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SECTION A

Answer ALL the questions in this section. You should aim to spend no more than 20 minutes
on this section. For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross X.

1 The correct sequence for the processes that occur in a mass spectrometer is
] A vaporization, ionization, acceleration, deflection and detection.
[] B vaporization, acceleration, ionization, deflection and detection.
[] € ionization, vaporization, acceleration, deflection and detection.
[] D ionization, vaporization, deflection, acceleration and detection.

(Total for Question = 1 mark)

2 Which of the following ions would be deflected most in a mass spectrometer?

LJA  Ci*
1B ¥Cl
oc  ycp

LID (3c—Ch*

(Total for Question 2 = 1 mark)

3 A particle with a single positive charge and with the electronic configuration
1s% 2522pSis

[] A asodium ion.
[] B afluorideion.
[J] € an oxideion.

[0 D a potassium ion.

(Total for Question 3 = 1 mark)
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4 In which of the following electronic configurations are only two of the electrons
unpaired?

CJA 1s%2s?

0B 1s%2s?2p°
[0 C 1s22s22p*
0D 1s22s22p°

(Total for Question 4 = 1 mark)

5 Which of the following contains a dative covalent bond?
LJA N

2

1B NH

3

JC NHS

0D NH,

(Total for Question 5 = 1 mark)

6 Which of the following ions has the largest ionic radius?
LIA F
0B Mg*
[JC Na*
[ID O*
(Total for Question 6 = 1 mark)

7 Which of the following observations provides the best evidence for the presence of
ionic bonding in an unknown substance?

The substance conducts electricity

] A inthe solid state.

[] B in the solid state and in aqueous solution.
[] € in the solid state and when molten.

[J] D when molten but not in the solid state.

(Total for Question 7 = 1 mark)

3
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8 Which of the following can be determined, for an unknown alkene, using only
percentage composition by mass data?

LJTA
LB
t1c
LID

Molecular formula

Empirical (simplest) formula

Both the molecular formula and the empirical (simplest) formula
Structural formula

(Total for Question 8 = 1 mark)

9 1.12 g of iron reacts with oxygen to form 1.60 g of an oxide of iron.
Use relative atomic masses: Fe =56, O = 16.

What is the formula of this oxide of iron?

LTA
LB
e
LI D

FeO,

Fe,O,,
Fe,O,
Fe,O,

(Total for Question 9 = 1 mark)

10 In an experiment, 1.226 g of potassium chlorate(V), KCIOa, was heated. A mass of
0.320 g of oxygen gas, O,, was collected.

2KCIO,(s) — 2KCl(s) + 30,(g)

Use the molar mass of KCIO, = 122.6 g mol~' and relative atomic mass O = 16.

The percentage yield of oxygen in this experiment is

LTA
LB
Llc
LID

17.4%
26.1%
66.7%
100%

(Total for Question 10 = 1 mark)
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11 Oxygen gas, O,, can be converted into ozone, O,, by passing it through an electric

discharge.

In an experiment, a volume of 300 cm?® of oxygen was used but only 10% of
the oxygen was converted into ozone. All volumes were measured at the same

30,(g) — 20,(g)

temperature and pressure.

The total volume of gas present at the end of the experiment, in cm?, was

LTA
1B
[1cC
1D

12 1.40 g of an alkene gave 3.77 g of a dichloroalkane on reaction with chlorine.

200
210
290
300

(Total for Question 11 = 1 mark)

What is the molecular formula of the alkene?

LTA
1B
[]cC
1D

13 The standard enthalpy change for the combustion of graphite is -393.5 kJ mol™' and

CH,
CH,
C.H,
CH,

(Total for Question 12 = 1 mark)

that of diamond is =395.4 kJ mol".

What is the standard enthalpy change for the reaction below, in kJ mol~'?

1A
LB
lc
LID

-1.9
+1.9
-788.9
+788.9

C(s, graphite) — C(s, diamond)

(Total for Question 13 = 1 mark)

P 4 2 9 7 0 A0 5 2 4
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14 The standard enthalpy change of neutralization when an acid reacts with an alkali is
the number of kilojoules released by the

[J A formation of one mole of salt.

[J B formation of one mole of water.

[J € neutralization of one mole of acid.
[J D neutralization of one mole of alkali.

