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Q1.This question is about the reaction of ethene and bromine. 

The equation for the reaction is: 

                                                 C2H4 + Br2  →  C2H4Br2 

(a)     Complete the reaction profile in Figure 1. 

Draw labelled arrows to show: 

•        The energy given out (ΔH) 

•        The activation energy. 

Figure 1 

  
(3) 

 
 
 

(b)     When ethene reacts with bromine, energy is required to break covalent bonds in the 
molecules. 

Explain how a covalent bond holds two atoms together. 

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

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

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

........................................................................................................................ 
(2) 
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(c)     Figure 2 shows the displayed formulae for the reaction of ethene with bromine. 

Figure 2 

  

The bond enthalpies and the overall energy change are shown in the table below. 
  

    C=C C–H C–C C–Br Overall energy 
change 

  
Energy in 
kJ / mole 612 412 348 276 −95 

 

Use the information in the table above and Figure 2 to calculate the bond energy for the 
Br–Br bond. 

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

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

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

Bond energy ....................................................... kJ / mole 
(3) 

 
 
 

(d)     Figure 3 shows the reaction between ethene and chlorine and is similar to the reaction 
between ethene and bromine. 

Figure 3 

  

“The more energy levels (shells) of electrons an atom has, the weaker the covalent bonds 
that it forms.” 

Use the above statement to predict and explain how the overall energy change for the 
reaction of ethene with chlorine will differ from the overall energy change for the reaction 
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of ethene with bromine. 

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

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

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

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

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

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

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

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

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

........................................................................................................................ 
(6) 

(Total 14 marks) 
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Q2.This question is about ethanol. 

(a)     Ethanol is produced by the reaction of ethene and steam: 

                                   C2H4 + H2O  C2H5OH 

(i)      Figure 1 shows the energy level diagram for the reaction. 

 

How does the energy level diagram show that the reaction is exothermic? 

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

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

 
 
 

(ii)     A catalyst is used for the reaction. 

Explain how a catalyst increases the rate of the reaction. 

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

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

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

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

 
 
 

(b)     Figure 2 shows the displayed structure of ethanol. 
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Complete the dot and cross diagram in Figure 3 to show the bonding in ethanol. 

Show the outer shell electrons only. 

 
(2) 

 
 
 

(c)     A student burned some ethanol. 

Figure 4 shows the apparatus the student used. 

 

(i)      The student recorded the temperature of the water before and after heating. 

His results are shown in Table 1. 
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Table 1 
  

  Temperature before heating 20.7 °C 

  Temperature after heating 35.1 °C 

 

Calculate the energy used to heat the water. 

Use the equation Q = m × c × ΔT 

The specific heat capacity of water = 4.2 J / g / °C 

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

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

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

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

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

Energy used = ........................................ J 
(3) 

 
 
 

(ii)     Table 2 shows the mass of the spirit burner before the ethanol was burned and after 
the ethanol was burned. 

Table 2 
  

  Mass of spirit burner before ethanol was burned 72.80 g 

  Mass of spirit burner after ethanol was burned 72.10 g 

 

Calculate the number of moles of ethanol (C2H5OH) that were burned. 

Relative atomic masses (Ar): H = 1; C = 12; O = 16 

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

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

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

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



 
  

Page 8 

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

Number of moles burned = ........................................ 
(3) 

 
 
 

(iii)    Calculate the energy released in joules per mole. 

You should assume that all the energy from the ethanol burning was used to heat the 
water. 

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

Energy = ........................................ J / mole 
(1) 

 
 
 

(d)     The names, structures and boiling points of ethanol and two other alcohols are shown in 
Table 3. 

Table 3 
  

  Name Methanol Ethanol Propanol 

  

Structure 

   

  
Boiling 
point in °C 

65 78 97 

 

Use your knowledge of structure and bonding to suggest why the boiling points increase as 
the number of carbon atoms increases. 

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

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

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

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

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

........................................................................................................................ 
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........................................................................................................................ 
(3) 

(Total 15 marks) 
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Q3.Dilute nitric acid reacts with potassium hydroxide solution. 

The equation for the reaction is: 

            HNO3 + KOH  KNO3 + H2O 

A student investigated the temperature change in this reaction. 

This is the method the student used. 

Step 1       Put 25 cm3 of dilute nitric acid in a polystyrene cup. 
Step 2       Use a thermometer to measure the temperature of the dilute nitric acid. 
Step 3       Use a burette to add 4 cm3 of potassium hydroxide solution to the dilute nitric acid 

and         stir the mixture. 
Step 4       Use a thermometer to measure the highest temperature of the mixture. 
Step 5       Repeat steps 3 and 4 until 40 cm3 of potassium hydroxide solution have been added. 

