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Introduction 

The Pearson Edexcel Level 3 Advanced GCE in Chemistry is designed for use in schools and 
colleges. It is part of a suite of GCE qualifications offered by Pearson. 

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

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

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

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

● 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. 

● 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. 

● 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. 

● Crossed-out work should be marked unless the candidate has replaced it with an 
alternative response. 
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©2015 Pearson Education Ltd.
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Chemistry
Advanced
Paper 1: Advanced Inorganic and Physical Chemistry

Sample Assessment Materials for first teaching September 2015
Time: 1 hour 45 minutes 9CH0/01
You must have:
Data Booklet 
Scientific calculator, ruler

Instructions

• Use black ink or 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.

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.
• You may use a scientific calculator.
•  For questions marked with an *, marks will be awarded for your ability to 

structure your answer logically showing the points that you make are related  
or follow on from each other where appropriate.

• A Periodic Table is printed on the back cover 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.
• Show all your working in calculations and include units where appropriate.

Pearson Edexcel 
Level 3 GCE
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Answer ALL questions.

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  
If you change your mind about an answer, put a line through the box   

and then mark your new answer with a cross .

1 This question is about the bonding and structure of molecules.

 (a) Which element exists as discrete molecules in its solid state?
(1)

   A aluminium

   B iodine

   C silicon

   D sodium

 (b) Which compound has non-polar molecules?
(1)

   A ammonia

   B carbon dioxide

   C hydrogen sulfide

   D water

 (c) Which is the best reason for why the boiling temperature of HF is much higher 
than that of HCl?

(1)
   A the instantaneous dipole-induced dipole (London) forces are stronger in HF

   B HF molecules have a smaller mass

   C there are intermolecular hydrogen bonds in HF

   D HF molecules have fewer electrons
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 (d) The dot-and-cross diagram for a molecule of tin(II) chloride, SnCl2, in the gaseous 
state is:

  (i) Using the electron-pair repulsion theory, explain the shape of this molecule.
(2)

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

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

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

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

  (ii) Predict a value for the Cl—Sn—Cl bond angle.

   Justify your answer.
(2)

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

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

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

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

(Total for Question 1 = 7 marks)

Cl Sn Cl
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2 This question is about energy changes involved in the formation of ionic compounds.

 (a) What is the order of increasing first ionisation energy for the elements beryllium, 
helium and lithium?

(1)

   A lithium <  helium < beryllium

   B beryllium < lithium < helium

   C helium < beryllium < lithium

   D lithium < beryllium < helium

 (b) The second ionisation energy of calcium has a magnitude of 1150 kJ mol–1.

  Which of the following represents the second ionisation energy of calcium?
(1)

   A Ca(g)  →  Ca2+(g)  +  2e– ΔHd   =  +1150 kJ mol–1

   B Ca+(g) →  Ca2+(g)  +  e– ΔHd   =  +1150 kJ mol–1

   C Ca(g)  →  Ca2+(g)  +  2e– ΔHd   =  –1150 kJ mol–1

   D Ca+(g)  →  Ca2+(g)  +  e– ΔHd   =  –1150 kJ mol–1

 (c) The formation of potassium ions can be represented by the equation

K(s)  →  K+(g)  +  e–

  Which statement corresponds to the energy change for this process?
(1)

   A the first electron affinity of potassium

   B the first ionisation energy of potassium

   C the sum of the enthalpy change of atomisation of potassium and the first 
electron affinity of potassium

   D the sum of the enthalpy change of atomisation of potassium and the first 
ionisation energy of potassium
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 (d) The table shows the ionic radius and charge of each of six ions.

Ion D+ E+ G2+ X– Y– Z2– 

Ionic radius / nm 0.14 0.18 0.15 0.14 0.18 0.15

  The ionic solids DX, EY and GZ have the same lattice structure.

  Deduce the order of magnitude of their lattice energies, giving the most 
exothermic first.

  Justify your answer.
(3)

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

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

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

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

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

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



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

10
6

*S47553A0628*

 (e) The diagram shows a Born-Haber cycle for calcium chloride, CaCl2.

Ca2+(g) + 2Cl–(g)

Ca(g) + 2Cl(g)

Ca(s) + Cl2(g)

CaCl2(s)

kJ mol–1

Enthalpy of formation of CaCl2(s) –796

Lattice energy of CaCl2(s)  –2258

Enthalpy of atomisation of Ca(s) → Ca(g)  178

Enthalpy of atomisation of ½Cl2(g) → Cl(g)  122

First ionisation energy of Ca(g)  590

Electron affinity of Cl(g) –349

  Calculate the second ionisation energy of calcium, in kJ mol–1.
(2)

(Total for Question 2 = 8 marks)
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3 Vanadium is a transition metal that forms ions with several oxidation numbers.  Four 
of these ions are shown in the table.

Formula of ion Oxidation number of vanadium Colour of ion

V2+ +2 violet

V3+ +3 green

VO2+ +4 blue

VO2
+ +5 yellow

 (a) Complete the electronic configuration for the vanadium atom and the V3+ ion.
 (2)

  V 1s2 2s2 2p6 3s2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  V3+ 1s2 2s2 2p6 3s2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) The table shows the standard electrode (redox) potentials, Ed , for some half-cell 
reactions.

Redox 
system Half-cell reaction E d  / V

1 V2+(aq)  +  2e–    V(s) – 1.20

2 V3+(aq)  +  e–    V2+(aq) – 0.26

3 VO2+(aq)  +  2H+(aq)  +  e–     V3+(aq)  +  H2O(l) + 0.34

4 VO2
+(aq)  +  2H+(aq)  +  e–    VO2+(aq)  +  H2O(l) +1.00

5 SO4
2–(aq)  +  4H+(aq)  +  2e–    SO2(g)  +  2H2O(l) + 0.17

  (i) Explain, using information from the table, the colour changes that take place when 
SO2 gas is bubbled slowly through an acidified solution containing VO2

+ ions.

   Equations are not required.
(3)
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  (ii) Explain, using information in the table, whether the disproportionation of 
V2+(aq) into V3+(aq) and V(s) is feasible under standard conditions. 
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(Total for Question 3 = 7 marks)
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4 Aqueous copper(II) sulfate reacts with an excess of aqueous ammonia to give a dark 
blue solution.

 The dark blue solution contains the octahedral complex ion, [Cu(NH3)x(H2O)y]
2+.

 The formula of this complex ion is determined by colorimetry, using this method:

  · Make up six different mixtures of 1.00 mol dm–3 aqueous ammonia and 
0.500 mol dm–3 aqueous copper(II) sulfate and water.

  · Filter the mixtures to remove any precipitate that forms.

  · The filtrate is a dark blue solution that contains the complex ion, [Cu(NH3)x(H2O)y]
2+.

  · Place the dark blue solution into a colorimeter and measure the absorbance 
of the solution.

 The table shows the absorbance of each mixture.

Mixture

1 2 3 4 5 6

Volume of 0.500 mol dm–3

CuSO4(aq) / cm3 5.00 5.00 5.00 5.00 5.00 5.00

Volume of 1.00 mol dm–3

NH3(aq) / cm3 3.00 6.00 9.00 12.00 15.00 18.00

Volume of H2O(l) / cm3 17.00 14.00 11.00 8.00 5.00 2.00

Absorbance 0.25 0.50 0.76 0.84 0.84 0.84

 (a) Plot a graph of absorbance against volume of NH3(aq) on the grid opposite.

  Draw a straight line of best fit through the first three points and another straight 
line of best fit through the last three points.  Extend both lines so that they cross.

(2)
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 (b) (i) Use the graph to determine the smallest volume of 1.00 mol dm–3 NH3(aq)  
required to completely react with 5.00 cm3 of 0.500 mol dm–3 of CuSO4 solution.

(1)
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(ii) Calculate the amount, in moles, of CuSO4 in 5.00 cm3 of 0.500 mol dm–3 solution.
(1)

(iii) Calculate the amount of NH3, in moles, present in the volume of NH3(aq) in (b)(ii).
(1)

(iv) Deduce the values of x and y in the formula of the complex ion [Cu(NH3)x(H2O)y]
2+.
(1)

x = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       y = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) The precipitate formed when some of the mixtures are made is copper(II) hydroxide.

Write an ionic equation to show the formation of copper(II) hydroxide from its ions.
Include state symbols.

(2)

(Total for Question 4 = 8 marks)
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5  Chlorine and bromine are elements in Group 7 of the Periodic Table. 

 Both elements exist in a number of different oxidation numbers and therefore are 
involved in many redox reactions.

 (a) Write an equation for the reaction between chlorine and cold, dilute aqueous 
sodium hydroxide.  State symbols are not required.

(1)

 (b) Chlorine dioxide reacts with cold, dilute aqueous sodium hydroxide. 

  The ionic equation for the reaction is:

2ClO2(aq)  +  2OH−(aq)  →  ClO2
–(aq)  +  ClO3

–(aq)  +  H2O(l)

  Using oxidation numbers, explain why the chlorine in ClO2 has undergone 
disproportionation. 

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) Chloride ions (Cl–) can be oxidised to chlorine molecules (Cl2) by manganate(VII) ions.

  A dilute solution containing manganate(VII) ions (MnO4
–) and an excess of dilute 

sulfuric acid is added to the solution containing chloride ions.

  As the manganate(VII) ion solution is added, it changes from purple to colourless.

  (i) The formula of the manganese species that is formed during this reaction is
(1)

   A Mn2+(aq)

   B Mn3+(aq)

   C Mn4+(aq)

   D MnO4
2– (aq)

  (ii) Using oxidation numbers, deduce the molar ratio of MnO4
– to Cl– that would 

appear in the balanced chemical equation for the reaction.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) Potassium bromide reacts with concentrated sulfuric acid.  Three of the products 
of the reaction are hydrogen bromide, bromine and sulfur dioxide.

  (i) Explain why the hydrogen bromide, which is a colourless gas, appears as misty 
fumes when it makes contact with moist air.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) State the type of reaction that occurs in the formation of sulfur dioxide.
(1)
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(Total for Question 5 = 10 marks)
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6 Sodium can form three oxides:

  sodium oxide, Na2O

  sodium peroxide, Na2O2

  sodium superoxide, NaO2

 It has been suggested that sodium superoxide could be used in spacecraft to 
regenerate oxygen.

 Oxygen needs to be replaced in a spacecraft because an astronaut oxidises glucose, 
according to the equation:

C6H12O6  +  6O2  →  6CO2  +  6H2O

 Sodium superoxide can regenerate oxygen according to the equation:

4NaO2   +  2CO2  →  2Na2CO3  +  3O2

 In order to maintain the correct percentage of oxygen in the air, any excess carbon 
dioxide could be removed by using sodium oxide.

Na2O  +  CO2  →  Na2CO3

 (a) Calculate the mass of sodium oxide that would be required to remove the excess 
carbon dioxide when exactly 880 g of sodium superoxide is reacted per day.

  You can assume that an astronaut oxidises 2 mol of glucose each day.
(4)
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 (b) Using a dot-and-cross diagram, explain why the superoxide ion, O—O–, is a radical.
(2)
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 (c) A 0.403 g sample of sodium peroxide was reacted with water:

Na2O2  +  2H2O  →  2NaOH  +  H2O2

  The hydrogen peroxide produced was determined by titration with a solution 
containing cerium(IV) ions.  In this reaction the hydrogen peroxide is converted 
into oxygen.

H2O2  →  2H+  +  O2  +  2e–

  The hydrogen peroxide solution reacted with exactly 24.85 cm3 of a 0.420 mol dm–3 
solution of cerium(IV) ions, Ce4+.

  Deduce the formula of the cerium ion present in the final solution.  Support your 
answer with a calculation.

(4)

(Total for Question 6 = 10 marks)
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7 The following reversible reaction is used in industry to make methanol, CH3OH:

CO(g)  +  2H2(g)    CH3OH(g)      ΔH = –91 kJ mol–1

 (a) Which change would affect both the value of the equilibrium constant, Kc, and the 
proportion of methanol present in an equilibrium mixture of the three gases?

