
Questions 
 
Q1. 
  
A student investigated the neutralisation of acids by measuring the temperature changes when alkalis 
were added to acids of known concentrations. 

 
He used this apparatus to add different volumes of sodium hydroxide solution to a fixed volume of dilute 
nitric acid. 

 

 

 
He used this method. 

 
 
• measure the temperature of 25.0 cm3 of the acid in the polystyrene cup 
• add the sodium hydroxide solution in 5.0 cm3 portions until a total of 30.0 cm3 has been added 
(a)  State two properties of the sodium hydroxide solution that should be kept constant for each 5.0 cm3 
portion. 

(2) 
 
1  .............................................................................................................................................  

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

2  .............................................................................................................................................  

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

 
(b)  The diagram shows the thermometer readings in one experiment. 

 

 

 
Write down the thermometer readings and calculate the temperature change. 

(3) 



temperature after adding alkali ....................................................................°C 

 
temperature before adding alkali ...............................................................°C 

 
temperature change .................................................................................................°C 

 
(c)  The student carried out the experiment three times. 

 
The table shows his results. 

 

 

 
The teacher said that only the results for experiment 3 showed the expected increase and decrease in 
temperature. 

 
(i)  Why was there no temperature decrease in experiment 1? 

(1) 
 
   A    The alkali was added too quickly 

   B    The starting temperature of the acid was too high 

   C    The acid concentration was half what it should have been 

   D    The volume of acid used was 50.0 cm3 instead of 25.0 cm3 

 
(ii)  Why were the temperature increases in experiment 2 much greater than expected? 

(1) 
 
   A    The starting temperature of the acid was too high 

   B    The acid concentration was double what it should have been 

   C    The volume of acid used was 50.0 cm3 instead of 25.0 cm3 

   D    The alkali was added in 10.0 cm3 portions but were recorded as 5.0 cm3 portions 

 
(d)  Plot the results of experiment 3 on the grid. 

 



Draw a straight line of best fit through the first four points, and another straight line of best fit through the 
last three points. Make sure that the two lines cross. 

(4) 
 

 

 
(e)  The point where the lines cross indicates the volume of alkali added to exactly neutralise the acid and 
also the maximum temperature reached. 

 
Record these values. 

(2) 
volume of alkali.............................................................................................. cm3 

 
maximum temperature.............................................................................................. °C 

 
(f)  Another student used sulfuric acid instead of nitric acid in her experiments. She started with 25.0 cm3 
of sulfuric acid of concentration 0.650 mol/dm3. 

 
She added 0.500 mol/dm3 sodium hydroxide solution until the acid was completely neutralised. 

 
The equation for this reaction is 

 
2NaOH + H2SO4 → Na2SO4 + 2H2O 

 
(i)  Calculate the amount, in moles, of sulfuric acid used. 

(2) 
 
 
 
 
 

amount = ........................................................... mol 

 
(ii)  Calculate the amount, in moles, of sodium hydroxide needed to neutralise this amount of sulfuric acid. 

(1) 



 
 
 
 
 

amount = ........................................................... mol 

 
(iii)  Calculate the volume, in cm3, of sodium hydroxide solution needed to neutralise this amount of 
sulfuric acid. 

(2) 
 
 
 
 
 

volume = ........................................................... cm3 
   

(Total for Question = 18 marks) 
 
 



Q2. 
  
A student uses this apparatus to find the increase in temperature of water when methanol, CH3OH, is 
burned. 

 

(a)  There are several reasons why the increase in temperature is less than expected. 
(i)  One reason is the incomplete combustion of methanol to form only carbon monoxide and water. 

Write the chemical equation for this incomplete combustion. 
(2) 

 .............................................................................................................................................  
(ii)  State another reason why the increase in temperature is less than expected. 

(1) 
 .............................................................................................................................................  

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

(b)  The student records these results. 

 
(i)  Calculate the heat energy change (Q), in joules, in this experiment using the expression 

Q = m × 4.2 × ΔT 
where m is the mass of water in grams and ΔT represents the increase in temperature. 

(2) 
 
 
 
 
 

Q = ........................................................... J 
(ii)  The relative molecular mass of methanol is 32 

Use this information and your value for Q to calculate the molar enthalpy change, ΔH, for the 
combustion of methanol. 
Give your answer in kJ/mol. 

(4) 
 
 
 
 
 



 
 
 
 
 

ΔH = ........................................................... kJ/mol 
(iii)  The student draws an energy level diagram for the complete combustion of methanol. 

 
Identify the two mistakes in his diagram. 

(2) 
1 ..........................................................................................................................................  

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

2 ..........................................................................................................................................  

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

(c)  The student is given this table of average (mean) bond energies. 

 
The equation for the complete combustion of methanol is 

 
Use this equation and the information in the table to calculate another value for the molar enthalpy 
change, ΔH, for the combustion of methanol. 

(4) 
 
 
 
 
 
 
 
 
 
 

ΔH = ........................................................... kJ/mol 

  
(Total for question = 15 marks) 

  
 
 



Q3. 
  
A student does some experiments to find the heat energy released when natural gas burns. 

She uses this apparatus. 

 

 

 
(a)  The diagram shows the thermometer readings in one of her experiments. 

 

 
 
Use these readings to complete the table, entering all values to the nearest 0.1 °C. 

(3) 
 

 

 
(b)  The student repeats the experiment three times. 

The table shows her results. 
 

 
 
(i)  Calculate the amount, in moles, at room temperature and pressure, of methane burned in 
experiment 1. 

Assume that natural gas contains only methane. 



(The volume of 1 mol of a gas at room temperature and pressure is 24 000 cm3) 
(2) 

 
 
 
 
 

amount = ........................................................... mol 
 
(ii)  The quantity of heat energy released in experiment 1 is 29 200 J. 

Calculate the molar enthalpy change, in kJ/mol, for the combustion of methane. 
(2) 

 
 
 
 
 

molar enthalpy change = ........................................................... kJ/mol 
 
(iii)  The temperature rise in experiment 2 is 41.2 °C. 

Calculate the heat energy change in experiment 2 using the expression 
heat energy change = volume of water × 4.2 × temperature change 

(in J)           (in cm3)           (in °C) 
(2) 

 
 
 
 
 

heat energy change = ........................................................... J 
 
(iv)  The student uses the results from experiment 3 to calculate the molar enthalpy change, in kJ/mol, 
for the combustion of methane. 

She compares her value with the value in a data book. 
 

 
 
Which is the best explanation for the large difference between these two values? 

(1) 
   A    natural gas contains other gases that release heat energy when burned 
   B    not all of the heat energy is transferred to the water 
   C    some of the water evaporates during the experiment 
   D    the student measures the gas by volume instead of by mass 

 
 
(c)  The student uses a table of average bond energies to calculate another value for the molar enthalpy 
of combustion of methane. 

 

 



 
The equation for the combustion can be shown using displayed formulae. 

 

 
 
(i)  Use values from the table to calculate the energy taken in when the bonds in the reactants are 
broken. 

(2) 
 
 
 
 
 

energy taken in = ........................................................... kJ 
 
(ii)  Use values from the table to calculate the energy given out when the bonds in the products are 
formed. 

(2) 
 
 
 
 
 

energy given out = ........................................................... kJ 
 
(iii)  Use your answers to (i) and (ii) to calculate the molar enthalpy change for the combustion of 
methane. 

(1) 
 
 
 
 
 

molar enthalpy change = ........................................................... kJ/mol 

 
   

(Total for question = 15 marks) 
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