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1 The diagram shows how the arrangement of particles changes during its change in state.  
 

 
 

 What change in state is shown? 
 

A Boiling B Condensation C Evaporation D Sublimation 
 
2 A paper chromatography experiment is carried out to separate and identify the mixture 

of amino acids produced from the hydrolysis of a protein.   
 
 Which apparatus is needed? 
  

 A chromatography paper, pencil, solvent 
 B chromatography paper, locating agent, ruler, solvent 
 C chromatography paper, locating agent, pencil. ruler, solvent 
 D chromatography paper, locating agent, pencil, ruler, solvent, thermometer 

 
3 A student investigated the diffusion of ammonia gas and hydrogen chloride gas. Two 

sets of apparatus were set up at room temperature and pressure.  
 

 
  
 The damp blue litmus paper in apparatus 2 changed colour after 30 seconds.  
  
 How long does it take for the damp red litmus paper to change colour in apparatus 1?  
 

 A 13 seconds 
 B 22 seconds    
 C 30 seconds  
 D 64 seconds    

 
4 Chloroform, CHCl3, is an organic solvent once used as an anaesthetic.  
 CHCl3 has a boiling point of 61.2 oC.   
 
 A test tube of CHCl3 was found contaminated with a very small amount of water.  
  
 What is the boiling point of a sample obtained from this test tube? 
 

A 60.5 oC B 61.2 oC C 61.9 oC D 100 oC 
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1 The diagram shows how the arrangement of particles changes when a substance changes state. 
 

 
 

Which change of state is shown? 

A boiling 

B condensation 

C evaporation 

D sublimation 
 
 
2 Which method can be used to separate a mixture of salt and water to obtain both parts of the 

mixture? 

A crystallization 

B distillation 

C evaporation 

D filtration 
 
 
3 A student put 25.0 cm3 of dilute hydrochloric acid into an Erlenmeyer flask. 
 

The student added 2.5 g of solid sodium carbonate and measured the change in temperature of 
the mixture. 

 
Which apparatus does the student need to use to obtain the most accurate results? 

A balance, graduated cylinder, thermometer 

B balance, pipet, stopwatch 

C balance, pipet, thermometer 

D buret, pipet, thermometer 
 
 
4 Propanone, C3H6O, is a liquid at room temperature. 
 

What is the boiling point of pure propanone? 

A –61 °C to –51 °C 

B –56 °C 

C 51 °C to 61 °C 

D 56 °C 
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1 A student investigated the diffusion of ammonia gas, NH3, and hydrogen chloride gas, HCl. 
 

Two sets of apparatus were set up as shown at room temperature and pressure. 

 

apparatus 1

source of
ammonia gas

damp red
litmus paper

apparatus 2

source of
hydrogen chloride gas

damp blue
litmus paper

 
 

The damp red litmus paper in apparatus 1 changed colour after 30 seconds. 

 

How long does it take for the damp blue litmus paper to change colour in apparatus 2? 

A 64 seconds 

B 30 seconds 

C 21 seconds 

D The blue litmus paper would not change colour. 

 

 

2 Chromatography is a technique used to separate coloured dyes. 

 

Which dye has an Rf value of 0.7? 

 

solvent front

baseline
A B

dyes
C D
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5 When heated gently, solid iodine readily forms iodine vapour.  
 
 What does this information suggest about the nature of the particles in these two physical 

states of iodine? 
 

 Solid Vapour 
A Molecular Atomic 
B Molecular Molecular 
C Ionic Atomic 
D Ionic Molecular 

 
6 The diagram shows some reactions of a solution of Q.  

 

 
 What is the identity of Q? 
 

A Al2(SO4)3 B Ca(HCO3)2 C H2SO4 D PbSO4 
 
7 Which of the following contains one mole of the stated particle? 
 

A Electrons in 1.00 g of helium  
B Electrons in 24.0 dm3 of hydrogen gas at room temperature and pressure 
C Molecules in 19.0 g of fluorine gas 
D Protons in 2.00 g of neon 

 
8 For the reaction H2 (g) + F2 (g) ® 2HF (g), the enthalpy of reaction is –265 kJ/mol of  

HF (g) produced.  
 
 If the bond energies for H2 (g) and HF (g) are 436 kJ/mol and 562 kJ/mol respectively, 

what is the bond energy for F2 (g) in kJ/mol? 
 

