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Learner resource 1 – Energy and fuels
Instructions and answers for teachers
This Learner resource should be used in conjunction with the KS4–5 A Level Chemistry Transition Guide Enthalpy changes, which supports OCR A Level Chemistry A and Chemistry B (Salters).
These instructions cover the learner activity section which can be found on page 6. 

When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the teacher instructions section.
This activity covers the four main types of enthalpy change calculation required in the first year of A Level study, using everyday examples to put the ideas into context. It would be useful towards the end of teaching enthalpy change, as a revision exercise to check understanding.

The first three examples relate to the fuels. The first two questions involve use of Hess cycles to determine enthalpy changes by an indirect method. Question 1 uses enthalpy of formation values; question 2 uses enthalpy of combustion values. Question 3 requires use of q = mc(T.

Question 4 involves the use of average bond enthalpies to find the enthalpy change of a reaction that is used to fuel rockets. Question 5 involves the application of ideas met in this topic to the calorific value of food.
1. Liquefied petroleum gas (LPG) is a type of fuel that can be used in heating appliances, cooking equipment and vehicles. One type of LPG consists mainly of propane (C3H8).
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a)
Write an equation to represent the standard enthalpy change of formation of propane.
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b)
Write an equation to represent the standard enthalpy change of combustion of propane.
c)
Use your equations and the enthalpy change of formation values below to calculate the standard enthalpy change of combustion of propane.
[image: image8.jpg]AS and A LEVEL

CHEMISTRY A AND CHEMISTRY B (SALTERS)
Teacher Instructions




Hess cycle

(H1 = –(H2 + (H3

= –(–104.5) + [(3 × –394) + (4 × –286)] 


= 104.5 + (–2326)


= –2221.5 kJ mol–1
2. Butanol (C4H10O) is a fuel that can be used in standard petrol engines. It is being investigated as a potential biofuel, though it is currently not efficient to produce.
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a)
Write an equation to represent the standard enthalpy change of combustion of butanol.
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b)
Write an equation to represent the standard enthalpy change of formation of butanol.
c)
Use the standard enthalpy change of combustion values below to calculate the enthalpy change of formation of butanol.

Hess cycle

(H1 = (H2 – (H3

= [(4 × –394) + (5 × –286)] – –2676


= –3006 + 2676


= –330 kJ mol–1
3.
Kerosene has many uses, including as cooking fuel and jet fuel.


A kerosene burner was used to heat 100 g of water. 0.225 g of fuel was used to increase the temperature of the water by 20.0 °C.

a)
Calculate the amount of heat, in kJ, transferred to the water.


The specific heat capacity of water, c, is 4.18 J K–1 g–1.
b)
Assume the chemical formula for kerosene is C12H26. Calculate the amount of kerosene, in moles, used in the experiment.

c)
Calculate the enthalpy change of combustion of kerosene.
d)
The data book value for the standard enthalpy change of combustion of kerosene is 
–7153 kJ mol–1. 

Suggest two reasons why the experimental value is different from the literature value. 
4.
A mixture of dinitrogen tetroxide (N2O4) and hydrazine (N2H4) is used as a propellant for deep space rockets. When they react, they produce steam and nitrogen gas.

a)
Construct a balanced equation for the reaction.
b)
Use oxidation numbers to explain why this is a redox reaction.

c)
Use the mean bond enthalpies in the table below to calculate the enthalpy change for this reaction.

	Bond
	N–H
	N–N
	N–O 
(in N2O4)
	O–H
	N≡N

	Average bond enthalpy / kJ mol–1
	391
	163
	404
	463
	941


Use the following structures to help you. You can assume that all N–O bonds in N2O4 have the bond enthalpy value show in the table.
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N2H4
N2O4

d)
Suggest why this combination makes a good rocket propellant.


5.
The recommended daily intake of an average man is 2500 dietary calories per day.


1 kJ = 0.239 dietary calories.

a)
A small bag of potato crisps contains 25 g of the snack.


A 2.0 g sample of the snack was burnt completely and the heat energy was used to increase the temperature of 500 g of water in a calorimeter. The temperature of the water in the calorimeter increased by 20.9 °C. 

(i) Calculate the energy, in kJ, that would be released if the contents of the entire bag were burnt.

The specific heat capacity of water, c, is 4.18 J K–1 g–1.
(ii) Assume that the same amount of energy is released from crisps when you eat them, as when you burn them.

How many bags of crisps would an average man need to provide the recommended daily intake of dietary calories?

(This is not a good way to meet your calorie needs!)
b)
The main component of boiled sweets is sucrose, C12H22O11.

(i)
Write an equation for the complete combustion of sucrose.
(ii)
The standard enthalpy change of combustion of sucrose is –5644 kJ mol–1.


Calculate the energy released when one sweet containing 6.70 g of sucrose is completely burnt.
(iii) How many sweets would an average man need to provide the recommended daily intake of dietary calories?

(This is also not a good way to meet your calorie needs!)


Learner resource 1 – Energy and fuels
Learner Activity
1. Liquefied petroleum gas (LPG) is a type of fuel that can be used in heating appliances, cooking equipment and vehicles. One type of LPG consists mainly of propane (C3H8).

a)
Write an equation to represent the standard enthalpy change of formation of propane.
b)
Write an equation to represent the standard enthalpy change of combustion of propane.

c)
Use your equations and the enthalpy change of formation values below to calculate the standard enthalpy change of combustion of propane.
	Substance
	(fHo / kJ mol–1

	C3H8(g)
	–104.5

	CO2(g)
	–394

	H2O(l)
	–286




2. Butanol (C4H10O) is a fuel that can be used in standard petrol engines. It is being investigated as a potential biofuel, though it is currently not efficient to produce.

a)
Write an equation to represent the standard enthalpy change of combustion of butanol.
b)
Write an equation to represent the standard enthalpy change of formation of butanol.
c)
Use the standard enthalpy change of combustion values below to calculate the enthalpy change of formation of butanol.

