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Answer ALL the questions. Write your answers in the spaces provided.
1 This question is about ammonium chloride, NH,Cl, a soluble ionic compound.

(@) An aqueous solution of NH,Cl contains both ammonium ions, NH;, and
chloride ions, Cl.

(i) State what would be seen on the addition of acidified silver nitrate solution to
an aqueous solution of NH,CL.

(ii) Describe a test to confirm the presence of NH; ions in a solution of NH,CL.
Include the result of the positive test.

(b) A student investigated the enthalpy change when dissolving NH,Cl in
excess water.

NH,Cl(s) + ag — NHj(aq) + Cl(aq)
Procedure
Step 1 Accurately weigh 7.17 g of NH,Cl into a glass beaker.

Step 2 Fill a 50 cm® measuring cylinder with deionised water.
Measure the temperature of the water using a thermometer.

Step 3 Pour the water from the measuring cylinder into the beaker and at the same
time start a stopwatch. Stir the solution in the beaker, using the thermometer.

Step 4 Record the temperature at 155, 30s and then at 30s intervals while continuing
to stir the solution.

The data from the experiment are shown on the graph.
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(i) Give two reasons why the student stirred the solution in Steps 3 and 4.

(i) Use the graph to determine the maximum temperature change, AT, in this
experiment. You must show your working on the graph.
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(iii) Another student carried out the experiment using a polystyrene cup in place
of the glass beaker.

Explain how this student’s graph would be different.
You may annotate the graph as part of your answer.

(c) The experimental results of another student were used in the equation shown
to calculate the enthalpy change, AH, for dissolving one mole of NH,Cl in
excess water.

AH=m><c><AT
n

=+14500Jmol™

In the equation
m = mass of solution =50g
¢ = specific heat capacity of water =4.18Jg™" °C"'
AT = maximum temperature change of solution
n = moles of NH,Cl

(i) State two assumptions made in this calculation.
You do not need to justify your answers.
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(ii) The total percentage uncertainty in this experiment was 2.6 %.

Show that the enthalpy change of 14.5kJmol™ is consistent with a data book
value of 14.8kJmol™.

(2)

(Total for Question 1 = 14 marks)
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2 This question is about two organic compounds, X and Y. Both are liquids which
contain carbon, hydrogen and oxygen only.

(@) The mass of hydrogen and of carbon present in 1.33 g of X were determined by
passing its combustion products through the apparatus shown.

1339 of X

pure O,(g) —»

heat

A
DT A

SN
R

soda lime(s)
silica gel(s) (absorbs CO,)
(absorbs H,0)

(i) State the measurements that should be made.
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(iii) The experiment showed that 1.33 g of X contains 0.14 g of hydrogen and
0.63 g of carbon.

Calculate the empirical formula of X, using these data.
You must show your working.

(3)

(b) When phosphorus(V) chloride is added to X, steamy white fumes are seen.

State what can be deduced about compound X from this observation only.

\. J
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(c) Compound X is converted into compound Y when refluxed with excess
sodium dichromate(VI) in sulfuric acid.

Compound Y is a liquid that is soluble in the reaction mixture.

Draw a labelled diagram of the apparatus that could be used to separate Y from
the reaction mixture.

(3)
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(d) The infrared spectrum of Y is shown.
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The table shows some infrared absorption data.

Bond Wavenumber range / cm™
C—H (alkane) 2962 -2853
O—H (alcohols and phenols) 3750-3200
O—H (carboxylic acids) 3300-2500
C==C (alkene) 1669 -1645
(=0 (aldehydes, ketones, carboxylic acids) 1740-1680

Explain how this spectrum shows that Y contains a carboxylic acid
functional group, quoting data from the table.
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(e) The mass spectrum of Y is shown.
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(i) Show that the mass spectrum is consistent with Y having the
molecular formula C;H,O;.

(1)

(i) Suggest the structure of the ion causing the peak at m / z=43 in the
mass spectrum of Y.

(1)
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4 )
(f) Compound X contains one type of functional group.
Compound Y contains two different functional groups.
Use the information in the question to deduce the structures of X and Y.
(2)
Compound X
Compound Y
(Total for Question 2 = 17 marks)
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3 Astudent used a precipitation titration to determine the value of x in the formula of a
sample of hydrated barium chloride, BaCl,-xH,0.