A 126 B 139 C 158 D 423 
 
 
 
 
 
 

Q (aq)Excess 
Na(OH) (aq)

Acidified 
BaCl2 (aq)

Excess 
NH3 (aq)

Colourless 
solution

Colourless 
solution

White
ppt.
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9 The relative melting points of four consecutive elements in the Periodic Table are shown 
in the graph. The elements all have proton numbers of less than 20. 

 
 Which element could be found in Group VI?  
 

 
10 Solutions of 0.1 mol/dm3 Mg(NO3)2 and 0.1 mol/dm3 Ba(NO3)2 separately undergo a 

series of reactions using different reagents.  
 

 
  
 M, N and P are magnesium compounds.  
 Q, R and S are barium compounds.  
 
 How many of M, N, P, Q, R and S are precipitates? 
  

A 2 B 3 C 4 D 5 
 
11 Which statement about the properties of alkali metals or their compounds is correct? 
 

A Acidity of the oxides increases down the group.  
B Decomposition temperature of the carbonates decreases down the group.   
C Reactivity of the metals decreases down the group.  
D Thermal stability of the nitrates increases down the group.     

 
12 Which compound is composed of a cation and anion(s) that do not contain the same 

number of electrons as each other? 
 

A LiH B NaOH C NH4F D TiCl3 
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11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2(g)  +  O2(g)    2SO3(g) Kc = 280 mol–1

 dm3 at 1000 K 
 

In an equilibrium mixture at 1000 K the sulfur trioxide concentration is 6.00 mol dm–3. 
 

The sulfur dioxide concentration is twice the oxygen concentration. 
 

What is the sulfur dioxide concentration? 

A 0.175 mol dm–3 

B 0.254 mol dm–3 

C 0.318 mol dm–3 

D 0.636 mol dm–3 
 
 
12 1.15 g of a metallic element needs 300 cm3 of oxygen for complete reaction, under room 

conditions, to form an oxide which contains O2– ions. 
 

What could be the identity of this metallic element? 

A calcium 

B magnesium 

C potassium 

D sodium 
 
 
13 The relative melting points of four consecutive elements in the Periodic Table are shown in the 

graph. 
 

The elements all have proton numbers less than 20. 
 

Which element is in Group 16? 
 

melting
point / K

273

A

B C

D

proton number  
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14 Substance X reacts with water. A gas is given off and the pH of the solution increases. The 
solution is then reacted with sulfuric acid and a white precipitate forms. 

 
What could be substance X? 

A barium 

B barium oxide 

C magnesium 

D magnesium oxide 
 
 
15 Solutions of 0.1 mol dm–3 Mg(NO3)2 and 0.1 mol dm–3 Ba(NO3)2 separately undergo a series of 

reactions using pure reagents. 
 

Mg(NO3)2(aq) M

sodium
carbonate
solution

excess HCl (aq)
then boil

N P
excess

NaOH(aq)

Ba(NO3)2(aq) Q

sodium
carbonate
solution

excess HCl (aq)
then boil

R S
excess

NaOH(aq)
 

 
M, N and P are magnesium compounds. 

 
Q, R and S are barium compounds. 

 
How many of M, N, P, Q, R and S are white precipitates? 

A 2 B 3 C 4 D 5 
 
 
16 Concentrated sulfuric acid is added to separate solid samples of sodium chloride, sodium 

bromide and sodium iodide. 
 

With which samples does sulfuric acid act as an oxidising agent? 

A sodium chloride only 

B sodium chloride and sodium bromide 

C sodium bromide and sodium iodide 

D sodium iodide only 
 
 
17 The reaction of bromine with warm NaOH(aq) produces products with the same oxidation 

numbers, in the same ratios, as the reaction of chlorine with hot NaOH(aq). 
 

In one reaction between bromine and warm NaOH(aq), 30.2 g of a product containing sodium, 
bromine and oxygen is produced. 

 
Which mass of NaOH has reacted? 

A 8.00 g B 10.2 g C 20.3 g D 48.0 g 
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13 The following species are involved in the nitrogen cycle: N2, NH4+, N2O, NO2– and NO3–. 
 
 What is the order of increasing oxidation number of nitrogen for these species? 
 

