Section A
Fill in the blanks

Unit 5
Atomic structure

1
atoms

2
metals, metalloids, non-metals

3
nucleus, electrons, shells

4
protons, neutrons

5
atomic

6
mass

7
isotopes

8
atomic mass

9
electronic arrangement

10
electron

Unit 6
Periodic Table

11
periodic

12
groups, periods

13
group

14
period

15
metals, metalloids, non-metals

16
alkali

17
alkaline earth

18
halogens

19
noble gases

20
octet

Unit 7
Chemical bonds

21
chemical bonds

22
ionic

23
covalent

24
positive

25
negative

26
chemical formula

27
molecules

28
diatomic

29
bond pair

30
lone pair

Unit 8
Structure, bonding and properties

31
giant ionic

32
giant covalent

33
simple molecular

34
giant metallic

35
van der Waals’
Section B
True or False

Unit 5
Atomic structure

1
F
Mercury is a metal that exists as a liquid at room temperature and pressure.

2
T

3
T


4
T

5
T

6
F
The symbol of magnesium is Mg.

7
F
The nucleus of an atom contains protons and neutrons.

8
T

9
F
The neutral atom of an element must contain equal number of protons and electrons (not neutrons).

[image: image50.emf]
10
F
A hydrogen atom (   ) contains no neutron.

11
F
The mass number of an atom is the sum of the numbers of protons and neutrons in the atom. A sodium atom contains 11 protons and 12 neutrons. Therefore its mass number is 23.

12
T

13
F
The atomic number of oxygen is 8.

14
F
The second shell can hold a maximum of 8 electrons.

15
T

Unit 6
Periodic Table

16
F
In the periodic table, all the elements are arranged in order of increasing atomic number.

17
T

18
F
Across a period in the periodic table, the elements changes from metals through metalloids to non-metals.

19
F
Sulphur belongs to Period 3 of the periodic table.

20
T

21
T

22
T

23
F
Argon is a noble gas.

24
T

25
T

26
T

27
F
Lithium is the least reactive element in Group I of the periodic table. (The reactivity of Group I elements increases down the group.)

28
T

29
F
Calcium sinks in water.

30
F
Magnesium shows little reaction with cold water.

31
T

32
F
Bromine and iodine are Group VII elements. Bromine is a liquid and iodine is a solid at room temperature and pressure.

33
F
Fluorine is more reactive than chlorine.

34
T

35
F
A helium atom has a duplet of electrons in the outermost shell.

Unit 7
Chemical bonds

36
T


37
F
A magnesium ion carries 2 positive charges.

38
F
An oxygen atom gains two electrons to form an oxide ion.

39
T

40
F
Fluoride ion is a simple ion formed from a single atom only.

41
F
An ionic bond is the strong forces of attraction between oppositely charged ions.

42
F
Ionic bond usually occurs when metal atoms combine with non-metal atoms.

43
F
A covalent bond is the strong forces of attraction between the shared electrons and the two positively charged nuclei of the bonded atoms.

44
T

45
T

46
T

47
F
Element X combines with element Y to form an ionic compound.

48
T

49
F
The chemical formula of the compound is SiH4.

50
T

Unit 8
Structure, bonding and properties

51
F
Ionic compounds conduct electricity in molten state or aqueous solution.

52
T

53
F
Iodine has a simple molecular structure.

54
T

55
F
The carbon dioxide molecules are held together by weak van der Waals’ forces.

56
F
They have different physical properties because their structures are different.

57
F
The melting point of iodine is low because weak van der Waals’ forces hold the molecules together.

58
F
The melting point of quartz is very high because strong covalent bonds hold the atoms together.

59
T

60
T

61
F
The melting point of diamond is very high due to the strong covalent bonds between the atoms.

62
F
Iodine is slightly soluble in water. The weak attractive forces between iodine and water molecules are not strong enough to overcome the attractive forces between the water molecules.

63
T

64
T

65
F
Metals are malleable because their atoms are packed in layers.

Section C
Multiple Choice

Unit 5
Atomic structure

1
A

2
C

3
D

4
C

5
A

6
A

7
B
Gold is a metal and therefore a good conductor of electricity.

8
C
Bromine is a non-metal while mercury is a metal. The common characteristic is that both of them are liquids at room temperature and pressure.

9
B
Option A - An atom must have equal numbers of protons and electrons.



Option C - A neutron carries no charge.



Option D - The mass of one proton is approximately equal to that of 1 840 electrons.

10
A
Atomic number of X = 8 = number of protons in an atom





            = number of electrons in an atom



Number of neutrons
= mass number - atomic number





       
= 18 - 8






= 10

11
B
An atom has equal numbers of protons and electrons. Therefore the atom has 25 protons and thus its atomic number is 25.



Mass number = number of protons + number of neutrons





   = 25 + 27





   = 52

2
C
Atomic number = 23  = number of protons





          = number of electrons



Number of neutrons  = mass number - atomic number







   = 51 - 23 = 28

	13
	B
	Option
	Atom
	Number of neutrons

	
	
	
A
	
[image: image1.wmf]O

8

16


	8

	
	
	
	
[image: image2.wmf]S

16

32


	16

	
	
	B
	
[image: image3.wmf]Na

11

23


	12

	
	
	
	
[image: image4.wmf]Ng

12

24


	12

	
	
	
C
	
[image: image5.wmf]Ne

10

20


	10

	
	
	
	
[image: image6.wmf]Si

14

28


	14

	
	
	
D
	
[image: image7.wmf]Ar

18

40


	22

	
	
	
	
[image: image8.wmf]Ca

20

40


	20


14
A
Isotopes are atoms of a particular element with the same number of protons and electrons but a different number of neutrons.

	15
	C
	Atom
	Atomic number
	Mass number
	Number of neutrons

	
	
	I
	17
	35
	18

	
	
	II
	19
	39
	20

	
	
	III
	20
	40
	20

	
	
	IV
	17
	37
	20




Atoms I and IV are isotopes of chlorine.

16
C
Relative atomic mass of X 
= 
[image: image9.wmf]100
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x

79

+










=  79.9

17
D
Most elements have more than one isotope and the different isotopes of each element have different masses. The relative isotopic mass and relative abundance of each isotope of an element in nature must be considered when calculating the relative atomic mass of such element.

18
B
An atom of X has 15 electrons. The first 10 electrons fill up the first and second shells while the last 5 electrons go into the third shell.

19
C
A silicon atom has an electronic arrangement of 2,8,4.

20
A

21
A

22
C
(1) Mercury is a metal that exists as a liquid at room temperature and pressure.

23
D
(1) Solid non-metals are usually dull.

24
D
Both aluminium and copper are metals.

25
A
(3) Chlorine is a gas while sulphur is a solid at room temperature and pressure.

26
A
(3) Electrons have a small negative electrical charge.

27
A
(2) Isotopes have the same atomic number.



(3) Isotopes have different mass numbers.

28
C
(2) Each carbon atom has 6 electrons only.

29
A
P is a phosphorus (non-metal) atom.



Q is a sulphur (non-metal) atom.

30
C
The element is carbon, a non-metal.

31
B
Element X is sodium (Na).

32
B
Both statements are true. However, the state of an element cannot be explained by the fact whether it is a metal or non-metal.

33
B
The atomic number of an element is the number of protons in an atom of the element.

[image: image51.emf][image: image52.emf]
34
C
    and     are different elements.

[image: image53.emf]
35
C
   contains no neutron.

36
A

Unit 6
Periodic Table

37
D
Option A - Elements are arranged in order of increasing atomic number.



Option B - The vertical columns are called groups.



Option C - The horizontal rows are called periods.

38
C
Option D - Elements in the same group have similar chemical properties.

39
C
Option B - The atom of each element in Period 2 has two occupied electron shells.



Option D - Across a period, the elements change from metals through metalloids to non-metals.

40
A
Options B and D - Elements in the same group have the same number of outermost shell electrons in their atoms.



Option C - Group I elements are alkali metals.

41
B

42
C
The group number of an element is equal to the number of outermost shell electrons in its atom.

43
A
An atom of X has an electronic arrangement of 2,8. X is a noble gas.

44
B
An atom of X has an electronic arrangement of 2,8,4, i.e. 4 outermost shell electrons. Therefore X is in Group IV of the periodic table.

