edexcel s::
INTERNATIONAL ADVANCED LEVEL

CHEMISTRY

SAMPLE ASSESSMENT
MATERIALS

Pearson Edexcel International Advanced Subsidiary in Chemistry (XCH11)
Pearson Edexcel International Advanced Level in Chemistry (YCH11)
First teaching September 2018

First examination from January 2019

First certification from August 2019 (International Advanced Subsidiary)
and August 2020 (International Advanced Level)

‘P Pearson




Edexcel, BTEC and LCCI qualifications

Edexcel, BTEC and LCCI qualifications are awarded by Pearson, the UK’s largest awarding
body offering academic and vocational qualifications that are globally recognised and
benchmarked. For further information, please visit our qualification website at
qualifications.pearson.com. Alternatively, you can get in touch with us using the details
on our contact us page at qualifications.pearson.com/contactus

About Pearson

Pearson is the world's leading learning company, with 35,000 employees in more than
70 countries working to help people of all ages to make measurable progress in their

lives through learning. We put the learner at the centre of everything we do, because
wherever learning flourishes, so do people. Find out more about how we can help you
and your learners at qualifications.pearson.com

References to third party material made in this sample assessment materials are made in
good faith. Pearson does not endorse, approve or accept responsibility for the content of
materials, which may be subject to change, or any opinions expressed therein. (Material

may include textbooks, journals, magazines and other publications and websites.)

All information in this document is correct at time of publication.

ISBN 978 1 4469 4657 2

All the material in this publication is copyright
© Pearson Education Limited 2017



Contents

Introduction

General marking guidance
Unit 1 - Question paper
Unit 1 - Mark scheme
Unit 2 - Question paper
Unit 2 - Mark scheme
Unit 3 - Question paper
Unit 3 - Mark scheme
Unit 4 - Question paper
Unit 4 - Mark scheme
Unit 5 - Question paper
Unit 5 - Mark scheme
Unit 6 - Question paper

Unit 6 - Mark scheme

29
47
73
89
105
117
145
163
189
207
219






Introduction

The Pearson Edexcel International Advanced Subsidiary in Chemistry and the Pearson
Edexcel International Advanced Level in Chemistry are part of a suite of International
Advanced Level qualifications offered by Pearson.

These sample assessment materials have been developed to support these qualifications
and will be used as the benchmark to develop the assessment students will take.
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General marking guidance

e All candidates must receive the same treatment. Examiners must mark the last
candidate in exactly the same way as they mark the first.

e Mark schemes should be applied positively. Candidates must be rewarded for what
they have shown they can do rather than be penalised for omissions.

e Examiners should mark according to the mark scheme - not according to their
perception of where the grade boundaries may lie.

e All the marks on the mark scheme are designed to be awarded. Examiners should
always award full marks if deserved, i.e. if the answer matches the mark scheme.
Examiners should also be prepared to award zero marks if the candidate’s response is
not worthy of credit according to the mark scheme.

e Where some judgement is required, mark schemes will provide the principles by
which marks will be awarded and exemplification/indicative content will not be
exhaustive. However different examples of responses will be provided at
standardisation.

e When examiners are in doubt regarding the application of the mark scheme to a
candidate’s response, a senior examiner must be consulted before a mark is given.

e Crossed-out work should be marked unless the candidate has replaced it with an
alternative response.

Using the Mark Scheme

Examiners should look for qualities to reward rather than faults to penalise. This does
NOT mean giving credit for incorrect or inadequate answers, but it does mean allowing
candidates to be rewarded for answers showing correct application of principles and
knowledge. Examiners should therefore read carefully and consider every response: even
if it is not what is expected it may be worthy of credit.

The mark scheme gives examiners:

e an idea of the types of response expected

e how individual marks are to be awarded

e the total mark for each question

e examples of responses that should NOT receive credit.

/ means that the responses are alternatives and either answer should receive full credit.

( ) means that a phrase/word is not essential for the award of the mark, but helps the
examiner to get the sense of the expected answer.

Phrases/words in bold indicate that the meaning of the phrase or the actual word is
essential to the answer.

ecf/TE/cq (error carried forward) means that a wrong answer given in an earlier part of a
question is used correctly in answer to a later part of the same question.

Candidates must make their meaning clear to the examiner to gain the mark. Make sure
that the answer makes sense. Do not give credit for correct words/phrases which are put
together in a meaningless manner. Answers must be in the correct context.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



( )
Write your name here
(Surname Other names
Centre Number Candidate Number
Pearson Edexcel
International
Advanced Level
‘Chemistry w
International Advanced Subsidiary/Advanced Level
Unit 1: Structure, Bonding and Introduction to
Organic Chemistry
Sample Assessment Materials for first teaching September 2018 Paper Reference
Jime:1 hour 30 minutes WCH1 1/O1J
( You must have: Total Marks
Scientific calculator, ruler
\_
L J
Instructions
® Use black ink or black ball-point pen.
® Fill in the boxes at the top of this page with your name,
centre number and candidate number.
® Answer all questions.
® Answer the questions in the spaces provided
— there may be more space than you need.
® Show all your working in calculations and include units where
appropriate.
Information
® The total mark for this paper is 80.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.
® There is a Periodic Table on the back page of this paper.
Advice
® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end.
Turn over
S58309A @
©2018 Pearson Education Ltd.
Vnny S 58 309 AUO0 1 2 4 Pearson
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SECTIONA
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.
For each question, select one answer from A to D and put a cross in the box X.
If you change your mind, put a line through the box $¢ and then mark your new answer with

a cross X.

1 An outline of part of the Periodic Table is shown.
The letters are not the usual symbols of the elements.

(a) Which elements are in the s-block of the Periodic Table?

[0 A RandU
[0 B TandY
[0 € VandW

[l D XandZ

(b) Which element has four occupied quantum shells, with six electrons in the
outermost shell?

L] AV
[J B X
Jcy

[0 D Z

B Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) In which pair do the ions have the same electronic configuration?

[JA RfandT*

0B T*andY*
0C U*andT*
0D U*andW-

(Total for Question 1 = 3 marks)

2 This question is about phosphorus and sulfur.
Which species contains 15 protons, 16 neutrons and 18 electrons?
LJA P
(1B P
[1Cc S*
1D S*

(Total for Question 2 = 1 mark)

3 Which is the electronic configuration of nitrogen?

1s 2s 2p

oa |t [ ININ!
o (N T (NN
Oc N N [IN]T
oo (N (N T !

(Total for Question 3 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



4 A sample of neon contains the following isotopes.

Isotope Percentage abundance
Ne 90.92
“'Ne 0.26
2Ne 8.82

What is the relative atomic mass of neon to two decimal places?
1 A 20.00
1 B 20.09
[] € 2018
[l D 21.00

(Total for Question 4 = 1 mark)

Data from the mass spectrum of a sample of pure iron is given in the table.

m/z Relative peak height
28 0.1
54 6.3
56 100.0
57 24
58 0.3

Which species is most likely to cause the peak at m/z = 28?

L] A %Fet
[0 B sFe*
L] € 2GS+
D D 84Sr3+
(Total for Question 5 = 1 mark)
B Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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6 Which of these is not a chemical reaction?
[J A cracking
[ B fractional distillation
[J € polymerisation
1 D reforming

(Total for Question 6 = 1 mark)

7 Which of these fuels is obtained from fermented sugar cane?
0 A ethanol
[0 B hydrogen
0 C petrol
[0 D propane

(Total for Question 7 = 1 mark)

8 What is the systematic name for this compound?

P

[0 A E-5-methylhex-2-ene
[0 B Z-5-methylhex-2-ene
[0 € E-2-methylpent-4-ene
0 D Z-2-methylpent-4-ene
(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 Ethene reacts with bromine to form 1,2-dibromoethane.

H H H o H
N / ||
C=C + B, - H—C—C—H
/ N |
H H Br Br

For the ethene molecule, what is the type of bond broken and the type of bond
fission occurring in this reaction?

Bond broken Bond fission
T heterolytic
T homolytic
o heterolytic
o homolytic

(Total for Question 9 = 1 mark)

10 There is 0.045 g of solute in 15009 of a solution.

What is the concentration of the solution in parts per million (ppm)?

] A 3.00
] B 6.75
] C 300
[ D 675

(Total for Question 10 = 1 mark)

11 What is the concentration, in mol dm=3, of a solution containing 7.84 g of
phosphoric(V) acid, H;PO,, in 400 cm? of solution?

L1 A 002
L1 B 0.08
1 € 020
L1 D 196

(Total for Question 11 = 1 mark)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



12 A sample of a hydrocarbon with mass 7.2 g contained 6.0 g of carbon.

What is the empirical formula of the hydrocarbon?

L]A CH,

1B GCsHi,

[]C CeHs

1D GHs

(Total for Question 12 = 1 mark)

13 Which pair of substances contains the same number of moles at room temperature

and pressure (r.t.p.)?

[A, values Ca =40, Li=7, Al = 27, Mg = 24. Molar volume of gas at r.t.p. = 24 dm* mol~"]

1 A 24 dm3 of chlorine, Cl,, and 20g of calcium, Ca
] B 24 dm? of oxygen, O,, and 14 g of lithium, Li
[J € 1.2dm3 of hydrogen, H,, and 2.7 g of aluminium, Al
[J D 1.2dm3of nitrogen, N,, and 1.2 g of magnesium, Mg
(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 What are the maximum numbers of electrons in a 2p orbital and in the third quantum shell?

