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

1 The use of ammonium carbonate in smelling salts is due to the formation of
ammonia which counters the effects that cause fainting.

When ammonium carbonate is heated gently, it decomposes to form ammonia, water
and carbon dioxide.

(@) Write the equation for the decomposition of ammonium carbonate.
State symbols are not required.

(b) Complete the table, giving a chemical test, not involving indicators, and its result
for each of the products of the decomposition of ammonium carbonate.

Product Chemical test Result of test

ammonia ......................................................................................................................................................................................................

Ty I I T [

carbon dioxide ......................................................................................................................................................................................................
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(ii)

(c) Complete the diagram to show how you would collect the carbon dioxide
obtained by heating ammonium carbonate, using another test tube as the only
additional apparatus.

ammonium carbonate

(d) A sample of ammonium carbonate was dissolved in distilled water and the
solution tested.

Complete the table to give the expected observations and the identity of the
observed products.

Test Observation Observed product

About 1cm? of

barium chloride solution
was added to 5cm?® of the
ammonium Carbonate ................................................................................................................................................
solution

About 5cm?® of
hydrochloric acid was
added to the mixture
from (i)

(Total for Question 1 = 12 marks)
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2 A group of students was asked to investigate a liquid organic compound A.
They were told that it was an alcohol with molecular formula C,H;,0.

(@) A chemical test may be used to confirm the presence of the hydroxyl group in A.

Identify a suitable reagent for this test, giving the positive result.

(b) The students suggested that oxidation of A would help to identify it.
The sets of apparatus shown below were provided for the students’ use.

; A

Ia
heat T hzat
heat

Apparatus 1 Apparatus 2 Apparatus 3

(i) ldentify the reagent mixture that can be used to oxidise A.
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(i) One student said that if A was a primary alcohol this could be shown by
oxidising it to the corresponding aldehyde and testing the product.

Identify which apparatus (1, 2 or 3) should be used for this oxidation.
Justify your answer.

(i) A chemical test may be used to confirm the presence of an aldehyde.
Identify the reagent used, giving the positive result of the test.

(iv) State whether or not a positive result for the test in (b)(iii), together with the
molecular formula, would allow the alcohol A to be identified.
Justify your answer.

(v) Another student said that if A was a secondary alcohol this could be shown by
oxidising it to the corresponding ketone.

Identify which apparatus (1, 2 or 3) should be used for this oxidation.
Justify your answer.
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(c) In afurther experiment, the students passed the vapour of A over heated
aluminium oxide to form an alkene.

The apparatus used is shown.

aluminium oxide
mineral wool
soaked in
alcohol A | alkene

heat

water

(i) Give two reasons for the use of the mineral wool.

(i) Explain why it is necessary to remove the delivery tube from the heated tube
immediately when heating stops.
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(d) The alkene formed in (c) was reacted with a small amount of bromine giving a
compound with molecular formula C,HgBr..

(i) State the colour change when the alkene reacts with bromine.

(ii) The mass spectrum of C,HgBr, had a pair of peaks at m/z= 107 and m/z =109
and also peaks at m/z =79 and m/z = 81 due to the isotopes of bromine.

One student suggested that these peaks showed that alcohol A must be
butan-2-ol.

Explain how these peaks support the student’s suggestion.

(Total for Question 2 = 18 marks)
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3 A group of students carried out a thermochemistry experiment to determine the
relative atomic mass of a metal, M.

Procedure

Step 1 Transfer 50.0cm’ of a 1.35 moldm™ solution of copper(ll) sulfate to an
expanded polystyrene cup placed in a glass beaker.

Step 2 Weigh out, as accurately as possible, a known mass of the finely
powdered metal M.

Step 3 Measure the temperature of the copper(ll) sulfate solution.

Step 4 Quickly add all of the powdered metal, stir the mixture continuously and note
the highest temperature reached.

thermometer

)/ polystyrene cup
|

| glass beaker

(a) Each student carried out the experiment using a different mass of the metal.

(i) Give areason, other than preventing heat loss, for placing the polystyrene cup
in a glass beaker.

(ii) Name the piece of apparatus suitable for measuring 50.0cm’ of
copper(ll) sulfate solution.

9
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(iii) Powdered metal reacts much faster than filings or granules.

Suggest why this is important in this experiment.

(b) The students’ results were collected in a table.

Mass of metal = Initial temperature = Final temperature = Temperature change
/9 /°C /°C /°C
0.50 20.0 27.0 7.0
1.10 20.0 34.0 14.0
2.00 21.0 58.0 37.0
3.10 20.0 58.5 385
3.80 20.5 70.5 50.0
5.10 19.0 74.5 55.5
6.00 20.0 74.0 54.0
7.00 21.0 76.0 55.0
8.30 20.0 75.0 55.0

(i) Plot alabelled graph of mass of metal on the horizontal axis against
temperature change on the vertical axis.
(3)

10
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) Determine the mass of metal M that reacts exactly with 50.0cm’ of
1.35moldm™ copper(ll) sulfate by drawing appropriate best-fit straight lines.
You must show your working on the graph.

MassofmetalM ... ....g

(2)
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(iii) The equation for the reaction of M with copper(ll) sulfate is
M(s) + CuSO,4(aq) — MSO,(aq) + Cu(s)

Use the equation and your answer to (b)(ii) to calculate the
relative atomic mass of M.

Give your answer to an appropriate number of significant figures.

(iv) One mass of M in the experiment gave an anomalous data point. Suggest a
reason, other than measurement error, for this anomaly.

(Total for Question 3 = 12 marks)
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4 Solid sodium hydroxide absorbs water from the air.

The purity of a sample of sodium hydroxide may be determined by titration.
Procedure
Step 1 Weigh a sample of sodium hydroxide in a beaker.

Step 2 Dissolve the sodium hydroxide in distilled water and transfer the solution and
washings to a 250.0 cm’ volumetric flask. Make the solution up to the mark
with distilled water and mix thoroughly.

Step 3 Pipette 25.0cm’ of the sodium hydroxide solution into a conical flask and add
a few drops of methyl orange indicator.

Step 4 Titrate the sodium hydroxide solution with hydrochloric acid of known
concentration. Repeat the titration until concordant results are obtained.

Results
Mass of solid sodium hydroxide = 0.95¢g
Concentration of hydrochloric acid = 0.0950 moldm™

Titration Results

Burette readings Rough 1 2 3
Final reading / cm’ 25.05 26.10 24.70 29.30
Initial reading / cm’ 0.00 2.00 1.00 5.00
Titre / cm’ 25.05 24.10 23.70 24.30

(a) State what is meant by the term ‘concordant results.

(b) Using appropriate titres, calculate the mean titre.

14
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(c) State the colour change at the endpoint of the titration.

(2)
00 B0 e
(d) The equation for the reaction is
NaOH(aq) + HCl(ag) — NaCl(aqg) + H,O(l)
Calculate the purity of the sodium hydroxide, NaOH, as a percentage by mass.
(4)

(Total for Question 4 = 8 marks)

TOTAL FOR PAPER =50 MARKS
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