A NH4+ ® NO3– ® NO2– ® N2O ® N2 
B NH4+ ® N2 ® N2O ® NO2– ® NO3– 
C NO3– ® NO2– ® N2O ® N2 ® NH4+ 
D N2 ® N2O ® NO2– ® NO3– ® NH4+   

 
14 A white powder is known to be a mixture of calcium oxide and aluminium oxide.  
 

100 cm3 of 2 mol/dm3 NaOH (aq) is required to completely dissolve the aluminium oxide 
in x grams of the mixture:  
          Al2O3 (s) + 2OH– (aq) + 3H2O (l) ® 2Al(OH)4– (aq) 
 
800 cm3 of 2 mol/dm3 HCl (aq) is required to completely dissolve all x grams of the 
mixture: 

Al2O3 (s) + 6H+ (aq) ® 2Al3+ (aq) + 3H2O (l) 
CaO (s) + 2H+ (aq) ® Ca2+ (aq) + H2O (l). 

 
How many moles of each oxide are present in x grams of the mixture? 
 

 Al2O3 CaO 
A 0.05 0.25 
B 0.05 0.50 
C 0.10 0.25 
D 0.10 0.50 

 
15 The polyoxometalate W72Mn12Si7O26840– was recently identified in a crystal garden.   
 
 Which row gives the correct oxidation states of W and Mn in this ion? 
 

 Oxidation state of W Oxidation state of Mn 
A +3 +2 
B +3 +3 
C +6 +2 
D +6 +3 
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16 In plants, photosynthesis absorbs light energy from the Sun that in the presence of 
chlorophyll in green leaves, converts water and carbon dioxide into glucose and oxygen.  

 
 Photosynthesis is a redox reaction involving the following half–equations: 
 

key: e– represents electron 
 

              12H2O ® 6O2 + 24H+ + 6x e– 
                 6CO2 + 6x e– + 24H+ ® C6H12O6 + 6H2O  
 
 What is the value of x? 

A 2 B 4 C 12 D 24 
 
17 Which pair of enthalpy changes are numerically equal?  
 

A Atomisation of CH4 (g) and formation of CH4 (g) 
B Combustion of graphite and combustion of CH3OH (l) 
C Combustion of graphite and formation of CO2 (g) 
D Neutralisation of HCl (aq) with NaOH (aq) and formation of H2O (g) 

 
18 An autocatalytic reaction is a reaction that involves the use of one of the products to 

catalyse the reaction.  
 
 Which curve would be obtained if the rate of an autocatalytic reaction is plotted against 

time?  
 

 
 
19 The rate of a typical chemical reaction is approximately doubled by raising its 

temperature by 10 oC.  
 
 What best explains this observation? 
   

A Raising the temperature by 10 oC doubles the average kinetic energy of each 
reacting molecule.  

B Raising the temperature by 10 oC doubles the average velocity of the reacting 
molecules.  

C Raising the temperature by 10 oC doubles the number of collisions in any given 
time.   

D Raising the temperature by 10 oC doubles the number of molecules with energy 
greater than the activation energy.  
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9 The first stage in the chloride process for the manufacture of titanium consists of the following 
reaction. 

 
2TiO2  +  4Cl 2  +  3C  o  2TiCl 4  +  2CO  +  CO2 

 
What is reduced in this reaction? 

A carbon 

B chlorine 

C oxygen 

D titanium 
 
 
10 In aqueous solution, sulfuric acid dissociates as shown. 
 

H2SO4  o  HSO4
–  +  H+ This reaction goes to completion. 

HSO4
–    SO4

2–  +  H+ This reaction reaches equilibrium with constant Kc. 
 

Analysis of a 2.00 mol dm–3 solution of H2SO4 found the HSO4
– concentration to be  

1.988 mol dm–3. 
 

What is Kc? 

A 1.381 u 105
 dm3

 mol–1 

B 82.34 dm3
 mol–1 

C 1.214 u 10–2
 mol dm–3 

D 7.244 u 10–5
 mol dm–3 

 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate

time
0

0

A

rate

time
0

0

B

rate

time
0

0

C

rate

time
0

0

D
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20 The diagram shows a typical catalytic converter that is fitted in most motor cars.  
 

 
  
 Which unbalanced chemical equation does not represent the removal of air pollutants in 

the catalytic converter from the motor car exhaust fumes?  
 [HC = unburnt hydrocarbons; NOx = oxides of nitrogen] 
 

A CO + NOx ® CO2 + N2 
B CO + O2 ® CO2 
C HC + NOx ® H2O + CO + N2 
D HC + NOx ® H2O + CO2 + N2  

 
21 Four reactions of the same type are studied at the same temperature.  
 
 Which represents the correct diagram for the reaction that would proceed most rapidly 

and with good yield?   
  

