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Fill in the blanks

Unit 9
Occurrence and extraction of metals

1
aluminium, iron

2
oxide, oxide


Lead(II) sulphide + oxygen            lead(II) oxide + sulphur dioxide


  Lead(II) oxide  + carbon            lead + carbon dioxide

3
coke, air, carbon dioxide, iron


Iron(III) oxide + carbon monoxide            iron + carbon dioxide

4 
bauxite, aluminium oxide, electrolysis

Unit 10
Reactivity of metals

5
purple, white


Potassium + oxygen           potassium oxide
6
brick-red, white


Calcium + oxygen           calcium oxide
7
very bright light, white


Magnesium + oxygen           magnesium oxide
8
black


Iron + oxygen            iron(II, III) oxide
9
golden yellow


Sodium + water             sodium hydroxide + hydrogen

10
Magnesium + steam             magnesium oxide + hydrogen

11
salts, hydrogen


Magnesium + dilute sulphuric acid         magnesium sulphate + hydrogen    


Magnesium + dilute hydrochloric acid         magnesium chloride + hydrogen    

12
reactivity

13
electrolysis, carbon, heating

Unit 12
Corrosion of metals and their protection
14
corrosion

15
rusting, iron(III) oxide

16
oxygen, water

17
galvanized

18
electroplating

19
sacrificial

20
anodization

Section B
True or False
Unit 9
Occurrence and extraction of metals

1
F
Iron is the second most abundant metal in the Earth’s crust.

2
T

3
F
Galena consists mainly of lead(II) sulphide.

4
T

5
F
Iron is extracted by reduction with carbon.

6
F
Mercury is extracted by heating its ore in air.

7
F
The temperature of Bunsen flame is about 600℃. Carbon can remove oxygen from zinc oxide at 1 000℃or above.

8
T

9
T

10
T

11
F
Aluminium was discovered in 1826.

12
T

13
T

14
T

15
F
Aluminium was used later than iron.

Unit 10
Reactivity of metals

16
T

17
F
Silver has no observable change when heated in air.

18
F
Iron burns with sparks.

19
T

20
F
When lead is heated in air, a powder (orange when hot but yellow when cold) forms on the surface.

21
F
There is no need to keep magnesium in paraffin oil.

22
T

23 T

24
F
Sodium reacts with water to give sodium hydroxide and hydrogen.

25
F
Magnesium shows little reaction with cold water.

26
T

27
F
Iron(II) sulphate is formed.

28
T

29
F
A more reactive metal will displace a less reactive metal from a solution of the compound of the less reactive metal.

30
T 

Unit 11
Reacting masses
31
F
The mole is the amount of a substance that contains the same number of particles as there are atoms in 12.0 g of carbon-12. 12.0 g of carbon-12 contains 6.02 x 1023 atoms (The Avogadro constant). Particles such as atoms, ions or molecules can be counted using the Avogadro constant.

32 T

33
T

34
T

35
F
The unit of molar mass is g mol-1.

36
F
The empirical formula of a compound gives the simplest whole number ratio of atoms or ions present in the compound.

37
F
The formula of hydrated copper(II) sulphate is CuSO4(5H2O.

38
F
The empirical and molecular formulae of a compound are not necessarily the same. For example, the molecular formula of hydrogen peroxide is H2O2. However, its empirical formula is HO.

39
T

40
T

Unit 12
Corrosion of metals and their protection
41
F
The reaction is called corrosion. The corrosion of iron is called rusting.

42
F
The chemical name of rust is hydrated iron(III) oxide.

43
T
44
T

45
F
The rusting process speeds up if the iron is in contact with a less reactive metal.

46
F
Rusting occurs more quickly where the iron surface is scratched.

47
T

48
F
Galvanized iron is iron coated with zinc.

49
T

50
T

51
F
Sodium is too reactive for such purpose. Magnesium or zinc is usually used to provide sacrifical protection.

52
F
Iron coated with zinc is not used for making cans for drinks because zinc ions are poisonous.

T

54
F
The rust tends to fall off as it is formed. A fresh iron surface is then exposed and so the rusting goes on.

55
T 

Section C
 Multiple Choice

Unit 9
Occurrence and extraction of metals

1
C
The main metallic compound in galena is lead(II) sulphide.

2
A

3
A

4
B

5
B

6
D
Silver is extracted by displacement from solution or mechanical separation.

7
C
Magnesium cannot be extracted by carbon reduction.

8
A

9
C

10
C
Magnesium was discovered after the invention of electrolysis in 1800.

11
B

12
B

	13
	D
	One
	Main metallic compound in the one

	
	
	Argentite
	Silver sulphide

	
	
	Copper pyrite
	Copper iron sulphide

	
	
	Zinc blende
	Zinc sulphide


13
D

14
B

15
A
(3)
Zinc is extracted by reduction with carbon.

16
A
(3)
Magnesium is extracted by electrolysis of molten ore.

17
D

18
B
(2)
During the extraction, a mixture of iron ore, coke and limestone is added to the furnace.

19
D
20
B
(1)
Heating mercury(II) sulphide in air gives mercury and sulphur dioxide.




Mercury(II) sulphide + oxygen        mercury + sulphur dioxide



(3)
Heating lead(II) oxide with carbon gives lead and carbon dioxide. Carbon removes the oxygen from lead(II) oxide.


Lead(II) oxide + carbon  lead + carbon dioxide

D

Unit 10
Reactivity of metals

22
B

23
A

24
B
Calcium would not burn when added to water.

25
C

26
D
Copper, gold and lead do not react with steam.

27
C

28
D
Zinc reacts with steam to give zinc oxide and hydrogen.

29
A

30
B

	31
	D
	Experiment
	Salt produced

	
	
	Copper + dilute sulphuric acid
	No reaction

	
	
	Iron + dilute sulphuric acid
	Iron(II) sulphate

	
	
	Lead + dilute hydrochloric acid
	Lead(II) chloride

	
	
	Magnesium + dilute hydrochloric acid
	Magnesium chloride


	32
	C
	Reaction
	Products

	
	
	Sodium and water
	Sodium hydroxide and hydrogent

	
	
	Zinc and dilute hydrochloric acid
	Zinc chloride and hydrogen

	
	
	Lead water
	No reaction

	
	
	Iron and dilute sulphuric acid
	Iron(II) sulphate and hydrogen


33
A
Potassium + water         potassium hydroxide + hydrogen

34
D

35
D
Only Y has no observable change when heated in air. Therefore Y is the least reactive. X reacts with water while Z does not. Therefore X is more reactive than Z.

36
D
Only Y can react with water. Therefore Y is the most reactive. W shows no reaction with both water and dilute hydrochloric acid. Therefore W is the least reactive. X reacts readily with dilute hydrochloric acid while Z reacts very slowly. Therefore X is more reactive than Z.

37
A
Option A 
- 
Silver does not react with water and dilute hydrochloric acid. This fits with the descriptions of W.


Option B
-
Calcium reacts with both water and dilute hydrochloric acid.


Option C
-
Iron can react with dilute hydrochloric acid.


Option D
-
Lead reacts with dilute hydrochloric acid very slowly.
38
D
Option A
-
Calcium reacts with both water and dilute hydrochloric acid.


Option B
-
Copper does not react with both water and dilute hydrochloric acid.


Option C
-
Sodium reacts vigorously with water and explosively with dilute hydrochloric acid.


Option D
-
Zinc does not react with water but reacts with dilute hydrochloric acid readily. This fits with the descriptions of X.
39
C
Option A
-
Aluminium does not react with water but reacts with dilute hydrochloric acid.


Option B
-
Magnesium does not react with water but reacts with dilute hydrochloric acid.


Option C
-
Potassium reacts vigorously with water and explosively with dilute hydrochloric acid. This fits with the descriptions of Y.


Option D
-
Platinum does not react with both water and dilute hydrochloric acid.
D

41
A

42
C
The equation represents the reaction between magnesium and steam.

43
B

44
D
The balanced chemical equation is



2K(s) + 2H2O(I)          2KOH(aq) + H2(g)
45
B
Copper is more reactive than silver. Copper displaces silver from silver nitrate solution.
46
D
Zinc displaces copper from copper(II) sulphate solution.

47
D
48
A
Magnesium displaces copper from copper(II) sulphate solution.
49
B
Option A
-
Calcium reacts with water to give hydrogen.


Option B
-
Lead does not react with steam.


Option C
-
Zinc reacts with dilute hydrochloric acid to give hydrogen.


Option D
-
Sodium reacts with the water in iron(II) sulphate solution to give hydrogen.

50
C
R displaces all other metals from solutions of their nitrates. Therefore R is the most reactive. Q displaces P from a solution of the nitrate of P. Therefore Q is more reactive than P.
	51
	C
	Metal
	Observations
	Can the method test the difference in reactivity?

