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® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).
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centre number and candidate number.
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descriptions and arguments clearly and logically, including your use of grammar,
punctuation and spelling.
® A Periodic Table is printed on the back cover of this paper.
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® Read each question carefully before you start to answer it.
® Show all your working in calculations and include units where appropriate.
® Try to answer every question.
® Check your answers if you have time at the end.
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Answer ALL the questions. Write your answers in the spaces provided.

1 Two isomeric organic liquids, P and Q, with one functional group, contain only
carbon, hydrogen and oxygen. They have the same functional group.

(a)

Phosphorus(V) chloride is added to separate samples of P and Q.
A gas, R, is evolved in each reaction.

Identify R, by name or formula.

When a few drops of acidified potassium dichromate(VI) are added to separate
samples of P and Q and the mixtures gently heated, a reaction occurs.

(i) Give the colour change of the mixtures during heating.

Mass spectra of P and Q show a molecular ion peak at m/z = 60.

The mass spectrum of P has its most intense peak at m/z = 31 and this peak is
not present in the mass spectrum of Q.

The spectrum of Q has its most intense peak at m/z = 45 which is less intense in
the mass spectrum of P.

In the alternative isomer these peaks are very small.

For each of these peaks, give the formula of one ion that could be responsible for
its formation.
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(d) Deduce the structural formulae of P and Q.
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(Total for Question 1 = 8 marks)
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2 Chemical tests can be used to identify the presence of ions, although sometimes the
results are inconclusive or difficult to interpret.

(a) Flame tests can be used to identify the presence of some cations.
A flame test is carried out using an unreactive metal wire, for example a nichrome
or a platinum wire.

(i) Describe how to carry out a flame test.

(ii) The flame test colours for the potassium ion and the rubidium ion are difficult
to tell apart.
Give the flame test colours for the potassium ion and for the rubidium ion.
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ii) Both lithium ions and strontium ions produce red flame colours, so further
tests are required to identify these cations.

Explain how a chemical test could be used to distinguish between two
solutions, one of lithium nitrate and the other of strontium nitrate.
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(iv) In school laboratories, wooden splints are sometimes used in the flame test
instead of the unreactive metal wires.
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Give one advantage and one disadvantage of using wooden splints.
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(b) Acidified silver nitrate solution is used to test for halide anions in solution, but the
results can be difficult to interpret.
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(i) State the expected observations when acidified silver nitrate is added to each
of these ions.
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lodide ion ...

(i) Explain how the identity of the halide ion can be confirmed.
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3 An experiment was set up as shown.
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microscope 7

slide

AgNOs(aq)

K,CrO,(aq)

; \ﬁlter paper soaked

in tap water

Several drops of aqueous silver nitrate and aqueous potassium chromate(VI), both of
concentration 1.0 moldm==3, were placed on the filter paper and the switch closed.

After a short while, a red precipitate formed in the centre of the filter paper.

(a) Explain what the experiment tells us about the structure of silver nitrate and
potassium chromate(VI), including an equation for the reaction which occurs.

State symbols are not required.

(3)
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(b) (i) The filter paper was soaked in tap water prior to the experiment and then
K gently shaken to remove excess water before use.
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Suggest the reason that deionised or distilled water was not used in
this experiment.

(ii) Identify, by name or formula, one ion which might be present in tap water

that might cause the formation of a white precipitate on the left-hand side of
the filter paper.
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(iii) Give the reason that the formation of any precipitate in part (b)(ii) will not
interfere significantly with the formation of the red precipitate.

(c) The experiment was repeated but this time using a spot of copper(ll) chromate(VI)
in the centre of the filter paper, as shown.
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The central spot of copper(ll) chromate(VI) is green.

Describe what would be seen when the switch is closed on the circuit and current
is allowed to flow.
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4 Anhydrous iron(lll) chloride can be synthesised by the direct reaction of iron metal
with chlorine. It reacts vigorously with water to produce hydrates.
The apparatus shown can be used for this synthesis.
The equation for the formation of iron(lll) chloride is

2Fe(s) + 3Cl(g) — 2FeCl(s)
The iron(lll) chloride that is formed sublimes and is collected in the receiver bottle.

The product is rapidly transferred to a weighing bottle, then sealed with a lid.

absorption tube

ceramic wool sodium hydroxide

concentrated
hydrochloric acid
. receiver bottle
anhydrous calcium . |
chloride ron Woo .
...... L=
é%ﬁl |
[—
ceramic wool iron(lll) chloride

combustion tube collects here
heat

potassium manganate(VII)

(@) Chlorine is generated by the vigorous redox reaction between
concentrated hydrochloric acid and potassium manganate(VII).
The chlorine moves through the apparatus as it is generated.

Justify the fact that the reaction between the concentrated hydrochloric acid and
the potassium manganate(VIl) is a redox reaction.
Include the ionic half-equation for the formation of chlorine.

State symbols are not required.
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(b) State the purpose of both the anhydrous calcium chloride and the ceramic wool
in the combustion tube.

(c) Give the reason why the iron wool must not be heated until about half a minute
after the reaction to produce chlorine has begun.
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(e) The experiment was carried out using 2.00g of iron wool.

(i) Calculate the maximum mass of iron(lll) chloride that could be produced.
(3)

(i) Explain why, during an experiment using 2.00g of accurately weighed out
iron wool, the mass of product measured in the weighing bottle was greater
than your answer to (e)(i).

(Total for Question 4 = 11 marks)
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5 Astudent planned an experiment to determine the enthalpy change of reaction for
the displacement of zinc from zinc sulfate solution by magnesium metal.

Mg(s) + Zn**(aq) — Mg*(aq) + Zn(s)
Procedure

Step 1 Transfer 50.0 cm? of a 1.00 moldm= aqueous solution of zinc sulfate into a
glass beaker using a measuring cylinder.

Step 2 Put a thermometer in the beaker and leave it to stand for 5 minutes and then
record the temperature.

Step 3 Add 2.20g of magnesium metal powder to the beaker.
Step 4 Stir the mixture and record the maximum temperature reached.

(@) Show, by calculation, that magnesium was in excess.

(b) The student carried out the reaction.
The starting temperature recorded was 19.4°C.
The maximum temperature recorded was 55.2°C.

Calculate the value for the enthalpy change of reaction.
Include a sign and unit in your answer.

[Assume: mass of solution =50.0g
specific heat capacity =4.18Jg7'°C™']
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(c) A second student repeated the experiment using the procedure described. K88
The value obtained from this enthalpy change was considerably less exothermic G
than that quoted in a data book. =

Suggest the most likely reason for this large difference in values. &

(d) Justify how the equipment and the procedure could be improved to give a more 5
accurate value for the enthalpy change of the reaction. S
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