  

8
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23 Which compound could not be obtained from cracking a sample of nonane, CH3(CH2)7CH3?

A CH3CH=CHCH=CHCH2CH2CH2CH3

B CH3CH2CH2CH2CH3

C CH3CH2CH2CH2CH2CH=CH2

D (CH3CH2CH2)3CH

24 In which way are ethene and propane similar?

CH2=CH2 CH3CH2CH3

ethene propane

A They are both obtained by the dehydration of alcohols.

B They are both neutral to an indicator solution.

C They can both be hydrogenated using a suitable catalyst.

D They can both undergo polymerisation under suitable conditions.

25 Which reaction in the catalytic converter does not remove hazardous and polluting gases from

the exhaust fumes of a motor car?

gases going in:
carbon monoxide,

hydrocarbons
and oxides of

nitrogen

surfaces coated
with platinum and
rhodium catalyst

gases going out

These equations are qualitative and unbalanced.

[HC = unburnt hydrocarbons; NOx = oxides of nitrogen]

A HC + NOx ! H2O + CO + N2

B CO + NOx ! CO2  + N2

C HC + NOx ! H2O + CO2 + N2

D CO + O2 ! CO2

gases going in

5
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12 Four reactions of the type shown are studied at the same temperature.

X (g) + Y (g) ! Z (g)

Which is the correct reaction pathway diagram for the reaction that would proceed most rapidly

and with good yield?

13 Which of these equations represents the reaction of sulphur dioxide with an excess of aqueous

sodium hydroxide?

A SO2 + NaOH ! NaHSO3

B SO2 + 2NaOH ! Na2SO3 + H2O

C SO2 + 2NaOH ! Na2SO4 + H2O

D SO2 + 2NaOH ! Na2SO4 + H2

14 Which ion is most polarising?

A Al 
3+

B Ba
2+

C Mg
2+

D Na
+

energy

reactant product

energy

reactant product

energy

reactant product

energy

reactant product

A B

C D
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22 The graph describes a trend X identified in the halogens.  
 

 
 What could be X? 
 

A Bond energy 
B Bond length 
C Bond strength 
D Strength of intermolecular forces present 

 
23 A catalysed reaction can be represented using the following equation:  

 
       E (g) + M (g) ® L (g) + T (g) 

  
 Two experiments were carried out in which the production of L was measured against 

time. The results are plotted in the graph below. 
 

 
 
 Which of the following changes to the conditions from experiment 1 to experiment 2 might 

explain the results? 
 
   I Different catalyst used 
   II Decrease in temperature 
   III Less of E (g) reacted 
 

A I only B I and III only C II and III only D  I, II and III 
 
24 The following statements are made about the metals Al, Cu, Fe and Mg.  
 
   I All conduct electricity in the solid state.  
   II All have high melting points. 
   III All react with dilute acids to liberate hydrogen. 
   IV Their oxides can react with acids only. 
  
 Which statements are correct?  
 

A I and II only B I and IV only C II and III only D  III and IV only 

7 
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16 Which graph correctly describes a trend found in the halogen group? 

 

bond
length

in X2

Cl2 Br2 I2

A

strength of
van der Waals'

forces

Cl2 Br2 I2

B

boiling
point
of X2

Cl2 Br2 I2

C

bond
energy

of HX

H-Cl H-Br H-I

D

 

 

 

17 Limestone, CaCO3, has been used as a building material for thousands of years, and was used 

on the Pyramids in Egypt. In the past hundred years many limestone buildings have begun to 

suffer damage. 

 

What is the cause of this damage? 

A hydrocarbon emissions from motor vehicles 

B increased temperature due to global warming 

C increased ultraviolet radiation as the ozone layer is destroyed 

D sulphur dioxide from fossil fuels forming ‘acid rain’ 

 

 

18 In an historically famous experiment Wöhler heated “inorganic” ammonium cyanate in the 

absence of air. The only product of the reaction was “organic” urea, CO(NH2)2. No other products 

were formed in the reaction. 

 

What is the formula of the cyanate ion present in ammonium cyanate? 

A CNO
– 

B CNO
2– 

C CO
– 

D NO
–
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33 Which of the enthalpy changes of the following reactions can only be obtained by application of 

Hess’ Law? 