	45
	A
	Option
	Element
	Group

	
	
	A
	Argon
	0

	
	
	
	Neon
	0

	
	
	B
	Carbon
	IV

	
	
	
	Chlorine
	VII

	
	
	C
	Calcuim
	II

	
	
	
	Potassium
	I

	
	
	D
	Magnesium
	II

	
	
	
	Sodium
	I


46
D

	47
	B
	Option
	Atomic number of element
	Electronic arrangement of atom 
	Group

	
	
	A
	7
	2, 5
	V

	
	
	
	13
	2, 8, 3
	III

	
	
	B
	9
	2, 7
	VII

	
	
	
	17
	2, 8, 7
	VII

	
	
	C
	11
	2, 8, 1
	1

	
	
	
	18
	2, 8, 8
	0

	
	
	D
	14
	2, 8, 4
	IV

	
	
	
	20
	2, 8, 8, 2
	II


48
C
An element with an atomic number of 20 has an electronic arrangement of 2,8,8,2 in its atom. The element belongs to the same group as E. Therefore they have the similar chemical properties.

49
C
A potassium atom has an electronic arrangement of 2,8,8,1. There are 4 occupied electron shells. Therefore potassium is in Period 4.

	50
	D
	Option
	Element
	Period

	
	
	A
	Boron
	2

	
	
	
	Silicon
	3

	
	
	B
	Chlorine
	3

	
	
	
	Nitrogen
	2

	
	
	C
	Phosphorus
	3

	
	
	
	Oxygen
	2

	
	
	D
	Sodium
	3

	
	
	
	Sulphur
	3


51
B

	52
	D
	Option
	Description

	
	
	A
	a is beryllium

	
	
	B
	b is nitrogen. It is a gas at room temperature and pressure.

	
	
	C
	c is fluorine, a non-metal

	
	
	D
	d is silicon, a metalloid.


	53
	B
	Option
	Description

	
	
	A
	X is fluorine, a non-metal.

	
	
	B
	An atom of X has an electronic arrangement of 2,7.  It is in Period 2 of the periodic table.

	
	
	C
	An atom of X has an electronic arrangement of 2,7.  It is in Group VII of the periodic table.

	
	
	D
	X is fluorine, a gas at a room temperature and pressure.


	54
	A
	Option
	Description

	
	
	
A
	
[image: image10.wmf]X

15

31

has an electronic arrangement of 2,8,5.  It is in Group V of the periodic table.

	
	
	
B
	
[image: image11.wmf]X

15

31

has an electronic arrangement of 2,8,5.  It is in Period 3 of the periodic table.

	
	
	
C
	
[image: image12.wmf]X

15

31

has 15 electronics.

	
	
	
D
	
[image: image13.wmf]X

15

31

has 16 neutrons.


55
C
Option A
 -
The reactivity of Group I elements increases down the group. Therefore potassium is more reactive than sodium.



Option B
 -
Sodium gives a golden yellow flame in flame test.

56
C
The melting point of potassium is 64oC.

57
A
Option D - Calcium reacts steadily with water, but does not catch fire.

58
A
Element X is magnesium.

	59
	B
	Option
	Description

	
	
	A
	Fluorine is a gas at room temperature and pressure.

	
	
	B
	A fluorine atom has an electronic arrangement of 2,7, i.e. 7 outermost shell electrons.

	
	
	C
	A fluorine atom has an electronic arrangement of 2,7 i.e. 2 occupied electron shells.

	
	
	D
	The reactivity of halogens decreases down the group.  Therefore fluorine is more reactive than chlorine.


	60
	D
	Element
	State at room temperature and pressure
	Boiling point (oC)

	
	
	Fluorine
	Gas
	-190

	
	
	Chlorine
	Gas
	-34

	
	
	Bromine
	Liquid
	58

	
	
	Lodine
	Solid
	184


61
D
A helium atom has 2 outermost shell electrons.

62
B
X is a metal. X cannot be a Group I element as Group I elements have much lower melting points and react vigorously with dilute acid.

63
B
Group II elements are called alkaline earth metals.

64
D
Group VII elements are called halogens.

65
D

66
D
Element j is bromine.

	67
	A
	Option
	Description

	
	
	A
	c is nitrogen, a non-metal.

	
	
	B
	e is fluorine, a gas at room temperature and pressure.

	
	
	C
	f is argon.  The outermost shell of an atom of f has an octet of electrons.

	
	
	D
	h is calcium while g is a potassium.  h is less reactive than g. 


68
D

69
A
(2)
The reactivity of halogens decreases down the group.



(3)
Elements in the same group have the same number of outermost shell electrons in their atoms.

70
B
(1) and (3)

Atoms of chlorine and sulphur have 3 occupied electron shells. Chlorine and sulphur are in Period 3.



(2)
An atom of oxygen has 2 occupied electron shells. Oxygen is in Period 2.

71
D

72
B
Element X is aluminium.



(1)
An aluminium atom has an electronic arrangement of 2,8,3, i.e. 3 outermost shell electrons. Aluminium is in Group III of the periodic table.



(2)
It has 13 protons in its atom.



(3)
An aluminium atom has 3 occupied electron shells. Aluminium is in Period 3 of the periodic table.

73
A
Element X is argon.



(1) and (2)

An atom of X has electronic arrangement of 2,8,8. X is in Period 3 and Group 0 of the periodic table.



(3) 
[image: image14.wmf]X

18

40

has 22 neutrons.

74
D
(1)
The reactivity of Group I elements increases down the group.

	(2)
	Metal
	Relative atomic mass

	
	Lithium
	7.0

	
	Sodium
	23.0

	
	Potassium
	39.0


	(3)
	Metal
	Electronic arrangement of atom
	Number of occupied electron shells in atom

	
	Lithium
	2,1
	2

	
	Sodium
	2,8,1
	3

	
	Potassium
	2,8,8,1
	4


75
A
(3)
There is no need to store Group II elements in paraffin oil.

76
D
(1)
The reactivity of halogens decreases down the group.

77
D
(1)
Chlorine gas, hydrogen gas and sodium hydroxide solution can be obtained from electrolysis of sea water.



(3)
An atom of chlorine has an electronic arrangement of 2,8,7, i.e. 3 occupied electron shells.

78
A
(1)
The air contains 0.9% of noble gases.



(3)
Helium has 2 outermost shell electrons while atoms of other noble gases have 8 outermost shell electrons.

79
D

80
D
Elements in the same group have similar chemical properties.
	
	
	Option
	Description

	
	
	A
	Group I elements have relatively low melting points.

	
	
	B
	Atoms of Group I elements have 1 outermost shell electron.

	
	
	C
	Group I elements are soft.

	
	
	D
	The reactivity of Group I elements increases down the group.  Therefore rubidium is probably more reactive than potassium. 


81
A
The reactivity of Group II elements increases down the group. Strontium is below calcium. Therefore it is probably more reactive than calcium.

82
A
(3)

The reactivity of Group I elements increases down the group. Therefore caesium is more reactive than potassium.

83
D
(1)

There is a gradual increase in the intensity of colour down the group. Astatine is probably coloured.



(3)

There is a gradual change in state down the group, from gas to liquid then to solid. Astatine is probably a solid at room temperature and pressure.

84
A
(2)

Krypton is probably a colourless gas.



(3)

Every Group 0 element (except helium) has 8 outermost shell electrons in its atom.

85
B

86
A

87
B
Potassium and calcium belong to Period 4 because they have 4 occupied electron shells in their atoms.

88
C
Lithium is not the most reactive metal. The reactivity of Group I metals increases down the group.

89
D
Chlorine is not colourless. A chlorine atom has 3 occupied electron shells while an oxygen atom has 2 occupied electron shells.

90
C
Chlorine reacts with hydrogen slowly in the dark.

91
A

Unit 7
Chemical bonds

	92
	A
	Option
	Description

	
	
	A
	When an atom of an element gains electron(s), it forms a negative ion, i.e. an anion.

	
	
	B
	When an atom of an element losses electron (s), it forms a positive ion.

	
	
	C
	A non-metal atom obtains the stable electronic arrangement of an atom of a noble gas by gaining electron(s).

	
	
	D
	A cation carries positive charges.


93
B
The mass number and atomic number remain the same when an atom becomes an ion.

94
C



[image: image15.emf]
95
D
An atom of X has an electronic arrangement of 2,8,6. It tends to gain two electrons to obtain the stable electronic arrangement of an atom of a noble gas. The ion formed carries 2 negative charges.