	Substance
	(cHo / kJ mol–1

	C(s)
	
–394

	H2(g)
	
–286

	C4H10O(l)
	
–2676



3.
Kerosene has many uses, including as cooking fuel and jet fuel.


A kerosene burner was used to heat 100 g of water. 0.225 g of fuel was used to increase the temperature of the water by 20.0 °C.

a)
Calculate the amount of heat, in kJ, transferred to the water.


The specific heat capacity of water, c, is 4.18 J K–1 g–1.
b)
Assume the chemical formula for kerosene is C12H26. Calculate the amount of kerosene, in moles, used in the experiment.
c)
Calculate the enthalpy change of combustion of kerosene.
d)
The data book value for the standard enthalpy change of combustion of kerosene is –7153 kJ mol–1. 


Suggest two reasons why the experimental value is different from the literature value. 
4.
A mixture of dinitrogen tetroxide (N2O4) and hydrazine (N2H4) is used as a propellant for deep space rockets. When they react, they produce steam and nitrogen gas.

a)
Construct a balanced equation for the reaction.

b)
Use oxidation numbers to explain why this is a redox reaction.

c)
Use the mean bond enthalpies in the table below to calculate the enthalpy change for this reaction.

	Bond
	N–H
	N–N
	N–O 
(in N2O4)
	O–H
	N≡N

	Average bond enthalpy / kJ mol–1
	391
	163
	404
	463
	941


Use the following structures to help you. You can assume that all N–O bonds in N2O4 have the bond enthalpy value show in the table.




[image: image3.png]




[image: image4.png]





N2H4
     N2O4

d)
Suggest why this combination makes a good rocket propellant.

5.
The recommended daily intake of an average man is 2500 dietary calories per day.


1 kJ = 0.239 dietary calories.

a)
A small bag of potato crisps contains 25 g of the snack.


A 2.0 g sample of the snack was burnt completely and the heat energy was used to increase the temperature of 500 g of water in a calorimeter. The temperature of the water in the calorimeter increased by 20.9 °C. 

(i) Calculate the energy, in kJ, that would be released if the contents of the entire bag were burnt.

The specific heat capacity of water, c, is 4.18 J K–1 g–1.
(ii) Assume that the same amount of energy is released from crisps when you eat them, as when you burn them.

How many bags of crisps would an average man need to provide the recommended daily intake of dietary calories?

(This is not a good way to meet your calorie needs!)
b)
  The main component of boiled sweets is sucrose, C12H22O11.

(i)
Write an equation for the complete combustion of sucrose.
(ii)
The standard enthalpy change of combustion of sucrose is –5644 kJ mol–1.


Calculate the energy released when one sweet containing 6.70 g of sucrose is completely burnt.
(iii) How many sweets would an average man need to provide the recommended daily intake of dietary calories?

(This is also not a good way to meet your calorie needs!)
3C(s)  +  4H2(g)  (  C3H8(g)





C3H8(g)  +  5O2(g)  (  3CO2(g)  +  4H2O(l)








C4H10O(l)  +  6O2(g)  (  4CO2(g)  +  5H2O(l)





4C(s)  +  5H2(g)  +  ½O2  (  C4H10O(l)





q = mc(T = 100 × 4.18 × 20.0


		= 8360 J


		= 8.36 kJ





n(C12H26) = m / M


		= 0.225 / 170


		= 1.32 × 10–3 mol








q / n = 8.36 / 1.32 × 10–3 = 6.32 × 103 kJ mol–1 (to 3 significant figures)





Possible answers include:


	- incomplete combustion of kerosene


	- heat losses to the surroundings


	- some heat increases the temperature of the apparatus rather than the water


	- experiment not carried out under standard conditions.





N2O4  +  2N2H4  (  3N2  +  4H2O





The oxidation number of N in N2O4 is +4.


The oxidation number of N in N2H4 is (2.


The oxidation number of N in N2 is 0.


So, N is both reduced and oxidised in the reaction.





Bonds broken: 4 × (N–O) + (N–N) + 4 × (N–H) + (N–N) = 3506 kJ mol–1


Bond formed: 3 × (N≡N) + 8 × (O–H) = 6527 kJ mol–1


(H = bond broken – bonds formed = 3506 – 6527 = –3021 kJ mol–1





A large amount of energy is released per mol of fuel that reacts. Additionally, large volumes of gaseous products are formed, which propel the rocket.





q = mc(T = 500 × 4.18 × 20.9 = 43681 J in 2 g (= 43.681 kJ)


in one bag: 43.681 × 12.5 = 546 kJ








2500 dietary calories / 0.239 = 10460 kJ required per day 


10460 / 546 = 19 bags of crisps








C12H22O11(s)  +  12O2(g)  (  12CO2(g)  +  11H2O(l)





M(C12H22O11) = 342 g mol–1


n(C12H22O11) = 6.70 / 342 = 0.0196 mol sucrose in one sweet


energy released from one sweet = 5644 × 0.0196 = 110.6 kJ








As above, 10460 kJ required per day.


10460 / 110.6 = 95 sweets
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