Topic 6 Products from Important Processes

Section A

Fill in the blanks

Unit 22
Chlorine and hypochlorite

1
sodium hydroxide

2
greenish-yellow, pungent

3
hydrochloric acid, hypochlorous acid

4
hypochlorite

5
brown, iodine

6
sodium chloride, sodium hypochlorite

7
sodium chloride, sodium chlorate

8
red, white

Unit 23
Sulphuric acid and sulphur dioxide

9
Contact

10
oxidizing, dehydrating

11
sulphurous acid

12
sulphite 

13
blue, red

14
choking

15
orange, green

Unit 24
Molar volume calculations

*16
molar

*17
Molar volume

Section B
True or False

Unit 22
Chlorine and hypochlorite

1
F
Household bleach is produced by reacting chlorine with sodium hydroxide solution.

2
T

3
F
Chlorine is produced in the electrolysis of concentrated sodium chloride solution.

4
T

5
F
Chlorine is soluble in both water and organic solvents.

6
F
Chlorine bleach bleaches by oxidation.

7
T

8
F
Chlorine bleach can damage delicate materials such as silk.

9
T

10
F
Iodine vapour is purple in colour.

Unit 23
Sulphuric acid and sulphur dioxide

11
T


12
T


13
F
When a piece of copper is added to concentrated sulphuric acid, sulphur dioxide is  

given off.

14
F
Ammonia is not dried by concentrated sulphuric acid because it reacts with the acid.

15
F
Sulphur dioxide is added to fruit juice as a preservative, not as a flavouring.

16
T

17
T

18
F
The active ingredient in sulphur dioxide bleach is sulphite ion.

19
F
Because of its great attraction for water, concentrated sulphuric acid reacts vigorously   

with water, giving out a great amount of heat. Therefore the concentrated acid should 

be diluted by adding it slowly to a large amount of water while stirring. If water is added 

to the acid, the heat given out will change the water into steam. This will cause acid 

droplets to spurt out from the container.

Unit 24
Molar volume calculations

*20
F
At room temperature and pressure, water is a liquid while carbon dioxide is a gas. 

Therefore one mole of carbon dioxide occupies a much greater volume than one mole 

of water.

*21
T

*22
F
At room temperature and pressure, one mole of any gas occupies 24 dm3. However, 

the mass of one mole of any gas is not the same.

Section C
Multiple Choice

Unit 22
Chlorine and hypochlorite

1
B
Option A — Chlorine turns litmus solution red and then colourless.



Option D — Chlorine is greenish-yellow in colour.

2
D

3
A
Chlorine bleach must be stored in cool places. This is because hypochlorite is 

unstable and it gradually decomposes into chloride and oxygen.



2OCl－(aq) [image: image1.wmf]  2Cl－(aq) + O2(g)



This decomposition takes place faster if the temperature is higher.

4
C
The reaction between chlorine bleach and dilute acids can be represented by the 

following equation:



Cl－(aq) + OCl－(aq) + 2H＋(aq)  [image: image2.wmf] Cl2(g) + H2O(l)







from chlorine bleach

5
B

6
C

7
A
Chlorine is toxic.

8
C
Chlorine bleach can damage delicate materials such as wool, silk, paper, etc.

*9
A
At the anode


The concentration of chloride ions is much greater than that of hydroxide ions. 
Chloride ions are preferentially discharged (oxidized) to form chlorine gas.



2Cl－(aq) [image: image3.wmf]Cl2(g) + 2e－
At the cathode



Hydrogen ions are discharged (reduced) to form hydrogen gas.



2H＋(aq) + 2e－[image: image4.wmf]  H2(g)

10
B
Chlorine is denser than air and can be collected by downward delivery.

11
A
Gas X is chlorine.

*12
B
Chlorine is produced at the anode during the electrolysis of brine.

13
C
When sodium bromide solution is shaken with aqueous chlorine, the solution becomes 

brown due to the formation of bromine .



In this reaction, chlorine oxidizes bromide ions to bromine .



Cl2(aq) + 2Br－(aq)        2Cl－(aq) + Br2(aq)


very pale
colourless
colourless
brown



green

*14
A
Option B —Product X is chlorine.



Option C —Sodium is produced at the mercury cathode. The sodium dissolves in 

mercury to form an amalgam.

*15
C
The amalgam then flows into a second cell and reacts with water to form hydrogen gas 

and sodium hydroxide solution. Mercury is recovered.



2Na/Hg(l) + 2H2O(l) [image: image5.wmf] 2NaOH(aq) + H2(g) + 2Hg(l)

sodium amalgam

16
B

17
D

18
D
(2)
Household bleach is made by reacting chlorine with sodium hydroxide solution. 

Chlorine and sodium hydroxide solution can be obtained from the electrolysis of 

concentrated sodium chloride solution.

19
D

*20
A
(1)
The reaction between chlorine bleach and dilute acids can be represented by the 

following equation:




Cl－(aq) + OCl－(aq) + 2H＋(aq) [image: image6.wmf] Cl2(g) + H2O(l)










from chlorine bleach



(2)
Chlorine is produced at the anode during the electrolysis of brine.

21
B
(1)
Chlorine reacts reversibly with water, forming hydrochloric acid and hypochlorous 

acid. The solution formed is very acidic.




Cl2(g) + H2O(l) [image: image7.emf]  HCl(aq) + HOCl(aq)

(2) Chlorine reacts with hot and concentrated sodium hydroxide solution to give 

sodium chloride NaCl and sodium chlorate NaClO3.