	96
	B
	Ion
	Electronic arrangement

	
	
	Li+
	2

	
	
	N3-
	2,8

	
	
	CI-
	2,8,8

	
	
	K+
	2,8,8


	97
	D
	Option
	Ion
	Electronic arrangement

	
	
	A
	Li+
	2

	
	
	
	H
	1

	
	
	B
	O2-
	10

	
	
	
	CI-
	18

	
	
	C
	Na+
	10

	
	
	
	S2-
	18

	
	
	D
	Ne
	10

	
	
	
	F-
	10


	98
	D
	Practice
	Number of 

	
	
	
	protons
	neutrons
	electrons

	
	
	
[image: image16.wmf]Fe

18

56


	26
	30
	26

	
	
	Fe3+
	26
	30
	23


99
B
The anion X carries 2 negative charges. It has two more electrons than protons. Therefore the anion X has 34 protons.

100
A
A potassium atom has an electronic arrangement of 2,8,8,1. It loses one electron to obtain the stable electronic arrangement of 2,8,8.

101
B
Element X is fluorine. A fluorine atom tends to gain one electron to obtain the stable electronic arrangement of 2,8.

102
C
Particle X is an oxide ion O2-.

	103
	B
	Common ions with electronic arrangements of noble gases

	
	
	
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII
	Group 0

	
	
	Period 2
	
	
	
	
	
	
	F-
	

	
	
	Period 3
	Na+
	
	AI3+
	
	
	S2-
	
	


104
A
Option C -
When an ionic bond forms from metal and non-metal atoms, metal atoms usually lose electrons.



Option D -
An ionic bond results when metal atoms combine with non-metal atoms.

105
C
Potassium (a metal) and oxygen (a non-metal) combine to form an ionic compound.

	106
	C
	Element
	Atomic number
	Name of element

	
	
	a
	6
	Carbon

	
	
	b
	9
	Fluorine

	
	
	c
	10
	Neon

	
	
	d
	11
	Sodium




b (fluorine, a non-metal) and d (sodium, a metal) combine to form an ionic compound.

107
D
Electron transfer during the reaction between magnesium and fluorine:
[image: image17.emf]
108
A
Electron transfer during the reaction between sodium and chlorine:

[image: image18.emf]
109
D
An atom of X forms an ion carrying 2 positive charges.



An atom of Y forms an ion carrying 3 negative charges.



The simplest ratio of X2+ to Y3- in the compound is 3 : 2. Therefore the chemical formula of the compound is X3Y2.

110
B
Electron transfer during the reaction between calcium and oxygen:

[image: image19.emf]
	111
	B
	Compound
	Chemical formula
	Electron diagram

	
	
	Aluminium chloride
	AICI3
The chemical formula is not XY.
	[image: image54.emf]
[image: image55.emf][image: image56.emf][image: image57.emf][image: image58.emf]
[image: image20.emf]

	
	
	Magnesium oxide


	MgO
	

	
	
	Potassium oxide
	K2O
The chemical formula is not XY.
	

	
	
	Sodium chlordie
	NaCI


	


112
D
An atom of X loses two electrons to obtain a stable electronic arrangement. The two electrons are accepted by two atoms of Y because X and Y forms an ionic compound with the chemical formula XY2. For atoms of non-metals in Group V, VI and VII, they gain ‘8 minus Group number’ electrons in order to obtain stable electronic arrangements. Therefore Y is in Group VII of the periodic table.

113
A
The cation of X carries 1 positive charge, i.e. an atom of X loses one electron to form an ion. An atom of X has 1 outermost shell electron. The anion of Y carries two negative charges, i.e. an atom of Y gains two electrons to form an ion. An atom of Y has 6 outermost shell electrons.

114
A
The chemical formula of ammonium ion is NH4+.

	115
	B
	Step
	Calcium hydroxide

	
	
	1. Write down the symbols of ions in the compound
	Ca
	CH

	
	
	2. Write down the number of charges of each ion on top of each symbol.
	2
Ca
	1
OH

	
	
	3. Cross multiply the numbers and the symbols.
	[image: image59.emf][image: image60.emf]2
  Ca
= Ca
	1
OH
= (OH)2


	116
	A
	Step
	Ammonium nitrate

	
	
	1. Write down the symbols of ions in the compound
	NH4
	NO3

	
	
	2. Write down the number of charges of each ion on top of each symbol.
	1
NH4
	1
NO3

	
	
	3. Cross multiply the numbers and the symbols.
	[image: image61.emf][image: image62.emf]1
  NH4
= NH4
	1
  NO3
= NO3

	
	
	4. Combine the symbols and simplify the ratio if necessary
	NH4 NO3


117
B
Iron can form two common positive ions, one carrying 2 positive charges and one carrying 3 positive charges, i.e. Fe2+ and Fe3+. The name for Fe2+ is iron(II) ion and that for Fe3+ is iron(III) ion.

118
C
An aluminium atom forms an ion carrying 3 positive charges. A chlorine atom forms an ion carrying 1 negative charge. The simplest ratio of Al3+ and Cl- in the compound aluminium chloride is 1 : 3. Thus the chemical formula of the compound is AlCl3.

119
A
A sulphate ion carries 2 negative charges. The simplest ratio of ion of M and SO42- in the sulphate is 2 : 1. Therefore an ion of M carries 1 positive charge.





A chloride ion carries 1 negative charge. The simplest ratio of M+ and Cl- in the chloride is 1 : 1. Therefore the chemical formula of the chloride is MCl.

120
C
A sodium ion carries 1 positive charge. The simplest ratio of Na+ and ion of X in NaX is 1 : 1. Therefore an ion of X carries 1 negative charge.





A calcium ion carries 2 positive charges. The simplest ratio of Ca2+ and X- in the compound is 1 : 2. Therefore the chemical formula of the compound is CaX2.

121
D
X is magnesium.

122
B
Option A
-
No ion exists in a covalent compound.



Option C
- The pair of electrons shared between two atoms is called bond pair electrons.



Option D
- A covalent bond in which two electrons are shared between two atoms is called a single bond.

123
D
Sulphur and oxygen are non-metals. They combine to form a covalent compound.

	124
	C
	Element
	Atomic number
	Name of element

	
	
	a
	3
	Lithium

	
	
	b
	14
	Silicon

	
	
	c
	17
	Chlorine

	
	
	d
	18
	Argon




b (silicon) and c (chlorine) combine to form a covalent compound.

125
B
An oxygen atom has an electronic arrangement of 2,6. It needs two more electrons to obtain the electronic arrangement of a stable neon atom (2,8). Each oxygen atom can obtain the electronic arrangement of a neon atom by sharing two of its electrons with another oxygen atom.

126
D
The element exists as diatomic molecules. It is a non-metal.

127
C
A nitrogen atom has an electronic arrangement of 2,5. It needs three more electrons to obtain the electronic arrangement of a stable neon atom (2,8). A fluorine atom has an electronic arrangement of 2,7. It needs one more electron to obtain the electronic arrangement of a stable neon atom (2,8).





In order to get stable electronic arrangements, one nitrogen atom combines with three fluorine atoms to form a molecule.

128
D
A silicon atom has an electronic arrangement of 2,8,4. It needs four more electrons to obtain the electronic arrangement of a stable argon atom (2,8,8). A hydrogen atom has an electronic arrangement of 1. It needs one more electron to obtain the electronic arrangement of a stable helium atom (2). In order to get stable electronic arrangements, one silicon atom combines with four hydrogen atoms.

129
A
An atom of X has an electronic arrangement of 2,8,6. It needs two more electrons to obtain the electronic arrangement of a stable argon atom (2,8,8). A hydrogen atom has an electronic arrangement of 1. It needs one more electron to obtain the electronic arrangement of a stable helium atom (2).




In order to get stable electronic arrangements, one atom of X combines with two hydrogen atoms. The chemical formula of the compound is H2X.

130
C
An atom of X has an electronic arrangement of 2,4. It needs four more electrons to obtain the electronic arrangement of a stable neon atom (2,8). An atom of Y has an electronic arrangement of 2,6. It needs two more electrons to obtain the electronic arrangement of a stable neon atom (2,8).





In order to get stable electronic arrangements, one atom of X combines with two atoms of Y. Therefore the chemical formula of the compound is XY2.

131
C
X is in Group IV of the periodic table. It needs four more electrons to obtain the electronic arrangement of an atom of a noble gas.





An atom of X contributes four electrons for sharing with 2 atoms of Y. Every atom of Y contributes two electrons for sharing, i.e. it needs two electrons to obtain a stable electronic arrangement. Therefore an atom of Y has 6 outermost shell electrons.

