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2	� Period 3 contains the elements sodium to argon. This question asks about the chemistry of each of 
the Period 3 elements or their compounds.

(a)	� Sodium nitrate is a white crystalline solid. When heated it melts and the following reaction 
occurs.

2NaNO3(l)  →  2NaNO2(l)  +  O2(g)

	�A 3.40 g sample of sodium nitrate is heated.

	�Calculate the

• 	�number of moles of NaNO3 used,

.................................. mol

• 	�number of moles of O2 formed,

.................................. mol

• 	�volume of O2 formed, in dm3 (measured at r.t.p.).

.................................. dm3

[3]

(b)	� Magnesium reacts slowly with warm water to form a base, magnesium hydroxide.

(i)	� Explain what is meant by the term base.

........................................................................................................................................  [1]

(ii)	� Write a chemical equation for the reaction between magnesium and warm water.

........................................................................................................................................  [2]
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(c)  Aluminium oxide is amphoteric. It is insoluble in water.

	�Describe experiments to show that aluminium oxide is amphoteric.

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

...............................................................................................................................................  [3]

(d)	� Silicon(IV) oxide has a giant structure.

(i)	� Name the type of bonding in silicon(IV) oxide.

........................................................................................................................................  [1]

(ii)	� Give two physical properties of silicon(IV) oxide.

..............................................................................................................................................

........................................................................................................................................  [2]

(e)	� Calcium  phosphate is used in fertilisers. The bonding in calcium  phosphate is ionic. 
Calcium phosphate contains the phosphate ion, PO4

3–.

(i)	� What is ionic bonding?

..............................................................................................................................................

........................................................................................................................................  [2]

(ii)	� Deduce the formula of calcium phosphate.

........................................................................................................................................  [1]
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(f)  Sulfur tetrafluoride, SF4, can be made by combining gaseous sulfur with fluorine.

S(g)  +  2F2(g)  →  SF4(g)

	�The reaction is exothermic.

(i)	� Complete the energy level diagram for this reaction. Include an arrow which clearly shows 
the energy change during the reaction.

energy

S(g)  +  2F2(g)

[3]

(ii)	� During the reaction the amount of energy given out is 780 kJ / mol.

	�The F–F bond energy is 160 kJ / mol.

	�Use this information to determine the bond energy, in kJ / mol, of one S–F bond in SF4.

S  + F→F F
F F

S

F

F

F

.................................. kJ / mol  [3] 
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(g)  Chlorine and compounds of chlorine are important in water treatment and in laboratory testing 
for water.

(i)	� Chlorine is added to water to make the water safe to drink.

	�Explain why adding chlorine makes water safe to drink.

........................................................................................................................................  [1]

(ii)	� A compound of chlorine is used in the laboratory to test for the presence of water.

	�Name the compound of chlorine used in this test and describe the colour change seen in 
a positive result of this test.

	�name of compound ..............................................................................................................

	�colour change from ...................................................  to  ....................................................
[3]

(h)	� Argon is an unreactive noble gas.

(i)	� Explain why argon is unreactive.

........................................................................................................................................  [1]

(ii)	� Give one use of argon.

........................................................................................................................................  [1]

[Total: 27]
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5  Dilute hydrochloric acid reacts with sodium carbonate solution.

2HCl (aq)  +  Na2CO3(aq)  →  2NaCl (aq)  +  H2O(l)  +  CO2(g)

(a)	� Explain why effervescence is seen during the reaction.

.....................................................................................................................................................

...............................................................................................................................................  [1]

(b)	� Dilute hydrochloric acid was titrated with sodium carbonate solution.

• 	�10.0 cm3 of 0.100 mol / dm3 hydrochloric acid were placed in a conical flask.
• 	�A few drops of methyl orange indicator were added to the dilute hydrochloric acid.
• 	�The mixture was titrated with sodium carbonate solution.
• 	�16.2 cm3 of sodium carbonate solution were required to react completely with the acid.

(i)	� What colour would the methyl orange indicator be in the hydrochloric acid?

........................................................................................................................................  [1]

(ii)	� Calculate how many moles of hydrochloric acid were used.

............................ mol  [1]

(iii)	� Use your answer to (b)(ii) and the equation for the reaction to calculate the number of 
moles of sodium carbonate that reacted.

............................ mol  [1]

(iv)	� Use your answer to (b)(iii) to calculate the concentration of the sodium carbonate solution 
in mol / dm3.

............................ mol / dm3  [2]

(c)	� In another experiment, 0.020 mol of sodium carbonate were reacted with excess hydrochloric 
acid.

