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In addition to this paper you will require:

a calculator.

Time allowed: 1 hour

Instructions
• Use blue or black ink or ball-point pen.
• Fill in the boxes at the top of this page.
• Answer all questions in Section A and Section B in the spaces provided.

All working must be shown.
• Do all rough work in this book. Cross through any work you do not

want marked.
• The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach this

perforated sheet at the start of the examination.

Information
• The maximum mark for this paper is 60.
• Mark allocations are shown in brackets.
• This paper carries 30 per cent of the total marks for AS. For Advanced

Level this paper carries 15 per cent of the total marks.
• You are expected to use a calculator where appropriate.
• The following data may be required.

Gas constant R = 8.31 J K–1 mol–1

• Your answers to the question in Section B should be written in
continuous prose, where appropriate. You will be assessed on your ability
to use an appropriate form and style of writing, to organise relevant
information clearly and coherently, and to use specialist vocabulary,
where appropriate.

Advice
• You are advised to spend about 45 minutes on Section A and about

15 minutes on Section B.
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SECTION   A

Answer all questions in the spaces provided.

1 (a) Define the terms

(i) mass number of an atom,

.............................................................................................................................................

(ii) relative molecular mass.

.............................................................................................................................................

.............................................................................................................................................
(3 marks)

(b) (i) Complete the electron arrangement for a copper atom.

1s2 .......................................................................................................................................

(ii) Identify the block in the Periodic Table to which copper belongs.

.............................................................................................................................................

(iii) Deduce the number of neutrons in one atom of 65Cu

.............................................................................................................................................
(3 marks)
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Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000
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(c) A sample of copper contains the two isotopes 63Cu and 65Cu only. It has a relative
atomic mass, Ar, less than 64. The mass spectrum of this sample shows major peaks with
m/z values of 63 and 65, respectively.

(i) Explain why the Ar of this sample is less than 64.

.............................................................................................................................................

(ii) Explain how Cu atoms are converted into Cu+ ions in a mass spectrometer.

.............................................................................................................................................

.............................................................................................................................................

(iii) In addition to the major peaks at m/z = 63 and 65, much smaller peaks at m/z = 31.5
and 32.5 are also present in the mass spectrum. Identify the ion responsible for the
peak at m/z = 31.5 in the mass spectrum. Explain why your chosen ion has this m/z
value and suggest one reason why this peak is very small.

Identity of the ion .............................................................................................................

Explanation for m/z value ...............................................................................................

.............................................................................................................................................

Reason why this peak is very small ................................................................................

.............................................................................................................................................
(6 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

12
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2 (a) Ammonium sulphate reacts with aqueous sodium hydroxide as shown by the equation
below.

(NH4)2SO4 + 2NaOH  → 2NH3 + Na2SO4 + 2H2O

A sample of ammonium sulphate was heated with 100 cm3 of 0.500 mol dm–3 aqueous
sodium hydroxide. To ensure that all the ammonium sulphate reacted, an excess of
sodium hydroxide was used.
Heating was continued until all of the ammonia had been driven off as a gas.
The unreacted sodium hydroxide remaining in the solution required 27.3 cm3 of
0.600moldm–3 hydrochloric acid for neutralisation.

(i) Calculate the original number of moles of NaOH in 100 cm3 of 0.500 mol dm–3

aqueous sodium hydroxide.

.............................................................................................................................................

.............................................................................................................................................

(ii) Calculate the number of moles of HCl in 27.3 cm3 of 0.600 mol dm–3 hydrochloric
acid.

.............................................................................................................................................

.............................................................................................................................................

(iii) Deduce the number of moles of the unreacted NaOH neutralised by the
hydrochloric acid.

.............................................................................................................................................

(iv) Use your answers from parts (a)(i) and (a)(iii) to calculate the number of moles of
NaOH which reacted with the ammonium sulphate.

.............................................................................................................................................

.............................................................................................................................................

