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Section A

Answer all questions in the spaces provided.
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3 Synthesis gas is a mixture of carbon monoxide and hydrogen. Methanol can be
manufactured from synthesis gas in a reversible reaction as shown by the
following equation.

CO(g) + 2Hy(g) == CH3O0H(g) AH® = —91 kJmol™

3 (a) A sample of synthesis gas containing 0.240 mol of carbon monoxide and 0.380 mol of
hydrogen was sealed together with a catalyst in a container of volume 1.50 dm?.
When equilibrium was established at temperature T; the equilibrium mixture
contained 0.170 mol of carbon monoxide.

Calculate the amount, in moles, of methanol and the amount, in moles, of hydrogen in
the equilibrium mixture.

MEhanOl ..o
Y0 00 = o RSP
(2 marks)
3 (b) A different sample of synthesis gas was allowed to reach equilibrium in a similar

container of volume 1.50 dm?® at temperature T4

At equilibrium, the mixture contained 0.210 mol of carbon monoxide, 0.275 mol of
hydrogen and 0.0820 mol of methanol.

3 (b) (i) Write an expression for the equilibrium constant K. for this reaction.

(1 mark)
3 (b) (ii) Calculate a value for K; for the reaction at temperature T4 and state its units.
(02=1 (o101 =1 (o] o NN SPOPRRR
L o1 £ PP PP PR UURPPPPRPPPRt
(4 marks)

3 (b) (iii) State the effect, if any, on the value of K. of adding more hydrogen to the equilibrium
mixture.
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3 (¢)

3 (d)

3 (e)

The temperature of the mixture in part 3 (b) was changed to T, and the mixture was
left to reach a new equilibrium position. At this new temperature the equilibrium
concentration of methanol had increased.

Deduce which of T; or T, is the higher temperature and explain your answer.

HIGher teMPErature ............eiiiiiiiee e e eeens

0] F=1 1 = 11T o PPN

(3 marks)

The following reaction has been suggested as an alternative method for the production
of methanol.

CO2(g) + 3Ha(g) ==  CH3OH(g) + Hy0(g)
The hydrogen used in this method is obtained from the electrolysis of water.

Suggest one possible environmental disadvantage of the production of hydrogen by
electrolysis.

One industrial use of methanol is in the production of biodiesel from vegetable oils
such as

C|)H200CC17H35
CHOOCC7H34
CH,00CC17H2g

Give the formula of one compound in biodiesel that is formed by the reaction of
methanol with the vegetable oil shown above.

Turn over p»
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4 (a) Name compound Y, HOCH,CH,COOH

(1 mark)
4 (b) Under suitable conditions, molecules of Y can react with each other to form a polymer.
4 (b) (i) Draw a section of the polymer showing two repeating units.

(1 mark)
4 (b) (ii)) Name the type of polymerisation involved.

(1 mark)
4 (c) When Y is heated, an elimination reaction occurs in which one molecule of Y loses one

molecule of water. The organic product formed by this reaction has an absorption at
1637 cm™" in its infrared spectrum.

4 (c) (i) Identify the bond that causes the absorption at 1637 cm™'in its infrared spectrum.

(1 mark)
4 (c) (ii) Write the displayed formula for the organic product of this elimination reaction.
(1 mark)
4 (c) (iii) The organic product from part 4 (c) (ii) can also be polymerised.
Draw the repeating unit of the polymer formed from this organic product.
(1 mark)
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4 (d) At room temperature, 2-aminobutanoic acid exists as a solid.
Draw the structure of the species present in the solid form.
(1 mark)
4 (e) The amino acid, glutamic acid, is shown below.
COOH
H2N—(|3—CH2—CH2—COOH
H
Draw the structure of the organic species formed when glutamic acid reacts with each
of the following.
4 (e) (i) an excess of sodium hydroxide
(1 mark)
4 (e) (ii) an excess of methanol in the presence of concentrated sulfuric acid
(1 mark)
4 (e) (iii) ethanoyl chloride
(1 mark)
Question 4 continues on the next page
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4 (f) A tripeptide was heated with hydrochloric acid and a mixture of amino acids was
formed. This mixture was separated by column chromatography.
Outline briefly why chromatography is able to separate a mixture of compounds.
Practical details are not required.
(3 marks)
13
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5

5 (a)

5 (b)

5 (¢)

5 (c) (i)

5 (c) (i)

Atenolol is an example of the type of medicine called a beta blocker. These medicines
are used to lower blood pressure by slowing the heart rate. The structure of atenolol
is shown below.