1 The hydration of anhydrous copper sulphate to form crystals of CuSO4.5H2O. 

2 The formation of methane from its elements. 

3 The combustion of glucose, C6H12O6. 

 

 

34 The stoichiometry of a catalysed reaction is shown by the equation below. 

 

P (g) + Q (g)  R (g) + S (g) 

 

Two experiments were carried out in which the production of R was measured against time. The 

results are shown in the diagram below. 

 

0
0

amount of R

experiment 1

experiment 2

time
 

 

Which changes in the conditions from experiment 1 to experiment 2 might explain 

the results shown? 

1 Less of P was used. 

2 A different catalyst was used. 

3 Product S was continuously removed from the reaction vessel. 

 

 

35 Use of the Data Booklet is relevant to this question. 

 

Which properties would be expected from radium, 88Ra, or its compounds? 

1 Radium carbonate decomposes only at a very high temperature. 

2 Radium hydroxide is very insoluble. 

3 Radium does not react with cold water. 

 

 

X 

L 
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25 The overall reaction in the electrochemical cell below is given as: 
 
        Ni (s) + Pb2+ (aq) ® Ni2+ (aq) + Pb (s) 

 
  
 Which statement about the nickel half–cell is correct? 
 

A Nickel is the negative electrode (anode) and is oxidised.   
B Nickel is the negative electrode (cathode) and is reduced.   
C Nickel is the positive electrode (anode) and is oxidised.   
D Nickel is the positive electrode (cathode) and is reduced.   

 
26 The diagram shows part of the structure of solid Z at room temperature.  
 

 
 

 Which pair of particles are most likely present in this structure of solid Z? 
 

 ●	 ◯ 

A Ca OH 
B Ca2+ SO42– 
C NH4+ OH– 
D NH4+ SO42– 

  
 
 
 
 

321Examination questions

Q15 Which is the oxidizing agent in the following 
reaction?

5SO2(g) + 2IO3
−(aq) + 4H2O(l) → 5SO4

2−(aq)  
+ I2(aq) + 8H+(aq)

A SO2 B IO3
−

 C H2O D SO4
2−

Higher Level Paper 1, May 2013, Q30

Q16 The overall reaction in the voltaic cell below is:
Ni(s) + Pb2+ → Ni2+(aq) + Pb

solution
containing Ni2+(aq)

solution
containing Pb2+(aq)

lead

V

voltmeter

salt bridge
nickel

 Which statement is correct for the nickel half-cell?
A Nickel is the positive electrode (cathode) and is 

reduced.
B Nickel is the negative electrode (anode) and is 

reduced.
C Nickel is the positive electrode (cathode) and is 

oxidized.
D Nickel is the negative electrode (anode) and is 

oxidized. Higher Level Paper 1, May 2013, Q31

Q17 Which statement is correct for electroplating an 
object with gold?
A The object must be the negative electrode 

(cathode).
B The negative electrode (cathode) must be gold.
C The object must be the positive electrode (anode).
D The gold electrode must be pure.

Higher Level Paper 1, May 2013, Q32

Paper 2 IB questions and IB style questions

Q1 a Use these equations, which refer to aqueous 
solutions, to answer the questions that follow:

Fe(s) + Cu2+(aq) → Fe2+(aq) + Cu(s)
Cu(s) + 2Au+(aq) → Cu2+(aq) + 2Au(s)
Mg(s) + Fe2+(aq) → Mg2+(aq) + Fe(s)

 (Au represents gold, which is below silver in 
the reactivity series.)
i List the metals above in order of 

decreasing reactivity. [1]
ii Define oxidation, in electronic terms,  

using one example from above. [2]
iii Define reduction, in terms of oxidation 

number, using one example from above. [2]

iv State and explain which is the strongest 
reducing agent in the examples above. [2]

v State and explain which is the strongest 
oxidizing agent in the examples above. [2]

vi Deduce whether a gold coin will react with 
aqueous magnesium nitrate. [2]

b Sketch a diagram of a cell used to electrolyse a 
molten salt. Label the essential components. [4]

c Describe how electrode reactions occur in an 
electrolytic cell and state the products at each  
electrode when molten copper(II) iodide is 
electrolysed. [4]

Q2 a Electrolysis can be used to obtain fluorine from 
molten potassium fluoride. Write an equation 
for the reaction occurring at each electrode 
and describe the two different ways in which 
electricity is conducted when the cell is in 
operation. [4]

b In one experiment involving the electrolysis of 
molten potassium fluoride, 0.1 mol of fluorine 
was formed. Deduce, giving a reason, the 
amount of potassium formed at the same time.
 [2]

c Sodium will replace aluminium from its 
chloride on heating:

3Na + AlCl3 → Al + 3NaCl

i Explain, by reference to electrons, why the 
reaction is referred to as a redox reaction.
 [2]

ii Deduce the oxidation numbers of sodium and 
aluminium in the reactants and products. [2]

Q3 The percentage of iron(II) ions, Fe2+, in a vitamin 
tablet can be estimated by dissolving the tablet 
in dilute sulfuric acid and titrating with standard 
potassium manganate(VII) solution, KMnO4(aq). 
During the process iron(II) is oxidized to iron(III) 
and the manganate(VII) ion is reduced to the 
manganese(II) ion, Mn2+(aq). It was found that 
one tablet with a mass of 1.43 g required 11.6 cm3 
of 2.00 × 10−2 mol dm−3 KMnO4(aq) to reach the 
end-point.
a i State the half-equation for the oxidation of 

the iron (II) ions. [1]
ii State the half-equation for the reduction of 

the MnO4
– ions in acidic solution. [1]

iii Deduce the overall redox equation for  
the reaction. [1]

b i Calculate the amount, in moles, of MnO4
− 

ions present in 11.6 cm3 of 2.00  
× 10−2 mol dm−3 KMnO4(aq). [1]

ii Calculate the amount, in moles, of Fe2+ 
ions present in the vitamin tablet. [1]

iii Determine the percentage by mass of  
Fe2+ ions present in the vitamin tablet. [2]

Higher Level Paper 2, May 2009

829055_09_IB_Chemistry_283-321.indd   321 18/05/15   10:06 am

lead

solution of Ni2+ (aq) solution of Pb2+ (aq) 

nickel
KNO3 (aq) salt bridge

voltmeter

V

3 
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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27 Barium peroxide is an ionic compound with the chemical formula BaO2.  
 The oxidation state of barium in BaO2 is +2.  
 
 Which diagram best represents the electronic structure of the peroxide anion in BaO2?   
  
                key: 
  
 

 
 
28 A motor car released 0.23 g of an oxide of nitrogen NxOy, which occupies a volume of 

120 cm3 at room temperature and pressure.  
 
 What are the values of x and y? 
 

 x y 
A 1 1 
B 1 2 
C 2 1 
D 2 4 

 
29 The diagrams show experiments involving the rusting of iron. 
 

 
 A student predicted the following results: 
 
   I In tube P, the iron nails rust.   
   II In tube Q, the iron nails do not rust.   
   III In tube R, the iron nails do not rust.   
 
 Which predictions he made are correct? 
 

A I and II only B I and III only C II and III only D  I, II and III 
 

3 
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4 When barium metal burns in oxygen, the ionic compound barium peroxide, BaO
2
, is formed. 

 

Which dot-and-cross diagram represents the electronic structure of the peroxide anion in BaO
2
? 

 

A C DB
electron from
first oxygen atom

electron from
second oxygen atom
electron from
barium atom

key

 

 

 

5 In this question, the methyl group, CH
3
, is represented by Me. 

 

Trimethylamine, Me
3
N, reacts with boron trifluoride, BF

3
, to form a compound of formula 

Me
3
N.BF

3
. 

 

How may this reaction be written in terms of the shapes of the reactants and products? 

 

Me Me F B
Me F

N F

Me Me

Me

Me
Me

Me

N
+

N

F B
F

F

A

Me Me
BMe

F FN F

B

F F
F

B

F F
F

B

F F
F

+B

Me Me F B
Me F

N F

Me Me
Me

N
+

B

F F
F

C

Me Me
Me

N

Me Me
Me

N
+D
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31 The diagrams show experiments involving the rusting of iron. 
 

water boiled to
remove the air

water anhydrous
calcium chloride
to dry the air

oil
iron nails

tube Q tube Rtube P

 
 

A student predicted the following results. 
 

1 In tube P, the iron nails rust. 

2 In tube Q, the iron nails do not rust. 

3 In tube R, the iron nails do not rust. 
 

Which predictions are correct? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
32 In the carbon cycle, which two processes add carbon dioxide to the atmosphere? 

A combustion and carbonate formation 

B combustion and photosynthesis 

C combustion and respiration 

D respiration and photosynthesis 
 
 
33 Which statement about sulfur or one of its compounds is correct? 

A Sulfur occurs naturally as the element sulfur. 

B Sulfur dioxide is used to kill bacteria in drinking water. 

