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Answer all questions

f ridium, atomic nurnber 77, is a very dense
deposited virtually all the ir idium present on
using a mass spectrometer and a section
present in iridium is shown below.

metal. Scientists believe that meteorites have
Earth. A fragment of a meteorite was analysed
of the mass spectrum showing the isotopes

100

7" composition

1 9 0  1 9 5

relative isotopic mass

(a) Explain the term isotopes.

.  . . t1 l

(b) Use the mass spectrum to hetp you complete the table below for each iridium isotope in
the meteorite.

isotope pe rcentage com position
number of

protons neutrons
1 e 1 ; y

1 e 3 1 t

(c) (i) Define the term relative atomic mass.

80

60

40

20

0

t3l
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(ii) Calculate the relative atomic mass of the iridium in this meteorite. Give your answer
to one decimal place.

l2l

(d) lr idium reacts with f luorine to form a yellow solid Y with the percentage composition by
mass: lr, 62.7S"hi F, 37.25o/".

The empirical formula of Y can be calculated from this information.

(i) Define the term empirical formula.

r l  l" " " 1 ' l

(i i) Calculate the empirical formula of Y.

. 12)

(i i i) Write a balanced equation for the reaction between iridium and fluorine.

. . . . t11

[Total : 13]
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This question concerns elements and compounds from Group 2 of the Periodic Table.

(a) State the trend in reactivity of the Group 2 elements with oxygen. Explain your answer.

trend in reactivity .

explanation ....

,..t41

(b) The reactions of strontium are typical of a Group 2 element. Write the formulae for
substances A-D in the flow chart below.

H"O(t)
Sr(s)

solution A

heat
€

gas B

solid C gas D

[Total :

t4l

8l

cor(o)

SrCOr(s)
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3 This question is about aluminium oxide, AhO..

(a) Successive ionisation energies provide evidence for the arrangement of electrons in
atoms.
The graph below shows the 8 successive ionisation energies of oxygen.

0 1 2 3 4 5 6 7 8

number of electrons removed

(i) Write an equation, including state symbols, to represent the second ionisation
energy of oxygen.

-----.t21

(ii) How does this graph provide evidence for the existence of two electron shells in
oxygen?

...121

(b) (i) Complete the electronic configuration for an aluminium atom.

1s2  . . . . . . . . t 11

(ii) On the axes below, sketch a graph to show the thirteen successive ionisation
energies of aluminium . t2l
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(c) Aluminium oxide can be formed by reacting together aluminium and oxygen.

(i) Write an equation, including state symbols, for this reaction.

....121

(i i) The bonding in aluminium oxide is intermediate between ionic and covalent
bonding. Explain why aluminium oxide has intermediate bonding.

. . . . t31

(d) Gemstones such as rubies, sapphires and topaz mainly contain aluminium oxide.
Artif icial rubies can be made by heating aluminium oxide with very small traces of
transition metal oxides and cooling slowly. The traces of these oxides give the rubies
their  colours.

Cafculate how many moles of AI,O. are needed to make a 25.0 g ruby.

Assume that all the mass of this ruby is aluminium oxide.

Answer . . . . . . .  mol
t2l

[Total : 14]
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A major use of chlorine is in the purification of drinking water. When chlorine is added to
water, the following reaction takes place.

Cl2(g) + HrO(l)-+ HOCI(aq) + HCI(aq)

(a) Determine the oxidation number of chlorine in

HOCI"

HCL . . . . . . . . . .12J

(b) HOCt has covalently bonded molecules.

Draw a'dot-and-cross' diagram of a molecule of HOCI..

t2l

(c) (i) Outline how the electron pair repulsion theory can be used to predict the shape of a
covalent molecule.

. . .  . t3 l

(ii) Using your answers to (b) and (c)(i), draw a diagram to show the likely shape of a
molecule of HOCL Predict the bond angle in this molecule and show this clearly on
your diagram.

121

(d) Chlorine, CL2, is a strong oxidising agent and oxidises aqueous iodide ions, I*(aq), to
iodine, I r .

(i) What is meant by the term oxidation?

. . .  .  . t1 l

(i i) Suggest what you would expect to see when Ctz(g) is bubbled through a solution
containing I-(aq).

r {  1
. . . . [  1 l

For
Examinels

Use



I

(iii) Write a balanced ionic equation for the oxidation of I-(aq) Oy Clz(g).

. . . t1 l
(e) lndustrially, chlorine, Cl2(g), is prepared by passing an electric current through a

concentrated solution of sodium chloride, NaCl, known as brine.

In this question, assume brine has a concentration of NaCl of 4.00 mol dm-3.

(i) Calculate the mass of NaCt dissolved in 1 .OO dm3 of brine.

Answer  . . . . . . . . . .  q

tit
(i i) Calculate the volume of CI(S) obtained from 1 .00 dm3 of brine.

2Nact(aq) + 2Hro(r) -+ cb(g) + 2NaoH(aq) + H2(9)

Assume that 1 mole of Cl(g) occupies 24.0dm3.

Answer dm3
l2l

(i i i) Every day in the UK 2.5 x 10e dm3 of C!(g) are produced for many uses, including
water treatment and the manufacture of plastics.

Assuming tlatall CI, is produced from brine, calculate the volume of brine required
for CI, production each day in the UK.

Assume that 1 mole of CUg) occupies 24.0dm3.

l 1 l

[Total : 171
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5 Describe the nature of hydrogen bonding and explain two anomalous properties of water in
terms of this bonding.

ln this question, 1 mark is availabte for the quatity of written communication.

owc [1]

[Tctal : B]
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