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I nstructions 2

Use blue or black ink or ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

Answer the questions in Section A and Section B in the spaces
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All working must be shown.

e Do all rough work in this book. Cross through any work you do not 6
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e The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach

this perforated sheet at the start of the examination.
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. . . Total (Column 1)
The maximum mark for this paper is 60.

The marks for questions are shown in brackets. Total (Column 2) —>
You are expected to use a calculator where appropriate.
Write your answers to the questions in Section B in continuous prose, TOTAL
where appropriate. You will be assessed on your ability to use an
appropriate form and style of writing, to organise relevant information Examiner's Initials
clearly and coherently, and to use specialist vocabulary, where

appropriate.
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Advice

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

(@ Complete the following table.

(b) An atom has twice as many protons and twice as many neutrons as an atom of

Relative mass

Relative charge

Proton

Electron

Deduce the symbol, including the mass number, of this atom.

(2 marks)

19F

(c) TheAI® ion and the Na' ion have the same electron arrangement.

(d)

(i) Givethe electron arrangement of these ions.

(i) Explain why more energy is needed to remove an electron from the AI®* ion than

from the Na" ion.

In a mass spectrometer, gaseous atoms are ionised. These ions are then accel erated.

(i) Explain how atoms are ionised in a mass spectrometer.
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Gas constant R=8.31 JK L mol™

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, 3741
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
CcC—O 1000-1300
O—H (alcohols) 3230-3550
O—H (acids) 2500-3000
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(ii) State what is used to accelerate ions in a mass spectrometer.

(e) The table below shows the relative abundance of each isotope in a sample of platinum.

m/'z

194

195

196

198

Relative abundance (%) 32.8

30.6

254

11.2

Use the data in the table to calculate the relative atomic mass of this sample of

platinum.
Give your answer to

one decimal place.

Turn over for the next question
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2 (a) Anacid, HoX, reacts with sodium hydroxide as shown in the equation below.
HoX(ag) + 2NaOH(ag) —> 2Na'(ag) + X% (ag) + 2H,0()

A solution of this acid was prepared by dissolving 1.92g of HoX in water and making
the volume up to 250 cm? in a volumetric flask.

A 25.0cm® sample of this solution required 21.70cm® of 0.150 mol dm™ agueous
NaOH for complete reaction.

(i) Calculate the number of moles of NaOH in 21.70cm® of 0.150 mol dm™ agueous
NaOH

(i) Calculate the number of moles of H,X which reacted with this amount of NaOH
Hence, deduce the number of moles of H,X in the 1.929g sample.

Moles of H,X in 25.0cm® of solution

(b) Analysisof acompound Y showed that it contained 49.31 % of carbon, 6.85 % of
hydrogen and 43.84 % of oxygen by mass. The M, of Y is146.0

(i) State what is meant by the term empirical formula.
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(ii) Use the above data to calculate the empirical formula and the molecular formula

of Y.

Empirical Tormula Of Y .....ooeee e

(c) Sodium hydrogencarbonate decomposes on heating as shown in the equation below.

2NaHCO3(s) —> NaCOs(s) + CO2(g) + H20(9)

A sample of NaHCO3 was heated until completely decomposed. The CO, formed in
the reaction occupied a volume of 352cm? at 1.00 x 10° Paand 298K .

(i)

(ii)

State the ideal gas equation and use it to calculate the number of moles of CO,
formed in this decomposition.

(The gas constant R = 8.31JK ™ mol ™)

(Ko 5= 0 F= = 11 7= L1 o o PSR

IMOIES OF CO0 ..ot et e e e e s re e s e e be e san e e naeesaneereeenes

Use your answer from part (c)(i) to calculate the mass of the NaHCO3 that has
decomposed.

(If you have been unable to calculate the number of moles of CO, in part (c)(i),
you should assume this to be 0.0230mol. Thisis not the correct value.)
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3 (a (i) Statewhatismeant by the term polar when applied to a covalent bond.

(i) Consider the covalent bonds in molecules of hydrogen and of water. State
whether the covalent bonds are polar or non-polar. Explain your answers.
Bonds in hydrogen

Bonds in water

EXPIANALION ... e

(b) Ammoniais very soluble in water because it is able to form hydrogen bonds with
water molecules.

(i) Complete the diagram below to show how an ammonia molecule forms a
hydrogen bond with a water molecule. Include partial charges and all the lone
pairs of electrons.

H
\N H—O
HY .
H H

(i) Thebond angle in a molecule of water is about 104.5°. State the bond angle in
an ammonia molecule and explain why it is different from that in water.

Bond angle in @MIMONIA .......cceiuiriiriiieieeeee e
(o = 7= Lo o RSSO
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(c) Ammonia reacts with aluminium chloride to form the molecule shown below.

H cl
N— Al
i e
H cl

Name the type of bond formed between the nitrogen and aluminium atoms. Explain
how this bond is formed.

TYPE OF BONM ...

(o] K= g T= 1 o] o ISR

Turn over for the next question
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4 (a) Give the formula of the least soluble hydroxide of the Group Il elements Mg to Ba.
(1 mark)
(b) An aqueous solution of sodium chloride may be distinguished from an aqueous
solution of sodium sulphate using a simple chemical test.
(i) ldentify a reagent for this test.
(if) State the observations you would expect to make if the reagent identified
in part (b)(i) is added to a separate sample of each solution. Write an equation
for any reaction which occurs.
Observation with sodium ChlOoride ...........ooooviiiiiiie e
Observation with sOdium SUIPNALE ...........ccoeeiiiiiieiieece e
EQUALTON ...t bbbt
(4 marks)
5
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SECTION B

Answer both questions in the spaces provided.

5 Draw a diagram to show how the ions are arranged in three dimensions in a crystal of
sodium chloride. Explain, in terms of bonding, why sodium chloride has a high melting
point. State and explain a condition needed for sodium chloride to conduct electricity.

(6 marks)

6 (a) State and explain the trend in atomic radius of the elements Na to Cl in Period 3.
(4 marks)
(b) State the meaning of the term first ionisation energy of an atom.

State the general trend in the first ionisation energy of the Period 3 elements Na to Ar.

Identify and explain one deviation from this general trend.
(5 marks)

END OF QUESTIONS
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