(1)

   A adding a catalyst

   B changing the temperature

   C increasing the concentration of carbon monoxide

   D increasing the pressure

 (b) The expression for the equilibrium constant, Kc, for this reaction is

Kc
3

2
2

  = 
[CH OH(g)]

[CO(g)][H (g)]
 

 0.200 mol of CO(g) and 0.400 mol of H2(g) are mixed in a sealed container of volume 
1.2 dm3 at a temperature of 500 K and a pressure of 100 atmospheres and allowed to 
reach equilibrium.

 The equilibrium mixture is found to contain 0.086 mol of CH3OH(g).

  (i) Calculate Kc for this reaction.  Give your answer to an appropriate number of 
significant figures and state the units.

(5)
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  (ii) The equilibrium mixture of CO(g), H2(g) and CH3OH(g) is heated in the same 
sealed container to a temperature higher than 500 K.  Since the gas volume 
remains the same, the increased temperature results in an increase in pressure.

   Explain why it is difficult to predict the effect on the yield of CH3OH.
(3)
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 (Total for Question 7 = 9 marks)
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8 Acids can be classified as weak or strong acids.

 (a) A mixture of concentrated sulfuric and nitric acids is used in the nitration of benzene.

  The following equilibrium is set up:

H2SO4  +  HNO3    H2NO3
+  +  HSO4

–

  Which statement about this equilibrium is correct?
(1)

   A HNO3 and H2NO3
+ are a conjugate acid-base pair

   B the nitric acid acts as an acid

   C the nitric acid acts as an oxidising agent

   D the sulfuric acid acts as a dehydrating agent

 (b) Sulfuric acid ionises in two stages.

   Stage 1:   H2SO4(aq)  →  H+(aq)  +  HSO4
–(aq)

   Stage 2:   HSO4
– (aq)    H+(aq)  +  SO4

2–(aq)

  (i) Explain, with reference to the equations, why the HSO4
– ion is classified as a 

weak acid.
(2)
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  (ii) A 0.100 mol dm–3 solution of sulfuric acid has a pH of 0.97.

   Calculate the concentration of hydrogen ions in this solution. 
(1)

 (c) Ethanoic acid, CH3COOH, is a weak acid. 

  A student prepares 600 cm3 of a buffer solution by mixing 400 cm3 of 0.500 mol dm–3 

ethanoic acid solution with 200 cm3 of 0.500 mol dm–3 sodium ethanoate solution, 
CH3COONa.

  Calculate the pH of the buffer solution produced.

  (Ka for ethanoic acid = 1.74 × 10–5 mol dm–3)
(4)

 (Total for Question 8 = 8 marks)
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9 Prussian Blue, [Fe4[Fe(CN)6]3], is a dark blue pigment used in painting and dyeing.

 It was discovered around 1700 AD in the German state of Prussia.

 Prussian Blue is formed when an iron(III) salt is added to a solution containing the 
complex ion [Fe(CN)6]4–.

 The cyanide ion has the formula CN−.

 (a) (i) The oxidation number of Fe in the [Fe(CN)6]4– ion is
(1)

   A +2

   B +3

   C +4

   D +6

  (ii) Draw a diagram to show the shape of a [Fe(CN)6]4– ion, using the structure CN− 
to represent a cyanide ligand and showing how the cyanide ligands bond to 
the central iron ion.

(2)
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 (b) A solution containing [Fe(CN)6]3– ions can be made from [Fe(H2O)6]2+ ions in two 
steps as shown:

  Step 1  [Fe(H2O)6]2+(aq)  +  6CN–(aq)    [Fe(CN)6]4–(aq)  +  6H2O(l)

  Step 2  2[Fe(CN)6]4–(aq)  +  Cl2(aq)  →  2[Fe(CN)6]3–(aq)  +  2Cl–(aq)

  Name the type of reaction taking place in each of Steps 1 and 2.
(2)
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 (c) In a separate reaction, aqueous sodium hydroxide was added to a solution 
containing iron(II) sulfate.  A green precipitate formed that turned brown on 
standing in air.

  Identify the green precipitate and explain why it turns brown on standing in air.
(3)
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 (Total for Question 9 = 8 marks)
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10 This question is about some Group 2 compounds.

 (a) Explain the trend in the thermal stability of carbonates in Group 2.
(3)
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 (b) Magnesium chloride is soluble in water.  The enthalpy level diagram for the 
dissolving of magnesium chloride is

  The enthalpy changes of hydration of the ions are:

  Mg2+  −1920 kJ mol–1

  Cl–   −364 kJ mol–1

  Calculate the enthalpy change of solution, ΔHsolution, of MgCl2(s) in kJ mol–1.
(2)

Mg2+(g)  +  2Cl–(g)

MgCl2(s)

– 2493 kJ mol–1

Mg2+(aq)  +  2Cl–(aq)

enthalpy
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 (c) The table shows some data relating to the dissolving of magnesium sulfate, 
MgSO4, in water at 298 K.

ΔHd

solution / kJ mol–1 ΔSdsystem / J K–1 mol–1

– 87 – 210

  (i) Explain why the dissolving of magnesium sulfate in water is exothermic by 
considering the enthalpy changes involved.

(2)
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  (ii) Use the data in the table to calculate ΔGd   when magnesium sulfate dissolves 
in water at 298 K.  State the significance of your answer.

(2)
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 *(d) The table shows some data relating to the dissolving of barium sulfate and 
calcium sulfate in water at 298 K.

Salt ΔHd

solution

/ kJ mol−1

TΔSdsystem

/ kJ mol−1 

BaSO4 +19 −31

CaSO4 − 18 −43

  Comment on the relative solubility in water of barium sulfate and calcium sulfate 
at 298 K, using data from the table.

(6)
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(Total for Question 10 = 15 marks)

TOTAL FOR PAPER = 90 MARKS
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 (b) Describe how the orbitals from carbon atoms interact to form the bonds in a 
benzene ring.  You may include a labelled diagram to support your answer.

(3)

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

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

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

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

(Total for Question 1 = 5 marks)

2

*S47554A0232*

Answer ALL questions.

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  
If you change your mind about an answer, put a line through the box   

and then mark your new answer with a cross .

1 This question is about some hydrocarbons.

 (a) (i) Which isomeric alkane has the lowest boiling temperature?
(1)

   A 2,2-dimethylbutane 

   B hexane

   C 3-methylpentane

   D 2-methylpentane 

  (ii) What is the name of this alkane?

(1)
   A 4-ethylpentane

   B 2-ethylpentane

   C 4-methylhexane

   D 3-methylhexane 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
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 (b) Describe how the orbitals from carbon atoms interact to form the bonds in a 
benzene ring.  You may include a labelled diagram to support your answer.

(3)

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

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

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

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

(Total for Question 1 = 5 marks)
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 (b) Which compound forms a pale yellow precipitate when reacted with iodine and 
sodium hydroxide solution?

(1)

   A

   B

   C

   D

 (c) Which compound forms a silver mirror when reacted with Tollens’ reagent?
(1)

   A

   B

   C

   D

(Total for Question 2 = 3 marks)

4

*S47554A0432*

2 The skeletal formulae of four compounds are shown.

 (a) Which compound has the molecular formula C6H14O?
(1)

   A

   B

   C

   D

O

OH

HO

O

A

D

C

B
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 (b) Which compound forms a pale yellow precipitate when reacted with iodine and 
sodium hydroxide solution?

(1)

   A

   B

   C

   D

 (c) Which compound forms a silver mirror when reacted with Tollens’ reagent?
(1)

   A

   B

   C

   D

(Total for Question 2 = 3 marks)
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 (c) A student wrote a statement about the mechanism of the reaction between a 
primary chloroalkane and an amine.

  Identify and correct two of the errors in the statement.
(2)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 3 = 4 marks)

The amine acts as a nucleophile due to its unpaired electron.
It attacks the slightly positive carbon in the chloroalkane,
forming an intermediate.  The carbon is slightly positive as it
is attached to an electropositive chlorine atom.  The
intermediate then loses a proton and a chloride ion, forming
the product, an N-substituted amide.
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3 This question is about amines.

 (a) Amines can behave as bases.

  What is meant by the term base?
(1)
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 (b) Which of these compounds has the highest pH when dissolved in water to form 
solutions of the same concentration?

(1)

   A NH3

   B CH3NH2

   C C6H5NH2

   D NH4Cl
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 (c) A student wrote a statement about the mechanism of the reaction between a 
primary chloroalkane and an amine.

  Identify and correct two of the errors in the statement.
(2)

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

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

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

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

(Total for Question 3 = 4 marks)

The amine acts as a nucleophile due to its unpaired electron.
It attacks the slightly positive carbon in the chloroalkane,
forming an intermediate.  The carbon is slightly positive as it
is attached to an electropositive chlorine atom.  The
intermediate then loses a proton and a chloride ion, forming
the product, an N-substituted amide.
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 (b) Amino acid B has the structure H2NCH(CH2CH(CH3)2)COOH.

  Predict the pH of the solution formed when it dissolves in water and justify your answer.

(2)
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 (c) Some data about different organic compounds is shown in the table.

Compound
Relative 

molecular
mass

Melting 
temperature

 / ˚C

glycine 
(an amino acid) 75 233

butan-1-ol 74 −90

pentane 72 −130

  Use information from the table to justify the types of intermolecular forces in each 
of these compounds.

(4)
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(Total for Question 4 = 7 marks)
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4 This question is about the properties of amino acids and other organic compounds.

 (a) A chromatogram of two amino acids, A and B, is shown.

  The Rf value of amino acid A is
(1)

   A 0.51 

   B 0.56

   C 0.63

   D 0.67 

10cm

1cm

5.1 
cm

5.9 
cm

8.1cm

solvent 
front

A B

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015
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 (b) Amino acid B has the structure H2NCH(CH2CH(CH3)2)COOH.

  Predict the pH of the solution formed when it dissolves in water and justify your answer.

(2)
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 (c) Some data about different organic compounds is shown in the table.

Compound
Relative 

molecular
mass

Melting 
temperature

 / ˚C

glycine 
(an amino acid) 75 233

butan-1-ol 74 −90

pentane 72 −130

  Use information from the table to justify the types of intermolecular forces in each 
of these compounds.
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(Total for Question 4 = 7 marks)
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  (ii) What is the name and type of the mechanism in the overall reaction?
(1)

   A electrophilic substitution

   B nucleophilic substitution

   C electrophilic addition

   D nucleophilic addition

 (b)  The number of grams of iodine from iodine monochloride that reacts with 100 g 
of an oil or fat is known as the iodine value and is used to compare levels of 
unsaturation in different oils and fats.

  An excess of iodine monochloride, 11.0 g, was mixed with 6.40 g of sunflower oil. 
The remaining unreacted iodine monochloride was treated with excess potassium 
iodide to liberate iodine.

ICl + KI → KCl + I2

  The liberated iodine was titrated with sodium thiosulfate solution of 
concentration 0.500 mol dm−3.  21.20 cm3 of this solution was required to 
completely react with the liberated iodine.

I2 + 2Na2S2O3 → 2NaI + Na2S4O6

  (i) Calculate the amount, in mol, of sodium thiosulfate that reacted with the 
liberated iodine and hence calculate the amount (in mol) of liberated iodine.

(2)

10

*S47554A01032*

5 This question is about the chemistry of iodine compounds and hydrocarbons.

 (a) Iodine monochloride (ICl) reacts with unsaturated compounds such as sunflower oil.

  (i) Which diagram shows the first step in the mechanism of the reaction between 
iodine monochloride and an unsaturated compound?

(1)

   A

   B

   C

   D

C=C I

Cl

C=C CI

l

C=C CI

l

C=C I

Cl
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  (ii) What is the name and type of the mechanism in the overall reaction?
(1)

   A electrophilic substitution

   B nucleophilic substitution

   C electrophilic addition

   D nucleophilic addition

 (b)  The number of grams of iodine from iodine monochloride that reacts with 100 g 
of an oil or fat is known as the iodine value and is used to compare levels of 
unsaturation in different oils and fats.

  An excess of iodine monochloride, 11.0 g, was mixed with 6.40 g of sunflower oil. 
The remaining unreacted iodine monochloride was treated with excess potassium 
iodide to liberate iodine.

ICl + KI → KCl + I2

  The liberated iodine was titrated with sodium thiosulfate solution of 
concentration 0.500 mol dm−3.  21.20 cm3 of this solution was required to 
completely react with the liberated iodine.

