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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.           

(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)

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

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

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

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

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

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

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

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

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

(1)
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.............................................................................................................................................

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

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

(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.
   Use your Data Booklet.

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

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

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

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

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

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

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

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

(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)

 

 

Q3.           

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)

(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.
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(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)
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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 .

A large amount of P is added to a small amount of Q. A reversible reaction occurs in
which P reacts to form Q.

Which graph shows how the concentrations of P and Q change as the reaction
reaches equilibrium?
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(Total for question = 1 mark)

 

 

Q5.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Which conditions give the highest yield for the forward reaction?

NH4Cl(s) ↔ NH3(g)  + HCl(g)                ΔH = +176 kJ mol−1

   A    high temperature, high pressure

   B    high temperature, low pressure

   C    low temperature, high pressure

   D    low temperature, low pressure

 

(Total for question = 1 mark)

 

 

Q6.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

Nitrogen dioxide and dinitrogen tetroxide exist in equilibrium.

When an equilibrium is set up in a gas syringe, the mixture is pale brown.

When the mixture is compressed the colour becomes

   A    darker

   B    lighter
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   C    darker and then lighter

   D    lighter and then darker

 

(Total for question = 1 mark)

 

 

Q7.           

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 .

A mixture of hydrogen and iodine is left in a sealed container at 300°C until equilibrium is
established.

H2(g)  + I2(g)  ↔ 2HI(g)

The equilibrium mixture is then cooled and the colour of the mixture darkens.

Which is correct?

 

(Total for question = 1 mark)

 

 

Q8.           

The equilibrium reaction shown in the equation was studied by placing the components into a
sealed glass container.
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At equilibrium, which of the following statements is not true?

(1)

   A    the concentrations of the NO2(g) and N2O4(g) both remain constant

   B    the total number of molecules is constant

   C    the forward and reverse reactions have both stopped

   D    the rate of the forward reaction is equal to the rate of the reverse reaction

 

(Total for question = 1 mark)

 

 

Q9.           

Ethanol can be made in industry by the reaction of ethene with steam, using a phosphoric(V)
acid catalyst.

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

The reaction is carried out at 300°C and 60 atm. An initial yield of 5 % is achieved when the
ethene and steam first pass through the reactor.

*(a)  Explain the chemical reasons for the conditions used and why such a low initial yield is
acceptable in the industrial process.

(6)

(b)  The product of the reaction is a mixture of ethanol and water.

Explain why ethanol and water mix together fully.

You may find it helpful to draw a diagram.

(3)

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

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

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

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

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

(c)  Ethanol can be oxidised using a solution of acidified potassium dichromate(VI), K2Cr2O7(aq).
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Ethanoic acid and another organic compound, Y, are both possible products.

(i)  Draw the structure of Y.

(1)

(ii)  State the conditions needed to maximise the yield of each product.

(2)

Conditions for maximum yield of Y

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

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

Conditions for maximum yield of ethanoic acid

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

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

 

(Total for question = 12 marks)

 

 

Q10.           

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.

(a)  Give one advantage and one disadvantage of using bioethanol in petrol.

(2)

Advantage

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

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.

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
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increases the rate of reaction.

(4)

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

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

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

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

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

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

(f)  Catalysts such as phosphoric acid are bonded to a support material that contains lots of
pores.

(i)  Suggest the advantage of using support materials containing lots of pores.

(1)

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

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

(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)

 

 

Q11.           

(a)  The standard enthalpy change of combustion, , of 2,2,4-trimethylpentane is −5461 kJ
mol−1.

(i)  State the two standard conditions for this enthalpy change.

(1)
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.............................................................................................................................................

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

(ii)  Write the equation for the complete combustion of 2,2,4-trimethylpentane, using molecular
formulae.

State symbols are not required.

(2)

(iii)  Draw a labelled enthalpy level diagram for the complete combustion of
2,2,4-trimethylpentane.

(2)

(iv)  Calculate the heat energy released during the complete combustion of 1 dm3 of
2,2,4-trimethylpentane.

[Density of 2,2,4-trimethylpentane = 0.692 g cm−3]

(3)

(b)  In an experiment to determine the enthalpy change of combustion of ethanol, C2H5OH, a
student used the apparatus shown.
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Results:

Mass of water = 100.0 g

Mass of ethanol used = 0.305 g

Temperature rise of water = 13.2°C

(i)  Calculate the enthalpy change of combustion of ethanol.