	
	
	Pt and Ca
	Calcium reacts with dilute hydrochloric acid while platinum does not.
	(

	
	
	Cu and Mg
	Magnesium reacts with steam while copper does not.
	(

	
	
	AI and Zn
	Both aluminium and zinc do not react with water.
	X

	
	
	Ag and Fe
	Iron displaces copper from copper(II) sulphate solution while silver does not.
	(


52
A

53
B

54
D
Zinc displaces silver from a solution of silver compound.

55
B
Magnesium is extracted by electrolysis of molten ore.


X is more reactive than magnesium. Therefore X is probably extracted by the same method.
56
A
Only Y is found as a free element in the Earth's crust. Therefore Y is the least reactive. Carbon can remove oxygen from the oxide of X but not from that of Z. Therefore Z is more reactive than X.
57
D
Metals at the top of the reactivity series are extracted by electrolysis. Metals in the middle are extracted by reduction of their oxides with carbon. Metals at the bottom are extracted by physical methods. Therefore Z is the most reactive.
58
A
X reacts with water while Y and Z do not. Therefore X is the most reactive. Oxide of Z can be reduced by carbon while oxide of Y cannot. Therefore Y is more reactive than Z.
59
B
Option B - Calcium reacts with water slowly. This fits with the description of X.


Options A and C Aluminium and iron do not react with water.


Option D - Sodium reacts vigorously with water.
60
C
Carbon cannot remove oxygen from magnesium oxide. Carbon can remove oxygen from the oxides of copper, lead and zinc.
61
A
Y reacts with water to give hydrogen while X and Z do not. Therefore Y is the most reactive. Heating the oxide of X gives the metal while there is no observable change when the oxide of Z is heated. Therefore Z is more reactive than X.
62
D
63
D

	64
	A
	Oxide
	Colour

	
	
	Aluminium oxide
	White

	
	
	Iron(II, III) oxide
	Black

	
	
	Mercury(II) oxide
	Red


65
A
(2)
Iron forms a black powder when burnt in air. However, it reacts with dilute sulphuric acid.
(3) Lead forms a yellow powder (orange when hot) when burnt in air.
66
D
67
B
(1)
Silver does not react with water.
(2) Calcium reacts steadily with water.
(3) Sodium reacts vigorously with water. The set-up shown in the diagram is not suitable for the reaction between sodium and water. Furthermore, sodium is less dense than water and floats on water.
	68
	C
	Experiment
	Product(s)

	
	
	Adding calcium and water
	Calcium hydroxide and hydrogen

	
	
	Heating magnesium in air
	Magnesium oxide

	
	
	Passing steam over aluminium
	Aluminium oxide and hydrogen


68
C
69
B
The gas given off is hydrogen.

70
D

71
B
(1)
Lead does not react with water.
(3)
Copper does not react with dilute hydrochloric acid.
72
B


73
C
(2)
Magnesium displaces iron from iron(II) nitrate solution.



(3)
Iron displaces lead from lead(II) nitrate solution.

74
A
(1)
Consider the result in Tube 2. X cannot displace magnesium from magnesium nitrate solution. Therefore magnesium is more reactive than X.


(2)
Consider the result in Tube 3. X displaces Y from a solution of nitrate of Y. Therefore X is more reactive than Y.


(3)
The results indicate that X is more reactive than zinc and Y. However, it is impossible to deduce the relative reactivity of Y and zinc from the experimental results.
75
B
(1)
X should appear dull due to its reaction with oxygen in the air.


(2)
Iron reacts readily with dilute hydrochloric acid. As X is more reactive than iron, it should also react with dilute hydrochloric acid.


(3)
At the temperature of Bunsen flame, carbon cannot remove oxygen from an oxide of iron. Therefore carbon probably cannot remove oxygen from the oxide of X at this temperature also.
76
D
(1)

Zinc + oxygen        zinc oxide
(2) Zinc + steam        zinc oxide + hydrogen
(3)
Zinc + dilute hydrochloric acid         zinc oxide + hydrogen
77
A
(1)
X displaces iron from iron(II) nitrate solution. Therefore X is more reactive than iron. As iron reacts with steam, X should also react with steam.
(2) X is more reactive than iron. Therefore X is more reactive than copper.
(3) Only very unreactive metals can be obtained from its ore by heating alone. Therefore both iron and X cannot be extracted by this method.

78
A

79
C
Unreactive metals do not react with dilute sulphuric acid.

80
A

81
B
The second statement is not a correct explanation of the first statement.




Not all metals above copper in the reactivity series can be extracted from their oxides by carbon reduction. Whether carbon can remove the oxygen from a metal oxide depends on how strongly the metal combines with the oxygen.
82
D
Copper is less reactive than iron and thus cannot displace iron from iron(II) nitrate solution.
Unit 11
Reacting masses
83
C
Number of magnesium atoms 
= Number of moles of magnesium atoms x L









= 4.50 mol x 6.02 x 1023 mol-1








= 2.71 x 1024
84
B
Number of moles of sodium ions
=
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ions

sodium

of

Number












=
[image: image2.wmf]1

-

23

23

mol

 

10

 x 

6.02

10

 x 

9.03












= 1.50 mol
85
D
Number of carbon dioxide molecules present = Number of moles of carbon dioxide molecules x L




= 6.00 mol x 6.02 x 1023 mol-1



= 3.61 x 1024


Each carbon dioxide molecule contains one carbon atom and two oxygen atoms.


Number of atoms present
= 3 x Number of carbon dioxide molecules








= 3 x 3.61 x 1024









= 1.08 x 1025
86
C
Every mole of iron(II) chloride contains 1 mole of iron(II) ions and 2 moles of chloride ions, i.e. a total of 3 moles of ions.

(
Number of moles of ions present
= 3 x 2 mol










= 6 mol

87
B
Number of formula units of Na2S present
= Number of moles of Na2S x L











= 0.350 mol x 6.02 x 1023 mol-1










= 2.11 x 1023
One formula unit of sodium sulphide contains two sodium ions and one sulphide ion.

Number of ions present
= 3 x Number of formula units of Na2S








= 3 x 2.11 x 1023







= 6.33 x 1023
88 B
	89
	A
	Substance
	No. of moles of substance present
	No. of moles of ions in one mole of substance
	No. of moles of ions present

	
	
	Aluminium sulphate
AI2(SO4)3
	2
	5
	10

	
	
	Magnesium chloride
AI2(SO4)3
	2
	3
	6

	
	
	Zinc oxide
ZnO
	3
	2
	6

	
	
	Potassium nitrate
KNO3
	4
	2
	8


90
A
Molar mass of NO2
= (14.0 + 2 x 16.0) g moI-1







= 46.0 g moI-1


Mass of 0.400 mole of NO2 molecules



= Number of moles of NO2 molecules x Molar mass of NO2


= 0.400 mol x 46.0 g mol-1


= 18.4 g

	91
	B
	Substance
	Molar mas of substance
	Number of moles of substance present
	Mass of substance present

	
	
	CO2
	(12.0 + 2 x 16.0) g moI-1

= 44.0 g mol-1
	0.50 mol
	0.50 mol x 44.0 g mol-1
= 22.0 g

	
	
	Na2CO3
	(2 x 23.0 + 3 x 16.0) g moI-1

= 106.0 g mol-1
	1.00 mol
	1.00 mol x 106.0 g mol-1
= 106 g

	
	
	CH3COOH
	(2 x 12.0 + 4 x 1.0 + 2 x 16.0) g moI-1

= 60.0 g mol-1
	1.50 mol
	1.50 mol x 60.0 g mol-1
= 90.0 g

	
	
	NH3
	(12.0 + 3 x 1.0) g moI-1

= 17.0 g mol-1
	2.00 mol
	2.00 mol x 17.0 g mol-1
= 34.0 g


91
B


92
A
Number of moles of sulphur atoms
= 
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= 0.15 mol

93
A
Molar mass of CaSO4(H2O 



= [40.0 + 32.0 + 4 x 16.0 + 2 x (2 x 1.0 + 16.0)] g mol-1


= 172.0 g mol-1


Number of moles of formula units in 60.2 g of CaSO4(H2O 



=
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= 0.350 mol

94
D
Molar mass of Fe2(SO4)3


= [2 x 56.0 + 3 x (32.0 + 4 x 16.0)] g mol-1


= 400.0 g mol-1


Number of moles of Fe2(SO4)3 
= 
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= 0.125 mol

Every mole of iron(III) sulphate contains 2 moles of iron(III) ions and 3 moles of sulphate ions, i.e. a total of 5 moles of ions.


