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Answer all the questions.

1 This question is about the properties and reactions of the Group 2 element strontium.

 (a) The relative atomic mass of strontium can be determined using a mass spectrometer.

  (i) Explain what is meant by the term relative atomic mass of an element.

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

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

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

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

  (ii) A sample of strontium has a relative atomic mass of 87.73.

   The sample consists of:

• 82.9% Sr-88

• 6.9% Sr-87

• one other isotope.

   Determine the other isotope of strontium in the sample.

 isotope of strontium =  .......................................................... [2]

The weighted mean mass of an atom of the element, compared with

1/12th of the mass of an atom of carbon-12.

% of the other isotope = 100 − 82.9 − 6.9 = 10.2%

87.73 = (88 × 82.9 + 87 × 6.9 + A × 10.2) ÷ 100

8773 = 7295.2 + 600.3 + 10.2A

A = (8773 − 7295.2 − 600.3) ÷ 10.2

= 877.5 ÷ 10.2 = 86.03

so the other isotope has mass number 86

Sr-86 (86Sr)
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 (b) The table below shows two physical properties of the element strontium.

Melting point high

Electrical conductivity very good

  Explain these physical properties of strontium, in terms of bonding and structure.

  Include a labelled diagram in your answer.

  Diagram

Explanation  ...............................................................................................................................

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

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

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

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

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

 .............................................................................................................................................. [5]

 (c) A student adds a small amount of strontium to water.

  When the reaction has finished, the student measures the pH of the final solution.

  (i) Write the equation for the reaction of strontium with water.

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

  (ii) Describe two observations which would be different if the student had used calcium in 

place of strontium.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

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

 [2]

Metallic bonding: strong attraction between Sr2+ cations and

delocalised electrons.

These bonds are strong and need a lot of energy to break, so the melting

point is high.

The delocalised electrons are mobile and move through the lattice, so it

conducts very well.

Sr + 2H2O → Sr(OH)2 + H2

Calcium would fizz less vigorously (bubbles of gas released more

slowly).

The final solution would have a lower pH (less alkaline), as Ca(OH)2

is less soluble.

2+ 2+ 2+ 2+ 2+

2+ 2+ 2+ 2+ 2+

2+ 2+ 2+ 2+ 2+

e−
e− e−

e−

e−
e− e−

e−

e− e−

e− e−

positive ion, Sr2+ (cation)

'sea' of delocalised
electrons, e−

regular lattice of ions
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 (d) When hydrated strontium chloride is heated, the water of crystallisation is removed, leaving a 

residue of anhydrous strontium chloride.

  A student carries out an experiment to find the value of x in the formula of hydrated strontium 

chloride, SrCl2•xH2O.

  The student’s method is outlined below.

  Step 1

  Weigh an empty crucible.

  Add SrCl2•xH2O to the crucible and reweigh.

  Step 2

  Heat the crucible and contents for 10 minutes.

  Allow to cool and reweigh.

  Step 3

  Heat the crucible and residue for another 5 minutes.

  Allow to cool and weigh the crucible and residue.

  Repeat step 3 a further two times.

  The student’s results are shown below:

Mass of empty crucible / g 15.96

Mass of crucible + SrCl2•xH2O / g 18.65

First mass of crucible + residue / g 17.66

Second mass of crucible + residue / g 17.61

Third mass of crucible + residue / g 17.58

Fourth mass of crucible + residue / g 17.58

  (i) Calculate the value of x in SrCl2•xH2O.

   Give your answer to 2 significant figures.

 x =  .......................................................... [3]

mass of SrCl2•xH2O = 18.65 − 15.96 = 2.69 g

mass of SrCl2 = 17.58 − 15.96 = 1.62 g

mass of H2O = 2.69 − 1.62 = 1.07 g

n(SrCl2) = 1.62 ÷ 158.6 = 0.01021 mol

n(H2O) = 1.07 ÷ 18.0 = 0.05944 mol

x = n(H2O) ÷ n(SrCl2) = 0.05944 ÷ 0.01021 = 5.82

5.8
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  (ii) Suggest why the student takes four readings of the mass of the crucible and residue.

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

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

  (iii) Suggest two modifications to the method that would reduce the percentage uncertainty 

in the mass of the residue.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

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

 [2]

To check that the mass is constant, i.e. to make sure that all the

water of crystallisation has been removed.

