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9. (b) (continued)
Chromatograms for two soft drinks are shown below.
Soft drink X Retention time of peak /s|Peak area
42 1000
69 1350
96 68000
N AN
T T T T T T T T T T T T Tlme (S)
10 20 30 40 50 60 70 80 90 100 110120
Soft drink Y Retention time of peak /s|Peak area
17 7000
30 4600
43 3000
62 2500
96 _—
115 5000
A2 .
T T T T T T T T T T T T Tlme (S)
10 20 30 40 50 60 70 80 90 100 110120
(i) What is the caffeine content, in mg 1! of soft drink X?
1
(i) The caffeine content of the soft drink Y cannot be determined from its
chromatogram.
What should be done to the sample of soft drink Y so that the caffeine
content could be reliably calculated?
1
(5)
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10. Methanamide, HCONH,, is widely used in industry to make nitrogen compounds.

It is also used as a solvent as it can dissolve ionic compounds.

O H

1
H—C—N—H

(a) Why is methanamide a suitable solvent for ionic compounds?

() In industry, methanamide is produced by the reaction of

ammonia.
HCOOCH, + NH, - HCONH, +
mass of mass of mass of
one mole one mole one mole
=600g =170g =450g

an ester with

CH,OH

mass of
one mole

=32:0¢g

(1) Name the ester used in the industrial manufacture of methanamide.

(i1) Calculate the atom economy for the production of methanamide.
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10. (continued)

(¢) In the lab, methanamide can be prepared by the reaction of methanoic acid
with ammonia.

HCOOH + NH, <— HCONH, + H,O
mass of mass of mass of mass of
one mole one mole one mole one mole
=460g =170g =450g =180¢

When 1:38 g of methanoic acid was reacted with excess ammonia, 0-945 g of
methanamide was produced.

Calculate the percentage yield of methanamide.

Show your working clearly.

6)

[Turn over
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11. The element boron forms many useful compounds.

(a) Borane (BH,) is used to synthesise alcohols from alkenes.

The reaction occurs in two stages

Stage 1 Addition Reaction

The boron atom bonds to the carbon atom of the double bond which already
has the most hydrogens directly attached to it.

4 ™
HC—C==C—CH, + BH, —> H(C—C C—CH,
I I
H BH,
Stage 2 Oxidation Reaction
The organoborane compound is oxidised to form the alcohol.
CH, H CH, H
H0,
2
CH3—(I3—(I3—CH3 W CH3—(|:_(|:—CH3
H BH H OH

2

(1) Name the alcohol produced in Stage 2.

1
(i) Draw a structural formula for the alcohol which would be formed from
the alkene shown below.
G
CH~CH,—CH,—C=C—H
1
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11. (continued)

(b) 'The compound diborane (B,H,) is used as a rocket fuel.

(1) It can be prepared as shown.
BF; + NaBH, — B,H, + NaBF,
Balance this equation.
(i1) 'The equation for the combustion of diborane is shown below.
B,H,(g) + 30,(g) — B,0;(s) + 3H,0()

Calculate the enthalpy of combustion of diborane (B,H() in k] mol ™,
using the following data.

2B(s) + 3H,(g) — B,H,(g) AH=36k] mol™
H,(g) + %0,(g) — H,0() AH=-286k] mol™
2B(s) + 1%0,(g) — B,04s) AH=-1274k] mol™

[Turn over
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12. Potatoes contain a protein that acts as a catalyst in the breakdown of hydrogen
peroxide.

2H,0,(aq) — 2H,0(¢) + O,(g)

A student wanted to measure the volume of oxygen gas given off, over a five minute
period, when samples of potato were added to a solution of hydrogen peroxide.

(a) Complete the diagram below to show how the volume of oxygen gas given off
could be measured.

side-arm test tube

potato sample — |

&
hydrogen peroxide solution — =

1
(b)) The student wanted to be able to repeat the experiment at various
temperatures between 20 °C and 70 °C to investigate the effect of temperature
on the protein catalysing the reaction.
(1) What is the most appropriate way of heating the side-arm test tube to
control the temperature accurately over this range?
1
(11) At 70°C the protein structure changes so that it no longer works as a
catalyst.
What change happens to the structure of all proteins when they are
heated?
1
3)

[X273/12/02] Page thirty




13 . Fluorine is an extremely reactive element. Its compounds are found in a range of

products.