(Number of moles of ions present
= 5 x 0.125 mol










= 0.625 mol
95
C
Molar mass of NH3
= (14.0 + 3 x 1.0) g mol-1








= 17.0 g mol-1


Number of moles of NH3
= 
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= 3.00 mol


Number of NH3 molecules present
= Number of moles of NH3 x L











= 3.00 mol x 6.02 x 1023 mol-1










= 3 x 6.02 x 1023
96
D
Molar mass of Na2S 
= (2 x 23.0 + 32.0) g mol-1







= 78.0 g mol-1


Number of moles of Na2S 
= 
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= 2.00 mol


Every mole of sodium sulphide contains 2 moles of sodium ions and 1 mole of sulphide ions, i.e. a total of 3 moles of ions.


Number of moles of ions present
= 3 x 2.00 mol









= 6.00 mol


Number of ions present
= 6.00 mol x 6.02 x 1023 mol-1










= 6 x 6.02 x 1023

97
D
Number of moles of sulphur
= 
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= 0.25 mol



Number of sulphur atoms
= Number of moles of sulphur atoms x L









= 0.25 L








= X



Number of moles of carbon
= 
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= 2.00 mol




Number of carbon atoms
= Number of moles of carbon atoms x L









= 2.00 L









= Y
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98
C
1 mole of oxygen contains 2 moles of atoms while 1 mole of ozone contains 3 moles of atoms.


(X atoms = 2 moles of atoms



[image: image19.wmf]2

X
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1 mole of ozone contains 3 moles of atoms, i.e. 3 x
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X
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99
A
Molar mass of HCl= (1.0 + 35.5) g mol-1





= 36.5 g mol-1



Number of moles of HCl=
[image: image21.wmf]HCI
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= 0.600 mol


0.600 mole of CO2 has the same number of molecules as 21.9 g of HCl.


Molar mass of CO2
= (12.0 + 2 x 16.0) g mol-1








= 44.0 g mol-1



Mass of 0.600 mole of CO2
= Number of moles of CO2 x Molar mass of CO2







= 0.600 mol x 44.0 g mol-1







= 26.4 g

	100
	C
	Substance
	Relative atomic mass of substance
	Mass of substance present
	Number of moles of substance present

	
	
	Magnesium
	24.0
	12.0 g
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	Helium
	4.0
	4.0 g
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	Carbon
	12.0
	18.0 g
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	Argon
	40.0
	20.0 g
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	Phosphorus
	31.0
	31.0 g
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	101
	C
	Substance
	Molar mass
	Mass of substance present
	Number of moles of substance present

	
	
	Ammonia
NH3
	(14.0 + 3 x 1.0) g mol-1
= 17.0 g mol-1
	3.0 g
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	Carbon dioxide
CO2
	(12.0 + 2 x 16.0) g mol-1
= 44.0 g mol-1
	5.0 g
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	Nitrogen
N2
	2 x 14.0 g mol-1
= 28.0 g mol-1
	7.0 g
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	Sulphur dioxide
SO2
	(32.0 + 2 x 16.0) g mol-1
= 64.0 g mol-1
	9.0 g
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7.0 g of nitrogen contain the greatest number of moles of substance, and thus the greatest number of molecules.

	102
	B
	Substance
	Molar mass of substance
	Mass of substance present
	Number of moles of substance present
	No. of moles of ions in one mole of substance
	No of moles of ions present

	
	
	Calcium chloride CaCI2
	(40.0 + 2 x 35.5) g mol-1
= 111.0 g mol-1
	12 g
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= 0.33 mol

	
	
	Magnesium oxide MgO
	(24.0 + 16.0) g mol-1
= 40.0 g mol-1
	14 g
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= 0.70 mol

	
	
	Iron(III) chloride FeCI3
	(56.0 + 3 x 35.5) g mol-1
= 162.5 g mol-1
	16 g
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	4
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= 0.40 mol

	
	
	Sodium bromide NaBr
	(23.0 + 80.0) g mol-1
= 103.0 g mol-1
	18 g
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14 g of magnesium oxide contain the greatest number of moles of ions, and thus the greatest number of ions.

103
A
Number of moles of X2 
=
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= 28.0 g mol-1

(Relative atomic mass of X is 14.0.

104
A
Molar mass of oxygen gas (O2) = (2 x 16.0) g mol-1 = 32.0 g mol-1


Number of moles of molecules in 32.0 g of oxygen gas = 1.00 mol



Molar mass of nitrogen gas (N2) = (2 x 14.0) g mol-1 = 28.0 g mol-1


Number of moles of molecules in 28.0 g of nitrogen gas = 1.00 mol


(
32.0 g of oxygen gas contain the same number of molecules as 28.0 g of nitrogen.

105
D
Option A
-
Every mole of ammonia contains 1 mole of nitrogen atoms and 3 moles of hydrogen atoms. Therefore 2 moles of ammonia contain 2 moles of nitrogen atoms.


Option B -
2 moles of ammonia contain 6 moles of hydrogen atoms, i.e. 6 x 6.02 x 1023 hydrogen atoms.


Option C -
2 moles of ammonia contain 2 moles of nitrogen atoms and 6 moles of hydrogen atoms, i.e. a total of 8 moles of atoms. Every mole of hydrogen chloride contains 1 mole of hydrogen atoms and 1 mole of chlorine atoms. Therefore 4 moles of hydrogen chloride contain 4 moles of hydrogen atoms and  4 moles of chlorine atoms, i.e. a total of 8 moles of atoms.


Option D -
Number of moles of molecules in 44.0 g of carbon dioxide =
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Every mole of carbon dioxide contains 1 mole of carbon atoms and 2 moles of oxygen atoms, i.e. a total of 3 moles of atoms. On the other hand, 2 moles of ammonia contain 8 moles of atoms.
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Formula mass of K2CO3 = 2 x 39.0 + 12.0 + 3 x 16.0 = 138.0



Percentage by mass of K in K2CO3


=
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A
Formula mass of CuSO4(5H2O = 63.5 + 32.0 + 4 x 16.0 + 5 x (2 x 1.0 + 16.0) = 249.5



Percentage by mass of water in CuSO4(5H2O 


=
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B
Let m be the relative atomic mass of X.


Formula mass of X2CO3 = 2 x m + 12.0 + 3 x 16.0 = 2m + 60.0


Percentage by mass of X in X2CO3

=
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m
= 23.0


(Relative atomic mass of X is 23.0
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C
Formula mass of Na2CO3(nH2O=2 x 23.0 + 12.0 + 3 x 16.0 + n (2 x 1.0 +16.0)=106.0 + 18n

Percentage by mass of water in Na2CO3(nH2O
= 
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D
Mass of oxygen in the oxide = (54.4 - 38.1) g = 16.3 g

	
	
	
	X
	Oxygen

	
	
	Mass of element in the compound
	38.1 g
	16.3 g

	
	
	Relative atomic mass
	56.0
	16.0

	
	
	Number of moles of atoms that combine
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	Simplest ratio of atoms
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	Simplest whole number ratio of atoms
	1 x 2 = 2
	1.5 x 2 =3
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C
Let m be the relative atomic mass of X.



Relative molecular mass of X2S = 2 x m + 32.0



Percentage by mass of X in X2S 


=
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= 39.0


(Relative atomic mass of X is 39.0
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B
2Al(s) + Fe2O3(s) 


 Al2O3(s) + 2Fe(s)

? g

128 g


Molar mass of Fe2O3
= (2 x 56.0 + 3 x 16.0) g mol-1








= 160.0 g mol-1


Number of moles of Fe2O3
=
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= 0.800 mol


According to the equation, 1 mole of Fe2O3 requires 2 moles of Al for complete reaction.


(Number of moles of Al required
= 2 x 0.800 mol










= 1.60 mol


Molar mass of Al = 27.0 g mol-1


Mass of Al required
= Number of moles of Al x Molar mass of Al





= 1.60 mol x 27.0 g mol-1




= 43.2 g
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C
CaCO3(s)           CaO(s) + CO2(g)


7.50 g


? g


Molar mass of CaCO3
= (40.0 + 12.0 + 3 x 16.0) g mol-1




= 100.0 g mol-1



Number of moles of CaCO3
=
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= 0.0750 mol
According to the equation, 1 mole of CaCO3 produces 1 mole of CaO.


(Number of moles of CaO = 0.0750 mol


Molar mass of CaO = (40.0 + 16.0) g mol-1 = 56.0 g mol-1

Mass of CaO obtained
= Number of moles of CaO x Molar mass of CaO







= 0.0750 mol x 56.0 g mol-1









= 4.20 g
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B
NH3(g)   +   HNO3(aq)         NH4NO3(aq)


? tonnes

? tonnes

  16.0 tonnes


Molar mass of NH4NO3
= (2 x 14.0 + 4 x 1.0 + 3 x 16.0) g mol-1






= 80.0 g mol-1



Number of moles of NH4NO3= 
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= 2.00 x 105 mol


According to the equation, 1 mole of NH3 and 1 mole of HNO3 are required to produce 1 mole of NH4NO3.