3Cl2(g) + 6NaOH(aq) [image: image8.wmf] 5NaCl(aq) + NaClO3(aq) + 3H2O(l)

(3) The bleaching action of aqueous chlorine is due to the oxidizing action of the 

hypochlorite ion in hypochlorous acid.










  oxidized form




OCl－(aq) +  dye  [image: image9.wmf]  Cl－(aq) + (O + dye)




colourless
coloured
    colourless
colourless

            0                                -1            +1

22
D
Cl2(g) + 2NaOH(aq) [image: image10.wmf]  NaCl(aq) + NaOCl(aq) + H2O(l)



The oxidation number of chlorine element is 0. The oxidation number of Cl in NaCl and 

NaOCl is -1 and +1 respectively. Therefore chlorine is simultaneously reduced and 

oxidized.

23
C
(1)
Chlorine is produced when dilute hydrochloric acid is added to chlorine bleach. 

Chlorine oxidizes iodide ions to iodine. Therefore the filter paper moistened with 

potassium iodide solution turns brown due to the formation of iodine.



(3)
Chlorine oxidizes iodide ions to iodine.



    Cl2(aq) + 2I－(aq) [image: image11.wmf]  2Cl－(aq) + I2(aq)




      very pale
colourless
   colourless
brown





   green

24
D
Chlorine reacts reversibly with water, forming hydrochloric acid and hypochlorous acid.



Cl2(g) + H2O(l) [image: image12.emf]  HCl(aq) + HOCl(aq)





          hydrochloric
hypochlorous





              acid
    acid

25
C
Chlorine bleach can damage delicate materials such as wool, silk, paper, etc.

26
A
(1)
When aqueous chlorine is added to sodium bromide solution, the solution becomes 

orange/brown due to the formation of bromine. Adding an organic solvent to the 

reaction mixture gives an orange layer. When aqueous chlorine is added to sodium 

iodide solution, the solution becomes brown due to the formation of iodine. Adding 

an organic solvent to the reaction mixture gives a purple layer.

27
C
(1)
The bleaching action of chlorine bleach is fast and vigorous.

28
D
(3)
Stronger reducing agents lose electrons more readily. The reducing power of 

halide ions is in the order of I－>Br－> Cl－.
29
A
(3)
Iodine vapour is purple in colour.

30
A

31
B
The bleaching action of aqueous chlorine is due to the oxidizing action of the 

hypochlorite ion.

32
A

33
A

Unit 23
Sulphuric acid and sulphur dioxide

34
D

35
D
Concentrated sulphuric acid is a powerful oxidizing agent. It is reduced to sulphur 

dioxide in the reaction. The oxidation number of sulphur decreases from +6 to +4.




+6
                              +4



2H2SO4(l) + 2e－[image: image13.wmf]SO42－(aq) + SO2(g) + 2H2O(l)

36
A
Ammonia reacts with dilute sulphuric acid or concentrated sulphuric acid to give 

ammonium sulphate.

37
D
Option B —Concentrated sulphuric acid is a common drying agent.

38
B
The reaction between carbon and hot concentrated sulphuric acid can be represented 

by the following equation:



C(s) + 2H2SO4(l) [image: image14.wmf]CO2(g) + 2SO2(g) + 2H2O(l)

39
C
When concentrated sulphuric acid is added to hydrated copper(II) sulphate crystals, 

the blue crystals turn white. This is because the acid removes the water of 

crystallization from the hydrated salt.






concentrated H2SO4


CuSO4(5H2O(s)         CuSO4(s) + 5H2O(l)




blue 

      white

40
D
Sulphur dioxide is a bleaching agent in the paper industry.

41
A
Option A —The reaction between sulphur dioxide and oxygen is reversible. The 

percentage yield of sulphur trioxide is about 98%.




Option B —The conversion of sulphur dioxide into sulphur trioxide is carried out at 

450 oC.



Option C —Platinum or vanadium(V) oxide is used as a catalyst.



Option D —The conversion is carried out at atmospheric pressure.

42
B
Sulphur trioxide reacts violently with water. A large amount of heat is given out. This

would lead to the formation of sulphuric acid mist in the absorption tower which would 

take a long time to settle out.

43
C
Heating iron with dilute sulphuric acid gives hydrogen.

	Option
	Process
	Equation

	A
	Heating sulphur in air
	
S(s) + O2(g) [image: image15.wmf] SO2(g)

	B
	Poasting iron pyrite
	
4FeS2(s) + 11O2(g) [image: image16.wmf] 2Fe2O3(s) + 8SO2(g)

	C
	Heating iron with dilute sulphuric acid
	
Fe(s) + H2SO4(aq) [image: image17.wmf] FeSO4(aq) + H2(g)

	D
	Adding hot and concentrated sulphuric acid
	
C(s) + 2H2SO4(I) [image: image18.wmf] CO2(g) + 2SO2(g) + 2H2O(I)


44
D
Hot and concentrated sulphuric acid can oxidize magnesium. Sulphur dioxide gas is 

formed in the reaction.



Mg(s) + 2H2SO4(l) [image: image19.wmf] MgSO4(aq) + SO2(g) + 2H2O(l)

45
C
Sulphur dioxide bleaches only in the presence of water. The bleaching action of 

aqueous sulphur dioxide is due to the reduction of the sulphite ion.

