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Q1. 
The equation for the reaction between ammonia and oxygen is shown. 

4NH3(g) + 5O2(g) ⇌ 4NO(g) + 6H2O(g)       ∆H = –905 kJ mol–1 

Some standard entropies are given in the table. 
  

Gas So / J K–1 mol–1 

NH3(g) 193 

O2(g) 205 

NO(g) 211 

H2O(g) 189 

(a)     Calculate the entropy change for the reaction between ammonia and oxygen. 

Entropy change ____________________ J K–1 mol–1 

(2) 

(b)     Calculate a value for the Gibbs free-energy change (∆G), in kJ mol–1, for the 
reaction between ammonia and oxygen at 600 °C 

(If you were unable to obtain an answer to part (a), you should assume that the 
entropy change is 211 J K–1 mol–1. This is not the correct answer.) 

∆G ____________________ kJ mol–1 

(2) 

(c)     The reaction between ammonia and oxygen was carried out at a higher 
temperature. 
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Explain how this change affects the value of ∆G for the reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(d)     Platinum acts as a heterogeneous catalyst in the reaction between ammonia and 
oxygen. It provides an alternative reaction route with a lower activation energy. 

Describe the stages of this alternative route. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(e)     Deduce the change in oxidation state of nitrogen, when NH3 is oxidised to NO 

___________________________________________________________________ 
(1) 

(f)      When ammonia reacts with oxygen, nitrous oxide (N2O) can be produced instead of 
NO 

Give an equation for this reaction. 

___________________________________________________________________ 
(1) 

(Total 11 marks) 

Q2. 
This question is about vanadium compounds and ions. 
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(a)     Use data from Table 4 to identify the species that can be used to reduce VO2+ ions 
to VO2+ in aqueous solution and no further. 

Explain your answer. 
  

Electrode half-equation EƟ / V 

VO2+(aq) + 2H+(aq) + e− → VO2+(aq) + H2O(l) +1.00 

VO2+(aq) + 2H+(aq) + e− → V3+(aq) + H2O(l) +0.34 

Cl2(aq) + 2e− → 2Cl−(aq) +1.36 

Fe3+(aq) + e− → Fe2+(aq) +0.77 

Zn2+(aq) + 2e− → Zn(s) –0.76 

Reagent ___________________________________________________________ 

Justification _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     Give the oxidation state of vanadium in [VO(H2O)5]2+ 

___________________________________________________________________ 
(1) 

(c)     The [V(H2O)4Cl2]+ ion exists as two isomers. One isomer is shown. 

Draw the structure of the other isomer and state the type of isomerism. 

 

Type of isomerism ____________________________________________________ 
(2) 

(d)     Heating NH4VO3 produces vanadium(V) oxide, water and one other product. 

Give an equation for the reaction. 

___________________________________________________________________ 
(1) 
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(e)     Vanadium(V) oxide is the catalyst used in the manufacture of sulfur trioxide. 

Give two equations to show how the catalyst is used and regenerated. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(Total 7 marks) 

Q3. 
An oxide of vanadium catalyses the following reaction: 

 ⇌ SO3 (g) 

What is the formula of the vanadium-containing intermediate formed in this reaction? 
  

A V2O  

B VO  

C V2O3 
 

D V2O4 
 

(Total 1 mark) 

Q4. 
In the Contact Process sulfur dioxide reacts with oxygen to form sulfur trioxide as shown 
in the equation. 

2SO2(g) + O2(g) ⇌ 2SO3(g) 

The table shows some thermodynamic data. 
  

 ∆HfΘ/kJ mol–1 SΘ/J K–1 mol–1 

SO2(g) –297 248 

O2(g) 0 205 

SO3(g) –395 256 

(a)     Use data from the table to calculate the standard enthalpy change for this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 
(2) 

(b)     Use data from the table to calculate the standard entropy change for this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     State what the sign of the entropy change in your answer to part (b) indicates about 
the product of this reaction relative to the reactants. 

___________________________________________________________________ 
(1) 

(d)     Use your answers to parts (a) and (b) to calculate a value for the free–energy 
change for this reaction at 50°C. 

