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READ THESE INSTRUCTIONS FIRST 
 
Write your name, class and index number on all the work you 
hand in. 
Write in dark blue or black pen. 
You may use a soft pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 
 
Section A 
Answer all questions in the spaces provided. 
 
Section B 
Answer all three questions, the last question is in the form 
either/or.  
Answer all questions in the spaces provided. 
 
The number of marks is given in brackets [    ] at the end of 
each question or part question. 
 
The use of an approved scientific calculator is expected, where appropriate.  
 
A copy of Periodic Table is printed on page 20. 
 
 
 
Setters: F. Yeo & Ong L.B. 
 

This question paper consists of 20 printed pages, including the cover page. 
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Section A (50 marks) 
 

Answer all the questions in this section in the spaces provided. 
   
 
A1 Choose from the following list of substances to answer the questions below. 

 

calcium chloride lead(II) chloride copper(II) chloride 

graphite hydrochloric acid platinum 

copper sodium lead 

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

 
(a) Which molecule has a giant structure?  
 

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

(b) Which substance only conducts electricity in its molten state?  
 

........................................................................................................................................[1]  
 
(c) Which substances produce gases at both electrodes when they are electrolysed in their 

aqueous states with inert electrodes?  
 

........................................................................................................................................[1]  
 
(d) Which substances show changes in pH when their concentrated solutions are 

electrolysed with inert electrodes? 
 
........................................................................................................................................[1]  

 
(e) What is the observation of the electrolyte when aqueous copper(II) chloride is 

electrolysed using copper electrodes?  
 

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

(f) Fill in the blanks below with one substance each for inert and reactive electrodes.  
  

inert electrode reactive electrode 
 
 
 
 
 

 

 
[1]  

    
           [Total: 6] 

  

827



3 
 

© Victoria School  20/4PE/6092/2  

A2 Silver dichromate, Ag2Cr2O7, is a red insoluble salt.  
 
Silver dichromate can be made by reacting silver nitrate solution with ammonium dichromate 
solution as shown by the equation below. 
 

2AgNO3  +  (NH4)2Cr2O7  →  2NH4NO3  +  Ag2Cr2O7 
 
(a) Describe how you can obtain pure and dry solid silver dichromate after mixing silver 

nitrate solution and ammonium dichromate solution.  
 
............................................................................................................................................ 

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

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

(b) (i)  Deduce the oxidation state of chromium in Ag2Cr2O7.  
 
 ...............................................................................................................................[1]  
 
(ii)  Write the ionic equation with state symbols for the formation of silver dichromate in 

this reaction.  
 
 
    
             [2] 

 
(c) The apparatus shown below is set up.  

 

 
After five minutes, a red solid appeared at the position marked S on the diagram.  
 
(i) Explain why a red solid appeared at the position marked S.  

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

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

(ii) The experiment is then repeated at a higher temperature.  
 

What effect, if any, would this have on the time taken for the red solid to appear?  
 

Explain your answer.  
 

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

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

              [Total: 8] 
  

solid ammonium 
dichromate 

water 

plastic trough 

solid silver 
nitrate 

S 
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A3 Flerovium, Fl (atomic number: 114) was first made in research laboratories in 1998. 
  

(a) Flerovium was made by bombarding atoms of plutonium, Pu (atomic number: 94), with 
atoms of element Z.  
 
 The nucleus of one atom of plutonium combined with the nucleus of one atom of 

element Z.   
 This formed the nucleus of one atom of flerovium.  

 
Suggest the identity of element Z.  

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

 
(b) Fill in the missing information about an atom of flerovium. 

 
  number of electron shells number of outer shell electrons 

  

              [1] 
 

(c) Two isotopes of flerovium are 286Fl and 289Fl.  
 
State a similarity and difference between the nuclei of the two isotopes. 

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

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

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

(d) Only a relatively small number of atoms of flerovium has been made in the laboratory and 
the properties of flerovium have not yet been investigated.  
 
It has been suggested that flerovium behaves like a typical metal.  
 
(i) Draw a labelled diagram to show the type of bonding in flerovium. 
 
 
 
 
 
 
 
             [2] 
 
(ii) State a physical property of flerovium.   
 