I2 + 2Na2S2O3 → 2NaI + Na2S4O6

  (i) Calculate the amount, in mol, of sodium thiosulfate that reacted with the 
liberated iodine and hence calculate the amount (in mol) of liberated iodine.

(2)
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BLANK PAGE

12

*S47554A01232*

  (ii) Use your answer to (i) and the initial mass of iodine monochloride, 11.0 g, to 
calculate the iodine value of the oil.

(5)

 (c) Sunflower oil can be hydrogenated to form solid fats such as margarine.   
What is the most appropriate catalyst for this reaction? 

(1)
   A nickel 

   B iron

   C rhodium

   D vanadium(V) oxide

(Total for Question 5 = 10 marks)
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BLANK PAGE
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  (i) Deduce the orders with respect to A and B.
(2)

  A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Deduce the order with respect to C and justify your answer.
(2)
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  (iii) Give the rate equation for the reaction.
(1)

  (iv) Calculate the rate constant, k, to an appropriate number of significant figures.  
Give units for your answer.

(3)

14
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6 This question is about the kinetics of chemical reactions.

 (a) The rate equation for the reaction between hydrogen and nitrogen monoxide is:

rate = k[H2][NO]2

  By what factor does the rate increase when the concentration of hydrogen is 
tripled and that of nitrogen monoxide is doubled?

(1)

   A 5

   B 6

   C 12

   D 18

 (b) The ‘initial rates’ method is used to investigate the orders of reaction with respect 
to reactants A, B and C.  The table shows the results obtained.

Run
Initial concentration / mol dm−3 Initial rate

/ mol dm−3 s−1A B C

1 0.32   0.080 0.16 2.4 × 10–3

2 0.64   0.080 0.16 4.8 × 10–3

3 0.32 0.16 0.16 9.6 × 10–3

4 0.64 0.32 0.48 0.23
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  (i) Deduce the orders with respect to A and B.
(2)

  A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Deduce the order with respect to C and justify your answer.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iii) Give the rate equation for the reaction.
(1)

  (iv) Calculate the rate constant, k, to an appropriate number of significant figures.  
Give units for your answer.

(3)
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 (d) Catalysts are sometimes used in reactions.

  (i) Explain how a catalyst affects the rate of a reaction.
(3)
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  (ii) Draw and label lines on the axes to show how an increase in temperature 
affects the number of particles with E > Ea.

(2)

(Total for Question 6 = 17 marks)

energy, E Ea

number 
of 
particles
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*S47554A01632*

 (c) A different reaction, between iodine and propanone, in the presence of hydrogen 
ions, has the rate equation:

rate = k[CH3COCH3][H+]

  (i) Give the overall order of the reaction.
(1)
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  (ii) Explain, in terms of collision theory, why increasing the concentration of 
propanone changes the rate of reaction.

(2)
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*S47554A01732* Turn over     

 (d) Catalysts are sometimes used in reactions.

  (i) Explain how a catalyst affects the rate of a reaction.
(3)
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  (ii) Draw and label lines on the axes to show how an increase in temperature 
affects the number of particles with E > Ea.

(2)

(Total for Question 6 = 17 marks)

energy, E Ea

number 
of 
particles
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*S47554A01932* Turn over     

 (b) Nuclear magnetic resonance (NMR) spectroscopy can be used to determine 
structural formulae. 

  An incomplete 1H NMR spectrum for 2-phenylethyl propanoate shows a peak for 
the hydrogen atoms attached to the benzene ring.

  Complete the spectrum for the protons attached to the carbon atoms p, q, r and s, 
giving the relative areas under each peak. 

  You should use the Data Booklet.  Your spectrum does not have to be to scale.   
(6)

  Predicted spectrum:

p
O

r

sq

O

10 9 8 7 6 5 4 3 2 1 0

area under 
peak = 5

A
bs

or
pt

io
n

Chemical shift (δ) / ppm

18

*S47554A01832*

7 The compound 2-phenylethyl propanoate is a synthetic oil used in some fragrances due to 
its rose-like aroma. 

 (a) Combustion analysis of 1.56 g of 2-phenylethyl propanoate, in a laboratory, produced 
4.26 g of CO2(g) and 1.10 g of H2O(l).

  Show that the data is consistent with the molecular formula of 2-phenylethyl propanoate, 
C11H14O2.

(4)
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*S47554A01932* Turn over     

 (b) Nuclear magnetic resonance (NMR) spectroscopy can be used to determine 
structural formulae. 

  An incomplete 1H NMR spectrum for 2-phenylethyl propanoate shows a peak for 
the hydrogen atoms attached to the benzene ring.

  Complete the spectrum for the protons attached to the carbon atoms p, q, r and s, 
giving the relative areas under each peak. 

  You should use the Data Booklet.  Your spectrum does not have to be to scale.   
(6)

  Predicted spectrum:

p
O

r

sq

O

10 9 8 7 6 5 4 3 2 1 0

area under 
peak = 5

A
bs

or
pt

io
n

Chemical shift (δ) / ppm
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  (ii) Complete the diagram, including curly arrows, to show the mechanism for the 
reaction to form 2-phenylethanol.

(4)

H2
C

OAICI3
–+

H2C

+ AICI3

OH
H2
C

C
H2

20
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 (c) A possible synthetic route to prepare 2-phenylethyl propanoate is:

  (i) The attacking species in Step 1 can be represented as +CH2CH2OAlCl3
− 

   What is the mechanism in this step?
(1)

   A electrophilic substitution 

   B nucleophilic substitution

   C electrophilic addition

   D nucleophilic addition 

Step 1

C2H4O
ethylene oxide

benzene 2-phenylethanol

2-phenylethyl propanoate

O

Step 2

propanoic acid

O

OH

AlCl3 catalyst
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  (ii) Complete the diagram, including curly arrows, to show the mechanism for the 
reaction to form 2-phenylethanol.

(4)

H2
C

OAICI3
–+

H2C

+ AICI3

OH
H2
C

C
H2
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  (iii) In the synthetic route, what type of reaction is Step 2?
(1)

   A hydrolysis 

   B esterification 

   C neutralisation

   D hydrogenation

  (iv) Name a suitable catalyst for Step 2.
(1)

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

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

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

(Total for Question 7 = 17 marks)
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 (c) Propene is used in the manufacture of polymers.

  (i) Write an equation to show the formation of poly(propene) from propene.
(2)

  (ii) Describe how the chemical reaction to form the polymer nylon differs from 
the chemical reaction to form poly(propene).

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iii) Give two ways in which chemists contribute to a more sustainable use of such 
materials as poly(propene) and nylon.

(2)
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(Total for Question 8 = 13 marks)

24

*S47554A02432*

8 Propanoic acid can be synthesised from propene, a by-product of the petrochemical industry.

 (a) Complete the equation to show the formation of propene and one other hydrocarbon.

C10H22     →    C3H6     +   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(1)

 (b) Propanoic acid can be synthesised from propene in 3 steps.  A student proposed 
the following synthesis:

  Step 1:  propene  →  1-bromopropane 

  Step 2:  1-bromopropane →  X

  Step 3:  X →  propanoic acid

  (i) Identify X and give the conditions needed to carry out Step 2 and Step 3 in 
this synthesis.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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    (ii) Explain, by considering the mechanism of the reaction, why the student’s 
choice of reaction for Step 1 will lead to a low overall yield.

(2)
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 (c) Propene is used in the manufacture of polymers.

  (i) Write an equation to show the formation of poly(propene) from propene.
(2)

  (ii) Describe how the chemical reaction to form the polymer nylon differs from 
the chemical reaction to form poly(propene).

(2)
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 (c) Compounds containing the alkene functional group can show stereoisomerism.

  (i) Draw the two structural isomers for an alkene that shows stereoisomerism.
(1)

26

*S47554A02632*

9 The table shows the formulae of three different halogenoalkanes and the optical 
activity of the products of their reaction with hydroxide ions in aqueous solution.

Reaction Halogenoalkane reacting with hydroxide ions Optical activity of 
product mixture

1 CH3Cl none

2 CH3CHBrCH2CH3 significant

3 CH3CH2CH2C(Br)(CH3)CH2CH3 no significant activity

 (a) Draw the mechanism for reaction 1.
(4)

 (b) The halogenoalkane in reaction 2 is 2-bromobutane.

  (i) Name the halogenoalkane in reaction 3.
(1)
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*S47554A02732* Turn over     

  *(ii) Both halogenoalkanes used in reaction 2 and reaction 3 were a single optical 
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 (c) Compounds containing the alkene functional group can show stereoisomerism.

  (i) Draw the two structural isomers for an alkene that shows stereoisomerism.
(1)



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

74
29

*S47554A02932*

BLANK PAGE

28

*S47554A02832*

  (ii) Explain why stereoisomerism occurs in alkenes.
(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 9 = 14 marks)

TOTAL FOR PAPER = 90 MARKS



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

75
29

*S47554A02932*

BLANK PAGE



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

76
32

*S47554A03232*



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

77

C
H

EM
IS

TR
Y

 A
 L

EV
EL

 P
A

P
ER

 2
 M

A
R

K
 S

C
H

EM
E 

 
Q

u
es

ti
o

n
 

N
u

m
b

er
 

A
n

sw
er

 
 

A
d

d
it

io
n

al
 G

u
id

an
ce

 
M

ar
k 

1
(a

)(
i)

 
A
  

 
1

 
1

(a
)(

ii
) 

D
  

 
1

 
1

(b
) 

 
A
 d

es
cr

ip
ti
on

 t
ha

t 
m

ak
es

 r
ef

er
en

ce
 t

o:
  

 
• 

(h
ea

d 
on

) 
ov

er
la

p 
be

tw
ee

n 
or

bi
ta

ls
 f

ro
m

 
ne

ig
hb

ou
ri

ng
 c

ar
bo

n 
at

om
s 

to
 f

or
m

 a
 s

ig
m

a 
bo

nd
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
(t

he
 r

em
ai

ni
ng

) 
p 

or
bi

ta
ls

 o
ve

rl
ap

 s
id

ew
ay

s 
  

  
  

  
(1

) 
 

• 
an

d 
so

 e
le

ct
ro

ns
 d

el
oc

al
is

e 
(a

ro
un

d 
th

e 
ri

ng
) 

  
  

  
(1

) 
 Ex

am
pl

e 
of

 a
 p

os
si

bl
e 

di
ag

ra
m

 s
co

ri
ng

 2
 m

ar
ks

 (
m

ar
ki

ng
 

po
in

ts
 2

 a
nd

 3
) 

           

  A
llo

w
 s

p2 
hy

br
id

 o
rb

it
al

s 
ov

er
la

p 
to

 f
or

m
  

a 
si

gm
a 

bo
nd

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
   

3
 

(T
o

ta
l 

Q
u

es
ti

o
n

 1
 =

 5
 m

ar
ks

) 
  

 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

2
(a

) 
A
 

 
1

 
2

(b
) 

C
 

 
1

 
2

(c
) 

D
 

 
1

 
(T

o
ta

l 
Q

u
es

ti
o

n
 2

 =
 3

 m
ar

ks
) 

 
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

78



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

79

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

3
(a

) 
re

ac
ts

 w
it
h 

ac
id

s 
to

 f
or

m
 a

 s
al

t/
pr

ot
on

 a
cc

ep
to

r 
  

  
  

  
  

  
(1

) 
A
llo

w
 e

le
ct

ro
n 

pa
ir

 d
on

or
 

1
 

3
(b

) 
 

B
  

 
1

 
3

(c
) 

A
ny

 t
w

o
 o

f 
th

e 
fo

llo
w

in
g 

po
in

ts
: 

 
• 

th
e 

nu
cl

eo
ph

ile
 d

oe
s 

no
t 

ha
ve

 a
n 

un
pa

ir
ed

 e
le

ct
ro

n,
 

it
 h

as
 a

 lo
ne

 p
ai

r 
of

 e
le

ct
ro

ns
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

th
e 

sl
ig

ht
ly

 p
os

it
iv

e 
ca

rb
on

 is
 n

ot
 a

tt
ac

he
d 

to
 a

n 
el

ec
tr

op
os

it
iv

e 
ch

lo
ri

ne
 a

to
m

, 
it
 is

 a
tt

ac
he

d 
to

 a
n 

el
ec

tr
on

eg
at

iv
e 

ch
lo

ri
ne

 a
to

m
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 
• 

th
e 

pr
od

uc
t 

is
 n

ot
 a

n 
am

id
e,

 it
 is

 a
 (

se
co

nd
ar

y)
  

am
in

e 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

  

 
2

 

(T
o

ta
l 

Q
u

es
ti

o
n

 3
 =

 4
 m

ar
ks

) 
 

 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

4
(a

) 
C

  
 

1
 

4
(b

) 
• 

Pr
ed

ic
ti
on

: 
7/

ne
ut

ra
l  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 
• 

Ju
st

ifi
ca

ti
on

: 
A
m

in
o 

gr
ou

p 
ac

ce
pt

s 
on

e 
pr

ot
on

  
re

le
as

ed
 f

ro
m

 a
ci

d 
/ 

B
 e

xi
st

s 
as

 a
 z

w
it
te

ri
on

 (
so

 it
 is

 
no

t 
ac

id
ic

 o
r 

al
ka

lin
e)

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 

A
llo

w
 6

.5
 t

o 
7.

