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SECTION A  

 

Answer ALL questions in this section.  

 

1. Propene reacts with hydrogen bromide to give a bromo-substituted alkane. 

(a) Write a balanced equation for the reaction of propene with hydrogen bromide. 
 

_________________________________________________________________________  (1) 

 

(b) Give the balanced equation for the reaction of propene with hydrogen bromide in terms 

of structural formulae. 

 

 

 

 

 

 

 

 

 (1) 

 

(c) What is the type of reaction between propene and hydrogen bromide called? 
 

_________________________________________________________________________  (½)  

 

(d) Name the rule that is followed in the reaction between propene and hydrogen bromide. 

 

_________________________________________________________________________  (½)  

 

(Total: 3 marks) 

 

Please turn the page. 
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2. (a) Give the electronic configuration, in spdf notation, of: 
 

Na: _____________________________________________________________________  (½) 
 

Cl: ______________________________________________________________________  (½) 

 

(b) Sodium and chlorine react to form sodium chloride. Draw the dot-and-cross diagrams 

that represent the sodium ion and the chloride ion. 

 

 

 

 

 

 

 

 

 

 

 

 (2) 

 (Total: 3 marks) 

 

3. Hydrogen gas and chlorine gas react to give hydrogen chloride gas. A mixture made up of  

30 cm3 of hydrogen gas and 50 cm3 of chlorine gas undergo reaction to give hydrogen chloride 

gas. All gaseous volumes are measured at the same temperature and pressure. 

(a) Write a balanced equation, including state symbols, for the reaction between hydrogen 

gas and chlorine gas. 
 

_________________________________________________________________________  (½)  

 

(b) Assuming that all the hydrogen gas has reacted, showing all the necessary working, 

calculate: 

(i) the volume of chlorine gas that reacted; 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (½) 

 

(ii) the volume of the reactant gas in excess after reaction, if any. Indicate also the name 

of the reactant gas in excess, if any; 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

(iii) the volume of hydrogen chloride gas produced; 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

(iv) the total volume of gas after reaction. 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

(Total: 4 marks) 
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4. (a)  Two reagent bottles contain 0.01 moldm-3 solutions of hydrochloric acid and sulfuric acid.  

Calculate the pH of the hydrochloric acid and sulfuric acid solutions.  

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (3) 

 

(b) Which is the stronger acid between hydrochloric acid and sulfuric acid? Explain your 

answer. 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

(Total: 4 marks) 

                                                                                                                                                  

5. (a) Most reactions take place through a reaction mechanism. The reaction mechanism has a 

rate determining step. Explain the following terms: 

 

  (i) reaction mechanism: _________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

  (ii) rate determining step: ________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

(b) Draw the energy profile of an exothermic reaction and indicate the activation energy on 

the graph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) 

  (Total: 4 marks) 
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6. There are periodic relationships among elements, and physical properties vary with atomic 

number. Considering the elements Li to Ne, explain how each of the following properties 

varies: 

 

(a) the valency: ___________________________________________________________ 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

(b) the atomic radius: _______________________________________________________ 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

 

(c) the first ionisation energy: ________________________________________________ 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (2) 

(Total: 4 marks) 

 

7. A sample of carbon dioxide gas occupies a volume of 0.02 m3 at a pressure of 101,325 Pa 

and a temperature of 17 oC. 

(a) Find the number of moles of gas present. 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

________________________________________________________________________  (2½) 

 

(b) Find the mass of the gas sample. 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

________________________________________________________________________  (1½) 

(Total: 4 marks) 

 

  



IM06.20s  
DO NOT WRITE ABOVE THIS LINE 

 

 

Page 5 of 16 

8. The following is a schematic diagram of a mass spectrometer. 
 

 
 

https://www.chemguide.co.uk/analysis/masspec/howitworks.html 

 

(a) In the ionisation chamber, the atom or molecule of the sample is ionised. Explain.     

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

_________________________________________________________________________  (1) 

                                                                                                   

(b) The ions produced are accelerated and then deflected. The ions travel through vacuum. 

Explain.     

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

________________________________________________________________________  (1½) 

                                                                                                   

(c) Consider the following (simplified) mass spectrum for pentane. Considering that the peak 

at m/z = 72 is the molecular ion, deduce the fragments at:     

 

 
https://www.chemguide.co.uk/analysis/masspec/fragment.html#top 

(Total: 4 marks) 

(i) m/z = 57: ________________________ 

 

(ii) m/z = 43: ________________________ 

 

(iii) m/z = 29: ________________________ 

(1½) 
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SECTION B 
 

Answer ALL questions in this section.  
 

9. Chlorine reacts with water to give hydrochloric acid and chloric(I) acid. This is a 

disproportionation reaction. 

 

Cl2 (g) + H2O (l)               HCl (aq) + HClO (aq) 

 

(a) What is a disproportionation reaction? 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (1)             

    

(b) Using oxidation numbers, show how the above reaction is a disproportionation reaction. 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

_________________________________________________________________________  (3) 

                                                                                                   

(c) Zinc solid reacts with copper sulfate solution to give zinc sulfate solution and copper metal. 