Procedure

Step 1 Prepare a solution by dissolving 1.57 g of BaCl,-xH,O in deionised water,
making the solution up to the mark in a 250.0 cm® volumetric flask and then
mixing thoroughly.

Step 2 Use a pipette to transfer 10.0cm’ of the barium chloride solution into a
conical flask.
Add excess sodium sulfate solution and swirl the mixture.

Step 3 Fill a burette with 0.0324 moldm™ silver nitrate solution.

Step 4 Add three drops of potassium chromate(VI) solution to the conical flask and
titrate the contents, while swirling, with the silver nitrate solution.
The end-point is shown by the appearance of a permanent
pale red precipitate.

Step 5 Repeat Steps 2 to 4 until concordant results are obtained.
During the titration, two precipitation reactions occur.

Reaction 1 Silver ions react with chloride ions forming silver chloride.
Ag'(aq) + Cl(ag) — AgCl(s)

Reaction 2 Once all chloride ions have reacted, silver ions react with chromate(VI)
ions to form a red precipitate of silver chromate(VI).

2Ag*(aq) + CrOi(aq) — Ag,CrO,(s)
(@) (i) Give the ionic equation for the reaction that occurs when sodium sulfate

solution is added to the conical flask in Step 2.
Include state symbols.

(i) Give a possible reason why it is necessary to add sodium sulfate solution.
Justify your answer.
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(b) Suggest why the red precipitate of silver chromate(VI) only forms after all the
chloride ions have reacted.

(c) Some data obtained in the experiment are shown.

Titration number 1 2 3 4
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Burette reading (final) / cm® 16.15 32.05 48.30 47.40

Burette reading (initial) / cm’ 0.00 16.15 32.50 31.55

Titre / cm? 16.15

(i) Complete the table and use the concordant results to calculate the mean titre.
(2)
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(i) Determine the value of x in the formula of the hydrated salt, BaCl,-xH,O.
Use information from the procedure and your mean titre from (c)(i).
You must show your working.

(5)

(Total for Question 3 = 10 marks)
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This question is about the preparation of anhydrous aluminium chloride, AlCl;, which
reacts vigorously with water and must be stored in tightly sealed containers.

A sample of anhydrous AlCl; was prepared by passing chlorine gas over hot
aluminium foil using the apparatus shown.

2AlGs) + 3CL(g) — 2ALCL(s)

absorption tube

ceramic wool plugs potassium hydroxide

concentrated
hydrochloric acid

. receiver bottle
anhydrous calcium - .
aluminium foil

chloride \:
/ kI—I_

e SR ELe,
- W2
[ & c‘;,fc

7 —

F
wf)irlarr:l]lljcgs T combustion tube

heat

potassium manganate(VIl)

Procedure

Step 1 Assemble the apparatus with about 5 g of potassium manganate(VIl) in the
pear-shaped flask, 10 cm’ of concentrated hydrochloric acid in the tap funnel
and a known mass of aluminium foil in the combustion tube.

Step 2 Carefully open the tap of the funnel, allowing the acid to enter the
pear-shaped flask drop by drop. Wait for twenty seconds.

Step 3 Heat the aluminium foil until it glows brightly. Continue heating until the
reaction is complete. Allow the apparatus to cool before closing the tap of
the funnel.

Step 4 Remove the receiver bottle, quickly scrape the product into a sample tube and
seal with a lid.
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(@) Granules of anhydrous calcium chloride are held between two ceramic wool plugs
in the combustion tube.

(i) Explain the purpose of the anhydrous calcium chloride.

(i) Give the reason why granules of anhydrous calcium chloride are used rather
than powder.

(b) The reaction occurring in Step 2 produces chlorine gas.

(i) ldentify the main hazard related to chlorine gas, giving the best way of
minimising the risk when using this gas.

(ii) Give a reason why the concentrated hydrochloric acid is added ‘drop by drop’
to the pear-shaped flask.

17
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(c) Suggest why the heating of the aluminium in Step 3 is delayed by 205 after the
initial production of chlorine gas.

(Total for Question 4 = 9 marks)

TOTAL FOR PAPER = 50 MARKS
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