5 
  A
llo

w
 p

ro
to

n 
fr

om
 a

ci
d 

ac
ce

pt
ed

 b
y 

am
in

e 

2
 

4
(c

) 
A
n 

an
sw

er
 t

ha
t 

m
ak

es
 r

ef
er

en
ce

 t
o 

th
e 

fo
llo

w
in

g 
po

in
ts

: 
 

• 
pe

nt
an

e 
ha

s 
th

e 
lo

w
es

t 
m

el
ti
ng

 t
em

pe
ra

tu
re

 b
ec

au
se

 
it
 o

nl
y 

ha
s 

Lo
nd

on
 f

or
ce

s 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
)  

 
• 

bu
ta

n-
1-

ol
 a

nd
 g

ly
ci

ne
 h

av
e 

(s
im

ila
r)

 L
on

do
n 

fo
rc

es
  

(d
ue

 t
o 

si
m

ila
r 

nu
m

be
r 

of
 e

le
ct

ro
ns

) 
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

bu
ta

n-
1-

ol
 h

as
 h

ig
he

r 
/ 

le
ss

 n
eg

at
iv

e 
m

el
ti
ng

 
te

m
pe

ra
tu

re
 t

ha
n 

pe
nt

an
e 

as
 it

 h
as

 h
yd

ro
ge

n 
bo

nd
s 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 

 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

gl
yc

in
e 

ha
s 

th
e 

hi
gh

es
t 

m
el

ti
ng

 t
em

pe
ra

tu
re

 a
s 

it
 is

  
an

 io
ni

c 
so

lid
 (

la
tt

ic
e)

 /
 c

on
si

st
s 

of
 z

w
it
te

ri
on

s 
  

  
(1

) 
 

  A
cc

ep
t 

va
n 

de
r 

W
aa

ls
 a

s 
al

te
rn

at
iv

e 
to

 L
on

do
n 

 
  If

 m
ar

ki
ng

 p
oi

nt
s 

2 
an

d 
3 

ar
e 

no
t 

sc
or

ed
 t

he
n 

al
lo

w
 1

 m
ar

k 
fo

r 
th

e 
id

ea
 t

ha
t 

bu
ta

n-
1-

ol
 h

as
 

hi
gh

er
 m

el
ti
ng

 t
em

pe
ra

tu
re

 (
th

an
 p

en
ta

ne
) 

du
e 

to
 s

tr
on

ge
r 

in
te

rm
ol

ec
ul

ar
 f

or
ce

s 

4
 

(T
o

ta
l 

Q
u

es
ti

o
n

 4
 =

 7
 m

ar
ks

) 
 

 
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

80



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

81

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

5
(a

)(
i)

 
C

 
 

1
 

5
(a

)(
ii

) 
C

 
 

1
 

5
(b

)(
i)

 
• 

am
ou

nt
 o

f 
so

di
um

 t
hi

os
ul

fa
te

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
am

ou
nt

 o
f 

lib
er

at
ed

 io
di

ne
  

  
  

  
  

  
  

  
  

   
  

  
  

  
  

  
 (

1)
 

  

Ex
am

pl
e 

of
 c

al
cu

la
ti
on

 
A
m

ou
nt

 o
f 

so
di

um
 t

hi
os

ul
fa

te
 

 
=

 2
1.

2/
10

00
 x

 0
.5

00
 =

 0
.0

10
6 

(m
ol

) 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

A
m

ou
nt

 o
f 

lib
er

at
ed

 io
di

ne
 =

 0
.0

10
6/

2 
 

 
=

 5
.3

 x
 1

0-3
 /

0.
00

53
 (

m
ol

) 
  

  
  

  
  

  
 A
llo

w
 e

cf
 f

ro
m

 1
st

 t
o 

2n
d 

m
ar

k 
 C

or
re

ct
 a

ns
w

er
 w

it
h 

no
 w

or
ki

ng
 s

co
re

s 
2 

m
ar

ks
 

2
 

5
(b

)(
ii

) 
• 

in
it
ia

l a
m

ou
nt

 o
f 

IC
l 

 
 

  
  

  
  

  
  

  
 (

1)
 

 
• 

am
ou

nt
 o

f 
IC

l t
ha

t 
re

ac
te

d 
w

it
h 

oi
l 

 
  

  
  

(1
) 

 
• 

m
as

s 
of

 io
di

ne
 in

 I
C

l 
 

 
 

  
  

  
(1

) 
 

• 
ex

pr
es

si
on

 f
or

 io
di

ne
 v

al
ue

  
 

 
  

  
  

(1
) 

 
• 

fin
al

 io
di

ne
 v

al
ue

  
 

 
 

  
  

  
  

  
  

  
 (

1)
 

A
llo

w
 e

cf
 f

ro
m

 (
b)

(i
) 

 If
 n

o 
su

bt
ra

ct
io

n 
al

lo
w

 3
 m

ax
 (

1s
t,

 4
th

 a
nd

 5
th

 
m

ar
ks

) 
 Ex

am
pl

e 
of

 c
al

cu
la

ti
on

 
In

it
ia

l a
m

ou
nt

 o
f 

IC
l =

 1
1.

0 
/1

62
.4

  
 

 
 

  
=

 0
.0

67
73

4 
(m

ol
) 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 

A
m

ou
nt

 o
f 

IC
l t

ha
t 

re
ac

te
d 

w
it
h 

oi
l 

  
  

 =
 0

.0
67

73
4 

- 
5.

3 
x 

10
-3

   
=

 0
.0

62
43

4 
(m

ol
) 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

   

M
as

s 
of

 io
di

ne
 in

 I
C

l  
=

 0
.0

62
43

4 
x 

12
6.

9 
 

 
=

7.
92

29
s 

g 
(w

it
h 

6.
4 

g 
oi

l)
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

Io
di

ne
 v

al
ue

 =
 7

.9
22

9 
x 

10
0/

6.
4 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
  

  
  

  
  

  
  

  
  

=
 1

23
.7

9 
/ 

12
4 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 C
or

re
ct

 a
ns

w
er

 w
it
h 

no
 w

or
ki

ng
 s

co
re

s 
5 

m
ar

ks
 

 

5
 

5
(c

) 
A
  

 
1

 
(T

o
ta

l 
Q

u
es

ti
o

n
 5

 =
 1

0
 m

ar
ks

) 
 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

6
(a

) 
C

  
 

1
 

6
(b

)(
i)

 
• 

C
om

pa
ri

so
n 

of
 r

un
s 

1 
an

d 
2 

 t
o 

de
te

rm
in

e 
or

de
r 

  
  

 
w

rt
 A

 =
 1

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
C

om
pa

ri
so

n 
of

 r
un

s 
1 

an
d 

3 
 t

o 
de

te
rm

in
e 

or
de

r 
  

  
 

w
rt

 B
 =

 2
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 

A
llo

w
 c

om
pa

ri
so

ns
 o

f 
ot

he
r 

re
le

va
nt

 p
ai

rs
 o

f 
ru

ns
 

2
 

6
(b

)(
ii

) 
(W

he
n 

co
m

pa
ri

ng
 r

un
s 

2 
an

d 
4)

 
 

• 
[A

] 
co

ns
ta

nt
 s

o 
no

 e
ff

ec
t 

bu
t 

[B
] 

x 
4 

so
 in

cr
ea

se
s 

ra
te

 
by

 1
6 

/ 
to

 0
.0

76
8 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
[C

] 
x 

3 
an

d 
ra

te
 in

cr
ea

se
s 

by
 0

.2
3 

 ÷
 0

.0
76

8 
(=

 2
.9

9 
i.e

. 
3)

, 
so

 f
ir

st
 o

rd
er

 w
it
h 

re
sp

ec
t 

to
 C

  
  

  
  

  
  

  
  

 (
1)

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 

  A
llo

w
 c

om
pa

ri
so

ns
 o

f 
ot

he
r 

re
le

va
nt

 p
ai

rs
 o

f 
ru

ns
,  

e.
g.

 r
un

s 
3 

an
d 

4 

2
 

6
(b

)(
ii

i)
 

• 
ra

te
 =

 k
[A

][
B
]2 [

C
] 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
 

1
 

6
(b

)(
iv

) 
• 

 r
ea

rr
an

ge
m

en
t 

of
 r

at
e 

ex
pr

es
si

on
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

ev
al

ua
ti
on

 o
f 

va
lu

e 
fo

r 
k 

 t
o 

2.
s.

f 
  

 
 

  
  

  
(1

)
 

 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
• 

 u
ni

ts
  

dm
9 
m

ol
-3

 s
-1

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

Ex
am

pl
e 

of
 c

al
cu

la
ti
on

 
k 

=
 r

at
e 

/ 
[A

][
B
]2 [

C
] 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 =

 7
.3

24
…

. 
=

 7
.3

  
dm

9 
m

ol
-3

 s
-1

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 A
llo

w
 e

cf
 f

ro
m

 b
 (

iii
) 

 A
llo

w
 u

ni
ts

 in
 a

ny
 o

rd
er

 
 C

or
re

ct
 a

ns
w

er
 w

it
h 

no
 w

or
ki

ng
 a

nd
 u

ni
ts

 t
o 

  
2 

sf
 s

co
re

s 
3 

m
ar

ks
 

  

3
 

  
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

82



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

83

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

6
(c

)(
i)

 
• 

2nd
 o

rd
er

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

 
1

 

6
(c

)(
ii

) 
A
n 

ex
pl

an
at

io
n 

th
at

 m
ak

es
 r

ef
er

en
ce

 t
o 

th
e 

fo
llo

w
in

g 
po

in
ts

:  
 

• 
ra

te
 in

cr
ea

se
s 

be
ca

us
e 

in
cr

ea
se

d 
co

nc
en

tr
at

io
n 

of
 

pr
op

an
on

e 
m

ea
ns

 m
or

e 
pr

op
an

on
e 

m
ol

ec
ul

es
 in

 a
 

gi
ve

n 
vo

lu
m

e 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

so
 m

or
e 

fr
eq

ue
nt

 c
ol

lis
io

ns
 /

 g
re

at
er

 r
at

e 
of

 c
ol

lis
io

ns
 

/ 
m

or
e 

co
lli

si
on

s 
pe

r 
se

co
nd

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

 
2

 

6
(d

)(
i)

 
A
n 

ex
pl

an
at

io
n 

th
at

 m
ak

es
 r

ef
er

en
ce

 t
o 

th
e 

fo
llo

w
in

g 
po

in
ts

: 
 

• 
in

cr
ea

se
s 

th
e 

ra
te

 o
f 

re
ac

ti
on

 b
ec

au
se

 it
 lo

w
er

s 
th

e 
ac

ti
va

ti
on

 e
ne

rg
y 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

by
 p

ro
vi

di
ng

 a
lt
er

na
ti
ve

 r
ea

ct
io

n 
m

ec
ha

ni
sm

 
/p

at
hw

ay
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
so

 g
re

at
er

 p
ro

po
rt

io
n 

of
 p

ar
ti
cl

es
 c

ol
lid

e 
w

it
h 

 
su

ff
ic

ie
nt

 e
ne

rg
y 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 

R
es

po
ns

es
 in

 t
er

m
s 

of
 h

et
er

og
en

eo
us

 c
at

al
ys

is
 

ca
n 

sc
or

e 
 a

 m
ax

im
um

 o
f 

2 
m

ar
ks

 
 • 

R
ea

ct
an

ts
 b

on
d 

on
to

 c
at

al
ys

t 
su

rf
ac

e 
(a

ds
or

pt
io

n)
 

