
*P77831A0124*
Turn over      

P77831A
©2025 Pearson Education Ltd.
Y:1/1/1/

 

Please check the examination details below before entering your candidate information 

Candidate surname Other names

Centre Number Candidate Number

Pearson Edexcel Level 3 GCE

Tuesday 20 May 2025
Morning (Time: 1 hour 30 minutes) 8CH0/02Paper

reference 

Total Marks 

Chemistry
Advanced Subsidiary
PAPER 2: Core Organic and Physical Chemistry

You must have:
Scientific calculator, Data Booklet, ruler

Instructions
•	Use black ink or ball‑point pen.•	If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).
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2

  

Answer ALL questions.

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 a naturally‑occurring compound called myrcene, which is 
found in many plants.

	 The skeletal formula of myrcene is shown.

	 (a)	 What is the molecular formula of myrcene?
(1)

	 A	 C5H5

	 B	 C5H8

	 C	 C10H10

	 D	 C10H16

	 (b)	 What is the maximum number of moles of bromine molecules that could react 
with one mole of myrcene in the dark?

(1)
	 A	 2

	 B	 3

	 C	 4

	 D	 6

	 (c)	 Myrcene is a dimer of isoprene.

		  Isoprene has the skeletal formula shown.

		  Which is the IUPAC name for isoprene?
(1)

	 A	 2‑methylbut‑1,3‑ene

	 B	 2‑methylbuta‑1,3‑diene

	 C	 1,3‑diene‑2‑methylbutane

	 D	 2‑methylpent‑1,3‑ene
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	 (d)	 Which reagent would convert an alkene group into a diol?
(1)

	 A	 hydrogen gas and a nickel catalyst

	 B	 acidified potassium dichromate(VI)

	 C	 acidified potassium manganate(VII)

	 D	 steam and an acid catalyst

(Total for Question 1 = 4 marks)

2	 Which compound must be named using the E/Z system and could not be named 
using the cis/trans system?

	 A	 HOOC CH2 CH2 COOH

	 B	 HOOC CH2 CBr CH COOH

	 C	 HOOC CH2 CBr CBr2

	 D	 HOOC (CH2)2 CH CH (CH2)2 COOH

(Total for Question 2 = 1 mark)
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  

3	 This question is about the combustion of alcohols.

	 The table shows the enthalpy change of combustion for a series of alcohols.

Name Formula Enthalpy change of combustion 
/ kJ mol–1

methanol CH3OH   –726

ethanol C2H5OH –1367

propan‑1‑ol C3H7OH –2021

butan‑1‑ol C4H9OH –2676

	 (a)	 Predict the enthalpy change of combustion of hexan‑1‑ol, C6H13OH.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kJ mol–1

	 (b)	 The enthalpy change of combustion of octan‑1‑ol can be determined using the 
equipment shown in the diagram.

		  Procedure

		  A spirit burner was filled with liquid octan‑1‑ol.

		  The burner was weighed, lit and then used to raise the temperature of a quantity 
of water in a calorimeter.

		  The burner was then extinguished and reweighed.

thermometer

calorimeter

water

spirit burner

octan-1-ol

−3975
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		  The table shows the results.

Results

Mass of burner + octan‑1‑ol before burner was lit 20.95 g

Mass of burner + octan‑1‑ol after burner was extinguished 20.15 g

Mass of water in calorimeter 200 g

Temperature of water after heating 48.3 °C

Temperature of water before heating 21.0 °C

Other data

Specific heat capacity of water 4.18 J g–1 °C–1

Molar mass of octan‑1‑ol 130 g mol–1

		  Calculate the enthalpy change of combustion of octan‑1‑ol, in kJ mol–1, using 
these data. 
Include a sign in your answer. 
You must show your working.

(4)

mass of octan-1-ol burned = 20.95 − 20.15 = 0.80 g

temperature rise, ΔT = 48.3 − 21.0 = 27.3 °C

energy transferred, Q = mcΔT = 200 × 4.18 × 27.3

Q = 22 823 J = 22.823 kJ

moles of octan-1-ol = 0.80 ÷ 130 = 0.0061538 mol

ΔcH = −22.823 ÷ 0.0061538 = −3708.7 kJ mol−1

ΔcH = −3710 kJ mol−1 (3 s.f.)
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  

	 (c)	 In the experiment, the calorimeter is not insulated.