   ...………………………………………………………………………………………….[1] 
 
(iii) Suggest a chemical property of flerovium oxide.  

 
   ...………………………………………………………………………………………….[1] 
    
              [Total: 8] 
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A4 The Alhambra is a beautiful monument in Granada, Spain. It comprises of buildings made of 
limestone, CaCO3, with a river filled with aquatic life near it. 
 
The life of this monument can be preserved by treatment with an aqueous mixture of barium 
hydroxide and urea, CO(NH2)2. As this aqueous mixture soaks into the porous limestone 
structures, the urea slowly reacts with water to form ammonia and carbon dioxide. The carbon 
dioxide that is released reacts with aqueous barium hydroxide, forming barium carbonate. 
 
The solubility of the sulfates and carbonates of calcium and barium are shown below. 

 

substance CaCO3 CaSO4 BaCO3 BaSO4 

solubility in water / 
mol dm-3 1.5 x 10-4 4.6 x 10-2 9.0 x 10-5 9.4 x 10-6 

 
(a) (i) Use information from the table to explain why having a layer of barium carbonate 

on the monument will help to preserve the life of the limestone monument. 
 

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

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

 (ii) The layer of barium carbonate on the surface of the treated monument can react 
with sulfur dioxide in the air to form a layer of barium sulfate and carbon dioxide. 

 
  Will the above reaction speed up or slow down corrosion of the monument? 

 
Use information from the table to explain your answer. 

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

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

 
(b) Urea reacts with water to form ammonia and carbon dioxide. 

 
(i) Write the equation for this reaction. 
 
 
 
            [1] 
 
(ii) Environmentalists are concerned when ammonia and carbon dioxide are produced 

near the river. 
 

Explain why. 
 

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

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

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

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

............................................................................................................................[3]  
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(c) Over time, the Alhambra monument is still corroded despite the preservation method 
used. 
 
Suggest why. 
 
……………………………….…………………….…..………………….………………….…… 

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

 
           [Total: 8] 
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A5 Paracetamol, the active drug ingredient in Panadol, is commonly used to reduce fever and 
relief pain. Based on recommended dosages, an adult should not take more than 4 g of 
paracetamol daily.  

 
 (a)  A sample of paracetamol was found to contain 63.6% of carbon, 5.9% of hydrogen, 9.3% 

of nitrogen and 21.2% of oxygen by mass.  
 
  Show, by means of calculation, that the empirical formula of paracetamol is C8H9NO2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

 (b)  Paracetamol can be synthesized in the laboratory via a three-step process.  
 
  Step 1:  
    phenol    2-nitrophenol + 4-nitrophenol 
 
   
  Step 2:  
 

 

 

 

           4-nitrophenol (C6H5NO3)         4-aminophenol (C6H7NO) 

 
  Step 3:        C6H7NO      +      C4H6O3      →      C8H9NO2      +      C2H4O2 

    4-aminophenol    paracetamol    ethanoic acid 

 
  (i) Suggest why the yield of paracetamol in the laboratory is less than 50%.  
 
   ...………………………………………………………………………………………..…… 

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

 
  (ii) Explain why NaBH4 acts as a reducing agent in step 2.  
 
   ...………………………………………………………………………………………..…… 

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

 
   
 
 

dilute H2SO4 

NaNO3 

NaBH4 

OH OH 

NO2 NH2 
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(iii) One Panadol tablet contains 500 mg of the active ingredient paracetamol. 
 
   Calculate the mass of 4-aminophenol required to synthesize 8 Panadol tablets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 

  (iv) How can the purity of the synthesized paracetamol be tested?  
 
   ...………………………………………………………………………………………..…… 

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

 
  (v) Explain, in terms of bonding, why paracetamol is a solid but ethanoic acid is a liquid 

at room temperature and pressure. 
 
   ...………………………………………………………………………………………..…… 
 
   ...………………………………………………………………………………………..…… 
 
   ...………………………………………………………………………………………..…… 

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

 
 (c)  The correct dosage of paracetamol for children varies according to a child’s weight. 

However, a child weighing 10 kg should only consume a maximum of 600 mg of 
paracetamol in a day.  

