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1 This question is about ammonia and ammonium compounds.
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(@) (i) Give the electronic configuration of nitrogen, N

(ii) State why the compound PH; has similar chemical properties to NH,

(b) The table shows the names and formulae of some ammonium compounds.

Name ammonium sulfate ammonium carbonate

Formula (NH,),SO, NH,Cl

(i) Complete the table by giving the missing information.

(i) When ammonia reacts with sulfuric acid, ammonium sulfate is formed.

Write a chemical equation for this reaction.
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(c) The table gives some information about ammonia and ammonium compounds.
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Name Formula Percentage of
nitrogen (%)

ammonia NH;(g) 82

ammonium nitrate NH,NO;(s)

ammonium sulfate (NH,),S0O,(s) 21

Calculate the percentage of nitrogen in ammonium nitrate.
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(Total for Question 1 = 10 marks)
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2 This question is about rates of reaction.

(@) A student uses this method to investigate the rate of reaction between iron(lll)
nitrate solution and sodium thiosulfate solution.

« pour 50cm’ of iron(lll) nitrate solution into a conical flask

« add one drop of catalyst solution
« add 50cm? of sodium thiosulfate solution to the conical flask
- record the time for the mixture to become colourless

The student repeats the method using different catalysts and also with no
catalyst.

The table shows the student’s results.

Catalyst Time for mixture to
become colourless in s
no catalyst 55
cobalt(ll) choloride solution 32
copper(ll) sulfate solution 8
iron(ll) sulfate solution 27
zinc nitrate solution 75

(i) Explain which is the best catalyst for reaction.

L J
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(b) The rate of a reaction can also be altered by changing the temperature or by
changing the concentration of solutions.

(i) Explain, using the particle collision theory, how increasing the temperature
affects the rate of a reaction.

(i) Explain why using a solution of a lower concentration decreases the rate of
reaction.

(Total for Question 2 = 10 marks)
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3 Astudent investigates how the electrical conductivity changes as dilute sulfuric acid §§::§§§§§:
. . . . XXX,
is added to barium hydroxide solution. b
s
PO 2598
This is the student’s method. SO
o et
Step 1 add 50.0 cm’ of barium hydroxide solution to a beaker
Step 2 measure the electrical conductivity of the solution
Step 3 add 10.0 cm’ of dilute sulfuric acid to the beaker
Step 4 stir the mixture
Step 5 measure the electrical conductivity of the mixture
Step 6 repeat steps 3 to 5 until a total of 100 cm’ of dilute sulfuric acid has
been added
The table shows the student’s results.
Total volume of Electrical conductivity
acid added in cm’ in arbitrary units
0.0 10.0
10.0 8.0
20.0 7.2
30.0 4.0
40.0 2.0
50.0 0.0
60.0 14
70.0 238
80.0 4.2
90.0 5.6
100.0 7.0
s
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(@) (i) Which piece of apparatus is the most suitable for measuring the volume of
dilute sulfuric acid in Step 3?
(1)

beaker
conical flask

measuring cylinder

O N W >

test tube

- O O 0O O

lot the student’s results.

(i)
(2)

(iii) Ignoring the anomalous result, draw two lines of best fit, making sure that the
two lines cross.

(1)

10.0

8.0

6.0

Electrical
conductivity in
arbitrary units

4.0

2.0

0.0

0 20 40 60 80 100

Total volume of acid added in cm?

(iv) Give the trend shown on the graph for the first 50 cm’ of acid added.

.
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(v) Suggest a mistake the student could have made to cause the anomalous
result.

(b) This is the equation for the reaction.

Ba(OH),(agq) + H,SO,(aq) — BaSO,(s) + 2H,0O(l)

(i) When 50cm’ of dilute sulfuric acid have been added, only barium sulfate and
water are present in the mixture.

Explain why this mixture does not conduct electricity.

Refer to the type of bonding in barium sulfate and in water in your answer.

