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SECTION A

Answer all questions.

1.	 Draw the skeletal formula of pentane-2,4-diol.� [1]

2.	 Give the name of the straight chain alkane that has the same molecular formula as 
2,2,4-trimethylpentane.� [1]

	

3.	 (a)	 The diagram below shows the Boltzmann energy distribution curve for a reaction at 
298 K.

Number of 
particles

Energy

		  On the diagram, draw the curve for the same reaction at 288 K.� [1]

	 (b)	 State how a catalyst increases the rate of a reaction.� [1]

	

	

It provides an alternative reaction pathway with a lower activation energy.

OH OH

octane

288 K

298 K
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4.	 Complete the diagram below to show the mechanism for the nucleophilic substitution of 
bromoethane to form ethanol. You should include any relevant dipoles in the reactants.� [2]

C

H

H

H C OH  Br–

H

H

C

H

HO –

H

H C Br

H

H

+

5.	 Name the compound shown by the structure drawn below.� [2]

C C

CH CH2CH3

CH3H

H3C

CH3

	

δ+ δ−

Z-2,4-dimethylhex-3-ene
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6.	 Use the information in the following equations.

X Y ∆H θ = _275 kJ mol–1

∆H θ = 160 kJ mol–1Z

V W+ +

X + Y

	 Give ΔH θ for the reactions shown below.

	 (a)	 V WX Y+ + � [1]

	 ΔH θ = 	  kJ mol–1

	 (b)	 ZV W+ � [1]

	 ΔH θ = 	  kJ mol–1
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+275

−115
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SECTION B

Answer all questions.

7.	 A reaction used to produce chloromethane is initiated by shining ultraviolet light into a mixture 
of methane gas and chlorine gas.

	 (a)	 (i)	 Name the mechanism for this reaction.� [1]

			      

	 (ii)	 Give the reaction mechanism for the production of chloromethane from methane 
and chlorine. Show the initiation and propagation stages.� [3]

		  Initiation

		  Propagation

	 (b)	 (i)	 Explain why the mixture produced in this reaction could contain ethane.� [1]

	

	

	 (ii)	 Explain why the mixture produced in this reaction could contain dichloromethane.
� [2]

	

	

	

Two methyl radicals can combine in a termination step: •CH3 + •CH3 →

C2H6

The substitution chain reaction continues: CH3Cl + Cl• → •CH2Cl + HCl,

and the chloromethyl radical then reacts with chlorine: •CH2Cl + Cl2 →

CH2Cl2 + Cl•

(free) radical substitution

Cl2  →  2Cl•

Cl•  +  CH4  →  HCl  +  •CH3

•CH3  +  Cl2  →  CH3Cl  +  Cl•

UV
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	 (c)	 The original reaction to produce chloromethane was carried out in an aluminium-lined 
container. The gas mixture was exposed to ultraviolet light for a prolonged period of 
time. This method produced large quantities of side-products.

UV lamp

glass

aluminium foil

methane and chlorine mixture

		  A possible improvement to this method, designed to minimise the formation of 
		  side-products, involves passing the mixture of methane and chlorine through a narrow 

transparent tube wrapped around an ultraviolet light source.

methane and chlorine mixture
UV lamp

products
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	 (i)	 Suggest why this improvement could lead to fewer side-products in the mixture.�[1]

	

	

	 (ii)	 This method was tested using different flow rates of the methane and chlorine 
mixture to find the best yield of chloromethane. The composition of the product 
mixture was found and recorded below.

Flow rate 
/ cm3 s–1

Percentage of product mixture

CH4 Cl2 CH3Cl CH2Cl2 C2H6

1 2 1 12 48 37

2 6 3 43 28 20

3 10 5 72 8 5

4 34 17 42 5 2

5 58 29 10 2 1

		  Use this data to determine the optimum flow rate for the production of 
chloromethane. 

		  Explain the results recorded at this flow rate.� [2]

	

	

	

	

10

The gas is only exposed to UV for a short time as it flows through, so

fewer chlorine radicals form.

3 cm3 s−1 (highest percentage of CH3Cl, 72%).

At this flow rate there is enough time for most of the methane and

chlorine to react, but not enough time for the chloromethane to react

further to form side-products such as CH2Cl2.
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8.	 The reaction between hydrated barium hydroxide and ammonium chloride is a rare example of 
an endothermic solid-state reaction.