(Number of moles of NH3 required for production = 2.00 x 105 mol


Molar mass of NH3 = (14.0 + 3 x 1.0) g mol-1 = 17.0 g mol-1

Mass of NH3 required for production
= Number of moles of NH3 x Molar mass of NH3 










= 2.00 x 105 mol x 17.0 g mol-1









= 3.40 x 106 g










= 3.40 tonnes
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A
Molar mass of HNO3
= (1.0 + 14.0 + 3 x 16.0) g mol-1





= 63.0 g mol-1




Mass of HNO3 required for production
= Number of moles of HNO3 x Molar mass of HNO3











= 2.00 x 105 mol x 63.0 g mol-1












= 12.6 x 106 g











= 12.6 tonnes
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C
Fe2O3(s) + 3CO(g)         2Fe(s) + 3CO2(g)



? g





112 g




Molar mass of Fe = 56.0 g mol-1



Number of moles of Fe
=
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= 2.00 mol


According to the equation, 1 mole of Fe2O3 produces 2 moles of Fe.


(Number of moles of Fe2O3 consumed
= 
[image: image65.wmf]2
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Molar mass of Fe2O3
= (2 x 56.0 + 3 x 16.0) g mol-1




= 160.0 g mol-1



Mass of Fe2O3 consumed
= Number of moles of Fe2O3 x Molar mass of Fe2O3






= 1.00 mol x 160.0 g mol-1






= 160 g
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B
4FeS2(s) + 11O2(g)        2Fe2O3(s) + 8SO2(g)


60.0 tonnes



? tonnes


Molar mass of FeS2 
= (56.0 + 2 x 32.0) g mol-1








= 120.0 g mol-1



Number of moles of FeS2
=
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= 5.00 x 105 mol


According to the equation, 4 mole of FeS2 produces 2 moles of Fe2O3.


(Number of moles of Fe2O3 consumed
= 
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= 2.50 x 105 mol



Molar mass of Fe2O3
= (2 x 56.0 + 3 x 16.0) g mol-1




= 160.0 g mol-1



Mass of Fe2O3 produced 
= Number of moles of Fe2O3 x Molar mass of Fe2O3





= 2.50 x 105 mol x 160.0 g mol-1





= 4.00 x 107 g






= 40.0 tonnes
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D
Pb3O4(s) + 4H2(g)         3Pb(s) + 4H2O(l)


164 g




? g

Molar mass of Pb3O4 = (3 x 207.0 + 4 x 16.0) g mol-1 = 685.0 g mol-1

Number of moles of Pb3O4
=
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= 0.239 mol


According to the equation, 1 mole of Pb3O4 gives 3moles of Pb in the reaction.



(Number of moles of Pb obtained
= 3 x 0.239 mol










= 0.717 mol


Mass of Pb obtained
= Number of moles of Pb x Molar mass of Pb







= 0.717 mol x 207.0 g mol-1






= 148 g
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A
2XHCO3(s)          X2CO3(s) + H2O(l) + CO2(g)


1.50 g






0.330 g


Molar mass of CO2
= (12.0 + 2 x 16.0) g mol-1







= 44.0 g mol-1



Number of moles of CO2 produced
=
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= 0.00750 mol



According to the equation, 2 moles of XHCO3 give 1 mole of CO2 on heating.



(Number of moles of XHCO3 heated
= 2 x 0.00750 mol










= 0.0150 mol



Mass of XHCO3 heated = Number of moles of XHCO3 x Molar mass of XHCO3


Molar mass of XHCO3
= 
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= 100 g mol-1
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Number of moles of S present
= 
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= 1.50 mol



Number of moles of O2 present
=
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= 2.00 mol


According to the equation, 1 mole of S reacts with 1 mole of O2 to produce 1 mole of SO2. During the reaction, 1.50 mole of S react with 1.50 mole of O2. Therefore O2 is in excess. The amount of S limits the amount of SO2 produced.


Number of moles of SO2 produced = 1.50 mol


Molar mass of SO2
= (32.0 + 2 x 16.0) g mol-1





= 64.0 g mol-1


Mass of SO2 produced
= Number of moles of SO2 x Molar mass of SO2








= 1.50 mol x 64.0 g mol-1





= 96.0 g
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B
(2) 
One mole of any substance contains 6.02 x 1023 particles.
122
B
(1)
The chemical formula of iron(III) sulphate is Fe2(SO4)3. One mole of iron(III) sulphate contains 2 moles of iron(III) ions and 3 moles of sulphate ions.


(3)
The chemical formula of iron(III) chloride is FeCl3. One mole of iron(III) chloride contains 1 mole of iron(III) ions and 3 moles of chloride ions, i.e. a total of 4 moles of ions. However 1 mole of iron(III) sulphate contains 5 moles of ions.
123
B
(2)
One mole of any substance contains 6.02 x 1023 particles.
124
A
(2)
One mole of sulphur atoms and one mole of oxygen atoms contain the same number of atoms.
	125
	D
	Substance
	Molar mass of substance
	Mass of substance present
	No. of moles of substance present
	No. of moles of atoms in one mole of substance
	No of moles of atoms present

	
	
	Ammonia
NH3
	(14.0 + 3 x 1.0 g mol-1
=17.0 g mol-1
	5.10 g
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	4 x 0.300 mol
= 1.20 mol

	
	
	Carbon dioxide CO2
	(12.0 + 2 x 16.0 g mol-1
=44.0 g mol-1
	17.6 g
	
[image: image79.wmf]mol

0.400

mol

 

g

 

44.0

g

 

17.6

1

-

=


	3
	3 x 0.400 mol
= 1.20 mol

	
	
	Nitrogen monoxide NO
	(14.0 + 16.0) g mol-1
=30.0 g mol-1
	18.0 g
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	2
	2 x 0.600 mol
= 1.20 mol

	
	
	Chlorine CI2
	(2 + 35.5) g mol-1
=71.0 g mol-1
	42.6 g
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= 1.20 mol
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	A
	
	Cu
	O

	
	
	Mass of element in the compound
	25.4 g
	3.20 g

	
	
	Relative atomic mass
	63.5
	16.0

	
	
	Number of moles of atoms that combine
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	Simplest ratio of atoms
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Therefore the empirical formula of the compound is Cu2O.

127
B 
For 100 g of the alcohol, there are 60.0 g of carbon, 13.3 g of hydrogen and 26.7 g of oxygen.

	
	
	
	Carbon
	Hydrogen
	Oxygen

	
	
	Mass of element in the compound
	60.0 g
	13.3 g
	26.7 g

	
	
	Relative atomic mass
	12.0
	1.0
	16.0

	
	
	Number of moles of atoms that combine
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	Simplest ratio of atoms
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Therefore the empirical formula of the alcohol is C3H8O.
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C
Mass of MgSO4 in the hydrated crystals = (4.75 - 2.25) g = 2.50 g
	
	MgSO4
	H2O

	Mass of element in the compound
	60.0 g
	2.25 g

	Formula mass/relative molecular mass
	120.0
	18.0

	Number of moles of constituents
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Therefore the value of n is 6.

129
C
Mass of water in the hydrated crystals = (5.75 – 3.23) g = 2.52 g
	
	ZnSO4
	H2O

	Mass of constituents in the compound
	3.23 g
	2.52 g

	Formula mass/relative molecular mass
	161.4
	18.0

	Number of moles of constituents
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Therefore the value of n is 7.
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B
For 100 g of compound X, there are 82.8 g of carbon and 17.2 g of hydrogen.
	
	Carbon
	Hydrogen

	Mass of element in the compound
	82.8 g
	17.2 g

	Relative atomic mass
	12.0
	1.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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	Simplest whole number ratio of atoms
	1 x 2 = 2
	2.5 x 2 = 5





Therefore the empirical formula of compound X is C2H5.


Let (C2H5)n be the molecular formula of compound X.


Relative molecular mass of X 
= n (2 x 12.0 + 5 x 1.0)









= 29n







(29n
= 58.0








n
= 2


Therefore the molecular formula of compound X is C4H10.

Unit 12
Corrosion of metals and their protection

131
A

132
B
The iron nail is in contact with water only. Therefore it will not rust.
133
C

134
D
Option A  -
The iron nail will not rust as it is in contact with water only.


Option B  -
The iron nail will not rust as it is in contact with dry air only.


Option C  -
The iron nail will rust.


Option D  -
The iron nail will rust most as the ionic substances in the sea water speed up the rusting process.
135
C
The dilute hydrochloric acid speeds up the rusting process.
136
C
Option A
- 
The iron nail will rust.


Option B
-
The iron nail will not rust as the grease prevents oxygen and water from reaching the iron nail.


Option C  -

The iron nail will rust most rapidly as bending the iron nail speeds up the rusting process.


Option D
-
The iron nail will not rust as the nickel coating prevents oxygen and water from reaching the iron nail.
137
C
Zinc provides sacrificial protection to the iron nail. Tin is less reactive than iron. Its presence speeds up the rusting process of the iron nail.
138
C
Tin is less reactive than iron.
139
D


140
C
Medical instruments should be able to withstand wearing. Therefore they should be made by stainless steel for rust protection.
141 A
142
C
Copper is less reactive than iron. It cannot provide sacrificial protection.