(If you were unable to calculate ∆H in part (a) assume a value of –250 kJ mol–1. 
If you were unable to calculate ∆S in part (b) assume a value of –250 J K–1 mol–1. 
These are not the correct values.) 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(e)     Use your answer to part (d) to explain whether the reaction is feasible at 50°C. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(f)     Vanadium(V) oxide acts as a heterogeneous catalyst in the Contact Process. 

(i)      State what is meant by the term heterogeneous. 

______________________________________________________________ 
(1) 

(ii)     Write two equations that show how this catalyst is involved in the Contact 
Process. 
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______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(iii)     Suggest why the vanadium(V) oxide is used in small pellet form rather than 
as large lumps. 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(iv)     State why the reactants should be purified before they come into contact with 
the vanadium(V) oxide. 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(Total 14 marks) 

Q5. 
A student weighed out a 2.29 g sample of impure K3[Fe(C2O4)3].3H2O and dissolved it in 
water. 
This solution was added to a 250 cm3 volumetric flask and made up to 250 cm3 with 
distilled water. 
A 25.0 cm3 portion was pipetted into a conical flask and an excess of acid was added. 
The mixture was heated to 60°C and titrated with 0.0200 mol dm–3 KMnO4 solution. 
26.40 cm3 of KMnO4 solution were needed for a complete reaction. 

In this titration only the C2O42– ions react with the KMnO4 solution. 

(a)     The reaction between C2O42– ions and MnO4– ions is autocatalysed. 

Explain what is meant by the term autocatalysed and identify the catalyst in the 
reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     Select from the list the most suitable substance used to acidify the solution in the 
conical flask. 
Put a tick (✔) in the correct box. 

  

H2C2O4 
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H2SO4 
 

HCl  

HNO3 
 

(1) 

(c)     The reaction between C2O42– ions and MnO4– ions is very slow at first. 
Explain why the reaction is initially slow. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(d)     Write an equation for the reaction between C2O42– ions and MnO4– ions in acidic 
solution. 
Calculate the percentage purity of the original sample of K3[Fe(C2O4)3].3H2O. 
Give your answer to 3 significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(7) 
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(e)     A solution of KMnO4 has an unknown concentration. 

Describe briefly how colorimetry can be used to determine the concentration of this 
solution. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(Total 16 marks) 

Q6. 
The redox reaction, in aqueous solution, between acidified potassium manganate(VII) and 
sodium ethanedioate is autocatalysed. 

(a)     Write an equation for this redox reaction. 

Identify the species that acts as the catalyst. 

Explain how the properties of the species enable it to act as a catalyst in this 
reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(6) 

(b)     Sketch a graph to show how the concentration of MnO4− ions varies with time in this 
reaction. 
Explain the shape of the graph. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(Total 10 marks) 

Q7. 
When iodine molecules are dissolved in aqueous solutions containing iodide ions, they 
react to form triiodide ions (I3–). 

I2   +   I–       I3– 

The reaction above between I– ions and S2O82– ions has a high activation energy and 
S2O82– ions are only reduced slowly to SO42– ions. 
The reaction is catalysed by Fe2+ ions. 

(a)     Explain why the reaction between I– ions and S2O82– ions is slow. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(b)     Other than having variable oxidation states, explain why Fe2+ ions are good 
catalysts for this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(c)     Write a half-equation for the reduction of S2O82– ions to SO42– ions. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(d)     Construct an overall equation for the reaction between S2O82– ions and I– ions. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(Total 4 marks) 

Q8. 
This question explores some reactions and some uses of cobalt compounds. 

(a)     Ethanal is oxidised to ethanoic acid by oxygen. The equation for this reaction is 

2CH3CHO + O2   2CH3COOH 

This redox reaction is slow at room temperature but speeds up in the presence of 
cobalt compounds. 

Explain why a cobalt compound is able to act as a catalyst for this process. 