	�Calculate the maximum volume (at r.t.p.) of carbon dioxide gas that could be made in this 
reaction.

............................ dm3  [3]

[Total: 9]

9: Amount of substance - Topic questions (Paper 4) Copyright © UCLES 2017 6



7  Calcium chloride can be made by reacting calcium carbonate with hydrochloric acid.

CaCO3(s)  +  2HCl (aq)  →  CaCl 2(aq)  +  H2O(l)  +  CO2(g)

	�An excess of calcium carbonate was added to 50.0 cm3 of 0.500 mol / dm3 hydrochloric acid. The 
solution was filtered to remove the excess calcium carbonate.

(a)	� How many moles of HCl were used in this reaction?

..................................... mol  [2]

(b)	 �Deduce the number of moles of carbon dioxide gas made in this reaction.

..................................... mol  [1]

(c)	� Calculate the mass of carbon dioxide made in this reaction.

........................................ g  [2]

(d)	� Calculate the volume, in dm3, of carbon dioxide made in this reaction at room temperature and 
pressure (r.t.p.).

.................................... dm3  [1]

[Total: 6]
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Question Answer Marks 

2 (a) 

number of moles of NaNO3 used: 3.40/85 = 0.04(00) (mol) 
OR 
4.(00) × 10–2 (mol); 

number of moles of O2 formed: 0.04/2 = 0.02(00) (mol) 
OR 
2.(00) × 10–2 (mol); 

volume of O2 formed: 0.02 × 24 = 0.48 (dm3); 

3 

2 (b) (i) (a substance which is) a proton / H+ / hydrogen ion acceptor; 1 

2 (b) (ii) 
Mg(s) + 2H2O(l) → Mg(OH)2(aq) + H2(g) 
Mg(OH)2; rest of equation; 

2 

2 (c) 
M1 add a named acid, e.g. HCl and a named alkali, e.g. NaOH; 
M2 Al2O3 will react with / neutralises both reagents; 
M3 and so it will dissolve into the reagent / form a solution; 

3 
1 
1 
1 

2 (d) (i) covalent; 1 

2 (d) (ii) 

any 2 from: 
high melting point / high boiling point; 
poor conductor (of electricity); 
hard; 
insoluble; 

2 

2 (e) (i) M1 (electrostatic) attraction; 
M2 between oppositely charged ions; 

2 
1 
1 

2 (e) (ii) Ca3(PO4)2; 1 

Continues on next page … 
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Question Answer Marks 

2 (f) (i) 

M1 exothermic mark: horizontal product energy line at lower energy than 
that of reactant energy line; 
M2 label of product mark: SF4; 
M3 correct direction of vertical heat of reaction arrow: arrow must start 
level with reactant energy and finish level with product energy and must 
have only one (correct) arrow-head; 

3 

1 

1 
1 

2 (f) (ii) 
M1 bond energy of 2F2: 2 × F–F = 2 × 160 = 320 (kJ/mol); 
M2 bond energy of all bonds in SF4: 780 + 320 = 1100 (kJ/mol); 
M3 calculated bond energy of SF4 divided by 4: 1100/4 = 275 (kJ/mol); 

3 
1 
1 
1 

2 (g) (i) kills bacteria; 1 

2 (g) (ii) 
name of compound: cobalt(II) chloride; 
from: blue; 
to: pink; 

3 
1 
1 
1 

2 (h) (i) it has a complete outer shell / a full outer shell / 8 electrons in the outer 
shell’ 

1 

2 (h) (ii) (in) lamps; 1 

Total: 27 

Continues on next page … 
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Question Answer Marks 

5 (a) carbon dioxide / a gas is made; 1 

5 (b) (i) red; 1 

5 (b) (ii) 0.001; 1 

5 (b) (iii) 0.0005 1 

5 (b) (iv) 
0.031 (2 marks) 
M1 (iii) / 0.0162; 

2 

5 (c) 

0.48 (dm3) 
M1 moles carbon dioxide = 0.02; 
M2 volume of carbon dioxide = 0.02 × 24; 
M3 = 0.48 (dm3); 

3 
1 
1 
1 

Total: 9 

7 (a) 
0.025 
M1 50/1000 (=0.05) 
M2 (0.05 x 0.5) = 0.025 

1 
1 

7 (b) 0.0125 1 

7 (c) 
0.55 
M1 44 
M2 0.55 

1 
1 

7 (d) 0.3 1 

Total: 6 
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