46
B
(2)
Sulphur is not a bleaching agent.

47
C
(1)
In the laboratory, concentrated sulphuric acid is not commonly stored in brown 

bottle.



(3)
Concentrated sulphuric acid is corrosive.

48
D


49
A
Dilute sulphuric acid reacts with zinc to give hydrogen. Sulphuric acid acts as an acid 

in the reaction.

50
B
When concentrated sulphuric acid is added to sugar cubes, the sugar changes from 

white to dark brown and then to black.



During the reaction, concentrated sulphuric acid removes the hydrogen and oxygen 

atoms from the sugar, leaving behind carbon atoms. The acid acts as a dehydrating 

agent.

*51
C

	Substance
	Concentrated nitric acid
	Concentrated sulphuric acid

	Potassium carbonate powder
	A colourless gas (CO2) is formed.
	A colourless gas(CO2) is formed.

	Zinc granules
	A brown gas (NO2) is formed.
	A colourless gas (SO2) is formed.

	Hydrated copper(II) sulphate crystals
	No observable change
	Blue copper(II) sulphate crystals turn white.




Concentrated nitric acid is an oxidizing agent while concentrated sulphuric acid is an 

oxidizing agent and a dehydrating agent.

52
C
(1)
A drying agent may not necessarily be a dehydrating agent. For example, 

anhydrous calcium chloride can dry gases. However, it cannot remove chemically 

combined water from other compounds.

53
D
(1)
Sulphur dioxide acts as a reducing agent.

54
A
(1)
Iodine is reduced to iodide ions.




SO32－(aq) + H2O(l) + I2(aq) [image: image20.wmf] SO42－(aq) + 2H＋(aq) + 2I－(aq)

(3)
Sulphur dioxide acts as a reducing agent. It is oxidized.

55
B
(1)
When sulphur dioxide dissolves in water, it reacts to form sulphurous acid. 

Therefore the solution conducts electricity better than water.



(2)
Aqueous sulphur dioxide can reduce a solution containing iron(III) ions. The colour 

of the solution changes from yellow to green.




SO32－(aq) + H2O(l) + 2Fe3+(aq) [image: image21.wmf] SO42－(aq) + 2H+(aq) + 2Fe2+(aq)

(3) Aqueous sulphur dioxide reduces acidified potassium permanganate solution, 

forming colourless manganese(II) ion.




5SO32－(aq) + 2MnO4－(aq) + 6H+(aq) [image: image22.wmf] 5SO42－(aq) + 2Mn2+(aq) + 3H2O(l)

56
A
(2)
The bleaching action of sulphur dioxide is not permanent and the bleached 

substances are reoxidized slowly in the air.



(3)
When sulphur dioxide dissolves in water, it reacts to form sulphurous acid.




SO2(g) + H2O(l) [image: image23.emf] H2SO3(aq)


 


    sulphurous acid




The bleaching action of aqueous sulphur dioxide is due to the reduction of the 

sulphite ion SO32－(aq) in sulphurous acid.

57
C
(1)
 Ammonia is not dried by concentrated sulphuric acid because it reacts with the 

acid.

58
B
Aqueous sulphur dioxide turns orange aqueous bromine to colourless because it 

reduces bromine to bromide ion.



SO32－(aq) + H2O(l) + Br2(aq) [image: image24.wmf] SO42－(aq) + 2H＋(aq) + 2Br－(aq)

59
D
The bleaching action of sulphur dioxide is not permanent. Sulphur dioxide bleaches by 

reduction.

60
A
Aqueous sulphur dioxide is used to bleach wood pulp for making newspaper. However, 

the bleaching action is not permanent and the bleached substances are reoxidized 

slowly in the air. Therefore old newspapers go yellow.

61
B
When concentrated sulphuric acid is added onto a piece of paper, a hole develops on 

the paper. This is due to the dehydrating property of concentrated sulphuric acid. 

Paper is made from cellulose. The acid removes the elements of water from the 

cellulose.

62
D
The reaction between sulphur dioxide and oxygen is a reversible reaction. The 

percentage yield of sulphur trioxide is about 98%.

63
B
The corrosive nature of concentrated sulphuric acid is due to its oxidizing and 



dehydrating properties.

Unit 24
Molar volume calculations

*64
B
Number of moles of chlorine



= 
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= 0.0400 mol

*65
D
Number of moles of sulphur dioxide



= 
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=
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= 0.800 mol



Number of sulphur dioxide molecules



= Number of moles of SO2 x L



= 0.800 mol x 6.02 x 1023 mol－1


= 4.82 x 1023
*66
A
Number of moles of NO2 present



= 
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= 
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= 0.600 mol



Molar mass of NO2
= (14.0 + 2 x 16.0) g mol－1






= 46.0 g mol－1


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




= 0.600 mol x 46.0 g mol－1





= 27.6 g

*67
B

	Gas
	Number of moles of gas present

	H2
	
[image: image31.wmf]mol

1.0

mol

g

2.0

g

2.0

1

=

-



	O2
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	SO2
	0.80 mol




16.0 g of oxygen contain the smallest number of moles of molecules, i.e. the smallest 

number of molecules.