Illustrate your explanation with two equations to suggest how, in the presence of 
water and hydrogen ions, Co3+ and then Co2+ ions could be involved in catalysing 
this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(b)     In aqueous solution, the [Co(H2O)6]2+ ion reacts with an excess of 
ethane-1,2-diamine to form the complex ion Y. 

(i)      Write an equation for this reaction. 

Explain, in terms of the chelate effect, why the complex ion Y is formed in 
preference to the [Co(H2O)6]2+ complex ion. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(3) 

(ii)     Draw a diagram that shows the shape of the complex ion Y and shows the 
type of bond between the ethane-1,2-diamine molecules and the cobalt. 

  

  

  

  

  

  
(3) 

(c)     Compound Z is a complex that contains only cobalt, nitrogen, hydrogen and 
chlorine. 

A solid sample of Z was prepared by reaction of 50 cm3 of 0.203 mol dm−3 aqueous 
cobalt(II) chloride with ammonia and an oxidising agent followed by hydrochloric 
acid. 

When this sample of Z was reacted with an excess of silver nitrate, 4.22 g of silver 
chloride were obtained. 

Use this information to calculate the mole ratio of chloride ions to cobalt ions in Z. 

Give the formula of the complex cobalt compound Z that you would expect to be 
formed in the preparation described above. 

Suggest one reason why the mole ratio of chloride ions to cobalt ions that you have 
calculated is different from the expected value. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 
(5) 

(Total 15 marks) 

Q9. 
An equation for the decomposition of hydrogen peroxide is 

2H2O2   2H2O    +    O2 

(a)     The rate of reaction can be determined by collecting the oxygen formed and 
measuring its volume at regular intervals. 

Draw a diagram to show the apparatus that you would use to collect and measure 
the volume of the oxygen formed. 

  

  

  

  

  

  

  

  

  
(2) 

(b)     Explain how you could use your results from the experiment in part (a) to determine 
the initial rate of this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     The rate of decomposition of hydrogen peroxide is increased by the addition of 
cobalt(II) ions. 

Outline the essential features of an additional experiment to show that the rate of 
decomposition is increased by the addition of cobalt(II) chloride. Use the same 
method and the same apparatus as in part (a). 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(Total 6 marks) 

Q10. 
Transition metal compounds have a range of applications as catalysts. 

(a)     State the general property of transition metals that allows the vanadium in 
vanadium(V) oxide to act as a catalyst in the Contact Process. 

___________________________________________________________________ 
(1) 

(b)     Write two equations to show how vanadium(V) oxide acts as a catalyst in the 
Contact Process. 

Equation 1 

  

___________________________________________________________________ 

Equation 2 

  

___________________________________________________________________ 
(2) 

(c)     In the Contact Process, vanadium(V) oxide acts as a heterogeneous catalyst. 

(i)      Give the meaning of the term heterogeneous. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(ii)     Give one reason why impurities in the reactants can cause problems in 
processes that use heterogeneous catalysts. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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(1) 

(d)     The oxidation of C2O42− ions by MnO4− ions in acidic solution is an example of a 
reaction that is autocatalysed. 

(i)      Give the meaning of the term autocatalysed. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(ii)     Identify the autocatalyst in this reaction. 

______________________________________________________________ 
(1) 

(iii)    Write two equations to show how the autocatalyst is involved in this oxidation 
of C2O42− ions. 

Equation 1 

  

______________________________________________________________ 

Equation 2 

  

______________________________________________________________ 
(2) 

(Total 9 marks) 

Q11. 
This question is about cobalt chemistry. 

(a)     Consider the following reaction scheme that starts from [Co(H2O)6]2+ ions. 
W, X and Y are ions and Z is a compound. 

  

For each of the reactions 1 to 4, identify a suitable reagent. 

Identify W, X, Y and Z and write an equation for each of reactions 1 to 4. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(12) 

(b)     A flue-gas desulfurisation process involves the oxidation, by oxygen, of aqueous 
sulfate(IV) ions (SO3 2–) into aqueous sulfate(VI) ions (SO4 2–). This reaction is 
catalysed by Co2+ ions in an acidic aqueous solution. 