• 
In

cr
ea

se
s 

co
nc

en
tr

at
io

n 
of

 r
ea

ct
an

t 
(a

t 
su

rf
ac

e)
 

• 
Pr

od
uc

ts
 b

re
ak

 a
w

ay
 f

ro
m

 c
at

al
ys

t 
su

rf
ac

e 
(d

es
or

pt
io

n)
 

 A
ll 

3 
po

in
ts

 s
co

re
s 

2 
m

ar
ks

 
A
 c

om
bi

na
ti
on

 o
f 

an
y 

2 
po

in
ts

 s
co

re
s 

1 
A
ny

 s
in

gl
e 

po
in

t 
on

ly
 s

co
re

s 
0 

m
ar

ks
 

3
 

 
 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

6
(d

)(
ii

) 
• 

on
e 

M
ax

w
el

l-
B
ol

tz
m

an
n 

di
st

ri
bu

ti
on

 s
ho

w
n 

dr
aw

n 
 

w
it
h 

ap
pr

op
ri

at
e 

sh
ap

e 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  
  

 (
1)

 
 

• 
se

co
nd

 d
is

tr
ib

ut
io

n 
sh

ow
n 

w
it
h 

m
ax

im
um

 lo
w

er
 a

nd
  

to
 r

ig
ht

 o
f 

th
at

 s
ho

w
n 

by
 f

ir
st

 c
ur

ve
, 

w
it
h 

la
rg

er
 a

re
a 

be
lo

w
 c

ur
ve

 b
ey

on
d 

E a
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 (t
o 

sc
or

e 
2n

d 
m

ar
k 

th
er

e 
m

us
t 

be
 a

 c
le

ar
 in

di
ca

ti
on

 t
ha

t 
th

e 
se

co
nd

 d
is

tr
ib

ut
io

n 
is

 a
t 

a 
hi

gh
er

 t
em

pe
ra

tu
re

) 

   C
ur

ve
s 

sh
ou

ld
 n

ot
 c

ro
ss

 x
- 

ax
is

 

2
 

(T
o

ta
l 

Q
u

es
ti

o
n

 6
 =

 1
7

 m
ar

ks
) 

  
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

84



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

85

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

7
(a

) 
• 

ca
lc

ul
at

io
n 

of
 m

as
s 

of
 C

 f
ro

m
 C

O
2 

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
ca

lc
ul

at
io

n 
of

 m
as

s 
of

 H
 f

ro
m

 H
2O

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
su

bt
ra

ct
io

n 
to

 f
in

d 
m

as
s 

of
 O

, 
an

d 
ev

al
ua

ti
on

 o
f 

nu
m

be
r 

of
 m

ol
es

 o
f 

C
, 

H
 a

nd
 O

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
co

nf
ir

m
 w

ho
le

 n
um

be
r 

ra
ti
o 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
  

Ex
am

pl
e 

of
 c

al
cu

la
ti
on

 
M

as
s 

of
 C

 =
 4

.2
6 

x 
12

/4
4 

=
 1

.1
61

8 
g 

M
as

s 
of

 H
 =

 1
.1

 x
 2

/1
8 

=
 0

.1
22

22
 g

  
S
o 

m
as

s 
O

 =
 1

.5
6 

– 
(1

.1
61

8 
+

 0
.1

22
2)

  
  

  
  

  
  

  
  

  
=

 0
.2

75
98

 g
  

 M
ol

es
 C

 =
 1

.1
61

8/
12

 =
 0

.0
96

81
7 

M
ol

es
 H

 =
 0

.1
22

22
/1

 =
 0

.1
22

22
 

M
ol

es
 O

 =
 0

.2
75

98
/1

6 
=

 0
.0

17
24

9 
 

 R
at

io
 =

 5
.6

 :
 7

.1
 :

 1
 =

 1
1 

: 
14

 :
 2

  
 A
llo

w
 a

lt
er

na
ti
ve

 c
or

re
ct

 m
et

ho
ds

 

4
 

7
(b

) 
 

• 
4 

(a
dd

it
io

na
l)

 p
ea

ks
 d

ra
w

n 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
• 

S
pl

it
ti
ng

 m
ar

ks
 (

ig
no

re
 c

he
m

ic
al

 s
hi

ft
 a

t 
th

is
 p

oi
nt

) 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
 

 
 

 
 

 
  

  
(2

) 
- 

p
, 

q
 a

nd
 s

 a
re

 t
ri

pl
et

s 
an

d 
r 

is
 q

ua
rt

et
 s

co
re

s 
  

  
 

2 
m

ar
ks

 
- 

tw
o 

or
 t

hr
ee

 s
pl

it
ti
ng

 p
at

te
rn

s 
co

rr
ec

tl
y 

sh
ow

n 
sc

or
es

 1
 m

ar
k 

 
• 

ar
ea

 u
nd

er
 c

ur
ve

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
- 

to
ta

l s
ho

w
n 

by
 c

an
di

da
te

 =
 (

2+
2+

2+
3)

 =
 9

  
 

• 
ch

em
ic

al
 s

hi
ft

s 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

2)
  

- 
Pe

ak
 a

t 
0-

2 
pp

m
 d

ue
 t

o 
pr

ot
on

s 
on

 s
 

- 
Pe

ak
 a

t 
2-

3 
pp

m
 d

ue
 t

o 
pr

ot
on

s 
on

 r
 

- 
Pe

ak
 a

t 
3-

4 
pp

m
 d

ue
 t

o 
pr

ot
on

s 
on

 q
 

- 
Pe

ak
 a

t 
1.

6-
2.

8 
pp

m
 d

ue
 t

o 
pr

ot
on

s 
on

 p
 

Pe
ak

s 
ca

n 
be

 s
ho

w
n 

as
 s

ep
ar

at
e 

lin
es

  
        Ig

no
re

 w
he

th
er

 v
al

ue
s 

ar
e 

lin
ke

d 
to

 c
or

re
ct

 
pe

ak
 

 A
ll 

pe
ak

s 
at

 c
or

re
ct

 c
he

m
ic

al
 s

hi
ft

 s
co

re
 2

 
m

ar
ks

 
 Tw

o 
or

 t
hr

ee
 a

t 
co

rr
ec

t 
ch

em
ic

al
 s

hi
ft

 p
ea

ks
 

sc
or

e 
1 

m
ar

k 
 

6
 

 
 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

7
(c

)(
i)

 
A
 

 
1

 
7

(c
)(

ii
) 

             

• 
el

ec
tr

on
 p

ai
r 

m
ov

em
en

t 
fr

om
 r

in
g 

to
 e

le
ct

ro
ph

ile
 (

1)
 

 
• 

fo
rm

ul
a 

of
 in

te
rm

ed
ia

te
 io

n 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
m

ov
em

en
t 

of
 b

on
d 

pa
ir

 t
o 

re
in

st
at

e 
de

lo
ca

lis
ed

 r
in

g 
  

  
  

  
  

  
  

  
 

 
 

 
 

 
 

  
  

  
(1

) 
 

• 
m

ov
em

en
t 

of
 lo

ne
 p

ai
r 

fr
om

 o
xy

ge
n 

to
 h

yd
ro

ge
n 

(1
) 

                   C
an

 s
ho

w
 H

+
 io

n 
fo

rm
in

g 
an

d 
re

ac
ti
ng

 w
it
h 

lo
ne

 p
ai

r 
fr

om
 o

xy
ge

n 
 C

an
 s

ho
w

 O
-A

l b
on

d 
br

ea
ki

ng
 

 

4
 

7
(c

)(
ii

i)
 

B
  

 
1

 
7

(c
)(

iv
) 

• 
(c

on
ce

nt
ra

te
d)

 s
ul

fu
ri

c 
ac

id
 /

 H
2S

O
4 

  
 o

r 
(c

on
ce

nt
ra

te
d)

 h
yd

ro
ch

lo
ri

c 
ac

id
/H

C
l  

  
  

  
  

  
  

  
 (

1)
 

 

D
o 

no
t 

aw
ar

d 
di

lu
te

 s
ul

fu
ri

c 
ac

id
 

1
 

(T
o

ta
l 

Q
u

es
ti

o
n

 7
 =

 1
7

 m
ar

ks
) 

 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

86



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

87

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

8
(a

) 
A
ny

 o
n

e 
fr

om
: 

 
• 

C
3H

6 
+

 C
7H

16
  

 
  

  
  

  
  

 
  

  
  

  
  

  
  

(1
) 

• 
2C

3H
6 

+
 C

4H
10

  
 

 
 

 
  

  
 (

1)
 

• 
3C

3H
6 

+
 C

H
4 

  
 

 
 

 
 

  
  

 (
1)

  
 

 
 

1
 

8
(b

)(
i)

 
• 

X
 is

 p
ro

pa
n-

1-
ol

  
 

 
 

  
  

  
  

  
  

  
(1

) 
 S
te

p 
2 

 
• 

re
ac

ti
on

 w
it
h 

aq
ue

ou
s 

N
aO

H
 (

an
d 

he
at

) 
  

  
  

  
  

  
(1

) 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 

S
te

p 
3 

• 
ox

id
at

io
n 

to
 a

ci
d 

us
in

g 
ac

id
ifi

ed
 K

2C
r 2

O
7 

  
  

  
  

  
  

(1
) 

• 
w

it
h 

ex
ce

ss
 o

xi
di

si
ng

 a
ge

nt
 /

 h
ea

te
d 

un
de

r 
re

flu
x 

  
  

  
  

  
  

  
  

  
  

  
  
  

  
  

  
 

 
 

 
 

 
 

 
  

  
 (

1)
 

 

      A
llo

w
 ‘H

+
 a

nd
  

C
r 2

O
72−

’ 

4
 

8
(b

)(
ii

) 
A
n 

ex
pl

an
at

io
n 

th
at

 m
ak

es
 r

ef
er

en
ce

 t
o 

tw
o
 o

f 
th

e 
fo

llo
w

in
g 

po
in

ts
: 

 
• 

m
ai

n 
pr

od
uc

t 
fr

om
 r

ea
ct

io
n 

w
it
h 

H
B
r 

w
ill

 b
e 

 
2-

br
om

op
ro

pa
ne

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
as

 s
ec

on
da

ry
 c

ar
bo

ca
ti
on

 (
fo

rm
ed

 in
 m

ec
ha

ni
sm

) 
 

is
 m

or
e 

st
ab

le
 (

th
an

 p
ri

m
ar

y)
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

A
llo

w
 r

ev
er

se
 a

rg
um

en
t 

e.
g.