132
A
The number of electrons contributed by an atom for sharing is equal to what that atom needs to obtain a stable electronic arrangement. An atom of X contributes three electrons for sharing, i.e. it needs three electrons to obtain a stable electronic arrangement. Therefore an atom of X has 5 outermost shell electrons.





An atom of Y contributes one electron for sharing, i.e. it needs one electron to obtain a stable electronic arrangement. Therefore an atom of Y has 7 outermost shell electrons.

133
C

134
D

135
A
An atom of an element with atomic number 9 has an electronic arrangement of 2,7. It needs one more electron to obtain the electronic arrangement of a stable neon atom (2,8). Each atom can obtain the electronic arrangement of a neon atom by sharing one of its outermost shell electrons with another atom.

136
B
An atom of X contributes two electrons for sharing with hydrogen atoms. It also contributes two electrons for sharing with another atom of X. An atom of X needs four electrons to obtain a stable electronic arrangement. There are 4 outermost shell electrons in an atom of X. Therefore X is in Group IV of the periodic table.

137
D
Element X is oxygen. It reacts with carbon to form a covalent compound.

138
D

139
D
Element X is a metal and Y is a non-metal. They combine to form an ionic compound.




An atom of X forms an ion carrying 2 positive charges.




An atom of Y forms an ion carrying 1 negative charge.





The simplest ratio of X2+ to Y- in the compound is 1 : 2. Therefore the chemical formula of the compound is XY2.

140
B
An atom of Y has 6 outermost shell electrons. Therefore an atom of Y forms an ion carrying 2 negative charges (Y2-). The simplest ratio of Na+ and Y2- in the compound formed between sodium and Y is 2 : 1. Therefore the chemical formula of the compound is Na2Y.

	141
	C
	Practice
	Mass number
	Atomic number
	Number of 

	
	
	
	
	
	protons
	electrons
	neutrons

	
	
	W
	12
	6
	6
	6
	6

	
	
	X
	23
	11
	11
	11
	12

	
	
	Y
	23
	11
	11
	10
	12

	
	
	Z
	32
	16
	16
	16
	16




X loses one electron to form Y.

142
A
W and Z are non-metals. They combine to form a covalent compound.





W has an electronic arrangement of 2,4. It needs four more electrons to obtain the electronic arrangement of a stable neon atom (2,8). Z has an electronic arrangement of 2,8,6. It needs two more electrons to obtain the electronic arrangement of a stable argon atom (2,8,8).





One W particle will combine with two Z particles. The chemical formula of the compound is WZ2.

143
A

144
B
d is a non-metal and b is a metal. They combine to form an ionic compound.

145
D
Each atom of Y contributes one electron for sharing. There are 7 outermost shell electrons in an atom of Y. Therefore Y belongs to Group VII.

146
C
d is chlorine.

147
A
b is sodium (a metal).

148
C
Relative molecular mass of H2SO4


= 2 x Relative atomic mass of H + Relative atomic mass of S + 4 x Relative atomic mass of O



= 2 x 1.0 + 32.0 + 4 x 16.0



= 98.0

149
D
The chemical formula of the compound is Y2X.



Formula mass of Y2X



= 2 x Relative atomic mass of Y + Relative atomic mass of X



= 2 x 39.0 + 32.0



= 110.0

150
C
X is nitrogen.

151
A
(1)
An oxygen atom has an electronic arrangement of 2,6. It gains 2 electrons to form an oxide ion (electronic arrangement of 2,8). Therefore an oxygen atom and an oxide ion have the same number of occupied electron shells.



(2) and (3) The atomic number and mass number of oxygen remain the same.

	152
	A
	Ion
	Electronic arrangement of ion

	
	
	O2-
	2,8

	
	
	Li+
	2

	
	
	K+
	2,8,8




Therefore O2- has the same electronic arrangement as a neon atom.

	153
	D
	Ion
	Electronic arrangement of ion

	
	
	Ca2+
	2,8,8

	
	
	CI-
	2,8,8

	
	
	S2-
	2,8,8




Therefore Ca2+, Cl- and S2- have the electronic arrangement of 2,8,8.

154
A
(3)
X- ion and an atom of X have the same number of occupied electron shells.

155
C
(1)
An atom of X has an electronic arrangement of 2,8,8,2. X is in Group II of the periodic table.

156
B
(1)
W is a neutral atom.

157
A
(1)
Calcium (a metal) and fluorine (a non-metal) combine to form an ionic compound.

158
C
(1)
Hydrogen and bromine are non-metals. They combine to form a covalent compound.

159
C
(1)
The cation of X carries 1 positive charge, i.e. an atom of X loses one electron to form an ion. An atom of X has 1 outermost shell electron.

(2) The anion of Y carries 3 negative charges, i.e. an atom of Y gains three electrons to form an ion. An atom of Y has 5 outermost shell electrons.
	162
	C
	Compound
	Chemical formula
	Electron diagram

	
	
	Lithium oxide
	Li2O


	[image: image63.emf][image: image21.emf]

	
	
	Potassium sulphide
	K2S


	

	
	
	Sodium oxide
	Na2O
	


161
B
X is sodium.

	162
	C
	Ion
	Chemical formula

	
	
	Iodide
	I-

	
	
	Nitrate
	NO3-

	
	
	Sulphate
	SO42-


163
B
(2)
Calcium chloride is an ionic compound.

164
A
a, b, e and f are non-metals while c and d are metals. 



(1)
a (a non-metal) and f (a non-metal) combine to form a covalent compound.



(2)
b (a non-metal) and d (a metal) combine to form an ionic compound.



(3)
c (a metal) and e (a non-metal) combine to form an ionic compound.

165
B
(2)
In a carbon dioxide molecule, the carbon atom forms a double bond with each oxygen atom.

166
A
(3)
Molecule of H2S contains single bonds only.

167
A
(2)
There are 7 electrons in the outermost shell of an atom of Z.



(3)
The atom of Y has one lone pair and three bond pairs.

168
B
(1)
The bond between the atoms of X is a single bond.



(3)
X is in Group VII of the periodic table.

169
D
Fluorine and chlorine are in Group VII of the periodic table.

170
C
(1) and (2)

The atomic number of X is 13. An atom of X has an electronic arrangement of 2,8,3. Therefore X is in Group III and Period 3.

171
B

172
A
(3)
Lithium reacts with oxygen to form a compound with the chemical formula Li2O.

173
D

174
C
(1)
A Group IV element seldom forms ion.

175
A

176
C
A helium atom has 2 outermost shell electrons.

177
C
Magnesium is in Period 3 of the periodic table.

178
D
Some transition metals (e.g. Fe) can form M3+ ions.

179
C
Each atom of X loses two electrons and each atom of Y accepts two electrons when X and Y combine.

Unit 8
Structure, bonding and properties

180
B

181
D
Carbon dioxide has a simple molecular structure.

182
B
Substances with giant ionic structures conduct electricity in molten state or aqueous solution.

183
D

184
C
To melt an ionic compound, a lot of heat energy is needed to overcome the strong attractive forces (ionic bonds) between the ions. Therefore ionic compounds have high melting points.

185
D
Quartz is hard, insoluble in water and has a very high melting point.

186
A
Diamond has a giant covalent structure. It is insoluble in water and does not conduct electricity.

187
B

188
B
To melt quartz, a lot of heat energy is needed to overcome the strong covalent bonds between the atoms. Therefore quartz has a high melting point.

189
C

190
C
Iodine has a simple molecular structure.

191
D
Simple molecular substances are usually soft, have low melting points, insoluble in water and do not conduct electricity.

192
D

193
D
The attractive forces between the carbon dioxide molecules are weak. The molecules separate easily when heated. Therefore carbon dioxide has a low boiling point.

194
A
Option B - Oxygen has a low boiling point.



Option C - Oxygen is soluble in water.



Option D - Oxygen does not conduct electricity.

195
C
Magnesium is a good conductor of electricity due to the presence of mobile electrons.

196
D

197
D
The atoms in copper are packed closely and the metallic bonds holding them together are very strong. To melt a piece of copper, a lot of heat energy is needed to overcome the strong attractive forces.

198
B
Diamond has a giant covalent structure. It has the highest melting point among the four substances.

199
A
Carbon dioxide has a simple molecular structure.



Sodium chloride has a giant ionic structure.



Silicon dioxide has a giant covalent structure.