Write an equation for the overall reaction of sulfate(IV) ions with oxygen to form 
sulfate(VI) ions. 

Suggest why this overall reaction is faster in the presence of Co2+ ions. 

Suggest a mechanism for the catalysed reaction by writing two equations involving 
Co2+ and Co3+ ions. You will need to use H+ ions and H2O to balance these two 
equations. 

  

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(Total 16 marks) 

Q12. 
An acidified solution of potassium manganate(VII) was reacted with a sample of sodium 
ethanedioate at a constant temperature of 60 °C. The concentration of the manganate(VII) 
ions in the reaction mixture was determined at different times using a spectrometer to 
measure the light absorbed. 

  

(a)     Write an equation for the reaction between manganate(VII) ions and ethanedioate 
ions in acidic solution. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     By considering the properties of the reactants and products, state why it is possible 
to use a spectrometer to measure the concentration of the manganate(VII) ions in 
this reaction mixture. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     This reaction is autocatalysed. Give the meaning of the term autocatalyst. 
Explain how the above curve indicates clearly that the reaction is autocatalysed. 

Meaning of autocatalyst _______________________________________________ 

___________________________________________________________________ 

S T E M U P . C O . U K

https://stemup.co.uk


 Page 18 of 62 

Explanation _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(d)     Identify the autocatalyst in this reaction. 

___________________________________________________________________ 
(1) 

(e)     Write two equations to show how the autocatalyst is involved in this reaction. 

  

Equation 1 __________________________________________________________ 

  

Equation 2 __________________________________________________________ 
(2) 

(Total 10 marks) 

Q13. 
Iron is an important element in living systems. It is involved in redox and in acid–base 
reactions. 

(a)     Explain how and why iron ions catalyse the reaction between iodide ions and S2O82– 
ions. Write equations for the reactions that occur. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(5) 

(b)     Iron(II) compounds are used as moss killers because iron(II) ions are oxidised in air 
to form iron(III) ions that lower the pH of soil. 

S T E M U P . C O . U K

https://stemup.co.uk


 Page 19 of 62 

(i)      Explain, with the aid of an equation, why iron(III) ions are more acidic than 
iron(II) ions in aqueous solution. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(3) 

(ii)     In a titration, 0.321 g of a moss killer reacted with 23.60 cm3 of acidified 
0.0218 mol dm–3 K2Cr2O7 solution. 

Calculate the percentage by mass of iron in the moss killer. Assume that all of 
the iron in the moss killer is in the form of iron(II). 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(5) 

(c)     Some sodium carbonate solution was added to a solution containing iron(III) ions. 
Describe what you would observe and write an equation for the reaction that occurs. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(Total 16 marks) 

Q14. 
Three characteristic properties of transition metals are complex formation, coloured ions 
and catalytic activity. 

(a)     State the feature of transition metals that gives rise to these characteristic 
properties. 

___________________________________________________________________ 
(1) 

(b)     State a fourth characteristic property of transition metals. 

___________________________________________________________________ 
(1) 

(c)     For each of the following shapes of complex, identify an appropriate example by 
drawing its structure. 

(i)      a linear complex 

  

  

  

  
(1) 

(ii)     a square planar complex 

  

  

  

  
(1) 

(iii)     a tetrahedral complex 

  

  

  

  
(1) 
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(d)     The chemical industry makes use of the catalytic activity of transition metal 
compounds. For example, vanadium(V) oxide is used as a heterogeneous catalyst 
in the Contact Process. 

(i)      Write an equation for the overall reaction in the Contact Process. 

______________________________________________________________ 
(1) 

(ii)     Explain the meaning of the term heterogeneous as applied to a catalyst. 

______________________________________________________________ 
(1) 

(iii)     Write two equations to illustrate how vanadium(V) oxide acts as a catalyst in 
the Contact Process. 

Equation 1 ____________________________________________________ 

Equation 2 ____________________________________________________ 
(2) 

(iv)    Suggest what is done to a heterogeneous catalyst such as vanadium(V) oxide 
to maximise its efficiency and how this is achieved. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(e)     The porphyrin ring is a multidentate ligand that is found in living systems complexed 
with iron(II) ions in haemoglobin and with cobalt(II) ions in vitamin B12 

(i)      Give the meaning of the term multidentate. 

