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Reagent:…………………………………………………………………………………………………………………

Name of mechanism:……………………………………………………………………………………………..

Mechanism:
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Reagent:…………………………………………………………………………………………………………………

Name of mechanism:……………………………………………………………………………………………..

Equation:


[8]


	4.
	




5.	Gases P and Q react as shown in the following equation.
 
	2P(g)
	+
	2Q(g)
	[image: ]
	R(g)
	+
	S(g)



The initial rate of the reaction was measured in a series of experiments at a constant temperature. The following rate equation was determined.
rate = k[P]2[Q]
(a)     Complete the table of data for the reaction between P and Q.
 
	Experiment
	Initial [P] / mol dm–3
	Initial [Q] / mol dm–3
	Initial rate / mol dm–3 s–1

	1
	2.5 × 10–2
	1.8 × 10–2
	5.0 × 10–5

	2
	7.5 × 10–2
	1.8 × 10–2
	 

	3
	5.0 × 10–2
	 
	5.0 × 10–5

	4
	 
	5.4 × 10–2
	4.5 × 10–4



(Space for working) .......................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)
(b)     Use the data from Experiment 1 to calculate a value for the rate constant (k) at this temperature. Deduce the units of k.
Calculation .....................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
Units ...............................................................................................................
........................................................................................................................
(3)
(Total 6 marks)
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(7 marks)
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(7 marks)
(Total 14 marks)




7.	Esters are used as raw materials in the production of soaps and biodiesel.
(a)     A student prepared an ester by two different methods.
     Method 1        alcohol + acid anhydride
     Method 2        alcohol + acyl chloride
(i)      An ester was prepared using method 1, by reacting (CH3)2CHOH with (CH3CO)2O
Write an equation for this reaction and give the IUPAC name of the ester formed.
Equation
...............................................................................................................
IUPAC name of the ester .....................................................................
(2)
(ii)     The same ester was prepared using method 2 by reacting (CH3)2CHOH with CH3COCl
Outline a mechanism for this reaction.
 
  
  
 
(4)
(b)     The ester shown occurs in vegetable oils.
It can be hydrolysed to make soap and can also be used to produce biodiesel.
[image: ] 
(i)      Write an equation for the reaction of this ester with sodium hydroxide to form soap.
[image: ] 
...............................................................................................................
(2)
(ii)     Give the formula of the biodiesel molecule with the highest Mr that can be produced by reaction of this ester with methanol.
...............................................................................................................
(1)
(Total 9 marks)
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	(c)
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	(d)
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(Total 8 marks)





	9.
	



	
	(a)
	(i)
	


………………………………………………………………………………………………………………………………………………………….

	
	
	(ii)
	


………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

	
	
	(iii)
	


………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

	
	
	(iv)
	


………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….




	
	(b)
	


………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

	
	(c)
	


………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….

………………………………………………………………………………………………………………………………………………………….
(Total 8 marks)
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(Total 6 marks)



11.	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)


	12.
	(a)
	


	
	(b)
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	(c)
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	(d)
	


	
	(e)
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	(f)
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	(g)
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	(h)
	

(Total 19 marks)


	13.
	


……………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………………………………………...

……………………………………………………………………………………………………………………………………………………………………………...
(Total 6 marks)
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@ trum of A (C¢Hy3Br) contains two molecular ion

peaks of almost equal intensity at m/z = 164 and m/z = 166

(-2marks)





image6.png
The reaction scheme below shows a two-stage synthesis of ethane-1,2-diamine,
HNCH;CH,NH,.

Reaction 1 Reaction 2
BrCH,CH,Br

H,C=CH, HNCH,CH,NH,

(a) Suggest a reagent for Reaction 1. Name and outline a mechanism for this reaction.
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(b) Suggest a reagent for Reaction 2. Name the type of mechanism involved and write an
equation for the overall reaction.
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Reaction 7

CH3CH,0H
+ H,S04(aq)

‘Two organic compounds are formed in Reaction 7. One of these compounds has a low
boiling point and can be distilled readily from the reaction mixture. The other

compound has a higher boiling point and is the main organic product formed when the
reaction mixture is refluxed.