C Sulfuric acid is a weak acid. 

D Dilute sulfuric acid is a dehydrating agent. 
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4 When barium metal burns in oxygen, the ionic compound barium peroxide, BaO
2
, is formed. 

 

Which dot-and-cross diagram represents the electronic structure of the peroxide anion in BaO
2
? 
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4 When barium metal burns in oxygen, the ionic compound barium peroxide, BaO
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, is formed. 

 

Which dot-and-cross diagram represents the electronic structure of the peroxide anion in BaO
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4 When barium metal burns in oxygen, the ionic compound barium peroxide, BaO
2
, is formed. 

 

Which dot-and-cross diagram represents the electronic structure of the peroxide anion in BaO
2
? 

 

A C DB
electron from
first oxygen atom

electron from
second oxygen atom
electron from
barium atom

key

 

 

 

5 In this question, the methyl group, CH
3
, is represented by Me. 

 

Trimethylamine, Me
3
N, reacts with boron trifluoride, BF

3
, to form a compound of formula 

Me
3
N.BF

3
. 

 

How may this reaction be written in terms of the shapes of the reactants and products? 

 

Me Me F B
Me F

N F

Me Me

Me

Me
Me

Me

N
+

N

F B
F

F

A

Me Me
BMe

F FN F

B

F F
F

B

F F
F

B

F F
F

+B

Me Me F B
Me F

N F

Me Me
Me

N
+

B

F F
F

C

Me Me
Me

N

Me Me
Me

N
+D

 

 

 

 boiled water 



         12 

 

Mid–Year Examination 2021/4 Express/Chemistry/Paper 1 

30 During electrolysis of a concentrated solution of sodium chloride, chlorine, hydrogen and 
sodium hydroxide are produced.  

 
 What is the molar ratio of the products?    
 

 Chlorine Hydrogen Sodium hydroxide 
A 1 1 1 
B 1 1 2 
C 2 1 1 
D 2 2 1 

 
31 A chemical reaction is being studied using the apparatus shown.  
 

 
 
 Which reaction is being studied? 
 

A Magnesium in dilute acid  
B Magnesium chloride in dilute acid 
C Magnesium hydroxide in dilute acid   
D Magnesium oxide in dilute acid 

 
32 Which statements about H2SO4 are correct?  
 
   I Concentrated H2SO4 is used as a drying agent for acidic gases. 
   II It is a dibasic acid.  
   III It is a reducing agent with the oxidation number of sulfur determined as +6.  
 

A I and II only B I and III only C II and III only D  I, II and III 
 
33 The reaction below is called the ‘thermite reaction’. 
 

        2Al + Fe2O3 ® 2Fe + Al2O3 
  
 Which pair of substances can react in a similar way? 
 

A Fe and MgO B Fe and ZnO C Mg and CuO D Zn and Al2O3 
        

5
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 (d) Calcium hydroxide is used to neutralise soil acidity. It reacts with ammonium sulfate fertiliser 
in the soil.

  The student investigates the reaction between these two compounds.

  She uses the apparatus shown.

20 40 60 80 100 cm3

gas syringe

solution of calcium hydroxide
with ammonium sulfate

conical flask

 
  (i) What volume of gas is in the gas syringe?

  ....................................................cm3 [1]

  (ii) After the gas has been collected, a piece of damp blue litmus paper and a piece of damp 
red litmus paper are put in the gas.

 
   What happens to the colour of:

• the damp blue litmus paper .................................................................

• the damp red litmus paper?  .................................................................
[1]

[Total: 12]

reaction mixture

conical flask

gas syringe
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34 Rain clouds near a power station are polluted by the gases it released. The power station 
uses coal with a sulfur content of 1.2% by weight.  

 
 Which changes would increase the pH of the rain?  
 
   I Power station to pass its exhaust gases through slaked lime.  
   II Power station to stop using coal and use 100% pure methane instead.   
   III Power station to use coal with a sulfur content of 0.2% instead.   

  IV Power station to use coal with a sulfur content of 1.5% instead 
 

A I and II only B II and III only C II and IV only D  I, II and IV only 
 
35 Which fuel could be gasoline? 

 
36 Cadmium is a metal used in rechargeable batteries. The purification of cadmium is 

accomplished through electrolysis.  

 
 The following results were recorded in an experiment using the apparatus shown above. 
 

 Mass of pure cadmium 
electrode / g 

Mass of impure 
cadmium electrode / g 

Before the experiment 140 860 

At the end of the experiment 700 260 
  
 What is the percentage of zinc in the impure cadmium?  
 