______________________________________________________________ 

______________________________________________________________ 
(1) 

(ii)     A porphyrin ring can be represented by the symbol PR. It reacts with aqueous 
iron(II) ions as shown in the equation below. 
The enthalpy change for this reaction is approximately zero. 

PR(aq) + [Fe(H2O)6]2+(aq) → [FePR(H2O)2]2+(aq) + 4H2O(l) 

Explain why the free-energy change for this reaction is negative. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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(2) 

(iii)     In vitamin B12 the cobalt(II) ion is co-ordinated to a porphyrin ring, a cyanide 
(CN–) ion and an additional unidentate ligand. The cyanide ion is very toxic. 

Predict the co-ordination number of the cobalt ion in vitamin B12 

Suggest why vitamin B12 is not toxic. 

Co-ordination number ____________________________________________ 

Reason why vitamin B12 is not toxic 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(Total 16 marks) 

Q15. 
Transition metal ions can act as homogeneous catalysts in redox reactions. For example, 
iron(II) ions catalyse the reaction between peroxodisulfate (S2O82–) ions and iodide ions. 

(a)     State the meaning of the term homogeneous. 

___________________________________________________________________ 
(1) 

(b)     Suggest why ions from s block elements do not usually act as catalysts. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(c)     Write an equation for the overall reaction that occurs, in aqueous solution, between 
S2O82– ions and I– ions. 

___________________________________________________________________ 
(1) 

(d)     Give one reason why, in the absence of a catalyst, the activation energy for the 
reaction between S2O82– ions and I– ions is high. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(e)     Write two equations to show how Fe2+ ions can catalyse the reaction between 
S2O82– ions and I– ions. Suggest one reason why the activation energy for each of 
these reactions is low. 

Equation 1 __________________________________________________________ 

Equation 2 __________________________________________________________ 
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Reason ____________________________________________________________ 

___________________________________________________________________ 
(3) 

(f)      Explain why Fe3+ ions are as effective as Fe2+ ions in catalysing this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(Total 8 marks) 

Q16. 
When anhydrous iron(III) chloride is added to water the following reactions occur. 

FeCl3 + 6H2O → [Fe(H2O)6]3+ + 3Cl– 

[Fe(H2O)6]3+ + H2O → [Fe(H2O)5(OH)]2+ + H3O+ 

(a)     State the type of acidity shown by FeCl3 and by [Fe(H2O)6]3+ in these reactions. 
Explain your answers. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(b)     Explain why the pH of a solution of iron(II) chloride is higher than that of a solution 
of iron(III) chloride of the same concentration. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     Transition metals have variable oxidation states. This is an important factor in their 
ability to act as heterogeneous and homogeneous catalysts. 

(i)      Vanadium(V) oxide acts as a heterogeneous catalyst in the Contact Process. 
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Write equations to show the role of vanadium(V) oxide in this process. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(2) 

(ii)     In aqueous solution, Fe2+ ions act as a homogeneous catalyst in the reaction 
between I– and S2O82– ions. Give one reason why the reaction is slow in the 
absence of a catalyst. Write equations to show how Fe2+ ions act as a catalyst 
for this reaction. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(5) 

(Total 13 marks) 

Q17. 
This question is about the use of transition metals as catalysts. 

(a)     State how a catalyst speeds up a chemical reaction. 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     State the characteristic property of transition metals that enables them to act as 
catalysts in redox reactions. 

___________________________________________________________________ 
(1) 

(c)     In the Contact Process for the conversion of sulfur dioxide into sulfur trioxide, 
vanadium(V) oxide acts as a heterogeneous catalyst. 
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(i)      Write two equations to show how the catalyst is involved in this reaction. 

Equation 1 _____________________________________________________ 

Equation 2 _____________________________________________________ 
(2) 

(ii)     Suggest one reason why poisoning reduces the effectiveness of a 
heterogeneous catalyst. 