[Cr(H;0)6)*"

Cr0f

(i) Identify the organic product which has a low boiling point.

(i) Identify the main organic product formed when the mixture is refluxed.

(2 marks)
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(a) Choose an alkene with molecular formula C4Hy that reacts with HBr to form two

structural isomers. Give the structures of these two isomers and name the type of
structural isomerism shown.

Outline a mechanism for the formation of the major product.
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(b) Using HCN and a suitable carbonyl compound with molecular formula C3HgO, outline
a mechanism for an addition reaction in which two isomers are produced.

Give the structures of the two isomers formed and state the type of isomerism shown.
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?HzOOCCme
GHOOCCHsy
CH,00CC;7Hz




image13.png
Consider the following reaction sequence.

CHy CHs CHy
@ Step 1 @ Step2 @
NO, NH,

methylbenzene E ¥

(a) For Step 1, name the mechanism and give the reagents involved.

Name of mechanism ..

Reagents

(3 marks)
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(b) For Step 2, give a reagent or combination of reagents. Write an equation for this reaction
using [H] to represent the reductant.

Reagent(s)

Equation ..

(2 marks)
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Draw the structure of the species formed by F in an excess of hydrochloric acid.

(1 mark)
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Compounds G and H are both monosubstituted benzenes and both are isomers of F.

G is a primary amine and H is a sccondary amine. Draw the structures of G and H
below.

G

H

(2 marks)
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(4-Methylphenyl)phenylmethanone is a pale yellow solid which can be prepared from
methylbenzene and benzenecarbonyl chloride by a Friedel-Crafts reaction. Aluminium chloride is
used as a catalyst.

CHsCHy CHscoct CgHsCOCGH,CHy AICl
methylbenzene  benzenecarbonyl  (4-methylphenyl)phenylmethanone  aluminium chioride
(M,=920)  chloride (M, = 140.5) (M, =196.0) (M,=1335)

This reaction is an example of acylation; the other product of the reaction is hydrogen chloride.
Equimolar amounts of benzenecarbonyl chloride and aluminium chloride are used together with a
farge cxcss of methylbenzene.

A typical yield, based on benzencearbonyl chloride, is 65%.

The crude solid product can be purified by reerystallisation from methylbenzene.

Methylbenzene is a toxic flammable liquid.





image18.png
Write an equation for the reaction taking place.
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Calculate the theoretical mass of benzenecarbonyl chloride needed to form 5g of
(4-methylphenyl)phenylmethanone.
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Calculate the mass of benzenecarbonyl chloride needed to form Sg of
(4-methylphenyl)phenylmethanone, bearing in mind that you will only obtain 65% of
the theoretical yield of the 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 reerystallisation,
including details of the apparatus you would use.
You are not required to describe the preparation of the crude product.





image23.png
For the recrystallisation, give details of potential hazards and relevant safety precautions.
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The amino acid alanine is shown below.

CHs
HoN— C— COOH

H




image1.png
Silicon dioxide is a solid with a high melting point. When a mixture of silicon dioxide
and carbon is heated in a stream of chlorine, silicon tetrachloride and carbon monoxide
are formed. At room temperature, silicon tetrachloride is a colourless liqu

(i) State the type of bonding and structure present in solid si
why it has a high melting point.

on dioxi

e and explain

Type of bonding .

Type of structure

Reason for high melting point

(ii) Write an equation for the reaction described above in which silicon tetrachloride
is formed.

(i) State the type of bonding present in silicon tetrachloride molecules. Explain why
silicon tetrachloride has a low melting point.

Type of bonding ..

Reason for low meliing point
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(a) A sample of alanine is dissolved in water.

(i) Draw the structure of the main alanine species present in this aqueous solution
and give the name of this type of species.

Structure

Type of species

(i) Draw the structure of the alanine species formed when an excess of hydrochloric
acid is added to the solution.

(3 marks)
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(b) Alanine molecules may be reacted together to form a polypeptide. Give the repeating
unit of this polypeptide and name the type of polymerisation involved in its formation.

Repeating unit

Type of polymerisation
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(c) 'The repeating unit of a polyalkenc is shown below.