  
 

• 
1-

br
om

op
ro

pa
ne

 is
 t

he
 m

in
or

 p
ro

du
ct

 
 

• 
as

 p
ri

m
ar

y 
ca

rb
oc

at
io

n 
(f

or
m

ed
 in

 
m

ec
ha

ni
sm

) 
is

 le
ss

 s
ta

bl
e 

(t
ha

n 
se

co
nd

ar
y)

 

2
 

 
 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

8
(c

)(
i)

 
   

• 
fo

rm
ul

ae
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 
• 

ba
la

nc
in

g 
an

d 
br

ac
ke

ts
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 

      Ig
no

re
 t

yp
e 

of
 b

ra
ck

et
s 

 2n
d 

m
ar

k 
de

pe
nd

en
t 

on
 c

or
re

ct
 f

or
m

ul
ae

 

2
 

8
(c

)(
ii

) 
A
 d

es
cr

ip
ti
on

 t
ha

t 
m

ak
es

 r
ef

er
en

ce
 t

o:
  

 
• 

ny
lo

n 
is

 f
or

m
ed

 b
y 

a 
co

nd
en

sa
ti
on

 r
ea

ct
io

n 
/ 

re
le

as
es

 H
C

l w
he

n 
po

ly
m

er
s 

fo
rm

s 
  

  
  

  
  

  
  

  
  

 (
1)

 
 

• 
ny

lo
n 

is
 f

or
m

ed
 f

ro
m

 t
w

o 
di

ff
er

en
t 

m
on

om
er

s 
  

 (
1)

 
O

R
 

• 
po

ly
(p

ro
pe

ne
) 

is
 f

or
m

ed
 b

y 
an

 a
dd

it
io

n 
re

ac
ti
on

 /
 

fo
rm

s 
on

ly
 o

ne
 p

ro
du

ct
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

• 
po

ly
(p

ro
pe

ne
) 

is
 f

or
m

ed
 f

ro
m

 o
nl

y 
on

e 
ty

pe
 o

f 
m

on
om

er
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
(1

) 
 

 

 
2

 

 
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

88



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

89

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

8
(c

)(
ii

i)
 

A
n 

an
sw

er
 t

ha
t 

m
ak

es
 r

ef
er

en
ce

 t
o 

tw
o
 o

f 
th

e 
fo

llo
w

in
g 

po
in

ts
: 

 
• 

re
pr

oc
es

si
ng

 o
f 

po
ly

m
er

s 
in

to
 s

im
pl

er
 c

om
po

un
ds

 f
or

 
us

e 
as

 f
ee

ds
to

ck
 in

 t
he

 c
he

m
ic

al
 in

du
st

ry
  

  
  

  
  

 (
1)

 
 

• 
ca

pt
ur

e 
an

d 
us

e 
of

 e
ne

rg
y 

fr
om

 in
ci

ne
ra

ti
on

  
  

  
 (

1)
 

 
• 

so
rt

in
g 

(U
si

ng
 I

R
) 

an
d

 r
ec

yc
lin

g 
of

 p
ol

ym
er

s 
  

  
 (

1)
 

 
• 

re
m

ov
al

 o
f 

ha
rm

fu
l/

to
xi

c/
co

rr
os

iv
e 

pr
od

uc
ts

 f
or

m
ed

 
du

ri
ng

 in
ci

ne
ra

ti
on

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 

 
2

 

(T
o

ta
l 

Q
u

es
ti

o
n

 8
 =

 1
3

 m
ar

ks
) 

 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

9
(a

) 

 
 

• 
at

ta
ck

 b
y 

hy
dr

ox
id

e 
io

n 
on

 p
os

it
iv

e 
ca

rb
on

  
  

  
  

  
(1

) 
 

• 
br

ea
ki

ng
 o

f 
C

-C
l b

on
d 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 
• 

fo
rm

ul
a 

of
 t

ra
ns

it
io

n 
st

at
e 

w
it
h 

co
rr

ec
t 

ch
ar

ge
  

  
 (

1)
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  
 

 
• 

‘p
ar

ti
al

’ b
on

ds
 t

o 
O

H
 a

nd
 C

l s
ho

w
n 

in
 t

ra
ns

it
io

n 
st

at
e 

  
  

  
  

  
  

  
  

 
 

 
 

 
 

 
  

  
  

(1
) 

 

A
rr

ow
 m

us
t 

st
ar

t 
fr

om
 O

 a
nd

 g
o 

to
 C

; 
lo

ne
 p

ai
r 

no
t 

re
qu

ir
ed

 
 A
rr

ow
 f

ro
m

 b
on

d 
to

 C
l 

 Ig
no

re
 b

ra
ck

et
s 

 

4
 

9
(b

)(
i)

 
3-

br
om

o-
3-

m
et

hy
lh

ex
an

e 
 

 
 

 
  

  
  

(1
) 

 
A
llo

w
 3

-m
et

hy
l-

3-
br

om
oh

ex
an

e 
1

 

 
 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

90



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

91

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

*
9

(b
)(

ii
) 

Th
is

 q
ue

st
io

n 
as

se
ss

es
 a

 s
tu

de
nt

’s
 a

bi
lit

y 
to

 s
ho

w
 a

 
co

he
re

nt
 a

nd
 lo

gi
ca

lly
 s

tr
uc

tu
re

d 
an

sw
er

 w
it
h 

lin
ka

ge
s 

an
d 

fu
lly

-s
us

ta
in

ed
 r

ea
so

ni
ng

. 
 M

ar
ks

 a
re

 a
w

ar
de

d 
fo

r 
in

di
ca

ti
ve

 c
on

te
nt

 a
nd

 f
or

 h
ow

 t
he

 
an

sw
er

 is
 s

tr
uc

tu
re

d 
an

d 
sh

ow
s 

lin
es

 o
f 

re
as

on
in

g.
 

 Th
e 

fo
llo

w
in

g 
ta

bl
e 

sh
ow

s 
ho

w
 t

he
 m

ar
ks

 s
ho

ul
d 

be
 

aw
ar

de
d 

fo
r 

in
di

ca
ti
ve

 c
on

te
nt

. 
 N

um
be

r 
of

 in
di

ca
ti
ve

 
m

ar
ki

ng
 p

oi
nt

s 
se

en
 in

 
an

sw
er

 

N
um

be
r 

of
 m

ar
ks

 
aw

ar
de

d 
fo

r 
in

di
ca

ti
ve

 
m

ar
ki

ng
 p

oi
nt

s 
6 

4 
5–

4 
3 

3–
2 

2 
1 

1 
0 

0 
 

G
ui

da
nc

e 
on

 h
ow

 t
he

 m
ar

k 
sc

he
m

e 
sh

ou
ld

 b
e 

ap
pl

ie
d:

 
Th

e 
m

ar
k 

fo
r 

in
di

ca
ti
ve

 c
on

te
nt

 s
ho

ul
d 

be
 

ad
de

d 
to

 t
he

 m
ar

k 
fo

r 
lin

es
 o

f 
re

as
on

in
g.

 F
or

 
ex

am
pl

e,
 a

n 
an

sw
er

 w
it
h 

fiv
e 

in
di

ca
ti
ve

 
m

ar
ki

ng
 p

oi
nt

s 
w

hi
ch

 is
 p

ar
ti
al

ly
 s

tr
uc

tu
re

d 
w

it
h 

so
m

e 
lin

ka
ge

s 
an

d 
lin

es
 o

f 
re

as
on

in
g 

sc
or

es
 4

 
m

ar
ks

 (
3 

m
ar

ks
 f

or
 in

di
ca

ti
ve

 c
o n

te
nt

 a
nd

 1
 

m
ar

k 
fo

r 
pa

rt
ia

l s
tr

uc
tu

re
 a

nd
 s

om
e 

lin
ka

ge
s 

an
d 

lin
es

 o
f 

re
as

on
in

g)
. 

 
If

 t
he

re
 a

re
 n

o 
lin

ka
ge

s 
be

tw
ee

n 
po

in
ts

, 
th

e 
sa

m
e 

fiv
e 

in
di

ca
ti
ve

 m
ar

ki
ng

 p
oi

nt
s 

w
ou

ld
 y

ie
ld

 
an

 o
ve

ra
ll 

sc
or

e 
of

 3
 m

ar
ks

 (
3 

m
ar

ks
 f

or
 

in
di

ca
ti
ve

 c
on

te
nt

 a
nd

 n
o 

m
ar

ks
 f

or
 li

nk
ag

es
).

 

6
 

 
 



Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

*
9

(b
)(

ii
) 

co
n

t.
 

Th
e 

fo
llo

w
in

g 
ta

bl
e 

sh
ow

s 
ho

w
 t

he
 m

ar
ks

 s
ho

ul
d 

be
 

aw
ar

de
d 

fo
r 

st
ru

ct
ur

e 
an

d 
lin

es
 o

f 
re

as
on

in
g.

 

  
N

um
be

r 
of

 m
ar

ks
 

aw
ar

de
d 

fo
r 

st
ru

ct
ur

e 
of

 a
ns

w
er

 a
nd

 
su

st
ai

ne
d 

lin
e 

of
 

re
as

on
in

g 
 

A
ns

w
er

 s
ho

w
s 

a 
co

he
re

nt
 a

nd
 

lo
gi

ca
l s

tr
uc

tu
re

 w
it
h 

lin
ka

ge
s 

an
d 

fu
lly

 s
us

ta
in

ed
 li

ne
s 

of
 

re
as

on
in

g 
de

m
on

st
ra

te
d 

th
ro

ug
ho

ut
. 

2 

A
ns

w
er

 is
 p

ar
ti
al

ly
 s

tr
uc

tu
re

d 
w

it
h 

so
m

e 
lin

ka
ge

s 
an

d 
lin

es
 o

f 
re

as
on

in
g.

 

1 

A
ns

w
er

 h
as

 n
o 

lin
ka

ge
s 

be
tw

ee
n 

po
in

ts
 a

nd
 is

 u
ns

tr
uc

tu
re

d.
 

0 

In
d

ic
at

iv
e 

co
n

te
n

t 
• 

R
ea

ct
io

n 
2 

fo
rm

s 
op

ti
ca

lly
 a

ct
iv

e 
pr

od
uc

t 
as

 o
nl

y 
on

e 
en

an
ti
om

er
  

fo
rm

ed
  

(S
N
2)

 
• 

as
 h

yd
ro

xi
de

 io
n 

ca
n 

on
ly

 a
tt

ac
k 

on
 o

pp
os

it
e 

si
de

  
to

 le
av

in
g 

gr
ou

p 
• 

w
hi

ch
 c

au
se

s 
in

ve
rs

io
n 

(o
f 

co
nf

ig
ur

at
io

n)
 o

f 
th

e 
ch

ir
al

 c
en

tr
e 

• 
R

ea
ct

io
n 

3 
pr

od
uc

t 
m

ix
tu

re
 s

ho
w

s 
no

 s
ig

ni
fic

an
t 

op
ti
ca

l a
ct

iv
it
y 

as
 a

 r
ac

em
ic

 m
ix

tu
re

 f
or

m
s 

(S
N
1)

 
• 

as
 in

te
rm

ed
ia

te
 is

 a
 p

la
na

r 
ca

rb
oc

at
io

n,
 

• 
so

 c
an

 b
e 

at
ta

ck
ed

 (
by

 h
yd

ro
xi

de
 io

n)
 f

ro
m

 e
it
he

r 
si

de
 

 

                    C
ou

ld
 u

se
 la

be
lle

d 
di

ag
ra

m
s 

to
 il

lu
st

ra
te

 a
tt

ac
k 

of
 h

yd
ro

xi
de

 io
ns

 in
 e

it
he

r 
m

ec
ha

ni
sm

 

 

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

92



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

93

 

 
(T

o
ta

l 
Q

u
es

ti
o

n
 9

 =
 1

4
 m

ar
ks

) 
 

Q
u

es
ti

o
n

 
N

u
m

b
er

 
A

n
sw

er
 

 
A

d
d

it
io

n
al

 G
u

id
an

ce
 

M
ar

k 

*
9

(b
)(

ii
) 

co
n

t.
 

O
r 
• 

m
ec

ha
ni

sm
 o

f 
re

ac
ti
on

 2
 is

 S
N
2 

• 
be

ca
us

e 
si

ng
le

 e
na

nt
io

m
er

 is
 f

or
m

ed
 a

s 
pr

od
uc

t 
an

d 
is

 o
pt

ic
al

ly
 a

ct
iv

e 
 

• 
as

 h
yd

ro
xi

de
 io

n 
ca

n 
on

ly
 a

tt
ac

k 
on

 o
pp

os
it
e 

si
de

  
to

 le
av

in
g 

gr
ou

p 
• 

re
ac

ti
on

 3
 p

ro
du

ce
s 

a 
ra

ce
m

ic
 m

ix
tu

re
 a

s 
pr

od
uc

t 
is

 
no

t 
si

gn
ifi

ca
nt

ly
 o

pt
ic

al
ly

 a
ct

iv
e 

• 
so

 r
ea

ct
io

n 
3 

is
 S

N
1 

• 
as

 t
he

 t
w

o 
pr

od
uc

ts
 r

ot
at

e 
th

e 
pl

an
e 

of
 p

la
ne

-
po

la
ri

se
d 

lig
ht

 in
 o

pp
os

it
e 

di
re

ct
io

ns
 

 
 

9
(c

)(
i)

 
• 

tw
o 

co
rr

ec
t 

st
ru

ct
ur

es
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

(1
) 

 
  

1
 

9
(c

)(
ii

) 
A
n 

ex
pl

an
at

io
n 

th
at

 m
ak

es
 r

ef
er

en
ce

 t
o 

th
e 

fo
llo

w
in

g 
po

in
ts

: 
 

• 
in

 a
lk

en
es

 t
hi

s 
oc

cu
rs

 d
ue

 t
o 

no
n-

ro
ta

ti
on

 o
f 

C
=

C
 

bo
nd

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 (

1)
 

 
• 

be
ca

us
e 
π-

bo
nd

 p
re

ve
nt

s 
it
 /

 π
-b

on
d 

ab
ov

e 
an

d 
be

lo
w

 σ
 -

 b
on

d 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 (
1)

 
 

   A
llo

w
 n

o 
fr

ee
 r

ot
at

io
n 

ar
ou

nd
 t

he
 c

ar
bo

n-
ca

rb
on

  
do

ub
le

 b
on

d 
 

2
 



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

9494



Centre Number Candidate Number

Write your name here
Surname Other names

Total Marks

Paper Reference

Turn over     

S47555A
©2015 Pearson Education Ltd.