143
C
(1)
Some unreactive metals (e.g. gold) do not corrode at all.



(2)
Copper is unreactive and corrodes slowly.



(3)
The reddish-brown coating is rust, Fe2O3(H2O.

144
A
(1)

The iron nail is in contact with both water and oxygen (dissolved in the sea water). Therefore it will rust.


(2)
Calcium sulphate is not a drying agent. The iron nail is in contact with both oxygen and moisture. Therefore it will rust.


(3)
The iron nail is in contact with water only. Therefore it will not rust.
145
D
146
C
(1)
Tin is less reactive than iron. It cannot provide sacrificial protection.
147
C
(1)
Anodization is a method used to increase the thickness of the oxide layer on the surface of an aluminium object.
148
D
149
D
150
B
During the anodization process, oxygen produced at the positive electrode reacts with the aluminium object to increase the thickness of the oxide layer on the object.

151
A
152 A

153
D
Copper cannot provide sacrificial protection.

154
B
Stainless steel is seldom used to make large structures because it is expensive.

Topic 3  Miscellaneous

155
A

156
B
The main metallic compound in copper pyrite is copper iron sulphide.

157
A

158
B

159
A

160
C

161
D
Option A  -
Calcium burns with a brick-red flame.



Option B
-
Magnesium burns with a very bright light.



Option C
-
Potassium burns with a purple flame.

162
B
Option A
-
Aluminium forms a white powder when heated.


Option B
-
Lead forms a powder (orange when hot but yellow when cold) when heated. 


Option C
-
Iron forms a black solid when heated.


Option D
-
Zinc forms a powder (yellow when hot but white when cold) when heated.
163
A 
Option A
-
Copper forms a black powder on surface when heated.


Option B
-
Calcium forms a white powder when heated.


Option C
-
Mercury forms a red powder on surface when heated.


Option D
-
Platinum shows no observable change when heated.
164
C
Option C
-
Silver shows no observable change when heated in air.


Option D
-
Zinc forms a white powder (yellow when hot) when heated in air.
165
C
Lead does not react with steam.
166
D
167
B
Option A and C - Copper and silver do not react with water and dilute hydrochloric acid.


Option B -
Iron reacts with dilute hydrochloric acid but not water.


Option D -
Sodium reacts with both water and dilute hydrochloric acid.
168
D
Option A & C - The water tank could not be made of calcium and potassium because both of them react with water.



Option B - The water tank could not be made of copper because copper does not react with dilute sulphuric acid.
169
C
Magnesium reacts with steam to give magnesium oxide and hydrogen.
170
A
Only Z reacts with water. Therefore Z is the most reactive. Metals near to the bottom of the reactivity series can be extracted from their ores by heating in air. Only X can be extracted by heating its oxide in air. Therefore X is the least reactive.
171
C
X and Y react with cold water but only Y is stored in paraffin oil. Therefore Y is the most reactive. Z does not react with water. Therefore Z is the least reactive.
172
B
Option A - Aluminium does not react with water.



Option B -
Calcium reacts with water. This fits with the description of X.



Option C -
Copper does not react with water.



Option D -
Zinc does not react with water.

173
D
Potassium is stored in paraffin oil in the laboratory.

174
A
X and Z react steadily with steam while Y shows no reaction. Therefore Y is the least reactive. Z is extracted by electrolysis of molten ore while X is extracted by carbon reduction. Therefore Z is more reactive than X.
175
B
Potassium reacts explosively with dilute sulphuric acid.
176
C
Iron, magnesium and zinc are more reactive than copper. Copper cannot displace them from solutions of their compounds.
177
B
The reaction in the test tube can be represented by the following chemical equation:



Cu(s) + 2AgNO3(aq)          Cu(NO3)2(aq) + 2Ag(s)
Silver nitrate solution is colourless while copper(II) nitrate solution is blue. Therefore the solution in the test tube changes from colourless to greenish blue.

178
D
Magnesium displaces copper from copper(II) nitrate solution.

179
A
Silver is less reactive than magnesium and copper. It cannot displace magnesium or copper from solutions of their compounds.

180
B
Zinc displaces copper from copper(II) sulphate solution.
181
B
Magnesium displaces zinc from zinc nitrate solution. Magnesium cannot displace calcium from calcium nitrate solution.

182
A
Lead displaces copper from copper(II) sulphate solution.

183
D
The experimental results indicate that X is more reactive than zinc and Z. However, it is impossible to deduce the relative reactivity of zinc and Z from the experimental results.

184
D
The more reactive a metal, the more difficult to extract and the more recent the year of discovery.

185
C
Metals at the top of the reactivity series are extracted by electrolysis. Metals in the middle are extracted by reduction of their oxides with carbon. Metals at the bottom are extracted from their ores by heating. Therefore Y is the least reactive.

186
C
Zinc is extracted by carbon reduction. X is less reactive than zinc. Therefore X is probably extracted by the same method.

187
A
Iron cannot be obtained by heating its oxide in air. Therefore it is unlikely that nickel can be obtained by heating nickel(II) oxide only.

188
D
Each mole of sodium carbonate contains 2 moles of sodium ions and 1 mole of carbonate ions, i.e. a total of 3 moles of ions.
( Number of moles of ions present
= 3 x 0.4 mol




= 1.2 mol

	189
	A
	Substance
	Number of moles of substance present
	Number of moles of ions in one mole of substance
	Number of moles of ions present

	
	
	Calcium oxide
CaO
	2 mol
	2
	2 x 2 mol = 4 mol

	
	
	Magnesium chloride
MgCI2
	1.5 mol
	3
	3 x 1.5 mol = 4.5 mol

	
	
	Zinc nitrate
Zn(NO3)2
	1.5 mol
	3
	3 x 1.5 mol = 4.5 mol

	
	
	Sodium bromide
NaBr
	2.5 mol
	2
	2 x 2.5 mol = 5 mol


2 moles of calcium oxide contain the smallest number of moles of ions, and thus the smallest number of ions.
190
A
Molar mass of C9H8O4 
= (9 x 12.0 + 8 x 1.0 + 4 x 16.0) g mol-1







= 180.0 g mol-1


Mass of 0.150 mol of C9H8O4 



= Number of moles of C9H8O4 x Molar mass of C9H8O4 



= 0.150 mol x 180.0 g mol-1


= 27.0 g

191
B
Number of moles of carbon atoms in 6.0 g carbon


=
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Number of moles of neon atoms in 5.0 g neon
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192
C
Molar mass of X2
= (2 x 19.0) g mol-1



= 38.0 g mol-1



Number of moles of molecules in 76.0 g of X



=
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=2.00 mol

Number of molecules of X present
= Number of moles of molecules of X x L







= 2.00 mol x L mol-1






= 2L

	193
	D
	Substance
	Molar mass of substance
	Mass of substance present
	No. of moles of substance present
	No. of moles of atoms in one mole of substance
	No of moles of atoms present

	
	
	Sulphur dioxide SO2
	(32.0+2x16.0) g mol-1
= 64.0 g mol-1
	6.40 g
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	3
	3 x 0.100 mol
=0.300 mol

	
	
	Ammonia
NH3
	(14.0+3x1.0) g mol-1
= 64.0 g mol-1
	1.70 g
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	4
	4 x 0.100 mol
= 0.400 mol

	
	
	Carbon dioxide
CO2
	(12.0+2x16.0) g mol-1
=44.0 g mol-1
	2.20 g
	
[image: image119.wmf]mol

 

0.0500

mol

 

g

 

44.0

g

 

2.20

1

-

=


	3
	3 x 0.0500 mol
= 0.150 mol

	
	
	Hydrogen chloride HCI
	(1.0+35.5) g mol-1
=36.5 g mol-1
	3.65 G
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	2
	2 x 0.100 mol
=0.200 mol

	
	
	Nitrogen dioxide NO2
	(14.0+2x16.0) g mol-1
=46.0 g mol-1
	4.60 g
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4.60 g of nitrogen dioxide contain the same number of moles of atoms as 6.40 g of sulphur dioxide, i.e. they contain the same number of atoms.

	194
	A
	Substance
	Number of moles of substance present
	Number of moles of atoms in one mole of substance
	Number of moles of atoms present

	
	
	Ammonia
NH3
	2 mol
	4
	4 x 2 mol = 8 mol

	
	
	Oxygen 
O2
	3 mol
	2
	 2 x 3 mol = 6 mol

	
	
	Nitrogen
N2
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	2
	2 x 2 mol = 4 mol

	
	
	Hydrogen chloride
HCI
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2 moles of ammonia contain the largest number of moles of atoms, and thus the largest number of atoms.