Maximum number of | Maximum number of electrons

electrons in a 2p orbital in the third quantum shell
2 8
2 18
6 8
6 18

(Total for Question 14 = 1 mark)

15 Water reacts with H* ions to form H;O* ions.

|dentify the bonding within the H;O* ion.

] A
] B
] c
] D

covalent bonding only

covalent and dative covalent bonding only
covalent, dative covalent and ionic bonding
ionic bonding only

(Total for Question 15 = 1 mark)

16 What are the shapes of the AlCl; and PH; molecules?

Shape of AlCl; molecule =~ Shape of PH; molecule

pyramidal pyramidal

pyramidal trigonal planar
trigonal planar trigonal planar
trigonal planar pyramidal

(Total for Question 16 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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17 Which describes the polarity of the C—Cl bond and the polarity of the CCl, molecule?

Polarity of C—Cl bond  Polarity of CCl, molecule

L]A non-polar non-polar
1B non-polar polar
[]cC polar polar
1D polar non-polar

(Total for Question 17 = 1 mark)

18 What is the empirical formula of the following molecule?

Cl

cl

LJA CH.CL
[1B CH,Cl
[JC GCHnCl,
L] D CgHyuCl,

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions.
Write your answers in the spaces provided.

19 The graph shows the first ionisation energies for the elements with atomic numbers
from3to 12.

2500 —

2000 —

First 1500 +
ionisation energy

/ kJ mol™ 1000 —

500

0 | | | | | |
2 4 6 8 10 12 14

Atomic number

(@) Write the equation for the first ionisation energy of nitrogen.
Include state symbols.

(b) Explain the changes in first ionisation energy for the elements with atomic
numbers from 3 to 10.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) Explain why the first ionisation energy of element 11 is lower than that of element 3.

(Total for Question 19 = 8 marks)
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20 This question is about bromine.

(a) Complete the electronic configuration for a bromine atom, using the s, p, d notation.

(b) Bromine exists as two isotopes with mass numbers 79 and 81.

(i) Complete the table to show the numbers of subatomic particles in a
7°Br atom and a ®'Br- ion.

Species Protons Neutrons Electrons
79Br

81Br—

(i) A sample of bromine contained equal amounts of the two isotopes.

Complete the mass spectrum to show the peaks you would expect for Brj
from this sample of bromine gas.

100
90
80
70
60
50
40
30
20
10

oL,

Relative
abundance

157 158 159 160 161 162 163

m/z

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



(iii) Calculate the number of bromine molecules in 2.00 g of Br..

[Avogadro constant = 6.02 x 102 mol™']

Number of molecules =

(c) A sample of bromine gas occupied 200 cm? at a temperature of 77°Cand a
pressure of 1.51 x 10° Pa.

Calculate, using the ideal gas equation, the amount in moles of bromine
molecules in this sample.

[pV = nRT R =8.31Jmol ' K]

Amount of bromine molecules =

.............................................................. mol
(Total for Question 20 = 11 marks)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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21 Magnesium is a metal in Group 2 of the Periodic Table. It reacts with chlorine to form
the salt magnesium chloride, MgClL..

(a) Draw a dot-and-cross diagram for magnesium chloride.

Show outer shell electrons only.

(b) Magnesium conducts electricity when it is in the solid state. Magnesium chloride
conducts electricity when it is molten or dissolved in water but not when it is in

the solid state.

Explain these observations.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) Magnesium chloride can also be made by reacting magnesium oxide with dilute
hydrochloric acid.

MgO(s) + 2HCl(ag) — MgCl,(aq) + H,O(l)

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

(i) Calculate the minimum volume of 2.00 mol dm= hydrochloric acid needed to
completely react with 2.45 g of magnesium oxide.

Minimum volume of hydrochloricacid = ...

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(d) A further method for making magnesium chloride is by reacting magnesium carbonate with
dilute hydrochloric acid.

MgCOs(s) + 2HCl(aq) — MgCl,(aq) + H,O(l) + CO,(g)

Calculate the maximum mass of magnesium chloride that could be formed when
2.25g of magnesium carbonate is added to excess dilute hydrochloric acid.

Maximum mass magnesium chloride = ... g

(e) Explain why the reaction to make magnesium chloride from magnesium oxide
has a higher atom economy than the reaction using magnesium carbonate.
No calculation is required.

(Total for Question 21 = 12 marks)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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22 The alkanes are a homologous series of saturated hydrocarbons.

(a) Draw the displayed formulae of the three alkanes with molecular formula CsH,,.

(b) Give the systematic name of compound P.

Compound P
SYSTRIMATIC NMAIMIE e
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) The table shows the boiling temperatures of the first four straight-chain alkanes

Moleculer tormula Boiling temperature / °C
CH, —-164
CH, 89
C3Hs —42
CHe ~05

Predict the molecular formula and boiling temperature of the straight-chain
alkane that has five carbon atoms in its molecules.

Molecular formula ...

Boiling temperature ...
(d) Alkanes undergo incomplete combustion when they burn in a limited supply of air

(i) Write the equation for the incomplete combustion of propane, C;Hg, to form
carbon, carbon monoxide, carbon dioxide and water.
State symbols are not required.

(i) Explain the toxicity of carbon monoxide.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(e) Propane reacts with chlorine in the presence of ultraviolet radiation. The reaction
starts when some chlorine molecules are split into free radicals. A mixture of
products is formed.

(i) Write the two propagating steps to show how C;H,Cl is formed.
Curly arrows are not required.

(ii) Identify the different C;H,Cl molecules that are produced in this reaction.

(v) A small amount of a product with molar mass 113 g mol™" is formed.

Deduce the structure and name of a possible product with this molar mass.

STPUCTUIE .
IN@IMIE ..
(Total for Question 22 = 16 marks)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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23 Alkenes contain a double bond between two carbon atoms.

(@) Some reactions of propene are shown.

H,C H
N /
C=cC
/ N
H H
propene
reagent W oo
and acidified HCl
catalyst X MnO;
\ 4
T
H—(|Z—(|Z—(|Z—H compound Y major product Z
H H H

(i) Give the names of reagent W and catalyst X.

REAGENT W e e

CATAIYST X e

(ii) Draw the displayed formula of compound Y.

(iii) Draw the skeletal formula of the major product Z.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(b) Ethene reacts with steam in the presence of a catalyst to form ethanol.
The mechanism takes place in two stages.

(i) Complete the simplified mechanism for the reaction by adding curly arrows
and the relevant dipole.

H H H H
AN / Stage 1 |
c=c ———+ H—CC—H + OH
/7N |

H H H

H

O‘/

H
H H H H
| Stage 2 |

H—C|—C+—H — H—C|—C|—H
H H OH

:OH-

(ii) Predict the shape of the intermediate ion with reference to the
positively-charged carbon. Justify your answer.

H
H3C_C+_H
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) Methyl 2-methylpropenoate has the structure:

H COOCH;
N /
C=C
/ AN
H CH;

Draw a section of the polymer formed from methyl 2-methylpropenoate, showing
two repeat units.

(Total for Question 23 = 13 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
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Write your name here
(Surname Other names

Centre Number Candidate Number

Pearson Edexcel
International
Advanced Level

‘Chemistry

International Advanced Subsidiary/Advanced Level
Unit 2: Energetics, Group Chemistry,
Halogenoalkanes and Alcohols

Sample Assessment Materials for first teaching September 2018 | Paper Reference

 Time: 1 hour 30 minutes WCH1 Z/OL

~

rYou must have: Total Marks
Data Booklet, scientific calculator, ruler

\_
\ J

Instructions

® Use black ink or black ball-point pen.

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

® Show all your working in calculations and include units where
appropriate.

Information

® The total mark for this paper is 80.

® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

® In questions marked with an asterisk (*¥), marks will be awarded for your ability
to structure your answer logically, showing how the points that you make are
related or follow on from each other where appropriate.

® There is a Periodic Table on the back page of this paper.

Advice

® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end.

Turn over
ny S 58 310AU 01 2 6 Pearson
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1

SECTIONA
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box ¢ and then mark your new answer
with a cross X.

Which alkane has the highest boiling temperature?
[J A 2,2-dimethylpropane

[0 B 2-methylbutane

[J C butane

[0 D pentane

(Total for Question 1 = 1 mark)

Which is the order of increasing boiling temperature?
H H HH H H HH
W I I I I
AR i
!
H H HH H H HH
W 1 S I
i ARy
|
H
L] A YZXW
1 B YXZW
[J € wWXzy
[J D XWYZ
(Total for Question 2 = 1 mark)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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3 Which statement is not explained by hydrogen bonding?
] A all Group 1 hydroxides are soluble in water
[0 B many simple alcohols are soluble in water
[J € the density of ice is less than the density of liquid water at 0°C

[J D the melting temperature of water is abnormally high

(Total for Question 3 = 1 mark)

4 Which compound is hydrolysed most rapidly?
[0 A 1-chloropropane
[J B 1-chlorobutane
[0 € 2-chloro-2-methylpropane

[0 D 2-chlorobutane

(Total for Question 4 = 1 mark)

5 Give the systematic name for the following molecule.

P

Br
L[] A E-1-bromo-2-methylbut-2-ene
[] B E-2-methyl-1-bromobut-1-ene

[J] € E-1-bromo-3-methylpent-2-ene

[0 D E-1-bromo-2-methylbut-1-ene

(Total for Question 5 = 1 mark)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



6 1-bromobutane reacts with alkali:
CH;-CH,-CH,-CH,Br + OH™ — CH;-CH,-CH,-CH,OH + Br
The mechanism and type of reaction is:
[J A electrophilic addition
[] B electrophilic substitution
[J € nucleophilic addition
[0 D nucleophilic substitution
(Total for Question 6 = 1 mark)
7 Which of the following compounds could be oxidised to a carboxylic acid by refluxing
with potassium dichromate(VI) and dilute sulfuric acid?
CH;
L] A CH3—C|—CH—CH3
&, b
CH;
1 B CH3—C|—O—H
C'H3

[0 € CH;—CH,—CH—CH;

|
O—H

CH;

|
O D CH3—(|I—CH2—O—H

CH,
(Total for Question 7 = 1 mark)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



8 A student made the following statements about trends going down Group 2.
Which statement is correct?

L] A the thermal stability of the nitrates decreases
[] B the thermal stability of the carbonates decreases
[] € the solubility of hydroxides increases

L] D the solubility of sulfates increases

(Total for Question 8 = 1 mark)

9 A colourless solid, Q, was warmed with sodium hydroxide solution. A gas was
evolved which turned damp red litmus paper blue. What is solid Q?

