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Section A 
This section carries 50 marks. 

Answer all the questions in this section in the spaces provided.  
 

A1 Both carbon and silicon form sulfides of the formula XS2. The table below compares some 
of their properties. 

 CS2 SiS2 

melting point / °C -111.6 1090 

appearance at room 
temperature and pressure colourless liquid white solid 

 

(a) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer shell electrons in a 
carbon disulfide. 

 

 

 

[2] 

(b) Explain, in terms of structure and bonding, the difference in melting points of CS2 
and SiS2. 

…….…………………………………………………………………………………………… 

…….…………………………………………………………………………………………… 

…….…………………………………………………………………………………………… 

…….…………………………………………………………………………………………… 

…….……………………………………………………………………………….. [3] 

 (c) Predict the solubility of CS2 and SiS2 in water. 

…….……………………………………………………………………………….. [1] 

 (d) Predict the electrical conductivity for both CS2 and SiS2. Explain your answer. 

…….…………………………………………………………………………………………… 

…….……………………………………………………………………………….. [2] 

 [Total: 8] 
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A2 Choose from the following substances to answer the questions below.  

sulfur dioxide      ammonia   potassium iodide 

silicon dioxide     chlorine   calcium carbonate 

iron(III) oxide     zinc oxide  manganese(IV) oxide 

Each substance can be used once, more than once or not at all.  

Name a substance which  

(a)  is a liquid that turns acidified potassium manganate(Vll) from purple to 

colourless,  

…….……………………………………………………………………………….. [1] 

(b)  dissolves in both sodium hydroxide solution and dilute hydrochloric acid,  

…….……………………………………………………………………………….. [1] 

(c)  is added in excess to neutralise acidic pond water without causing the water 

to become alkaline, 

…….……………………………………………………………………………….. [1] 

(d) forms acid rain when produced during a natural disaster, 

…….……………………………………………………………………………….. [1] 

(e) is the main impurity in the Blast Furnace to be removed by neutralisation, 

…….……………………………………………………………………………….. [1] 

(f) has both ionic and covalent bonds present, 

…….……………………………………………………………………………….. [1] 

(g) is a catalyst that speeds up the decomposition of hydrogen peroxide. 

…….……………………………………………………………………………….. [1] 

 [Total: 7] 
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A3 Precipitation may occur when two aqueous solutions are mixed. 

(a) Complete the following table.        

solution mixed together formula of 
precipitate formed 

colour of 
precipitate formed 

(i) copper(II) nitrate and  
 sodium hydroxide 

Cu(OH)2  

(ii) potassium iodide and 
 lead(II) nitrate 

  

[3] 

(b) Write an ionic equation for reaction in (a)(ii).       

…….……………………………………………………………………………….. [1] 

(c) 20.0 cm3 of 1.0 mol / dm3 copper(II) nitrate solution was mixed with 30.0 cm3 

of 2.0 mol / dm3 aqueous sodium hydroxide.   

Cu(NO3)2 + 2NaOH ® 2NaNO3 + Cu(OH)2 

(i) Determine the limiting reactant of the reaction.  

 

 

 

 

[2] 

(ii) Hence, find the mass of the precipitate formed.      

  

  

 

[1] 

(iii) Describe what you see in at the end of the reaction. 

…………..................................................................................................... 

………................................................................................................... [2]  

[Total: 9] 
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A4 The following experimental set-up which was used by a student to perform a 
experiment.  The two black colour electrodes used are graphite electrodes. 

 
 
(a) What is the function of set-up B in this experiment?  

 …….…………………………………………………………………………………… 

…….……………………………………………………………………………….. [1] 

(b) Describe what you see in set-up B?    

…….…………………………………………………………………………………… 

…….……………………………………………………………………………….. [2] 

(c) If the electrolyte used in set-up A is dilute aqueous copper(II) chloride, name 
the products produced at the cathode and anode in set-up A.    

 cathode  : …………………………………. 

 anode : ………………………………….            [2] 

(d) Give the half equation of the reaction that occur at the cathode in set-up A.   

…….……………………………………………………………………………….. [1] 

(e) If the electrolyte used in set-up A is changed to concentrated magnesium 
chloride solution and both the electrodes changed to copper.   

Give the half equation of the reactions that occur at the cathode and anode 
respectively. 

cathode     : ……………………………………………………………………… [1] 

anode  : ……………………………………………………………………… [1] 

[Total: 8] 
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A5 The rate of the reaction between dilute hydrochloric acid and sodium thiosulfate 
solution, Na2S2O3(aq), can be investigated using a cross drawn on a piece of 
paper. 

 

The reaction between dilute hydrochloric acid and sodium thiosulfate solution 
produces sodium chloride, sulfur, sulfur dioxide and water.  

(a) Write a balanced chemical equation for the above reaction. 