 
  Given that a bottle of Panadol syrup contains 120 mg of paracetamol per 5 ml of syrup, 

calculate the correct dose of Panadol syrup (in ml) that should be given every 6 hours for 
a 10 kg child.  

 
 
 
 
 
 
 
 
 

[2] 
 

[Total: 12] 
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A6 Study the reaction scheme below and answer the questions that follow.  
 
 
 
 
 
 
 
 
 
 

(a) Identify the unknown substances A, B and C.  
 
A: ………………………………………..……   
 
B: ……………………………….……….……   
 
C: …………………………………….….……                                                                                          [3] 

 
(b) Describe what will be observed when green precipitate B is left to stand. 

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

  
(c) Chlorine gas is bubbled into two solutions, solution A and aqueous hydrogen peroxide. 

 
(i) Describe and explain what will be observed when chlorine gas is bubbled into 

solution A. 
 
   ...………………………………………………………………………………………..…… 

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

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

(ii) The reaction between chlorine gas and hydrogen peroxide is shown below. 
 

Cl2 + H2O2  →  2HCl + O2 
 

Explain, in terms of oxidation states, why this is a redox reaction.   
 
   ...………………………………………………………………………………………..…… 

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

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

 
[Total: 8] 

 

aqueous 
lead(II) nitrate yellow precipitate C  

 

pale green 
solution A 

excess aqueous 
ammonia 

aqueous 
ammonia 

green 
precipitate B 

green 
precipitate 
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Section B (30 marks) 
 

Answer all three questions in this section. 
 

The last question is in the form of an either / or and only one of the alternatives should be attempted. 
 
 
B7 Hydrogen Halides 
 

Hydrogen halides are diatomic covalent molecules with the formula HX, where X is one of the 
halogens: fluorine, chlorine, bromine or iodine. Hydrogen halides are colourless gases that 
dissolve in water to form acids which are commonly known as hydrohalic acids. 
 

HX   ⇌   H+   +   X- 

 
Strength of Acids 

 
A strong acid usually records a low pH of about 0 to 3. However, this is not always the case as 
pH is simply a measure of the concentration of hydrogen ions in solution, not the strength of 
an acid. Hence, even a strong acid can have a pH value near 7 if its concentration is very low. 
For instance, a 1.00 x 10-6 mol dm-3 solution of dilute hydrochloric acid has a pH of 6. The lower 
the concentration of hydrogen ions in the solution, the higher the pH and vice versa. 
 
pH can be calculated using the formula below: 
 

pH = -log10[H+] 
 
where  [H+] = concentration of hydrogen ions in mol dm-3 
 
Acid Dissociation Constant, Ka 
 
The measure of the strength of an acid can be quantified using the acid dissociation constant, 
Ka. The larger the Ka value, the greater the extent of the dissociation of the acid molecules in 
solution and hence the stronger the acid. Weak acids typically have Ka values below 1 while 
strong acids have Ka values above 1. 
 
The Ka of a monobasic acid, HX, can be calculated using the following formula: 

 

𝐾𝑎 =  
[𝐻+][𝑋−]

[𝐻𝑋]
=

[𝐻+]2

[𝐻𝑋]
 

 
where  [H+] = concentration of hydrogen ions in mol dm-3 

 [X-] = concentration of halide ions in mol dm-3 
 [HX] = concentration of hydrohalic acid in mol dm-3 

 
 pKa can be calculated in the same way as pH which is shown below: 

 
pKa = -log10Ka 
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Table 1 below shows the acid dissociation constants of some hydrohalic acids. 
 

Table 1 
 

substance Ka / mol dm-3 pKa 

hydrofluoric acid, HF 6.8 X 10-4 3.2 

hydrochloric acid, HCl 1.3 X 106 -6.1 

hydrobromic acid, HBr   

hydroiodic acid, HI 3.2 X 109 -9.5 

Data extracted from: https://depts.washington.edu/eooptic/links/acidstrength.html 
 

Bond Energy 
 
Bond energy is a measure of the strength of a covalent bond. It is defined as the amount of 
energy required to break apart one mole of molecules into its constituent atoms.  
 
Table 2 below shows the bond energy of hydrogen halides, HX. 
 