Use a more precise balance, one that weighs to 3 decimal places.

Use a larger mass of hydrated strontium chloride, so the residue has

a larger mass.
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2 Magnesium nitrate is used in fertilisers as a source of nitrogen.

 (a)* A student plans to prepare 250.0 cm3 of a 0.4000 mol dm–3 solution of magnesium nitrate, 

starting from magnesium nitrate crystals, Mg(NO3)2•6H2O.

  Describe how the student would prepare the solution, giving full details of quantities, 

apparatus and method. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  Additional answer space if required 

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

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

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

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

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

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

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

Moles needed: n(Mg(NO3)2) = 0.4000 × 250.0/1000 = 0.1000 mol.

M(Mg(NO3)2•6H2O) = 24.3 + 2 × (14.0 + 3 × 16.0) + 6 × 18.0 =

256.3 g mol−1, so mass of crystals needed = 0.1000 × 256.3 = 25.63 g.

Method: on a balance reading to 2 decimal places, weigh out 25.63 g of

the crystals in a weighing boat.

Tip the crystals into a beaker, then reweigh the empty boat to find the

exact mass added (or rinse the boat into the beaker with distilled water).

Dissolve the crystals in about 150 cm3 of distilled (deionised) water,

stirring with a glass rod until all the solid has dissolved.

Pour the solution through a funnel into a 250.0 cm3 volumetric flask. Rinse

the beaker, glass rod and funnel with distilled water and add all the

washings to the flask, so no solute is lost.

Add distilled water until nearly at the mark, then add the last drops with a

dropping pipette until the bottom of the meniscus is on the graduation

mark (read at eye level).

Stopper the flask and invert it several times to mix, so the solution is

uniform at 0.4000 mol dm−3.
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 (b) A solution of magnesium nitrate can be prepared by reacting magnesium carbonate, MgCO3, 

with nitric acid, HNO3(aq).

  The equation is shown below.

  MgCO3(s) + 2HNO3(aq)  Mg(NO3)2(aq) + H2O(l) + CO2(g)

  Calculate the minimum volume, in cm3, of 1.75 mol dm–3 HNO3 that is needed to prepare a 

solution containing 5.00 g of Mg(NO3)2.

  Give your answer to 3 significant figures.

 volume =  ................................................... cm3 [3]

 (c) Magnesium nitrate decomposes when heated, as shown in the equation.

  2Mg(NO3)2(s)  2MgO(s) + 4NO2(g) + O2(g)

  Using oxidation numbers, show which element has been oxidised and which has been 

reduced when magnesium nitrate decomposes.

  State the changes in oxidation numbers, including all signs.

  Element oxidised ......................................................

  Oxidation number change: from ............. to .............

  Element reduced ......................................................

  Oxidation number change: from ............. to .............

 [2]

n(Mg(NO3)2) = 5.00 ÷ 148.3 = 0.03372 mol

n(HNO3) = 2 × 0.03372 = 0.06743 mol

volume = 0.06743 ÷ 1.75 × 1000 = 38.53 cm3

= 38.5 cm3 (3 s.f.)

38.5

oxygen, O

−2 0

nitrogen, N

+5 +4
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3 This question is about 1-iodopentane, CH3CH2CH2CH2CH2I.

 (a) 1-Iodopentane can be hydrolysed by aqueous sodium hydroxide.

  (i) Outline the mechanism for this reaction.

   Include curly arrows, relevant dipoles and the final product(s).

H

H

CH
3
CH

2
CH

2
CH

2
C I

 [3]

  (ii) 1-Iodopentane can also be hydrolysed by water using aqueous silver nitrate, with ethanol 

as the solvent.

   A student uses this method to compare the rates of hydrolysis of 1-iodopentane and 

1-bromopentane.

   What measurement and observation would allow the student to compare the rates of 

hydrolysis?

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

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

  (iii) 1-Iodopentane was found to react faster than 1-bromopentane. 

   Explain why.

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

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

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

Measure the time taken for a precipitate to appear (yellow AgI, cream

AgBr): the shorter the time, the faster the rate.

The C–I bond is weaker than the C–Br bond (C–I has a lower bond

enthalpy), so the carbon–halogen bond (C–I) is broken more easily and

hydrolysis is faster.