(i) Name a technique the student could use to separate barium sulfate from the
mixture after 100 cm’ of dilute sulfuric acid has been added.

(Total for Question 3 = 10 marks)
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4 This question is about metal carbonates.

When heated, some metal carbonates decompose to form a metal oxide and carbon
dioxide gas.

(@) A studentis given three solid metal carbonates, a timer, some limewater and this
apparatus.

boiling tube

C —

test tube
/

/

Describe a method the student can use to find out which metal carbonate
decomposes fastest when heated.

.
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(b) A student is given a solid metal carbonate with the formula XCO,
X represents the symbol of a Group 2 metal.

A student uses this apparatus to heat a sample of XCO, until it all decomposes.

N 4

ff>/ cotton wool plug
N

(’/\vf\_\’\”””/" )((:()3

N

The equation for the decomposition of XCO; is
XCO; —» XO + CO,

The student records the mass of XCO; and the mass of carbon dioxide that
escapes through the cotton wool plug.

These are the student’s results.
mass of XCO; = 7.409g
mass of CO, = 2.20g

(i) What is the reason for using the cotton wool plug?
(1)

to prevent air entering the tube
to absorb water vapour from the air

to stop solid particles leaving the tube

0o o oo
O N ® >

to slow down the escape of carbon dioxide

J
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(ii) Show that the amount of carbon dioxide formed is 0.0500 mol.
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[for carbon dioxide, M, = 44.0]
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amount of XCO3 = .. mol

(iv) Use the mass of XCO; and your answer to (b)(iii) to calculate the relative
formula mass (M,) of XCO,
(2)

Mr Of XCO3 o s e e et

(v) Use your answer to (b)(iv) and the Periodic Table on page 2 to determine the
identity of the Group 2 metal X.
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7

5

Silicon hydride (SiH,) and silicon dioxide (SiO,) both contain covalent bonds but they
have different structures.

(a) Describe the forces of attraction in a covalent bond.
(2)

(b) Complete the diagram to show the outer shell electrons in a molecule of silicon

hydride (SiH,).
W,

(c) The diagram represents part of the structure of silicon dioxide (SiO,).

(1)

(i) State how the diagram shows that the atom labelled A is oxygen, not silicon.
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(ii) Silicon hydride has a simple molecular structure.
Silicon dioxide has the same type of structure as diamond.

Explain why silicon dioxide has a much higher melting point than
silicon hydride.

Refer to structure and bonding in your answer.

(d) Silicon hydride reacts with oxygen to form silicon dioxide and water.

Write a chemical equation for the reaction between silicon hydride and oxygen.

(Total for Question 5 = 9 marks)
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6 This question is about the reduction of tungsten oxide, WO,
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(@) A teacher uses this apparatus to reduce tungsten oxide.
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« add tungsten oxide and record the mass again Sghs

+ heat the weighing boat and tungsten oxide strongly for two minutes and then G
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(i) Complete the equation by adding the state symbols. C
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(i

ii) The table shows the teacher’s results.
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Massing

empty weighing boat 14.72

weighing boat and tungsten oxide 17.04

weighing boat and tungsten 16.56

Use the teacher’s results to show that the empirical formula of tungsten oxide
is WO,
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[for tungsten, A, =184 for oxygen, A, = 16]
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(iv) The teacher wears eye protection and a lab coat during the experiment.
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Give one other safety precaution the teacher should take.
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( )
(b) Inindustry, tungsten oxide is reduced on a large-scale using hydrogen.
The percentage yield of tungsten is 73.5%
This is the equation for the reaction.
WO; + 3H, > W + 3H,0
Calculate the mass, in tonnes, of tungsten that is produced when 2784 tonnes of
tungsten oxide are reacted with an excess of hydrogen.
[1tonne=1x 10°q]
[for tungsten, A, = 184 for oxygen, A, = 16]
(3)
mass of tungsten = ... tonnes
(Total for Question 6 = 10 marks)
TOTAL FOR UNIT = 60 MARKS
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