 

Zn (s) + CuSO4 (aq)               ZnSO4 (aq) + Cu (s) 

 

(i) Identify the oxidising agent and the reducing agent in this redox reaction. 
 

Oxidising agent: _______________________________________________________________ 

 

Reducing agent: ____________________________________________________________ (1) 

 

(ii) Explain this reaction in terms of the electrochemical series. 

 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (1) 

(Total: 6 marks) 
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10. In the Haber process, nitrogen from the air combines with hydrogen, derived mainly from 

natural gas (methane), to produce ammonia. It is a reversible reaction. The chemical 

equation for the reaction, and the corresponding H value, is: 

   

N2 (g) + 3H2 (g) ⇌ 2NH3 (g)      H = –91.8 kJmol-1 

  

A catalyst is used for the reaction. The pressure varies from one manufacturing plant to 

another, but is always high; it is usually quoted at 200 atmospheres. The temperature is 400 

to 450 oC. 

 

(a) State Le Chatelier’s principle. 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

__________________________________________________________________________ (2) 

 

(b) If the above process is carried out at a pressure of 100 atmospheres, the yield of 

ammonia changes. Explain in terms of Le Chatelier’s principle. 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

________________________________________________________________________ (1½) 

 

(c) (i)  If the above process is carried out at a temperature of 200 oC, the yield of ammonia 

changes. Explain in terms of Le Chatelier’s principle. 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

________________________________________________________________________ (1½) 

 

(ii)  Considering your answer to part (c)(i), why is the actual imposed temperature 400 

to 450 oC? 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (1) 

(Total: 6 marks) 
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11. Draw the shape, including lone pairs where present, and give the name of the shape, of the 

following molecules: 

 

(a) CH4 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) 

(b) NH3 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) 

(c) H2O 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) 

(Total: 6 marks)  
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12. (a) There are two isomers with the formula C3H6. Explain. 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (2) 

 

(b) Substitution reactions of alkanes with halogens take place through a free radical 

mechanism. Explain by showing the mechanism of the reaction. 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

__________________________________________________________________________ (4) 

(Total: 6 marks) 

 

13. (a) Three solutions labelled A, B and C contain chloride, bromide and iodide ions. Give simple 

chemical tests to distinguish between the three. 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (2) 

 

(b) Two solutions labelled X and Y contain nitrate(III) and nitrate(V) ions. Give simple 

chemical tests to distinguish between the two. 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (2) 

 

(c) Two solutions labelled D and E contain sulfate(IV) and sulfate(VI) ions. Give simple 

chemical tests to distinguish between the two. 
 

____________________________________________________________________________ 
 

____________________________________________________________________________ 

 

____________________________________________________________________________ 

 

__________________________________________________________________________ (2) 

(Total: 6 marks) 
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SECTION C 
 

Answer any TWO questions from this section. Write your answers on the lined pages of 

this booklet.  
 

14. This question is about transition metals. 

 (a) Transition metals are characterised by having coloured compounds and variable oxidation 

states. Write the oxidation state of manganese in the following species and write the 

colour of each: Mn2+, MnO2, MnO4
2-, MnO4

-.                                                                                (2) 

 (b) (i)  One of the above manganese species is a catalyst in the decomposition of hydrogen 

peroxide. Identify the catalyst.                                                                                 (1) 

        (ii)  Write a fully balanced equation, including state symbols, for the decomposition of 

hydrogen peroxide.                                                                                                                   (2) 

        (iii)  This reaction can be used as an experiment in kinetics to investigate the rate of a 

reaction. How does a catalyst in a reaction function, and what changes (if any) are 

expected in the rate of the reaction if the amount of the catalyst added to the reaction 

is increased?                                                                                                                                 (3) 

 (c) (i) You are provided with two solutions which look quite similar. One solution contains 

a magnesium soluble salt and the other has a manganese soluble salt.  Describe how 

to chemically distinguish between these two solutions.                                        (3) 

        (ii)  Write a fully balanced ionic equation, including state symbols, for one of the above 

reactions.                                                                                                                                  (2) 

 (d) Transition metals form complex ions.  

  (i) Give the formula of a complex ion of iron.                                                                         (1) 

  (ii) Draw the structure of the complex ion in part d(i), and name its shape.                    (2) 

(iii) Explain the bonding in the complex and identify the ligand in the complex.                (4) 

(Total: 20 marks) 
 

15. This question is about thermochemistry.  

(a) (i)  Define the standard enthalpy of formation of a compound.                                             (1) 

  (ii)  Write a fully balanced equation, including state symbols, for the formation of liquid 

carbon disulfide CS2 from its elements in their standard states.                             (2)                                                                           

(iii) Carbon disulfide burns in air to form carbon dioxide and sulfur dioxide. Write a fully 

balanced equation, including state symbols, for the combustion of carbon disulfide.     (2)  

(iv) The standard enthalpies of combustion for carbon disulfide, sulfur and carbon are     

