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

1 Theinorganic salt A has one cation and one anion. Complete the table below.

Test

Observe the
appearance of A

Dissolve A in the
minimum volume
of concentrated
hydrochloric acid

Gradually dilute

a portion of the
solution from (b) with
distilled water

Place a sample of
solid A in a test tube
and heat it strongly

Add dilute
hydrochloric acid
to the white solid
obtained in (d)

Shake the mixture
vigorously

Observations

A is a brown powder

A yellow solution
forms

The yellow solution
turns dark green then
pale blue

A pale green gas is
evolved which turns
damp blue litmus
paper red and then
bleaches it

A white solid residue
remains

A colourless solution
forms

The colourless
solution turns blue

Inferences

The part of the Periodic Table
in which the metal element in
A is likely to be found is

The formula of the cation in A
could be

The formula of the cation in A
is confirmed as

The type of reaction which
results in the change from
colourless to blue is
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( )
(f) Suggest a further test to confirm the identity of the cation in A. Give the result of
the test.
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(g) Suggest a test to confirm the identity of the anion in A. Give the result of the test.
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e (h) Give the formulae of the ions that give the yellow colour to the solution described
g in (b), and the green colour to the solution described in (c).
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(Total for Question 1 = 13 marks)
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Isophorone is a colourless liquid with a peppermint smell, found in cranberries.
The structure of isophorone is shown below.

o)

(@) There are two functional groups present in isophorone.

Name these functional groups and describe a chemical test and its result that
could be used to identify each functional group.
(4)

Functional group Test Result
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(b) Isophorone has several proton environments that would produce peaks in its
proton nuclear magnetic resonance (nmr) spectrum. One of the environments is
circled on the structure of isophorone shown below.

0

(i) The circled proton environment produces a peak in the low resolution nmr
spectrum.

State and explain the splitting pattern that you would expect in this peak in
the high resolution proton nmr spectrum of the molecule.

(ii) On the structure of isophorone shown below, circle each of the other proton
environments that would produce a peak in the low resolution proton nmr
spectrum of the molecule. Indicate clearly if any of the proton environments
are identical.

(Total for Question 2 = 7 marks)
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3 This question is about a student experiment to prepare crystals of
iron(ll) sulfate-7-water (FeSO4.7H,0) and then to determine the number of moles of
water of crystallization in the sample which they have prepared.

(a) Each student was given 5.00 g of iron filings which was added to excess dilute
sulfuric acid, warmed and allowed to stand until no further reaction occurred.
The resulting solution was cooled and filtered, and the required crystals were
obtained from the filtrate.

(i) Calculate the minimum volume of dilute sulfuric acid of concentration
2.00 mol dm™ required to react completely with 5.00 g of pure iron filings.
The equation for this reaction is

Fe(s) + H,SOs(aq) — FeSOas(aq) + Ha(g)

(ii) Why was the reaction mixture filtered?
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( )
(iii) Describe how pure crystals of iron(ll) sulfate-7-water are obtained from
the filtrate.
o (2)
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(iv) One student obtained a yield of 89.5% from this preparation.
Taking the formula of the crystals as FeSO4.7H:0, calculate the mass of
% iron(ll) sulfate-7-water obtained by this student. Assume that the iron filings
Sk were pure.
o (3)
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(b) A second student dissolved 6.75 g of their prepared crystals in about 150 cm? of
dilute sulfuric acid in a beaker and used this solution to prepare exactly 250.0 cm’
of a solution for titration.

25.0 cm’ samples of this final solution were further acidified with dilute sulfuric acid.

These samples were titrated with potassium manganate(VIl) solution to determine
the number of moles of water of crystallization per mole of iron(ll) sulfate.

(i) Describe in outline how you would prepare the 250.0 cm® of the solution for
titration from the solution obtained by dissolving 6.75 g of the crystals in
150 cm? of dilute sulfuric acid.

(i) Suggest what would happen to the solution of iron(ll) sulfate if it was
prepared using distilled water, rather than dilute sulfuric acid as the solvent.
Describe and explain what you would see.
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(iv) Using 6.75 g of their crystals and the method described in (b), the student
obtained a mean titre of 25.35 cm”.

The concentration of the potassium manganate(VIl) solution was
0.0195 mol dm™ and the equation for the titration reaction is

MnO, + 8H" + 5Fe** — Mn*" + 5Fe** + 4H.0

Calculate the molar mass of the crystals and hence the number of moles of
water of crystallization per mole of iron(ll) sulfate in the student’s crystals.
You must show your working.

P 4 6 9 4 2 A 0 9 1 6
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(c) A third student carried out the experiment described in (b) and found that there
was 7.1 mol of water of crystallization per mole of the iron(ll) sulfate.

(i) The total experimental uncertainty associated with the determination of the
molar mass is approximately + 0.9%.

Use these data to show that the result obtained by this student is within this
experimental uncertainty.

(ii) Most of the students in the class obtained values higher than the Data Book
value of 7. Suggest a reason for this.

(Total for Question 3 = 21 marks)
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4 Steam distillation is one method used to separate organic compounds from mixtures.

Some information about nitrobenzene is summarised in the table below.

Molecular formula CeHsNO2
Appearance Oily yellow liquid
Density 1.20gcm™
Boiling temperature 211°C
Solubility in water 0.19 g/ 100 g of water at 20°C

(@) The diagram below shows a steam distillation apparatus used to extract
nitrobenzene from a reaction mixture.

7 - S

water out

N
T T water in

HEAT HEAT

(i) Identify substance A.

12
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(ii) Explain the purpose of the part of the apparatus labelled B.

(i) On the diagram below, draw and label the contents of the receiver at the end
of the steam distillation.

(b) The nitrobenzene may be further purified by simple distillation.

Describe the steps needed before the product of steam distillation can be further
distilled. Any apparatus or chemicals needed for these steps should be named
but practical details are not required.

13
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(c) A bottle of nitrobenzene has the hazard labels shown below.

Symbol

Meaning

(i) Complete the table above with the meaning of each symbol.
(1)

(ii) Suggest one change or addition to the apparatus in part (a) that would
reduce the risk from both these hazards.

(Total for Question 4 = 9 marks)

TOTAL FOR PAPER = 50 MARKS
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