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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.

1

If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross [X.

Which of the following quantities, used in the calculation of the lattice energy of
lithium oxide, Li,O, has a negative value?

[J A The enthalpy change of atomization of lithium.

[ B The firstionization energy of lithium.

[0 C The first electron affinity of oxygen.

[l D The second electron affinity of oxygen.

(Total for Question 1 = 1 mark)

Which of the diagrams below best represents the shapes of the electron contours in
sodium fluoride?

DA@ @

D@@
(@

o—

C
0D o+
O

N

(0)+

(Total for Question 2 = 1 mark)
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3 Which of the equations below represents the first electron affinity for oxygen?
[JA O,9) +2e —201(g)
[1B O, -2e —201(g)
[JC %0,g)+ e — 0O(g)
[ID O + e — 09

(Total for Question 3 = 1 mark)

4 Which pair of ions is isoelectronic?
[JA Ca*and O~
[J B Na*and O*
[J C Litand CI-
0D Mg*andCl

(Total for Question 4 = 1 mark)

5 A drop of sodium manganate(VIl) solution is placed at the centre of a piece of moist
filter paper on a microscope slide. The ends of the paper are clipped to a 30V DC
power supply. After a few minutes,

[] A a purple colour has moved towards the positive terminal.
[J B a purple colour has moved towards the negative terminal.
[J € anorange colour has moved towards the positive terminal.

[] D an orange colour has moved towards the negative terminal.

(Total for Question 5 = 1 mark)

6 How many moles of ions are present in 20 cm?® of 0.050 mol dm=3 calcium chloride
solution, CaCIz(aq)?

] A 0.0050
] B 0.0030
] C 0.0020
(] D 0.0010

(Total for Question 6 = 1 mark)

3
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7 The Avogadro constant is 6.0 x 102 mol~". The number of atoms in

1 mol of dinitrogen tetroxide, N.O,, is

,0,
L] A 36x10%
] B 1.8x10*
[ € 6.0x10%
] D 1.0x10%

(Total for Question 7 = 1 mark)

The equation for the complete combustion of ethane is
2C,H,(9) + 70,(g) — 4CO,(g) + 6H,0()

What volume of oxygen, measured at room temperature and pressure, is needed to
completely burn 0.1 mol of ethane?

[The volume of 1 mol of any gas measured at room temperature and pressure is 24 dm?]
O A 24dmd

0 B 48dm?

[0 € 84dm’?

0 D 16.8dm?

(Total for Question 8 = 1 mark)

A sample of swimming pool water contains 0.482 parts per million (ppm) of chlorine.
This is equal to a percentage of

] A 0.000482

[J B 0.0000482
[J € 0.00000482
[J D 0.000000482

(Total for Question 9 = 1 mark)
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10 Bromine has two isotopes with relative isotopic masses 79 and 81. Which of the
following values for mass/charge ratio could correspond to a peak in the mass
spectrum of bromine, Br,? You should assume the ions detected have a single
positive charge.

LJA
[IB
Jc
[ID

79.9
80

159
160

(Total for Question 10 = 1 mark)

11 The first five ionization energies of an element, X, are shown in the table.

lonization

1st 2nd 3rd 4th 5th
energy
Value 631 1235 2389 7089 8844
/ kJ mol™!

What is the mostly likely formula of the oxide that forms when X burns in oxygen?

LJA
[IB
Jc
[ID

X,0
XO
X,0

273

X0

2

(Total for Question 11 = 1 mark)

12 Which of the following has the largest ionic radius?

LTA
1B
L1c
LID

(Total for Question 12 = 1 mark)
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13 Which of the following is a major effect caused by increased carbon dioxide levels
arising from the burning of fossil fuels?

[J] A Melting of polar ice caps.
[ B Damage to the ozone layer.
[J € Increased acid rain.

] D Increased skin cancer.