*68
D

	Gas 
	Number of moles of gas present
	Number of moles of atoms in one mole of gas
	Number of mles of atoms present

	
Ar
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N2
	
[image: image35.wmf]mol

2.00

mol

dm

24.0

dm

48.0

1

3

3

=

-


	
2
	
2 x 2.00 mol = 4.00 mol

	
HCI
	
[image: image36.wmf]mol

1.32

mol

g

36.5

g

48.0

1

=

-


	
2
	
2 x 1.32 mol = 2.64 mol

	
CO2
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48.0 dm3 of carbon dioxide contain the greatest number of moles of atoms, i.e. the 

greatest number of atoms.

*69
B
Number of moles of hydrogen / sulphur dioxide



= 
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Number of hydrogen atoms



= 2 x Number of moles of H2 molecules x Avogadro constant



= 2 x 
[image: image41.wmf]24
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Number of atoms in 1 dm3 of sulphur dioxide



= 3 x Number of moles of SO2 molecules x Avogadro constant



= 3 x 
[image: image42.wmf]24
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*70
C
Molar mass of CO2
= (12.0 + 2 x 16.0) g mol－1






= 44.0 g mol－1


Molar volume of CO2 (under the experimental condition)



=
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= 25.0 dm3 mol－1
*71
D
Option A - One mole of oxygen gas (O2) has a mass of 32.0 g.



Option B - One mole of oxygen gas contains 6.02 x 1023 molecules, i.e. 2 x 6.02 x 

1023 atoms.



Option C - Water is a liquid at room temperature and pressure. It occupies a much 

smaller volume than a gas.



Option D - Molar mass of helium is 4.0 g mol－1. One mole of oxygen gas and one mole 

of helium gas occupy the same volume at room temperature and pressure.

*72
A

	Option
	Gas
	Molar mass of gas
	Mass of gas present
	Number of moles of gas present
	Volume of gas at room temperature and pressure

	

A
	Nitrogen
	
－
	
－
	
－
	
9.60 dm3

	
	Carbon monoxide
	(12.0 + 16.0) g mol-1
= 28.0 g mol-1
	11.2 g
	
[image: image46.wmf]mol
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	0.400 mol x 24.0 dm3mol-1
= 9.60 dm3

	


B
	Chlorine
	
－
	
－
	
－
	
12.0 dm3

	
	Sulphur dioxide
	
－
	
－
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450

.

0

mol

10

 x

6.02

10

 x 

2.71

1

23

23

=

-


	0.450 mol x 24.0 dm3mol-1
= 10.8 dm3

	


C
	Chlorine
	
－
	
－
	
0.300 mol
	0.300 mol x 24.0 dm3mol-1
= 7.20 dm3

	
	Sulphur dioxide
	
－
	
－
	
－
	
8.40 dm3

	

D
	Nitrogen
	2 x 14.0 g mol-1
= 28.0 g mol-1
	
22.4 g
	
[image: image48.wmf]mol
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	0.800 mol x 24.0 dm3mol-1
= 19.2 dm3

	
	Carbon monoxide
	
－
	
－
	
1 mol
	
24.0 dm3


*73
D

?X2

+
?Y2
[image: image49.wmf]  ?Z



200 cm3

600 cm3

400 cm3

1 molecule

3 molecules
2 molecules



i.e.
X2  +  3Y2  [image: image50.wmf] 2Z 


∴
The molecular formula of Z is XY3.

*74
B
2LiOH(s) + CO2(g) [image: image51.wmf] Li2CO3(s) + H2O(l)



7.20 g    ? dm3


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






= 24.0 g mol－1


Number of moles of LiOH= 
[image: image52.wmf]mass
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= 0.300 mol



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



∴
Number of moles of CO2 absorbed
= 
[image: image54.wmf]2

0.300

 mol  













= 0.150 mol


Volume of CO2 absorbed (at room temperature and pressure)


= Number of moles of CO2 x Molar volume of the gas (at room temperature and pressure)


= 0.150 mol x 24.0 dm3 mol－1

= 3.60 dm3
*75
A
2NaNO3(s) [image: image55.wmf]2NaNO2(s) + O2(g)



0.0500 mol




   ? cm3


According to the equation, 2 moles of NaNO3 produce 1 mole of O2 on decomposition. 



∴
Number of moles of O2 obtained
= 
[image: image56.wmf]2

0.0500

mol












= 0.0250 mol


Volume of O2 obtained (at room temperature and pressure)


= Number of moles of O2 x Molar volume of the gas (at room temperature and pressure)


= 0.0250 mol x 24 000 cm3 mol－1

= 600 cm3
*76
A
8NH3(g) + 3Cl2(g) [image: image57.wmf]6NH4Cl(s) + N2(g)



28.8 dm3   ? dm3


Number of moles of NH3 = 
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According to the equation, 8 moles of NH3 require 3 moles of Cl2 for complete 

reaction.



∴
Number of moles of Cl2 required
= 
[image: image60.wmf]8

3

 x 1.20 mol












= 0.450 mol



Volume of Cl2 required (at room temperature and pressure)



= Number of moles of Cl2 x Molar volume of the gas (at room temperature and 

pressure)



= 0.450 mol x 24.0 dm3 mol－1


= 10.8 dm3
*77
D
Fe2O3(s) + 3CO(g) [image: image61.wmf] 2Fe(s) + 3CO2(g)





? dm3
      672 g



Molar mass of Fe = 56.0 g mol－1


Number of moles of Fe
= 
[image: image62.wmf]mass
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= 12.0 mol



According to the equation, 3 moles of CO are required to produce 2 moles of Fe.



