51
Answer: D


The mass number (above and to the 
left of the element symbol) shown is 
222. The mass number is equal to the 
number of protons plus the number of 
neutrons. The atomic number (below 
and to the left of the element symbol) 
given is 86. The atomic number is 
equal to the number of protons. Thus 
the number of neutrons is equal to the 
mass number minus the atomic 
number:

222 – 86 = 136


In a neutral atom the number of 
protons is equal to the number of 
electrons, thus there ae also 86 
electrons.

52
Answer: B

The electronic configuration for B 
has two electrons in the outer 4s 
orbital. Loss of these two electrons, 
to give a +2 ion, leads to an 
electronic configuration that is the 
same as that for a noble gas, with 
the 
outer shell full. This is a stable 
configuration and leads to a stable 
+2 ion. A and C would need to lose 
one electron to have a full outer shell, 
and would thus form more stable +1 
ions. D would have to gain two 
electrons to reach a configuration with 
a full outer shell and would thus form 
a stable -2 ion.
53
Answer: B


Antimony (Sb) is an example of a 
metalloid. The metalloids are 
elements that are found on the 
periodic table at the boundary 
between metals and non-metals. 
These elements have properties 
intermediate between those of metals 
and non-metals.

54
Answer: D

Metals are malleable which means 
that they can be hammered into thin 
sheets. 

55.
Answer: C
Sodium does not occur naturally in elemental form as it is readily oxidized to become Na+. It thus occurs in nature in the form of salts.
56.
Answer: C

Steel is not a polymer. Polymers are made up of long chains of covalently linked atoms where there is a structural unit that repeats (monomer) to make up the polymeric structure. Steel is an alloy of iron and carbon. Adding chromium to the iron and carbon results in stainless steel, that is resistant to rusting.

57
Answer: A

Dioxygen and ozone are allotropes 
of oxygen. Allotropes are different 
forms of the same element in the same 
state. These oxygen allotropes are in 
the gaseous state. Ozone plays an 
important role in the upper 
atmosphere by absorbing UV 
radiation that would be harmful to 
humans and animals if it reached the 
earth’s surface. Therefore, preserving 
the earth’s ozone layer (which is 
damaged by certain man-made 
chemicals) is extremely important. 

58.
Answer: D


Each carbon atom in diamond is 
bonded to four other carbon atoms by 
means of a single bond. The shape 
around each carbon atom is 
tetrahedral.

59.
Answer: A

Silver is a soft metal and is alloyed with copper to strengthen it. Sterling silver contains 7.5% copper, while other silver jewellery may contain up to 20% copper.

60
Answer: A

Teflon is a polymer that contains only carbon and fluorine atoms. It is extremely inert, which is why it is used to prepare non-stick cookware.

61.
Answer: D

Pure gold has a carat value of 24, thus 9 carat gold contains 
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 100 = 38% gold.

62
Answer: D


Calcium carbonate is used to make 
the shells and exoskeletons of many 
marine organisms. There is a high 
level (saturation level) of Ca2+ and 
CO32- in the sea, and thus this material 
is readily available to be used by these 
organisms. 

63.
Answer: D
Titanium is as strong as steel (an alloy of iron) but is half as dense. Because it is so strong and light, it is used extensively in the aerospace industry, in the construction of aircraft.

64.
Answer: A

Carbon monoxide binds strongly to haemoglobin in red blood cells, displacing the oxygen that is usually carried by haemoglobin around the body. This causes a lack of oxygen in the cells of the body, leading to suffocation.

65
Answer: C

Tanzanite is a gemstone that may appear violet, blue or green. It was first discovered near Mount Kilimanjaro in 1967 and has never been found anywhere outside of this immediate area.