195
A
Formula mass of MgCl2(6H2O= 24.0 + 2 x 35.5 + 6 x (2 x 1.0 + 16.0)








 = 203.0


Percentage by mass of water in MgCl2(6H2O
=
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196
C
S(s)   +   2H2SO4(l)        3SO2(g)   +   2H2O(l)



6.40 g





? g


Number of moles of S
=
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= 0.200 mol


According to the equation, 1 mole of S reacts with excess sulphuric acid to give 3 moles of SO2.


(Number of moles of SO2 obtained
= 3 x 0.200 mol










= 0.600 mol


Molar mass of SO2
= (32.0 + 2 x 16.0) g mol-1






= 64.0 g mol-1



Mass of SO2 obtained
= Number of moles of SO2 x Molar mass of SO2






= 0.600 mol x 64.0 g mol-1






= 38.4 g
197
A
2Ca(NO3)2(s)          2CaO(s) + 4NO2(g) + O2(g)



82.0 g







   ? g


Molar mass of Ca(NO3)2
= [40.0 + 2 x (14.0 + 3 x 16.0)] g mol-1









= 164.0 g mol-1



Number of moles of Ca(NO3)2
=
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= 0.500 mol


According to the equation, 2 moles of Ca(NO3)2 give 1 mole of O2.


(Number of moles of O2 obtained=
[image: image129.wmf]2

0.500

mol










 = 0.250 mol


Molar mass of O2
= 2 x 16.0 g mol-1





= 32.0 g mol-1



Mass of O2 obtained
= Number of moles of O2 x Molar mass of O2





= 0.250 mol x 32.0 g mol-1





= 8.00 g
198
B
2LiOH(s) + CO2(g)        Li2CO3(s) + H2O(l)



? g

4.40 g


Molar mass of CO2
= (12.0 + 2 x 16.0) g mol-1






= 44.0 g mol-1



Number of moles of CO2
=
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= 0.100 mol


According to the equation, 2 moles of LiOH can absorb 1 mole of CO2.

(Number of moles of LiOH needed
= 2 x 0.100 mol











= 0.200 mol


Molar mass of LiOH
= (7.0 + 16.0 + 1.0) g mol-1








= 24.0 g mol-1



Mass of LiOH needed
= Number of moles of LiOH x Molar mass of LiOH





= 0.200 mol x 24.0 g mol-1




= 4.80 g

199
C
CaCO3(s)        CaO(s) + CO2(g)



? g


6.72 g


Molar mass of CaO
= (40.0 + 16.0) g mol-1






= 56.0 g mol-1

Number of moles of CaO
=
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= 0.120 mol


According to the equation, 1 mole of CaCO3 gives 1 mole of CaO on heating.


(Number of moles of CaCO3 heated = 0.120 mol


Molar mass of CaCO3
= (40.0 + 12.0 + 3 x 16.0) g mol-1






= 100.0 g mol-1


Mass of CaCO3 heated
= Number of moles of CaCO3 x Molar mass of CaCO3 






= 0.120 mol x 100.0 g mol-1





= 12.0 g


Percentage purity of CaCO3 in the sample
=  
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200
A
Pb3O4(s) + 4H2(g)        3Pb(s) + 4H2O(l)



? g





248 g


Molar mass of Pb = 207.0 g mol-1



Number of moles of Pb
=
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= 1.20 mol


According to the equation, 1 mole of Pb3O4 gives 3 moles of Pb.


(Number of moles of Pb3O4 reacted
= 
[image: image137.wmf]3
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= 0.400 mol


Molar mass of Pb3O4 
= (3 x 207.0 + 4 x 16.0) g mol-1






= 685 g mol-1



Mass of Pb3O4 reacted
= Number of moles of Pb3O4 x Molar mass of Pb3O4








= 0.400 mol x 685 g mol-1








= 274 g


Percentage by mass of Pb3O4 in the sample
=
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201
C
Acidic gases from factories speed up the rusting process.

202
D
Magnesium is more reactive than iron and provides sacrificial protection.

203
D

204
B
205
D

206
D

207
B
(1)
It is likely that the metal is expensive, e.g. silver, gold.


(2)
X is probably very unreactive. Unreactive metals do not react with steam.


(3)
It probably does not react with dilute hydrochloric acid.

208
A
(2)
Heating mercury(II) sulphide in air gives mercury and sulphur dioxide.


(3)
Adding sodium to water gives sodium hydroxide and hydrogen.

209
A
(3)
Iron is less reactive than magnesium. Therefore iron cannot displace magnesium 

from magnesium nitrate solution.

210
D
(1)
Magnesium displaces copper from copper(II) sulphate solution.

211
A
(1)
CaCO3(s)          CaO(s) + CO2(g)

(2)
2CuO(s) + C(s)          2Cu(s) + CO2(g)

(3)
No reaction takes place when magnesium oxide is heated with carbon powder.

212
C
(1)
One mole of nitrogen gas has a mass of 28.0 g.



(3)
One mole of nitrogen gas (N2) contains 2 moles of nitrogen atoms. One mole of oxygen gas (O2) contains 2 moles of oxygen atoms.

213
B
(1)
One molecule of ammonia contains four atoms. One molecule of carbon dioxide contains three atoms. Therefore one mole of ammonia and one mole of carbon dioxide contain different numbers of atoms.



(3)
Molar mass of NH3 = (14.0 + 3 x 1.0) g mol-1 = 17.0 g mol-1
Molar mass of CO2 = (12.0 + 2 x 16.0) g mol-1 = 44.0 g mol-1
Therefore the mass of one moles of ammonia is different from that of one mole of carbon dioxide.

214
B
(1)
The magnesium strip provides sacrificial protection. Therefore the iron nail will not rust.



(2)
The silver strip speeds up the rusting process.



(3)
The copper layer prevents both oxygen and water from reaching the iron nail. Therefore the iron nail will not rust.

215
C
(2)
An iron alloy corrodes more slowly than iron.



(3)
A layer of paint prevents both oxygen and water from reaching the car body.

216
B
Mass of CoCl2 in the hydrated chloride = (23.8 -10.8) g











 = 13.0 g

	
	CoCI2
	H2O

	Mass of constituents in the compound
	13.0 g
	10.8 g

	Formula mass/relative molecular mass
	130.0
	18.0

	Number of moles of constituents
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Therefore the value of n is 6.

217
B
For 100 g of X, there are 83.7 g of carbon and 16.3 g of hydrogen.
	
	Carbon
	Hydrogen

	Mass of element in the compound
	83.7 g
	16.3 g

	Relative atomic mass
	12.0
	1.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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	Simplest whole number ratio of atoms
	1 x 3 = 3
	2.34 x 3 = 7




Therefore the empirical formula of X is C3H7.

218
D
The oxide layer prevents any further reaction.

219
C

220
D
(1)
The reactivity of Group II metals increases down the group. Therefore barium is more reactive than calcium. Reactive metals are not found free in nature.


(2)
Calcium reacts with water. As barium is more reactive than calcium, it should also react with water.


(3)
Reactive metals are extracted by electrolysis of molten ores.

221
D
Sodium is stored in paraffin oil. It is a very reactive metal.

222
A

223
C
Copper was used earlier than iron in the history. This is because it is easier to extract copper than iron.

224
A

225
C
Painting is not suitable for protecting the moving parts of machines. As soon as the paint is scratched, the metal is exposed to air, and rusting starts.

226
C
The oxygen produced during anodization reacts with aluminium to increase the thickness of the protective oxide layer.

Section D
Short Questions
1
a)
2Mg(s) + O2(g)         2MgO(s)


b)
4Al(s) + 3O2(g)        2Al2O3(s)


c)
2Na(s) + 2H2O(l)        2NaOH(aq) + H2(g)


d)
Zn(s) + H2O(g)         ZnO(s) + H2(g)


e)
2Al(s) + 3H2SO4(aq)        Al2(SO4)3(aq) + 3H2(g)


f)
Ca(s) + 2HCl(aq)         CaCl2(aq) + H2(g)


g)
2CuO(s) + C(s)        2Cu(s) + CO2(g)

2
a)
Mg(s) + 2H+(aq)        Mg2+(aq) + H2(g)


b)
Fe(s) + 2H+(aq)         Fe2+(aq) + H2(g)


c)
Fe(s) + Cu2+(aq)        Fe2+(aq) + Cu(s)


d)
Cu(s) + 2Ag+(aq)       Cu2+(aq) + 2Ag(s)

	3
	Substance
	Mass of substance present (g)
	Molar mass of substance (g mol-1)
	Number of moles of substance present (mol)
	Number of particles present

	
	Water H2O
	117
	18.0
	6.50
	3.90 x 1024 molecules

	
	Copper(II) oxide CuO
	318
	79.5
	4.00
	2.41 x 10.24 formula units

	
	Potassium carbonate K2CO3
	345
	138
	2.50
	1.51 x 10.24 formula units

	
	Carbon dioxide CO2
	61.6
	44.0
	1.40
	8.43 x 10.23 molecules 



Section E
Structured Questions
1
a)
Sodium burns vigorously with a golden yellow flame. A white smoke forms.



