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1. 
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2. 

(a) Suggest why it is important that the hydrochloric acid and the sodium hydroxide are at the same
temperature.

[1]
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(g) Explain why the temperature falls on continuing to add hydrochloric acid ​after ​the maximum
temperature has been reached.

[2] 

(h) The data book value for this molar enthalpy change of neutralisation is more exothermic than
Zac's value

State the ​main ​reason for the difference between the values and suggest ​one ​change that would 
improve his result. 

[2] 

(Total 14) 

3.​ (a) An aqueous solution of methanoic acid can be used to dissolve 'lime scale' in kettles. The
concentration of a methanoic acid solution used for this purpose can be found by a titration using
sodium hydroxide solution. For this purpose a 25.0 cm³ sample of aqueous methanoic acid was
diluted to 250 cm³.

(i)State the name of the piece of apparatus used to

I measure out 25.0 cm³ of aqueous methanoic acid, 

[1] 

II contain exactly 250 cm³ of the diluted solution. 

[1]
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(ii) A 25.0 cm³ sample of the diluted methanoic acid was titrated with sodium hydroxide solution of
concentration 0.200 mol dm ​-³​. A volume of 32.00 cm³ was needed to react with all the methanoic
acid present.

Calculate the number of moles of sodium hydroxide used. 

[1] 

Moles of sodium hydroxide ​= ​.......................................​mol 
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4.
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(i) Calculate the energy released in the experiment

[1] 

Energy released = ​. . . . . . . . . . . . . . . .  ​J 

(ii) The enthalpy change of combustion of ethanol is defined as the energy change per mol of
ethanol burned.

Use your answer to (i) to calculate the enthalpy change of combustion of ethanol.  

Give your answer in kJ mol ​−​¹ and correct to ​3 significant figures​. Include the sign. 

[3] 

How would you expect the numerical values obtained by the two students to differ? Explain your 
answer. 

You may assume that both values were found under the same conditions of temperature and 
pressure. 

[2]
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(d) The students then used the apparatus from (b) to find the enthalpy change of combustion of
higher relative molecular mass alcohols. They found that as the number of carbon atoms increased
the value of the enthalpy change of combustion became more negative.

(ii) In terms of bond strengths, explain why enthalpy changes of combustion are negative

[1] 

(iii) Explain why the enthalpy change of combustion of propanol is more negative than that of ethanol

[1] 

(e)Recent research has been carried out to find economic and environmentally friendly uses for
waste straw and wood chippings.

The process of gasification involves the material being partly combusted at a temperature of about 
700 °C to give a mixture consisting mainly of hydrogen and carbon monoxide but also some carbon 
dioxide. 

Another approach has been to use enzyme catalysed reactions to change the waste material into 
glucose and then to ethanol. 

Comment on the economic and environmental factors involved in both of these processes. 

[4] QWC [2]

(Total 17) 
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5. 

(Total 1) 

6.
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7. 

8.
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9.​ The diagram below shows the reaction profile for a chemical reaction. Three energy differences
are marked on it with arrows labelled 1, 2 and 3.
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Select which of the following correctly assigns the three energy differences. 

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