δ+ δ−

HO −

CH3CH2CH2CH2CH2OH  +  I−
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 (b) The mass spectrum of 1-iodopentane is shown below.

  

20
0

20

40

60relative

intensity

80

100

40 60 80 100

m/z

120 140 160 180 200

Z

Y

X

  (i) What information is given by the peak labelled X (m/z = 198)?

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

  (ii) Write the structural formulae of the ions responsible for the peaks labelled Y and Z.

Y (m/z = 71)  .......................................................................................................................

Z (m/z = 43)  .................................................................................................................. [2]

 (c) 2-Iodo-2-methylbutane is an isomer of 1-iodopentane.

  (i) Draw the structure of 2-iodo-2-methylbutane.

 [1]

  (ii) Suggest one similarity and one difference between the mass spectra of 1-iodopentane 

and 2-iodo-2-methylbutane.

Similarity  ............................................................................................................................

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

Difference  ..........................................................................................................................

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

The molecular mass, Mr = 198 (molecular ion, M+).

Both have a molecular ion peak at m/z = 198 (and a peak at

m/z = 71, C5H11
+).

2-iodo-2-methylbutane would have no peak at m/z = 43 (Z,

CH3CH2CH2
+).

CH3CH2CH2CH2CH2
+

CH3CH2CH2
+

C

I

CH3

H3C CH2CH3
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4 Zinc reacts with hydrochloric acid, HCl (aq), as shown in the following equation.

 Zn(s) + 2HCl (aq)  ZnCl2(aq) + H2(g)

 A student investigates the rate of this reaction.

 (a) The student plans to react 50.0 cm3 of 0.100 mol dm–3 HCl with 0.200 g of zinc (an excess).

  Calculate the volume, in cm3, of hydrogen that should be produced at RTP.

 volume =  ................................................... cm3 [3]

 (b) The student uses the apparatus in the diagram.

  

100 cm3 gas syringe

  The student’s method is outlined below:

• Pour 50.0 cm3 of 0.100 mol dm–3 HCl into the conical flask.

• Add 0.200 g of zinc (an excess), and quickly attach the delivery tube and gas syringe.

• Measure the volume of gas collected every 20 seconds until the reaction stops.

  The student obtains the results shown in Table 4.1.

Time / s 0 20 40 60 80 100 120 160 200

Volume of gas / cm3 0 16 27 37 39 50 53 58 58

Table 4.1

  (i) On the graph paper in Fig. 4.1, label the x axis and plot the results in Table 4.1. [1]

  (ii) Circle any anomalous results present in the graph you have drawn in Fig. 4.1. [1]

  (iii) Draw a best-fit smooth curve on the graph you have drawn in Fig. 4.1. [1]

n(HCl) = 50.0/1000 × 0.100 = 5.00 × 10−3 mol

n(H2) = 5.00 × 10−3 ÷ 2 = 2.50 × 10−3 mol

volume = 2.50 × 10−3 × 24.0 × 1000 = 60.0 cm3

60.0
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 (c) The student repeats the experiment using:

• zinc with the same mass (0.200 g) and same surface area

• the same temperature and pressure

• 40.0 cm3 of 0.125 mol dm–3 HCl, instead of 50.0 cm3 of 0.100 mol dm–3 HCl.

  On your graph in Fig. 4.1 sketch the curve you would expect in this experiment. [2] 

 (d) The graph shows that rate of reaction decreases over time.

  Explain why, in terms of collision theory.

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

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

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

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

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

 (e) (i) The rate of the reaction between zinc and hydrochloric acid can be increased using a 

solution of copper(II) sulfate as a catalyst.

   Explain how a catalyst increases the rate of reaction.

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

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

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

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

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

  (ii) Why is it difficult to classify the solution of copper(II) sulfate as a homogeneous or 

heterogeneous catalyst in this reaction?

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

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

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

As the reaction proceeds, the HCl is used up, so the concentration of the

acid decreases: there are fewer H+ ions in the same volume.

So there are fewer collisions per second (less frequent collisions) between

the acid and the zinc, so the rate decreases.

A catalyst provides an alternative reaction route (pathway) with a

lower activation energy.

So a greater proportion of the particles have energy greater than or

equal to the activation energy, and more collisions per second lead to

reaction.