[J A NaNO;
[J B NH,Cl
[J € Nacl

1 D Ca(NOs),

(Total for Question 9 = 1 mark)

10 Which test is used to show that sodium chloride solution contains chloride ions?
[J A damp blue litmus paper turns red
L] B damp blue litmus paper is bleached

[] € dilute hydrochloric acid followed by silver nitrate solution gives
a white precipitate

L] D dilute nitric acid followed by silver nitrate solution gives a white precipitate

(Total for Question 10 = 1 mark)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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11 Compound X gives a red flame test colour and a white precipitate on addition of
dilute hydrochloric acid followed by barium chloride solution. Which compound is X?

[J A calcium chloride
[J B lithium sulfate
[J € potassium sulfate
[J D strontium chloride
(Total for Question 11 = 1 mark)

12 Which process explains the flame colour produced by the compounds of
Group 1 elements?

[J A absorption of visible light energy as electrons are promoted to higher energy levels
[] B absorption of visible light energy as electrons are removed from gaseous atoms
[J € emission of visible light energy as electrons return to lower energy levels
[J D emission of visible light energy as electrons are added to gaseous ions
(Total for Question 12 = 1 mark)
13 When chlorine is reacted with hot concentrated potassium hydroxide, the chlorine
undergoes disproportionation.

What are the oxidation states of chlorine in the products?

[ A -1and+3
[ B -1and+5
[J € +1and-1
[0 D +1and+5

(Total for Question 13 = 1 mark)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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14 What are the gaseous products formed, other than water vapour, when concentrated
sulfuric acid is added to potassium bromide?

[] A bromine and sulfur dioxide only
[] B bromine, hydrogen bromide and hydrogen sulfide only
[] € bromine, hydrogen bromide and sulfur dioxide only

[] D bromine, hydrogen bromide, sulfur dioxide and hydrogen sulfide only

(Total for Question 14 = 1 mark)

15 Zinc metal reacts with copper(ll) sulfate solution. The equation for the reaction is:
Zn(s) + CuSO,(aq) — ZnSO,(aqg) + Cu(s) AH=-210kJmol™.

(a) What is the temperature rise, in °C, when excess zinc powder is added to 50 cm’ of
copper(ll) sulfate solution containing 0.0025 mol of copper(ll) ions?

[Assume the specific heat capacity of the solution is 4.2Jg™" °C'].

LJA 25

[]B 105
[JC 250
L] D 44.1

(b) The reaction of zinc with copper(ll) sulfate is best classified as:

[J A disproportionation
[] B neutralisation
[1 C redox

[] D thermal decomposition

(Total for Question 15 = 2 marks)

16 Magnesium metal reacts with hydrochloric acid. Which change in condition would
have no effect on the initial rate of this reaction?

[J A anincrease in the volume of acid solution
[] B adecrease in the temperature of the acid solution
[] € anincrease in the surface area of the magnesium

] D adecrease in the concentration of the acid solution

(Total for Question 16 = 1 mark)

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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17 The diagram shows the general shape of a Maxwell-Boltzmann distribution curve for
the particles present in a reaction mixture.

Number of
particles with
energy, E

E. Energy, E

(@) How does the peak change when the temperature of the reaction mixture

is decreased?

Peak position

Peak height
higher
higher

lower

lower

(b) The activation energy of an uncatalysed reaction is represented by the vertical
line, E,, on the horizontal axis. The shaded areas A and B are the areas under the

How do the two shaded areas change, if at all, when a catalyst is added?

Area B
decreases
increases

no change

— L] A shifted left
— ] B shifted right
— ] C shifted left
— 1 D shifted right
curve on either side of the line E,.
Area A
— O A increases
— (] B decreases
— 0 cC no change
— L] D increases

increases

(Total for Question 17 = 2 marks)
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18 The equilibrium reaction shown in the equation was studied by placing the
components into a sealed glass container.

2NO,(g) = N,0,(9)
At equilibrium, which of the following statements is not true?
[J A the concentrations of the NO,(g) and N,0O,(g) both remain constant
[J B the total number of molecules is constant
[J € the forward and reverse reactions have both stopped

[J D the rate of the forward reaction is equal to the rate of the
reverse reaction

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions.

Write your answers in the spaces provided.

19 2-methylpropan-1-ol has the skeletal formula:

P

(@) 2-methylpropan-1-ol can be converted to 1-bromo-2-methylpropane.

Give the reagents and conditions used for this reaction.

REAGEINTS ... e

CON I OIS oo

(b) 1-bromo-2-methylpropane can be converted back to 2-methylpropan-1-ol by
heating with aqueous alkali. A student suggested the following mechanism for
the reaction.

CH; H CH; H
1~
CH3—C|—(|26‘—Br6+ —— % CH;—C—C—OH + Br
|
H [H H H
OH"

Identify and correct the three mistakes in the mechanism shown.
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(c) 1-bromo-2-methylpropane can be converted to 2-methylpropene.

Give the reagents and conditions used for this reaction.

REAGEINTS ..
CONAITIONS .
(Total for Question 19 = 7 marks)
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20 Ethanedioic acid is a solid diprotic acid. A student used ethanedioic acid in a titration to
find the concentration of a potassium hydroxide solution.

The equation for the reaction is:
2KOH + (COOH), — (COOK), + 2H,0

(a) Calculate the mass of ethanedioic acid that should be used to make 1000cm’ of a
0.0500 moldm™ solution in water.

Give your answer to an appropriate number of significant figures.

[Molar mass of ethanedioic acid = 90.0g mol™].

(b) A student decided to check to see if phenolphthalein was a suitable indicator for
this titration. The student measured 400 cm’ of the 0.0500 moldm™ ethanedioic
acid into a beaker and added a few drops of phenolphthalein indicator.

Calculate the minimum mass of solid potassium hydroxide that should be added
to produce a colour change.
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*(c) A student used a 0.0500 moldm™ solution of ethanedioic acid to find an accurate
concentration of a potassium hydroxide solution which was known to have an
approximate concentration of 0.1 moldm™.

Describe a procedure to obtain reliable titration results using standard laboratory

equipment.
(Total for Question 20 = 10 marks)
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21 Sodium hydrogencarbonate can be decomposed to sodium carbonate by heating to
about 300°C.

The equation for the reaction is:
2NaHCO;(s) — Na,COs(s) + CO,(g) + H,O(l)

(a) Give a reason why it is not possible to measure the enthalpy change for this
reaction directly.

(ii) Complete the Hess cycle that you would use to determine the enthalpy
change for this reaction from the standard enthalpy changes of formation.

2NaHCO3(S —> Na2CO3(S + C02 g) + Hzo

N\ A
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(i) Calculate the standard enthalpy change for the thermal decomposition of
sodium hydrogencarbonate, using the information in the table and your
completed cycle. Include a sign and units in your answer.

Standard enthalpy change of formation,

SOTFELITE AH /K mol™

NaHCOs(s) -950.8

Na,COs(s) -1130.7
CO,(g) -393.5
H,O(l) -285.8

(iv) Use your answer to (b)(iii) to draw an enthalpy level diagram for this reaction,
labelling the axes provided.

\/

(Total for Question 21 = 11 marks)
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22 Three compounds, A, B and C, each have the same molecular formula C,H,,0 and are
known to be alcohols.

(@) The infrared spectra of compounds A, B and C are shown.

Compound A

100

Transmittance
(%) 50 —
0 LI I LI I T T 1T 7T I LI I T T T T I T T T T I T T T T I
4000 3000 2000 1500 1000 500
Wavenumber/cm™
Compound B
100
Transmittance
(%) >0
O LI I LI I T T 1T 7T I LI I T T T T I T T T T I T T T T I
4000 3000 2000 1500 1000 500
Wavenumber/cm™
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Compound C

100

Transmittance
(%)

O rrrrrrtrtrtrrtrrtvrrvrtv|_ 1+t 1+ T [ T T T T | T T T T ]

4000 3000 2000 1500 1000 500

Wavenumber/cm™

(i) Identify one feature, common to all three infrared spectra, which shows that
A, B and C are all alcohols.

(i) State, giving a reason for your answer, if it is possible to identify each of these
three alcohols on the basis of the infrared spectra alone.
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(b) The mass spectra of the compounds A, B and C are shown.

Compound A
100
80
Relative 607
intensity 7
40
20

O IIII‘III:IIIIII!I!!II!IIIII:!iI!I! !IIIi‘l!l!!!lIilIIIIIIIIIII!!IIIIIIIIIIIIIIII

10 20 30 40 50 60 70 80 20

m/z

Compound B
100
80
Relative 607
intensity 7
40
20

O IIII!III!IIIIII!IIIi :IIII'I!I!I!IIIIIiiIiIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIII

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

m/z

Compound C

100

80

Relative 607
intensity

40

20

O IIII!II!II IIIIII !:!I IIIIIII :!II:I IIIIII IIIII!!II! IIIIIIIII IIII= IIIII I IIIIIIIII I

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

m/z
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(i) Identify one feature common to the mass spectra of compounds A, B and C
which shows that the molecular formula is C,H;,0.