(Total for Question 13 = 1 mark)

14 Which of the following compounds shows geometric (E-Z or cis-trans) isomerism?
1 A but-1-ene
[J B 2-methylbut-1-ene
[J € but-2-ene
[J D 2-methylbut-2-ene

(Total for Question 14 = 1 mark)

15 What is the systematic name for the compound with the following formula?

CH,CH—CHCH,
|

CH, CH/CH,

A 2-methyl-3-ethylbutane
1,2,3-trimethylbutane

C 2,3-dimethylpropane

D 2,3-dimethylpentane

(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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16 This question is about the reaction of methane with bromine in sunlight.

CH4 + Br2 - CH3Br + HBr

(a)

This reaction is best described as
[J A electrophilic addition.

[J B electrophilic substitution.
[J € free radical addition.

[] D freeradical substitution.

(b) One of the steps in the mechanism of this reaction is

(d)

-CH, + Bre — CH_Br
This step is

] A initiation.

[0 B propagation.
[0 C termination.

[ D reduction.

This reaction produces a mixture of products.

Which of the following is most likely to form, as well as bromomethane?

[ A ethane
[0 B propane
[J € butane

[0 D pentane

When human skin is overexposed to sunlight, it is likely to lead to skin cancer.

What is the radiation in sunlight that leads to skin cancer?

[0 A microwaves
] B infrared
[0 C visible light

[0 D ultraviolet

(Total for Question 16 = 4 marks)
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17 Which equation represents the reaction for which the enthalpy change, AH, is the

mean bond energy of the C-F bond?

O A F,(@) - C(g) +4F(g)

] B VaCF,(g) — %4C(g) + F(g)

[J € C(g)+4F(g > CF,(9)
F(

(
g) — 14CF,(g)

4

L] D %C(g) +

(Total for Question 17 = 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.

18 The radioactive isotope iodine-131, '3, is formed in nuclear reactors providing

. . . . . 127
nuclear power. Naturally occurring iodine contains only the isotope, ;l.

(@) Complete the table to show the number of protons and neutrons in these two
isotopes.

131 127
| |

Isotope o o

Number of protons

Number of neutrons

(b) When iodine-131 decays, one of its neutrons emits an electron and forms a
proton. ldentify the new element formed by name or symbol.

(c) The problem with radioactive iodine is that it accumulates in humans in the
thyroid gland. Its absorption can be reduced by taking an appropriate daily dose
of a soluble iodine compound.

Suggest a suitable iodine compound which could be used.

(d) Nuclear power stations are often proposed as suitable alternatives to those
burning coal, gas or oil.

Suggest a country where, because of its location, the dangers of nuclear power
may outweigh the advantages. Justify your answer.

(Total for Question 18 = 5 marks)

9
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19 This question is about the elements arsenic to rubidium which have atomic numbers
33to 37.

The first ionization energies, E__, of these elements are given in the table.

m1’/

Element As Se Br Kr Rb
E., / kJ mol™! 947 941 1140 1351 403

(a) Write the equation, with state symbols, which represents the first ionization
energy of arsenic.

(b) Suggest the formulae of the hydrides of arsenic and selenium.

(c) (i) Complete the electronic configuration for an arsenic and a selenium atom
using the electrons-in-boxes notation.

4s 4p
As [Ar] 3d™ ™
Se [Ar] 3d™° N

10
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*(ii) Explain why the first ionization energy of selenium is lower than that of
arsenic.

(f) Which of the elements, arsenic to rubidium, is likely to have atoms with the
smallest atomic radius?

(Total for Question 19 = 13 marks)
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20 Copper(ll) sulfate solution, CuSO,(aq), can be made by adding an excess of solid
copper(ll) oxide, CuQ, to boiling dilute sulfuric acid. This is an exothermic reaction.

The balanced equation for this reaction is
CuO(s) + H,S0,(aq) — CuSO,(aq) + HZO(I)

(@) (i) Complete the ionic equation for this reaction, including state symbols.