		  Explain the difference between the enthalpy change of combustion of octan‑1‑ol 
determined in this experiment and that quoted in a data book.

(2)

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

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

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

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

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

	 (d)	 A student carried out this experiment leaving the thermometer at the bottom of 
the calorimeter and not stirring.

		  Explain the effect this would have on the calculated enthalpy change of 
combustion for octan‑1‑ol.

(2)

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

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

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

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

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

(Total for Question 3 = 9 marks)

The experimental value of ΔcH will be less exothermic (less negative) than the data

book value.

This is because heat (energy) is lost from the uninsulated calorimeter to the

surroundings, so not all of the heat released by the combustion is transferred to the

water.

Without stirring, the water at the bottom of the calorimeter, nearest the flame, is

hotter than the water at the top, so the temperature recorded would be higher than

the average temperature and the temperature change would be larger.

So the calculated ΔcH of octan-1-ol would be more negative (more exothermic, larger in

magnitude).
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4	 This question is about some reactions and properties of unbranched alcohols.

	 (a)	 Butan-1-ol can be produced from the reaction of aqueous potassium hydroxide 
with 1-bromobutane.

		  Draw the reaction mechanism for this reaction.
		  Include curly arrows and any relevant lone pairs and dipoles.

(3)

	 (b)	 Butan-1-ol can also be produced from the reaction of water with 1-bromobutane.

		  Draw a fully labelled enthalpy level diagram for this endothermic reaction. 
Include the formulae of all the species involved. 
State symbols are not required.

(2)

CCH3CH2CH2

H

H

Br
δ+

δ−

HO
−

CH3CH2CH2CH2OH

+ Br−

Enthalpy

C4H9Br + H2O

C4H9OH + HBr

ΔH

Progress of reaction

stemup.co.uk
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  

	 (c)	 The melting and boiling temperatures of alcohols depend upon 
intermolecular forces.

		  (i)	 As the number of carbon atoms increases in the homologous series of 
unbranched primary alcohols, the state at room temperature changes from 
liquid to solid.

			   Explain this trend in change of state from liquid to solid.
(2)

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

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

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

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

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

		  (ii)	 The boiling temperatures of three isomeric alcohols are shown.

Alcohol Boiling temperature / K

pentan‑1‑ol 411

2‑methylbutan‑1‑ol 401

2,2‑dimethylpropan‑1‑ol 386

			   Explain the differences in the boiling temperatures of these three isomers.
(2)

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

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

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

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

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

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

(Total for Question 4 = 9 marks)

As the number of carbon atoms increases, the number of electrons in each molecule

increases, so the London forces (instantaneous dipole-induced dipole forces) between the

molecules become stronger.

Therefore more energy is needed to overcome these intermolecular forces, so the melting

temperature increases above room temperature and the alcohols become solids.

The boiling temperature decreases as the amount of branching increases, from

pentan-1-ol (unbranched) to 2,2-dimethylpropan-1-ol (most branched); all three have

the same number of electrons.

More branching gives a smaller surface area, so there is less contact between the

molecules (they cannot pack as closely). So the London forces are weaker and less

energy is needed to overcome them.
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5	 This question is about mass spectrometry and infrared spectroscopy.

	 (a)	 Part of the mass spectrum of an unbranched carboxylic acid is shown.

0
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100

50 60 70 80 90 100 110 120

m / z

Relative
abundance

/ %

		  (i)	 Identify the relative molecular mass of this carboxylic acid, using information 
from the spectrum.

(1)

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

		  (ii)	 Write the formula of a possible fragment ion with a peak at m / z = 15.
(2)

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

		  (iii)	 Identify, by name or formula, this carboxylic acid.
(1)

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

116

[CH3]+

Hexanoic acid, CH3(CH2)4COOH

stemup.co.uk

https://stemup.co.uk


*P77831A01024*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

10

  

	 (b)	 The infrared spectrum of the same carboxylic acid is shown.
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		  (i)	 Explain why identification of the carboxylic acid from the information 
provided by this infrared spectrum alone would be very difficult.

(2)

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

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

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

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

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

		  (ii)	 Identify the bond responsible for the absorption in the range 1725–1700 cm–1 
in this infrared spectrum.

(1)

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

		  (iii)	 Give a possible explanation, with reference to the intermolecular forces 
involved, why the peak in the range 3300–2500 cm–1 is broad.

