the following rate equation.
Rate = k [CH3CHO][OH–]
(a)     Give the IUPAC name of compound X.
......................................................................................................................
(1)
(b)     The initial rate of the reaction at 298K was found to be 2.2 × 10–3 mol dm–3 s–1 when the initial concentration of ethanal was 0.10 mol dm–3 and the initial concentration of sodium hydroxide was 0.020 mol dm–3.
Calculate a value for the rate constant at this temperature and give its units.
Calculation ...................................................................................................
......................................................................................................................
......................................................................................................................
Units .............................................................................................................
(3)
(c)     The sample of X produced consists of a racemic mixture (racemate). Explain how this racemic mixture is formed.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(2)


(d)     A three-step mechanism has been proposed for this reaction according to the following equations.
 
	Step 1
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	Step 2
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	Step 3
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(i)      Using the rate equation, predict which of the three steps is the rate-determining step. Explain your answer.
Rate-determining step ........................................................................
Explanation .........................................................................................
.............................................................................................................
(2)
(ii)     Deduce the role of ethanal in Step 1.
.............................................................................................................
(1)
(iii)     Use your knowledge of reaction mechanisms to deduce the type of reaction occurring in Step 2.
.............................................................................................................
(1)
(iv)    In the space below draw out the mechanism of Step 2 showing the relevant curly arrows.
 


 
 
 
(2)


(e)     In a similar three-step mechanism, one molecule of X reacts further with one molecule of ethanal. The product is a trimer containing six carbon atoms.
Deduce the structure of this trimer.
   
 
(1)
(Total 13 marks)
 
6.	Esters are produced by the reaction of alcohols with other esters and by the reaction of alcohols with carboxylic acids.
(a)     The esters which make up biodiesel are produced industrially from the esters in vegetable oils.
(i)      Complete the equation for this formation of biodiesel.
[image: ]
............................................................................
(2)
(ii)     Write an equation for the complete combustion of C17H35COOCH3.
...............................................................................................................
(2)


(b)     The ester commonly known as diethyl malonate (DEM) occurs in strawberries and grapes. It can be prepared from acid A according to the following equilibrium.
[image: ]
(i)      A mixture of 2.50 mol of A and 10.0 mol of ethanol was left to reach equilibrium in an inert solvent in the presence of a small amount of concentrated sulfuric acid.
The equilibrium mixture formed contained 1.80 mol of DEM in a total volume, V dm3, of solution.
Calculate the amount (in moles) of A, of ethanol and of water in this equilibrium mixture.
Moles of A .............................................................................................
Moles of ethanol ....................................................................................
Moles of water........................................................................................
(3)
(ii)     The total volume of the mixture in part (b)(i) was doubled by the addition of more of the inert solvent.
State and explain the effect of this addition on the equilibrium yield of DEM.
Effect ....................................................................................................
Explanation ...........................................................................................
...............................................................................................................
(2)
(iii)    Using A to represent the acid and DEM to represent the ester, write an expression for the equilibrium constant Kc for the reaction.
...............................................................................................................
...............................................................................................................
(1)
(iv)    In a second experiment, the equilibrium mixture was found to contain 0.85 mol of A, 7.2 mol of ethanol, 2.1 mol of DEM and 3.4 mol of water.
Calculate a value of Kc for the reaction and deduce its units.
Calculation.............................................................................................
...............................................................................................................
...............................................................................................................
Units.......................................................................................................
 (3)
(Total 13 marks)
7.	The reactions of molecules containing the chlorine atom are often affected by other functional groups in the molecule.
Consider the reaction of CH3CH2COCl and of CH3CH2CH2Cl with ammonia.
(a)     For the reaction of CH3CH2COCl with ammonia, name and outline the mechanism and name the organic product.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (6)
(b)     For the reaction of CH3CH2CH2Cl with an excess of ammonia, name and outline the mechanism and name the organic product.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (6)
(c)     Suggest one reason why chlorobenzene (C6H5Cl) does not react with ammonia under normal conditions.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (1)
(Total 13 marks)

 8.	(a)     Ester 1 and Ester 2 were studied by 1H n.m.r. spectroscopy.
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	Ester 1
	 
	Ester 2



One of the two esters produced this spectrum.
 [image: ]
ppm
Deduce which of the two esters produced the spectrum shown. In your answer, explain the position and splitting of the quartet peak at δ = 4.1 ppm in the spectrum.
Predict the δ value of the quartet peak in the spectrum of the other ester.
Use Table B on the Data Sheet.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(4)





(b)     Cetrimide is used as an antiseptic.
[CH3(CH2)15N(CH3)3]+ Br–

cetrimide
Name this type of compound.
Give the reagent that must be added to CH3(CH2)15NH2 to make cetrimide and state the reaction conditions.
Name the type of mechanism involved in this reaction.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(4)
 (Total 8 marks)




9.	The following five isomers, P, Q, R, S and T, were investigated using test-tube reactions and also using n.m.r. spectroscopy.
[bookmark: _GoBack][image: ] 
(a)     A simple test-tube reaction can be used to distinguish between isomers P and S.
Identify a reagent (or combination of reagents) you could use.
State what you would observe when both isomers are tested separately with this reagent or combination of reagents.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)
(b)     A simple test-tube reaction can be used to distinguish between isomer Q and all the other isomers.
Identify a reagent (or combination of reagents) you could use.
State what you would observe when Q is tested with this reagent or combination of reagents.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)





