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Answer all questions.
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The following data may be required.

Gas constant R = 8.31 J K ' mol ™!
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e 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.
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e 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

Neutron

Electron

(2 marks)

(b) An atom has twice as many protons as, and four more neutrons than, an atom of ’Be.
Deduce the symbol, including the mass number, of this atom.

(2 marks)

(c) Draw the shape of a molecule of BeCl, and the shape of a molecule of Cl,0. Show
any lone pairs of electrons on the central atom. Name the shape of each molecule.

BeClg CIQO

Name of Shape ..........ccceeeceeeecveeicineannen. Name of Shape .........ccueeveeeeeecieeiieaenenn.
(4 marks)

(d) The equation for the reaction between magnesium hydroxide and hydrochloric acid is
shown below.

Mg(OH),(s) + 2HCl(aq) —> MgCly(aq) + 2H,O(])

Calculate the volume, in cm?, of 1.00 mol dm™ hydrochloric acid required to react
completely with 1.00 g of magnesium hydroxide.

(4 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, 3.1-39
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) 2500-3000
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2 Potassium nitrate, KNO3, decomposes on strong heating, forming oxygen and solid Y as the
only products.

(a) A 1.00g sample of KNOj (M; = 101.1) was heated strongly until fully decomposed
into Y.

(i) Calculate the number of moles of KNOj in the 1.00 g sample.

(i1)) At 298K and 100kPa, the oxygen gas produced in this decomposition occupied a

volume of 1.22 x 10~%m>.

State the ideal gas equation and use it to calculate the number of moles of
oxygen produced in this decomposition.

(The gas constant R = 8.31J K 'mol™)
1deal GaS @QUALION ...........ccceeeeeiieeiie ettt e e e e aae e eaaee e

MOLES Of OXVZON ..ottt ettt ettt tae st saeeebeesnaesnseens

(5 marks)

(b) Compound Y contains 45.9 % of potassium and 16.5 % of nitrogen by mass, the
remainder being oxygen.

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

(4 marks)
(¢) Deduce an equation for the decomposition of KNOj3 into Y and oxygen.

Turn over p>
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3 The table below shows the electronegativity values of some elements.

Fluorine | Chlorine | Bromine Iodine Carbon | Hydrogen

Electronegativity 4.0 3.0 2.8 2.5 2.5 2.1

(a) Define the term electronegativity.

(2 marks)

(b) The table below shows the boiling points of fluorine, fluoromethane (CH3F) and
hydrogen fluoride.

Boiling point/K 85 194 293

(i) Name the strongest type of intermolecular force present in:
LAQUIA F e
LAQUIA CHAF oottt ene s
LAQUIA HF oottt

(i) Explain how the strongest type of intermolecular force in liquid HF arises.

(6 marks)
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(c) The table below shows the boiling points of some other hydrogen halides.

HCI HBr HI

Boiling point/K 188 206 238

(1) Explain the trend in the boiling points of the hydrogen halides from HCI to HI.

(i) Give one reason why the boiling point of HF is higher than that of all the other
hydrogen halides.

(3 marks)

Turn over for the next question

Turn over p>
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4 (a) State the meaning of the term first ionisation energy of an atom.

(2 marks)
(b) Complete the electron arrangement for the Mg2+ ion.
LS ettt e,
(1 mark)
(c) Identify the block in the Periodic Table to which magnesium belongs.
............................................................................................................................... (]m .c.l rk)

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

(e) The Ne atom and the Mg2+ ion have the same number of electrons. Give two reasons
why the first ionisation energy of neon is lower than the third ionisation energy of
magnesium.

ROUSON I oo e e et e e e e e et e e e e e e e e e e eaeeeeeaenenen

REOASOI 2 oottt et e e e e et et e e e e e e e e e et eeeeeeeeaaaaas
(2 marks)
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(f) There is a general trend in the first ionisation energies of the Period 3 elements, Na— Ar
(i) State and explain this general trend.
THORA ...ttt sttt
EXPIANGALION ...t
(i1)) Explain why the first ionisation energy of sulphur is lower than would be
predicted from the general trend.
(5 marks)
12
Turn over for the next question
Turn over p>
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SECTION B

Answer both questions in the space provided on pages 10—12 of this booklet.

5 A sample of element Q was extracted from a meteorite. The table below shows the relative
abundance of each isotope in a mass spectrum of this sample of Q.

m/z 64 66 67 68

Relative abundance (%) 38.9 27.8 14.7 18.6

(a) Define the term relative atomic mass of an element. (2 marks)

(b) Use the data above to calculate the relative atomic mass of this sample of Q. Give
your answer to one decimal place. Suggest the identity of Q. (3 marks)

(¢) In order to obtain a mass spectrum of Q, a gaseous sample is first ionised. Describe

how ionisation is achieved in a mass spectrometer. Give three reasons why ionisation
1S necessary. (5 marks)

6 Phosphorus exists in several different forms, two of which are white phosphorus and red
phosphorus. White phosphorus consists of P4 molecules, and melts at 44 °C.
Red phosphorus is macromolecular, and has a melting point above 550 °C.
Explain what is meant by the term macromolecular. By considering the structure and
bonding present in these two forms of phosphorus, explain why their melting points are so
different. (5 marks)

END OF QUESTIONS
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