(2)

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

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

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

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

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

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

(Total for Question 5 = 9 marks)

An infrared spectrum only shows which bonds (functional groups) are present, such as

O−H and C=O, and all carboxylic acids contain these.

It does not show the number of carbon atoms (chain length) or the molar mass, so

different carboxylic acids give very similar spectra.

C=O (carbonyl group)

The broad absorption is due to the O−H bond in the carboxylic acid group (−COOH).

The O−H groups are hydrogen bonded to other acid molecules, and this hydrogen

bonding makes the absorption broad.
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6	 This question is about some reactions of butan‑1‑ol and butan‑2‑ol.

	 (a)	 Which is the equation for the reaction of butan‑1‑ol with phosphorus(V) chloride?
(1)

	 A	 C4H9OH   +   PCl5   →   C4H9Cl   +   POCl3   +   HCl

	 B	 C4H9OH   +   PCl5   →   C4H9Cl   +   PO   +   HCl   +   1½Cl2

	 C	 C4H9OH   +   PCl5   →   C4H9Cl   +   P   +   1½Cl2   +   HOCl

	 D	 2C4H9OH   +   PCl5   →   2C4H9Cl   +   POCl3   +   H2O

	 (b)	 A student was asked to prepare pure, dry butanone, starting from butan‑2‑ol, 
solid anhydrous sodium dichromate(VI) and sulfuric acid.

		  The equation for the reaction is shown.

Cr2O7
2–   +   8H+   +   3CH3CH(OH)CH2CH3   →   3CH3COCH2CH3   +   2Cr3+   +   7H2O

		  (i)	 Calculate the minimum mass of sodium dichromate(VI), Na2Cr2O7 , required to 
oxidise 0.150 mol of butan‑2‑ol.

(3)

moles of Cr2O7
2− needed = 0.150 ÷ 3 = 0.0500 mol

so moles of Na2Cr2O7 = 0.0500 mol

Mr(Na2Cr2O7) = (2 × 23.0) + (2 × 52.0) + (7 × 16.0) = 262.0

minimum mass = 0.0500 × 262.0

mass = 13.1 g
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  

		  *(ii)	 Describe, in detail, the steps in the procedure to make pure, dry butanone 
from butan‑2‑ol.

			   For each step, include the names of the pieces of equipment needed. 
Diagrams of laboratory apparatus are not required.

			   [Boiling temperature of butanone = 353 K 
Boiling temperature of butan‑2‑ol = 372 K]

(6)
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Step 1, reflux: put the butan-2-ol into a round-bottomed (pear-shaped) flask with a

few anti-bumping granules, and add the sodium dichromate(VI) dissolved in water and

acidified with dilute sulfuric acid, so the oxidising agent is in excess.

Fit a vertical (Liebig) condenser into the neck of the flask, with cooling water in at

the bottom and out at the top, and heat the mixture under reflux with an electric

heating mantle (or a small Bunsen flame) for about 20 minutes.

Heating under reflux means that any vapour of butan-2-ol or butanone condenses and

drips back into the flask, so nothing is lost and the butan-2-ol is fully oxidised to

butanone. The mixture turns from orange to green as Cr3+ forms.

Step 2, distillation: rearrange the apparatus for distillation. Fit a still head to the flask

with a thermometer whose bulb is level with the side arm, and connect a sloping Liebig

condenser leading to a receiver (collecting flask).

Heat the flask again and collect the distillate. This is impure butanone, which still

contains water and some butan-2-ol.

Step 3, drying: pour the distillate into a conical flask and add a drying agent,

anhydrous calcium chloride. Swirl and leave until the liquid is clear, so that the water is

removed.

Step 4: filter (or decant) the dried butanone away from the solid drying agent into a

clean, dry round-bottomed flask.

Step 5, redistillation: add fresh anti-bumping granules and redistil the dry liquid using

the same distillation apparatus (still head, thermometer, sloping condenser and receiver).
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Collect only the fraction that distils at 353 K (between 351 K and 355 K), because

this is the boiling temperature of butanone.

Any unreacted butan-2-ol has a higher boiling temperature (372 K), so it stays in the

flask, and the liquid collected is pure, dry butanone.
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14

  

	 (c)	 Butan‑2‑ol reacts with a mixture of 50 % concentrated sulfuric acid and 
potassium bromide.