(i) Using the fragmentation patterns, a student proposed that:

compound A is butan-2-ol
compound B is butan-1-ol
compound C is 2-methylpropan-2-ol

State how the appearance in the spectra of the following peaks supports the
student’s conclusion.

the fragment causing the peak at m/z = 45 for compound A
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(c) To help with the identification of compounds A and B, the student decided to mix
each of them with potassium dichromate(VI) and dilute sulfuric acid solutions,
and then distil the mixture immediately.

(i) ldentify, by name and structural formula, the organic compound present at
the conclusion of each of these two oxidation reactions.

Organic Name of oxidation
compound Structural formula of oxidation product
used product

A, butan-2-ol

B, butan-1-ol

(ii) To identify A and B, the student decided that one further chemical test should
be used on their oxidation products.

Give a suitable reagent and expected observations that could be used to
distinguish between the oxidation products of A and B.

(Total for Question 22 = 12 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C
Answer ALL the questions.
Write your answers in the spaces provided.

23 |odine monochloride, ICL, is a covalent compound produced by the reaction of iodine
with chlorine. lodine monochloride is a dark brown liquid at room temperature.

The equipment shown can be used to pass chlorine over solid iodine to produce
iodine monochloride.

chlorine gas, Cl,

U tube

L
N

iodine solid, I,
When excess chlorine is passed through the U tube, the iodine monochloride reacts
to produce iodine trichloride in an equilibrium reaction.

(@) Write a chemical equation for the reaction of iodine with chlorine to produce
iodine monochloride. Include state symbols.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(b) The iodine monochloride molecule has a permanent dipole.
Complete the following table using the electronegativity data from
your Data Booklet and hence show the dipole on the diagram of the
iodine monochloride molecule.

Element Electronegativity
Cl
I
[—Cl

(c) lodine monochloride reacts with propene to form two isomeric products. This is an
addition reaction that is similar to the reaction of propene with hydrogen halides.

(i) Draw the skeletal formulae of both isomers.

(i) Explain which of these isomers is the major product.
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(d) The equation for the reaction between iodine monochloride and chlorine is:

ICL(L) + Cl(g) =  ICl(s)
brown liquid yellow solid

(i) State and justify one precaution that must be taken when preparing
iodine trichloride.

(i) Give the oxidation number of iodine in both iodine-containing compounds in
the equilibrium.

(iii) lodine trichloride can also be made by reacting potassium chlorate(V) with
iodine in hydrochloric acid. The equation for the reaction is

KClO; + I, + 6HCl — KCl + 2ICl; + 3H,0

By considering oxidation numbers for chlorine, explain whether or not this
reaction is a disproportionation.
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(e) Chlorine gas has a molar volume of 24000 cm®mol™ under the conditions used in
this reaction.

(i) Show that the density of chlorine gas is approximately 3gdm™.

(ii) Air has an average density of 1.25gdm™. If the U-tube used in 23(d) is inverted,
as shown in the diagram, the solid yellow iodine trichloride produced in the
equilibrium reaction turns to a brown liquid.

iodine trichloride, ICl,

g

a

inverted U tube

Explain this observation.
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(f) A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of
iodine.

Calculate the empirical formula of this compound of iodine and fluorine.

(Total for Question 23 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 80 MARKS
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Answer ALL questions.

Write your answers in the spaces provided.
1 The enthalpy change for the reaction between zinc and copper(ll) sulfate solution can
be determined using the procedure shown.
The equation for the reaction is:
Zn(s) + CuSO4@q) — ZnSO,@q) + Cu(s)
Procedure
Step1 Weigh about 5g of zinc powder. This is an excess.
Step2 Measure 50cm’ of 1.0moldm™ copper(ll) sulfate solution into a polystyrene cup.

Step 3 Start a stop clock. Stir the solution continuously with a thermometer and
measure the temperature of the solution each minute for 3 minutes.

Step4 At exactly 3.5 minutes, add the zinc powder to the copper(ll) sulfate solution.
Step 5 Continue to stir the mixture and read the temperature each minute from 4 to

10 minutes.

(a) (i) Name the most suitable piece of apparatus for measuring 50 cm® of
copper(ll) sulfate solution.
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(i) The diagram shows part of the thermometer at 4 minutes. Record the
temperature in the table of results and plot the point on the graph.

60
50
40
Results
Time / minutes 0 1 2 3 4 5 6 7 8 9 10
Temperature / °C 19.0  20.5 20.0 | 20.0 62.5 585 | 55.0 52.0 485 | 45.0
80—
70
X
60 X
X X
50 X
T t X
emperature 40
/°C
30
20— XXX
10
0 I I I I I [ [ [ [ I I
0 1 2 3 4 5 6 7 8 9 10 MN
Time / minutes
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(b) The maximum temperature change for the reaction, AT, is estimated by drawing
two lines of best fit on the graph and extrapolating them.

(i) Give the reason why the point you plotted in (a)(ii) should not be included in
the lines of best fit.

(ii) Estimate the maximum temperature change, AT.
Show your working on the graph.

(iii) Give a reason why the temperature of the solution is measured for 3 minutes
before adding the zinc.

(iv) Give the main reason why the temperature of the solution is measured over a
period of time after adding the zinc.
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(c) (i) Use the value you have obtained for the temperature rise (AT) in (b)(ii)
to calculate the heat energy produced in the reaction between zinc and
copper(ll) sulfate solution. Include units with your answer.

(Assume the specific heat capacity of the solution to be 4.2 Jg'°C™" and the
density of the solution to be 1.0gcm™.)

(ii) The solution contained 0.050 mol of copper(ll) sulfate.
Calculate the enthalpy change, AH, for the reaction between zinc and
copper(ll) sulfate solution.
Give your answer to an appropriate number of significant figures and include
a sign and units.

(d) Suggest one improvement to the procedure, other than changing the measuring
equipment or repeating the experiment, which would give a more accurate result.

(Total for Question 1 = 13 marks)
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2 Astudent was given five boiling tubes, each containing one aqueous solution:

dilute hydrochloric acid, HCl(aq)
potassium carbonate, K,COs(aq)
sodium iodide, Nal(aq)

dilute nitric acid, HNOs(aq)
sodium chloride, NaCl(aq).

The solutions were labelled A, B, C, D and E, but not necessarily in this order.

The student carried out three tests on each solution.

Test 1

e The student put about 2cm?® of each solution into separate test tubes.

e The student added one spatula measure of solid sodium carbonate, Na,CO;, to

each test tube.

o Observations were recorded in Table 1, in the column labelled Test 1.

Test 2

e The student put about 1cm?® of each solution into separate test tubes.

e The student added an equal volume of aqueous silver nitrate solution, AgNO;, to

each test tube.

o Observations were recorded in Table 1, in the column labelled Test 2.

Test 3

e To the final mixture in each test tube from Test 2, the student added about 1 cm?

of dilute nitric acid, HNO;.

o Observations were recorded in Table 1, in the column labelled Test 3.

Solution Test 1 Test 2 Test 3
A effervescence no reaction unchanged
B no reaction yellow precipitate unchanged
C no reaction white precipitate unchanged
D effervescence white precipitate unchanged
E no reaction white precipitate effervescence
Table 1
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(@) (i) Identify each of the solutions from the observations recorded in Table 1.
Write the letter that corresponds to each solution in Table 2.

Solution Letter
dilute hydrochloric acid, HCl(aq)
potassium carbonate, K,COs(aq)
sodium iodide, Nal(aq)
dilute nitric acid, HNOs(aq)
sodium chloride, NaCl(aq)
Table 2

(ii) State how you use the observations to distinguish between potassium carbonate
and sodium chloride solutions.

(b) The student suggested that a flame test could also be used to help to distinguish
between potassium carbonate solution and sodium chloride solution. State how
the flame colours would differ.

(c) A further chemical test was carried out on the precipitates from Test 3 to confirm
the identity of the original solution.

Give this test, and its result, which would distinguish between sodium iodide
solution and sodium chloride solution.

(Total for Question 2 = 7 marks)
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3 This question is about the reaction sequence involving compound F, which has the
molecular formula C;H;O.

Colourless liquid F Reaction 1 . Colourless Liquid G

C3Hgo PClS C3H7Cl

K,Cr,O d
Reaction 3 HZS?) (;(;)q) an Reaction 2
220,
\/ \/

Colourless liquid, J GasH

C3HGO C3H6

(@) Inreaction 1, misty fumes were observed.

(i) Identify, by name or formula, the misty fumes.
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(b) The infrared spectrum of liquid F is shown.

Transmittance (%)

3000 2000 1000

Wavenumber / cm™

Give the wavenumber range of the absorption which confirms your deduction in (a)(ii).

(c) Gas H, C;H,, was formed in Reaction 2. The functional group present in H was
identified by shaking a sample of H in a test tube with a few drops of bromine
dissolved in a non-polar organic solvent.

(i) Give the colour change observed for this reaction.

(i) Write an equation for the reaction of C;Hy with bromine.
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Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



(d) Reaction 3 was carried out by slowly adding a solution of acidified
potassium dichromate(VI) to liquid F in a cooled flask. The flask was set up for
distillation and gently heated. The product, J, was distilled directly out of the
reaction mixture.