(v) Use your answer in part (a)(iv) to calculate the number of moles and the mass of
ammonium sulphate in the sample.
(If you have been unable to obtain an answer to part (a)(iv), you may assume that
the number of moles of NaOH which reacted with ammonium sulphate equals
2.78 × 10–2 mol. This is not the correct answer.)

Moles of ammonium sulphate .........................................................................................

.............................................................................................................................................

Mass of ammonium sulphate ..........................................................................................

.............................................................................................................................................
(7 marks)

CHM1  pgs 1-12  28/9/04  11:07 am  Page 6



7
LEAVE

MARGIN
BLANK

(b) A 0.143g gaseous sample of ammonia occupied a volume of 2.86 × 10–4 m3 at a
temperature T and a pressure of 100kPa.

State the ideal gas equation, calculate the number of moles of ammonia present and
deduce the value of the temperature T.
(The gas constant R=8.31JK–1 mol–1)

Ideal gas equation .......................................................................................................................

Moles of ammonia ......................................................................................................................

.......................................................................................................................................................

Value of T ....................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
(4 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION
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3 (a) Magnesium and chlorine react together to form the ionic compound magnesium
chloride, MgCl2.

(i) Explain how each of the ions in this compound is formed.

.............................................................................................................................................

.............................................................................................................................................

(ii) Explain why compounds with ionic bonding tend to have high melting points.

.............................................................................................................................................

.............................................................................................................................................
(4 marks)

(b) (i) Define the term electronegativity.

.............................................................................................................................................

.............................................................................................................................................

(ii) Explain why electronegativity increases across a period in the Periodic Table.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(4 marks)

(c) Chloride ions are polarised more by aluminium ions than they are by magnesium ions.

(i) State what is meant by the term polarised.

.............................................................................................................................................

.............................................................................................................................................

(ii) Why is a chloride ion polarised more by an aluminium ion than by a magnesium
ion?

.............................................................................................................................................

.............................................................................................................................................

(iii) Predict the type of bonding in aluminium chloride.

.............................................................................................................................................
(5 marks)
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4 (a) Ammonia, NH3, reacts with sodium to form sodium amide, NaNH2, and hydrogen.

(i) Write an equation for the reaction between ammonia and sodium.

.............................................................................................................................................

(ii) Draw the shape of an ammonia molecule and that of an amide ion, NH–
2

In each case show any lone pairs of electrons.

NH3 NH–
2

(iii) State the bond angle found in an ammonia molecule.

.............................................................................................................................................

(iv) Explain why the bond angle in an amide ion is smaller than that in an ammonia
molecule.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(6 marks)

(b) A salt, X, contains 16.2% by mass of magnesium, 18.9% by mass of nitrogen and 64.9%
by mass of oxygen.

(i) State what is meant by the term empirical formula.

.............................................................................................................................................

.............................................................................................................................................

(ii) Determine the empirical formula of X.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(3 marks)

Turn over �
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5 (a) Iodine and diamond are both crystalline solids at room temperature. Identify one
similarity in the bonding, and one difference in the structures, of these two solids.
Explain why these two solids have very different melting points.

(6 marks)

(b) (i) For the elements Mg–Ba, state how the solubilities of the hydroxides and the
solubilities of the sulphates change down Group II.

(ii) Describe a test to show the presence of sulphate ions in an aqueous solution. Give
the results of this test when performed on separate aqueous solutions of
magnesium chloride and magnesium sulphate. Write equations for any reactions
occurring.

(iii) State the trend in the reactivity of the Group II elements Mg–Ba with water.
Write an equation for the reaction of barium with water.

(9 marks)

END  OF  QUESTIONS

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................
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SECTION   B

Answer the question below in the space provided on pages 10 to 12 of this booklet.
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............................................................................................................................................................................
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............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................
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............................................................................................................................................................................

............................................................................................................................................................................

............................................................................................................................................................................
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............................................................................................................................................................................
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