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Q1.           

Phosgene (COCl2) is a colourless gas used in the pharmaceutical industry.

Phosgene has a boiling temperature of 8 °C and is extremely toxic.

(a)  Complete the dot-and-cross diagram to show the bonding in phosgene.

(2)

(b)  Phosgene can be formed from carbon monoxide and chlorine, using a catalyst of activated
carbon.

CO(g)  + Cl2(g)  ↔  COCl2(g)            ΔrH = –107.6 kJ mol–1

(i)  State and explain how the reaction conditions could be changed to maximise the 
equilibrium yield of phosgene in
       this reaction.

(4)

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

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

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

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

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

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

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

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

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

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

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

(ii)  The standard enthalpy change of formation for phosgene is ΔfH = –220.1 kJ mol–1.

Complete the Hess cycle and determine the standard enthalpy change of formation for carbon
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monoxide. Use the data from (b)(i).

Include state symbols in your cycle.

(4)

CO(g)          +          Cl2(g)          →          COCl2(g)

(c)  The mass spectrum of a sample of phosgene is shown.

The peak at m / z = 65 has been omitted.

(i)  Give the reason for the ratio of peak heights at m / z values of 102, 100 and 98.

(2)

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

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

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

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

(ii)  Suggest an identity for the peak at m / z = 63.

(1)

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

(iii)  The peak at m / z = 65 has been omitted.

Draw on the mass spectrum the peak at m / z = 65, showing its relative intensity.

(1)
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(d)  Use your Data Booklet to suggest the wavenumber of a strong absorbance you would expect
to see in the infrared
        spectrum for phosgene. Justify your answer.

(2)

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

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

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

(e)  In UV light, trichloromethane (CHCl3 , boiling temperature 61°C) reacts with oxygen to form
phosgene and
        hydrogen chloride.

(i)  Write an equation for this reaction.
        State symbols are not required.

(1)

(ii)  In a closed bottle, the rate of this reaction decreases with time.

Give a reason for this.

(1)

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

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

(iii)  Suggest a precaution that should be taken when opening a bottle of trichloromethane.

(1)

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

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

(iv)  Trichloromethane can be used as an anaesthetic.

Suggest whether an old bottle of trichloromethane can still be used for medical treatment, giving
a reason for your answer.

(1)

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

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

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

 

(Total for question = 20 marks)
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Q2.           

The results of an experiment to determine the rate of the reaction between magnesium and
hydrochloric acid are shown.

What is the approximate rate of reaction in cm3 s−1 at 40 seconds?

   A    0.75

   B    1.3

   C    2.2

   D    6.0

 

(Total for question = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no
credit.
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Q3.           

This question is about calcium carbonate, CaCO3.

(a)  Calcium carbonate decomposes on heating.

CaCO3(s)  →  CaO(s)  +  CO2(g)

Explain why calcium carbonate decomposes at a higher temperature than magnesium
carbonate, in terms of the charge and size of the cations.

(3)

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

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

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

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

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

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

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

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

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

(b)  Calcium carbonate reacts with dilute hydrochloric acid.

CaCO3(s)  +  2HCl(aq)  →  CaCl2(aq)  +  CO2(g)  +  H2O(l)

A student determines the initial rate of this reaction by collecting the carbon dioxide in a gas
syringe and measuring the volume at regular time intervals.

(i)  The gas syringe can measure a maximum of 100 cm3 of gas.

Calculate the maximum volume of 0.500 mol dm−3 hydrochloric acid that can be added to
excess calcium carbonate at room temperature and pressure (r.t.p.) without exceeding the
measurable volume of the gas syringe.

[Molar volume of gas at r.t.p. = 24 000 cm3 mol−1]

(3)

(ii)  The results of the student's experiment are shown on the graph.
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Calculate the initial rate of this reaction.
You must show your working on the graph.
Include units in your answer.

(3)

(iii)  The student repeats the experiment but uses hydrochloric acid with a concentration of
0.250 mol dm−3. All other variables are kept the same.

State what would happen to the initial rate of reaction and the final volume of carbon dioxide
collected.

(1)

Initial rate of reaction

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

Final volume of carbon dioxide collected

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

 

(Total for question = 10 marks)
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Q4.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The rate of a reaction doubles for each 10 K increase in temperature.
If the temperature of this reaction is increased from 298 K to 358 K the rate of the
reaction increases by a factor of

   A    6

   B    12

   C    36

   D    64

 

Use this space for any rough working. Anything you write in this space will gain no
credit.