______________________________________________________________ 
(1) 

(iii)     Suggest how poisoning of a catalyst, used in an industrial process, can be 
minimised. 

______________________________________________________________ 
(1) 

(Total 7 marks) 

Q18. 
In which one of the following reactions is a heterogeneous catalyst not used? 

A       N2 + 3H2 → 2NH3 

B       CO + NO → CO2 +  N2 

C       CO2 + C → 2CO 

D       SO2 +  O2 → SO3 

(Total 1 mark) 

Q19. 
(a)     State and explain the effect of a catalyst on the rate and on the equilibrium yield in a 

reversible reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 
(5) 

(b)     Explain the terms heterogeneous and active sites as applied to a catalyst. Give two 
reasons why a ceramic support is used for the catalyst in catalytic converters in 
cars. Explain how lead poisons this catalyst. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(7) 

(c)     In aqueous solution, Fe2+ ions act as a homogeneous catalyst in the reaction 

between I– and  ions. Give one reason why the reaction is slow in the 
absence of a catalyst. Write equations to show how Fe2+ ions act as a catalyst for 
this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 
(5) 

(Total 17 marks) 

Q20. 
(a)     In the Haber Process for the manufacture of ammonia, the following equilibrium is 

established in the presence of a heterogeneous catalyst. 

N2(g) + 3H2(g)  2NH3(g) 

Identify the heterogeneous catalyst used in this process and state what is meant by 
the term heterogeneous. 

A heterogeneous catalyst can become poisoned by impurities in the reactants.  
Give one substance which poisons the heterogeneous catalyst used in the Haber 
Process and explain how this substance poisons the catalyst. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(5) 

(b)     State what is observed when an excess of aqueous ammonia reacts with an 
aqueous iron(II) salt. Write an equation for this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 
(4) 

(Total 9 marks) 

Q21. 
(a)     State what is meant by the term homogeneous as applied to a catalyst. 

___________________________________________________________________ 
(1) 

(b)     (i)      State what is meant by the term autocatalysis. 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Identify the species which acts as an autocatalyst in the reaction between 
ethanedioate ions and manganate(VII) ions in acidic solution. 

______________________________________________________________ 
(2) 

(c)     When petrol is burned in a car engine, carbon monoxide, carbon dioxide, oxides of 
nitrogen and water are produced. Catalytic converters are used as part of car 
exhaust systems so that the emission of toxic gases is greatly reduced. 

(i)      Write an equation for a reaction which occurs in a catalytic converter between 
two of the toxic gases. Identify the reducing agent in this reaction. 

Equation ______________________________________________________ 

______________________________________________________________ 

Reducing agent _________________________________________________ 

(ii)     Identify a transition metal used in catalytic converters and state how the 
converter is constructed to maximise the effect of the catalyst. 

Transition metal _________________________________________________ 

How effect is maximised __________________________________________ 

______________________________________________________________ 
(5) 

(d)     The strength of the adsorption of reactants and products onto the surface of a 
transition metal helps to determine its activity as a heterogeneous catalyst. 

(i)      Explain why transition metals which adsorb strongly are not usually good 
catalysts. 

______________________________________________________________ 

(ii)     Explain why transition metals which adsorb weakly are not usually good 
catalysts. 
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______________________________________________________________ 
(2) 

(Total 10 marks) 

  

Q22. 
(a)     Vanadium(V) oxide is used as a heterogeneous catalyst in the Contact Process. 

Explain what is meant by the terms heterogeneous and catalyst and state, in 
general terms, how a catalyst works. 

State the essential feature of vanadium chemistry which enables vanadium(V) oxide 
to function as a catalyst and, by means of equations, suggest how it might be 
involved in the Contact Process. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(7) 

(b)     The following method was used to determine the percentage by mass of vanadium 
in a sample of ammonium vanadate(V). 

A solution was made up by dissolving 0.160 g of ammonium vanadate(V) in dilute 

sulphuric acid. The ammonium vanadate(V) formed  ions in this solution. When 

an excess of zinc was added to this solution, the  ions were reduced to V2+ 
ions and the zinc was oxidised to Zn2+ ions. 