200
A
(3)
Sodium chloride is soluble in water.

201
B
(2)
Sugar has a simple molecular structure. Its aqueous solution contains no mobile electron or ion. Therefore its aqueous solution does not conduct electricity.

202
A

203
D

204
A
(3)
Weak van der Waals’ forces exist between carbon dioxide molecules.

205
B
X and Y combine to form an ionic compound.

206
A
An atom of X loses two electrons to an atom of Y upon combination.

207
A
Option B - Substances with simple molecular structures are usually soluble in non-aqueous solvents.



Option C - The substance is a liquid at room temperature and pressure.



Option D - Substances with simple molecular structures do not conduct electricity.

208
D
X is silicon and Y is oxygen. The compound formed between A and B is silicon dioxide (SiO2).

209
C
X is a covalent compound. It is formed from non-metals.

210
D

211
D
The melting point of compound D is –23 oC. Therefore it is a liquid at room temperature and pressure.



(D may also be a gas if its boiling point is low.)

212
B
The melting point of compound B is 86 oC. Therefore it is a solid at room temperature and pressure.

213
A

214
C

215
D
Mercury is a metal. It is a liquid at room temperature and pressure. Its melting point is below 200 oC.
216
C
Copper(II) chloride is an ionic compound. It conducts electricity in liquid state and aqueous solution.

217
A
Sugar is a covalent compound. It does not conduct electricity.

218
B
Magnesium conducts electricity both in solid and liquid state. It is insoluble in water.

	219
	B
	Element
	Name of element
	Atomic number
	Metal / Method / Non-metal

	
	
	X
	Oxygen
	8
	Non-metal 

	
	
	Y
	Silicon
	14
	Metalloid

	
	
	Z
	Calcium
	20
	Metal




Option A -
X exists as diatomic molecules.



Option B -
Y has a diamond-like structure.



Option C -
X and Z combine to form an ionic compound (with a high melting point).



Option D -
X and Y combine to form a compound with a giant covalent structure (insoluble in non-aqueous solvents).

	220
	C
	Compound
	Melting point (oC)
	Structure of the chloride
	Metal / Non-metal

	
	
	Chloride of X
	-82
	Simple molecular structure
	X is a non-metal 

	
	
	Chloride of Y
	808
	Giant ionic structure
	Y is a metal


221
D
X is chlorine. Sodium and chlorine combine to form an ionic compound.

	222
	B
	Element
	Atomic number
	Electronic arrangement of atom

	
	
	X
	19
	2,8,8,1

	
	
	Y
	16
	2,8,6




When X and Y combine, two atoms of X lose 2 electrons and the electrons are accepted by one atom of Y. An ionic compound with chemical formula X2Y forms.

223
C
The non-metal has a simple molecular structure.

	224
	B
	Element
	Atomic number
	Electronic arrangement of atom

	
	
	X
	7
	2,5

	
	
	Y
	17
	2,8,7




X and Y combine to form a covalent compound.



(1)
The compound has a simple molecular structure.



(2)
The chemical formula of the compound is XY3.

225
C
(1)
The substance is a liquid at room temperature and pressure.

226
A
(2)
A substance with a low melting point indicates that the molecules separate easily, i.e. the attractive forces between the molecules are weak.

227
B

228
B
(1)
X does not have a simple molecular structure because it has a high melting point.



(3)
Z is a solid at room temperature and pressure.

229
A
(3)
Sodium chloride melts at 808 oC. It is still a solid at 750 oC and thus cannot conduct electricity at 750 oC.

230
A
(2)
SiH4 has a simple molecular structure as deduced from its low melting point.



(3)
H2S is a gas at room temperature and pressure.

231
D
Iodine is very soluble in non-aqueous solvents. The attractive forces between molecules of non-aqueous solvents are similar to those between iodine molecules. Hence molecules of iodine and non-aqueous solvents can mix together easily.

232
C
Many covalent compounds consist of separate molecules held together by weak van der Waals’ forces. The molecules separate easily when heated. Therefore these covalent compounds exist as gases, liquids or solids with low melting points.

233
B
Sugar is a covalent compound but it dissolves well in water. (Not all covalent compounds are insoluble in water.)

234
C
Calcium carbonate is an ionic compound but it is insoluble in water. Ammonia is a covalent compound but it dissolves well in water.

235
A
The ions in sodium chloride become mobile when sodium chloride becomes molten.

236
D
Sugar is a non-conductor of electricity. It does not form ions when reacts with water.

237
A
The attractive forces between iodine molecules are weak van der Waals’ forces. Iodine molecules separate easily when heated.

238
C
Carbon dioxide has a simple molecular structure while silicon dioxide has a giant covalent structure. Therefore carbon dioxide and silicon dioxide have very different properties.

239
B
Tetrachloromethane has a low melting point because its molecules are held together by weak van der Waals’ forces.

240
B
Carbon dioxide is a gas at room temperature and pressure because it consists of separate molecules held together by weak van der Waals’ forces. The molecules separate easily when heated.

241
C
Metals can conduct electricity in solid state due to the presence of mobile electrons.

Topic 2  Miscellaneous

242
B

243
B
Atomic number of 
[image: image22.wmf]K

19

39

= 19
= number of protons in an atom








= number of electrons in an atom



Number of neutrons = mass number - atomic number







  = 39 - 19







  = 20

244
A
An atom of E has equal numbers of protons and electrons. Therefore an atom of E has 34 protons.



Mass number = number of protons + number of neutrons





79 = 34 + number of neutrons



Number of neutrons = 79 - 34 = 45

245
C
Atomic number = number of protons = 6



Mass number= number of protons + number of neutrons






= 6 + 8






= 14

246
C
Relative atomic mass of Li
= 
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= 6.9

247
D

248
B
The element with atomic number 6 has an electronic arrangement of 2,4 in its atom. An element with atomic number 14 has an electronic arrangement of 2,8,4 in its atom. The two elements have the same number of outermost shell electrons in their atoms. Therefore the elements have similar chemical properties.

249
D
The element with an atomic number of 15 (phosphorus) belongs to Group V.

	250
	A
	Option
	Atom
	Number of neutrons

	
	
	
A
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	B
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 are atoms of noble gases. They have similar chemical properties.

	251
	B
	Element
	Period
	

	
	
	Carbon
	2
	

	
	
	Fluorine
	2
	

	
	
	Phosphorus
	3
	

	
	
	Potassium
	4
	


	252
	B
	Atomic number
	Element
	State at room temperature and pressure

	
	
	3
	Lithium
	Solid

	
	
	10
	Neon
	Gas

	
	
	13
	Aluminium
	Solid

	
	
	15
	Phosphorus
	Solid


253
D
The reactivity of Group VII elements decreases down the group.

	254
	A
	Element
	Group name

	
	
	lodine
	Halogen

	
	
	Neon
	Noble gas

	
	
	Magnesium
	Alkaline earth metal

	
	
	Sodium
	Alkali metal


255
D
A helium atom has two outermost shell electrons. Atoms of other noble gases have eight outermost shell electrons.

256
D
h is an alkali metal. It reacts with water to form an alkali.

257
A

258
C
Both c and f are halogens.

259
A
An atom of b has 6 outermost shell electrons. It gains two electrons to obtain a stable electronic arrangement.

260
B

261
A
The atom has an electronic arrangement of 2,8,2. It tends to lose 2 electrons to form an ion with a charge of +2.

262
B
A potassium atom has an electronic arrangement of 2,8,8,1. It forms a stable ion by losing 1 electron. 

263
C
Elements with atomic numbers of 8 and 16 belong to Group VI of the periodic table. Both elements can form ions carrying two negative charges. However only the element with an atomic number of 16 (sulphur) is a solid element. The element with an atomic number of 8 (oxygen) is a gaseous element.

264
C
An atom of X has an electronic arrangement of 2,8,8,2. It tends to obtain a stable electronic arrangement by losing 2 electrons. Therefore the stable ion of X has 18 electrons.

265
A
Element A is lithium.

266
B
The cation X2+ contains 24 electrons. Therefore an atom of X must contain 26 electrons and 26 protons. 



Mass number = number of protons + number of neutrons






56 = 26 + number of neutrons



Number of neutrons = 56 - 26








  = 30

267
C
Sodium is less reactive than potassium because the reactivity of Group I elements increases down the group.

268
D
The element with an atomic number of 19 is potassium. Chlorine will combine with it most readily to form an ionic compound.

