











6. (continued)

(d) When forensic scientists analyse illegal drugs, anaesthetics such as lidocaine
are sometimes found to be present.

The gas chromatogram below is from an illegal drug.

D A benzocaine

A B lidocaine
C caffeine
D cocaine

C E tetracaine

3.0 4.0 5.0 6.0 7.0

Retention time / minutes

(1) The structures of benzocaine and tetracaine are shown below.

H O
\ I
N @c —CH,—CH,
H
benzocaine
i I
|
CH;~CH,—CH,—CH,—N @C —CH,—CH,—CH 2—l\|| —CH,
CH,
tetracaine

Suggest why benzocaine has a shorter retention time than tetracaine.
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6. (d) (continued)
(11) Why is it difficult to obtain accurate values for the amount of lidocaine
present in a sample containing large amounts of caffeine?
1
(111) Add a peak to the diagram below to complete the chromatogram for a
second sample that only contains half the amount of tetracaine compared
to the first.
L
I T T T T I T T T T I T T T T I T T T T I
3.0 4.0 5.0 6.0 7.0
Retention time / minutes
1
(10)
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7. Hydrogen sulfide is a toxic gas with the smell of rotten eggs.

(a) Hydrogen sulfide gas can be prepared by the reaction of iron(II) sulfide with
excess dilute hydrochloric acid:

@)

(i)

[X273/12/02]

FeS(s) + 2HCl(aq) — FeCl,(aq) + H,S(g)

Hydrogen sulfide gas is very soluble in water.

Draw a diagram to show an assembled apparatus that could be
used to measure the volume of H,S gas produced when a sample of
iron(I1) sulfide reacts with hydrochloric acid.

Your diagram should be labelled and should show the names of any
chemicals used.

2
Calculate the mass, in g, of iron(II) sulfide required to produce 79 cm® of
hydrogen sulfide gas.
(Take the molar volume of hydrogen sulfide to be 24 litres mol™.)
Show your working clearly.

3
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7. (continued)
(b) Hydrogen sulfide gas produced from iron(II) sulfide is often contaminated
with hydrogen gas and gaseous arsenic compounds.
(1) Arsenic(III) sulfide is an orange-yellow powder which is insoluble in
water. Below 310 °C it can sublime, turning from a solid to a gas.
Name the type of bonding and structure present in arsenic(I11) sulfide.
1

(i1) To avoid these contaminants, hydrogen sulfide can be made by reacting
aluminium sulfide with water. Hydrogen sulfide and aluminium
hydroxide are produced.

Write a balanced equation for the production of hydrogen sulfide from
aluminium sulfide and water.

®)

[Turn over
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8. Mobile phones are being developed that can be powered by methanol.

Methanol can be made by a two-stage process.

(a) In the first stage, methane is reacted with steam to produce a mixture of
carbon monoxide and hydrogen.

CH,(g) + H,0(g) = CO(g) + 3H,(g)

Use the data below to calculate the enthalpy change, in k] mol™, for the
forward reaction.

CO(g) + %£0,(g) — CO,(g) AH = =283 k] mol™!
H,(g) + 20,(g) - H,0(g) AH = =242 k] mol™!
CH,y(g) + 20,(g) — CO,(g) + 2H,0(g) AH = —803 k] mol™!

Show your working clearly.

(b) In the second stage, the carbon monoxide and hydrogen react to produce
methanol.

CO(g) + 2H,(g) = CH;0H(g) AH =-91k]Jmol™

Circle the correct words in the table to show the changes to temperature and
pressure that would favour the production of methanol.

(An additional table, if required, can be found on Page thirty-four.)

temperature decrease / keep the same / increase

pressure decrease / keep the same / increase

(©)
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9. Dark blue compounds can be made by reacting ammonia with copper ions.
To determine the number of ammonia molecules that react with each copper ion, a
student prepared the following mixtures and measured their colour intensity.
Mixture A B C D E F
Volume of 0-1 mol1~! Cu?* solution, cm?® |75 |50 [2:5 [2:0 |15 |10
Volume of 0-1 mol1™! NH; solution, cm® | 2:5 |50 |75 |80 |85
Colour intensity 0-61 123 11-83(1-96|1-47|0-98
(An additional table, if required, can be found on Page thirty-four.)
(a) Complete the table to show the volume of NH; solution required for the final
experiment. 1
(b) The number of ammonia molecules that react with each copper ion can be
found from the mixture with the greatest colour intensity.
How many ammonia molecules react with each copper ion?
1
(2)

[Turn over
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10. Solutions containing iodine are used to treat foot rot in sheep.

The concentration of iodine in a solution can be determined by titrating with a
solution of thiosulfate ions.

I, + 28,0, — 2"+ S,0”
thiosulfate
ions

(a) Write an ion-electron equation for the reaction of the oxidising agent in the
titration.

