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Answer ALL questions in the spaces provided.

SECTION A

You should aim to spend no more than 55 minutes on this section.

1. (a) A few crystals of potassium iodide were put into a test tube with a similar quantity of
phosphoric acid, H3PO4.  The mixture was warmed.  Misty white fumes were seen at
the mouth of the test tube.

(i) Give the name or formula of the misty white fumes which formed in this
reaction.

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

(ii) Write a balanced equation for the reaction.  State symbols are not required.

H3PO4 + KI → +
(2)

(iii) A sample of the misty white fumes was collected and dissolved in water.

What reagent would be used to confirm the identity of the halide ion present in
the solution?  State what you would expect to see when it is used.

Reagent ..................................................................................................................

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

(b) If potassium iodide crystals are reacted with concentrated sulphuric acid, a
complicated reaction occurs in which a mixture of gases is produced.

(i) What would you see, other than misty white fumes, when this reaction occurs?
Give ONE observation.

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

................................................................................................................................
(1)
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(ii) One of the gases in the mixture is hydrogen sulphide, H2S.  It can be identified
by holding a piece of filter paper soaked in a solution of lead nitrate, Pb(NO3)2,
or lead ethanoate, (CH3CO2)2Pb, in the gas.

What would be observed if hydrogen sulphide is present?

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

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

(iii) Suggest the name of the lead compound which forms in this reaction, using Stock
notation.

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

(iv) The equation below shows how hydrogen sulphide could be produced from
sulphuric acid in a redox reaction.

9H2SO4 + 8KI → H2S + 8KHSO4 + 4H2O + 4I2

Which element is oxidised in the reaction and which is reduced? Justify your
answer by calculating oxidation numbers.

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

Initial oxidation number ....................... Final oxidation number ......................

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

Initial oxidation number ....................... Final oxidation number ......................
(3)
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(c) An experiment was carried out to measure the purity of a sample of potassium iodide.

1.75 g of impure potassium iodide was dissolved in water, and excess chlorine was
passed through the solution.  The following reaction occurred.

Cl2(g) + 2KI(aq) → I2(aq) + 2KCl(aq)

The solution was warmed to drive off the excess chlorine and was then made up to
250 cm3 in a volumetric flask.  A titration was used to measure the concentration of
iodine in the solution.

(i) What solution could be used in a titration to measure the concentration of iodine?

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

(ii) Name a suitable indicator and state the colour change at the end-point of this
titration.

Indicator .................................................................................................................

Colour change from ...................................... to ...............................................
(2)

(iii) A titration showed that the solution contained 4.8 × 10–4 moles of iodine, I2, in a
25 cm3 sample.  Calculate the number of moles of potassium iodide, KI, which
were in the original impure sample.

(1)

(iv) Calculate the percentage purity of the potassium iodide.

Use the Periodic Table as a source of data.

(2)

Turn over*N18612A0516*
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2. This question is about the chemistry of methanol, CH3OH.

(a) (i) Draw a ‘dot and cross’ diagram for methanol, showing outer shell electrons only.

(1)

(ii) Textbooks show the displayed formula of methanol as follows

However, this is not a true representation of the shape of the molecule.

Explain why the shape of methanol is not as shown above.
Label the correct value of ONE bond angle on the displayed formula.

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

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

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

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

(b) When methanol burns in a poor supply of air, one of the products is carbon monoxide.
A ‘dot and cross’ diagram of carbon monoxide is shown below.

(i) Draw the displayed formula for carbon monoxide.  Show the TWO types of
bond which are present.

(1)
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(ii) The length of the bond between carbon and oxygen in methanol is 0.143 nm.

Would you expect the length of the bond between carbon and oxygen in 
carbon monoxide to be longer, the same or shorter than this?  Explain your
answer.

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

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

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

(c) The energy of the bond between carbon and oxygen in methanol (the C—O bond) can
be calculated from data on enthalpy changes of atomisation.

(i) Write an equation, including state symbols, for the atomisation of one mole of
methanol vapour.

(1)

(ii) Use the data below to calculate the energy of the C—O bond in methanol.

standard enthalpy change of atomisation of methanol vapour, ∆Hat = +2039 kJ mol–1

energy of C—H bond, E(C—H) = +413 kJ mol–1

energy of O—H bond, E(O—H) = +464 kJ mol–1

(2)

○—

Turn over*N18612A0716*
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(iii) Complete a balanced Hess cycle which you can use to calculate the standard
enthalpy change of formation of methanol vapour, ∆H f .