∴
Number of moles of CO required
=
[image: image64.wmf]2
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 x 12.0 mol












= 18.0 mol



Volume of CO required (at room temperature and pressure)



= Number of moles of CO x Molar volume of the gas (at room temperature and 




pressure)



= 18.0 mol x 24.0 dm3 mol－1


= 432 dm3

78
B
2CuO(s) + C(s) [image: image65.wmf]2Cu(s) + CO2(g)






127 g
    ? dm3


Number of moles of Cu
= 
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= 2.00 mol



According to the equation, 2 moles of CuO can produce 2 moles of Cu and 1 mole of 

CO2.



∴
Number of moles of CO2 produced
=  
[image: image68.wmf]2
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= 1.00 mol



Volume of CO2 produced (at room temperature and pressure)



= Number of moles of CO2 x Molar volume of the gas (at room temperature and 

pressure)



= 1.00 mol x 24.0 dm3 mol－1


= 24.0 dm3
*79
A
Zn(s) + 2HCl(aq) [image: image69.wmf] ZnCl2(aq) + H2(g)




1.20 M
365 cm3




? cm3


Number of moles of H2
= 
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= 0.0152 mol



According to the equation, 2 moles of HCl react with zinc to liberate 1 mole of H2.



∴
Number of moles of HCl required
= 2 x 0.0152 mol












= 0.0304 mol



Volume of HCl required
= 
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*80
C
2H2(g)  +  O2(g) [image: image74.wmf] 2H2O(l)



6.00 dm3   6.00 dm3
      ? g


Number of moles of H2/O2 present
= 
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= 0.250 mol



According to the equation, 2 moles of H2 react with 1 mole of O2 to produce 2 moles of 

H2O. Oxygen is in excess in this case. The amount of hydrogen limits the amount of 

product formed.



Number of moles of H2O produced = 0.250 mol  



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









= 0.250 mol x 18.0 g mol－1








= 4.50 g

*81
C
4H2(g) + Pb3O4(s) [image: image77.wmf] 3Pb(s) + 4H2O(l)



480 cm3
            ? g 



Number of moles of H2 = 
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= 0.0200 mol



According to the equation, 4 moles of H2 react to give 3 moles of Pb.



∴
Number of moles of Pb obtained
=
[image: image80.wmf]4

3

x 0.0200 mol












= 0.0150 mol  



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







= 0.0150 mol x 207.0 g mol－1






= 3.11 g

*82
D
CaC2(s) + H2O(l)  [image: image81.wmf] CaO(s) + C2H2(g)



? g






     1 440 cm3




Number of moles of C2H2 = 
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  = 0.0600 mol



According to the equation, 1 mole of CaC2 produces 1 mole of C2H2.



∴
Number of moles of CaC2 reacted = 0.0600 mol  



Molar mass of CaC2 = 64.0 g mol－1


Mass of CaC2 reacted
= Number of moles of CaC2 x Molar mass of CaC2 









= 0.0600 mol x 64.0 g mol－1







= 3.84 g 

*83
B

X(g)
+
3Y(g)    [image: image84.wmf]    2Z(g)

25 cm3

90 cm3

       ? cm3




According to the equation, 1 mole of X reacts with 3 moles of Y to produce 2 moles of Z.



i.e.
25 cm3 of X react with 75 cm3 of Y to produce 50 cm3 of Z.



Therefore Y is in excess.



Volume of Y left
= (90－75) cm3






= 15 cm3


∴
Volume of resultant gaseous mixture
= (50 + 15) cm3












= 65 cm3
*84
C
K2CO3(aq) + H2SO4(aq)  [image: image85.wmf] K2SO4(aq) + CO2(g) + H2O(l)



2.78 g

0.820 M




  ? cm3





19.5 cm3

Number of moles of H2SO4 in 19.5 cm3 solution
= Molarity of solution x Volume of solution













= 0.820 mol dm－3 x 
[image: image86.wmf]000
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= 0.0160 mol

        According to the equation, 1 mole of K2CO3 react with 1 mole of H2SO4 to give 1 mole of 

CO2.



∴
Number of moles of CO2 produced = 0.0160 mol  



Volume of CO2 produced (at room temperature and pressure)



= Number of moles of CO2 x Molar volume of the gas (at room temperature and 

pressure)



= 0.0160 mol x 24.0 dm3 mol－1


= 0.384 dm3


= 384 cm3
*85
B
Number of moles of K2CO3 reacted = 0.0160 mol



Molar mass of K2CO3(nH2O = (138.0 + 18.0n) g mol－1


Number of moles of K2CO3 =
[image: image87.wmf]mass
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= 2

*86
A
2XHCO3(s) [image: image89.wmf] X2CO3(s) + H2O(l) + CO2(g)



1.50 g







   180 cm3


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
= 
[image: image92.wmf]mol

0.0150
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= 100 g mol－1
*87
D
CaCO3(s) + 2HCl(aq) [image: image93.wmf]  CaCl2(aq) + CO2(g) + H2O(l)



? g
1.80 M






30.0 cm3
Number of moles of HCl in 30.0 cm3 solution
= Molarity of the solution x Volume of the solution











= 1.80 mol dm－3 x 
[image: image94.wmf]000
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= 0.0540 mol


According to the equation, 1 mole of CaCO3 requires 2 moles of HCl for complete reaction.



