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1 (a) The first national report examining the impact of water fluoridation on children
was published in 2014. The dental health of five year olds and twelve year olds
living in fluoridated water and non-fluoridated water areas was measured.

Data from this report is shown in the table below.

In fluoridated water
areas

In non-fluoridated
water areas

% of twelve year olds with
tooth decay 22 37

% of five year olds with
tooth decay 13 42

% of hospital admissions for
children aged 1–4 for tooth decay 2 20

(i) Use the data in the table to deduce the effect, if any, of the presence of
fluoride in water on the dental health of children.

[2]

(ii) State one reason why some people are against the fluoridation of drinking
water.

[1]
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(b) Four samples of water, A, B, C and D, were tested for hardness. Soap solution
was added, with shaking, to each of the four 20.0cm3 samples of water. The
volume of soap solution required to produce 1cm height of lather was recorded.

The experiment was repeated, with fresh boiled samples of water and then
again with fresh samples of water which had been treated with washing soda.
The results of the experiment are shown below.
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(i) What is meant by the term hard water?

[1]
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(ii) Which one of the samples, A, B, C or D is the hardest water? Explain your
answer.

Sample:

[2]

(iii) What type of hardness is present in the following samples?

Sample B

Sample D [2]

(iv) Name a substance which could cause the hardness in the following
samples.

Sample B

Sample D [2]

(v) What is the chemical name for washing soda?

[1]

(vi) Explain why hard water is considered to be good for your health.

[1]
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(c) The diagram below shows a method used to soften hard water.

Resin with sodium
ions, Na+, attached

Hard water containing
calcium ions, Ca2+

Soft water

(i) What is the name for this method of softening hard water?

[1]

(ii) Explain how this method softens hard water.

[2]

(iii) Explain why this method will stop working after continued use.

[1]
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2 Cyclohexene, cyclohexanol and ethanoic acid are colourless liquids at room
temperature. Each one belongs to a different homologous series.

(a) What is meant by the term homologous series?

[3]

(b) The colourless liquid cyclohexene is a hydrocarbon with the molecular formula
C6H10. The structural formula of cyclohexene is shown below. It undergoes
similar reactions to ethene and propene.
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(i) What is the functional group in cyclohexene?

[1]

(ii) Why is cyclohexene described as a hydrocarbon?

[1]
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(iii) Name the two compounds formed when cyclohexene is burned in a limited
supply of oxygen.

1.

2. [2]

(iv) What is the empirical formula of cyclohexene?

[1]

(c) The colourless liquid cyclohexanol has the molecular formula C6H11OH and the
structural formula is shown below. It undergoes similar reactions to ethanol and
methanol.

H2C

H2C CH2

CH2

C
H2

OH

CH

(i) What is the functional group in cyclohexanol?

[1]

(ii) Write a balanced symbol equation for the complete combustion of
cyclohexanol (C6H11OH).

[3]
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(iii) Describe, giving practical details, the chemical tests you would use to
identify cyclohexene and cyclohexanol.

Your answer should include:

 Names of the chemicals used to carry out the tests
 Conditions if appropriate
 Observations for each test.

In this question you will be assessed on your written communication
skills including the use of specialist scientific terms.

[6]
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(d) The colourless liquid ethanoic acid has a sharp smell and is used, in solution,
as vinegar to flavour food.

(i) Write the molecular formula of ethanoic acid.

[1]

(ii) Draw the structural formula of ethanoic acid.

[1]

(iii) Why is ethanoic acid described as a weak acid?

[1]

(iv) Write a balanced symbol equation for the reaction of solid sodium carbonate
with ethanoic acid.

[3]

(v) State two observations which would occur when solid sodium carbonate
reacts with ethanoic acid.

1.

2. [2]
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3 Hydrogen peroxide decomposes rapidly into water and oxygen in the presence of a
catalyst. A catalyst works by lowering the minimum energy required for a reaction to
occur.

(a) (i) Write a balanced symbol equation for the decomposition of hydrogen
peroxide.