4Na(s) + O2(g)        2Na2O(s)


b)
Gas bubbles are given off.



Mg(s) + H2SO4(aq)         MgSO4(aq) + H2(g)


c)
Potassium melts to form a silvery bead. The bead moves rapidly on the water surface. Potassium burns with a purple flame.



2K(s) + 2H2O(l)        2KOH(aq) + H2(g)


d)
Calcium burns with a brick-red flame. A white powder forms.


2Ca(s) + O2(g)        2CaO(s)


e)
Calcium sinks in water. A steady steam of bubbles forms. The water becomes milky.


Ca(s) + 2H2O(l)        Ca(OH)2(s) + H2(g)

f)
The zinc metal slowly becomes coated with a brown layer. The blue colour of the solution fades gradually.


Zn(s) + CuSO4(aq)        ZnSO4(aq) + Cu(s)
2
a)
Z > Y > X


Only Z reacts with cold water. Therefore it is the most reactive. Y reacts with dilute hydrochloric acid. X shows no reaction with dilute hydrochloric acid. Therefore Y is more reactive than X.


b)
i)
Copper



ii)
X is produced.



2CuO(s) + C(s)        2Cu(s) + CO2(g)

c)
i)
Zinc


ii)
Zn(s) + 2H+(aq)        Zn2+(aq) + H2(g)


d)
i)
Calcium



ii)
Calcium oxide



iii)
Ca(s) + 2H2O(l)        Ca(OH)2(s) + H2(g)


e)
Yes


Zn(s) + Cu2+(aq)        Zn2+(aq) + Cu(s)

3
a)
X is sodium. It melts to form a silvery bead. The bead moves rapidly on the water surface. Sodium burns with a golden yellow flame.


b)
i)
Hydrogen



ii)
Mg(s) + 2HCl(aq)        MgCl2(aq) + H2(g)


c)
Y is magnesium. It burns with a very bright light. A white powder forms.


d)
Z < Y < X


Z is the least reactive because it shows no observable change in both reactions. Y is less reactive than X because a gas is given off slowly when Y reacts with water but there is vigorous reaction when X reacts with water.

4
a)


b)
Z < X < Y


Only the oxide of Z is decomposed by heating alone. Therefore Z is the least reactive. Only Y can react with steam. Therefore it is the most reactive.


c)
Less reactive metals were discovered first and more reactive metals were discovered later.

5
a)
Y > X > Z


Only Y can react with water. Therefore Y is the most reactive. Metals in the middle of the reactivity series can be extracted by heating their oxides with carbon. This method does not apply to metals at the top of the series. Therefore X and Y are more reactive than Z because only the oxide of Z gives the metal when heated with carbon.


b)
Electrolysis of its molten ore

6
a)
Zn > Co > Ni


Zinc displaces both cobalt and nickel from solutions of their nitrates. Therefore zinc is the most reactive.


Cobalt is more reactive than nickel because cobalt displaces nickel from a solution of nitrate of nickel.


b)
Any metal above zinc in the metal reactivity series, e.g. calcium, magnesium.

7
A > zinc > B > C

A displaces zinc from zinc nitrate solution. Therefore A is more reactive than zinc. Both B and C cannot displace zinc from zinc nitrate solution. Therefore they are less reactive than zinc. B is more reactive than C because it reacts with dilute hydrochloric acid but C does not.

8
Formula mass of ZnSO4●7H2O = 65.4 + 32.0 + 4 x 16.0 + 7 x (2 x 1.0 + 16.0)





           = 287.4


Percentage by mass of water in ZnSO4●7H2O 
= 
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9
a)
2PbS(s) + 3O2(g)         2PbO(s) + 2SO2(g)


2PbO(s) + C(s)         2Pb(s) + CO2(g)


b)
2PbS(s) + 3O2(g)        2PbO(s) + 2SO2(g)


   337 g
             ? g


Molar mass of PbS 
= (207.0 + 32.0) g mol-1


= 239.0 g mol-1

Number of moles of PbS 
= 
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= 1.41 mol


According to the equation, 2 moles of PbS react with 3 moles of O2 to give 2 moles of PbO.


( Number of moles of PbO obtained = 1.41 mol


Molar mass of PbO
= (207.0 + 16.0) g mol-1



= 223.0 g mol-1

Mass of PbO obtained
= Number of moles of PbO x Molar mass of PbO




= 1.41 mol x 223.0 g mol-1



= 314 g

10
2ZnS(s) + 3O2(g)        2ZnO(s) + 2SO2(g)


? g
                            288 g


Molar mass of SO2
= (32.0 + 2 x 16.0) g mol-1



= 64.0 g mol-1

Number of moles of SO2      = 
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= 4.50 mol


According to the equation, roasting 2 moles of ZnS give 2 moles of SO2.


( Number of moles of ZnS required = 4.50 mol


Molar mass of ZnS
= (65.4 + 32.0) g mol-1



= 97.4 g mol-1

Mass of ZnS required  = Number of moles of ZnS x Molar mass of ZnS




= 4.50 mol x 97.4 g mol-1



= 438 g

11
Fe3O4(s) + 4C(s)           3Fe(s) + 4CO(g)



? g
101 g


Molar mass of Fe = 56.0 g mol-1

Number of moles of Fe= 
[image: image152.wmf]Fe

of

mass

Molar

Fe

of

Mass





=
[image: image153.wmf]1

mol

g

.0

56

g

101

-





= 1.80 mol


According to the equation, 1 mole of Fe3O4 produces 3 moles of Fe.


( Number of moles of Fe3O4 required = 
[image: image154.wmf]3

1.80

mol





= 0.600 mol


Molar mass of Fe3O4 = (3 x 56.0 + 4 x 16.0) g mol-1





= 232.0 g mol-1

Mass of Fe3O4 required= Number of moles of Fe3O4 x Molar mass of Fe3O4 




= 0.600 mol x 232.0 g mol-1



= 139 g

12
TiCl4(l) + 2H2O(g)         TiO2(s) + 4HCl(g)


 47.5 g    ? g
            ? g


Molar mass of TiCl4
= (47.9 + 4 x 35.5) g mol-1



= 189.9 g mol-1

Number of moles of TiCl4
= 
[image: image155.wmf]4

4

TiCl

of

mass

Molar

TiCl

of

Mass






= 
[image: image156.wmf]1

-

mol

 

g

 

189.9

g

 

47.5






= 0.250 mol


According to the equation, 1 mole of TiCl4 reacts with 2 moles of steam to produce 1 mole of TiO2.

a)
Number of moles of TiO2 produced = 0.250 mol



Molar mass of TiO2 
= (47.9 + 2 x 16.0) g mol-1




= 79.9 g mol-1


Mass of TiO2 produced
= Number of moles of TiO2 x Molar mass of TiO2 





= 0.250 mol x 79.9 g mol-1




= 20.0 g


b)
Number of moles of H2O consumed = 2 x 0.250 mol





= 0.500 mol



Molar mass of H2O 
= (2 x 1.0 + 16.0) g mol-1




= 18.0 g mol-1


Mass of H2O consumed = Number of moles of H2O x Molar mass of H2O 





= 0.500 mol x 18.0 g mol-1




= 9.00 g

13
a)
Zn(s) + CuSO4(aq)         ZnSO4(aq) + Cu(s)


b)
Mass of Zn reacted
= (12.0 - 2.19) g





= 9.81 g




Zn(s) + CuSO4(aq)         ZnSO4(aq) + Cu(s)



9.81 g





 ?g



Number of moles of Zn reacted 
=
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= 0.150 mol


According to the equation, 1 mole of Zn reacts to give 1 mole of Cu.



(Number of moles of Cu formed = 0.150 mol



Mass of Cu formed
= Number of moles of Cu x Molar mass of Cu





= 0.150 mol x 63.5 g mol-1




= 9.53 g

14
CaCO3(s)         CaO(s) + CO2(g)



? g
44.8 g


Molar mass of CaO
= (40.0 + 16.0) g mol-1




= 56.0 g mol-1

Number of moles of CaO
=
[image: image159.wmf]CaO
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= 0.800 mol


According to the equation, 1 mole of CaCO3 produces 1 mole of CaO.

( Number of moles of CaCO3 present = 0.800 mol


Molar mass of CaCO3 
= (40.0 + 12.0 + 3 x 16.0) g mol-1





= 100.0 g mol-1


Mass of CaCO3 present
= Number of moles of CaCO3 x Molar mass of CaCO3 





= 0.800 mol x 100.0 g mol-1




= 80.0 g


Percentage by mass of CaCO3 in the sample 
= 
[image: image161.wmf] 
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= 80.0%

15
4Al(s) + 3O2(g)          2Al2O3(s)


? g


66.3 g


Molar mass of Al2O3
= (2 x 27.0 + 3 x 16.0) g mol-1





= 102.0 g mol-1

Number of moles of Al2O3
= 
[image: image162.wmf]3
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= 0.650 mol


According to the equation, 4 moles of Al produce 2 moles of Al2O3.