(i) Draw a diagram of the apparatus suitable for the distillation of J from the
reaction mixture.

(ii) Draw the structures of two possible isomers of J, C;HO, in the boxes.
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(e) The identity of J can be confirmed by spectroscopy and by chemical tests.
(i) The infrared spectrum of J has absorbances at 2716 and 2893 cm™.

Identify the bond responsible for these absorbances, and hence the
functional group in J.

(Total for Question 3 = 14 marks)
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4 A class of students carried out experiments to determine the value of x in the formula
of hydrated sodium carbonate, Na,CO;.xH,0.

Hydrated sodium carbonate was heated until no more water of crystallisation
remained. Anhydrous sodium carbonate, Na,CO;, was formed.

Na,CO;.xH,0 — Na,CO; + xH,0

The students were given the following instructions:

e weigh a sample of the hydrated sodium carbonate in a pre-weighed crucible
e heat the crucible containing the sample to remove the water of crystallisation
e allow the crucible to cool and then reweigh the crucible.

A student’s results are shown in Table 3.

(@) Complete Table 3.

Measurement Value /g
Mass of crucible empty 19.36
Mass of crucible + hydrated sodium carbonate 26.06
Mass of crucible + anhydrous sodium carbonate 21.98

Mass of hydrated sodium carbonate
Mass of anhydrous sodium carbonate

Mass of water removed

Table 3

(b) (i) Calculate the number of moles of water removed on heating the hydrated
sodium carbonate.

(i) Calculate the number of moles of anhydrous sodium carbonate, Na,CO;,
formed after heating.
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(i) Use your answers from (b)(i) and (b)(ii) to calculate the value of x. Give your
answer to three significant figures.

(c) Each use of the balance to find a mass reading in the table has a maximum
uncertainty of +£0.005g.

Calculate the percentage error in the measurement of the mass of the crucible
and hydrated sodium carbonate (26.06 g) before heating.
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(d) The Data Book value for x is 10.

One student obtained a value for x of 8.63 and another student obtained a value
for x of 10.79.

Explain the practical errors that could have led to each of these values.
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(e) Devise an experiment involving a titration that could be used to determine the
value of x in Na,CO;.xH,0.

List the essential steps in the practical procedure.

You are not expected to explain how the data is used to calculate x.

(Total for Question 4 = 16 marks)

TOTAL FOR PAPER =50 MARKS
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Instructions

® Use black ink or black ball-point pen.

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

® Show all your working in calculations and include units where
appropriate.

Information

® The total mark for this paper is 90.

® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

® In questions marked with an asterisk (*¥), marks will be awarded for your ability
to structure your answer logically showing how the points that you make are
related or follow on from each other where appropriate.

® There is a Periodic Table on the back page of this paper.

Advice

® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end.
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SECTIONA
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box X. If you change
your mind, put a line through the box $¢ and then mark your new answer with a cross X.
Which compound has the highest boiling temperature?

[] A butanal
[J B butan-1-ol
[J € butanone

[l D butanoic acid

(Total for Question 1 = 1 mark)

Which reaction does not produce a carboxylic acid?

[J A hydrolysis of an acyl chloride with cold water

[J B hydrolysis of an ester by refluxing with dilute hydrochloric acid

[J € hydrolysis of a nitrile by refluxing with aqueous potassium hydroxide

[J D oxidation of a primary alcohol by refluxing with excess acidified
potassium dichromate

(Total for Question 2 = 1 mark)

The organic product of the reaction of ethanoyl chloride with ammonia gas is:
[ A ammonium ethanoate

[] B ethanamide

L[] € ethanenitrile

[l D methanenitrile

(Total for Question 3 = 1 mark)
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Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



4 Which compound gives a pale yellow precipitate on warming with a solution of
iodine and sodium hydroxide?

[JA CH;OH

[J B CH,;CH,CH,CHO
[] € CH;CH,COCH;

[1 D CH;CH,COCH,CH,

(Total for Question 4 = 1 mark)

5 Lithium tetrahydridoaluminate(lll), LiAlH,, is used to reduce the compound shown.

HO\HN/
O
The product formed is:
[J A asaturated alcohol
[] B a saturated carboxylic acid
[] € an unsaturated alcohol
[0 D an unsaturated ketone
(Total for Question 5 = 1 mark)
6 Carboxylic acids and acyl chlorides both react with alcohols to produce esters.
Acyl chlorides are often preferred to carboxylic acids for this reaction because the

yield of the ester is usually higher.
Which of the following statements is the best explanation for the higher yield?

[] A acyl chlorides react to remove any water produced
[] B the reaction is not reversible

[J] € the reaction is less exothermic

L] D the reaction has a higher atom economy

(Total for Question 6 = 1 mark)
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7 Polyesters can be made by the reaction of:
[J A diprotic carboxylic acids with a primary alcohol
[J B diprotic carboxylic acids with diols
[J € monoprotic carboxylic acids with triols
[J D monoprotic carboxylic acids with a secondary alcohol
(Total for Question 7 = 1 mark)

8 When mixed in equimolar quantities, which pair of molecules will not rotate the
plane of plane-polarised light?

L] A CH; C‘H3
C C
/ 2 \\\\\\\ \
H \ Br H / Br
C2H5 C2H5
] B (‘ZH3 ITr
C. C
/ 2 , \\\\\\
H \ Br H / CH;
C2H5 C2H5
] C C‘H3 T
C. C
e ~, \\\\\\\ AN
H \ Br Br CH;
C2H5 C2H5
] D T T
C. C
/ ////// \\\\\\\ \
CH; \ Br CH; Br
C2H5 C2H5
(Total for Question 8 = 1 mark)
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In gas chromatography (GC), which one of the following would increase the
retention time for an alcohol?

L] A increasing the flow rate of the mobile phase
L] B increasing the polarity of the stationary phase
[J] € decreasing the polarity of the stationary phase

[J D increasing the polarity of the mobile phase

(Total for Question 9 = 1 mark)

10 lodine was dissolved in an organic solvent, trichloromethane, and the resulting

solution added to an equal volume of deionised water. The mixture was then shaken,
producing two immiscible solutions: iodine in water and iodine in trichloromethane.

At equilibrium, the equation for the reaction can be written as:
L(trichloromethane) = I,(aq)

(@) What is the expression for this equilibrium constant, K.?

[1,(trichloromethane)]

[l A K=
[1,(aq)]
OB K- (1,(aq))
‘ (L, (trichloromethane))
0 C K= 1,(aq)
‘ L (trichloromethane)
0D K= [1,(ag)]

[1,(trichloromethane)]

(b) Which statement describes what is happening at equilibrium?

[] A iodine molecules move from the water to the trichloromethane layer only
[] B iodine molecules move from the trichloromethane to the water layer only

[l € iodine molecules move from the water to the trichloromethane and from
the trichloromethane to the water layer.

[l D thereis no movement of individual iodine molecules

(Total for Question 10 = 2 marks)
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11 Calcium oxide is manufactured by heating limestone at 1000 °C for 30 minutes.

The equation for the reaction is:
CaCOs(s) = Ca0(s) + CO,(g) AH = +178kImol™
(@) The numerical value of the equilibrium constant for this reaction is increased by:

[J A allowing the carbon dioxide to escape
[J B increasing the heating time

[l C increasing the temperature
] D

reducing the pressure

(b) Which is the correct expression for the equilibrium constant, K, for this reaction?

D A Kc = [Coz]

[ B K. =

[CO,]
CaCo
0 ¢ k=80
[CaO][CO, ]
Ca0][COo
0 b k- [COICO,]
[CaCO,]
(Total for Question 11 = 2 marks)
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12 The equation for the dissociation of water is:
H,O(l) = H'(aq) + OH(aq)

The ionic product of water, K,,, varies with temperature.

Temperature/°C K,/ mol’dm™

25 1.01x 10"
30 147 x 10"
50 548 x 107"
100 7.16 x 107"

What is the pH of pure water at 60 °C?
[J A approximately 6.5

[J B exactly7

[J € approximately 7.4

[ D greaterthan7.4

(Total for Question 12 = 1 mark)

13 lodine reacts with propanone under acid conditions. The reaction is first order
with respect to propanone, first order with respect to hydrogen ions and zero
order with respect to iodine.

What are the units of the rate constant?
OA dm’mol’s™

OB moldm™s™

Oc s

OD mol?dm®s™

(Total for Question 13 = 1 mark)
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14 The halogenoalkane, 2-bromobutane, can be hydrolysed using aqueous
sodium hydroxide.

Which technique can be used to follow the progress of this reaction?

L1 A
Ll B
Ll c
[l D

colorimetry
measurement of gas volume change

measurement of mass change

titration of quenched samples

(Total for Question 14 = 1 mark)

15 What can be deduced from the position of the activation energy on a
Maxwell-Boltzmann distribution curve?

L1 A
[l B
L c
[l D

number of particles in the rate determining step
number of successful collisions per second
order of reaction

proportion of particles with sufficient energy to react

(Total for Question 15 = 1 mark)

16 Which indicator should be used to determine the end point in a titration of a
strong acid with a weak base?

L] A
] B
JcC
] D

universal indicator
methyl orange
phenolphthalein

litmus

(Total for Question 16 = 1 mark)

17 Which substance has the highest standard molar entropy?

L] A
] B
JcC
] D

ethane(qg)
water(s)
water(l)

water(g)

(Total for Question 17 = 1 mark)
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18 The element sulfur can exist in two solid, interchangeable, structural forms known as
rhombic sulfur and monoclinic sulfur.