      Table 2 

 

bond bond energy / kJ mol-1 

H-F 562 

H-Cl 431 

H-Br 366 

H-I 299 

 
  

836
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(a) Explain why weak acids typically have Ka values below 1. 
 

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

…………………………….………………………..……………………………….….………[1] 
 
(b)  Hydrofluoric acid is a weak acid.   

 
(i) Calculate the concentration of H+ ions in a 0.100 mol dm-3 solution of dilute 

hydrofluoric acid.  
 
 
 
 
 
 
 
 

[1] 
 

(ii) Hence, calculate the pH of a 0.100 mol dm-3 solution of dilute hydrofluoric acid.  
 
 
 
 
 

[1] 
 
(c) (i) Using Table 1, state the relationship between Ka and pKa. 

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

 
 (ii) Hence, predict the pKa value for hydrobromic acid, HBr.  

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

 
(d) (i) Using Table 1, describe the trend in the strength of the hydrohalic acids down 

Group VII. 
 

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

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

(ii) Using the bond energies in Table 2, explain your answer in (d)(i). 
 
   ...………………………………………………………………………………………..…… 

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

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

 
   ...………………………………………………………………………………………….[2] 
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(e) A solution of aqueous sodium hydroxide was placed in a beaker and the temperature of 
the solution was measured. 1.00 cm3 portions of dilute hydroiodic acid were added 
successively into the beaker, with the highest temperature of the mixture reached 
measured after each addition.  

 
The graph below shows the results of the experiment.  
  

 
(i) Explain the shape of the graph above, stating clearly the significance of the volume 

“18.0 cm3” in your answer.  
 

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

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

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

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

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

 
(ii) The experiment was repeated using dilute hydrochloric acid instead of hydroiodic 

acid, with all the other conditions kept constant. The same results were obtained.  
 
Suggest why the temperature rise measured is the same for both experiments.  

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

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

 
[Total: 12] 

  

highest 
temperature 
reached / °C  

volume of acid added / cm3 18.0 
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B8 Zinc is used to make alloys and in the construction of dry cells (batteries).   
  
 Zinc can be obtained from zinc oxide in a two-step process as shown below. 
 

 Step 1:  aqueous zinc sulfate is made from zinc oxide  
 
 Step 2:  aqueous zinc sulfate is electrolysed with carbon electrodes to obtain zinc 

 
(a) Name the reagent which reacts with zinc oxide to form zinc sulfate. 

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

(b) Complete the following for the electrolysis of aqueous zinc sulfate. 
 

(i) Write the ionic equation happening at the anode. 
 
 
 

    [1] 
 

(ii) What is the resulting electrolyte formed?  
 

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

(iii) Besides electrolysis, suggest another method to extract zinc from zinc oxide. 
 

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

839



15 
 

© Victoria School  20/4PE/6092/2  

(c) A dry cell (battery) has a central rod, usually made of graphite.  
 

This is the positive electrode which is surrounded by the electrolyte, typically a paste of 
ammonium chloride and manganese(IV) oxide, all of which are in a zinc container which 
is the negative electrode. 
 
The following ionic equations occur at the electrodes in a dry cell. 
 
positive electrode: 2NH4

+(aq)  +  2MnO2(s)  +  2e−  →  Mn2O3(s)  +  2NH3(g)  +  H2O(l) 
 
negative electrode: Zn(s)  →  Zn2+(aq)  +  2e− 

 

 
 

(i) Draw an arrow on the diagram to indicate the direction of electron flow.  [1] 
 

(ii) Suggest why the electrolyte is a paste instead of solid. 
 

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

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

(iii) Suggest why is there no gas built up in the dry cell. 
 

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

   ...………………………………………………………………………………………….[1] 
 
(iv) Give the overall equation for the reaction. 
 
 
 
            [1]

  
 [Total: 8] 

  

electrons flow 
when cell 
produces 

energy 

graphite 
electrode 

zinc electrode 

electrolyte which is a paste of 
ammonium chloride and 
manganese(IV) oxide 

wire 
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EITHER 
 
B9 Standard electrode potentials (E°) are also known as reduction potentials. They measure how 

easily a substance gains electrons, or how easily a substance is reduced.  
 