(Total for Question 14 = 1 mark)

15 Consider the following bond enthalpy values.

Bond Bond enthalpy / kJ mol™
0—0 +146
0—H +463
0=0 +496

For the reaction
H—O—O—H(g) > H—0O—H(g) + 20=0(qg)

the enthalpy change, in kJ mol™, is

LA -102
1B +102
[0 C +350
0D +39%

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

6 R 0 0 O
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16 Using the data in the table below, calculate the standard enthalpy change, in

kJ mol™, for the reaction between carbon disulfide, cs,, and oxygen shown in the
following equation.

CS,(9) + 30,(g) — CO,(g) + 2S0,(g)

2

Standard enthalpy change of

Substance formation, AH,” / kJ mol’
Cs,(9) +110
CO,(g) -390
50,(9) ~290
[J]A -570
(1B -790
[]C -860
[ D -1080

(Total for Question 16 = 1 mark)

17 (a) Which of the following represents a step in the mechanism during the reaction

between ethene and hydrogen bromide?
(0A CH, + Br* - CHpBr
(1B CH, + HBr - CH.* + Br
(1c CH, + HBr - CH* + Br®
(1D CH, + HBr - CH,Br + H*

(b) The mechanism of the reaction between ethene and hydrogen bromide is

] A electrophilic addition.
[ B electrophilic substitution.
[J € nucleophilic addition.

[ D nucleophilic substitution.

(Total for Question 17 = 2 marks)
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18 Which of the following pairs are cis-trans isomers?

LTA
LIB
L]c
L1 D

1and 2
1and 4
2and 3

3and 4

(Total for Question 18 = 1 mark)

19 What is the systematic name for the hydrocarbon shown below?

LTA
1B
LJc
LID

CH

3

CH,CHCHCH,

CH

3

1,4-dimethylbutane
2,3-dimethylbutane
2,3-dimethylhexane

1,1,2,2-tetramethylethane

(Total for Question 19 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.
20 Crude oil is composed mainly of alkanes, which are saturated hydrocarbons.

(@) (i) Define the term hydrocarbon.

(b) Crude oil can be separated into fractions.

() What property allows crude oil to be separated by fractional distillation?

(i) Many chemists are of the opinion that we should use fuels such as biodiesel
rather than petrol and diesel.

Suggest one reason to support this opinion.

10
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(c) A molecule of a hydrocarbon, X, can be cracked to form one molecule of pentane,

CH,,, and two molecules of ethene only.

(i) Deduce the molecular formula of X.

(ii) Give one reason why cracking reactions are carried out in industry and
suggest why high temperatures are used in this process other than to speed
up the reaction.

(d) Butane, CH

o 4" 10"
conditions.

is a hydrocarbon which is used as a fuel. It is a gas under standard

() Explain what is meant by the term fuel.

(i) Write an equation for the complete combustion of butane under standard
conditions. Include state symbols in your answer.

11
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(i) Write an equation for the incomplete combustion of butane to form carbon
monoxide and water only. State symbols are not required.

(iv) Under what conditions would you expect incomplete combustion to occur?

(e) Butane can react with bromine, in the presence of ultraviolet radiation, according
to the following equation.

CH, + Br, » CHBr + HBr
(i) Calculate the atom economy by mass for the formation of C,H,Br.

Use the expression

molar mass of the desired product
atom economy = b x 100 %

sum of the molar masses of all products

Use the Periodic Table as a source of data.

Final answer..........o

12
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*(ii) Describe the mechanism of the reaction between butane and bromine that
forms the products given in the equation below.

C4H10 + Br, — C4HgBr + HBr

In your answer you should include

* equations for each step of the mechanism (curly arrows are not required)
* the name of each step occurring in the mechanism.

(Total for Question 20 = 21 marks)

13
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21 Lattice energies can be calculated from experimental data using Born-Haber cycles.

In the table below are the enthalpy changes needed to calculate the lattice energy of
sodium oxide, Na,O.

Letter Enthalpy change Value / kJ mol™

A 1st electron affinity of oxygen -141
B 2nd electron affinity of oxygen +790
C 1st ionization energy of sodium +496
D enthalpy change of atomization of sodium +108
E enthalpy change of atomization of oxygen, 20,(g) +249
F enthalpy change of formation of sodium oxide -414
G lattice energy of sodium oxide

(a) Define the term lattice energy.