		  Draw the skeletal formula of the organic compound formed in this reaction.
(1)

	 (d)	 Red phosphorus reacts with iodine to form phosphorus triiodide, PI3 .

P4   +   6I2   →   4PI3

		  Phosphorus triiodide reacts with butan‑2‑ol to form 2‑iodobutane.

3CH3CH(OH)CH2CH3   +   PI3   →   3CH3CHICH2CH3   +   H3PO3

		  (i)	 Calculate the number of iodine molecules needed to produce 22.1 g of PI3 .

			   [L = 6.02 × 1023 mol–1 

Molar mass of phosphorus triiodide = 411.7 g mol–1]
(3)

Br

moles of PI3 = 22.1 ÷ 411.7 = 0.053680 mol

moles of I2 = 0.053680 × 6/4 = 0.080520 mol

number of I2 molecules = 0.080520 × 6.02 × 1023

= 4.85 × 1022 molecules
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		  (ii)	 11.9 g of butan‑2‑ol was reacted with excess phosphorus triiodide. 
22.8 g of pure 2‑iodobutane was formed.

			   Calculate the percentage yield of 2‑iodobutane.

			   [Molar mass of butan‑2‑ol = 74 g mol–1 

Molar mass of 2‑iodobutane = 183.9 g mol–1]
(3)

	 (e)	 The organic product formed when butan‑1‑ol is partially oxidised is isomeric with 
the butanone synthesised in (b).

		  Give the structural and molecular formulae of these two products stating how 
they are isomeric.

(2)
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(Total for Question 6 = 19 marks)

Same molecular formula but different structures (aldehyde and ketone groups), so they

are structural (functional group) isomers.

moles of butan-2-ol = 11.9 ÷ 74 = 0.16081 mol

1 : 1 ratio, so maximum moles of 2-iodobutane = 0.16081 mol

theoretical mass = 0.16081 × 183.9 = 29.573 g

percentage yield = (22.8 ÷ 29.573) × 100

percentage yield = 77.1 %

butanal: structural formula CH3CH2CH2CHO

molecular formula C4H8O

butanone: structural formula CH3COCH2CH3

molecular formula C4H8O
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  

7	 This question is about the industrial preparation of methanol.

	 The equation for the reaction of hydrogen with carbon dioxide to form methanol 
is shown.

3H2(g)   +   CO2(g)      CH3OH(g)   +   H2O(g)               ΔH  = –49 kJ mol–1

	 The reaction is carried out at a temperature of 700 K and a pressure of 90 atm in the 
presence of a catalyst.

	 (a)	 (i)	 Explain why the reaction is carried out at a temperature of 700 K rather than 
400 K or 1000 K.

(3)
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		  (ii)	 Explain why the reaction is carried out at a pressure of 90 atm rather than 
40 atm or 140 atm.

(3)
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A higher temperature (1000 K) would give a faster rate, because more molecules have

energy greater than or equal to the activation energy, so there are more frequent

successful collisions.

However, the forward reaction is exothermic (ΔH = −49 kJ mol−1), so a lower

temperature (400 K) shifts the equilibrium to the right and gives a greater yield of

methanol, but the rate would be too slow.

So 700 K is a compromise temperature between a fast enough rate and a good yield.

A higher pressure gives a faster rate of reaction, because the gas molecules are closer

together and collide more frequently.

A higher pressure also gives a greater yield of methanol, because the equilibrium shifts

to the right, the side with fewer moles of gas (4 mol of gas on the left, 2 mol on

the right).

However, 140 atm is too expensive, because of the energy cost of compressing the

gases and the cost of equipment strong enough to withstand the high pressure. So 90

atm is a compromise between rate/yield and cost.
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	 (b)	 A diagram showing the Maxwell–Boltzmann distribution of molecular energies is 
useful to chemists.

		  (i)	 Sketch a graph to show the Maxwell–Boltzmann distribution of 
molecular energies for the industrial preparation of methanol.

			   Include the activation energies for a catalysed and an uncatalysed reaction. 
Both axes must be clearly labelled.

(4)

		  (ii)	 Explain how your Maxwell–Boltzmann graph shows the effect of a catalyst on 
this reaction.

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 7 = 12 marks)

On the graph the area under the curve to the right of Ea(catalysed) is greater than

the area to the right of Ea(uncatalysed).

So with a catalyst a greater proportion of molecules have energy greater than or equal

to the activation energy, so more collisions are successful and the rate increases.