CuO(s) +

(ii) Calculate the mass of copper(ll) oxide needed, if a 10% excess is required,
when 0.020 mol of sulfuric acid is completely reacted.

[Relative atomic masses: Cu = 63.5 and O = 16.0]

(b) (i) Suggest, with a reason, how the copper(ll) oxide should be added to the
boiling sulfuric acid.

13
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(ii) When the reaction is complete, the excess copper(ll) oxide is removed by
filtration.

To prepare crystals of copper(ll) sulfate-5-water, CuSO,.5H,0, the resulting
solution is boiled to remove excess water.

How would you know when sufficient water had been removed?

(iv) The crystals all have the same shape. What does this indicate about the
arrangement of the ions?

(c) (i) Calculate the molar mass of copper(ll) sulfate-5-water, CuSO,.5H,0.
Remember to include the appropriate units in your answer. You will need to
use the Periodic Table as a source of data.

14
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(i) Calculate the percentage yield if 2.7 g of copper(ll) sulfate-5-water is obtained
from 0.020 mol of sulfuric acid.

(iii) What is the most likely reason for the yield being well below 100%?

(d) When the crystals are heated, they turn white. On adding water, they return to
their original colour. Suggest a use for this reaction.

(Total for Question 20 = 15 marks)

15
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21 Sodium hydrogencarbonate decomposes on heating to form sodium carbonate. It is
difficult to measure the enthalpy change of this reaction directly.

2NaHCO3(s) - Na2CO3(s) +CO,(g) + H20(I)

One method of determining this enthalpy change is to react known amounts of
sodium hydrogencarbonate and sodium carbonate, separately, with excess dilute
hydrochloric acid.

(@) 0.010 mol of solid sodium hydrogencarbonate was added to 25 cm? of
dilute hydrochloric acid. A temperature rise of 11 °C was measured using a
thermometer graduated at 1 °C intervals.

(i) Calculate the heat energy produced by this reaction using the equation:

Energy transferred in joules = mass x 4.18 x change in temperature

(i) Calculate the standard enthalpy change for the reaction when one mole of
sodium hydrogencarbonate reacts with hydrochloric acid.

Remember to include a sign and units with your answer which should be
given to three significant figures.

17
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*(b) The standard enthalpy change for the reaction between sodium carbonate and
dilute hydrochloric acid is found by a similar method to be

AH® =-321.6 kJ mol™!

Complete the Hess energy cycle below by adding the missing arrow and entities.
Use it to calculate the standard enthalpy change for the decomposition of two
moles of sodium hydrogencarbonate as in the equation below.

Remember to show your reasoning clearly.

2NaHCO,(s) — Na,CO,(s) + CO,(g) + H,O(l)

2HCM

18
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(c) The uncertainty for each thermometer reading is + 0.5 °C.
Calculate the percentage error in the temperature rise of 11 °C.

(d) Sodium hydrogencarbonate is used in cooking. Suggest what it is used for and
how it works.

(Total for Question 21 = 11 marks)
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22 This question is about ethene and its reactions.
Ethene is produced in industry by cracking.

(@) (i) Write the equation for the cracking of dodecane, C ,H,, to produce one mole
of ethene as the only alkene product.

(ii) Draw a labelled diagram of the apparatus and materials you would use to
crack dodecane and collect a sample of the gaseous alkene in the laboratory.

21
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(b) Draw a diagram to show the regions of electron density in both parts of the
double bond between the carbon atoms in ethene. Label each region with
appropriate symbols.

(c) (i) Give the name and structural formula for the product of the reaction between
ethene and bromine, Br_(l).

Formula

(ii) Give the mechanism for the reaction between ethene and bromine.

22
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(d) Give the displayed formula for the organic product of the reaction between
ethene and acidified potassium manganate(VII).

(e) (i) Write a balanced equation for the formation of poly(ethene) from ethene,
showing the structure of the polymer clearly.

(ii) Comment on the atom economy of the reaction in (e)(i).

(Total for Question 22 = 16 marks)

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