The reactants are in different physical states: CuSO4(aq) is

homogeneous relative to the HCl(aq) (same phase) but heterogeneous

relative to the solid zinc.

stemup.co.uk
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5 This question is about hex-1-ene, CH3CH2CH2CH2CH=CH2.

 (a) Hex-1-ene is reacted with H2, HCl and Br2 as shown in the flowchart below.

  (i) Complete the flowchart to show the structures of the organic products of these reactions. 

major product

hex-1-ene

Reaction 1 H
2

HCl

Br
2Reaction 3

Reaction 2

 [3]

  (ii) State the catalyst needed in reaction 1.

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

  (iii) What would you observe in reaction 3?

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

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

Nickel, Ni

The orange bromine is decolourised: orange to colourless.

CH3CH2CH2CH2CH2CH3

(hexane)

CH3CH2CH2CH2CHClCH3

(2-chlorohexane)

CH3CH2CH2CH2CHBrCH2Br

(1,2-dibromohexane)
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 (b) Hex-1-ene is a liquid with a boiling point of 63 °C and a density of 0.67 g cm–3.

  Hex-1-ene can be prepared by refluxing hexan-1-ol (boiling point 157 °C) with an acid catalyst.

  Hexan-1-ol is a liquid with a boiling point of 157 °C and a density of 0.82 g cm–3.

  The equation is shown below.

OH
H
2
O+

  After reflux, the resulting mixture contains unreacted hexan-1-ol, hex-1-ene and water.
  The mixture is then purified.

  The expected percentage yield of hex-1-ene from hexan-1-ol is 62.5%.

  (i)* A student plans to prepare 4.20 g of hex-1-ene by this method.

   Calculate the mass of hexan-1-ol that the student should use and explain how you could 
obtain pure hex-1-ene from the mixture obtained after reflux. [6]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Additional answer space if required

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

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

n(hex-1-ene) = 4.20 ÷ 84.0 = 0.0500 mol (M of C6H12 = 84.0).

The ratio hexan-1-ol : hex-1-ene is 1 : 1, but the yield is 62.5%, so

n(hexan-1-ol) needed = 0.0500 × 100/62.5 = 0.0800 mol.

M(C6H13OH) = 102.0, so mass of hexan-1-ol = 0.0800 × 102.0 =

8.16 g (volume = 8.16 ÷ 0.82 = 9.95 cm3).

Purification: pour the mixture into a separating funnel and shake.

Hex-1-ene does not mix with water, so two layers form; the organic

layer is the upper layer because it is less dense (0.67 g cm−3) than

water.

Run off and discard the lower aqueous layer, then collect the upper

organic layer in a dry flask.

Dry the organic layer with an anhydrous salt, e.g. anhydrous MgSO4 (or

CaCl2): swirl until the liquid is clear, then decant or filter off the

drying agent.

Redistil the dried liquid (distillation apparatus with a thermometer at

the side arm and a Liebig condenser) and collect the fraction that

distils at about 63 °C, the boiling point of hex-1-ene. Unreacted

stemup.co.uk
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 ...........................................................................................................................................

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

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

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

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

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

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

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

hexan-1-ol (b.p. 157 °C) stays behind in the flask, so pure hex-1-ene

is obtained.
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  (ii) Another student suggested that hex-1-ene could be prepared from hexan-2-ol by the 

same method.

   Would you expect the percentage yield of hex-1-ene to be greater than, less than or 

about the same as when using hexan-1-ol?

   Explain your answer.

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

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

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

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

 (c) Hex-1-ene can also be polymerised to form poly(hex-1-ene).

  (i) Draw a section of poly(hex-1-ene) containing two repeat units.

 [1]

  (ii) Waste poly(hex-1-ene) can be disposed of usefully by recycling.

   State two other methods of disposing of polymers that can be beneficial to the 

environment.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

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

 [2]

END OF QUESTION PAPER

Less than. With hexan-2-ol, water can be eliminated from either side

of the C–OH carbon, so a mixture of hex-1-ene and hex-2-ene (E and

Z) forms, giving less hex-1-ene.

Combustion (incineration) to release energy, used for heating or

generating electricity.

Use as an organic feedstock (e.g. by cracking) to produce new

plastics or other useful organic chemicals.

C

H

H

C

H

C4H9

C

H

H

C

H

C4H9
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