∴
Number of moles of CaCO3 reacted
=
[image: image95.wmf]2

0.0540

mol













= 0.0270 mol



Molar mass of CaCO3 = 100.0 g mol－1


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









= 0.0270 mol x 100.0 g mol－1








= 2.70 g



Percentage purity of CaCO3 in the sample
= 
[image: image96.wmf]g
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*88
C
According to the equation, 1 mole of CaCO3 reacts with 2 moles of HCl to give 1 mole 

of CO2.



Number of moles of CO2 evolved
=  
[image: image97.wmf]2

0.0540

 mol











= 0.0270 mol



Volume of CO2 evolved (at room temperature and pressure)



= Number of moles of CO2 x Molar volume of the gas (at room temperature and 

pressure)



= 0.0270 mol x 24.0 dm3 mol－1


= 648 cm3
*89
B
(1)
One mole of chlorine gas has a mass of 71.0 g.



(2)
At room temperature and pressure, one mole of any gas occupies a volume of 24.0 

dm3.



(3)
One mole of chlorine gas contains 6.02 x 1023 chlorine molecules, i.e. 2 x 6.02 x 

1023 chlorine atoms.

*90
A
(1)
Avogadro’s Law states that equal volumes of gases at the same temperature and 

pressure contain equal numbers of particles. The particles are molecules in this 

case.

*91
C
(1)
At room temperature and pressure, argon is a gas while calcium is a solid. 

Therefore argon occupies a much greater volume than calcium.



(2)
1 g of argon and 1 g of calcium each contain the same number of mole of atoms, 

i.e.    the same number of atoms.



(3)
1 mole of argon and 1 mole of calcium each contain 6.02 x 1023 atoms.

*92
C
One mole of sulphur dioxide and one mole of oxygen contain the same number of 
molecules, not atoms.

*93
D

*94
C
Avogadro’s Law states that equal volumes of gases at the same temperature and 

pressure contain equal numbers of particles. Under the same conditions, 10 cm3 of 

chlorine and 10 cm3 of hydrogen contain equal numbers of molecules.

*95
B
At room temperature and pressure, oxygen is a gas while carbon is a solid. Therefore 

oxygen occupies a much greater volume than carbon.

96
C
2 moles of hydrogen react with 1 mole of oxygen to give 2 moles of water. At room 

temperature and pressure, 0.50 mole of hydrogen (i.e. 12 dm3) reacts with 0.25 mole 

of oxygen (i.e. 6 dm3) to give 0.50 mole of water. Water is a liquid at room temperature 

and pressure. Therefore 0.50 mole of water occupies a volume much less than 6 dm3. 

*97
C
At room temperature and pressure, one mole of ammonia and one mole of carbon 

dioxide each occupy the same volume.



One mole of ammonia contains 4 moles of atoms while one mole of carbon dioxide 

contains 3 moles of atoms.

Topic 6  Miscellaneous

98
C
Option C - Chlorine is denser than air.



Option D - Chlorine is toxic.

99
D

100
B
Chlorine can damage wood pulp.

101
B
Aqueous sulphur dioxide bleaches by reduction. The sulphite ion removes oxygen 

from the coloured dye, making the dye colourless.













reduced form



SO32－(aq)  +  dye [image: image98.wmf] SO42－(aq)  +  (dye － O)

colourless
coloured
     colourless
     colourless

102
D
Sulphur dioxide is formed when heating sulphur with concentrated sulphuric acid. 

Sulphur dioxide reduces yellow iron(III) ions to pale green iron(II) ions.



SO32－(aq) + H2O(l) + 2Fe3+(aq) [image: image99.wmf] SO42－(aq) + 2H＋(aq) + 2Fe2＋(aq)

103
C
The oxidation number of oxygen remains the same.

*104
C
Option A - Concentrated sulphuric acid and copper react to give sulphur dioxide gas.



Option B - Concentrated nitric acid and magnesium react to give nitrogen dioxide gas.



Option C - Dilute sulphuric acid and sodium hydroxide solution react to give sodium 

sulphate and water.



Option D - Dilute hydrochloric acid and zinc carbonate react to give carbon dioxide gas.

105
C
Option A -The active ingredient in chlorine bleach is OCl－(aq).



Option B -The bleaching effect of chlorine bleach can last for a long period of time 

while that of sulphur dioxide bleach is not permanent.



Option D - Chlorine bleach can damage delicate materials such as silk.

*106
C
Molar mass of SO2 = 64.0 g mol－1


Molar volume of SO2 (under experimental conditions) 



= 
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= 26.0 dm3 mol－1
*107
B
2SO2(g) + O2(g)  [image: image102.wmf] 2SO3(g)



360 dm3
? dm3


Number of moles of SO2  = 
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= 15.0 mol


According to the equation, 2 moles of SO2 require 1 mole of O2 for complete oxidation.



∴
Number of moles of O2 required = 
[image: image105.wmf]2

15.0

 mol










   = 7.50 mol



Volume of O2 required (at room temperature and pressure)



= Number of moles of O2 x Molar volume of the gas (at room temperature and 




pressure)



= 7.50 mol x 24.0 dm3 mol－1


= 180 dm3
*108
D

*109
A
2Ca(NO3)2(s)  [image: image106.wmf] 2CaO(s) + 4NO2(g) + O2(g)



8.2 g








 ? cm3


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 heated
= 
[image: image107.wmf]mass

Molar 

Mass











        = 
[image: image108.wmf]1

mol

g

 

164.0

g

 

8.2

-













= 0.050 mol



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



∴
Number of moles of O2 obtained
=
[image: image109.wmf]2
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mol












= 0.025 mol



Volume of O2 obtained (at room temperature and pressure)



= Number of moles of O2 x Molar volume of the gas (at room temperature and 

pressure)



= 0.025 mol x 24 000 cm3 mol－1


= 600 cm3
*110
C
CaCO3(s) [image: image110.wmf] CaO(s) + CO2(g)


   ? g                   2 880 cm3


Number of moles of CO2  = 
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= 0.120 mol



According to the equation, 1 mole of CaCO3 decomposes to give 1 mole of CO2.