(c)     State which one of the isomers, P, Q, R, S and T, has the least number of peaks in its 1H n.m.r. spectrum.
Give the number of peaks for this isomer.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(d)     Write the molecular formula of the standard used in 13C n.m.r. spectroscopy.
Give two reasons why this compound is used.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)


(e)     Figure 1 and Figure 2 show the 13C n.m.r. spectra of two of the five isomers.
Figure 1                                                         Figure 2
[image: ] 
State which isomer produces the spectrum in Figure 1 and which isomer produces the spectrum in Figure 2.
Explain your answer.
You do not need to identify every peak in each spectrum.
Use Table C on the Data Sheet to answer the question.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (5)
(f)     U and V are other isomers of P, Q, R, S and T.
The 1H n.m.r. spectrum of U consists of two singlets.
V is a cyclic alcohol that exists as optical isomers.
Draw the structure of U and the structure of V.
        U                                                                    V



(2)
(Total 17 marks)

10.	The structure of N-phenylethanamide is
[image: ]
Use this structure to determine the number of peaks in the 13C n.m.r. spectrum of N−phenylethanamide.
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
(Total 1 mark)
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(d) When they are burned in air, the alcohols methanol and ethanol produce smaller
amounts of pollutants than petroleu fractions.

(i) Write an equation for the complete combustion of methanol, CH;OH

(if)

(1 mark)

It may be desirable to increase the use of ethanol as a fuel in the future.
Give one reason for this, other than the production of smaller amounts of

pollutants.
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Ethene can be converted into a variety of useful products as illustrated below.

CH:CH,0H
ethanol

Reaction 1

acid catalyst

CH;CH,Br
bromoethane

Reaction 5

CH:CH,NH,
ethylamine
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Give a reagent for each of Reactions 1and 5.
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Outline a mechanism for Reaction 3.
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Ethanol can be manufactured from ethene as shown in Reaction 1 or by the
fermentation of sugars. Outline the essential conditions and give an equation for the
fermentation reaction. Compare the relative rates and the purity of the product
obtained in each case by these two manufacturing processes.
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(4-Methylphenyl)phenylmethanone is a pale yellow solid and can be prepared from
methylbenzene and benzenccarbonyl chloride by a Friedel-Crafts reaction. Aluminium chloride is
used as a catalyst.

CoHsCH CHsCOCI CHsCOCGH,CH; AICI;
methylbenzene benzenecarbonyl chloride (4-methylphenylphenylmethanone aluminium chloride
M, = 920) (M, = 140.5) (M, = 196.0) (M, = 1335)

“This reaction s an example of acylation; the other product of the reaction is hydrogen chloride.
Equimolar amounts of benzenccarbonyl chloride and aluminium chloride are used with a large
excess of methylbenzene.

A typical yield, based on benzenecarbonyl chloride, is 60%

“The crude solid product can be purified by recrystallisation from methylbenzene.

Methylbenzene is a toxic flammable liquid. Benzenecarbonyl chloride irritates the eyes.
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Write an equation for the reaction taking place.
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Calculate the theoretical mass of benzenecarbonyl chloride needed to form 6 g of
(4-methylphenyl)phenylmethanone.
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Calculate the mass of benzenecarbonyl chloride needed to form 6g of
(4-methylphenyl)phenylmethanone, bearing in mind that you will only obtain 60% of
the theoretical yield of product.
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Calculate the mass of aluminium chloride needed in the reaction.
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Give a full description of the procedure for purifying the crude product by recrystallisation,
including details of the apparatus you would use.
You are not required to describe the preparation of the crude product.
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Explain how you would use infra-red spectroscopy to show that your product was
(4-methylphenyl)phenylmethanone.
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The hydrogen used in the Haber process is made by the following reaction.
CHy(g) + H:0(2) == CO(g) + 3Ha(g) ~AH®=+206kImol '

(2) Explain why the concentrations of the reactants and the products remain constant when
equilibrium is established.
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For the recrystallisation, give details of potential hazards and relevant safety precautions.
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(b) A high temperature of over 1000°C is used in the production of hydrogen by this
reaction.

(b) () Explain why a high temperature is needed to produce a high equilibrium yield of
hydrogen.

(2 marks)

(b) (i) Give one disadvantage of using temperatures much higher than 1000°C.

(1 mark)
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(c) State and explain how the overall pressure must be changed to produce an increase in
the equilibrium yield of hydrogen.

Change in pressure

Explanation ..

(3 marks)
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(d) Explain why the addition of a catalyst has no effect on the equilibrium yield of
hydrogen in the reaction.

(2 marks)
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Petroleum and natural gas are mixtures of alkanes with sulphur-containing impurities.
Alkanes are saturated hydrocarbons.

(@ Name the process that s used to separate petroleu into useful fractions.

(1 mark)
(b) State what is meant by the term sarurated hydrocarbon

(1 mark)
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(c) Pollutants are formed when hydrocarbon fractions are burned in a limited supply of air.

(i) Write an equation for the incomplete combustion of decane (C1oHz2) to give
carbon monoxide and water only.

(1 mark)

(i) Identify a solid pollutant which could form during the incomplete combustion of
decane,

(1 mark)

(ifi) Identify the pollutant which would be formed from the sulphur-containing.
impurities in petroleu if they were burned.

(1 mark)