(a) lodine can be extracted from iodide salts by reacting them with acidified

permanganate solution.

10I7(aq) + 2MnO, (aq) + 16H"(aq) — 5I,(aq) + 2Mn?*(aq) + 8H,O(/)

Why can fluorine not be produced from fluoride salts using acidified

permanganate?

(b) Fluorine reacts with methane via a free radical chain reaction.

Some steps in the chain reaction are shown in the table below.

Reaction step

Name of step

F, = 2F-
Fe + CH, — HF + CH, propagation
*CH; + F, - CH;F + Fe
*CH; + Fo - CH,F termination
termination

Complete the table by:

(1) inserting the missing name for the first step;

(i1) showing another possible termination reaction in the final row of the

table.
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13. (continued)
(¢) 'Tetrafluoroethene, C,F,, is produced in industry by a series of reactions.
The final reaction in its manufacture is shown below.
2CHCIF,(g) == C,F,(2) + 2HCl(g)
The graph shows the variation in concentration of C,F, formed as temperature
is increased.
A
Concentration
of C,F, ]
0 50 100 150 200 250 300 350 400
Temperature / °C
(1) What conclusion can be drawn about the enthalpy change for the
formation of tetrafluoroethene?
1
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13. (c¢) (continued)

(1) Sketch a graph to show how the concentration of tetrafluoroethene
formed would vary with increasing pressure.

(An additional graph, if required, can be found on Page thirty-six.)

Concentration
of C,I,

»

Pressure

)

[Turn over
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14. A fatty acid is a long chain carboxylic acid.
Examples of fatty acids are shown in the table below.
Common Systematic Structure
name name
stearic acid octadecanoic acid CH,(CH,),,COOH
oleic acid octadec-9-enoic acid CH,(CH,),CH=CH(CH,),COOH
linoleic acid | octadec-9,12-dienoic acid CH,(CH,),CH=CHCH,CH=CH(CH,),COOH
linolenic acid CH,CH,CH=CHCH,CH=CHCH,CH=CH(CH,),COOH
(a) What is the systematic name for linolenic acid?
1
(b) Stearic acid reacts with sodium hydroxide solution to form sodium stearate.
HHHHHHHHHHHHHHHHHO
I R N A Y N R e e R D 7
H—-C-C-C-C—-C—-C—-C—C—C—C—C—C—C—C—C—C—C-—C
I I I I I I I I I I I I I I I I \OfNa+

H HHHHHHHMHAHHBHKHMHAHMHAEHUHHMH H
sodium stearate

(1) Name the type of reaction taking place when stearic acid reacts with
sodium hydroxide.

1
(i1) Explain fully how sodium stearate acts to keep grease and non-polar
substances suspended in water during cleaning.
3
(5
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Hydrogels are used in disposable nappies. They are fine powders that can absorb
up to 500 times their own weight in water.

A hydrogel is a very long molecule with carboxyl groups at regular intervals along
its length. A short section of a hydrogel molecule is shown below.

OH OH OH OH
/ /

Hydrogels are extremely good at soaking up water because the water molecules are
strongly attracted to them.

Using your knowledge of chemistry, comment on how suitable hydrogels would
be for absorbing liquids or solutions spilled in a chemistry lab.

©)

[END OF QUESTION PAPER)]
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ADDITIONAL GRAPH PAPER FOR USE IN QUESTION 7(c)
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ADDITIONAL GRAPH FOR USE IN QUESTION 13(c)

Concentration
of C,F,

»
>

Pressure

[X273/12/02] Page thirty-six

DO NOT
WRITE
IN THIS

MARGIN




DO NOT
WRITE
IN THIS

MARGIN

ADDITIONAL SPACE FOR ANSWERS

[X273/12/02] Page thirty-seven




[BLANK PAGE]



[BLANK PAGE]



[BLANK PAGE]