1/1/1/1/1/1/1/

*s47555A0136*

Chemistry
Advanced
Paper 3: General and Practical Principles in Chemistry

Sample Assessment Materials for first teaching September 2015
Time: 2 hours 30 minutes 9CH0/03
You must have:
Data Booklet
Scientific calculator, ruler

Instructions

• Use black ink or 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.

Information

• The total mark for this paper is 120. 
•  The marks for each question are shown in brackets 

– use this as a guide as to how much time to spend on each question.
• You may use a scientific calculator.
•  For questions marked with an *, marks will be awarded for your ability to 

structure your answer logically showing the points that you make are related  
or follow on from each other where appropriate.

• A Periodic Table is printed on the back cover 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.
• Show all your working in calculations and include units where appropriate.

Pearson Edexcel 
Level 3 GCE

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

9595



3

*S47555A0336* Turn over     

BLANK PAGE

2

*S47555A0236*

Answer ALL questions. 

Write your answers in the spaces provided.

1 Solid benzoic acid is usually purified by recrystallisation from hot water.
 The method used is:

 1 The impure solid is dissolved in the minimum volume of hot water. 

 2 The solution is quickly filtered. 

 3 The solution is allowed to cool and crystallise.

 4 The crystals are filtered from the remaining solution. 

 5 The crystals are washed with a little cold water. 

 6 The crystals are left to dry.

 (a) State how steps 2, 4 and 5 remove impurities from the benzoic acid.
(3)
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 (b) Describe how impurities affect the melting temperature of an impure solid.
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*S47555A0536* Turn over     

 (c) The student adds a few drops of acidified potassium manganate(VII) solution to 
another sample of a solution of A in a test tube.

  State the colour change that occurs.
(1)
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 (d) The student acidifies 2 cm3 of a solution of A with dilute nitric acid in a test tube 
and then adds a few drops of aqueous silver nitrate.  A white precipitate is formed.

  (i) Give the formula of the anion in A.
(1)
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  (ii) This test is usually followed by the addition of ammonia solution to test the 
solubility of the precipitate.

   Explain why this procedure in not suitable to confirm the identity of the anion 
in A.

(2)
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(Total for Question 2 = 9 marks)
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2 Compound A is a green solid containing one cation and one anion.  It dissolves in 
water to form a green solution.

 (a) Give the formulae of two cations which could be responsible for the green colour 
in the solid.

(2)
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 (b) A student adds dilute sodium hydroxide solution, drop by drop, to an aqueous 
solution of A. 

  A green precipitate forms, which dissolves in excess sodium hydroxide solution to 
form a dark green solution.

  (i) Give the formula of the cation in A.
(1)
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  (ii) Give a formula for the green precipitate.
(1)
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  (iii) Give a formula for the species present in the dark green solution.
(1)
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 (c) The student adds a few drops of acidified potassium manganate(VII) solution to 
another sample of a solution of A in a test tube.

  State the colour change that occurs.
(1)
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 (d) The student acidifies 2 cm3 of a solution of A with dilute nitric acid in a test tube 
and then adds a few drops of aqueous silver nitrate.  A white precipitate is formed.

  (i) Give the formula of the anion in A.
(1)
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  (ii) This test is usually followed by the addition of ammonia solution to test the 
solubility of the precipitate.

   Explain why this procedure in not suitable to confirm the identity of the anion 
in A.

(2)
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  (ii) Name the piece of apparatus which is most suitable for measuring the volume 
of sulfuric acid.
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*S47555A0636*

3 The equation for the reaction between iodine and propanone is:

CH3COCH3(aq)  +  I2(aq)  →  CH3COCH2I(aq)  +  H+(aq)  +  I–(aq)

 The kinetics of this reaction were studied.

 (a) The order of the reaction with respect to iodine was determined by preparing a 
mixture of solutions of iodine and sulfuric acid in a conical flask.  A solution of 
propanone was then added and a timer started.  After one minute, a 10.0 cm3 
sample of the reaction mixture was removed.  Further 10.0 cm3 samples of the 
reaction mixture were removed at regular time intervals during the experiment.

  After removal, each sample was immediately added to sodium hydrogencarbonate 
solution and then titrated with sodium thiosulfate solution to determine the 
concentration of iodine. 

  The table shows the volumes and initial concentrations of the substances in one 
experiment.

Substance Volume / cm3 Concentration / mol dm–3

iodine 50 0.020

sulfuric acid 20 2.5

propanone 25 2.0

  (i) Deduce, by calculation of the amounts used, whether propanone or iodine 
was in excess.

(2)
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 (c) These graphs were obtained in other experiments to determine the order of 
reaction with respect to propanone and to sulfuric acid.

rate of 
reaction

rate of 
reaction

[CH3COCH3] [H+]
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 (b) The graph shows the results of titrating the samples of the reaction mixture.

0 10 20

20 –

0 –

10 –

time / minutes

volume of 
sodium thiosulfate 

solution / cm3

– – –

  Explain how you can deduce the order of reaction with respect to iodine from this 
graph.
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 (c) These graphs were obtained in other experiments to determine the order of 
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 Use these graphs and your answer from part (b) to comment on whether this 
proposed mechanism for the reaction is correct.

(3)

step 1   

O

H3C CH3

C   +  H+      Å

OH

H3C CH3

C            fast

step 2   Å

OH

H3C CH3

C     

OH

H2C CH3

C  +   H+             slow

step 3   

OH

H2C CH3

C  +   I2      

ÅO

C 
 H2

CH3

C

H

I    +   I–   fast

step 4   
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C 
 H2

CH3
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H
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 *(b) In the study of a different reaction, a compound X reacted reversibly with 
concentrated sulfuric acid to form two isomers, A and B. 

compound X  +  H2SO4(conc.)    isomer A + isomer B

  At 40°C, approximately 95% of the product was isomer A.  At 160°C, the product 
contained approximately 85% of isomer B.

  The diagram shows the reaction profiles for the formation of the two isomers.

enthalpy

compound X

isomer A

isomer B

extent of reaction

  Use the information to comment on the different yields of isomer A and isomer B 
at different temperatures. 
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 (Total for Question 4 = 10 marks)

12

*S47555A01236*

4 This question is about the effect of changes in temperature on reactions.

 (a) An experiment to determine the activation energy for the reaction between 
magnesium and hydrochloric acid was carried out.  The time taken for 0.100 g 
of magnesium to react completely when added to 20.0 cm3 of 1.00 mol dm–3 
hydrochloric acid was recorded at different temperatures.  A summary of the 
processed data is shown.

Temperature / K 1
T

 / K−1 ln k

283 3.53 × 10−3 −4.80

299 3.34 × 10−3 −3.56

311 3.22 × 10−3 −3.00

322 3.11 × 10−3 −2.25

329 3.04 × 10−3 −1.79

  The activation energy, Ea, of the reaction can be found using the equation:

ln k
E
R

c= − +a

T

  Use this data to plot a graph of ln k against 
1
T

 and hence determine the activation 
energy in kJ mol–1.

(4)

Activation energy = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kJ mol–1

ln k

1
T

 / K−1
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*S47555A01336* Turn over     

 *(b) In the study of a different reaction, a compound X reacted reversibly with 
concentrated sulfuric acid to form two isomers, A and B. 

compound X  +  H2SO4(conc.)    isomer A + isomer B

  At 40°C, approximately 95% of the product was isomer A.  At 160°C, the product 
contained approximately 85% of isomer B.

  The diagram shows the reaction profiles for the formation of the two isomers.

enthalpy

compound X

isomer A

isomer B

extent of reaction

  Use the information to comment on the different yields of isomer A and isomer B 
at different temperatures. 

(6)
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 (Total for Question 4 = 10 marks)
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*S47555A01536* Turn over     

 (c) Nitrogen and hydrogen were reacted together at 673 K and 200 atm pressure in a 
closed vessel. 

N2(g)  +  3H2(g)    2NH3(g)

  The reaction mixture was allowed to reach equilibrium.  The number of moles of 
each gas at equilibrium were found to be:

N2(g)  2.88    H2(g)  8.64    NH3(g)  6.48

  Calculate the value of Kp at 673 K, giving appropriate units.
(5)

(Total for Question 5 = 12 marks)

14

*S47555A01436*

5 Ammonia is produced industrially by reacting nitrogen and hydrogen.

N2(g)  +  3H2(g)    2NH3(g)          ΔH d  = –92.0 kJ mol−1

 A temperature in the range of 673 to 773 K is used.

 The standard entropies, Sd , of N2(g), H2(g) and NH3(g) at 298 K are given in the table.

substance N2(g) H2(g) NH3(g)

Sd  / J K−1
 mol−1 192 131 193

 (a) Show that this reaction is feasible at 298 K by calculating ΔG d  in kJ mol−1.  Give 
your answer to an appropriate number of significant figures.

(5)

 (b) Explain, in terms of entropy, why this reaction is not feasible at very high 
temperatures.

(2)
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*S47555A01536* Turn over     

 (c) Nitrogen and hydrogen were reacted together at 673 K and 200 atm pressure in a 
closed vessel. 

N2(g)  +  3H2(g)    2NH3(g)

  The reaction mixture was allowed to reach equilibrium.  The number of moles of 
each gas at equilibrium were found to be:

N2(g)  2.88    H2(g)  8.64    NH3(g)  6.48

  Calculate the value of Kp at 673 K, giving appropriate units.
(5)

(Total for Question 5 = 12 marks)



17

*S47555A01736* Turn over     

 (b) The painkiller aspirin can be synthesised by the reaction between   
2-hydroxybenzoic acid, which contains a hydroxyl group, and ethanoic anhydride, 
using concentrated phosphoric acid as a catalyst.  The reagents are heated under 
reflux, then the excess ethanoic anhydride is removed by reacting it with water.

CO2H

OH + (CH3CO)2O 

CO2H

O2C CH3 + CH3CO2H

2–hydroxybenzoic 
acid

ethanoic 
anhydride

aspirin

  (i) The percentage yield for this synthesis is 65%.

   Calculate the mass of aspirin you would obtain using 2.0 g of 
2-hydroxybenzoic acid.

(3)

16

*S47555A01636*

6 This question is about the chemistry of the alcohol functional group.

 (a) Ethanol and water mix together readily because of the formation of hydrogen 
bonds between the molecules. 

  Devise an experiment to estimate the strength of this interaction including how 
you would process the data collected. 

(6)
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17

*S47555A01736* Turn over     

 (b) The painkiller aspirin can be synthesised by the reaction between   
2-hydroxybenzoic acid, which contains a hydroxyl group, and ethanoic anhydride, 
using concentrated phosphoric acid as a catalyst.  The reagents are heated under 
reflux, then the excess ethanoic anhydride is removed by reacting it with water.

CO2H

OH + (CH3CO)2O 

CO2H

O2C CH3 + CH3CO2H

2–hydroxybenzoic 
acid

ethanoic 
anhydride

aspirin

  (i) The percentage yield for this synthesis is 65%.

   Calculate the mass of aspirin you would obtain using 2.0 g of 
2-hydroxybenzoic acid.

(3)



19

*S47555A01936* Turn over     

BLANK PAGE

18

*S47555A01836*

  (ii) The diagram shows a proposed set-up of apparatus used for the stage of the 
synthesis that requires heating under reflux. 

   Identify three improvements that should be made to this set-up.  Give a 
reason for each improvement made. 

