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(a) Getting the most from reactants
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25. A student prepared a sample of methyl cinnamate from cinnamic acid and methanol. 

cinnamic acid + methanol → methyl cinnamate + water 

       

mass of one mole  mass of one mole  mass of one mole   

= 148 g  = 32 g  = 162 g   

 

6·5 g of cinnamic acid was reacted with 2·0 g of methanol. 

(a) Show, by calculation, that cinnamic acid is the limiting reactant. 

(One mole of cinnamic acid reacts with one mole of methanol.) 

(b) The student obtained 3·7 g of methyl cinnamate from 6·5 g of cinnamic acid. 

Calculate the percentage yield. 

(c) The student wanted to scale up the experiment to make 100 g of methyl cinnamate. 

Cinnamic acid costs £35·00 per 250 g. 

Calculate the cost of cinnamic acid needed to produce 100 g of methyl cinnamate. 
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(b) Controlling the rate

1.  

 

2.  

 

3.  

 

4.  

 



17 
 

5.  

 

6.  

 

7.  

 



18 
 

8.  

 

9.  

 

10.  

 

11.  

 



19 
 

12.  

 

13.  

 

14.  

 

15.  

 

16.  

 



20 
 

17.  

 

18.  

 

19.  

 

20.  

 



21 
 

21.  

 

22.  

 

23.  

 



22 
 

24.  

 

  



23 
 

25. Chloromethane, CH3Cl, can be produced by reacting methanol solution with dilute hydrochloric acid 

using a solution of zinc chloride as a catalyst 

CH3OH(aq) + HCl → CH3Cl(aq) + H2O(l) 

(a) Explain how a catalyst can bring about an increase in the rate of reaction 

The graph shows how the concentration of the hydrochloric acid changed over a period of time 

when the reaction was carried out at 20 °C. 

 

(b) Calculate the average rate in p-1min-1 in the first 400 minutes. 

(c) On the graph above, sketch a curve to show how the concentration of hydrochloric acid would 

change over time if the reaction was repeated at 30 °C. 
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28. The following incorrect answer was taken from an examination paper.  Give the correct explanation 
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29. Copper(II) carbonate reacts with dilute hydrochloric acid as shown. 

CuCO3(s) + 2HCl(aq) → CuCl2(aq) + H2O(l) + CO2(g) 

A student used the apparatus shown below to follow the progress of the reaction. 

 

(a) Suggest why a cotton wool plug is placed in the mouth of the conical flask. 

The experiment was carried out using 0.50 g samples of both pure and impure copper(II) 

carbonate.  The graph below shows the results obtained. 

 

(b) For the sample of pure copper(II) carbonate, calculate the average reaction rate in gs-1 over the 

first 10 seconds. 

(c) Calculate the average rate of reaction for the impure copper(II) carbonate over the first 10 

seconds. 

(d) Explain, in terms of collision theory, the difference between the average rate for the pure and 

impure CuCO3. 
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30. A student was asked to prepare a plan to investigate the effect of concentration on the rate of 

reaction.  The plan is below. 

 

(a) In step 4 of the procedure, what should be done to obtain potassium iodide solutions of different 

concentrations? 

(b) State two improvements that could be made to the student’s planned procedure. 

(c) Collision theory can be used to explain reaction rates.  Collision theory states that for two 

molecules to react, they must first collide with one another. 

State a condition necessary for the collisions to result in the formation of products. 
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32. A student carries out an experiment to determine the effect of temperature on the rate of reaction 

between oxalic acid and acidified potassium permanganate solution.  They record the time taken for 

the solution to turn from purple to colourless. 

 

The student’s results are shown on the graph below. 

 

The reaction time recorded in one experiment was 25 s. 

(a) Use the graph to determine the temperature, in °C of this reaction. 

(b) Why is it difficult to obtain an accurate reaction time when the experiment is carried out below 

30 °C? 