269
A
The compound X2Y consists of X+ ions and Y2- ions.

270
B
An atom of X forms an ion carrying 2 positive charges. A hydroxide ion carries 1 negative charge. The simplest ratio of X2+ and OH- in the compound is 1 : 2. Therefore the chemical formula of the compound is X(OH)2.

271
B
In the nitrate of X, the simplest ratio of X2+ to NO3- is 1 : 2. Therefore the chemical formula of the nitrate of X is X(NO3)2.

	252
	B
	Ion
	Chemical formula
	Polyatomic ion

	
	
	Carbonate
	CO32-
	Yes

	
	
	Hydroxide
	OH-
	Yes

	
	
	Nitrate
	NO3-
	Yes

	
	
	Sulphide
	S2-
	No


273
D
In order to obtain stable electronic arrangements, a phosphorus atom combines with three chlorine atoms to form a compound. The chemical formula of the compound is PCl3.

274
B
Both X and Y are non-metals as they combine to form a covalent compound. An atom of X has 4 outermost shell electrons. Therefore X is in Group IV of the periodic table. An atom of Y has 6 outermost shell electrons. Therefore Y is in Group VI.

275
D
An atom of X contributes four electrons for sharing. An atom of X combines with four atoms of Y. Therefore an atom of Y contributes one electron for sharing. It has 7 outermost shell electrons. Y is in Group VII of the periodic table.

276 D


[image: image34.emf]


There is only one lone pair electrons in PH3.

	277
	D
	Element


	Number of outermost shell electrons in atom
	Metal or non-metal

	
	
	W
	4
	Non-metal

	
	
	X
	8
	Non-metal (noble gas)

	
	
	Y
	7
	Non-metal

	
	
	Z
	1
	Metal




Y (a non-metal) and Z (a metal) will combine to form an ionic compound.

278
B
-

279
C

280
B
An anion of X carrying 1 negative charge has 8 outermost shell electrons. An atom of X has 7 outermost shell electrons. X is thus a halogen. One carbon atom will combine with 4 atoms of X to form a molecule. The chemical formula of the compound between carbon and X is CX4.

281
D
Some ionic compounds (e.g. CaCO3, CaSO4) are insoluble in water.

282
A

283
B
Chlorine is a gas at room temperature and pressure because it consists of separate molecules held together by weak van der Waals’ forces. The molecules separate easily when heated.

284
C

285
B
Quartz has a giant covalent structure.

286
C
Potassium and sodium belong to the same group of the periodic table. They react with water to give hydrogen gas. Copper has no reaction with water.

287
D

288
D
(1)
Heating calcium carbonate gives carbon dioxide gas.



(2)
Adding sodium to water gives hydrogen gas.



(3)
Adding magnesium to dilute hydrochloric acid gives hydrogen gas.

289
C
(1)
The outermost electron shell of an atom of a has a duplet structure.

290
C

291
A
(1)
X is bromine. It is a non-metal.



(3)
X is in Group VII of the periodic table.

292
B
X is an alkali metal.

293
A
(1)
a (hydrogen) forms a covalent compound with d (silicon).



(2)
b (beryllium) forms an ionic compound with e (chlorine).



(3)
c (carbon) is a non-metal.

294
C
(2)
Magnesium sinks in water.

295
D
(1)
SiCl4 has a simple molecular structure.



(3)
At 820oC, NaCl is in molten state and thus can conduct electricity.

296
A
(3)
Sugar is a covalent compound. Its aqueous solution does not conduct electricity.

297
C
The element is probably a metal. Therefore it conducts electricity.

298
A
Atoms of barium and calcium have 2 outermost shell electrons. They tend to form stable ions by losing 2 electrons.

299
C
The compound formed between X and Y is an ionic compound. The chemical formula is XY2.

300
B
Chlorine will combine with a non-metal to form a covalent compound with a simple molecular structure. The element with an atomic number of 16 is a non-metal. (Actually it is sulphur.)

301
D
X and Y are non-metals. The compound formed between X and Y is a covalent compound. The electron diagram of the compound is 

[image: image35.emf]




The compound consists of separate molecules and is a gas at room temperature and pressure. Actually the compound is carbon dioxide.

302
B
From its low melting point, it can be deduced that the oxide of X is a covalent compound with a simple molecular structure. Therefore X is probably a non-metal.





From its high melting point, it can be deduced that the oxide of Y has a giant structure.

303
C
Barium (a metal) and chlorine (a non-metal) combine to form an ionic compound.

304
A
W is a metal and thus it should not be a brittle solid. Metals are malleable and ductile.





Option C－Y is a metal and thus a good conductor of electricity and heat.

305
B
Y is a metal that melts at –39 oC and boils at 357 oC. It is a liquid at room temperature and pressure. Therefore Y is mercury.

306
C
A rubidium ion carries 1 positive charge. A carbonate ion carries 2 negative charges. The simplest ratio of Rb+ and CO32- in the compound is 2 : 1. Therefore the chemical formula of the compound is Rb2CO3.

307
D

308
D
(1)
Element X is nitrogen. It reacts with hydrogen to form ammonia, which is a gas at room temperature and pressure.



(3)
Ammonia is a covalent compound.

309
B
(2)
Alkali metals are reactive metals.



(3)
The reactivity of alkali metals increases down the group. It is probably more reactive than other alkali metals.

310
C
(1)
The chemical formula of the compound is RaAt2.



(2) and (3) The compound is an ionic compound.

311
B
(1)
Germanium has a giant covalent structure.



(3)
Germanium is a metalloid.

312
D
(1)
Sulphur is a Group VI element in Period 3 of the periodic table.



(2)
Like sulphur, selenium forms a covalent compound with fluorine.



(3)
Like oxygen and sulphur, selenium forms a compound with hydrogen with a chemical formula of H2Se.

313
A
(2)
There is a gradual change in state down the halogen group (from gas to liquid than to solid). Iodine is a solid. Therefore astatine is probably a solid at room temperature and pressure.



(3)
Astatine is a hologen. It is a non-metal.

314
D
An element with an atomic number of 16 and an element with an atomic number of 9 belong to different groups.



An element with an atomic number of 16 has 6 outermost shell electrons in its atom.

315
C
Many covalent compounds are liquids or gases because the intermolecular forces are weak. The molecules separate easily when heated.

316
B
Group II elements tend to form cations.

317
B
The boiling point of hydrogen is low because weak intermolecular forces exist between the molecules. The molecules separate easily when heated.

318
D
Isotopes are atoms of a particular element with the same number of protons and electrons but a different number of neutrons. Isotopes have different relative isotopic masses.

319
D
Alcohol does not conduct electricity.

320
A

321
B
Argon is a gas at room temperature and pressure because the atoms are held together by weak van der Waals’ forces. The atoms separate easily when heated.

322
C
Ionic bonds and covalent bonds are of about the same strength. Correct explanation is that carbon dioxide molecules are held together by weak intermolecular forces while ions in magnesium oxide are held by strong ionic bonds.

323
A

324
D
Some ionic compounds are insoluble in water. Ionic bonds are much stronger than the attractive forces between water molecules.
Section D 
Short Questions

	1
	Element
	Symbol
	Metal / Metalloid / Non-metal

	
	Lithium
	Li
	Metal

	
	Carbon
	C
	Non-metal

	
	Nitrogen
	N
	Non-metal

	
	Fluorine
	F
	Non-metal

	
	Neon
	Ne
	Non-metal

	
	Magnesium
	Mg
	Metal

	
	Silicon
	Si
	Metalloid

	
	Argon
	Ar
	Non-metal

	
	Potassium
	K
	Metal

	
	Calcium
	Ca
	Metal


	2
	Atom
	Atomic number
	Mass number
	Symbol
	Number of

	
	
	
	
	
	protons
	neutrons
	electronics

	
	Oxygen
	8
	16
	
[image: image36.wmf]O

8

16


	8
	8
	8

	
	Sodium
	11
	23
	
[image: image37.wmf]Na

11

23


	11
	12
	11

	
	Sulphur
	16
	32
	
[image: image38.wmf]S

16

32


	16
	16
	16

	
	Chlorine
	17
	35
	
[image: image39.wmf]CI

17

35


	17
	18
	17

	
	Potassium
	19
	39
	
[image: image40.wmf]K

19

39


	19
	20
	19

	
	Calcium
	20
	40
	
[image: image41.wmf]Ca

20

40


	20
	20
	20


3
a)
X - helium



Y - fluorine



Z - magnesium


b)
X and Y are non-metals.