The dilute nitric acid and the potassium hydroxide solution were both at room temperature. 

(a)     Figure 1 shows part of the thermometer after some potassium hydroxide solution had been 
added to the dilute nitric acid. 

 

What is the temperature shown on the thermometer? 

The temperature shown is .................... °C 
(1) 

 
 
 

(b)     Errors are possible in this experiment. 

(i)      Suggest two causes of random error in the experiment. 

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

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

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

 
 
 

(ii)     Another student used a glass beaker instead of a polystyrene cup. 

This caused a systematic error. 

Why does using a glass beaker instead of a polystyrene cup cause a systematic error? 

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

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

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

 
 
 

(c)     The results of the student using the polystyrene cup are shown in Figure 2. 

 

(i)      How do the results in Figure 2 show that the reaction between dilute nitric acid and 
potassium hydroxide solution is exothermic? 

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

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

(ii)     Explain why the temperature readings decrease between 28 cm3 and 40 cm3 of 
potassium hydroxide solution added. 

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

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

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

 
 
 

(iii)    It is difficult to use the data in Figure 2 to find the exact volume of potassium 
hydroxide solution that would give the maximum temperature. 

Suggest further experimental work that the student should do to make it easier to 
find the exact volume of potassium hydroxide solution that would give the maximum 
temperature 

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

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

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

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

 
 
 

(d)     The student did further experimental work and found that 31.0 cm3 of potassium hydroxide 
solution neutralised 25.0 cm3 of dilute nitric acid. 

The concentration of the dilute nitric acid was 2.0 moles per dm3. 

                     HNO3 + KOH  KNO3 + H2O 

Calculate the concentration of the potassium hydroxide solution in moles per dm3. 

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

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

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

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

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

Concentration = ............................ moles per dm3 

(3) 
 
 
 

(e)     The student repeated the original experiment using 25 cm3 of dilute nitric acid in a 
polystyrene cup and potassium hydroxide solution that was twice the original 
concentration. 

She found that: 

•        a smaller volume of potassium hydroxide solution was required to reach the 
maximum temperature 

•        the maximum temperature recorded was higher. 

Explain why the maximum temperature recorded was higher. 

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

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

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

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

(Total 14 marks) 
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Q4.Methane (CH4) is used as a fuel. 

(a)     The displayed structure of methane is: 

 

Draw a ring around a part of the displayed structure that represents a covalent bond. 
(1) 

 
 
 

(b)     Why is methane a compound? 

Tick ( ) one box. 
  

  Methane contains atoms of two elements, combined chemically. 

 

  Methane is not in the periodic table. 

 

  Methane is a mixture of two different elements. 

 
 

(1) 
 
 
 

(c)     Methane burns in oxygen. 

(i)      The diagram below shows the energy level diagram for the complete combustion of 
methane. 

Draw and label arrows on the diagram to show: 

•        the activation energy 
•        the enthalpy change, ΔH. 
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(2) 

 
 
 

(ii)     Complete and balance the symbol equation for the complete combustion of methane. 

                    CH4     +     ..........  CO2       +     .......... 
(2) 

 
 
 

(iii)    Explain why the incomplete combustion of methane is dangerous. 

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

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

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

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

 
 
 

(iv)    Explain why, in terms of the energy involved in bond breaking and bond making, the 
combustion of methane is exothermic. 

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

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

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

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



 
  

Page 16 

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

............................................................................................................... 
(3) 

 
 
 

(d)     Methane reacts with chlorine in the presence of sunlight. 

The equation for this reaction is: 

 

Some bond dissociation energies are given in the table. 
  

  Bond 
Bond dissociation 

energy  
in kJ per mole 

  C−H 413 

  C−Cl 327 

  Cl−Cl 243 

  H−Cl 432 

 

(i)      Show that the enthalpy change, ΔH, for this reaction is −103 kJ per mole. 

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

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

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

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

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

............................................................................................................... 
(3) 

 
 
 

(ii)     Methane also reacts with bromine in the presence of sunlight. 
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This reaction is less exothermic than the reaction between methane and chlorine. 

The enthalpy change, ΔH, is −45 kJ per mole. 

What is a possible reason for this? 

Tick ( ) one box. 
  

  CH3Br has a lower boiling point than CH3Cl 

 

  The C−Br bond is weaker than the C−Cl bond. 

 

  The H−Cl bond is weaker than the H−Br bond. 

 

  Chlorine is more reactive than bromine. 

 
 

(1) 
(Total 15 marks) 

 
 
 

 




