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1

A solid mixture of two Group 2 metal compounds was analysed.

Answer ALL the questions.

Write your answers in the spaces provided in your Answer Book.

The mixture was added to deionised water and stirred.
After filtration, a white residue and a colourless solution were obtained.

Tests on both the white residue and the colourless solution were carried out.
The tests and the observations are shown.

Step

Step

White residue

Test
Add dilute hydrochloric acid

Gas A bubbled through limewater

Flame test carried out on the solution formed in
Step 1

Add aqueous sodium sulfate to the solution formed in
Step 1

Colourless solution
Test

Add dilute hydrochloric acid

Add an excess of sodium hydroxide solution to a
portion of the solution formed in Step 5

Flame test carried out on the solution formed in
Step 5

Add barium chloride solution to a separate portion of
the solution formed in Step 5

Observation

Bubbles of gas A and a
colourless solution formed

White precipitate B formed

Green flame produced

White precipitate C formed

Observation

No visible change

White precipitate D formed

No flame colour

White precipitate E formed
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1 (a) Identify, by name or formula, gas A.
(1)

1 (b) Give the formula of precipitate B.
(1)

-

(c) Precipitates C and E are the same.
Name the precipitate.
(1)

1 (d) Deduce the identity of the white residue.
(1)

—

(e) Identify, by name or formula, precipitate D.
(1)

1 (f) Deduce the identity of the compound dissolved in the colourless solution.

(1)

(Total for Question 1 = 6 marks)
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The equilibrium between iron(lll) ions and thiocyanate (SCN") ions involves the
formation of the ion [FeSCN]**, according to the equation shown.

Fe’*(aq) + SCN(aq) = [FeSCN]**(aq) AH negative
yellow colourless blood-red
An orange equilibrium mixture was formed.

(a) Silver ions react more readily with thiocyanate ions than with iron(lll) ions,
forming a precipitate.

State the colour change observed when silver nitrate solution is added to the
equilibrium mixture.
Justify your answer.

(b) State the colour change observed when the equilibrium mixture is heated.
Justify your answer.

(c) State the colour change observed when more iron(lll) ions are added to the
equilibrium mixture.

(d) State the colour change observed if 50 cm’ of the equilibrium mixture is added to
50cm? deionised water.
Justify your answer.

(Total for Question 2 = 7 marks)
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3 Hydrogen peroxide, H,0,, decomposes into water and oxygen.

The rate of decomposition of the hydrogen peroxide solution can be
determined experimentally.

The rate of this decomposition can be increased by adding
manganese(lV) oxide, MnO,.

The progress of the reaction can be followed by measuring the volume of oxygen
produced over time.

Procedure
inverted burette B
L deionised water
conical flask
20.0cm’ H,0,(aq)
and trough
solid MnO,

Step 1 Set up the apparatus as shown in the diagram except for the conical flask.
Step 2 Use a measuring cylinder to add 20.0cm’ of 2 volume’ H,0,(aq) to a

conical flask.
Step 3 Weigh out approximately 0.05 g of MnO,.

Record the exact mass used.
Step 4 Record the initial burette reading.
Step 5 Add the MnO, to the conical flask and quickly insert the bung.

Shake the conical flask gently to mix the contents.
Step 6 As soon as the first bubble of gas reaches the top of the water in the

burette, start the timer.
Step 7 Record the burette readings every 20 seconds for a total of 240 seconds.
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(a) State, with a reason, how the manganese(lV) oxide can be shown to be a catalyst.

3
3 (b) Write an equation for the decomposition of hydrogen peroxide.
State symbols are not required.
3 (c) Step 5 of the procedure was changed.

A plastic container with solid MnO, was placed in the conical flask as shown and

tipped over to start the reaction.

plastic container with solid MnO,

Give a reason why this apparatus will give more accurate results for the volume of

oxygen collected.

3 (d) ‘2 volume’ hydrogen peroxide solution means that every 10.0cm® of the solution
produces 20.0cm’ of oxygen gas when it decomposes completely.

Calculate the concentration, in moldm™, of this hydrogen peroxide solution.

[Data: Molar volume of a gas at room temperature and pressure = 24dm’>mol™']
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3 (e) Some selected results for this experiment are shown.

Time /s

0

20

40

60

80

120

140

160

180

240

3 (e) (i) Plota graph of the volume of oxygen against time on the grid in the

Answer Book.

3 (e) (i) Calculate the rate of reaction when the volume of oxygen is half its final
volume. Include units in your answer.
Show your working on your graph.

3 (e)(iii) Explain why the rate of reaction decreases as the reaction proceeds.

3 (f) State why repeating the experiment will not necessarily produce more

accurate results.