You should use the value of the standard enthalpy change of atomisation of
methanol vapour, ∆H at , given in (ii) and the data on enthalpy changes given
below.  Write the correct numerical data beside the arrows in the cycle.

Equation Enthalpy change of atomisation
/kJ mol–1

C(graphite) → C(g) +716.7
O2(g) → O(g) +249.2
H2(g) → H(g) +218.0

Use your cycle to calculate the value of ∆H f for methanol vapour.

(3)

○—

1
2

1
2

○—

○—
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(iv) Methanol is a liquid at room temperature.  Would you expect the standard
enthalpy change of formation of liquid methanol to be more or less negative than
the value you calculated in (iii)?  Justify your answer.

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

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

(v) Methanol is a liquid at room temperature although alkanes with similar
molecular mass are gases.

Draw a diagram to show a bond between two methanol molecules that causes it
to be a liquid at room temperature.

Give the value of this bond angle on your diagram.

(2)

(d) Methanol can be manufactured in the following reaction.

CO(g) + 2H2(g) CH3OH(g) ∆H = –93.3 kJ mol–1

Decide whether a high or low temperature and a high or low pressure would give the
greater proportion of methanol at equilibrium.  Justify your choice in each case.

Temperature ..................................................................................................................

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

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

Pressure .........................................................................................................................

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

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

○—
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3. (a) The table below gives the boiling points of three organic compounds.

(i) Explain why 1-chloropropane has a higher boiling point than chloroethane.

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

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

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

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

(ii) Explain  why  1-chloropropane  has  a  higher  boiling  point  than  its  isomer, 
2-chloropropane.

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

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

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

(b) Both chloroethane and iodoethane react with aqueous potassium hydroxide solution
to form ethanol.  The hydroxide ions act as nucleophiles.

(i) What is a nucleophile?

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

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

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

(ii) Explain why iodoethane reacts faster than chloroethane with aqueous potassium
hydroxide, under the same conditions.

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

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

*N18612A01016*
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(c) (i) Under what conditions does chloroethane react with potassium hydroxide to
form ethene rather than ethanol?

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

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

(ii) Name the type of reaction in which ethene is formed from chloroethane.

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

(d) Ethanol can be produced from ethene in two stages.  In the first stage ethene is
reacted with concentrated sulphuric acid in an addition reaction.

(i) Complete the equation to show the product of the first stage in the process.

(1)

(ii) What type of addition reaction is occurring?

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

(iii) How is the product of this reaction converted to ethanol?

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

(e) In industry, ethanol is usually manufactured from ethene, rather than by reacting
chloroethane with aqueous potassium hydroxide.  Suggest a reason for this.

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

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

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

TOTAL FOR SECTION A: 45 MARKS
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SECTION B

You should aim to spend no more than 35 minutes on this section.  The passage needed
for this section is provided on a separate sheet.

4. Read the passage on A RADICALALTERNATIVE TO IONS straight through and then
more carefully.  Answer the following questions.

(a) Explain what is meant by a free radical.

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

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

(b) Name the type of bond breaking which occurs when a chlorine molecule forms free
radicals.

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

(c) Suggest the condition which causes chlorine free radicals to be produced from
chlorofluorocarbons in the Earth’s atmosphere.

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

(d) Write an equation for the reaction between ethane and chlorine to form a
dichloroalkane.

(2)

(e) Tetrafluoroethene is made from an ethene molecule in which each hydrogen atom is
replaced by a fluorine atom.  Draw a section of the polymer poly(tetrafluoroethene)
showing at least two monomer units.

(1)

*N18612A01216*
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(f) Propanone, CH3COCH3 is an example of a polar solvent.  Draw a diagram of a
molecule of propanone indicating where it is polar.

(1)

(g) Summarise, in no more than 110 words, the problems and advantages of using
radicals in organic synthesis.

You are NOT asked to summarise the whole passage, nor to include equations in
your summary.  At the end of your summary state the number of words you have
used.  You should write your summary on the lined pages provided in this
question paper.

Credit will be given for answers written in good English, using complete sentences
and using technical words correctly and chemical names rather than formulae.  Avoid
copying long sections from the original text.  Numbers count as one word, as do
standard abbreviations, units and hyphenated words.  Any title you give your passage
does not count in your word total.

(8)

There are penalties for the use of words in excess of 110.

START YOUR SUMMARY ON PAGE 14

Turn over*N18612A01316*
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