(c) A small increase in temperature can cause a large increase in reaction rate.  As temperature is 

increased, collisions occur more frequently. 

What other reason is there for the large increase in reaction rate observed when the temperature 

is increased? 
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(c) Chemical Energy
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10. The enthalpy change for K(s) → K(g) is 

88 kJmol-1 

Using the above information and information 

from the data booklet (page 11), the 

enthalpy change for K(s) → K2+(g) + 2e- is 

A. 513 kJmol-1 

B. 3052 kJmol-1 

C. 3471 kJmol-1 

D. 3559 kJmol-1 
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24. Methanol is used a a source of hydrogen for fuel cells.  The industrial process involves the reaction of 

methanol with steam. 

 

(a) State why it is important for chemists to predict whether reactions in an industrial process are 

exothermic or endothermic. 

(b) Using bond enthalpies for the data booklet, calculate the enthalpy change, in kJmol-1, for the 

reaction of methanol with steam. 
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28.   

(a) Hess’s Law can be verified using the reactions summaries below. 

 

(i) Complete the list of measurements that would have to be carried out in order to determine 

the enthalpy change for reaction 2. 

 

(ii) Explain why the reaction was carried out in a polystyrene cup. 

(iii) A student found that 1.08 kJ of energy was released when 1.2 g of potassium hydroxide was 

dissolved completely in water. 

Calculate the enthalpy change for this reaction. 

(b) State Hess’s Law 
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(d) Equilibria
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10. Steam and carbon monoxide react to form an 

equilibrium mixture 

CO(g) + H2O(g) ⇌ H2(g) + CO2(g) 

Which of the following graphs shows how the 

rates of the forward and reverse reactions 

change when carbon monoxide and steam are 

mixed? 
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28. (cont) 
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30. The graph shows how the percentage yield of ammonia changes with temperature at a pressure of 

100 atmospheres. 

 

(a) A student correctly concludes from the graph that the production of ammonia is an exothermic 

process. 

Explain fully the reasoning for this conclusion 

(b) Explain fully why the industrial manufacture of ammonia is carried out at a pressure greater than 

100 atmospheres. 

 

31. Atmospheric oxygen, O2(g), dissolves in the Earth’s oceans forming dissolved oxygen, O2(aq), which is 

essential for aquatic life. 

An equilibrium is established. 

O2(g) ⇌ O2(aq)   = -12.1 kJmol-1 

(a) Explain what is meant by a reaction at “equilibrium” 

(b) Explain fully what would happen to the concentration of dissolved oxygen if the temperature of 

the Earth’s oceans increased. 

  



62 
 

32. Fluorine is an extremely reactive element.  Its’ compounds are found in a range of products. 

Tetrafluoroethene, C2F4 is produced in industry by a series of reactions. 

The final reaction in its manufacture is shown below. 

2CHClF2(g) ⇌ C2F4(g) + 2HCl(g) 

(a) The graph shows the variation in the concentration of C2F4 formed at equilibrium as temperature 

is increased. 

 

What conclusion can be drawn about the enthalpy change for the formation of tetrafluoroethene? 

(b) Sketch a graph to show how the concentration of C2F4 formed at equilibrium would vary with 

increasing pressure. 
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33. Hydrogen sulfide is a toxic gas with the smell of rotten eggs. 

Hydrogen sulfide dissolves readily in water. 

H2S(aq) ⇌ HS-(aq) + H+(aq) 

What effect would the addition of ammonia solution have on the position of equilibrium in the above 

reaction? 

34.  
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36. Urea, H2NCONH2, has several uses, e.g. as a fertiliser and for the manufacture of some thermosetting 

plastics. 

It is produced in a two-step process. 

Step one: 

CO2(g) + 2NH3(l) ⇌ H2NCOONH4(s) H<0 

Step two: 

H2NCOONH4(s) ⇌ H2NCONH2(s) + H2O(g) H>0 

(a) What would happen to the equilibrium position in step one if the temperature was increased? 