3 (g) Name a piece of apparatus that would more accurately measure the volume of
the hydrogen peroxide solution.
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Volume of oxygen / cm?

0.00

7.50

12.50

17.50

20.50

25.00

26.50

26.80

27.00

27.00

(Total for Question 3 = 16 marks)

7

Turn over



4 This question is about an experiment to determine the relative molecular mass of a
volatile liquid alkane.

Procedure

Step 1 Air is drawn into a gas syringe so that the volume is on the first
graduation mark.

Step 2 Put a rubber self-sealing cap over the syringe nozzle as shown.

plunger on the first graduation mark gas syringe

rubber self-sealing cap — g

Step 3 Immerse the sealed gas syringe in a hot water bath at 80 °C.
Record the volume of the air.

Step4  Weigh a hypodermic syringe containing a small volume of the
volatile alkane.

Step 5 Lift the gas syringe out of the water bath and carefully inject
approximately 0.4cm’ of the volatile liquid through the
rubber self-sealing cap.

Step 6 Reweigh the hypodermic syringe.

Step 7 Return the gas syringe to the water bath at 80 °C and record the new
volume, as shown.

volatile liquid vapour water bath at 80°C

Step 8 Subtract the volume of air recorded in Step 3 from this new volume to
obtain the volume of vapour formed.

4 (a) Experimental results gave a molar mass of 86 g mol' for the alkane.

Deduce a possible name and skeletal formula for this alkane.
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4 (b) (i) State why it is necessary to start on a graduation mark of the gas syringe in
Step 1.

4 (b) (i) State why the cap on the gas syringe must be self-sealing.

4 (b)(iii) Explain why it is necessary to place the sealed syringe into the water bath in
Steps 3 and 7.

4 (c) The apparatus used in this experiment will have uncertainty in the readings.
The mass of volatile liquid was 0.252 g and the volume of gas was 85.0cm”.

4 (c) (i) Calculate the percentage uncertainty in the mass value for the balance
with a measurement uncertainty of +0.001 g per reading.

4 (c) (i) Calculate the percentage uncertainty in the volume value for the gas syringe
with a measurement uncertainty of 0.5 cm’ per reading.

(Total for Question 4 = 8 marks)
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5 When propan-1-ol is heated with acidified potassium dichromate(Vl), it can be
partially oxidised to propanal, CH;CH,CHO. The equation is shown.

10

CH;CH,CH,OH + [0] — CH;CH,CHO + H,0

Procedure
Step 1 Add 2.70g potassium dichromate(VI) (an excess), and some

anti-bumping granules, to a round-bottomed flask using a funnel.
Step2  Slowly add 12.0cm’ of 3.00 moldm™ sulfuric(VI) acid to the

potassium dichromate(VI) in the round-bottomed flask using the funnel.
Step 3 Swirl the flask to help dissolve the solid.
Step4  Cool the solution by swirling the flask in an ice-water bath for 2-3 minutes,

until the solution is <10°C.
Step 5 Carefully add 2.00cm’ propan-1-ol to the flask dropwise, while swirling the

round-bottomed flask in the ice-water bath.
Step 6 Remove the flask from the ice-water bath, connect to a condenser and

turn on the condenser water flow.
Step 7 Heat the reaction mixture for about 30 minutes.
Step 8 The product is collected by distillation as it forms.

An incorrect distillation apparatus is shown.

thermometer to measure
temperature of vapour
rubber bung
. ‘ _ wate/lm,
reaFtlon m!xture with waterin
anti-bumping granules
heat
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5 (a) Suggest why the flask is placed in an ice-water bath while the propan-1-ol
is added.

5 (b) The distillation apparatus was incorrectly set up, as shown in the diagram.

Identify the mistake in the diagram, describing the problem that would occur due
to this mistake.

Assume the apparatus is clamped correctly.

5 (c) The table shows the boiling temperature of some of the materials used in
this experiment.

Compound Boiling temperature / °C
propan-1-ol 97
water 100
propanal 49

Suggest why the temperature, on heating, does not go much higher than 100 °C.

5 (d) Explain, with reference to intermolecular forces, why distillation can be used to
separate propanal from the reaction mixture.

5 (e) Identify, by name or formula, an appropriate reagent to remove water from
the propanal distillate.

5 (f) After purification the mass of propanal obtained was 1.12g.
Calculate the % yield of propanal.
Give your answer to an appropriate number of significant figures.

[Data: Density of propan-1-ol = 0.804gcm™]

5 (g) Propanal can be further oxidised to produce propanoic acid.

State a simple chemical test which proves the production of propanoic acid from
propan-1-ol. Include an observation for each substance.

(Total for Question 5 = 13 marks)

TOTAL FOR PAPER =50 MARKS
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