OH CHs

| |
CHg@O—CHZ—CH—CHZ CH—CHj
p q

J K

Give the name of each of the circled functional groups labelled J and K on the structure
of atenolol shown above.

Functional group 1abelled J ...

Functional group labelled K ... e e e eaaaes
(2 marks)

The "H n.m.r. spectrum of atenolol was recorded.

One of the peaks in the "H n.m.r. spectrum is produced by the CH, group labelled p in
the structure of atenolol.

Use Table 2 on the Data Sheet to suggest a range of § values for this peak.

Name the splitting pattern of this peak.

RANGE OF O VAIUES ... e e e e ens
Name of splitting pattern ...
(2 marks)
N.m.r. spectra are recorded using samples in solution.
The "H n.m.r. spectrum was recorded using a solution of atenolol in CDCl;
Suggest why CDCl; and not CHCl3 was used as the solvent.
(1 mark)

Suggest why CDCl3 is a more effective solvent than CCl, for polar molecules such as
atenolol.
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5 (d) The *C n.m.r. spectrum of atenolol was also recorded.
Use the structure of atenolol given to deduce the total number of peaks in the
3C n.mur. spectrum of atenolol.
(1 mark)
5 (e) Part of the ">C n.m.r. spectrum of atenolol is shown below. Use this spectrum and
Table 3 on the Data Sheet, where appropriate, to answer the questions which follow.
T T T T T T T I ! |
100 80 60 40 20 0
d/ppm
5 (e) (i) Give the formula of the compound that is used as a standard and produces the peak at
0 = 0 ppm in the spectrum.
(1 mark)
5 (e) (ii) One of the peaks in the BCnmur. spectrum above is produced by the CH3 group
labelled q in the structure of atenolol.
Identify this peak in the spectrum by stating its 6 value.
(1 mark)
5 (e) (iii) There are three CH, groups in the structure of atenolol. One of these CH, groups
produces the peak at 8 = 71 in the ">C n.m.r. spectrum above.
Draw a circle around this CH, group in the structure of atenolol shown below.
oo
H2N—ﬁ —CH, @O—CHQ—CH—CHZ—N—CH—CH3
O
(1 mark)
Question 5 continues on the next page
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s ()

S5 (f) ()

5 (f) (ii)

5 (f) (iii)

5 (f) (iv)

Atenolol is produced industrially as a racemate (an equimolar mixture of two
enantiomers) by reduction of a ketone. Both enantiomers are able to lower blood
pressure. However, recent research has shown that one enantiomer is preferred in
medicines.

Suggest a reducing agent that could reduce a ketone to form atenolol.

Draw a circle around the asymmetric carbon atom in the structure of atenolol shown
below.

OH H CHs

| |
HN—C —CH, @O—CHg—CH—CHQ—N—CH—CHg,

O
(1 mark)

Suggest how you could show that the atenolol produced by reduction of a ketone was
a racemate and not a single enantiomer.

(2 marks)

Suggest one advantage and one disadvantage of using a racemate rather than a
single enantiomer in medicines.

Advantage

(2 marks)
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Section B

Answer all questions in the spaces provided.

6 (a)

6 (a) (i)

Many synthetic routes need chemists to increase the number of carbon atoms in a
molecule by forming new carbon—carbon bonds. This can be achieved in several ways
including

e reaction of an aromatic compound with an acyl chloride
¢ reaction of an aldehyde with hydrogen cyanide.

Consider the reaction of benzene with CH3;CH,COCI

Write an equation for this reaction and name the organic product.

Identify the catalyst required in this reaction.

Write equations to show how the catalyst is used to form a reactive intermediate and
how the catalyst is reformed at the end of the reaction.
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6 (a) (ii) Name and outline a mechanism for the reaction of benzene with this reactive
intermediate.