14
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(b) (i) Write the correct letters from the table of data to label the Born-Haber cycle
below.

2Na*(g) + 0% (9)

2Na*(g) + O(g) + 2e-

A

2Na*(g) + O(qg) + e

2Na(g) + O(g)

2Na(g) + %20,(q)

A

2Na(s) + 20,(g)

v NaZO(s)

(i) Calculate the lattice energy of sodium oxide, enthalpy change G, in kJ mol-'.

ANSWET = e kJ mol™’

15
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*(c) Predict whether the lattice energy of magnesium oxide, MgO, is more or less
exothermic than the lattice energy of magnesium sulfide, Mgs.

Justify your answer in terms of the sizes and the charges of the ions involved.

(Total for Question 21 = 11 marks)

16
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22 Nickel is an element in the d-block of the Periodic Table.

(a) Complete the electronic configuration of a nickel atom using the s, p, d notation.

(b) A sample of nickel is made up of three isotopes. The percentage abundances are
shown in the table below.

Isotope Percentage abundance
>8Ni 69.02
ONjj 27.32
©Ni 3.66

Calculate the relative atomic mass of nickel. Give your answer to two decimal
places.

17
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(c) Nickel reacts with carbon monoxide, CO, to give the compound nickel carbonyl,
Ni(CO),.

Ni(s) + 4CO(g) — Ni(CO),(9)

(i) Calculate the volume of carbon monoxide, in dm?, measured at room
temperature and pressure, that is required to react completely with 5.87 g of
nickel.

[Relative atomic mass: Ni = 58.7
Molar volume of a gas = 24 dm? mol' at room temperature and pressure.]

(i) Calculate the number of carbon monoxide molecules present in the volume
of gas you have calculated in (c)(i).

[The Avogadro constant, L =6.02 x 10%> mol']

18
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(d) Nickel(ll) nitrate, Ni(NO,),, can be made by several different methods.

Method 1
Nickel(ll) oxide, NiO, was reacted with dilute nitric acid according to the equation

NiO(s) + 2HNO,(aq) — Ni(NO,),(aq) + H,O(l)

(i) Calculate the volume of 2.00 mol dm= dilute nitric acid, in cm?3, that was
required to exactly neutralize 1.494 g of nickel(ll) oxide.

Use the relative atomic masses: Ni =58.7, 0 = 16.0

Method 2
A volume of 25.0 cm? of 2.00 mol dm~ nitric acid, HNO,, was transferred to a beaker. Solid nickel(ll)
carbonate, NiCO,, was added until it was in excess.

(i) Why was excess nickel(ll) carbonate used?

R 0 0 OO Turn over
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(iv) Write a balanced equation for the reaction between nickel(ll) carbonate and
dilute nitric acid, including state symbols.

*(v) For Method 2, describe the practical steps that you would take to obtain pure
dry crystals of hydrated nickel(ll) nitrate, Ni(NO,)..6H,O, from a mixture of
nickel(ll) nitrate solution and unreacted solid nickel(ll) carbonate.

(Total for Question 22 = 18 marks)

20
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23 This question concerns the Periodic Table.

(@) An atom of argon has mass number 40. Complete the table below showing the
numbers of sub-atomic particles in this atom of argon. Use the Periodic Table as a
source of data.

Sub-atomic particles present in

Number
one atom of “°Ar

protons
electrons

neutrons

(b) An atom of potassium has mass number 39. Explain why argon is placed before
potassium in the modern Periodic Table.

(c) In the context of the Periodic Table, explain what is meant by the term
periodicity.

21
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(d) The graph shows the variation in melting temperatures of the elements across
Period 3 (Na to Ar) of the Periodic Table.

1600 -
1400 -
1200 -

1000 -

Melting 800 -
temperature

/°C 600 -
400 -
200 -

0 -

-200 T T T T ™
Na Mg Al Si P S cl Ar

Element

(i) Name one of the elements above that is composed of simple molecules at
room temperature and pressure.

(i) Silicon has a giant atomic structure. Explain how this structure results in the
high melting temperature shown on the graph.

22
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(iii) Explain why the melting temperature of magnesium is higher than that of
sodium.

(Total for Question 23 = 10 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
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