After the unreacted zinc had been removed, the solution was titrated against a 
0.0200 mol dm–3 solution of potassium manganate(VII). In the titration, 38.5 cm3 of 
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potassium manganate(VII) solution were required to oxidise all vanadium(II) ions to 
vanadium(V) ions. 

Using half-equations, construct an overall equation for the reduction of  to V2+ 
by zinc in acidic solution. 

Calculate the percentage by mass of vanadium in the sample of ammonium 
vanadate(V). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(8) 

(Total 15 marks) 

Q23. 
(a)     The ion  can act as a bidentate ligand. 

(i)      Explain the meaning of the term bidentate ligand. 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Sketch the structure of the octahedral complex ion formed by Fe3+ ions which 

contains  as the only ligand. Include the overall charge on the complex 
ion. 
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(5) 

(b)     Explain the meaning of the term chelate effect. 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)     The chloride ion can act as a monodentate ligand. 

(i)      Deduce the formula of the linear complex formed when an excess of 
concentrated hydrochloric acid is added to silver chloride. 

______________________________________________________________ 

(ii)     Explain why metal(II) ions do not usually form octahedral complexes when 
chloride ions are the only ligands. 

______________________________________________________________ 
(2) 

(d)     The concentration of  ions can be determined by titration in acidic solution 
using a standard solution of potassium manganate(VII). At room temperature, the 
reaction proceeds very slowly at first but becomes faster after some of the 
manganate(VII) ions have reacted. 

(i)      Suggest why this reaction is very slow at first. 

______________________________________________________________ 

(ii)     This is an example of an autocatalytic reaction. State the meaning of the term 
autocatalytic and identify the catalyst. 

Meaning of the term autocatalytic ___________________________________ 

Catalyst _______________________________________________________ 

(iii)     Suggest how this catalyst might be involved in the reaction. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
(5) 
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(Total 14 marks) 

Q24. 
(a)     “The strength of adsorption onto the active sites on the surface of a heterogeneous 

catalyst helps to determine the activity of the catalyst.” 

Explain how heterogeneous catalysts work, give one example of a reaction 
catalysed in this way and discuss why different catalysts have different activities. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(8) 

(b)     Outline a plan of an experiment to determine the percentage of iron present as 
iron(III) in a solution containing Fe3+(aq) and Fe2+(aq) ions. You are provided with 
zinc, a standard solution of potassium dichromate(VI) and dilute sulphuric acid. Zinc 
can reduce Fe3+(aq) to Fe2+(aq). 

Write equations for all the reactions that occur. Explain how you would use the zinc 
and how you would calculate the final answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(7) 

(Total 15 marks) 

Q25. 
(a)     The reaction between aqueous persulphate ions, , and iodide ions, I–(aq), 

is catalysed by Fe2+(aq) ions. Suggest why this reaction has a high activation 
energy. 
Write equations to explain the catalytic action of Fe2+(aq) ions. 
Suggest why V3+(aq) ions will also act as a catalyst for this reaction but Mg2+(aq) 
ions will not. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(6) 

(b)     Outline a mechanism for the reaction between benzene and ethanoyl chloride and 
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explain why AlCl3 acts as a Lewis acid catalyst for this reaction. Predict, with an 
explanation in each case, the suitability of FeCl3 and of NH4Cl to act as a catalyst for 
this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(9) 

(Total 15 marks) 

Q26. 
  

Summarised directions for recording responses to multiple completion 
questions 

A 
(i), (ii) and (iii) 

only 

B 
(i) and (iii) only 

C 
(ii) and (iv) only 

D 
(iv) alone 

Which of the following statements about a catalyst is / are true? 

(i)      It speeds up the forward reaction and slows down the reversere action. 
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(iii)    It increases the proportion of molecules with higher energies. 

(iii)    A homogeneous catalyst usually acts in the solid state. 

(iv)    It does not alter the value of the equilibrium constant. 
(Total 1 mark) 
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