S(s, rhombic) = S(s, monoclinic) AS,1 = -0.307 JK ' mol™

The value of AS,..,, is for the forward reaction. What can be concluded from this
information?

L] A monoclinic sulfur will change quickly into rhombic sulfur

[] B rhombic sulfur could change into monoclinic sulfur but nothing can be
deduced about the rate

[] € there can be no change of structural form as they are both solids

[J D monoclinic sulfur could change into rhombic sulfur but nothing can be
deduced about the rate

(Total for Question 18 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions.

Write your answers in the spaces provided.

19 One of the compounds responsible for the characteristic smell of bananas is
3-methylbutyl ethanoate.
The structural formula of this compound is:

CH;COOCH,CH,CH(CHs),

(a) Draw the skeletal formula for 3-methylbutyl ethanoate.

(b) The infrared spectrum of a sample of 3-methylbutyl ethanoate is shown below.
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(i) Use this spectrum to identify one peak resulting from a bond in the
ester group of 3-methylbutyl ethanoate. Include the relevant bond and its
wavenumber range.

(i) 3-methylbutyl ethanoate was synthesised by reacting a suitable carboxylic
acid with an alcohol.

Show that its infrared spectrum confirms there is no alcohol remaining in the

sample.
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*(c) The high resolution proton nuclear magnetic resonance (NMR) spectrum of a
different ester, ethyl ethanoate, CH;COOCH,CHj, is shown.

The numbers over each peak represent their approximate relative areas.

975

975

650

r ~rr 1T 1°r 7 "7 71T "7 " 17 " 1T T 1]
10 9 8 7 6 5 4 3 2 1 0
0 / parts per million (ppm)

Show that the structure of ethyl ethanoate is consistent with this NMR spectrum,
using all the data in the spectrum.
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(d) Ethyl ethanoate has three isomers which are also esters.

(i) Draw the structures of these three isomers.

(ii) Explain to what extent it is possible to distinguish between the three isomers
using carbon-13 NMR spectroscopy.

(Total for Question 19 = 13 marks)
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20 This question is about acids.

(@) Calculate the pH of the following acidic solutions. Give your answers to two
decimal places.

(i) 0.14mol dm™ solution of hydrochloric acid

(i) 0.14mol dm™ solution of ethanoic acid (K, = 1.76 x 10”° mol dm™)

(b) The graph shows the titration curve for a weak acid with a strong base.
The equivalence point is A and the volume of alkali added at the
equivalence point is C. Volume B is half of volume C.

A

12 - ﬁ

10

pH
! _/

B C

Volume of sodium hydroxide solution added
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(i) Use the graph to determine the dissociation constant, K, of the weak acid.

(ii) Explain the rapid rise in pH from 2.8 to 4 at the start of the titration.

(c) In another experiment, 10cm® of 1.0 mol dm™ sodium hydroxide was added to
30cm’ 1.0mol dm™ propanoic acid (K, = 1.3 x 10~ mol dm™).

(i) Calculate the pH of the resulting solution.
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(ii) State one assumption you have made in this calculation.

(Total for Question 20 = 13 marks)
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21 The mechanism for the rapid decomposition of hydrogen peroxide, H,0,, in the
presence of iodide ions, is:

H,O0,+I — 10+ H,0 equation 1
H,0,+1I0" - I'+H,0+ 0O, equation 2

(@) Write the overall equation for the reaction and hence state the role of the
iodide ions.

(b) In further experiments, a student calculated the rate constant for the
decomposition of hydrogen peroxide at two different temperatures.

Temperature/°C  Rate constant (k) / dm’ mol™' s™
22.0 490 x 107

47.0 2.92%x 107

The rate constant (k) is related to the temperature, T, (in Kelvin) by the following
equation:

Ink = — % X % + constant R =831JK "'mol™

Use the data in the table to calculate the activation energy, E,, for the reaction by
a non-graphical method.

Give your answer in kJmol™ and to an appropriate number of significant figures.
Include a sign in your answer.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
Sample Assessment Materials - Issue 1 - September 2017 © Pearson Education Limited 2017



(c) If acid conditions are used, the decomposition of hydrogen peroxide proceeds by
a different mechanism. The equation for this reaction is:

H,O0,+ 21" +2H" — L, + 2H,0
This reaction is first order with respect to both iodide ions and hydrogen peroxide.

The progress of this reaction is usually followed by adding a fixed quantity of
sodium thiosulfate solution and a little starch solution to the reaction mixture, then
timing the appearance of a blue-black colour. This is known as a clock reaction.

(i) Explain the formation of the blue-black colour and why its appearance is
delayed.

(ii) Although the oxidation of thiosulfate ions (S,03) by hydrogen peroxide is
thermodynamically favourable, it does not take place in this clock reaction.
Suggest a reason for this.

(Total for Question 21 = 10 marks)
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22 Barium oxide is an ionic compound that reacts with water to form barium hydroxide.
(@) A Born-Haber cycle for barium oxide, BaO, is shown.

Some of the detail is missing. The letters R, W and Z represent some missing

information.
Ba**(g) + R
A
Ba**(g) O(g) 2" EA (O7(9))
A
AW
AxH(O,(9))
S Ba™(g) 0"(g)
Ba**(g) 120,(q)
LE(BaO(s))
2" IE (Ba(qg))
Ba*(g) 20,(g)

1* IE (Ba(g))

Ba(g) + 20,(g)
AxH (Ba(s))

Ba(s) + 20,(q)

ANZ

BaO(s) v
(i) ldentify the missing detail represented by the following letters.
R
W o
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(ii) Use the following data to calculate a value for the quantity AZ shown on the
Born-Haber cycle.
Include a sign and units in your answer.

Energy quantity Enthalpy change / kJ mol™

Enthalpy change of atomisation of barium, A,H(Ba(s)) +180.0
Enthalpy change of atomisation of oxygen, A,H (20,(g)) +249.2
First ionisation energy of barium, Ist IE (Ba(g)) +503.0
Second ionisation energy of barium, 2nd IE (Ba(qg)) +965.0
AW -141.1

Second electron affinity of oxygen, 2nd EA (O7(g)) +798.0
Lattice energy barium oxide, A ¢H(BaO(s)) -3054.0

(iii) The table gives some information about the lattice energies of barium oxide
and magnesium iodide and shows the % difference between the theoretical
and experimental values.

Lattice energy / kJ mol™

Experimental Theoretical % difference
BaO(s) -3054 -3029 0.8
Mgl,(s) -2327 —1944 16.5

Explain why there is closer agreement for barium oxide than for
magnesium iodide.
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(b) The table gives some information about Group 2 ions, M**, and their hydroxides.

Formula of Lattice energy Solubility

AsH / kJ mol™ lon  AngHN** / k) mol™

hydroxide / kJ mol™ / mol per 100g
Mg(OH), -3000 +150 20x107 Mg** -1930
Ca(OH), -2640 +140 1.6x 107" ca™ -1580
Sr(OH), -2475 +105 33x10™" Sr** -1450
Ba(OH), -2230 24x10™" Ba** -1360

(i) Calculate the enthalpy change of solution, A,,H, of Ba(OH), using a
fully-labelled Hess’s cycle.
[The hydration enthalpy of the hydroxide ion, OH™ = -460kJmol™.]
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(ii) Explain why strontium hydroxide is slightly soluble in water, even though the
enthalpy change of solution is endothermic.

(Total for Question 22 = 14 marks)

TOTAL FOR SECTION B = 50 MARKS
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SECTION C
Answer ALL the questions.
Write your answers in the spaces provided.

23 This question is about the thermodynamics of the reaction:

N,O,(g) — 2NO,(q) AH=+57.2kJmol™".

Standard molar entropy Standard molar enthalpy

Compound = - i of formation at 298K, Colour
at 298K, S /JK ' mol AH= 1 k) mol™
NO, +240.0 +33.2 brown
N,O, +304.2 colourless

(a) Calculate the entropy change for the reaction, using the information in the table.
Include a sign and units in your answer.

(b) Calculate the enthalpy change of formation, A:H, of N,O, (g) at 298K, using the
information in the table and the enthalpy change of the reaction.
Include a sign and units in your answer.
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(c) Calculate the entropy change of the surroundings, AS,oundingss at 298 K.
Give your answer to an appropriate number of significant figures.
Include a sign and units in your answer.

(d) (i) Use your answers to parts (a) and (c) to calculate the total entropy change,
AS,..., for this reaction at 298 K.

(ii) This reaction can also be written as an equilibrium:
N,O,(g) = 2NO,(g)

Calculate the temperature at which AS,, is zero for this equilibrium.
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(e) (i) Write the expression for the equilibrium constant, K,, for this reaction,
including the units, if any.

(i) In an experiment, 10 mol of N,O,(g) was placed in a closed container at 50°C.
At equilibrium, 27% of the N,O,(g) had dissociated, and the pressure in the
container was 4.0 atm.

Calculate the value of K, at 50 °C.

(i) The total pressure is doubled to 8.0 atm.
State the effect on K,..
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(iv) The total pressure is doubled to 8.0 atm at constant temperature.
Explain the change in the percentage dissociation of N,0,(g) by considering
the effect on the partial pressures of NO,(g) and N,O,(qg).

(Total for Question 23 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 90 MARKS
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SECTIONA
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box X. If you change
your mind, put a line through the box $¢ and then mark your new answer with a cross X.
This question is about complex ions.

(@) Which complex ion is square planar?

[0 A [Cu(H,0),(NH;),J**
[0 B [CuCly*

[0 € [Pt(NH;),CL,]

[0 D [Ag(NH.),l"

(b) Which copper complex ion is colourless?