[3]

(ii) Name the catalyst used for this reaction in the laboratory.

[1]

(iii) What is meant by the term catalyst?

[3]

(iv) What is the name given to the minimum energy required for a reaction
to occur?

[1]
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(b) The volume of gas produced by the catalytic decomposition of hydrogen
peroxide was measured at four different temperatures. The results were plotted
on the graph below.
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(i) Complete the table below giving the time taken for the reaction to finish at
60°C. Calculate the rate based on this time.

Temperature (°C) Time taken for reaction
to finish (s) Rate = 1 (s–1)time

30 108 0.00926

40 79 0.01266

50 48 0.02083

60

[2]

(ii) From the table, state how rate changes as temperature changes.

[1]
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(c) The graph below shows the relationship between the concentration of hydrogen
peroxide solution and the rate of the reaction at 20°C.
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(i) What is the rate when the concentration of hydrogen peroxide is
0.34 mol/dm3? State the units.

[1]

(ii) From the graph, state how rate changes as concentration changes.

[1]

(iii) On the axes above, sketch the graph you would expect to obtain if the
experiment were repeated at 10°C. [2]
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4 (a) Acid rain has been a major environmental problem for decades. Sulfur impurities
in fossil fuels contribute to acid rain.

Describe in detail how these sulfur impurities lead to the formation of acid rain.
Describe the effects of acid rain and methods used to prevent it.

Your answer should include:

 A description of how sulfur impurities lead to the formation of acid rain.
(Include balanced symbol equations.)

 At least two detrimental effects of acid rain on the environment.
 At least two methods used to prevent acid rain.

In this question you will be assessed on your written communication skills
including the use of specialist scientific terms.
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[9]
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(b) The presence of nitrogen dioxide, NO2, in the atmosphere can also cause acid
rain. Nitrogen dioxide is formed naturally by the reaction between atmospheric
nitrogen and oxygen in an endothermic reaction.

N2 1 2O2 → 2NO2

Explain in terms of bonds why this reaction is endothermic.

[5]
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5 (a) The reactivity of metals can be studied using displacement reactions. If a
displacement reaction occurs there is a temperature rise.

In an experiment the following method was used:

 Pour some copper(II) sulfate solution into a polystyrene cup and record the
temperature of the solution.

 Add a known mass of metal and stir.
 Record the maximum temperature of the mixture.
 Repeat the experiment.

The results of this experiment are shown in the table below.

Metal
Temperature increase (°C) Average temperature

rise (°C)Experiment 1 Experiment 2

magnesium 11.5 16.5 14.0

silver 0.0 0.0 0.0

iron 3.0 4.0 3.5

gold 0.0 0.0 0.0

zinc 7.0 8.0 7.5

(i) State two factors which should be kept the same in this experiment to make
it a fair test.

1.

2. [2]
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(ii) State and explain which of the metals gave the least reliable temperature
rise.

[1]

(iii) State and explain which of the metals used in the experiment is the most
reactive.

[2]

(iv) Explain why there is no temperature rise when silver is added to copper(II)
sulfate solution.

[1]

(v) Why do the results make it impossible to decide which of the metals is the
least reactive?

[1]

(vi) Write a balanced symbol equation for the displacement reaction between
zinc and copper(II) sulfate solution.

[2]
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(b) Metals are extracted from their ores using different methods. In the extraction of
iron, haematite, coke and limestone are added to the Blast Furnace.

(i) Name the chemical compound present in:

haematite

limestone [2]

(ii) The following equations represent reactions which occur in the Blast
Furnace.

Reaction A C 1 O2  CO2

Reaction B CaCO3  CaO 1 CO2

Reaction C C 1 CO2  2CO

Reaction D Fe2O3 1 3CO  2Fe 1 3CO2

Reaction E CaO 1 SiO2  CaSiO3

Which reaction (A, B, C, D or E) represents a reaction which best matches
the descriptions below?