(Total for question = 1 mark)

 

 

Q5.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The graph shows how the concentration of a reactant changes with time.

Which expression gives the best estimate for the value of the rate of this
reaction at time b?
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   A    b ÷ c

   B    d ÷ a

   C    e ÷ a

   D    e ÷ b

 

(Total for question = 1 mark)

 

 

Q6.           

(a)  The concentration of atmospheric carbon dioxide is at its highest level for 800 000 years.

 Carbon Capture and Utilisation (CCU) uses waste carbon dioxide from industrial processes to
make green fuels,
 methanol, plastics or pharmaceuticals. One method uses the reaction between carbon dioxide
and hydrogen to make methanol.

 The conditions for this industrial reaction are a pressure of 50 atm, a temperature of 250 °C and
a copper catalyst.

(i)  Explain why high pressure is used.

(2)

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

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

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

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

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

(ii)  Discuss the factors leading to a choice of 250 °C in this process.

(3)

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

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

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

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

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

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

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

(iii)  Give a reason why using a catalyst to increase the rate makes the process more
sustainable.

(1)

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

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

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

(b)  Methanol can be oxidised to produce methanoic acid.

(i)  State the reagents and reaction conditions for this oxidation in the laboratory.

(2)

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

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

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

(ii)  Complete the equation to show the products of this oxidation.

  State symbols are not required.

(1)

(iii)  Give a chemical test, and its positive result, that could be used to confirm the functional
group in methanoic acid.

(2)

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

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

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

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

(iv)  The infrared spectra of methanol and methanoic acid are shown.

   Explain how these could be used to show that all the methanol has been converted to
methanoic acid,
   quoting relevant bonds and wavenumbers.
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   Use your Data Booklet.

(3)

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

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

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

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

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

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

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

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

(c)  (i)  Methanol produced from petrol by CCU may be mixed with petrol derived from fossil
fuels.
            A concentration of 5% by mass of methanol is used.

 Explain how the use of this fuel would affect the increase in global temperatures.

(2)
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.............................................................................................................................................

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

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

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

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

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

(ii)  Calculate the mass of carbon dioxide released when 1 mol of octane (C8H18) is burned
completely.

(1)

(iii)  A motorist who uses 1200 kg of fuel each year in a car changes to a fuel with 5% of the
mass of petrol replaced
       by methanol produced by CCU.

  Calculate the annual reduction, in kg, of carbon dioxide released by the car.

  [Assume petrol has the same molecular formula as octane and the added methanol does not
contribute any additional
  carbon dioxide when burned.]

(2)

 

(Total for question = 19 marks)

 

 

Q7.           

Some diesel cars contain an extra catalytic converter for the reduction of nitrogen oxides (NOx)
in exhaust gases.
A solution of urea is used for this process.

(a)  Urea has a melting temperature of 133 °C.

Explain why this value is higher than expected for a relatively small molecule.

(3)
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.............................................................................................................................................

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

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

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

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

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

(b)  A saturated solution of urea has a concentration of 9.07 mol dm–3 at 25°C.

Calculate the mass of urea in 150 cm3 of a saturated solution.

(2)

(c)  State why NOx emissions are harmful to the environment.

(1)

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

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

(d)  An infrared spectrum of urea is shown.

Refer to your Data Booklet.

(i)  Draw a circle around an absorption in the spectrum that could be due to the stretching of the
N—H bond.

(1)

(ii)  Identify the bond responsible for the absorption at 1683 cm−1.

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

(1)
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(e)  In a diesel car exhaust system, the urea reacts with water to form ammonia and carbon
dioxide. The enthalpy change for this reaction is +133 kJ mol−1.

(i)  Complete the equation for this reversible reaction.

State symbols are not required.

(1)

(NH2)2CO + H2O    
.............................................................................................................................................

(ii)  Sketch the reaction profile for the forward reaction on the axes provided.

Include labels for ΔH and the activation energy (Ea).

(3)

(f)  The catalytic converter contains metal oxides. When the exhaust gases pass through the
catalytic converter, ammonia reacts with NOx gases to form nitrogen and water.

(i)  Explain why it is not correct to state that urea is acting as a catalyst in the reaction.

