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In addition to this paper you will require: For Examiner’s Use
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Time allowed: 1 hour

Instructions 3
¢ Use blue or black ink or ball-point pen.
e Fill in the boxes at the top of this page. 4
¢ Answer all questions in Section A and Section B in the spaces provided.

All working must be shown. 5

¢ 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.

e 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 = 8.31JK 'mol™ Total S
e Your answers to the question in Section B should be written in (sl )
continuous prose, where appropriate. You will be assessed on your ability Total —
to use an appropriate form and style of writing, to organise relevant bl
information clearly and coherently, and to use specialist vocabulary, TOTAL
where appropriate.
Examiner’s Initials

Adyvice

* 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) Complete the following table.

Relative mass | Relative charge

Proton

Electron

(2 marks)

(b) An atom of element Q contains the same number of neutrons as are found in an atom
of 2’Al. An atom of Q also contains 14 protons.
(i) Give the number of protons in an atom of 2’ Al

(i) Deduce the symbol, including mass number and atomic number, for this atom of
element Q.

(2 marks)
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Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-3.9
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000
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(d) The table below gives the relative abundance of each isotope in a mass spectrum of a

sample of magnesium.

m/z

24

25

26

Relative abundance (%)

73.5

10.1

16.4

Use the data above to calculate the relative atomic mass of this sample of magnesium.

Give your answer to one decimal place.

(2 marks)

(e) State how the relative molecular mass of a covalent compound is obtained from its mass

spectrum.

TURN OVER FOR THE NEXT QUESTION
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2 (a) Sodium carbonate forms a number of hydrates of general formula Na,CO3.xH,O
A 3.01 g sample of one of these hydrates was dissolved in water and the solution made
up to 250cm?.

In a titration, a 25.0 cm® portion of this solution required 24.3 cm® of 0.200 mol dm™
hydrochloric acid for complete reaction.
The equation for this reaction is shown below.

Na,CO; + 2HCl — 2NaCl + H,0 + CO,

(i) Calculate the number of moles of HCI in 24.3 cm?® of 0.200mol dm™ hydrochloric
acid.

(ii) Deduce the number of moles of Na,COj in 25.0 cm® of the Na,COs5 solution.
(iii) Hence deduce the number of moles of Na,COj3 in the original 250cm? of solution.
(iv) Calculate the M, of the hydrated sodium carbonate.

(5 marks)

(b) In an experiment, the M, of a different hydrated sodium carbonate was found to be 250.
Use this value to calculate the number of molecules of water of crystallisation, x, in this
hydrated sodium carbonate, Na,CO3.xH,O

(3 marks)
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(c) A gas cylinder, of volume 5.00 x 10°m?, contains 325 ¢ of argon gas.
(i) Give the ideal gas equation.

(i) Use the ideal gas equation to calculate the pressure of the argon gas in the cylinder
at a temperature of 298 K.
(The gas constant R = 8.31JK 'mol™)

(4 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p
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3 The values of the first ionisation energies of neon, sodium and magnesium are 2080, 494 and
736k mol ™!, respectively.

(a) Explain the meaning of the term first ionisation energy of an atom.

(2 marks)

(b) Write an equation to illustrate the process occurring when the second ionisation energy
of magnesium is measured.

(2 marks)

(¢) Explain why the value of the first ionisation energy of magnesium is higher than that of
sodium.

(2 marks)

(d) Explain why the value of the first ionisation energy of neon is higher than that of
sodium.

(2 marks)
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4 Lithium hydride, LiH, is an ionic compound containing the hydride ion, H”
The reaction between LiH and aluminium chloride, AlCl;, produces the ionic compound
LiAlH,4

(a) Balance the equation below which represents the reaction between LiH and AICl;

LiH + AIC; —»  LiAlH, +  LiCl

(I mark)
(b) Give the electronic configuration of the hydride ion, H™
(I mark)
(c) Predict the shape of the AIH, ion. Explain why it has this shape.
STUAPDE ettt sttt ettt et e st e n et e et e e st et e s e e st e st et e ese et et e seeseentensans
EXDIARALION ..ottt ettt e st s e s e e s se e staesbe e s b e e sseesseesseessaessaenseenseenssensean
(3 marks)
(d) A bond in AIH, can be represented by H—>Al
Name this type of bond and explain how it is formed.
TYPE OF DOTUA ..ottt sttt et se et e s e e s e e se e s s e s e esaesaensesseeseensenss
EXDIARALION ..ottt sttt a e st e st e s e e st estaesseesseesseesseesseessaessaesseenseesssensenn
(3 marks)

TURN OVER FOR THE NEXT QUESTION
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5 (a) There is a trend in the reactivity of the Group II metals, Be-Ba, with water. State this
trend and give the conditions under which magnesium reacts rapidly with water. Write
an equation to represent this reaction.

TrEIA BE 10 B ...ttt
CONAITIONS .ttt a et et b et
EQUATION ..ottt ettt et e b et be bt e be e bt e bt sbe e b e nbean

(3 marks)

(b) Describe what you would observe when a few drops of aqueous sodium hydroxide are
added to aqueous beryllium chloride, followed by a large excess of aqueous sodium
hydroxide. Write equations for the two reactions which occur.

Observation when a few drops are Added. ................eoeeeeeeecieneeeieiesieseeieeese et

(4 marks)
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SECTION B

Answer the question below in the space provided on pages 11 to 16 of this booklet.

6 (a) Define the term electronegativity and explain why the electronegativity values of the
Group II elements Be-Ba decrease down the group. (4 marks)

(b) Name the strongest type of intermolecular force between hydrogen fluoride molecules
and draw a diagram to illustrate how two molecules of HF are attracted to each other.
In your diagram show all lone pairs of electrons and any partial charges. Explain the
origin of these charges.
Suggest why this strong intermolecular force is not present between HI molecules.
(7 marks)

(c) Crystals of sodium chloride and of diamond both have giant structures. Their melting
points are 1074 K and 3827 K, respectively. State the type of structure present in each
case and explain why the melting point of diamond is so high. (4 marks)

END OF QUESTIONS
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