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Section A

Answer all questions.

1 Fig. 1.1 shows part of the Periodic Table.

He

C N O F Ne

S Cl Ar

Br Kr

Fig. 1.1

 Select elements from Fig. 1.1 to answer the following questions. You may use each element once, 
more than once or not at all. 

 Write down the symbol for an element which:

 (a) has five electrons in its outer shell, 

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

 (b) exists as diatomic molecules, 

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

 (c) reacts with sodium to form an ionic compound with Mr less than 60, 

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

 (d) is a noble gas, 

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

 (e) has a giant covalent structure, 

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

 (f) has a smaller proton number than fluorine, 

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

 (g) is the most abundant gas in the air. 

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

 [Total: 7]
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2 A new type of electroplating is known as ‘brush electroplating’.
 It is used to electroplate zinc onto very large iron supports to be used in buildings.
 The iron supports are too big to be plated in a normal electrolysis tank.

 During the process, a metal brush spreads a layer of aqueous zinc sulfate over the iron surface.
 A battery gives the brush a positive charge and gives the iron support a negative charge.
 A layer of zinc forms on the surface of the iron support.

battery positively charged
brush

layer of aqueous zinc sulfate

thin coating of zinc
forms on surface

negatively charged
iron support

+

Fig. 2.1

 (a) The surface of the iron acts as a cathode.
  Zinc ions from the solution form zinc on the surface of the iron.

  Write an ionic half-equation, with state symbols, for this reaction.

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

 (b) Two different designs of metal brush are available.

  One type of brush is made from zinc, one type is made from platinum.

  As the electrolysis takes place, each brush has a different effect on the concentration of zinc 
ions in the solution.

  (i) What will happen to the concentration of the zinc ions during the electrolysis if the brush 
is made from platinum?

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

  (ii) What will happen to the concentration of the zinc ions during the electrolysis if the brush 
is made from zinc?

 ...................................................................................................................................... [1]
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  (iii) Platinum brushes are much more expensive than zinc brushes.

   However, zinc brushes need replacing regularly but platinum brushes do not. 

   Explain why.

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

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

 (c) During the process, a worker needs to hold the brush.

  Which of the following materials would be a good choice for the handle of the brush?
  Give a reason for your answer.

chromium          copper          graphite          iron          poly(ethene)

material  .....................................................................................................................................

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

 (d) Explain why iron supports coated with zinc do not rust, even if the zinc coating is damaged.

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

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

 [Total: 10]
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3 The space ship Curiosity landed an analytical lab on Mars in 2012. The lab contained equipment 
which can determine the percentages of elements in rocks.

 The percentage by mass of the elements in compound Z, determined using this type of equipment, 
is given in Table 3.1.

Table 3.1

element percentage by mass

potassium 
iron 
oxygen

39.4 
28.3
32.3

 (a) Show that the empirical formula of Z is K2FeO4.

 [2]

 (b) Compound Z, K2FeO4, can be prepared in the laboratory by the reaction between iron(III) 
oxide, Fe2O3, chlorine, Cl 2, and potassium hydroxide, KOH.

Fe2O3  +  3Cl 2  +  10KOH  →  2K2FeO4  +  6KCl  +  5H2O

  A 2.00 g sample of Fe2O3 is added to 20.0 cm3 of 4.00 mol / dm3 KOH.

  (i) Calculate the amount of Fe2O3 used.

 amount of Fe2O3 used =  .................................................... mol [2]

  (ii) Calculate the amount of KOH used.

 amount of KOH used =  .................................................... mol [1]
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  (iii) Which reagent, Fe2O3 or KOH, is in excess in this reaction? 

   Explain your answer.

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

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

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

 (c) A few drops of aqueous Z are added to a test-tube containing 3 cm3 of aqueous potassium 
iodide. The solution in the test-tube changes from colourless to pale brown. 

  Given this information, what can you deduce about the chemical properties of Z?

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

 [Total: 7]
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4 This question is about hydrogen and some compounds containing hydrogen.

 (a) Hydrogen is a gas at room temperature.

  Describe the arrangement and motion of the molecules in hydrogen gas.

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

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

 (b) The symbols for two isotopes of hydrogen are shown below.

H1
1                 H1

2

  Complete Table 4.1 to show the number of subatomic particles in these two isotopes of 
hydrogen.

Table 4.1

H1
1 H1

2

number of electrons

number of neutrons

number of protons
 [2]

 (c) The isotope H1
2  can be called deuterium and is given the symbol D. This isotope is present in 

  heavy water, D2O, which is used to absorb neutrons in nuclear reactors.

  A sample of water vapour containing a small percentage of D2O is introduced into a long, 
heated tube.

H2O(g)
and
D2O(g)

Fig. 4.1

  The percentage of D2O in the vapour that first comes out of the tube is less than the 
percentage of D2O as it enters the tube. Explain this difference.