.…………………….………………………………………………………………. [2] 

(b) Explain why it becomes more difficult to see the cross as the reaction 
progresses. 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

…….……………………………………………………………………………….. [2] 

(c)  The table shows the results of some experiments to investigate the rate of 
reaction, using sodium thiosulfate at different temperatures. 

A student measured the time from when the acid was added until the cross 
can no longer be seen. 

The same concentration and volume of dilute hydrochloric acid and the same 
concentration and same volume of sodium thiosulfate were used each time. 

temperature of Na2S2O3 / °C time until cross cannot be seen /s 

20 50 

30 x  

40 13 

50 6 
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(i)  Use ideas about collisions between particles to explain the trend in the 
results. 

…………..................................................................................................... 

…………..................................................................................................... 

…………..................................................................................................... 

…………..................................................................................................... 

…………..................................................................................................... 

…………..................................................................................................... 

………................................................................................................... [3]  

(ii)  Estimate value of x. 

………................................................................................................... [1]  

(d) Suggest another change to the conditions that can speed up the rate of 
reaction between dilute hydrochloric acid and sodium thiosulfate solution. 

…….…………………………………………………………………………………… 

.……………………………..……………………………………………………… [1] 

[Total: 9] 
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A6 An equal mass of five metals, A, B, C, D and E, were reacted separately with 30 cm3 

of hydrochloric acid. The graph below shows the time taken to collect 100 cm3 of the 

gas produced from the above reactions. 

 

(a)  Calculate the rate of reaction of metal E.  

 

 

 

[1] 

(b)  Arrange the metals in the order of decreasing reactivity. 

 ……………………………………………………………………………………… [1] 

(c) A student claimed that reaction between metal and acid is a redox reaction. 

With reference to the reaction between magnesium metal and hydrochloric 

acid, explain in terms of change in oxidation state if the claim is true.  

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [2] 

(d)  Name the gas produced. Describe a test to confirm its identity. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [2] 
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(e)  The carbonates of each of the five metals are heated with same heat intensity 

in separate test tubes. The gas is collected and measured over 5 minutes.  

Which metal has a carbonate that will produce the greatest volume of carbon 

dioxide gas in 5 minutes? 

 ……………………………………………………………………………………… [1] 

(f) Explain your answer in (e) in terms of thermal stability and reactivity. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [2] 

[Total : 9] 
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Section B 
This section carries 30 marks. 

Answer all three questions in this section. 
Question 9 is in the form of an either/or and only one of the alternatives should be 

attempted. 
 

B7 Ionisation energy is the minimum energy (in kJ / mol) required to remove one 

electron from a single atom of an element in its gaseous state, per mole of atom.  

It is quantitatively expressed as 

X(g) + energy ® X+(g) + e- 

where X is any atom capable of ionisation,  

             X+ is that atom with an electron removed,  

                    e- is the removed electron. 

The process of removing this electron is known as ionisation.  

First ionisation energy is defined as the ionisation energy to remove the first 

electron from a gaseous atom.  

The equation for the first ionisation energy is : X(g) ® X+(g) + e- 

Second ionisation energy is defined as the ionisation energy to remove the second 

electron from a gaseous atom. 

The equation for the second ionisation energy is : X+(g) ® X2+(g) + e- 

The magnitude of ionisation energy is a measure of how “tightly” the electron is held 

in the atom. The higher the ionisation energy, the more difficult it is to remove the 

electron. When an electron is removed from an atom, the repulsion among the 

remaining electrons decreases, while the positive charge of the nucleus remains the 

same. 

The electronic configuration of an element is closely related to its chemical 

properties. This is because the chemical properties of any atom are determined by 

its number of valence electrons. The stability of these valence electrons is reflected 

directly in the atom’s ionisation energies.  
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Table 1 shows the first to third ionisation energies of the first four elements in 

Group I.  

Table 1 

Group I 
element 

electronic 
configuration 

ionisation energy / kJ / mol 

first second third 

lithium 2,1 526 7296 11810 

sodium 2,8,1 504 4563 6913 

potassium 2,8,8,1 425 3069 4420 

rubidium 2,8,18,8,1 410 2650 3860 

 

Table 2 shows the first to third ionisation energies of the first four elements in 

Group II. 

Table 2 

Group II 
element 

electronic 
configuration 

ionisation energy / kJ / mol 

first second third 

beryllium 2,2 899 1757 14849 

magnesium 2,8,2 738 1450 7730 

calcium 2,8,8,2 590 1145 4941 

strontium 2,8,18,8,2 549 1064 4207 

 

(a) Third ionisation energy is defined as the ionisation energy to remove the 

third electron from a gaseous atom. 

 Write the equation for the third ionisation energy of element X. 

 ……………………………………………………………………………………… [1] 

(b)  Rank the four elements in Table 1 according to the stability of their valence 

electron, from the lowest stability to the highest stability. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [1] 

(c)  (i)  Describe the trend in the first ionisation energy of the Group I elements. 