	 (a)	 Complete the reaction profile below to show the enthalpy change involved in an 
endothermic reaction. Label the enthalpy change clearly on the diagram.� [1]

Energy
reactants

Reaction progress

products

ΔH (+ve)
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	 (b)	 The enthalpy change for this reaction can be calculated using standard enthalpy 
changes of formation.

	 (i)	 Give the meaning of the term standard enthalpy change of formation.� [2]

	

	

	

	 (ii)	 The standard enthalpy changes of formation, ΔfH
θ, of the substances involved in 

this reaction are given below.

Substance ΔfH
θ / kJ mol–1

H2O –286

NH3 –45.9

BaCl2.2H2O –1460

Ba(OH)2.8H2O –3350

NH4Cl –314

		  Using a Hess cycle or otherwise, calculate the standard enthalpy change for this 
reaction.� [3]

Ba(OH)2.8H2O 2NH4Cl+ BaCl2.2H2O 8H2O 2NH3+ +

	 Enthalpy change = 	  kJ mol–1

The enthalpy change when 1 mol of a substance is formed from its

constituent elements, with all substances in their standard states, under

standard conditions (298 K, 100 kPa).

ΣΔfH products = −1460 + 8(−286) + 2(−45.9) = −3840 kJ mol−1

ΣΔfH reactants = −3350 + 2(−314) = −3978 kJ mol−1

ΔrH = ΣΔfH products − ΣΔfH reactants

ΔrH = −3840 − (−3978) = +138 kJ mol−1

+138
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	 (c)	 (i)	 A student performed an experiment to determine the enthalpy change for this 
reaction.

			  He weighed 31.5 g of hydrated barium hydroxide into a glass beaker and recorded 
its temperature. He started his stopwatch and recorded the temperature again 
after 30 seconds. 

		  After 1 minute, he added excess ammonium chloride and thoroughly mixed the 
solids using a stirring rod. He then measured the temperature every 30 seconds 
for a further 4 minutes.

		  His results are shown below.

Time / s Temperature / °C

0 21

30 21

60 —

90 17

120 5

150 –8

180 –20

210 –19

240 –18

270 –17

300 –16

		  Plot the results on the grid opposite. Calculate the maximum temperature change 
and record it below your graph.� [4]
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	 Maximum temperature change = 	  °C

ΔT = 21 − (−24) = 45 °C

45
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	 (ii)	 Use the balanced equation to calculate the mass of water released during this 
reaction. Give your answer to an appropriate number of significant figures.� [3]

Ba(OH)2.8H2O 2NH4Cl+ BaCl2.2H2O 8H2O 2NH3

Mr 315

+ +

	 Mass of water = 	  g

	 (iii)	 Use the mass of water from part (ii) and the maximum temperature change from 
part (i) to calculate the enthalpy change of reaction per mole of hydrated barium 
hydroxide. Give your answer in kJ mol–1.

		  Assume that the specific heat capacity of the reaction mixture is 1.13 J g–1 K–1.� [2]

	 Enthalpy change = 	  kJ mol–1

n(Ba(OH)2.8H2O) = 31.5 / 315 = 0.100 mol

n(H2O) = 8 × 0.100 = 0.800 mol

mass of H2O = 0.800 × 18.02 = 14.4 g

14.4

q = mcΔT = 14.4 × 1.13 × 45 = 732 J (heat taken in)

ΔH = q / n = 732 / 0.100 = 7322 J mol−1

ΔH = +7.32 kJ mol−1 (endothermic)

+7.32

stemup.co.uk

https://stemup.co.uk


Turn over.13

13

© WJEC CBAC Ltd. (2410U20-1)

Examiner
only

	 (d)	 (i)	 Explain why the experimental value calculated in part (c)(iii) is much lower than 
the theoretical value calculated in part (b)(ii).� [1]

	

	

	 (ii)	 Suggest a possible change to the method that would improve the accuracy of the 
experimentally determined value.� [1]

	

	

17

Heat is transferred from the surroundings into the glass beaker, so the

temperature fall measured is smaller than it should be.

Use an insulated polystyrene cup with a lid instead of the glass beaker.
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9.	 (a)	 Compound A contains carbon, hydrogen and oxygen only.

		  Elemental analysis of compound A indicates that it is composed of 68.09 % carbon and 
18.16 % oxygen by mass.