[CuCl,]

[CuCl]*
[Cu(H,0)6*"
[Cu(H,0),(NH,),J*

—
N
~

Which complex ion includes a bond angle of 107°?

[Cr(NH3)6]3+
[CuCl,]
[CuCl,)*

O N w >

[CV(H20)6]2+

(Total for Question 1 = 3 marks)
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2 Which vanadium ion is yellow in aqueous solution?
OA vO*
1B VO3
Oc v*
Ob v*

(Total for Question 2 = 1 mark)

3 Which reagent will be most effective at shifting the equilibrium towards the
chromate(VI) ions?

Cr,07°(aq) + H,0(l) = 2CrO; (aq) + 2H*(aq)
[J A hydrochloric acid
[0 B sulfuric acid
[0 € sodium hydroxide
[J D water

(Total for Question 3 = 1 mark)

4 Which is not a bidentate ligand?
[J A ethanedioate ion, C,03
[] B ethanoate ion, CH,COO™
] € 1,2-diaminoethane, NH,CH,CH,NH,
[] D 2-aminoethanoic acid, NH,CH,COOH

(Total for Question 4 = 1 mark)
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5 Aredox titration of iron(ll) ions with potassium manganate(VIl) is used to determine
the amount of iron in iron tablets. The reaction is:

MnO;(aq) + 8H'(aq) + 5Fe**(agq) —» Mn*(aq) + 4H,0(l) + 5Fe**(aq).
(@) Why is no indicator necessary in this redox titration?

A an indicator would interfere with the redox reaction

B no suitable indicator changes colour at the end point
C the colour change of the iron(ll) ions is sufficient
D

the colour change of the manganate(VIl) ions is sufficient

(b) In one such titration, the following equipment was used.

Equipment Uncertainty for each reading
100 cm’® measuring cylinder +1cm’
250.0 cm’ volumetric flask +0.15¢cm’
25.0cm’ pipette +0.06cm’
50.00cm’ burette +0.05cm’

Which piece of equipment has the lowest measurement uncertainty for this
experiment?

the measuring cylinder to measure 100 cm’ of sulfuric acid
the volumetric flask to make up the solution of the iron tablet
the pipette to measure out the iron(ll) solution

the burette to add a titre volume of 25.00 cm?

A 25.0cm’ portion of an iron(ll) tablet solution required 5.00 x 10~ mol of manganate(VIl) ions
to react completely. What is the mass of iron, in grams, in the 25.0 cm?®?

—
N
-

0.00058
0.0028
0.010

O Nn w >

0.014

(Total for Question 5 = 3 marks)
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6 A hydrogen-oxygen fuel cell contains an alkaline electrolyte. The half-equation at the
anode is:

H,(g) + 20H (aq) — 2H,0(l) + 2e”
What is the half-equation at the cathode?
O A %0,(g) + H,0(l) + 2e” — 20H(aq)
0 B 0,(g) + 2H"(aq) + 2 — H,0,(l)
0 € %0,(g) + 2H"(aq) + 2e” — H,0(l)
[J D 0,(9) +Hyg) + 2e” > 20H (aq)

(Total for Question 6 = 1 mark)
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7 In homogeneous catalysis, the catalyst is in the same state as the reactants.

(@) The enthalpy profile diagram for a homogeneously catalysed reaction is

uncatalysed
reaction

catalysed
reaction

Enthalpy

Reaction pathway

Which label indicates the intermediate species?

O Nn w >

(b) lodide ions can be oxidised by peroxodisulfate(Vl) ions in the reaction shown.
2I(aq) + S,03 (aq) — Ly(aq) + 2505 (aq)

What property of iron(lll) ions enables them to act as homogeneous catalysts for
this reaction?

[J A they can be oxidised and then reduced
[J B they can gain and then lose electrons
[J € they provide an effective surface for reaction to occur on
[J D they canform complex ion intermediates with a lower activation energy
(Total for Question 7 = 2 marks)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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8 Which sketch shows the change in concentration of manganate(VIl) ions with time in
the reaction?

2MnO;(aq) + 16H*(aq) + 5C,0; (aq) — 10C0O,(g) + 2Mn*(aq) + 8H,0(l)

[MnO4] [MnO4]

Time Time
[MnO4] [MnO4]

Time Time

(Total for Question 8 = 1 mark)

9 Identify the correct trend of increasing strength as a base.
[JA CeHs—NH, < H—NH, < CH;—NH,
[J B C¢Hs—NH, < CH;—NH, < H—NH,
[J € H—NH, < CH;—NH, < CsHs—NH,

[J D H—NH, < CHs—NH, < CH;—NH,

(Total for Question 9 = 1 mark)
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10 Azo dyes are made from the benzenediazonium ion.

(a) Benzenediazonium ions can be made from:

Reagent 1 Reagent 2
L] A HNO, @NHZ
] B HNO, @NOz
] C HNO; @NHz
L[] D HNO; @NOz

(b) The structure of the azo dye formed when benzenediazonium ions react with phenol is

LI A L] B
HO NH HO N
NH N

Ll c LI D

HO O
i "NH NH,

(Total for Question 10 = 2 marks)
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11 Which equation shows the two compounds that react to produce ethanamide,
CH;CONH,, in a single step?

[JA CH,+HCONH, — CH;CONH,+ H,
[J B CH;COOH + NH; — CH;CONH, + H,0
[J € CH;COCl+ NH; — CH;CONH, + HCl
[J D CH;CHO +NH; — CH;CONH,+ H,

(Total for Question 11 = 1 mark)

12 What is the number of peaks in a >C NMR spectrum of 1,4-dimethylbenzene?

©Or

LIA 3
(1B 4
1c 7
[ID 8

(Total for Question 12 = 1 mark)
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13 Which combination of reactants will produce a primary aliphatic amine as the
product?

CH;

|
O A HC—C—CN  + Ni/H,

|
H

H

|
I:’ B H3C_C_CH2CH3 + CH3NH2

Br
NO,
Ll c
+ Sn+ conc HClL
CH,
CH
0 D NH
+ Ni/H,
(Total for Question 13 = 1 mark)
Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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14 Steam distillation is a technique used during some organic preparations to separate
the product from the reaction mixture.

Steam distillation equipment

water out
safety valve /\

/

water in
mixture to be
separated

steam
generator

heat Water required product

What benefit is gained from the use of steam distillation compared to other methods
of distillation?

[J A a pure distillate is produced
L] B high distillation temperatures are required
[J € it works well for molecules miscible with water

[J D it avoids the decomposition of the organic molecule when it distils

(Total for Question 14 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions.

Write your answers in the spaces provided.

15 Glycine and lysine are two naturally-occurring amino acids.

H H
H2N—(|Z—COOH H 2N—é—COOH
! aw
N
glycine lysine

(@) Write the equation for the reaction of glycine with sodium hydroxide.
State symbols are not required.

(b) Calculate the volume, in cm?, of 0.100 moldm™ hydrochloric acid required to
completely react with 1.825g of lysine.
[M, of lysine = 146]

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(c) Lysine exists as optically active enantiomers but glycine does not.

(i) Draw three-dimensional diagrams of the two optically active
lysine enantiomers.

(i) Describe how these optically active enantiomers could be distinguished.
Practical details are not required.

Pearson Edexcel International Advanced Subsidiary/Advanced Level in Chemistry
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(d) Chromatography can be used to separate a mixture of glycine and lysine.

Draw spots to show the location of glycine and lysine on the chromatogram,
given that their R; values are 0.26 and 0.14 respectively.

solvent front

— origin
mixture

(e) Naturally-occurring glycine and lysine can join together to form different dipeptides.
Draw a different dipeptide of glycine and lysine.

Dipeptide 1 Dipeptide 2
H O H
|l |
H,N—C—C—N—C—COOH
| |
H H (CH.,),
|
NH,

(Total for Question 15 = 10 marks)
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16 Standard electrode potentials can be used to show whether or not a reaction is feasible.

(a) State the conditions required, in addition to 1 moldm™, for obtaining standard
electrode potentials.

(b) A Daniell cell is a combination of standard zinc and copper electrodes.

salt bridge

zinc metal

copper metal
\ —/

zinc sulfate

solution copper(ll) sulfate

solution

The standard electrode potentials measured against a standard hydrogen
electrode are shown in the table.

Right-hand electrode system E</V
Zn*(aq) | Zn(s) -0.76

Cu*(aq) | Cu(s) +0.34

(i) Calculate the standard electrode potential of this cell.

(i) Give three observations that would be made when current flows for
several hours in the Daniell cell.
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(c) Some standard reduction potentials are:

Electrode reaction E</V
Cu®*(aq) + e = Cu*(aq) +0.15
Cu'(aq) + e = Cu(s) +0.52
Fe’*(aq) + 2e” = Fe(s) -0.44
Fe’*(aq) + e = Fe**(aq) +0.77

State and justify, in terms of E< cell values, whether copper(l) ions and iron(ll) ions
will be disproportionate.

Include any equations for reactions which occur.

(d) State one reason why the feasibility determined from standard electrode
potentials does not necessarily result in a reaction.

(Total for Question 16 = 8 marks)
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17 Benzene can be represented by either a cyclic triene or with a delocalised ring of
electrons.

*(a) Discuss the evidence, including one example from each of spectroscopy,
thermochemistry and the type of reaction normally undergone, that supports
the view that the better representation of benzene is with a delocalised ring of

electrons.
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(b) Benzene can be converted into phenylethanone by a Friedel-Crafts acylation.

(i) Complete the diagram, including curly arrows, to show the mechanism for
this reaction.