Z is a metal.


c)
X - Period 1, Group 0



Y - Period 2, Group VII



Z - Period 3, Group II


	4
	Element
	Description
	Electronic arrangement of atom

	
	
	
	

	
	A
	Its atomic number is 13.
	2,8,3

	
	B
	Its atom has 1 completely filled shell.
	2

	
	C
	Its atom has 14 protons.
	2,8,4

	
	D
	Its atom has 9 electrons.
	2,7

	
	E
	Its atom has 2 completely filled shell and 5 electrons in the third shell.
	2,8,5


	5
	Element
	Atomic number
	Electronic arrangement of atome
	Group number
	Period number

	
	Lithium
	3
	2,1
	I
	2

	
	Boron
	5
	2,3
	III
	2

	
	Nitrogen
	7
	2,5
	V
	2

	
	Neon
	10
	2,8
	0
	2

	
	Sodium
	11
	2,8,1
	I
	3

	
	Silicon
	14
	2,8,4
	IV
	3

	
	Phosphorus
	15
	2,8,5
	V
	3

	
	Chlorine
	17
	2,8,7
	VII
	3

	
	Potassium
	19
	2,8,8,1
	I
	4

	
	Calcium
	20
	2,8,8,2
	II
	4


6
a)
Noble gases

b) Halogens

b and e
c) Atoms of both elements have 7 outermost shell electrons. Therefore they show similar chemical properties.
d) Helium / argon
i)
It melts to form a silvery ball and moves rapidly on the surface of water.

e) ii)
Hydrogen


f)
a, b, c and e
7
a)
 [image: image42.emf]

d)
1 negative charge

	8
	Element
	Atomic number
	Ion
	Number of

	
	
	
	
	protons
	electrons

	
	Nitrogen
	7
	N3-
	7
	10

	
	Sulphur
	16
	S2-
	16
	18

	
	Potassium
	19
	K+
	19
	18

	
	Bromine
	35
	Br--
	35
	36

	
	Silver
	47
	Ag+
	47
	46


9
a)
i) 

        [image: image43.emf]


ii)  
[image: image44.emf]
b) i)   

[image: image45.emf]
ii)

[image: image46.emf]


	10
	Name
	Chemical formula

	
	Aluminium hydroxide
	AI(OH)3

	
	Ammonium carbonate
	(NH4)2CO3

	
	Calcium nitrate
	Ca(NO3)2

	
	Copper(II) chloride
	CuCI2

	
	Iron(II) oxide
	FeO

	
	Magnesium hydroxide
	Mg(OH)2

	
	Potassium sulphate
	K2SO4

	
	Sodium nitrate
	NaNO3


	11
	Chemical formula
	Name

	
	KHCO3
	Potassium hydrogencarbonate

	
	Fe2(SO)43
	Iron(III) sulphate

	
	Cu(OH)2
	Cooper(II) hydroxide

	
	MgCo3
	Magnesium carbonate

	
	Zn(NO3)2
	Zinc nitrate

	
	NaS
	Sodium sulphide

	
	AI2O3
	Aluminium oxide

	
	AgCI
	Silver choride


	12
	Ion
	Colour in aqueous solution

	
	Iron(II)
	Pale green

	
	Iron(III)
	Yellow

	
	Copper(II)
	Blue/green

	
	Dichromate
	Orange

	
	Permanganate
	Purple


	13
	Substance
	Chemical formula
	Relative atomic mass(es)
	Formula mass/ relative molecular mass

	
	Oxygen
	O2
	O = 16.0
	32.0

	
	Carbon dioxide
	CO2
	C = 12.0
O = 16.0
	44.0

	
	Potassium nitrate
	KNO3
	N = 14.0
O = 16.0
K = 39.0
	101.0

	
	Calcium hydroxide
	Ca(OH)2
	H = 1.0
O = 16.0
Ca = 40.0
	74.0

	
	Iron(II) sulphate
	FeSO4
	O = 16.0
S = 32.0
Fe = 56.0
	152.0
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	Giant ionic structure
	Giant covalent structure
	Simple molecular structure
	Giant metallic structure

	
	copper(II) sulphate, magnesium fluoride, sodium sulphide
	diamond, quartz
	carbon dioxide, chlorine, nitrogen
	magnesium, sodium
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	Force of attraction

	
	Carbon atoms in diamond
	Covalent bond

	
	Carbon dioxide molecules in dry ice
	van der Waals’ force

	
	Particles in potassium sulphide
	Ionic bond

	
	Magnesium atoms in magnesium
	Metallic bond

	
	Carbon and oxygen atoms in carbon dioxide molecules
	Covalent bond


Section E
Structured Questions

a) Isotopes are different atoms of an element which have the same number of protons but different number of neutrons.
b)
For every 10 000 iron atoms, 584 atoms have a mass of 54, 9 168 atoms have a mass of 56, 217 atoms have a mass of 57 and 31 atoms have a mass of 58.


Relative atomic mass of Fe


= Weighted average mass of the isotopes


= 
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= 55.91

2
Let the relative abundance of 63X and 65X be y% and (100-y)% respectively.


Relative atomic mass of X = Weighted average mass of the isotopes





63.6
= 
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The relative abundance of 63X is 70% while that of 65X is 30%.
3
Let the relative abundance of 107Ag and 109Ag be y% and (100-y)% respectively.


Relative atomic mass of Ag = Weighted average mass of the isotopes






   107.9 = 
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The relative abundance of 107Ag is 55%.
4
a)
Its atomic number


b)
The elements change from solids to liquids / gases.


c)
Sodium and chlorine


d)
Sodium / potassium



To prevent it from reacting with air.


e)
Reaction with water

5
a)
Nitrogen and oxygen

b)
An argon atom has 8 electrons in its outermost shell. A special stability is obtained when this happens. Therefore argon has very little tendency to share electrons with other argon atoms. Argon is thus monoatomic.

c)
i)
They have the same number of outermost shell electrons.

ii)
They have different number of occupied electron shells.
d) The reactivity of Group I elements increases down the group.
e) There is a gradual increase in the melting point of the Group VII elements.

There is a gradual change in the intensity of colour, from pale yellow to black.

	6
	a)
	
	Elements

	
	
	Metal
	f, h

	
	
	Metalloid
	a, g

	
	
	Non-metal
	b, c, d, e



b)
2

c)
f

d)
c

e)
e

f)
f O


g)
Alkali metals

7
a)
i)
Group VII; halogens



ii)
7



iii)
a is more reactive because the reactivity of halogens decreases down the group.


b)
i)
Group II; alkaline earth metals



ii)
2



iii) 


8
a)
The atomic number of A is 10. It is in Group 0 of the periodic table.


b)        

c)
They are isotopes.


d)

9
a)
X - Group I



Y - Group IV



Z - Group VI


b)
Electron diagram



Chemical formula


Bonding




c)
i)
Compound P


ii)
X2Z


d)
i)
Compound Q



ii)
YZ2
10
a)
i)
j


ii)
g


iii)
e

b)
i)
Elements in the same period have the same number of occupied electron shells in their atoms.


ii)
Elements in the same group has the same number of outermost shell electrons in their atoms.

c)
Alkaline earth metals

d)
i)
Group VI


ii)


iii)
CaY


iv)
h
11
a)
Atoms of elements in Group 0, except helium, have 8 electrons in their outermos shells. A special stability is obtained when this happens. A helium atom has only one occupied shell which is completely filled. Thus helium is also very stable. Therefore elements in Group 0 of the periodic table are very stable and seldom form compound with other elements.


b)
Sodium chloride has a giant ionic structure. The ions in sodium chloride are held together by strong ionic bonds. To melt sodium chloride, a lot of energy is needed to overcome the strong ionic bonds. Therefore sodium chloride has a high melting point.