 The E° values for some substances are shown below: 
 
   Mg2+(aq) + 2e− ⇌ Mg(s)  E° = − 2.38 V  
 
   Zn2+(aq) + 2e− ⇌ Zn(s)  E° = − 0.76 V  
 
   2H+(aq) + 2e− ⇌ H2(g)  E° =  0.00 V 
 
   Cu2+(aq) + 2e− ⇌ Cu(s)  E° = + 0.34 V 
 
   Ba2+(aq) + 2e− ⇌ Ba(s)   E° = − 2.90 V 
 
   Co2+(aq) + 2e− ⇌ Co(s)  E° = − 0.28 V 
 
 The more positive the E° value, the more likely the forward reaction takes place and the more 

easily the substance is reduced.  
 
 Conversely, the more negative the E° value, the more likely the reverse reaction takes place 

and the more easily the substance is oxidised. 
 

(a) Deduce the relationship between the E° value and reactivity of metals.  
 
.……......……………………………………………………………………………………….. [1] 
  

(b) A piece of zinc metal was added to a colourless solution of barium nitrate in test tube A 
while a piece of zinc metal was added to a pink solution of cobalt(II) nitrate in test tube B. 
 
By writing relevant equation(s), describe what will be observed in the two test tubes. 
 
.………………………………………………………………………………………………..…… 

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

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

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

 
(c) Will barium carbonate require a higher or a lower temperature than cobalt(II) carbonate 

to decompose?  
 
Explain your answer. 

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

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

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

 
 
  

841
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(d) The reactions of two unknown metals X and Y are given in the table below. 
 

metal X No visible reaction observed between metal X and acid.  
Metal X displaces copper from its salt solution. 

metal Y Metal Y reacts with both cold water and steam. 
Magnesium displaces metal Y from its salt solution. 

 
Use the information above to predict the E° values of metal X and metal Y. 

  
metal X: ……………………………   
 
metal Y: ……………………………                                                                                    [2] 

 
 

(e) Complete the ‘dot-and-cross’ diagram to represent the bonding in zinc hydride. 
 
The zinc ion has already been drawn for you. 

 
 
 
 
 
 
 
 

[2] 
 

[Total: 10] 
  

[   ] Zn 
2+ 

842
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OR 
 
B9 Three test tubes contain the following acid solutions: 
 

Test tube A: 3.00 cm3 of 1.00 mol dm-3 dilute nitric acid 

Test tube B: 3.00 cm3 of 1.00 mol dm-3 dilute ethanoic acid 

Test tube C:  3.00 cm3 of 1.00 mol dm-3 dilute sulfuric acid 
 

Excess powdered sodium carbonate was added to each test tube and the volume of carbon 
dioxide gas produced was measured over time.  

 
(a) What observation shows that powdered sodium carbonate was added in excess? 

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

(b) (i)  Complete the diagram below to show the chemical and apparatus required to collect 
and measure a dry sample of the gas produced in test tube A.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[2] 

 
(ii) Describe a test to confirm the identity of the gas produced.  

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

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

 
 
 
 
  
  

mixture of 
dilute nitric 
acid and 
sodium 
carbonate 

843
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(c) The graph below shows the results obtained with test tube A and test tube B. 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

 
  

(i) Explain why the volume of gas produced is the same for test tubes A and B.  
 

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

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

   ...………………………………………………………………………………………….[2] 
 
(ii) Using collision theory, explain the difference in results for test tubes A and B.   

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

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

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

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

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

 
(d) In the graph in (c), sketch the results obtained with test tube C. Label the graph C.    [1]                             

 
(e) An experiment was conducted with 3.00 cm3 of 1.00 mol dm-3 warm dilute nitric acid and 

an excess of powdered sodium carbonate.  
 

 In the graph in (c), sketch the results obtained in this experiment. Label the graph W. [1] 
 

[Total: 10] 
 
 
 

End of Paper 
 
This document is intended for internal circulation in Victoria School only. No part of this document may be reproduced, stored in a retrieval 
system, or transmitted in any form or by any means, electronic, mechanical, photocopying or otherwise, without the prior permission of 
the Victoria School Internal Exams Committee. 

B A 

volume of gas / cm3 

time / min 
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