		  Simplified forms of the mass spectrum, infrared spectrum, 1H NMR spectrum and 
		  13C NMR spectrum are shown below.
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1H NMR spectrum

δ / ppm

The numbers above the peaks show 
the relative areas of the peaks
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80 70 60 50 40 30 20 10 0

13C NMR spectrum

δ / ppm

		  Determine the identity of compound A. Explain your answer using information from all 
of the data sources provided.� [10]
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% H = 100 − 68.09 − 18.16 = 13.75%
C : H : O = 68.09/12.0 : 13.75/1.01 : 18.16/16.0 = 5.67 : 13.6 : 1.14 = 5

: 12 : 1, so the empirical formula is C5H12O (Mr = 88).

Mass spectrum: molecular ion peak at m/z 88, so the molecular formula is
C5H12O. Fragments: 71 is C5H11

+ (loss of OH), 17 is OH+ and 15 is CH3
+.

IR: broad absorption at about 3350 cm−1 shows an O−H group (an alcohol);
there is no C=O peak at about 1700 cm−1.
1H NMR: 3 peaks, so 3 hydrogen environments, in the ratio 1 : 2 : 9. Peak
at 4.5 ppm (1H) is O−H, peak at 3.3 ppm (2H) is HC−O (a CH2 next to

O) and peak at 0.9 ppm (9H) is R−CH3: three equivalent CH3 groups.
13C NMR: 3 peaks, so 3 carbon environments: 73 ppm is C−O, 33 ppm is the

C−C (central quaternary carbon) and 26 ppm is the three equivalent CH3

carbons.
So A is 2,2-dimethylpropan-1-ol, (CH3)3CCH2OH.
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	 (b)	 Propan-1-ol can be oxidised to propanoic acid in the presence of sulfuric acid.

	 (i)	 Give a solution which acts as an oxidising agent for this reaction in acidic 
conditions.� [1]

	

	 (ii)	 Give the balanced equation for this reaction.� [1]

+. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [O] +. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H2O

	 (iii)	 The oxidation of propan-1-ol requires the presence of a strong acid. Hydrochloric 
acid cannot be used in this reaction as the chloride ions would be oxidised.

		  Give the half equation for the oxidation of chloride ions.� [2]

	

	 (iv)	 Propanoic acid and ethanol react on heating in acidic conditions to form a 
		  sweet-smelling compound.

	 I. 	 Give the products of this reaction. Clearly show the structure of the 
		  sweet-smelling compound.� [2]

	 II.	 Name the sweet-smelling compound.� [1]

		  	

	 III.	 State the purpose of adding an acid to the reaction mixture. � [1]

	

18

2Cl− → Cl2 + 2e−

It is a catalyst, so it increases the rate of the reaction.

acidified K2Cr2O7, potassium dichromate(VI)

CH3CH2CH2OH 2 CH3CH2COOH

H C C C

O

O C C H

H

H

H

H

H

H

H

H

+     H2O

ethyl propanoate
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10.	 1-Bromobutane can be converted into 2-bromobutane using a two-step synthesis.

	 (a)	 The first step in this synthesis is an elimination reaction between 1-bromobutane and 
sodium hydroxide to form but-1-ene.

	 (i)	 Give the conditions needed for this elimination reaction.� [2]

	

	 (ii)	 State the molecule eliminated from 1-bromobutane.� [1]

	

	 (iii)	 The but-1-ene formed during this reaction is then used to form 2-bromobutane by 
reaction with hydrogen bromide, HBr. 

		  Draw the mechanism for this reaction. � [3]

Heat under reflux with NaOH dissolved in ethanol (alcoholic).

hydrogen bromide, HBr

C C
H

H

H

CH2CH3

H

Br

δ+

δ−

C C

H

H

H

H

CH2CH3
+

secondary carbocation

Br−

C C

H

H

H

H

Br

CH2CH3

2-bromobutane
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	 (b)	 A similar two-step synthesis was carried out starting from 2-bromo-2-methylbutane. 
		  The diagram below shows some of the details.

alkene intermediate Zalkene intermediate Y

addition
of HBr

C C

H

C C

H H

H Br

CH3 H

H

HHC C

H

A B C

C C

H H

Br H

CH3 H

H

HH C C

H

C C

H H

H H

CH3 H

Br

HH

addition
of HBr

C C

H

C C

H H

H Br

CH3 H

H

HH

eliminationelimination
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	 (i)	 Complete the diagram by drawing the structures of the two possible alkene 
intermediates, Y and Z.� [2]

	 (ii)	 Suggest which of the three possible products, A, B or C, would have the greatest 
yield. 