Tetrachloromethane has a simple molecular structure. The attractive forces between the molecules are weak. The molecules separate easily when heated. Therefore tetrachloromethane has a low melting point.


c)
Atoms of magnesium and calcium have the same number of outermost shell electrons. Therefore magnesium and calcium show similar chemical properties.

d)
A sulphur atom has an electronic arrangement of 2,8,6. It obtains a stable electronic arrangement (2,8,8) by gaining two electrons. Therefore a sulphur atom tends to form an ion carrying two negative charges.


e)

Diamond has a giant structure consisting of a network of covalent bonds. To melt diamond, a lot of energy is needed to overcome the strong covalent bonds between the carbon atoms. Therefore diamond has a very high melting point.


f)
Copper atoms are packed closely and the metallic bonds holding them together are very strong. To melt a piece of copper metal, a lot of heat energy is needed to overcome the strong attractive forces. Therefore copper has a high melting point.
12
a)
Sodium chloride is hard due to the strong ionic bonds between oppositely charged ions.

b)
Sodium chloride is soluble in water. Attractive forces exist between ions in sodium chloride and water molecules. This causes the sodium ions and chloride ions to move away from the solid and go into the water.

c)
Sodium chloride does not conduct electricity in solid state but conducts in molten state. In solid state, the ions in the compound are held together by strong ionic bonds. They are not free to move. The ions become mobile in molten state.
13
a)
Quartz has a high melting point. To melt quartz, a lot of heat energy is needed to overcome the strong covalent bonds between the atoms in quartz.


b)
Quartz is insoluble in water. This is because the atoms are held together by strong covalent bonds and it is very difficult to separate the atoms.

c)
Quartz does not conduct electricity. Covalent bonds hold all the outermost shell electrons of the atoms in quartz firmly together. There are no mobile electrons or ions.

14
a)
Iodine is slightly soluble in water. The attractive forces between water molecules are quite strong. The weak attractive forces between iodine and water molecules are not strong enough to overcome the attractive forces between water molecules.

b)
Iodine is very soluble in non-aqueous solvents. The attractive forces between molecules of non-aqueous solvents are similar to those between iodine molecules. Hence molecules of iodine and non-aqueous solvents can mix together easily.


c)
Iodine does not conduct electricity because it does not contain mobile electrons or ions.
15
a)
Metal is a good conductor of electricity due to the movement of mobile electrons.

b)
Metal is a good conductor of heat. When heating one end of a piece of metal, the mobile electrons get more energy. They move faster and collide with neighbouring electrons. This helps to transfer the heat energy.

c)
Metal is malleable. Atoms in metals are packed in layers. As a metal is struck by a hammer, the atom layers slide through the ‘sea’ of electrons to new positions. The metal does not break because the atoms are still bound together by the ‘sea’ of electrons.
16
a)
The attractive forces between chloride molecules are weak. The molecules separate easily when heated. Therefore chlorine has a low melting point. To melt magnesium chloride, a lot of heat energy is needed to overcome the strong ionic bonds between the ions. Therefore magnesium chloride has a high melting point.

b)
Magnesium conducts electricity in solid state due to the movement of mobile electrons.




Magnesium chloride does not conduct electricity in solid state because its ions are not free to move.
17
a)
Diamond is insoluble in water. This is because the atoms are held together by strong covalent bonds. It is very difficult to separate the atoms.


b)
Diamond consists of a network of covalent bonds. This makes diamond very hard.

c)
The attractive forces between carbon dioxide molecules are weak. The molecules separate easily when heated. Therefore carbon dioxide has a low boiling point.




Diamond consists of a network of covalent bonds. A lot of heat energy is needed to overcome the strong covalent bonds between the atoms. Therefore diamond has a high melting point.
18
a)
X - Group I



Y - Group VI


b)
Compound Z is an ionic compound. X has 1 outermost shell electron in its atom. An atom of X obtains the electronic arrangement of a noble gas atom by losing 1 electron. Y has 6 outermost shell electrons in its atom. An atom of Y obtain the electronic arrangement of a noble gas atom by gaining 2 electrons. When X combines with Y, atoms of X lose electrons while atoms of Y gain electrons. Therefore they form an ionic compound upon combination.

c)
X2Y


d)
i)
Compound Z is hard. This is because the ions in compound Z are held together by strong ionic bonds.


ii)
Compound Z is soluble in water. When the compound Z is put into water, attractive forces exist between ions in compound Z and water molecules. This causes the ions to move away from the solid and go into the water.

19
a)
Elements C and F show similar chemical properties. They have the same number of outermost shell electrons in their atoms.

b)
i)
Elements B, C and F



ii)
Electron diagram of B:






Electron diagrams of C and F:



c)




Electron diagram




Compound of B and F




Compound of E and F

d)
The compound formed between E and F has a higher melting point. It is an ionic compound and strong ionic bonds exist between the ions.




The compound formed between B and F has a lower melting point. It has a simple molecular structure. The attractive forces between the molecules are weak.
20
a)
p = 2



q = 8



r = 7




s = 1


b)
i)
They have the same number of occupied electron shells.



ii)
They have different number of outermost shell electrons.


c)
i)
Y and Z



ii)
W and Y


d)


	Electron diagram of
compound formed between Y and Z
	Electron diagram of
compound formed between W and Y
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a)
Ga2O3

b)
Caesium will not exist as a free element in nature. It is a reactive metal and tends to form compounds.

c)
Barium reacts vigorously with water and produces hydrogen.

d)


e)

22
a)
Group I

b)
X is a conductor of electricity in solid state.

c)
Store X in paraffin oil.

d)
i)
XBr


ii)
The compound is not volatile. It ions are held together by strong ionic bonds. A lot of energy is needed to overcome the strong ionic bonds.
23
a)
i)
X2O has ionic bonds.




Y2O has weak intermolecular forces between molecules and covalent bonds between the atoms.




ZO has only covalent bonds between the atoms.


ii)
X2O consists of ions.




Y2O consists of molecules.




ZO consists of a network of atoms.

b)
Water

24
a)
Ionic


When lithium combines with chlorine to form a compound, lithium atoms lose electrons while chlorine atoms gain electrons.

b)
Covalent


Oxygen and chlorine are non-metals. When both oxygen and chlorine atoms require electrons to obtain the electronic arrangement of atoms of noble gases, they achieve this by sharing of outermost shell electrons.

c)
CCl4 does not conduct electricity because it does not contain mobile electrons or ions.

d)
i)



ii)
1


e)
LiCl and BeCl2 are ionic compounds. The ions in the compounds are held together by strong ionic bonds. To melt the compounds, a lot of energy is required. Therefore the compounds have high melting points.




Other chlorides are covalent compounds with simple molecular structures. The molecules are held together by weak intermolecular forces. The molecules separate easily when heated. Therefore the chlorides have low melting point.

f)
A neon atom has 8 electrons in the outermost shell. A special stability is obtained when this happens. Therefore neon does not form a compound with chlorine.
25
Elements in the same group have the same number of outermost shell electrons in their atoms. Therefore they have similar chemical properties.



Group I elements are reactive metals. They must be stored in paraffin oil to prevent them from reacting with air. All Group I elements react with non-metals to form compounds. All Group I elements react vigorously with water to give hydrogen.



Group II elements are reactive metals. They react with non-metals to form compounds. They react with dilute hydrochloric acid to give hydrogen.
26
Atoms of Group VI elements have six outermost shell electrons. They can gain or share electrons to obtain the electronic arrangements of atoms of noble gases.



Oxygen is a Group VI element. Take the combination of atoms of oxygen and sodium as an example. The electronic arrangement of an oxygen atom is 2,6. An oxygen atom obtains the electronic arrangement of a neon atom (2,8) by gaining two electrons. Sodium is a Group I element. The electronic arrangement of a sodium atom is 2,8,1. A sodium atom obtain the electronic arrangement of a neon atom (2,8) by losing one electron. Two sodium atoms are needed to combine with one oxygen atom.



Take the combination of atoms of oxygen and carbon as another example. The electronic arrangement of an oxygen atom is 2,6 while that of a carbon atom is 2,4. Both atoms require electrons to obtain the electronic arrangement of a neon atom (2,8). They achieve that by sharing outermost shell electrons. An oxygen atom contributes 2 electrons for sharing while a carbon atom contributes 4 electrons. Thus two oxygen atoms and one carbon atom combine to form a molecule.
27
The melting point of potassium chloride is high while that of carbon tetrachloride is low. Potassium chloride has a giant ionic structure and the ions are held together by strong ionic bonds. To melt potassium chloride, a lot of energy is needed to overcome these ionic bonds. Therefore potassium chloride has a high melting point. On the other hand, the intermolecular forces between carbon tetrachloride molecules are weak. The molecules separate easily when heated. Therefore carbon tetrachloride has a low melting point.



Potassium chloride conducts electricity in molten state or aqueous solution. Carbon tetrachloride does not conduct electricity. In the solid state, the ions in potassium chloride are not free to move. The ions become mobile when potassium chloride is in molten state or aqueous solution. Therefore potassium chloride can conduct electricity under these conditions. On the other hand, carbon tetrachloride does not conduct electricity because it contains no mobile electrons or ions.
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