 …………………………………………………………………………………… 

 ……………………………………………………………………………….. [1] 
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(ii) Describe the relationship between first ionisation energy and reactivity of 

Group I metals. 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 ……………………………………………………………………………….. [1] 

 
(iii) Using your understanding of atomic structure and the Periodic Table, 

explain the trend described in c(ii). 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 …………………………………………………………………………………… 

 ……………………………………………………………………………….. [3] 

(d)  Using the data in Table 1 and 2, explain why the values of the second ionisation 

energies are much higher for Group I elements as compared to Group II 

elements. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [2] 

(e) Predict the trend in the first ionisation energy across Period 2 from lithium to 

neon. 

 ……………………………………………………………………………………… [1] 
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(f) State one similarity and one difference between the first ionisation energies of 

Group I and Group II elements.  

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

 ……………………………………………………………………………………… [2] 

[Total: 12] 
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B8 The diagram shows the formulae of some gases emitted by a typical coal power station. 
 

 
 

(a) Use the formulae from the diagram to answer the following questions: 

(i) a poisonous gas that is produced by incomplete combustion of coal.    

  ……………………………………………………………………………………… [1] 

(ii) two gases that produces acid rain.    

  ……………………………………………………………………………………… [2] 

 (iii)  two gases that are involved in both respiration and photosynthesis.    

……………………………………………………………………………………… [2] 

(b) Carbon dioxide is one of main products in the combustion of coal in a coal power 
station. Excessive carbon dioxide is harmful to the environment.  

Briefly describe how the carbon cycle helps to regulate the amount of carbon dioxide 
in the atmosphere. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  ……………………………………………………………………………………… [3] 

[Total : 8] 

 

Coal Power Station 

 
 

CO 

SO2 
CO2 NO2 

N2 O2 

NO 
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Either  
B9 Fig. 9.1 shows the manufacturing of a common fertilizer, ammonium nitrate. 

 

Fig. 9.1 

(a)  Name of the industrial process for Reaction 1. 

  ……………………………………………………………………………………… [1] 

(b)  Write a balanced chemical equation for Reaction 1. 

  ……………………………………………………………………………………… [1] 

(c) Describe the conditions required for Reaction 1 to take place. 

  …………………………………………………………………………………………. 

  ……………………………………………………………………………………… [2] 

  

nitrogen hydrogen 

Reaction 1 

ammonia water 

aqueous ammonia nitric acid 

Reaction 2 

ammonium nitrate 
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(d) Use the bond energy table to calculate the enthalpy change for the formation 

of 1 mole of ammonia gas. 

bond energy (kJ / mol) bond energy (kJ / mol) 

H-H 432 N=N 418 

N-H 391 NºN 941 

 
 
 
 
 
 
 
 
 

[2] 
 

(e) Sketch the energy profile diagram for decomposition of 1 mole of ammonia 

gas into nitrogen and hydrogen. Show clearly the enthalpy change. 

 
[2] 

(f)  Describe how a pure sample of ammonium nitrate crystals can be obtained 

from the products of Reaction 2. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  …………………………………………………………………………………………. 

  ……………………………………………………………………………………… [2] 

 [Total : 10] 
 
 

energy / kJ 

progress of reaction 

NH3 
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OR 
B9 Barium is a group II element. Barium hydroxide is soluble in water to form aqueous 

barium hydroxide of concentration up to 0.1 mol / dm3.  

20.0 g of an impure sample of barium hydroxide, Ba(OH)2, is dissolved in water to 

produce 1 dm3 of an aqueous solution. 25.0 cm3 of this alkaline solution is titrated 

against nitric acid with a concentration of 0.200 mol / dm3. 

The results obtained is shown in Table 9.1. 

Table 9.1 
 

titration number 1 2 3 4 

final reading / cm3 24.55 49.05 24.55 24.10 

initial reading / cm3 0.00 25.00 1.00 0.00 

volume of nitric acid used / cm3     

best titration results     

 
(a) Complete Table 9.1 to obtain the volume of nitric acid used in the 4 sets of 

titrations.             [1] 

(b) Choose the best titration results by putting a tick (Ö) and calculate the 

average volume of nitric acid used. 

 

 

 

 average volume of nitric acid used = …………. cm3  [1] 
 
(c)  Write a balanced chemical equation, including state symbols, for the 

neutralisation reaction. 

.……………………………..……………………………………………………… [2] 

(d)  Calculate the concentration of the barium hydroxide solution in mol / dm3. 

 

 

 

 

[2] 
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(e)  Calculate the percentage of barium hydroxide in the impure sample.  

 

 

 

 

 

 

[2] 

(f) If the conical flasks that were used in this experiment had been rinsed with 

the barium hydroxide solution before carrying out a titration, how would this 

have affected the answer in (e)? 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

…….…………………………………………………………………………………… 

.……………………………..……………………………………………………… [2] 

[Total: 10] 

 
 
 
 
 
 
 
 

 
END OF PAPER 
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