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

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

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

(1)

(ii)  Explain how a catalyst increases the rate of a chemical reaction.

Use the Maxwell-Boltzmann distribution shown and refer to the collision theory.

(3)
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.............................................................................................................................................

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

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

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

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

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

(g)  The catalytic converter works best at a temperature of around 350 °C.

(i)  Suggest how the catalytic converter reaches this temperature.

(1)

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

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

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

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

(ii)  The chemical reactions in the exhaust system of a diesel car, using a catalytic converter,
form 89.3 m3 of nitrogen per hour.

Calculate the number of molecules of nitrogen formed per hour.

[Molar volume at 350 °C = 51.1 dm3 mol−1

Avogadro constant, L = 6.02 × 1023 mol−1]

(3)

 

(Total for question = 20 marks)

 

S T E M U P . C O . U K

https://stemup.co.uk


 

Q8.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Hydrogen peroxide decomposes in the presence of a catalyst.

(a)  What type of reaction occurs?

(1)

   A    displacement

   B    disproportionation

   C    elimination

   D    hydrolysis

(b)  In an experiment, the volume of oxygen produced by the decomposition of hydrogen
peroxide was measured at various
       times as the reaction progressed and a graph was plotted.

       The initial gradient of the graph was 0.50 cm3 s−1.

       What is the initial rate of decomposition of hydrogen peroxide in mol s–1?

       [Molar volume of a gas at r.t.p. = 24 dm3 mol–1]

(1)

   A    2.1 × 10–2 mol s–1

   B    4.2 × 10–5 mol s–1

   C    2.1 × 10–5 mol s–1

   D    1.0 × 10–5 mol s–1

 

(Total for question = 2 marks)

 

 

Q9.           
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Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

Hydrogen peroxide decomposes as shown.

2H2O2(aq)  →  2H2O(l)  +  O2(g)

(a)  A catalyst increases the rate of decomposition by

(1)

   A    increasing the average kinetic energy of the H2O2 molecules

   B    decreasing the average kinetic energy of the H2O2 molecules

   C    increasing the activation energy of the reaction

   D    decreasing the activation energy of the reaction

(b)  A bottle of hydrogen peroxide is labelled as '10 volume'.

This means that 1 cm3 of hydrogen peroxide solution decomposes to produce 10 cm3 oxygen at
room temperature and pressure (r.t.p.).

What is the concentration of 10 volume hydrogen peroxide, in mol dm−3?

2H2O2(aq)  →  2H2O(l)  +  O2(g)

[Molar volume of gas at r.t.p. = 24 000 cm3 mol−1]

(1)

   A    0.100

   B    0.208

   C    0.417

   D    0.833

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 2 marks)

 

 

Q10.           
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Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

The energy profile for a reaction is shown.

What is the minimum energy needed for this reaction to occur?

   A    X

   B    Y

   C    X − Y

   D    X + Y

 

(Total for question = 1 mark)

 

 

Q11.           

This question is about ethanol and bioethanol.

The main fuel used as a petrol substitute is bioethanol. Bioethanol is ethanol that has been
produced by fermentation. The starting material is usually some form of plant material rich in
starch, such as wheat, maize or potatoes. Enzymes in yeast convert this material to simple
carbohydrates such as glucose (C6H12O6) and then to ethanol and carbon dioxide.

C6H12O6    →    2CH3CH2OH  +  2CO2

The mixture is left for several days until fermentation is complete.
The percentage of ethanol is never greater than 15 % because higher concentrations of ethanol
kill the yeast.

A common blend of fuel is 95 % petrol and 5 % bioethanol. The engine does not need to be
modified for this mixture.
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(a)  Give one advantage and one disadvantage of using bioethanol in petrol.

(2)

Advantage

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

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

Disadvantage

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

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

(b)  Suggest why this fermentation must be carried out in the absence of air.

(1)

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

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

(c)  Suggest how the ethanol can be obtained, after filtering the fermentation mixture.

(1)

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

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

(d)  Ethanol is hygroscopic, which means it readily absorbs water from the air.

(i)  Give a possible reason why ethanol is able to absorb water.

(1)

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

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

(ii)  Suggest a problem arising from the hygroscopic nature of ethanol when using this fuel in a
motor vehicle.

(1)

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

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

(e)  Ethanol can also be produced by the hydration of ethene.

