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1.

Ammonia is produced during the Haber process. The reaction is summarised in the diagram

below.

Answer all questions.

nitrogen, N,
from the air

Reactor

T

450°C, 200 atm,
catalyst B

liquid ammonia

/'

gas A, formed
from natural gas

(@) Givethe name of gas A. ...

(b) Name catalyst B and state why it is used.

unreacted
gases

(c) The yield of ammonia is only 28 % therefore 72 % of the gases remain unreacted.

Describe what happens to these unreacted gases and state why this is important.
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(d)  The following graph shows the effect of temperature and pressure on the yield of ammonia
during the Haber process.

80
70+ 350°C
60 400°C
50

450°C
500°C

Percentage (%)  40-
yield of ammonia

30
20_ 550 OC
107
0 ; ; .
0 100 200 300 400

Pressure (atmospheres)

Describe how the yield of ammonia varies with temperature and pressure. [2]
Temperature
Pressure
(e) Write a balanced symbol equation for the production of ammonia. [3]
—
+ <
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2.

A pupil investigated the effect of temperature on the rate of fermentation using the apparatus
shown below.

f)
rrrr1r1rrrrrrrrrrr1

conical flask )
gas syringe

glucose solution and yeast

The experiment was carried out three times at five different temperatures. The volume of gas
collected after 10 minutes was recorded each time. The results are shown below.

Temperature Volume of gas collected after 10 minutes (cm?)
(C) 1 2 3 Mean
20 9 8 7 8
30 38 40 @ 39
40 52 53 54 53
50 35 32 33 33
60 12 11 12 12
(@) Suggest why the circled value is considered to be anomalous. [1]

(b) Plot a graph of the mean volume of gas collected against temperature on the grid
opposite. [2]
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60
50
40
Mean
volume
of gas 30
collected
after
10 minaytes
(cm?) 20
10
0
0 10 20 30 40 50 60
Temperature (°C)
(c) State what conclusions can be drawn from the graph. 2]
(d)  Write a word equation for the reaction taking place. 2]

(e) Yeast produces a catalyst that allows this reaction to take place. Name the type of catalyst
produced by yeast. [1]
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3.

Limestone, CaCOg3, is an important raw material. It can be converted into other useful materials

as shown in the diagram below.

Reaction 1

limestone,
CaCO,

!

Reaction 2

quicklime,

CaOo

Describe how these reactions can be carried out in a laboratory.

Your answer should include:

e the conditions required for each reaction;

e observations at each stage;

e equations for the reactions taking place.
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4. Sulfuric acid is produced in industry by the contact process.

(@ The contact process involves four stages. The first two are shown below.

Stage 1 sulfur + oxygen — sulfur dioxide
Stage 2 sulfur dioxide + oxygen <= sulfur trioxide
(i) Name the raw material that provides oxygen in stage 1. 1]
(i) Describe the last two stages in the contact process (stages 3 and 4). [2]
S AGE B oo
STAGE 4 ...
(i)  Name the catalyst used in stage 2. 1]

(b) When concentrated sulfuric acid is added to sugar a black solid is formed.

Describe what happens during this reaction. Think about the elements present in sugar
and what happens to them. [2]
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5.

The following diagram shows the structures of six organic compounds.
H H H H H H H H
. . I
H—C—C—H H—C—C—O—H H—C—C—C—C—H
. | o
H H H H H H H H
A B Cc
H H H
. T " "
AN /
H—C—C—C—O—H H—C—C—=—C /C:C\
1 | | ’ ’
H H H H H
D E F
(@) Name the family to which each of the following pairs of compounds belong. 2]
B andD ..
EandF oo

(b) Describe a chemical test that could be carried out to distinguish between compounds
C and E. Give the expected result for both compounds. 2]
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(c)

(d)

Compound C is one of two isomers that have the molecular formula C4H,,.

(i) Give the meaning of the term isomer. 1]

Give the letter, A-F, of one other compound that has an isomer. Draw the structure of its
isomer. (2]

Compound ...

Structure
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(b)

10

The following box contains the names of six ionic compounds.

sodium chloride sodium carbonate copper(ll) sulfate

ammonium chloride potassium sulfate lithium carbonate

Which of the compounds in the box would you expect to

(i) give a yellow flame in a flame test, [1]

(i)  produce bubbles when reacting with hydrochloric acid? 1]

A student has two colourless solutions in unlabelled bottles. He knows that one is
potassium chloride and that the other is potassium iodide. Describe a test that could be
carried out to show which is potassium chloride and which is potassium iodide. Give the
observations expected in both cases. [3]

Compounds containing ammonium ions can be identified by heating gently with sodium
hydroxide solution and testing the gas produced.

Name the gas produced. Describe how you would positively identify this gas. [2]

Iron(lll) chloride solution produces a brown precipitate when it reacts with sodium
hydroxide solution.

Write a balanced ionic equation for this reaction. You should include state symbols. [3]
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Examiner
[
7. Alaboratory technician prepared a solution of sodium hydroxide, NaOH, in the following way. o

* He weighed out accurately 2.0g of sodium hydroxide.
» He dissolved the sodium hydroxide in 250 cm? of water.

The relative formula mass (M,) of sodium hydroxide is 40.

(@) Use this information to calculate the concentration of this sodium hydroxide solution in
mol/dm3. (2]

Concentration of sodium hydroxide solution = ..., mol/dm?3

(b) A student was asked to carry out a titration to check the concentration of the sodium
hydroxide solution. She carried out the titration using the apparatus shown below.

il 0.2mol/dm?
/ hydrochloric acid

25cm? of sodium hydroxide
solution and indicator

© WJEC CBAC Ltd. (4493-02)
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13

The equation for the reaction taking place is as follows.

NaOH + HCI —_— NaCl + H,0

The titration was carried out three times and the results obtained are shown below.

Titration
1 2 3
Volume of hydrochloric
acid added (cm?) 22.2 22.7 22.6

Calculate the number of moles of hydrochloric acid that reacted. Use that to calculate the
concentration of the sodium hydroxide solution. [4]

Concentration of sodium hydroxide solution = ... mol/dm?3
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Examiner
[
8. Describe the similarities in the reactions of ethanoic acid and sulfuric acid with metals, o

carbonates and bases. Describe and explain any differences observed. You should include
relevant equations in your answer. [6 QWC]

6

END OF PAPER
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FORMULAE FOR SOME COMMON IONS

15

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula
Aluminium APt Bromide Br-
Ammonium NH,* Carbonate co,>"
Barium Ba?* Chloride cr
Calcium ca®* Fluoride F-
Copper(ll) cu? Hydroxide OH"
Hydrogen H* lodide -
Iron(ll) Fe?* Nitrate NO,"
Iron(lll) Fe®* Oxide 0%~
Lithium Li* Sulfate s0,%
Magnesium Mg?*
Nickel NiZ*
Potassium K*
Silver Ag*
Sodium Na*
Zinc Zn?
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