		  Explain your reasoning in terms of the stability of any carbocation intermediates 
formed.� [3]

	

	

	

	

	

	

11

B. Addition of H+ to either alkene can give the tertiary carbocation

(CH3)2C+CH2CH3, with the C+ bonded to three alkyl groups. Alkyl groups

are electron-donating (positive inductive effect), so the tertiary

carbocation is the most stable, more stable than the secondary (giving

A) or primary (giving C) carbocation, so it forms most readily and Br−

bonds to it to give B (B also forms from both Y and Z).
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11.	 (a)	 A student was investigating the rate of hydrolysis of three different halogenoalkanes:

		  1-chlorobutane, 1-bromobutane and 1-iodobutane

		  She added 2 cm3 of the halogenoalkane to a mixture of 6 cm3 of sodium hydroxide 
dissolved in ethanol and aqueous silver nitrate solution. She then used a light sensor to 
measure the amount of light transmitted through the reaction mixture over time.

light sensor

lamp

cardboard 
tube

reaction 
mixture

		  Her results are shown in the graphs below.
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	 (i)	 Explain why this method can be used to monitor the rate of these hydrolysis 
reactions.� [2]

	

	

	

	 (ii)	 Identify which of graphs A-C shows the rate of hydrolysis for 1-iodobutane. 

		  Explain your reasoning.� [3]

	

	

	

	

	 (iii)	 Calculate the mean rate of the reaction shown by graph B. 

		  Give the appropriate unit.� [2]

	 Rate = 	

	 Unit 	

	 (iv)	 Using the graphs, suggest why the results of this experiment could be considered 
to be not valid.� [1]

	

	

Hydrolysis releases halide ions, which react with Ag+ ions to form an

insoluble silver halide precipitate, so the amount of light passing through

the mixture decreases over time.

A. Graph A has the highest rate: the light intensity falls soonest and

fastest and the reaction finishes first. The C−I bond is the weakest

carbon to halogen bond (lowest bond enthalpy), so it breaks most easily

and 1-iodobutane is hydrolysed fastest.

The light intensity does not start at the same level for all three

reactions.

B falls from 950 to 100 lux in about 100 s:

rate = (950 − 100) / 100 = 850 / 100 = 8.5

8.5

lux s−1
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	 (b)	 Another student investigated the effect of concentration on rate using an iodine clock 
reaction. This method uses a solution containing persulfate ions to oxidise iodide ions to 
generate iodine in a slow reaction.

2l
_

S2O8
2_

+ l2 2SO4
2_

+

		  Iodine is then reduced back to iodide by thiosulfate ions in a fast reaction.

I2 2S2O3
2_

+ 2I
_

S4O6
2_

+

		  When the thiosulfate has been consumed, excess iodine is formed which can then be 
identified using an appropriate indicator.

		  Describe how the student could determine the effect of changing the concentration of 
persulfate ions on the rate of the reaction.

		  You should

	 •	 give a brief method (specific quantities are not required)
	 •	 state how persulfate solutions of different concentrations are prepared from a 

stock solution
	 •	 state how the data collected is used to determine the rate of the reaction
� [6 QER]

Examiner
only

Put fixed volumes of potassium iodide solution and sodium thiosulfate

solution into a conical flask and add a few drops of starch solution as

the indicator.

Add a measured volume of persulfate solution, swirl and start the

stopwatch at once.

Stop the clock when the mixture suddenly turns blue-black (excess iodine

forms once all the thiosulfate has been used up) and record the time, t.

Make different persulfate concentrations by diluting the stock solution

with deionised water, using a burette, keeping the total volume the same:

e.g. 50 cm3 stock + 0 cm3 water, then 40 cm3 stock + 10 cm3 water,

30 cm3 + 20 cm3, 20 cm3 + 30 cm3 and so on.

Repeat the experiment with each persulfate concentration, keeping the

volumes and concentrations of iodide, thiosulfate and starch, the total

volume of the reaction mixture and the temperature (water bath)
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END OF PAPER
14

constant. Repeat each run and find a mean time.

The rate is proportional to 1/time, so calculate rate = 1/t for each

concentration, then plot 1/t against persulfate concentration: the shape of the

graph (e.g. a straight line through the origin) shows the effect of

concentration on the rate.
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