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

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

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

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



9

6092/02/SP/24© UCLES & MOE 2022 [Turn over

 (d) Hydrochloric acid, HCl, is an acid because it produces H+ ions in aqueous solution. 
Hydrochloric acid reacts both with metals and with metal oxides.  

  (i) A student observed the reaction of hydrochloric acid with four different metals. The 
student used the same concentration and volume of hydrochloric acid and the same 
mass of metal in each experiment.

Table 4.2

metal observations

cobalt dissolved very slowly and very few bubbles produced

iron dissolved slowly and a few bubbles produced slowly

magnesium dissolved very quickly and many bubbles produced very rapidly

zinc dissolved quickly and many bubbles produced rapidly

   Use the information in Table 4.2 to suggest the order of reactivity of these metals.

   most  least
   reactive     ....................     ....................     ....................     ....................      reactive [2]

  (ii) Magnesium oxide is classified as a basic oxide but zinc oxide is classified as an 
amphoteric oxide.

   Explain the meaning of the terms basic and amphoteric as applied to these oxides. 
Include one equation in your explanation.

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

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

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

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

 [Total: 11]
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5 Some versions of the Periodic Table place hydrogen in Group 1 (Fig. 5.1). Other versions place 
hydrogen alone and not with any other group (Fig. 5.2).

HH

Li

Na

K

Fig. 5.1 Fig. 5.2

 (a) Give two similarities between hydrogen and the elements in Group 1. 

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

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

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

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

 (b) Give two properties of hydrogen that do not fit with the properties of the elements in Group 1.

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

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

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

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

 (c) Hydrogen is in Period 1 of the Periodic Table.

  Explain why Period 1 only contains 2 elements.

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

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

 (d) Hydrogen is used to make margarine from vegetable oil.

  Describe, in terms of bonds, what happens when hydrogen reacts with vegetable oil.

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

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

 [Total: 7]
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6 Fig. 6.1 shows a fractionating column for separating crude oil.
 The fractions produced are labelled A, B, C, D and E.

Fig. 6.1

 (a) (i) Which fraction, A, B, C, D or E, is most likely to be a solid at room temperature?

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

  (ii) Which fraction, A, B, C, D or E, has the smallest molecules?

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

 (b) Fraction C is a liquid.

  Explain how C is produced from crude oil.

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

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

crude oil
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 (c) Long chain alkanes can be cracked to produce shorter chain alkanes and alkenes.

  (i) What is the molecular formula of an alkane with 12 carbon atoms in each molecule?

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

  (ii) The alkane in (c)(i) can be cracked to produce butene and one other product. Write the 
equation to show this reaction.

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

  (iii) Explain why cracking makes the oil industry more profitable.

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

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

 (d) Ethene is also produced by cracking. 

  Ethene is used in a further process to make ethanol. Ethanol can also be made from 
sugarcane.

  Explain why burning ethanol made from sugarcane causes less harm to the environment 
than burning ethanol made from ethene.

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

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

 [Total: 8]
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7 Car engines produce carbon monoxide and nitrogen monoxide as waste gases.

 (a) Describe how carbon monoxide and nitrogen monoxide form in the car engine and identify a 
health problem caused by each gas.

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

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

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

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

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

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

 .............................................................................................................................................. [4]

 (b) Carbon monoxide reacts with nitrogen monoxide in a catalytic converter.

2CO  +  2NO  →  2CO2  +  N2

  State and explain, with reference to oxidation states, which element is oxidised and which 
element is reduced in this reaction.

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

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

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

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

 (c)  Explain why the reaction in the catalytic converter does not solve all of the environmental 
problems caused by the waste gases. 

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

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

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

 [Total: 8]
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8 Instrumental techniques in analysis

 Flame tests for Group 1 elements

 Flame tests were used in the 1850s. Robert Bunsen developed the Bunsen burner and used 
it to show that many metals give characteristic colours when they are heated in the flame. The 
colour comes from light emitted by individual atoms when they become very hot. For example, 
sodium gives a very intense yellow-orange colour. The table shows the flame colours of Group 1 
elements.

Table 8.1

element flame colour

lithium red

sodium yellow-orange

potassium pale violet

rubidium red-violet

caesium blue-violet

 Group 1 element emission spectra

 Bunsen realised that, in practice, it was difficult to use flame tests to identify elements in mixtures. 
In the 1860s, Bunsen worked with fellow scientist, Gustav Kirchhoff. They used a spectroscope 
to split the colours of the flames into individual lines. They found that atoms of an element each 
give a characteristic pattern of lines which is known as an emission spectrum. Fig. 8.1 shows the 
emission spectra of some Group 1 elements.

 Emission spectra from elements can be used as a reference. They can be compared with the 
emission spectrum of a mixture so that individual elements in the mixture can be identified. This 
technique is used today to analyse light from stars to work out which elements are present in the 
star.