-1075 kJmol-1, -298 kJmol-1, and -394 kJmol-1 respectively.  Draw Hess’s cycle to 

show how the standard enthalpy of formation of carbon disulphide can be calculated 

from these values of standard heats of combustion.                                                          (3)               

(v) Calculate the standard enthalpy of formation of carbon disulphide CS2.                      (3) 

(b) (i)  Define bond dissociation enthalpy.                                                                                          (1)                                                                                                                                               

 (ii)  The standard bond dissociation enthalpies for the first, second and third N-H bonds 

in ammonia are 453, 381 and 360 kJmol-1 respectively. Calculate the average bond 

dissociation energy for the N-H bond.                                                                                   (2) 

(iii) The bond enthalpy terms for the H-H bond and the N≡N bond are 436 and 941 kJmol-1 

respectively. Use these values and your answer in part (b)(ii) to calculate the enthalpy 

change for the following complete reaction: N2(g) + 3H2(g)           2NH3(g)                     (3) 

(iv) Two different terms – bond dissociation enthalpy and bond enthalpy terms – are used 

in this question. Discuss the difference between these terms.                                                (1) 

(v) Use the value obtained in part (b)(iii) to calculate the enthalpy of formation of ammonia.  (2) 

(Total: 20 marks) 
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16. Sodium thiosulfate (Na2S2O3) is often used for the titrimetric analysis of iodine. In the process 

the thiosulfate ion (S2O3
2-) is changed to the tetrathionate ion (S4O6

2-) by iodine. This is a 

redox reaction. 

(a) (i)  Define redox reaction.                                                                                   (1) 

  (ii)  Identify the reducing agent in the reaction between iodine and sodium thiosulfate.   (1) 

(b) Write balanced equations for:  

(i) the oxidation of the thiosulfate ion to the tetrathionate ion (half ionic equation); 

(ii) the reduction of iodine (half ionic equation); and 

(iii) the redox reaction between thiosulfate and iodine (full equation).                               (3) 

(c) In a lab experiment, iodine is used to find the percentage purity of a sample of solid 

sodium thiosulfate Na2S2O3.5H2O. In the first step, 0.30 g of hydrated sodium thiosulfate 

was added to 25.00 cm3 of 0.05 moldm-3 iodine solution. In a second step, the excess of 

iodine which did not react and remained after the first reaction needed 28.00 cm3 of  

0.04 moldm-3 of sodium thiosulfate in a titration. 

(i) Calculate the number of moles of thiosulfate which reacted in the second step with 

the excess iodine from the first reaction.                                                                               (1)  

(ii) Calculate the number of moles of iodine which reacted with the thiosulfate in the first 

step.                                                                                                                                                 (4) 

(iii) Calculate the number of moles of thiosulfate which reacted in the first step.             (2) 

(iv) Calculate the mass of the hydrated sodium thiosulfate which was present in the 

sample.                                                                                                                     (2) 

(v) Calculate the percentage purity of the sample.                                                                   (2)  

(d) Both chlorine and iodine are elements in Group 7 of the Periodic Table. Chlorine oxidises 

the thiosulfate ion to the sulfate ion (SO4
2-). 

(i) Find the oxidation numbers of S in SO4
2-, SO3

2-, S2O3
2-, S4O6

2-.                                      (2) 

(ii) Explain why chlorine and iodine produce different products when each reacts with 

sodium thiosulfate.                                                                                                        (2) 

(Total: 20 marks) 

 

17. This question is about organic chemistry. 

(a) A compound M is a three-carbon organic compound which is isomeric with compound N. 

Both compound M and compound N reacted with excess concentrated sulfuric acid at 

180oC to produce the hydrocarbon O. M reacted with a limited amount of acidified 

potassium dichromate to form compound P which did not react with Fehling solution.  

N reacted with a limited amount of acidified potassium dichromate to form compound Q. 

Compound Q reacted with Fehling’s solution. 

(i) Draw the structures of M, N, O, P and Q.                                                                           (2½) 

(ii) Name compounds M, N, O, P, and Q.                                                                                  (2½) 

(b) A carboxylic acid R reacts with an alcohol S to form the following compound T. 

 
(i) Name the carboxylic acid R.                                                                                                      (1) 

(ii) Draw the structure of the alcohol S.                                                                                        (1) 

(iii) Name the class of compounds of compound T.                                                                    (1) 

(iv) Explain how compound T can be prepared starting from the organic compound S 

only. Name the reagents and conditions for each step. (Assume that common lab 

reagents such as acids, oxidising and reducing agents are available.)                          (5) 

(c) Both methylamine and ammonia have basic properties.   

(i) Explain the following statement: methylamine is a primary amine and it is a stronger 

base than ammonia.                                                                                                                    (2)             

(ii) Write an equation for a reaction which shows the basic nature of methylamine.   (1) 

(iii) Phenylamine is another primary amine. Explain how phenylamine can be prepared, 

starting from benzene.                                                                                                               (4)  

(Total: 20 marks) 
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