   You may assume suitable clamps are used.
(6)

water in

water out

electrical heater

flask contains 2g of 2-hydroxybenzoic acid, 
4cm3 of ethanoic anhydride and a few 
drops of concentrated phosphoric acid
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*S47555A01936* Turn over     

BLANK PAGE



21

*S47555A02136* Turn over     

 (b) A calomel electrode can be used to measure the standard electromotive force 
(emf), E d

cell of the cell:

Pt|[2Hg(l) + 2Cl–(aq)],Hg2Cl2(s): : Ag+(aq)|Ag(s)

KCI solution

mercury

mercury and 
Hg2Cl2

mercury platinum wire filter paper plug

  (i) Complete the diagram above by drawing a suitable silver half-cell including 
the appropriate electric circuit.

(3)

  (ii) State the concentration of the solution in the silver half-cell and a suitable 
experimental condition.

(2)
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7 The diagram shows a calomel electrode, which can be used for measuring standard 
electrode potentials.

KCI solution

mercury

mercury and 
Hg2Cl2

mercury platinum wire filter paper plug

 (a) (i) State a solution that could be used in the side arm to act as the salt bridge.
(1)

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

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

  (ii) Explain the purpose of the salt bridge.
(2)
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 (b) A calomel electrode can be used to measure the standard electromotive force 
(emf), E d

cell of the cell:

Pt|[2Hg(l) + 2Cl–(aq)],Hg2Cl2(s): : Ag+(aq)|Ag(s)

KCI solution

mercury

mercury and 
Hg2Cl2

mercury platinum wire filter paper plug

  (i) Complete the diagram above by drawing a suitable silver half-cell including 
the appropriate electric circuit.

(3)

  (ii) State the concentration of the solution in the silver half-cell and a suitable 
experimental condition.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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*S47555A02336* Turn over     

BLANK PAGE

22
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 (c) (i) Use the Data Booklet to calculate the standard emf of the cell in b(i), given:

Pt|[2Hg(l) + 2Cl–(aq)],Hg2Cl2(s)   E d  = +0.27 V
(2)

  (ii) The emf of the cell shown below is:

Pt|[2Hg(l) + 2Cl–(aq)],Hg2Cl2(s) : : [Fe3+(aq),Fe2+(aq)]|Pt   E d

cell = +0.50 V

   Use this value to calculate the standard emf of the following cell:

Pt[Fe2+(aq),Fe3+(aq)] : : Ag+(aq)|Ag(s)
(1)

  (iii) Write the overall equation for the cell reaction when current is being drawn.
(1)

  (iv) Calculate the numerical value of the equilibrium constant for this reaction at 
298 K using ΔGd  = –2892 J mol–1 and the relationship ΔGd   = –RTlnK.

(2)

(Total for Question 7 = 14 marks)

Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

116



Pearson Edexcel Level 3 Advanced GCE in Chemistry
Sample Assessment Materials – Issue 1 – February 2015 © Pearson Education Limited 2015

117
23
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BLANK PAGE



25
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  (ii) Give the name of a chemical that could be used to dry the oil.
(1)

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

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

  (iii) State the change in appearance of the oil when it is being dried.
(1)

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

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

 (b) Compound Q is the main component of cinnamon oil.  Some chemical tests are 
carried out to try to find the structure of Q.

  The results of each test are given in parts (i) to (iii).

  Deduce from the results of each test what functional group may be present in Q.

  (i) Q decolourises both bromine water and acidified potassium manganate(VII).
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) Q gives a yellow precipitate with 2,4-dinitrophenylhydrazine.
(1)

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

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

  (iii) Q forms a red precipitate when boiled with either Benedict’s or Fehling’s solution.
(1)
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24
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8 Cinnamon is a spice that is extracted from the bark of the cinnamon tree.

 It is extracted by crushing the soft bark with water, and then steam distilling the 
mixture to produce cinnamon oil.

 (a) The steam distillate is washed with saturated sodium chloride solution and the oil 
separated and dried.

  (i) Draw a diagram of the apparatus you would use to separate the oil, labelling 
the oil.

   [Densities:  cinnamon oil 1.050 g cm–3; sodium chloride solution 1.122 g cm–3]
(2)
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  (ii) Give the name of a chemical that could be used to dry the oil.
(1)
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  (iii) State the change in appearance of the oil when it is being dried.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (b) Compound Q is the main component of cinnamon oil.  Some chemical tests are 
carried out to try to find the structure of Q.

  The results of each test are given in parts (i) to (iii).

  Deduce from the results of each test what functional group may be present in Q.

  (i) Q decolourises both bromine water and acidified potassium manganate(VII).
(1)

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

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

  (ii) Q gives a yellow precipitate with 2,4-dinitrophenylhydrazine.
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  (iii) Q forms a red precipitate when boiled with either Benedict’s or Fehling’s solution.
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  (iii) The peak at m/z = 132 in the mass spectrum of Q is the molecular ion peak.  
The mass spectrum also shows a peak at m/z = 133. 

   Give a reason why the peak at m/z = 133 occurs.
(1)
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 (d) Compound Q can be converted into cinnamic acid which contains a carboxylic 
acid functional group and is a monobasic acid.

  1.78 g of cinnamic acid is reacted with 250 cm3 of 0.500 mol dm–3 NaOH.

  25.0 cm3 of the resulting solution was titrated with 0.400 mol dm–3 HCl. 

  28.25 cm3 was needed for complete neutralisation.  

  Calculate the Mr of cinnamic acid, giving your answer to one decimal place.
(5)

(Total for Question 8 = 17 marks)
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 (c) Q has the empirical formula C9H8O and its mass spectrum is shown. 

  (i) Predict the identity of the fragment ions causing the peaks at 77 and 103.
(2)

m/z formula of fragment ion

77

103

  (ii) Deduce two possible displayed formulae for Q.
(2)
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  (iii) The peak at m/z = 132 in the mass spectrum of Q is the molecular ion peak.  
The mass spectrum also shows a peak at m/z = 133. 

   Give a reason why the peak at m/z = 133 occurs.
(1)
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 (d) Compound Q can be converted into cinnamic acid which contains a carboxylic 
acid functional group and is a monobasic acid.

  1.78 g of cinnamic acid is reacted with 250 cm3 of 0.500 mol dm–3 NaOH.

  25.0 cm3 of the resulting solution was titrated with 0.400 mol dm–3 HCl. 

  28.25 cm3 was needed for complete neutralisation.  

  Calculate the Mr of cinnamic acid, giving your answer to one decimal place.
(5)

(Total for Question 8 = 17 marks)
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 (b) A sample of brass was weighed on a balance, reading to two decimal places.  The mass 
of the sample was recorded as 5.00 g.

  This sample of brass was reacted with excess concentrated nitric acid and the resulting 
solution was made up to 250 cm3 in a volumetric flask using distilled water.

  25.0 cm3 portions were taken from this solution using a pipette.  Each portion was 
neutralised by adding sodium carbonate solution; and excess potassium iodide 
solution was then added.  The liberated iodine was titrated with 0.250 mol dm–3 sodium 
thiosulfate solution, using a freshly prepared solution of starch as indicator.

  The mean titre was 22.70 cm3.

  (i) Use the equation for the reaction to give two observations when nitric acid reacts 
with copper.

Cu(s)  +  2NO3
–(aq)  +  4H+(aq)  →  Cu2+(aq)  +  2NO2(g)  +  2H2O(l)

(2)
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  (ii) Complete the equation for the reaction between iodine and thiosulfate ions. 
Include state symbols.

(1)

   I2(aq)  +  2S2O3
2–(aq)  →
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9 Brass is an alloy of copper and zinc.

 (a) (i) Explain why copper is classified as a transition element but zinc is not.
(2)

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

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

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

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

  (ii) Brass has a structure similar to that of metallic copper, but with zinc ions 
replacing some copper ions in the lattice.

   Explain why brass is malleable whereas a crystal of sodium chloride is not.
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 (b) A sample of brass was weighed on a balance, reading to two decimal places.  The mass 
of the sample was recorded as 5.00 g.

  This sample of brass was reacted with excess concentrated nitric acid and the resulting 
solution was made up to 250 cm3 in a volumetric flask using distilled water.

  25.0 cm3 portions were taken from this solution using a pipette.  Each portion was 
neutralised by adding sodium carbonate solution; and excess potassium iodide 
solution was then added.  The liberated iodine was titrated with 0.250 mol dm–3 sodium 
thiosulfate solution, using a freshly prepared solution of starch as indicator.

  The mean titre was 22.70 cm3.

  (i) Use the equation for the reaction to give two observations when nitric acid reacts 
with copper.

Cu(s)  +  2NO3
–(aq)  +  4H+(aq)  →  Cu2+(aq)  +  2NO2(g)  +  2H2O(l)

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (ii) Complete the equation for the reaction between iodine and thiosulfate ions. 
Include state symbols.

(1)

   I2(aq)  +  2S2O3
2–(aq)  →
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  (iv) A student wants to identify the piece of apparatus that contributes most to 
measurement uncertainties in this experiment, so that the procedure can be 
modified.

   The percentage measurement uncertainty is marked on the pipette as ±0.24%, 
and on the volumetric flask as ±0.08%.

   By using appropriate calculations for the other apparatus used, deduce the 
most significant source of measurement uncertainty in this procedure.

(2)
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(Total for Question 9 = 15 marks)

Turn over     

30

*S47555A03036*

  (iii) Copper(II) ions react with iodide ions to form iodine. 

2Cu2+(aq)  +  4I–(aq)  →  2CuI(s)  +  I2(aq)

   Calculate the percentage by mass of copper in the brass.  Give your answer to 
an appropriate number of significant figures.

(5)
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*S47555A03136*

  (iv) A student wants to identify the piece of apparatus that contributes most to 
measurement uncertainties in this experiment, so that the procedure can be 
modified.

   The percentage measurement uncertainty is marked on the pipette as ±0.24%, 
and on the volumetric flask as ±0.08%.

   By using appropriate calculations for the other apparatus used, deduce the 
most significant source of measurement uncertainty in this procedure.

(2)
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(Total for Question 9 = 15 marks)

Turn over     
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*S47555A03336* Turn over     

 (c) The infrared spectra of benzene and methylbenzene are shown.

  Identify which infrared spectrum is that of methylbenzene.

  Justify your answer by identifying one distinguishing feature in your chosen 
spectrum.

(2)
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10 
Benzene

 Benzene was first discovered by Michael Faraday in London in 1825.  He identified it 
by distilling a liquid obtained from condensing a gas produced by heating whale oil. 

 In 1834, Mitscherlich discovered the same liquid could be obtained by heating 
benzoic acid with lime. 

 Benzene is now produced from petroleum.  Petroleum is fractionally distilled and 
benzene is obtained from the hexane in the naphtha fraction. 

 Hexane is heated to about 770 K.  It then passes to a reactor where it reacts to form 
cyclohexane and hydrogen.  The cyclohexane is then dehydrogenated to form 
benzene.  Other aromatic products like methylbenzene and dimethylbenzenes are 
also produced.  The aromatic products are separated by further distillation. 

 Benzene is the starting compound for a large number of useful chemicals and 
materials.  For example it is used to make the polymer, poly(phenylethene).

 (a) Write an equation for the reaction between benzoic acid and lime, calcium oxide. 
State symbols are not required.

(1)

 (b) Deduce, with references to oxidation numbers, what has happened to the carbon 
in the conversion of cyclohexane to benzene.

(2)
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 (c) The infrared spectra of benzene and methylbenzene are shown.

  Identify which infrared spectrum is that of methylbenzene.

  Justify your answer by identifying one distinguishing feature in your chosen 
spectrum.

(2)
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  (ii) Write a three step synthesis to convert phenylmagnesium bromide to 
diphenylmethane, including reagents used in each step.

(6)

(Total for Question 10 = 14 marks)

 TOTAL FOR PAPER = 120 MARKS

34

*S47555A03436*

 (d) Phenlyethene is used to make the polymer poly(phenylethene).

  Write an equation for the polymerization of phenylethene.
(2)

 (e) Diphenylmethane is used to provide the geranium fragrance in soap.

  It can be synthesised in five steps from benzene.  The first two steps in the process 
are

Br
Step 1

Br2 / catalyst
Step 2

Mg / dry ether

MgBr

phenylmagnesium 
bromide

  (i) Name the catalyst in Step 1.
(1)
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  (ii) Write a three step synthesis to convert phenylmagnesium bromide to 
diphenylmethane, including reagents used in each step.

(6)

(Total for Question 10 = 14 marks)

 TOTAL FOR PAPER = 120 MARKS
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