Give your answer to an appropriate number of significant figures, and include a sign and units.

[Specific heat capacity of water = 4.18 J g−1°C−1]

(4)

(ii)  The uncertainty in each thermometer reading is ±0.05 °C.

Calculate the percentage uncertainty in the temperature rise in this experiment.

(1)

(iii)  The student looked in a data book and found the actual value for the standard enthalpy
change of combustion of ethanol was more exothermic than the experimental value obtained.

Give two reasons for the difference between the data book value and the experimental value,
other than referring to standard conditions.

(2)

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

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

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

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

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

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

(c)  The enthalpy changes for the conversion of four compounds in the gas phase into their
constituent atoms are shown.

Calculate the bond enthalpy of the C—C bond, in kJ mol−1.
You must show your working.

(3)
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(d)  Ethanol can be manufactured by reacting ethene with steam.

C2H4(g)  +  H2O(g)  ↔  C2H5OH(g)                ΔrH = −45 kJ mol−1

This reaction is usually carried out in industry at 300 °C and 70 atm pressure using a catalyst.

Explain the effect on the equilibrium position and the equilibrium yield of ethanol if the reaction
is carried out at 300°C and 200 atm pressure.

(2)

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

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

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

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

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

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

 

(Total for question = 20 marks)

 

 

Q12.           

Iodine monochloride, ICl, is a covalent compound produced by the reaction of iodine with
chlorine. Iodine monochloride is a dark brown liquid at room temperature.

The equipment shown can be used to pass chlorine over solid iodine to produce iodine
monochloride.
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When excess chlorine is passed through the U tube, the iodine monochloride reacts to produce
iodine trichloride in an equilibrium reaction.

(a)  Write a chemical equation for the reaction of iodine with chlorine to produce iodine
monochloride. Include state symbols.

(2)

(b)  The iodine monochloride molecule has a permanent dipole. Complete the following table
using the electronegativity data from your Data Booklet and hence show the dipole on the
diagram of the iodine monochloride molecule.

(1)

I — Cl

(c)  Iodine monochloride reacts with propene to form two isomeric products. This is an addition
reaction that is similar to the reaction of propene with hydrogen halides.

(i)  Draw the skeletal formulae of both isomers.

(2)

(ii)  Explain which of these isomers is the major product.

(3)

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

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

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

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

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

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

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

(d)  The equation for the reaction between iodine monochloride and chlorine is:

(i)  State and justify one precaution that must be taken when preparing iodine trichloride.

(2)

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

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

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

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

(ii)  Give the oxidation number of iodine in both iodine-containing compounds in the equilibrium.

(1)

I in ICl

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

I in ICl3

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

(iii)  Iodine trichloride can also be made by reacting potassium chlorate(V) with iodine in
hydrochloric acid. The equation for the reaction is

KClO3 + I2 + 6HCl → KCl + 2ICl3 + 3H2O

By considering oxidation numbers for chlorine, explain whether or not this reaction is a
disproportionation.

(2)

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

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

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

(e)  Chlorine gas has a molar volume of 24 000 cm3 mol–1 under the conditions used in this
reaction.

(i)  Show that the density of chlorine gas is approximately 3 g dm–3.

(2)

(ii)  Air has an average density of 1.25 g dm–3. If the U-tube used in part (d) is inverted, as shown
in the diagram, the solid yellow iodine trichloride produced in the equilibrium reaction turns to a
brown liquid.

Explain this observation.

(3)

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

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

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

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

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

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

(f)  A mass of 0.64 g of iodine reacted with fluorine to form 1.31 g of a fluoride of iodine.

Calculate the empirical formula of this compound of iodine and fluorine.

(2)
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(Total for question = 20 marks)

 

 

Q13.           

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)

 

 

Q14.           

This question is about sulfuric acid.
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(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)

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

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

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

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

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

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

(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.
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(4)

(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)
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Q15.           

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 equilibrium shifts to the right-hand side when the pressure in the system
decreases at constant temperature?

 

(Total for question = 1 mark)

 

Mark Scheme
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