(Number of moles of Al present
= 2 x 0.650 mol









= 1.30 mol


Mass of Al present
= Number of moles of Al x Molar mass of Al






= 1.30 mol x 27.0 g mol-1





= 35.1 g


Percentage by mass of Al in the sample
=  
[image: image164.wmf]g
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= 78.0%

16
8NH3(g) + 3Cl2(g)         6NH4Cl(s) + N2(g)


15.3 g
21.3 g


a)
Molar mass of NH3
= (14.0 + 3 x 1.0) g mol-1






= 17.0 g mol-1



Number of moles of NH3 present
= 
[image: image165.wmf]3

3

NH

 

of

 

mass

 

Molar

NH

 

of

 

Mass











=
[image: image166.wmf]1

-

gmol

 

17.0

g

 

15.3











= 0.900 mol



Molar mass of Cl2
= (2 x 35.5) g mol-1







= 71.0 g mol-1



Number of moles of Cl2 present
=
[image: image167.wmf]2
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= 0.300 mol

According to the equation, 8 moles of NH3 react with 3 moles of Cl2 to produce 1 mole of N2. During the reaction, 0.300 mole of Cl2 reacts with 0.800 mole of NH3. Therefore ammonia is in excess. Chlorine is the limiting reactant.


b)
Number of moles of N2 produced
= 
[image: image169.wmf]3
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= 0.100 mol



Molar mass of N2
= (2 x 14.0) g mol-1






= 28.0 g mol-1



Mass of N2 produced
= Number of moles of N2 x Molar mass of N2






= 0.100 mol x 28.0 g mol-1






= 2.80 g


c)
Number of moles of NH3 left
= (0.900 - 0.800) mol








= 0.100 mol



Mass of NH3 left
= Number of moles of NH3 x Molar mass of NH3 






= 0.100 mol x 17.0 g mol-1





= 1.70 g

17
a)
N2(g) + 3H2(g)           2NH3(g)



72.8 g



? g



Molar mass of N2
= (2 x 14.0) g mol-1





= 28.0 g mol-1



Number of moles of N2
=
[image: image170.wmf]2

2

N

 

of

 

mass

 

Molar

N

 

of

 

Mass









=
[image: image171.wmf]1

-

mol

 

g

 

28.0

g

 

72.8









= 2.60 mol



According to the equation, 1 mole of N2 produces 2 moles of NH3.



(Number of moles of NH3 produced
= 2 x 2.60 mol











= 5.20 mol



Molar mass of NH3
= (14.0 + 3 x 1.0) g mol-1





= 17.0 g mol-1



Theoretical yield of NH3
= Number of moles of NH3 x Molar mass of NH3






= 5.20 mol x 17.0 g mol-1






= 88.4 g


b)
Since the process is 15% efficient, the mass of NH3 produced
= 88.4 g x 15%















= 13.3 g

18
a)
Rusting will not occur in tubes C and D. In tube C, the zinc strip provides sacrificial protection. In tube D, there is no oxygen.


b)
Tube A


The very dilute hydrochloric acid speeds up the rusting process.

19
a)
It is because the unplated part of the iron rod is in contact with oxygen and water.


b)
It is because zinc is more reactive than iron and gives sacrificial protection. Therefore the unplated part of the iron rod does not rust even it is in contact with oxygen and water.

20
a)
Both oxygen and water are present in the soil.


b)
i)
Attach a lump of zinc/magnesium to the tank.


ii)
Zinc/magnesium is more reactive than iron. When it is attached to the steel tank, it corrodes instead of the steel. This method is called sacrificial protection.


c)
i)
Stainless steel does not corrode easily.


ii)
Stainless steel is very expensive. It is cheaper to protect the steel tank from rusting and replace the tank when necessary.

21
Mass of X in the oxide
= (30.6 -14.4) g





= 16.2 g

	
	X
	Oxygen

	Mass of element in the compound
	16.2 g
	14.4 g

	Relative atomic mass
	27.0
	16.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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	Simplest whole number ratio of atoms
	1 x 2 = 2
	1.5 x 2 = 3



Therefore the empirical formula of the oxide of X is X2O3.

22
Mass of iron in the oxide = (31.01 - 28.77) g





 = 2.24 g


Mass of oxygen in the oxide
= (31.86 - 31.01) g


 


= 0.85 g

	
	Fe
	O

	Mass of element in the compound
	22.24 g
	0.85 g

	Relative atomic mass
	56.0
	16.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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	Simplest whole number ratio of atoms
	1 x 3 = 3
	1.33 x 3 = 4



Therefore the empirical formula of the iron oxide is Fe3O4.

23
Let m be the relative atomic mass of X.


Mass of O in the oxide
= (97.2 - 90.0) g





= 7.2 g


Number of moles of X in the oxide =
[image: image180.wmf]m

90.0



Number of moles of O in the oxide =
[image: image181.wmf]16.0

7.2



The empirical formula of the oxide is XO. Therefore number of moles of X : number of moles of O is 1 : 1.


(

[image: image182.wmf]m

90.0

=
[image: image183.wmf]16.0

7.2




m
= 200

24
Mass of Na2CO3 in the hydrated crystals = (14.3 - 9.00) g





                   = 5.30 g

	
	Na2CO3
	H2O

	Mass of constituents in the compound
	5.30 g
	9.00 g

	Formula mass/relative molecular mass
	106.0
	18.0

	Number of moles of constituents
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	Simplest ratio of constituents
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Therefore the value of n is 10.

25
For 100 g of X, there are 64.9 g of carbon, 13.5 g of hydrogen and 21.6 g of oxygen.

	
	
	Na2CO3
	H2O

	Mass of element in the compound
	64.9 g
	5.30 g
	9.00 g

	Relative atomic mass
	12.0
	106.0
	18.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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Therefore the empirical formula of X is C4H10O.

26
a)
For 100 g of X, there are 54.5 g of carbon, 9.10 g of hydrogen and 36.4 g of oxygen.

	
	
	Na2CO3
	H2O

	Mass of element in the compound
	64.9 g
	5.30 g
	9.00 g

	Relative atomic mass
	12.0
	106.0
	18.0

	Number of moles of atoms that combine
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	Simplest ratio of atoms
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Therefore the empirical formula of X is C2H4O.


b)
Let (C2H4O)n be the molecular formula of X.




Relative molecular mass of X 
= n(2 x 12.0 + 4 x 1.0 + 16.0)










= 44n







(44n
= 88.0








n
= 2



Therefore the molecular formula of X is (C2H4O)2 or C4H8O2.

27
Aluminium is the most abundant metal in the EarthÕs crust while iron is the second most abundant one. However, iron is discovered earlier than aluminium. This is related to the ease of extraction of the metals.




Iron is extracted by carbon reduction. The extraction is not difficult. Therefore it is discovered in ancient times. Aluminium is difficult to extract. It is extracted by electrolysis its molten ore and discovered after the invention of electrolysis in 1800.

28
Label three test tubes A, B and C. Clean three iron nails with sandpaper to remove all the rust. Place an iron nail in test tube A. Put some cotton wool in the middle of the test tube and add anhydroic calcium chloride on the cotton wool. Stopper the test tube.




Place another iron nail in test tube B. Half fill the test tube with boiled distilled water. Add a layer of oil above the water. Stopper the test tube.




Place the last iron nail in test tube C. Half fill the test tube with distilled water. Stopper the test tube.



Re-examine the nails after two to three days. Iron nails in test tube A and B do not rust while the one in test tube C rusts. The iron nail in test tube A is in contact with air only while the one in test tube B is in contact with water only. On the other hand, the iron nail in test tube C is in contact with both air and water. Therefore the results show that air and water are necessary for rusting to occur.

29
To find the empirical formula of magnesium oxide, we need to know the masses of magnesium and oxygen present in a given mass of the compound.



First weigh a crucible and lid. Record the reading. Clean a magnesium ribbon with sandpaper. Put the ribbon into the crucible. Weigh the crucible and lid with its contents. Record the reading.



Heat the magnesium ribbon. Left the lid carefully with tongs at intervals. Ensure that a little product escapes as possible. Continue to heat until the magnesium catches fire. When this occurs, remove the burner.



When the magnesium stops burning, remove the lid and heat the crucible strongly for 5 minutes. Cool the crucible. Reweigh the crucible and lid with its contents. Record the reading.



From the readings, it is possible to obtain the mass of magnesium used and the mass of magnesium oxide obtained. The different between these two masses is the mass of oxygen in the oxide. The empirical formula of magnesium oxide can be obtained from these data.
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