H CH3
—C—C—

CH; CHyCHy

Give the name of the alkene which is used to form this polymer.

(1 mark)
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Some esters are used as a solvent for paints and varnishes. A student was asked to prepare a

pure sample of ethyl ethanoate and then to verify that the solvent used in a sample of nail
varnish was ethyl ethanoate.

Show your working where relevant.

Ethyl ethanoate can be distinguished from ethanol and from ethanoic acid using infra-red
spectroscopy.

(i) Identify the wavenumber of an absorption which would be present in the infrared
spectrum of ethanoic acid but which would not be present in the infra-red spectrum of
ethyl ethanoate.

(ii) Identify the wavenumber of an absorption which would be present in the infrared
spectrum of ethyl ethanoate but which would not be present in the infra-red spectrum of
ethanol

(2 marks)
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‘The student obtained the infra-red spectrum of pure ethyl ethanoate and the infra-red spectrum
of the solvent used in the sample of nail varnish. Explain how the student could use these
infra-red spectra fo confirm that the solvent was ethyl ethanoate.

(2 marks)
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Ethyl ethanoate contains three types of proton as shown below.

a b ¢
CH3;COOCH,CH3

The proton n.m.x. spectrum of the solvent used in the sample of nail vamish is shown in
Figure 1. Use Table 1 on the Data Sheet to explain how the positions and the splitting
patterns of the peaks in Figure 1 can to used to provide further evidence that the solvent is
ethyl ethanoate.
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Peakat6=12

Peakat 6=2.0

Peakat

(6 marks)
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Compound B exists as a pair of stereoisomers which can be formed from compound A.

Br
CHy—C—ChocH ey _ A
3 —C—CH,CH; _
] Je=c_
“:Hz CH3CHy CH;
CH3
A B

(2) Name compound A.

(1 mark)
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The student recorded the melting point of two samples of a 4-methylbenzenecarboxylate
(melting point 181 °C). The student reported the following results.

Samplel  melting point 170-179 °C
Sample2  melting point 186 °C

(i) Suggest one reason why value of the melting point obtained for Sample 1 differs from
the data value

(ii) Suggest one reason why value of the melting point obtained for Sample 2 differs from
the data value

(2 marks)
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When 4.50 g of ethanoic acid and 10.0 g of ethanol were allowed to reach equilibrium at
60°C, the equilibrium mixture was found to contain 4.40 g of ethyl ethanoate. Calculate the
percentage yield of ethyl ethanoate, based on ethanoic acid. Show your working where
necessary.
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(2 marks)
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Ethyl ethanoate can also be prepared by reacting ethanol and ethanoyl chloride. State one
commercial advantage and one commercial disadvantage of this method of making ethyl
ethanoate compared with the reaction between ethanol and cthanoic acid.

Advantage

Disadvantage

(2 marks)
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The equation for the preparation of ethyl ethanoate by reacting ethanol and ethanoic
anhydride is show below.

(CH:CO10 + CH:CHOH — CH;COOCH,CH; + CH;COOH

In this reaction ethyl ethanoate is the only useful product. Calculate the atom economy of the
reaction.

(1 mark)
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Plasticisers are added to polymers used in the sole of shoes. The plasticiser makes the
polymer more flexible

(i) Suggest one reason why the sole of a shoe should be flexible

(i) Suggest one reason why ethyl ethanoate (boiling point 77 °C) is unsuitable for use as a
plasticiser for the polymers used in making the sole of a shoe

(@ marks)
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The compounds CH3CH,Cl and CH3CHCI, can be distinguished by comparing their
proton n.n.r. spectra

For each compound, describe its proton n.m.r. spectrum by giving the number of
peaks, the integration ratio and the splitting patterns.
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()

)

(i)

Give the reagent and conditions used to convert A into B and name the type of
reaction involved.

Reagent

Conditions

Type of reaction

Draw the structural isomer of B which is also formed from A under the same
conditions.

(4 marks)
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(© () Name the type of stereoisomerism shown by B.

(i) Explain why this type of stereoisomerism is possible in

(3 marks)