(b) Step two is carried out at low pressure 

Why does lowering the pressure move the equilibrium position to the right? 

(c) An industrial method for the production of ethanol is outlined in the flow diagram. 

 

In the reaction vessel, ethanol is produced in an exothermic reaction 

C2H4(g) + H2O(g) ⇌ C2H5OH(g) 

What would happen to the equilibrium position if the temperature inside the reaction vessel was 

increased? 
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(e) Chemical Analysis
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7.   

(a) (cont) 
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8. Caffeine is added to some soft drinks.  The concentration of caffeine can be found using 

chromatography.  A chromatogram for a standard solution containing 50 mgl-1 of caffeine is shown 

below. 

 

Results from four caffeine standard solutions were used to produce the calibration graph below. 
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8. (cont) 

Chromatograms for two soft drinks are shown below. 

 

(a) Calculate the caffeine content, in mgl-1 of soft drink X. 

(b) The caffeine content of the soft drink Y cannot be determined from the chromatogram.  Explain 

what should be done to the sample of soft drink Y so that the caffeine content can be reliably 

calculated. 
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12. (cont) 
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16. Vitamin C is required by our bodies for producing the protein, collagen. Collagen can form sheets 

that support skin and internal organs. 

A standard solution of iodine can be used to determine the mass of vitamin C in orange juice. 

Iodine reacts with vitamin C as shown by the following equation 

C6H8O6(aq) + I2(aq) → C6H6O6(aq) + 2H+(aq) + 2I-(aq) 

Vitamin C 

In an investigation using a carton containing 500 cm3 of orange juice, separate 50.0 samples were 

measured out. Each sample was then titrated with a 0.0050 mol l-1 solution of iodine. 

(a) Why would starch solution be added to each 50.0 cm3 sample of orange juice before titrating 

against iodine solution? 

(b) Titrating the whole carton of orange juice would require large volumes of iodine solution.  Apart 

from this disadvantage, give another reason for titrating several smaller samples of orange juice. 

(c) An average of 21.4 cm3 of the iodine solution was required for the complete reaction with the 

vitamin C in 50.0 cm3 of orange juice.  Use this result to calculate the mass of vitamin C, in 

grammes in the 500 cm3 carton of orange juice. 
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18. A student analysed a local water supply to determine fluoride and nitrite ion levels. 

The concentration of nitrite ions in the water supply was determined by titrating water samples with 

acidified permanganate solution. 

(a) Suggest two points of good practice that should be followed to ensure that an accurate end point 

is reached during a titration. 

(b)  

(i) An average of 21.6 cm3 of 0.015 mol l-1 acidified permanganate solution was required to react 

completely with the nitrite ions in a 25.0 cm3 sample of water. 

The equation for the reaction taking place is 

2MnO4
-(aq) + 5NO2-(aq) + 6H+(aq) → 2Mn2+(aq) → 5NO3

-(aq) + 3H2O(l) 

Calculate the nitrite ion concentration in mol l-1,in the water. 

(ii) During the reaction the nitrite ion is oxidised to the nitrate ion.  Complete the ion-electron 

equation for the oxidation of the nitrite ion. 

NO2
-(aq)   → NO3

-(aq) 
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19.  
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20. Dental anaesthetics are substances used to reduce discomfort during treatment.  The table below 

shows the duration of numbness for common anaesthetics. 
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20. (cont) 

When forensic scientists analyse illegal drugs, anaesthetics such as lidocaine are sometimes found to 

be present.  The gas chromatogram below is from an illegal drug. 

 

 

The structures of benzocaine and tetracaine are shown below. 

 

(a) Explain why bezoncaine has a lower retention time than tetracaine.  

(b) Explain why it is difficult to obtain accurate values for the amount of lidocaine present in a 

sample containing large amounts of caffeine. 

 