66
Answer: B


Structural isomers are compounds 
with different structures but with the 
same molecular formula.
67
Answer: A

We need to calculate the mass contribution of the 69.17% of 63Cu:
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 = 43,528

Now, we need to calculate the mass contribution of the 30.83% of 65Cu:
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 = 20,017

Adding the two contributions together gives us the average atomic mass:


43,528 + 20,017 = 63,545

             = 63,55 amu

OR

Ave. atomic mass:
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= 65,55
68
Answer: C


The carbon atoms of a triple bond are 
sp hybridized and are able to form one 
σ bond and two π bonds. There are six 
electrons in total that make up the 
triple bond.
69
Answer: A

The non-metal usually gains electrons as it is found on the right of the periodic table, where elements gain electrons to reach a stable electronic configuration. Metals are found to the left of the periodic table and lose electrons to reach a stable configuration.

70
Answer: D


The interaction is an ion-dipole 
interaction because it occurs between 
an ion (Na+) and a dipole (H2O). 
Water is a polar molecule, where the 
oxygen atom is slightly negative and 
the hydrogen atoms slightly positive. 
Thus, the positive Na+ ion will be 
attracted to the slightly negative 
oxygen atom of the neutral water 
molecule. 
71
Answer: C


We need to calculate how many 
moles of Hg there are in 5,0 mℓ of sea 
water, and we do this by first 
calculating the mass of Hg in this 
volume:


There are 4,3 
[image: image6.wmf]´

 10-8 g Hg in 1000 mℓ.

Therefore, in 5 mℓ: 


4,3 x 10-8 
[image: image7.wmf]´
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Now that we have the number of 
moles, we can calculate the number of 
atoms. 1 mole of any substance 
contains Avogadro’s number of 
atoms.


Therefore, 1,07 
[image: image11.wmf]´

 10-12 mole Hg 
contains: 

(6,02 
[image: image12.wmf]´

 1023)(1,07 
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 10-12) 


= 6,44 
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 1011 atoms
72
Answer: A


Use the periodic table to find the 
molar masses of the elements. The 
percentage chromium can be 
calculated as follows:
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= 41,27 


= 41,3%
73
Answer: C

Complete combustion of an organic 
compound is the reaction of the 
compound with oxygen, giving rise to 
carbon dioxide and water. The 
combustion reaction represented here 
is the complete combustion of butane.
74
Answer: A


To calculate this, we need to know 
whether Fe2O3 or CO is the limiting 
reagent.



[image: image16.wmf]mol

44

,

3

160

550

M

m

)

O

Fe

(

n

3

2

=

=

=




[image: image17.wmf]mol

04

,

9

28

253

M

m

)

CO

(

n

=

=

=



According to the balanced equation, 
for every mole of Fe2O3 we need 3 
moles of CO.


Therefore, 3,44 mol of Fe2O3 needs 
to react with 3,44 x 3 = 10,32 moles 
of CO. But we only have 9,04 moles 
of CO, so CO is the limiting 
reagent.


3 moles of CO give 2 moles of Fe

Therefore, 9,04 moles CO gives 
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 = 6,026 moles of Fe.


m(Fe) = nM



 = (6,026)(56)

 = 337,33 g
75
Answer: B
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76
Answer: A


We need to calculate how many 
moles of Na2B4O7 there are in 
129,6 g:
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Next we need to calculate the number 
of moles of water lost:


Mass of water lost = 245,5 – 129,6




 = 115,9 g
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There are 
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 = 10,02 (~10) times 
more moles of water than of Na2B4O7, 
thus x = 10.
77
Answer: D


The first step we need to do is to 
calculate how many moles of HCℓ 
was added to the limestone rock:


n = cV

= (1,45)(0,035)

= 0,0508 mol


Next we need to calculate how many 
moles of HCℓ reacted, by calculating 
how many moles of NaOH were used 
in the neutralisation:


n = cV

= (1,25)(0,01025)

= 0,0128 mol


n(HCℓ reacted) 

= n(HCℓ added – 
n(HCℓ remaining)