Emission spectrum

lithium

Element

sodium

arbitrary scale

potassium

rubidium

700400

Fig. 8.1
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 Ion chromatography of a sample of water

 In the 1950s, ion chromatography was developed. This technique involves passing a sample 
through a chromatography column. Different ions travel through the column at different speeds. 
A detector is attached to the end of the column. The results are printed out as a graph.

 The retention time is the time it takes each ion to travel through the column. Ions can be identified 
by their retention times. The position of the peaks show the retention time of each ion.

 The height of each peak (relative intensity) is proportional to the relative amount of each ion in 
the sample.

 Ion chromatography can be used to identify any ion, even those which contain multiple atoms, 
such as the sulfate ion.

 The ion chromatography analyses of a sample of water from a natural source are shown in Fig. 8.2 
and Fig. 8.3.

 Fig. 8.2 shows the ion chromatogram of positive ions in a sample of water.
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 Fig. 8.3 shows the ion chromatogram of negative ions in a sample of water.
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Fig. 8.3

 (a) Bunsen said that it is difficult to use flame tests to identify elements in mixtures.

  Explain why it is difficult to use flame tests to identify which Group 1 elements are in a mixture.

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

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

 .............................................................................................................................................. [2]
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 (b) This is the emission spectrum from a mixture.

arbitrary scale
400 700

Fig. 8.4

  (i) What conclusions can you make about which Group 1 elements this mixture does and 
does not contain?

   Explain your reasoning.

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

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

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

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

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

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

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

  (ii) What additional information would you need so that you could use the spectrum to 
identify all of the elements in the mixture?

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

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



19

6092/02/SP/24© UCLES & MOE 2022 [Turn over

 (c) Further analysis of the same sample of water that was tested by ion chromatography was 
done.

  (i) The sample was analysed to find out the concentration of sodium ions.

   The first stage was to crystallise solid salts from the water.

   Give the formulae of three different sodium salts which could crystallise from the water 
sample.

salt 1  ..................................................................................................................................

salt 2  ..................................................................................................................................

salt 3  ..................................................................................................................................
 [2]

  (ii) The concentration of calcium ions in the water is 0.00420 mol / dm3.

   Calculate the concentration of magnesium ions and the concentration of sodium ions in 
the water.

 [2]

 (d) A student comments that the ion chromatograms give more information about mixtures than 
the emission spectrum.

  Give reasons to support his idea.

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

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

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

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

 [Total: 12]
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Section B

Answer one question from this section.

9 Liquefied Petroleum Gas (LPG) and ethanol can be used as fuels for cars instead of petrol. 

 LPG contains mainly propane.

 This table shows some information about propane and ethanol.

Table 9.1

name formula boiling point / °C
physical state at 

room temperature 
and pressure

enthalpy change 
of combustion 

/ kJ per mol

ethanol C2H5OH 78 –1371

propane C3H8 – 42 –2220

 (a) Complete Table 9.1 by filling in the boxes. [1]

 (b) Give one similarity and one difference between the structures of ethanol and propane.

similarity  ....................................................................................................................................

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

 (c) When 1 kg of propane burns, 50 450 kJ of energy is given out.

  (i) Show by calculation, using data from Table 9.1, that ethanol gives out less energy per kg 
than propane.

 [3]
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  (ii) Suggest a reason why the combustion of 1 kg of ethanol gives out less energy than the 
combustion of 1 kg of propane.

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

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

 (d) In an ethanol-powered car engine, a spark plug ignites a mixture of air and ethanol. The 
spark is needed because the combustion of ethanol needs activation energy. 

  Complete the energy profile diagram in Fig. 9.1 for the complete combustion of ethanol.  

  Show the names of the products and label the activation energy for the reaction.

energy
ethanol and oxygen

progress of reaction

Fig. 9.1
 [3]

 [Total: 10]
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10 Table 10.1 shows the formulae of the first three members of the alcohol homologous series.

Table 10.1

alcohol formula

methanol CH3OH

ethanol C2H5OH

propanol C3H7OH

 (a) Deduce the general formula for the alcohol homologous series. 

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

 (b) Ethanol can be manufactured from either ethene or glucose.

  (i) Write an equation for the production of ethanol from ethene and state the conditions 
under which the reaction takes place. 

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

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

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

  (ii) The fermentation of glucose can be represented by the following equation.

C6H12O6  →  2C2H5OH  +  2CO2

   Calculate the maximum mass of ethanol that could be made from 36 tonnes of glucose.

   1 tonne = 1 x 106 g

 [3]
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  (iii) Explain why ethanol made from ethene is a non-renewable fuel but that made from 
glucose is a renewable fuel. 

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

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

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

 (c) Propanol reacts in a similar way to ethanol. 

  (i) Name the organic product of the reaction between propanol and warm, acidified 
potassium manganate(VII). 

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

  (ii) Name the type of product formed when the organic product in (c)(i) reacts with an 
alcohol.

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

 [Total: 10]
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