Question 6 continues on the next page
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6 (b) Consider the reaction of propanal with HCN

6 (b) (i) Write an equation for the reaction of propanal with HCN and name the product.

14
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6 (b) (iii) The rate-determining step in the mechanism in part 6 (b) (ii) involves attack

by the nucleophile.

Suggest how the rate of reaction of propanone with HCN would compare with the
rate of reaction of propanal with HCN
Explain your answer.

Turn over for the next question
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7 (a)

7 (b)

7 (c)

The compound (CH3CH,)oNH can be made from ethene in a three-step synthesis as
shown below.

Step 1 Step 2 Step 3
ethene —> F —_— G —> (CH3CH,),NH

Name the compound (CH3CH,),NH

Identify compounds F and G.
COMPOUNG F oottt e e e e e e et e e e e e e e e st n e e e eaaeeaaan

(7] 4 aT'o 8 oo X C RSO PERR
(2 marks)

For the reactions in Steps 1, 2 and 3,

e give a reagent or reagents
® name the mechanism.

Balanced equations and mechanisms using curly arrows are not required.

16
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7 (d)

Identify one organic impurity in the product of Step 3 and give a reason for its
formation.

17
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8

(a) Consider the tripeptide shown below that is formed from three amino acids, K, L and M.

C|3H3 C|3H(CH3)2 (C|3H2)4NH2
H2N—(|3—CO—NH—Cli—CO—NH—(l:—COOH

H H H

from K from L from M

(a) (i) Name the process by which the tripeptide is split into three amino acids.

(1 mark)
(a) (ii) Give the IUPAC name for the amino acid K.

(1 mark)
(a) (iii) Draw the structure of the zwitterion of amino acid L.

(1 mark)
(a) (iv) Draw the structure of the species formed by amino acid M at low pH.

(1 mark)
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8 (b) Consider the amino acid serine.

)
H2N—C|3 —COOH

CH,OH

(b) (i) Draw the structure of the product formed when serine reacts with an excess of CH3Br

(1 mark)
(b) (ii) Draw the structure of the dipeptide formed by two molecules of serine.
(1 mark)
6
Turn over for the next question
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Section B

Answer all questions in the spaces provided.

(a)

Esters have many important commercial uses such as solvents and artificial flavourings
in foods.

Esters can be prepared in several ways including the reactions of alcohols with
carboxylic acids, acid anhydrides, acyl chlorides and other esters.

Ethyl butanoate is used as a pineapple flavouring in sweets and cakes.
Write an equation for the preparation of ethyl butanoate from an acid and an alcohol.

Give a catalyst used for the reaction.

(4 marks)
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(b)

(c)

Butyl ethanoate is used as a solvent in the pharmaceutical industry.

Write an equation for the preparation of butyl ethanoate from an acid anhydride and an
alcohol.

(3 marks)

Name and outline a mechanism for the reaction of CH3COCI with CH30H to form an
ester.

(5 marks)

Question 7 continues on the next page
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(d)

The ester shown below occurs in vegetable oils. Write an equation to show the
formation of biodiesel from this ester.

(|3H200CC17H31
C|3HOOCC17H33
CH,00CC7H29

(3 marks)

22
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(e) Draw the repeating unit of the polyester Terylene that is made from
benzene-1,4-dicarboxylic acid and ethane-1,2-diol.
Although Terylene is biodegradeabile, it is preferable to recycle objects made from
Terylene.
Give one advantage and one disadvantage of recycling objects made from Terylene.
(4 marks)
19
Turn over for the next question
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Consider compound P shown below that is formed by the reaction of benzene with an

electrophile.
@)
élz
\CHchg
P
(a) Give the two substances that react together to form the electrophile and write an

equation to show the formation of this electrophile.

(3 marks)

(b) Outline a mechanism for the reaction of this electrophile with benzene to form P.

(3 marks)

24
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(c)

Compound Q is an isomer of P that shows optical isomerism. Q forms a silver mirror
when added to a suitable reagent.

Identify this reagent and suggest a structure for Q.

(2 marks)

END OF QUESTIONS
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