CH2 = CH2(g)  +  H2O(g)  ↔  CH3CH2OH(g)        ΔH = − 45 kJ mol−1

*(i)  Typical conditions are 300 °C and 60 atm with a catalyst of phosphoric acid.
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Explain why these conditions are used, by describing the effect of changing the temperature and
pressure on rate of reaction, equilibrium yield and cost.

(6)

(ii)  The rate of this reaction is increased by using a catalyst of phosphoric acid.

Label the axes on the Maxwell–Boltzmann distribution curve and use it to explain how a catalyst
increases the rate of reaction.

(4)

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

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

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

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

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

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

(f)  Catalysts such as phosphoric acid are bonded to a support material that contains lots of
pores.
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(i)  Suggest the advantage of using support materials containing lots of pores.

(1)

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

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

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

(ii)  Under these conditions, only about 5 % of the ethene is converted into ethanol as it passes
over the catalyst.

Suggest how the overall yield of this process can be improved to make it economically viable.

(2)

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

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

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

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

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

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

 

(Total for question = 19 marks)

 

 

Q12.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Calcium carbonate reacts with hydrochloric acid.

Which factor does not affect the rate of this reaction?

   A    concentration

   B    pressure

   C    surface area
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   D    temperature

 

(Total for question = 1 mark)

 

 

Q13.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

A solution containing 0.100 mol of hydrochloric acid is added to 8.43 g of magnesium carbonate.

(a)  What is the total volume (at r.t.p.) of carbon dioxide formed?

[Mr(MgCO3) = 84.3          Molar volume of a gas at r.t.p. = 24.0 dm3 mol–1]

(1)

   A    2.40 dm3

   B    1.20 dm3

   C    2400 dm3

   D    1200 dm3

(b)  Which sketch graph shows the volume of carbon dioxide (y-axis) plotted against time
(x-axis) during the reaction?

(1)

(c)  Which sketch graph shows the rate of the reaction (y-axis) plotted against time (x-axis)
during the reaction?
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(1)

 

(Total for question = 3 marks)

 

 

Q14.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The graph shows how the concentration of iodine changes with time in a reaction.

What is the value for the rate of reaction, in mol dm−3 s−1, at 8 seconds?

   A    0.01

   B    0.02

   C    0.03
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   D    0.25

Use this space for any rough working. Anything you write in this space will gain no
credit.

 

(Total for question = 1 mark)

 

 

Q15.           

Magnesium metal reacts with hydrochloric acid. Which change in condition would have no effect
on the initial rate of this reaction?

(1)

   A    an increase in the volume of acid solution

   B    a decrease in the temperature of the acid solution

   C    an increase in the surface area of the magnesium

   D    a decrease in the concentration of the acid solution

 

(Total for question = 1 mark)

 

 

Q16.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The solid line on the graph below shows the Maxwell–Boltzmann distribution for an uncatalysed
reaction. Ea is the activation energy of this reaction.
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Which row shows the correct Maxwell–Boltzmann curve and activation energy for the reaction at
a higher temperature with a catalyst?

 

(Total for question = 1 mark)

 

 

Q17.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

A Maxwell-Boltzmann distribution curve for the particles present in a reaction mixture is shown.
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(a)  Which statement is correct?

(1)

   A    position X represents the mean energy of the particles

   B    activation energy, Ea, is the mean energy of the particles that react

   C    the area under the curve to the right of the activation energy, Ea, represents the number
of particles with enough energy to react

   D    adding a catalyst moves the activation energy, Ea, to the right

(b)  What happens to the distribution curve when the temperature of the gas is decreased?

(1)

 

(Total for question = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no
credit.
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Q18.           

The diagram shows the general shape of a Maxwell-Boltzmann distribution curve for the particles
present in a reaction mixture.

(a)  How does the peak change when the temperature of the reaction mixture is decreased?

(1)

(b)  The activation energy of an uncatalysed reaction is represented by the vertical line, Ea, on
the horizontal axis. The shaded areas A and B are the areas under the curve on either side of the
line Ea.

How do the two shaded areas change, if at all, when a catalyst is added?

(1)

 

(Total for question = 2 marks)
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Q19.           

Potassium chlorate(V), KClO3, is a crystalline solid used in fireworks.

It is produced by the Liebig Process in two stages.