∴
Number of moles of CaCO3 decomposed = 0.120 mol



Molar mass of CaCO3 = 100.0 g mol－1


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










= 0.120 mol x 100 g mol－1









= 12.0 g



Percentage purity of CaCO3 in the sample
= 
[image: image113.wmf]g
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*111
B
2H2(g)    +    O2(g) [image: image114.wmf] 2H2O(l)


1 200 cm3    
1 200 cm3
        ? g



Number of moles of H2/O2
= 
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According to the equation, 2 moles of H2 react with 1 mole of O2 to produce 2 moles of 

H2O. O2 is in excess in this case. The amount of H2 limits the amount of H2O 

produced.



Number of moles of H2O produced = 0.0500 mol



Molar mass of H2O = 18.0 g mol－1


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









= 0.0500 mol x 18.0 g mol－1








= 0.900 g

*112
B
Na2CO3(aq) + 2HCl(aq) [image: image117.wmf] 2NaCl(aq) + CO2(g) + H2O(l)






? M






   ? cm3





50.0 cm3


Molar mass of Na2CO3(10H2O = [2x23.0+12.0+ 3x16.0+10x(2x1.0+16.0)]g mol－1







= 286.0 g mol－1


Number of moles of Na2CO3(10H2O in the sample
=
[image: image118.wmf]mass
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= 0.0500 mol



According to the equation, 1 mole of Na2CO3 requires 2 moles of HCl for complete 



reaction and produces 1 mole of CO2.



∴
Number of moles of HCl in 50.0 cm3 of solution
= 2 x 0.0500 mol















= 0.100 mol



Molarity of the acid solution
= 
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*113
C
Number of moles of CO2 produced = 0.0500 mol



Volume of CO2 produced (at room temperature and pressure)



= Number of moles of CO2 x Molar volume of the gas (at room temperature and 



pressure)



= 0.0500 mol x 24 000 cm3 mol－1


= 1 200 cm3
114
A
(2)
Bromide ions are oxidized to bromine in the reaction.



(3)
Potassium ions are not affected in the reaction.

115
B
We cannot deduce that concentrated sulphuric acid is a dibasic acid and an oxidizing 



agent from this experiment alone.

116
D

117
A
(1)
 When concentrated sulphuric acid is added to sugar crystals, the sugar changes 




 from white to dark brown and then to black. The black product is carbon. This is 




 because concentrated sulphuric acid removes the elements of water (hydrogen 



 and oxygen atoms) from the sugar crystals.


(2)
 When concentrated sulphuric acid is added to hydrated copper(II) sulphate  

crystals, the blue crystals turn white. This is because the acid removes the water of crystallization from the hydrated salt.



(3)
 Hot concentrated sulphuric acid acts as an oxidizing agent in the reaction with 

zinc. It reacts with zinc to give sulphur dioxide gas.

118
B
(1)
Heating sodium sulphite with dilute hydrochloric acid gives sulphur dioxide.




Na2SO3(s) + 2HCl(aq) [image: image122.wmf]2NaCl(aq) + SO2(g) + H2O(l)

(2)
Zinc reacts with dilute sulphuric acid to give hydrogen.



(3)
Hot concentrated sulphuric acid can oxidize sulphur. Sulphur dioxide is produced.




S(s) + 2H2SO4(l) [image: image123.wmf] 3SO2(g) + 2H2O(l)

119
B
(1)
Aqueous sulphur dioxide bleaches by reduction.



(3)
In the Contact process, sulphur dioxide reacts with oxygen to give sulphur trioxide.




2SO2(g) + O2(g) [image: image124.emf] 2SO3(g)




Sulphur dioxide acts as a reducing agent. It is oxidized.

120
A
(1)
Sulphur dioxide dissolves in water to form sulphurous acid.




Carbon dioxide dissolves in water to form carbonic acid.

121
C
(2)
Carbon dioxide and sodium hydroxide solution undergo neutralization reaction.



(3)
Sulphur dioxide reduces iron(III) ions to iron(II) ions.

122
A
(1)
Bromine makes the solution brown in colour.



(2)
Chlorine oxidizes bromide ions to bromine. The solution turns brown due to the 





bromine produced.

123
B
(2)
Oxygen has no characteristic smell.

124
A
(1)
Aqueous sulphur dioxide bleaches by reduction.



(2)
Aqueous chlorine oxidizes iodide ions to iodine.



(3)
The reaction between dilute sulphuric acid and dilute sodium hydroxide solution 




is a neutralization reaction.

125
D
(1)
Aqueous chlorine bleaches the litmus solution.



(2)
Aqueous sulphur dioxide bleaches the purple vegetable dye.



(3)
Sulphur dioxide turns acidified potassium dichromate solution from orange to 




green.