= 0,0508 mol – 0,0128 mol


= 0.0380 mol 


Two moles of HCℓ react with one 
mole of CaCO3, therefore the number 
of moles of CaCO3 = 
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= 0,019 mol 


m(CaCO3) = nM

 = (0,019)(100)
= 1,9 g


% CaCO3 = 
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 = 84%

78
Answer: B

In this reaction, NH3 is acting as the 
base, as it is accepting a proton to 
become 
[image: image25.wmf]+

4

NH

, which is the conjugate 
acid. For an acid-base pair, if the base 
is weak, the conjugate acid is strong 
and vice versa.
79
Answer: B


HF is the weakest of these acids. The 
H-F bond is very strong and thus HF 
does not fully ionize in dilute aqueous 
solutions.

80
Answer: A


The anode is the positive electrode 
in an electrolytic cell. Negative 
ions will move towards the 
positive electrode where they will 
be oxidized. Therefore 
[image: image26.wmf]-

Br

 ions will 
move towards the anode where 
oxidation will take place and Br2 will 
be formed according to the following 
half-reaction: 2Br- → Br2 + 2e- 

81
Answer: D


First calculate the number of moles of 
Mg(OH)2 that need to be neutralised: 
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According to the balanced equation, 2 
moles of HCℓ are required for each 
mole of Mg(OH)2. Therefore, 

2 
[image: image28.wmf]´

 0,049 mol = 0,098 moles of HCℓ 
are needed.


Calculate the concentration of the 
HCℓ solution: 0,098 mol of HCℓ are 
present in 308 mℓ of solution, 
therefore the concentration of the 
solution is:
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82
Answer: A

Consider 100 g of the substance. It 
contains: 38,7 g of C, 51,6 g of O, and 
9,7 g of H.
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From this it is evident that the number 
of moles of O and C are equal and 
that there are 
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 = 3 
times the number of moles of H. Thus 
the empirical formula is CH3O. 
M(CH3O) = 12 + 3(1) + 16 = 31

The molecular mass of ethylene 
glycol is 62 g·mol-1. Therefore the 
empirical formula needs to be 
multiplied by 2 to give the molecular 
formula: C2H6O2.

83
Answer: B


Ethers are organic compounds where 
an oxygen atom is bonded to two 
alkyl groups. The two alkyl groups 
may be the same or different. An 
example of an ether is diethyl ether, 
with has the following structure:


CH3CH2-O-CH2CH3
84
Answer: C

Structures b and d are not possible. In 
structure b, the carbon atom shown on 
the far left hand side forms 5 bonds. 
Carbon can form maximum 4 
bonds to other atoms. In structure d, 
the carbon atom on the right also has 
5 bonds attached to it, when only four 
are possible.

85
Answer: D

The longest chain containing the 
double bond has five C atoms. 
Therefore, the stem is pent. The 
double bond is between the first and 
second C atoms, therefore 1-pentene 
or pent-1-ene. On the second C atom 
of the longest chain is an ethyl group. 
Therefore the IUPAC name is 

2-ethylpent-1-ene or 2-ethyl-1-
pentene.
86
Answer: B
This reaction is known as the Haber or the Haber-Bosch process. It produces ammonia and it is of great industrial importance because it produces ammonia for fertiliser, which is essential for production of food crops.
87
Answer: D

Le Chatelier’s Principle states that if the conditions (e.g. temperature, pressure or concentration) of an equilibrium system are changed, the reaction which tends to cancel the effect of the changes will be favoured. In the above example, 10 moles of gas are formed in the forward reaction from 9 moles of gas. When the volume of the reactor is reduced, the effect is to increase the pressure. The equilibrium position will shift in such a way as to decrease the pressure, thus favouring the reverse reaction where there are 9 moles of gas formed, versus the 10 moles formed in the forward reaction.
88
Answer: A


First we need to assign oxidation 
numbers to each atom on both sides 
of the equation.