1
(b) Three 20-0cm® samples of a sheep treatment solution were titrated with
0-10 mol 1! thiosulfate solution.
The results are shown below.
Sample Volume of thiosulfate/cm?
1 18-60
2 18-10
3 18-20
(1) Why is the volume of sodium thiosulfate used in the calculation taken
to be 18-15 cm?, although this is not the average of the three titres in the
table?
1
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10. (b) (continued)
(ii) Calculate the concentration of iodine, in mol I™!, in the foot rot treatment
solution.
Show your working clearly.
3

(iii) Describe how to prepare 250cm?® of a 0-10moll™" standard solution of
sodium thiosulfate, Na,S,0;.

Your answer should include the mass, in g, of sodium thiosulfate

required.

@®
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11. Ethanol has many uses.
(a) Ethanol is found at relatively low concentrations in wine.
(1) Name the chemical reaction that produces ethanol in wine.
1

(i1) Standard ethanol solutions were used to produce a graph of density
against concentration of ethanol, given as a percentage of alcohol by
volume (% abv).

0-984

0-983 S

0-982 *

0-981

0-980 Sk

Density/g cm™

0-979 +

0-978 X

0-977 X

0-976

0-975

8 9 0 11 12 13 14 15 16 17 18

Concentration of ethanol /% abv

What is the concentration of ethanol, in units of % abv, in a solution of
density 0-9818 g cm™*?
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11. (continued)

(b) Whisky contains a higher concentration of ethanol.

(1) Before 1980, the concentration of alcohol in drinks was measured in
terms of degrees proof.

The concentration of alcohol in two drinks is shown in the table below,
both as % abv and degrees proof.

Alcohol Alcohol
Sample concentration concentration
/ % abv / degrees proof
Wine 14-0 245
Sherry 20-0 35-0

A cask strength whisky has an alcohol concentration of 65% abv.

Calculate the alcohol concentration of this whisky in degrees proof.

(i1) A barrel containing 195 litres of cask strength whisky costs £1300.

[X273/12/02]

The cask strength whisky is diluted with water to reduce the
concentration of alcohol from 65% abv to 46% abv before it is bottled.

Calculate the cost of the cask strength whisky needed to produce a

0-70 litre bottle.

Show your working clearly.

Page twenty-nine
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11. (b) (continued)

(i11) 5-Butyl-4-methyltetrahydrofuran-2-ol is a flavour compound

whisky stored in oak barrels.

CH
/ 3
Hz(/j——C\H
o ©

5-butyl-4-methyltetrahydrofuran-2-ol

Write the systematic name for the compound shown below.

/CH2— CH3
Hz?fCH
CH /CH* CHZ* CHzf CHzf CH3
7 N0

HO

Marks

found in

(¢) Ethanol, for use in industrial processes, can be produced by reacting ethene

gas with steam.
C,Hy(g) + H,O(g) — C,H;OH(g)

(1) What name is given to this type of chemical reaction?

(i) What would happen to the equilibrium position if a catalyst was used?

[X273/12/02] Page thirty

@®)

DO NOT
WRITE
IN THIS

MARGIN




12. Cooking involves many chemical reactions. Proteins, fats, oils and esters are some
examples of compounds found in food. A chemist suggested that cooking food
could change compounds from being fat-soluble to water-soluble.

Use your knowledge of chemistry to comment on the accuracy of this
statement.

[Turn over
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13. Cycloalkanes are found in nature.

A representation of cyclohexane is shown below.

H H

The six hydrogen atoms marked in bold are said to be in axial positions.

In the molecule of 1,2-dimethylcyclohexane shown below, two methyl groups are in
axial positions.

(a) Complete the structure shown below to show a molecule of
1,3-dimethylcyclohexane in which both the methyl groups are in axial
positions.

(An additional diagram, if required, can be found on Page thirty-four.)
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(continued)

(b) Axial groups on the same side of a cyclohexane ring can repel each other.
The strength of the repulsion is known as the “steric strain”.

The table below shows values which allow the steric strain to be calculated.

Axial groups Steric strain /k] mol™!
Hand H 0-0
Hand F 0-5
H and Br 1-0
H and CH,; 3-8
H and (CH,),C 11-4

For example:

L Steric strain

2 X (Steric strain
between H and F)

2 %05

1-:0kJ mol™!

(1) Write a general statement, linking the size of the steric strain to the type
of axial group present.

1
(ii) Calculate, in k] mol™!, the steric strain for the molecule shown below.
\H Steric strain =
1
3)

[END OF QUESTION PAPER]
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ADDITIONAL TABLE FOR USE IN QUESTION 8(b)

temperature

decrease / keep the same / increase

pressure

decrease / keep the same / increase

ADDITIONAL TABLE FOR USE IN QUESTION 9(a)
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Mixture A B C D E F
Volume of 0-1 moll™! Cu®*" solution, cm?® |75 |50 |25 [2:0 |15 |10
Volume of 0-1 moll™! NH; solution, cm® |2:5 |50 |75 |80 |85
Colour intensity 061|123 1-83[1:96|1-:47|0-98

ADDITIONAL DIAGRAM FOR USE IN QUESTION 13(a)
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ADDITIONAL SPACE FOR ANSWERS
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