126
C
(2)
Aqueous bromine oxidizes iodide ions to iodine.



(3)
Aqueous sulphur dioxide reduces bromine to bromide ions.

*127
B
(1)
At room temperature and pressure, oxygen is a gas while sulphur is a solid. The 




mass of 20 cm3 of sulphur is much greater than that of 10 cm3 of oxygen.



(2)
Suppose the mass of one mole of oxygen atoms is x g, then the mass of one 




mole of sulphur atoms is 2x g.




Number of moles of atoms in 2 g of sulphur
= 
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Number of moles of atoms in 1 g of oxygen= 
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∴
2 g of sulphur and 1 g of oxygen contain the same number of moles of atoms, 

i.e. the same number of atoms.



(3)
 At room temperature and pressure, oxygen is a gas while sulphur is a solid. 

Therefore one mole of oxygen atoms occupies a much greater volume than one 

mole of sulphur atoms.

*128
B
The molar mass of CO2 is 44.0 g mol－1. 88.0 g of CO2 contain 2 moles of CO2 

molecules.



(1)
There are 2 moles of carbon atoms in 88.0 g of CO2.



(3)
88.0 g of CO2 have a volume of 48.0 dm3, at room temperature and pressure.

129
D
In the Contact process, sulphur trioxide is absorbed in previously prepared 98% 

sulphuric acid, forming fuming sulphuric acid H2S2O7 or oleum. The direct reaction of 

sulphur trioxide with water is not used in the absorption stage, owing to the large 

amount of heat involved. This would lead to the formation of sulphuric acid mist in the 

absorption tower which would take a long time to settle out.



Sulphur trioxide is more soluble in concentrated sulphuric acid than it is in water.

*130
D
Chlorine can be manufactured by the electrolysis of brine (concentrated sodium 

chloride solution).



During the electrolysis of concentrated sodium chloride solution, chlorine is produced 

at the anode.

131
C
Chlorine bleaches will damage delicate materials such as wool.

*132
B
At room temperature and pressure, carbon dioxide is a gas while water is a liquid. 

Therefore one mole of carbon dioxide occupies a much greater volume than one mole 

of water.

133
C
In the Contact process, the percentage yield of sulphur trioxide is about 98%.

134
B
Chlorine turns moist blue litmus paper red because it is acidic. The litmus paper turns 

white due to the bleaching action of aqueous chlorine.

Section D
Short Questions

1
a)
The colourless potassium bromide solution becomes orange/brown in colour.



Cl2(aq) + 2Br－(aq) [image: image129.wmf] 2Cl－(aq) + Br2(aq)



b)
The colour of red flower fades.











  oxidized form



OCl－(aq) + dye
[image: image130.wmf] Cl－(aq) + (O + dye)



colourless
coloured
  colourless
colourless


c)
The purple acidified potassium permanganate solution becomes colourless.



5SO32－(aq) + 2MnO4－(aq) + 6H＋(aq) [image: image131.wmf] 5SO42－(aq) + 2Mn2＋(aq) + 3H2O(l)


d)
The paper turns brown and a hole appears.





concentrated H2SO4


(C6H10O5)n(s)  [image: image132.wmf] 6nC(s) + 5nH2O(g)


e)
The orange/brown aqueous bromine becomes colourless.



SO32－(aq) + H2O(l) + Br2(aq) [image: image133.wmf] SO42－(aq) + 2H＋(aq) + 2Br－(aq)

2
a)
Sodium hypochlorite solution is easy to handle. Chlorine is stored in heavy steel 

cylinders which are difficult to transport.


b)
Chlorine reacts reversibly with water, forming hydrochloric acid and hypochlorous acid. 

The solution formed is acidic.


c)
Because of its great attraction for water, concentrated sulphuric acid reacts vigorously 

with water, giving out a great amount of heat. If water is added to concentrated 

sulphuric acid during dilution, the heat given out will change the water into steam. This 

will cause the acid droplets to spurt out from the container.


d)
This is because concentrated sulphuric acid removes the water of crystallization from 

the hydrated copper(II) sulphate crystals.

*3


	Formula of gas
	Mass of 1 mole of gas
	Mass of gas present
	Number of moles of gas present
	Volume of gas at toom temperature and pressure

	
CH4
	
16.0 g
	
0.250 mol x 16.0 g mol-1
= 4.00 g
	
[image: image134.wmf]mol
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3
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6.00 dm3

	
NO2
	
46.0 g
	
3.50 mol x 46.0 g mol-1
= 161 g
	
3.50 mol
	
3.50 mol x 24.0 dm3 mol-1
= 84.0 dm3

	
NH3
	
17.0 g
	
6.80 g
	
[image: image135.wmf]mol
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0.400 mol x 24.0 dm3 mol-1
= 9.60 dm3


*4
a)
Avogadro’s Law states that equal volumes of gases at the same temperature and 



pressure contain equal numbers of particles.


b)
Number of moles of hydrogen
= 
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= 0.0450 mol


c)
Number of moles of chlorine
= 
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= 0.20 mol



Number of chlorine molecules
= Number of moles of Cl2 x L










= 0.20 mol x 6.02 x 1023 mol－1









= 1.2 x 1023

d)
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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= 0.0300 mol



Volume of SO2 (at room temperature and pressure)



= Number of moles of SO2 x Molar volume of the gas (at room temperature and 




pressure)



= 0.0300 mol x 24.0 dm3 mol-1


= 0.720 dm3


= 720 cm3
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