0            +4 -2         +1 -2


Cd(s) + Ni O2(s) + 2H2 O(l) ( 

                        +2  -2 +1       +2 -2 +1

Cd(OH)2(s) + Ni(OH)2(s)


Now, we must look for changes in 
oxidation number. An increase in 
oxidation number is oxidation, while 
a decrease in oxidation number is 
reduction. The oxidation number of 
cadmium changes from 0 (as Cd) to 
+2 in Cd(OH)2, thus Cd is oxidised. 
The oxidation state of nickel changes 
from +4 in NiO2 to +2 in Ni(OH)2, 
thus Ni4+ (or NiO2) is reduced.

89
Answer: A


They are spectator ions because they 
do not participate in the 
precipitation reaction.
90
Answer: C


In a spontaneous cell reaction, the 
substance that is more readily reduced 
will be the one that undergoes 
reduction. Thus, the half-reaction with 
the more positive reduction potential 
will occur as reduction. The other 
reaction needs to be reversed and will 
occur as oxidation. The bottom half-
reaction thus takes place as reduction 
and the top half-reaction as oxidation.

91
Answer: B


Cell potential is calculated as follows:


E°cell = E°(reduction) - E°(oxidation)


E°cell = E°(IO()  - E°(
[image: image34.wmf]-
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      = 0,49 – (–0,86)


      = 1,35 V

92
Answer: D


The rate of a reaction depends on how 
many collisions occur in a given time 
(collision frequency), how much 
energy the collisions have and how 
the molecules are orientated towards 
each other at the time of the collision.

93
Answer: C


Aluminium oxide is an amphoteric 
oxide because it can neutralise either 
acid or base.

94
Answer: D


A 1,75 mol·dm-3 solution has 
1,75 moles ethanol in 1000 g of water.


Now we can calculate the mass of 
ethanol in 1000 g of water:

m = nM


 = (1,75)(46)

 = 80,5 g


Thus in 1000 g of water is 80,5 g of 
ethanol, therefore in 3200 g of water 
is: 
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 = 257,6 g ≈ 258 g
95
Answer: B

m(Mg reacted) = 8 – 3,5 = 4,5 g


rate = 
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= 0,18 g·s-1
96
Answer: D


Left hand side 


Aℓ2(SO4)3: 2Aℓ+ 3S + 12O


6NaOH: 6Na + 6O + 6H


LHS total: 2Aℓ, 3S, 18O, 6Na, 6H


Right hand side


2Aℓ(OH)3: 2Aℓ + 6O + 6H


3Na2SO4: 6Na + 3S + 12O


RHS total: 2Al, 3S, 18O, 6Na, 6H
97
Answer: A


There are around 25 elements that are 
considered necessary for healthy 
functioning of the human body. Some 
of them are required in only trace 
amounts, while some are required in 
larger quantities. Among the trace 
elements required are selenium (Se), 
vanadium (V), chromium (Cr), 
molybdenum (Mo) and zinc (Zn). 
Often larger amounts of these 
elements are in fact toxic. Certain 
elements are required in larger 
amounts in the body, for example 
calcium, phosphorous, sodium and 
magnesium.
98
Answer: D

At equilibrium, the rates of the 
forward and reverse reactions are 
equal and the concentrations of 
reactants and products remain 
constant, but do not need to be equal. 
Therefore B and C are correct 
statements, but D is incorrect. 
Theoretically all reactions are 
reversible as in option A. Kc for some 
reactions approaches infinity and in 
practice these reactions will be 
considered as irreversible.
99
Answer: B

For 2CO(g) + O2(g) ⇌ 2CO2(g), 

Kc = 
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For CO(g) + ½O2(g) ⇌ CO2(g), 


Kc' = 
[image: image39.wmf]2

1

]

O

][

CO

[

]

CO

[

2

2

 


   = 
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   = 
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100.
Answer: A
Super-resolution fluorescence micro-scopy is a technique that has made it possible to obtain optical images at nanometer scale – far smaller than has ever been possible before.
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