Ea(cat) Ea(uncat)

Number of
molecules

with energy E

(Kinetic) energy, E

shaded area: extra molecules with E ≥ Ea
when the catalyst is used
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8	 This question is about catalysts.

	 (a)	 Hydrogen can be manufactured by reacting methane gas with steam over a 
solid nickel catalyst.

		  The equation for the reaction is shown.

H2O   +   CH4      3H2   +   CO

		  (i)	 Which is the expression for the equilibrium constant Kc?
(1)

	 A	 K c =
3[H ][CO]

[H O][CH ]
2

2 4

	 B	 K c =
[H O][CH ]
3[H ][CO]

2 4

2

	 C	 K c =
[H ] [CO]

[H O][CH ]
2

2 4

3

	 D	 K c =
[H O][CH ]
[H ] [CO]

2 4

2
3

		  (ii)	 The use of an industrial catalyst reduces the time for 1 tonne of product to be 
made from 4 hours to 1 hour.

			   How many more tonnes of product can be produced in an 8-hour period?
(1)

	 A	 2

	 B	 4

	 C	 6

	 D	 8
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	 (b)	 Vehicle exhaust systems contain catalysts to decrease the quantity of 
pollutants emitted.

		  (i)	 State what is meant by a heterogeneous catalyst.
(1)
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		  (ii)	 Describe how a heterogeneous catalyst is able to increase the rate of reaction 
in a vehicle exhaust system. 
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		  (iii)	 Identify three of the major pollutants and the products they form having 
passed over the heterogeneous catalyst.
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(Total for Question 8 = 8 marks)

A catalyst in a different phase (state) from the reactants, e.g. a solid catalyst with

gaseous reactants.

The reactant gas molecules are adsorbed onto the surface of the solid catalyst (at

active sites), so the catalyst provides a surface for the reaction to occur.

This weakens the bonds in the reactants and holds them in place in the right

orientation, so the activation energy is lowered and the reaction is faster. The products

then desorb.

Carbon monoxide, CO, is oxidised to carbon dioxide, CO2.

Nitrogen oxides, NOx (e.g. NO), are reduced to nitrogen, N2 (and oxygen).

Unburnt hydrocarbons (e.g. octane, C8H18) are oxidised to carbon dioxide and water.

For example: 2CO + 2NO → 2CO2 + N2
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9	 This question is about the complete combustion of hydrocarbons.

	 (a)	 The equation for the complete combustion of butane is shown.

C4H10(g)   +   6½O2(g)   →   4CO2(g)   +   5H2O(l)

		  The enthalpy changes of combustion can be used in the determination of the 
enthalpy change of formation.

		  (i)	 Complete an enthalpy cycle for these reactions including relevant arrows, 
labels, species and state symbols.

(4)

C4H10(g) + 6½O2(g) 4CO2(g) + 5H2O(l)

4C(graphite) + 5H2(g) + 6½O2(g)

ΔfH[C4H10(g)]
4ΔcH[C(graphite)]
+ 5ΔcH[H2(g)]

ΔcH[C4H10(g)]

stemup.co.uk

https://stemup.co.uk


*P77831A02124*
21

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

		  (ii)	 Calculate the enthalpy change for the formation of butane gas from its 
elements, using the information provided.

			   ΔcH d  [C(graphite/s)]	 = –394 kJ mol–1 

ΔcH d  [H2(g)]	 = –286 kJ mol–1 

ΔcH d  [butane(g)]	 = –2877 kJ mol–1

(3)

	 (b)	 State the relevant conditions indicated by the standard symbol in the expression 
for the standard enthalpy change of combustion of butane, ΔcH d [butane].

(2)

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

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

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

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

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

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

(Total for Question 9 = 9 marks)

TOTAL FOR PAPER = 80 MARKS

A pressure of 100 kPa (1 bar).

A stated temperature, usually 298 K, with all reactants and products in their standard

states (e.g. butane as a gas and water as a liquid).

By Hess's law:

ΔfH[C4H10] + ΔcH[C4H10] = 4ΔcH[C] + 5ΔcH[H2]

4ΔcH[C] + 5ΔcH[H2] = (4 × −394) + (5 × −286)

= −1576 + (−1430) = −3006 kJ mol−1

ΔfH[C4H10(g)] = −3006 − (−2877) = −3006 + 2877

ΔfH[C4H10(g)] = −129 kJ mol−1
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