(a)  (i)  Write the overall equation for the Liebig Process.
            State symbols are not required.

(1)

(ii)  Calculate the overall atom economy by mass for the production of potassium chlorate(V),
KClO3, using your equation in (a)(i).

(3)

(b)  Explain the type of reaction that takes place in Stage 1 of the Liebig Process, using oxidation
numbers.

6Ca(OH)2(aq) + 6Cl2(g)  → Ca(ClO3)2(aq) + 5CaCl2(aq) + 6H2O(l)

(3)

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

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

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

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

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

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

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

(c)  The crystals of potassium chlorate(V) formed also contain some halide ion impurities.

(i)  Describe a chemical test on a solution of these crystals to confirm that the impurities
present are chloride ions rather than bromide ions. Include the expected results.

(3)
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.............................................................................................................................................

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

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

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

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

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

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

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

(ii)  1.52 g of impure potassium chlorate(V), formed in the Liebig Process, was heated until the
mass of solid remaining was constant at 1.02 g.

The reaction that occurred was

2KClO3(s) → 2KCl(s) + 3O2(g)

The impurities present did not decompose on heating.

Calculate the percentage purity of the sample.
Give your answer to an appropriate number of significant figures.

(5)

(d)  In fireworks, potassium chlorate(V) decomposes. This thermal decomposition takes place in
two stages with a solid catalyst.

4KClO3 → KCl + 3KClO4

KClO4 → KCl + 2O2

(i)  Give the systematic name of KClO4.

(1)

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

(ii)  A student investigated the role of the catalyst in this reaction.
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Explain how each of the steps in this procedure is needed to show that the catalyst is not used
up in this reaction.

(4)

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

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

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

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

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

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

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

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

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

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

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

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

(e)  Explain, using the diagram, how a catalyst speeds up a chemical reaction.

(2)

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

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

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

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

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

.............................................................................................................................................
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(Total for question = 22 marks)

 

 

Q20.           

Two different processes can be used for the production of chloroethene (CH2==CHCl), which is
the monomer for the manufacture of poly(chloroethene).

(a)  Process A

Ethene, produced from crude oil, reacts with chlorine gas to form 1,2-dichloroethane. The
1,2-dichloroethane is then thermally cracked to form chloroethene.

(i)  A student wrote a mechanism for Reaction 1.

The mechanism contains two mistakes.

Identify each mistake, giving the correction that should be made.

(2)

Mistake 1

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

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

Correction

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

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

Mistake 2

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

.............................................................................................................................................
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Correction

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

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

(ii)  Write the overall equation for Process A and use it to calculate the percentage atom
economy by mass for the production of chloroethene.

(3)

(b)  Process B

In an alternative process, chloroethene is obtained by reacting ethyne (HC≡≡CH), with hydrogen
chloride. Ethyne is produced from coal. This reaction uses a catalyst of mercury(II) chloride
which is highly toxic.

The temperature during this reaction is high enough to vaporise the mercury(II) chloride
catalyst.

State how Process A compares to Process B in terms of the percentage atom economy by mass
and environmental impact of each process. No calculation is needed.

(2)

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

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

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

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

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

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

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

* (c) Process B involves gas molecules reacting at high temperature in the presence of a
catalyst.

Explain the effects on the rate of reaction of increasing the temperature and using a catalyst in
Process B, referring to a labelled diagram of the Maxwell-Boltzmann distribution.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 13 marks)
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Q21.           

The equation for a reversible reaction is shown.

What effect will each change have on the rate of reaction and the equilibrium yield of
phosphorus(V) chloride?

(a)  Increasing the temperature at constant pressure.

(1)

(b)  Increasing the pressure at constant temperature.

(1)

 

(Total for question = 2 marks)

 

 

Q22.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .

The diagram shows a reaction profile for a reversible reaction.

S T E M U P . C O . U K

https://stemup.co.uk


(a)  Which symbol represents the enthalpy change for the reaction R → P?

(1)

   A    u

   B    v

   C    w

   D    x

(b)  Which symbol represents the activation energy of the reaction P → R?

(1)

   B    u

   B    v

   C    w

   D    x

(c)  Hess's Law can be applied to this system.

      Which expression is correct?

(1)

   A    v + x = u + w

   B    w + x = u

   C    u – w = v

   D    u – v = x

 

(Total for question = 3 marks)
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Q23.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

Which is the correctly labelled reaction profile for an exothermic reaction?
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(Total for question = 1 mark)

 

 

Q24.           