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

A decomposition reaction

A reaction to form the reducing agent

A neutralisation reaction

A reaction that is used to produce heat [4]
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(c) Aluminium is extracted from its ore by electrolysis.

(i) Name an ore of aluminium.

[1]

(ii) Write a half equation for the production of aluminium at the cathode.

[3]

(iii) Write a half equation for the reaction which happens at the anode during
this electrolysis.

[3]
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6 This question is about the experimental reactions of some carbonates.

(a) Ammonium carbonate decomposes on heating to produce ammonia, carbon
dioxide and water. Write a balanced symbol equation for this reaction.

[3]

(b) Copper(II) carbonate reacts with hydrochloric acid according to the equation:

CuCO3 + 2HCl  CuCl2 + CO2 + H2O

0.868g of copper(II) carbonate were reacted with 0.175 mol/dm3 hydrochloric
acid.

(i) Calculate the number of moles of copper(II) carbonate used.
(Relative atomic masses: C = 12; O = 16; Cu = 64.)

[2]

(ii) Calculate the number of moles of hydrochloric acid required to react with all
of the copper(II) carbonate.

[2]
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(iii) Calculate the volume (in cm3) of 0.175 mol/dm3 hydrochloric acid required to
react with the copper(II) carbonate.

cm3 [2]
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(c) A sample of 2.52g of hydrated sodium carbonate, Na2CO3.xH2O, was dissolved
in deionised water.

The solution was transferred to a 250cm3 volumetric flask and the volume made
up to 250cm3 using deionised water.

25.0 cm3 portions of this solution were titrated against 0.175 mol/dm3

hydrochloric acid using methyl orange indicator. The results of the titration are
given below.

The equation for the reaction is:

Na2CO3 + 2HCl  2NaCl + CO2 + H2O

Titration Initial burette
volume (cm3)

Final burette
volume (cm3) Titre (cm3)

Rough 0.0 18.6 18.6

First Accurate
Titration 18.6 36.6 18.0

Second Accurate
Titration 0.0 18.0 18.0

(i) State the colour change observed at the end point.

From to [2]

(ii) Calculate the average titre.

cm3 [2]
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(iii) Calculate the number of moles of hydrochloric acid used.

[2]

(iv) Calculate the number of moles of sodium carbonate present in 25.0 cm3 of
the solution.

[2]

(v) Calculate the number of moles of sodium carbonate present in 250 cm3 of
the solution.

[1]

(vi) Using the initial mass of Na2CO3.xH2O added and the answer to part (v),
calculate the relative formula mass (RFM) of Na2CO3.xH2O.

[2]

(vii)Calculate the value of x.
(Relative atomic masses: H = 1; C = 12; O = 16; Na = 23)

[2]
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Most chlorides, bromides and iodides
EXCEPT 
silver and lead chlorides, bromides and iodides

SOLUBILITY IN COLD WATER OF COMMON SALTS, HYDROXIDES AND OXIDES

Soluble

Insoluble

Most carbonates
EXCEPT 
sodium, potassium and ammonium carbonates

Most hydroxides 
EXCEPT 
sodium, potassium and ammonium hydroxides 

Most oxides 
EXCEPT 
sodium, potassium and calcium oxides which react with water

All sodium, potassium and ammonium salts

All nitrates

Most sulfates 
EXCEPT 
lead and barium sulfates
Calcium sulfate is slightly soluble

Positive ions Negative ions
Name Symbol Name Symbol

Ammonium +
4NH Carbonate −2

3CO

Chromium(III) +3Cr Dichromate −2
72OCr

Copper(II) +2Cu Ethanoate −COOCH3

Iron(II) +2Fe Hydrogen carbonate −
3HCO

Iron(III) +3Fe Hydroxide −OH

Lead(II) +2Pb Methanoate −HCOO

Silver +Ag Nitrate −
3NO

Zinc +2Zn Sulfate −2
4SO

Sulfite −2
3SO
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* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass
(approx)
x = atomic symbol
b = atomic number
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