H,C
\
C=

(i) Write an equation to show how the species, CH;CO", could be generated.

(c) Explain why phenol reacts with bromine more readily than benzene reacts
with bromine.
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(d) Benzene can be converted into nitrobenzene.

(i) Complete the flow diagram showing this conversion.

NO,

+ Reflux at 55°C +

(i) Calculate the percentage yield if 0.642 g of nitrobenzene was made from

0.936 g of benzene.

Give your answer to an appropriate number of significant figures.

(Total for Question 17 = 18 marks)
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18 Butan-2-ol is a secondary alcohol with four carbon atoms.

(a) Devise a reaction scheme to form butan-2-ol from iodoethane, C,H:], as the only
organic compound.

Give reagents, conditions and equations for each of the steps.
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(b) A 1.850g sample of an organic substance, compound A, that is thought to be
butan-2-ol is tested by combustion analysis using the apparatus shown.

compound A

dry oxygen ) suction
_’# \ { —
heat
solidY
solid X
absorbs moisture (water) absorbs cgrbon dfoxigle
e.g. anhydrous calcium chloride e.g. soda lime which is a

mixture of calcium hydroxide
and sodium hydroxide

(i) Calculate the mass increase of solid X and solid Y that would result if
compound A is butan-2-ol.

(ii) Predict a substance which would give the same mass increase in solids X and Y
from combustion analysis as butan-2-ol.
Give a reason for your prediction.

(Total for Question 18 = 14 marks)

TOTAL FOR SECTION B = 50 MARKS
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SECTION C
Answer ALL the questions.
Write your answers in the spaces provided.

19

Brass is a metal alloy containing copper and zinc. The presence of zinc in the alloy makes brass
less malleable than copper alone.

Prince’s metal is one type of brass. Itis used to make imitation gold because of its yellow colour.

The copper content of brass can be analysed by first reacting a known sample of the metal with
concentrated nitric acid. The reaction of the copper is:

Cu + 4H" + 2NO; —» Cu** + NO, + 2H,0.

(a) Identify the element that is oxidised and the element that is reduced in the
reaction shown. Include relevant oxidation numbers.

(b) Suggest one precaution when carrying out this reaction, other than the use of
gloves, goggles and lab coats, clearly stating the hazard concerned.
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(c) The copper ions are then reacted with excess potassium iodide.
2Cu™ + 41" - 2Cul + L,
The iodine formed is analysed by titration with sodium thiosulfate.
I, + 25,05 — 2I" + S,0%

A 5.000 g sample of Prince’s metal was analysed.

After reaction with concentrated nitric acid, the sample was diluted to 250 cm?
and then 10.0cm’ aliquots or portions were titrated with 0.100 moldm™
sodium thiosulfate solution.

The mean titre was 22.65cm’.

Calculate the percentage of copper, by mass, in this sample of Prince’s metal to an
appropriate number of significant figures.
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(d) In aqueous solution, copper(ll) and zinc ions react differently with
sodium hydroxide solution.

Describe the observations when sodium hydroxide solution is added drop by
drop (until in excess) to separate samples of these two ions.

Include relevant ionic equations with state symbols.

(e) Explain, in terms of electronic configurations, why copper is classified as a
transition element but zinc is not.
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(f) Explain, in terms of their structures, why brass is less malleable than pure copper.

(Total for Question 19 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 90 MARKS
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Answer ALL the questions.
Write your answers in the spaces provided.

1 A series of tests was carried out on a pale green inorganic compound A which
contained two cations and one anion.

(a) Dilute sodium hydroxide solution was added drop by drop to 5cm? of an
aqueous solution of A until there was no further reaction.

A green precipitate was formed which was filtered off and, after some time,
turned into a brown solid.

(i) Give the formula of the cation in A shown by this test.

(iv) State the type of reaction that occurred when the green precipitate
turned brown.

(v) Give the reason why dilute sodium hydroxide is added drop by drop when
testing for cations.
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(b) The filtrate was heated gently and an alkaline gas was given off.

(i) Describe a test and its positive result to show that the gas was alkaline.

(ii) Describe a further chemical test and its result to confirm that the gas
was ammonia.

(c) A 1cm3sample of an aqueous solution of A was acidified with dilute
hydrochloric acid and a few drops of barium chloride solution were added.
A white precipitate was formed which identified the anion in A as the sulfate ion.

(i) State the reason for the addition of dilute hydrochloric acid.

(ii) Bottles of solid barium chloride have the hazard label:

b

Give a precaution, other than wearing lab coats and goggles, that would
reduce the risk in preparing a solution of barium chloride. Justify your choice.

(Total for Question 1 = 12 marks)
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2 Astudent was asked to investigate two liquids, labelled X and Y. One liquid was
butanal and the other was butanone.

(0] (0]
7 |
H3C_CH2_CH2_C
\H ch_CHZ_C_CH3
butanal butanone

(a) Describe a test, including the expected observation, which would be positive for
both liquids.

(b) Describe two chemical tests, including the expected observations, which each
give a positive result with butanal and no reaction with butanone.

(c) State what is observed when an alkaline solution of iodine is added to butanone
and the mixture warmed.
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(d) The high resolution proton nuclear magnetic resonance (NMR) spectrum of X is shown.

Intensity

1 10 9 8 7 6 5 4 3 2 1 0
Chemical shift, 5 / ppm

(i) Deduce the identity of substance X. Refer only to the peak with the asterisk(¥)
which is a singlet with a relative peak area of three.

(i) The proton NMR spectrum has a small peak with a chemical shift,
& = 0 parts per million (ppm) which does not result from substance X.

Explain the presence of this small peak, identifying the compound responsible.

(Total for Question 2 = 12 marks)
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3 This question is about the preparation of a complex salt of cobalt(lll).

The overall equation for the formation of this complex salt is:
2HNO; + 2Co(NO5),.6H,0 + H,0, + 1T0NH; — 2Co(NH;)s(H,0)(NOs); + 12H,0.

Procedure

Step 1 Add 3.6 g of hydrated cobalt(ll) nitrate, Co(NOs),.6H,0, to 2.5g of
ammonium nitrate, NH,NO;, in a large beaker.

Step 2 Add just enough hot water to dissolve the two salts.
Step 3 Keeping the beaker warm on a hot plate, add 40 cm? of aqueous ammonia.

Step 4 Over a period of about 30 minutes, add a total volume of 25cm? of
3.0% (3.0g per 100cm?®) hydrogen peroxide to the mixture. Allow the
mixture to cool.

Step 5 Carefully add 40 cm? of concentrated nitric acid to the mixture and leave
to stand for a further 10 minutes.

Step 6 To precipitate the complex salt, add cold ethanol to the mixture and filter
the solid formed under reduced pressure.

Step 7 Recrystallise the complex salt.

(@) (i) The hydrogen peroxide is used to oxidise cobalt(ll) to cobalt(lll). The reduction
half-equation is:

H,O, + 2H* + 2e- — 2H,0.

Deduce the ionic equation for the reaction of hydrogen peroxide with
cobalt(ll) ions.

State symbols are not required.
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(i) Show by calculation that there is sufficient hydrogen peroxide to oxidise all of
the cobalt(ll) ions.

(iii) In Step 4, when an excess of hydrogen peroxide is added, bubbles are seen.
The gas relights a glowing splint.
Identify the gas and write an equation for the formation of this gas.

(b) State the purpose of ethanol in Step 6 and why it is cold.
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(c) Draw a labelled diagram of the apparatus used for filtration under reduced
pressure in Step 6.

(d) This complex salt can be recrystallised using ethanol as the solvent.

(i) State why the salt is dissolved in the minimum volume of hot ethanol.

(ii) The hot solution is filtered. Name the type of impurities removed in
this filtration.

(iii) The solution is cooled and then filtered. Name the type of impurities removed
in this filtration.
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(e) (i) One student found the yield of their complex salt to be 110%.

Suggest a possible reason for this.

(i) A second student found the yield of their complex salt to be 80%.

On reweighing their salt after 24 hours, their yield had decreased to 75%.
Suggest a possible reason for this.

(Total for Question 3 = 19 marks)
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4 A class of students was given an outline method for an experiment to determine the
acid dissociation constant, K,, of propanoic acid.

Step 1 Pipette 25.0cm? of 0.1 mol dm™ propanoic acid into a conical flask.

Step 2 Add 3 or 4 drops of phenolphthalein indicator to the solution in the
conical flask.

Step 3 Fill a burette with sodium hydroxide solution.

Step 4 Add the sodium hydroxide solution from the burette to the conical flask
until a pale pink colour remains after swirling.

Step 5 Use a pipette to transfer a further 25.0 cm? of the propanoic acid to the
solution in the conical flask.

Step 6 Use a pH meter to measure the pH of this mixture.
The temperature of all solutions were maintained at 25°C.

(a) State and justify why, before carrying out Step 1, the pipette should be rinsed
with propanoic acid after rinsing with deionised water.

(b) State and justify the effect, if any, on the value of K, calculated if, in Step 3, there is
an air bubble in the tip of the burette.

(c) Atthe end of Step 4, one student had a deep pink coloured solution in their
conical flask.
Give a reason for the presence of this colour.
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(d) The measurement uncertainty of the pipette is £0.06 cm?.

Calculate the percentage uncertainty when 25.0cm? is added from the pipette.

(e) Describe how the pH meter should be calibrated before Step 6.

(f) One student obtained a value of pH = 4.9 in Step 6.

Calculate K,, including units, giving your answer to an appropriate number of
significant figures.

(Total for Question 4 = 7 marks)

TOTAL FOR PAPER = 50 MARKS
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