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Answer ALL the questions. Write your answers in the spaces provided.

1 A pale green crystalline solid A contains two cations and one anion.

(@) When A is warmed with aqueous sodium hydroxide, a gas is evolved that turns
damp red litmus paper blue.

(i) Identify, by name or formula, the gas evolved.

(b) A dissolves in distilled water to form a very pale green solution B.

B reacts with aqueous sodium hydroxide to form a green precipitate, which turns
into a brown solid C, on standing in air.

(i) Give the name or formula of the cation in B that is identified by this test.

(c) B gives a white precipitate when aqueous barium chloride acidified with dilute
hydrochloric acid is added.

Give the name or formula of the anion in B that is identified by this test.
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Complete the table.

2 W s a white solid with the molecular formula CgHgO..

(@) A series of tests is carried out on W.

Test

Observation

Inference

(i) Ilgnite a sample of W

Very smoky flame

W could be an alkene

compound

(ii) Add a little W to bromine
water and shake the mixture

Yellow solution turns
into a colourless
solution

W contains the

group

(iii) Heat W until it melts then
add
phosphorus(V) chloride

Steamy fumes form

W contains the

group

(iv) Heat W until it melts then
add solid

Bubbles of
carbon dioxide form

W contains the

(b) Complete the table, which contains information about the mass spectrum of W.

Peak

Inference

() A peakoccursatm/e=

The peak is due to C4Hs

(i) A peak occursatm/e=103

The peak is due to an ion with the formula

(1)

(1)

(1)

(2)

(1)

(1)
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(c) The low resolution proton nmr spectrum of W has four peaks each with
relative area 1 and two peaks each with relative area 2.
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(i) State the number of proton environments in W.
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(d) W exists as two geometric isomers.
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Use all the information in this question to deduce the structure of one of these isomers.
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(Total for Question 2 = 11 marks)
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A student used two methods to determine the concentration of vanadium(lll) ions

in an aqueous solution X.

(@) Method 1 used a titration procedure.

10.0cm’ of X was titrated with 0.0400 moldm™ acidified potassium manganate(VIl).

The equation for the reaction is

5V**(aq) + 2MnO;(aqg) + 2H,0() — 5VOi(aq) + 2Mn**(aq) + 4H*(aq)

The results of four titrations are shown.

Titration Rough 1 2 3
Final burette 21.10 41.30 19.85 20.10
reading/cm
Initial burette 0.50 21.10 0.25 0.00
reading/cm
Titre/cm’ 20.10
Titres used to
calculate mean

(i) Complete the table and calculate the mean titre.
Show which titres you have used in your calculation by putting a tick (v') in
the appropriate boxes in the table.
(2)

Mean titre =
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(3)
(1)

Calculate the percentage uncertainty in the titre value for Titration 3.

(ii) Calculate the concentration, in moldm™, of V**(aq) ions in solution X.
Give your answer to three significant figures.

(iii) Each burette reading was accurate to 0.05cm’.
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(b) Method 2 used an electrochemical cell.

An electrochemical cell was made from the electrode systems represented by
these half-equations:

Zn**(aq) + 2e” = Zn(s)
V*'aq) + e = V*(aq)
The E; value was measured using the apparatus shown.

Solution Y was made by mixing 50 cm’ of an aqueous solution of V** ions with
50cm’ of the same solution X as used in Method 1.
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(i) Complete the diagram by adding labels on the dotted lines provided.
Conditions are not required. &

,/\\,
LRI

X
(ii) The salt bridge consisted of a strip of filter paper soaked in a saturated < /
solution of potassium nitrate. 5

Give a reason why potassium hydroxide solution should not be used for the
salt bridge.
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(iii) In this cell, the zinc half-cell was at standard temperature and concentration.
When the cell reaction occurred, the zinc was oxidised and E., = +0.44 V.

Write the overall equation for the cell reaction.
State symbols are not required.
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(iv) The standard electrode potential, E®, for the Zn’*(aq) | Zn(s) half-cell = —0.76 V.
\\\\\\ The V*(aq)|V**(aq) half-cell was not at standard concentration in this experiment.
J;f:f;; Calculate the electrode potential, E, for the V3+(aq)|V2+(aq) half-cell in this

S experiment.
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(v) The standard electrode potential, E°, for the V**(aq) | V**(aq) half-cell = —0.26 V.
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Solution Y was 1 moldm™ with respect to V**(aq).

OIS
KKK

For the half-cell in this experiment, the electrode potential is given by

E=E® +0.059 log [V*'(aq)]

Use this, and your answer to (b)(iv), to calculate the concentration of V**(aq) in
solution Y. You must show your working.
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(c) The concentration of V**(aq) obtained in (a)(ii) was approximately double that
obtained in (b)(v).

Explain why these two values were different.

(Total for Question 3 = 16 marks)
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4 This question is about the preparation of iodobenzene from phenylamine, and its purification.
The preparation occurs in two steps.
NH, N,Cl
Step 1
phenylamine benzenediazonium
chloride
N,Cl I
Step 2
iodobenzene
Some data about phenylamine and iodobenzene are given in the table.
Samma Molar ma155 Densit)gl Boiling temperature
/gmol” /gcm” /°C
Phenylamine 93.0 1.02 184
lodobenzene 203.9 1.83 188
(@) In Step 1 of the preparation, phenylamine is converted into benzenediazonium chloride.
Give the reagents and condition for Step 1.
(2)
\ J
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(b) In Step 2 of the preparation, aqueous potassium iodide is added slowly to the
reaction mixture from Step 1.

The mixture is left to stand for 10 minutes and then it is heated for 20 minutes.
The iodobenzene formed is steam distilled from the mixture.

(i) Suggest a reason why the aqueous potassium iodide is added slowly.
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Complete the labelling of the diagram, A, B, C and D.
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(iii) State the purpose of the part of the apparatus labelled E.
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(iv) The distillate collected contains iodobenzene and water.
Describe how iodobenzene is obtained from the distillate.

[Refer to the data given at the start of Question 4]
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(v) The iodobenzene obtained from the distillate is a cloudy liquid.
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Name a substance that should be added to make the liquid clear.
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(vi) The clear liquid is distilled to obtain pure iodobenzene.
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Give a suitable temperature range for collecting the pure iodobenzene.
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[Refer to the data given at the start of Question 4]
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(c) This preparation and purification process has an expected yield of 70%.
Calculate the volume of phenylamine needed to produce 25.0 cm’ of iodobenzene.

[Refer to the data given at the start of Question 4]

(4)

(Total for Question 4 = 15 marks)
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