Sodium thiosulfate solution reacts with hydrochloric acid to produce solid sulfur.

Which change would be expected to increase the time taken for sulfur to appear?

(1)

   A    increasing the concentration of the hydrochloric acid

   B    decreasing the concentration of the sodium thiosulfate

   C    increasing the temperature

   D    adding a catalyst

 

(Total for question = 1 mark)

 

 

Q25.           

This question is about sulfuric acid.

(a)  Sulfuric acid is manufactured in a three-step process.

(i)  At room temperature and pressure, sulfur is a solid and oxygen a gas.

Explain why sulfur and oxygen exist in different states by referring to the intermolecular forces
involved.

(2)

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

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

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

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

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

(ii)  Step 2 is a reversible reaction.

State the effect on the position of equilibrium when the temperature and pressure are increased.
Justify your answers.

(4)

Increasing temperature at constant pressure

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

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

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

Increasing pressure at constant temperature

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

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

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

(iii)  Vanadium(V) oxide, V2O5, is used to catalyse the reaction in Step 2.

Complete the reaction profile to show both the catalysed and uncatalysed reactions.
Label the activation energy and the enthalpy change. Your diagram does not have to be to scale.

(4)
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(iv)  Explain how the use of a catalyst makes this reaction more sustainable.

(2)

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

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

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

* (b) Concentrated sulfuric acid reacts with solid potassium chloride and with solid potassium
iodide.

Compare and contrast these reactions to show the difference in reducing ability of these two
halide ions.
In your answer describe what would be observed and identify the products formed.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c)  Dilute sulfuric acid is used in many laboratories. It is often supplied as concentrated sulfuric
acid and then diluted.

A technician makes 500 cm3 of 1.5 mol dm−3 sulfuric acid by adding 40.5 cm3 of concentrated
sulfuric acid to distilled water.

Calculate the concentration of the concentrated sulfuric acid, in mol dm−3 .

(2)

 

(Total for question = 20 marks)

 

 

Q26.           
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Propanoic acid, CH3CH2COOH, is a colourless liquid used as a preservative in animal feed.
Propanoic acid can be formed by oxidising the alcohol propan-1-ol.

(a)  Write the balanced equation for the oxidation of propan-1-ol to form propanoic acid.

Use [O] to represent the oxygen from the oxidising agent.
State symbols are not required.

(1)

*(b)  Propan-1-ol is heated with a concentrated solution of acidified potassium dichromate(VI).

Explain how the conditions used affect the rate of the reaction and ensure that
propanoic acid is the only organic product.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(c)  A student suggested using universal indicator to check for the presence of

propanoic acid formed in the reaction mixture.

Give a reason why the result of this test is not likely to be conclusive.

(1)

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

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

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

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

(d)  The permitted mass of propanoic acid used in animal feed is in the range

1000–3000 mg kg−1. A titration method may be used to check the concentration
of propanoic acid in animal feed.

A 50.0 cm3 sample of propanoic acid solution was extracted from 50 g
of an animal feed.
The sample was added to a volumetric flask and the volume made up to 250.0 cm3 and
mixed thoroughly. A pipette was used to transfer 25.0 cm3 of the diluted acid into a
conical flask containing an indicator.

The contents of the conical flask were titrated with a solution of
sodium hydroxide, NaOH(aq), with concentration 0.00668 mol dm–3.

The procedure was repeated twice and the results obtained are shown.
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(i)  Phenolphthalein is a suitable indicator for this titration.

State the colour change at the end-point.

(2)

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

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

(ii)  Suggest two possible reasons why the titre for Run 1 is greater than the other two titres.

(2)

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

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

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

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

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

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

(iii)  The equation for the reaction of propanoic acid with sodium hydroxide is

CH3CH2COOH + NaOH → CH3CH2COONa + H2O

Calculate the mass in grams of propanoic acid extracted from the animal feed.

Give your answer to an appropriate number of significant figures.

(5)

(iv)  Use your answer to (d)(iii)  to determine whether the acid in this sample lies

within the permitted range for use in animal feed.

(2)

(v)  Suggest how the animal feed would be affected if the amount of propanoic acid

was outside the permitted range.

(1)

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

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

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

 

(Total for question = 20 marks)
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