A 6.67% B 16.3% C 23.3% D 93.3% 

13 
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34 The diagram represents a lime kiln used to heat limestone to a very high temperature. 
 

air in

fuel in fuel in

air in

X

waste gases

limestone

lime kiln

 
 

What leaves the kiln at X? 

A calcium carbonate 

B calcium hydroxide 

C calcium oxide 

D calcium sulfate 
 
 
35 Which fuel could be gasoline? 
 

Is it obtained
from petroleum?

Is it used as
fuel for cars?

Is it used as
fuel for cars?

noyes

noyes

A B C D

noyes

 
 
 

6 
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4 Chromium is a transition element. 
 
 (a) (i) State two differences in the physical properties of chromium and sodium. 

 

 [2]
 
  (ii) State two differences in the chemical properties of chromium and sodium. 

 

 

 [2]
 
 
 (b) Chromium is used to electroplate steel objects. The diagram shows how this could be done. 
 

chromium(III)
sulfate(aq)

+ –

object to
be plated

lead anode

 
 
  (i) Give two reasons why steel objects are plated with chromium. 

 

 [2]
 
  (ii) The formula of the chromium(III) ion is Cr3+ and of the sulfate ion is SO4

2–. Give the 
formula of chromium(III) sulfate. 

 [1]
 
  (iii) Write the ionic half-equation for the reaction at the negative electrode (cathode). 

 [2]
 
  (iv) A colourless gas, which relights a glowing splint, is formed at the positive electrode 

(anode).  
 
   State the name of this gas. 

 [1]
 
 

aqueous solution of 
Cd2+ and Zn2+

pure cadmium
impure cadmium 

(with zinc impurities)
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37 Four metals, W, X, Y and Z, were separately reacted with water and dilute hydrochloric 
acid.  

 
 The observations made during the reactions are shown.  
 

 
metal 

W X Y Z 

Reaction with water Fizzes No 
reaction 

Fizzes 
vigorously  

No 
reaction 

Reaction with dilute hydrochloric acid Fizzes  No 
reaction 

Fizzes 
violently Fizzes 

 
 What is the order of reactivity of these four metals? 
 

 least reactive                          most reactive 

A X W Z Y 

B X Z W Y 
C Y W Z X 

D Y Z W X 
 
38 Which letter represents the area of the graph where both the acid and salt can be found 

during a neutralisation reaction? 
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17 The equations for two reactions of iodide ions are shown. 
 

reaction 1 2I–(aq)  +  H2O2(aq)  →  I2(aq)  +  2OH–(aq) 

reaction 2 I–(aq)  +  Ag+(aq)  →  AgI(s) 
 

Which statement is correct? 

A Both reactions are redox reactions. 

B Neither reaction is a redox reaction. 

C Only reaction 1 is a redox reaction. 

D Only reaction 2 is a redox reaction. 
 
 
18 The graph shows how the pH of a solution changes as an acid is added to an alkali. 
 

acid  +  alkali  →  salt  +  water 
 

Which letter represents the area of the graph where both acid and salt are present? 
 

pH

A
B

C

D

14

7

0
volume of acid added  

 
 
19 Which statement describes a weak acid? 

A It is a proton acceptor and is fully ionised in aqueous solution. 

B It is a proton acceptor and is partially ionised in aqueous solution. 

C It is a proton donor and is fully ionised in aqueous solution. 

D It is a proton donor and is partially ionised in aqueous solution. 
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39 Bases are substances that accept H+. 
 
 The reactions that occur when concentrated sulfuric acid and concentrated nitric acid 

are mixed are described below. 
 

           H2SO4 + HNO3 ® HSO4– + H2NO3+ 
            H2NO3+ ® H2O + NO2+ 
              H2O + H2SO4 ® HSO4– + H3O+ 

 
 Identify the substances that are bases in these reactions. 
 
   I HNO3  
   II H2NO3+  
   III H2O     
   IV H2SO4 
 

A I and II only B I and III only C II and III only D II and IV only 
 
40 Carbon suboxide, C3O2, is a molecule discovered in 1873 by English Chemist Benjamin 

Brodie. Analysis shows that the sequence of atoms in this molecule is  
 

O C C C O 
  
 How many pairs of electrons in a molecule of C3O2 are not involved in its bonding? 
 

A 4 B 5 C 8 D 9 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF PAPER 
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