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Answer ALL the questions. Write your answers in the spaces provided.
1 Thisis a question about practical activities involving the collection of a gas.
(@) A student used the apparatus shown to collect the gas produced from the

reaction between copper(ll) carbonate and sulfuric acid.

inverted 250 cm’
measuring cylinder

rubber bung /

delivery tube

\

sulfuric acid

boiling tube

water

The bung was removed and 0.650 g of copper(ll) carbonate was added to 25.0cm’
of 2.00 moldm™ sulfuric acid (an excess) in the boiling tube.

The bung was quickly replaced and 120 cm® of carbon dioxide gas was collected
in the measuring cylinder.

The equation for the reaction is shown.

CuCOs(s) + H,SO4@q) — CuSO4(ag) + H,O() + CO.(qg)

Calculate the molar volume of carbon dioxide gas, in dm*mol™, from these data.
Give your answer to an appropriate number of significant figures.
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(b) After the reaction, tests can be carried out on the mixture to show that the
sulfuric acid was in excess.

(i) State the observation if a small volume of sodium hydrogencarbonate
solution was added to show that the acid was in excess.

(i) Describe a different test, and the positive observation, that could be carried
out to show that the acid was in excess.
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(c) Another student used the apparatus shown to collect the volume of gas
produced from the reaction between a Group 2 metal carbonate and excess

hydrochloric acid.
delivery tube
rubber
|
bung e T A ]
gas syringe

conical
flask excess hydrochloric acid

with a small amount of
sodium carbonate added

Group 2 metal carbonate
in a plastic container

(i) Give two reasons why the second set of apparatus gives a more accurate
measurement of the volume of gas given off.
Justify your answers.
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(ii) The reaction of 0.320g of the Group 2 metal carbonate resulted in 89.0 cm” of
carbon dioxide gas being collected in the gas syringe.

MCOs(s) + 2HCl(agq) — MCl(ag) + H,O(l) + CO,(qg)

Determine, by calculation, the identity of the Group 2 metal from these data.
You must show your working.
Assume a molar gas volume of 24000cm’mol™.

(Total for Question 1 = 11 marks)
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2 Bromoethane was prepared from the reaction of ethanol with sulfuric acid and
potassium bromide.

CH:OH + H,SO, + KBr - CH:Br + KHSO, + H,O

Procedure
Step 1 10.0cm’ of ethanol was placed in a round-bottomed flask.

Step 2 10.0cm’ of concentrated sulfuric acid was added carefully and gradually to
the ethanol in the flask.

Step 3 12.0g of potassium bromide was added to the reaction mixture in the flask.
Step 4 The flask was set up for distillation and heated gently.

Step 5 Water, ethanol and bromoethane were collected in a small beaker.

Step 6 The bromoethane was purified.

Step 7 The bromoethane was dried.

(@) Suggest why the flask in Step 2 was frequently placed in a stream of cold running
water as the sulfuric acid was gradually added.

(b) The potassium bromide used in Step 3 was initially lumpy and not a fine powder.
State the apparatus that would be suitable for breaking up the lumps of
potassium bromide into a powder.

(c) Explain why an orange colour was seen in the round-bottomed flask when it was
first gently heated in Step 4.
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(d) Complete the labelled diagram of the distillation apparatus used in Step 4.

round-bottomed
flask

reaction mixture of
ethanol, sulfuric acid T

and potassium bromide
heat

(e) Identify the solid particles labelled A in the flask that have been added to
promote smooth boiling.

(f) Bromoethane is very volatile.
Suggest what could be done with the small beaker, used in Step 5 to collect
bromoethane, in order to prevent the loss of the bromoethane distillate.
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(g) Describe how to use a separating funnel to remove the aqueous layer from the
bromoethane collected in Step 6.
[Densities: bromoethane = 1.47gcm™ water = 1.00gcm™]

(h) State why the bromoethane would not be dried in Step 7 by placing in a
warm oven.

(i) A small quantity of water is removed by the drying agent anhydrous
calcium chloride.

Complete the equation by adding the formula of the product including its
state symbol.

CaCly(s) + 2H,0() =

(j) State a chemical test for the —OH group in ethanol and a chemical test for the
-Br group in bromoethane. Include the expected positive observations.

(Total for Question 2 = 17 marks)
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3 The equilibrium between iodine(l) chloride, chlorine and iodine(lll) chloride can be
used to demonstrate the effects of changing conditions on a system at equilibrium.

lodine(l) chloride is formed by passing chlorine over iodine in a U-tube.
The equation for this is shown.

L + Cl, —» 21Cl

A further reaction then occurs between the iodine(l) chloride and chlorine which
results in the equilibrium shown.

IC) +  Clg) = 1Cls(s) AH =-106kJ mol™
brown pale green yellow

The apparatus shown can be used to set up and then to demonstrate how the system
at equilibrium responds to changing conditions.

rubber tubing to Q
P T screw screw
JL clip clip
N ; N —»to filter pump
3-way ta
flask where yiap
chlorine is
produced I
U-tube where ICl and ICl,
are formed NaOH(aq)

(@) The addition of more liquid P to the flask on the left produces more chlorine gas.

(i) Explain the observations you would make as the amount of chlorine gas in
the U-tube increases.
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(i) The 3-way tap can be used to prevent more chlorine gas from entering the
equilibrium system.

Identify Q and state why it is necessary.

(b) Explain what you could do to the U-tube to result in more brown liquid
being observed.

(c) The sodium hydroxide solution absorbs excess chlorine.

Write the equation for the reaction between cold, dilute sodium hydroxide
and chlorine.
State symbols are not required.

(Total for Question 3 = 9 marks)
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4 An experiment was carried out to determine the enthalpy change of neutralisation
for the reaction between sulfuric acid and sodium hydroxide.

H,SO4(@q) + 2NaOH(aq) — Na,SO4(@q) + 2H,0(l)

Procedure

Step 1 25.0cm’ of 1.25moldm™ sulfuric acid was placed in a polystyrene cup.
The polystyrene cup was then placed in a beaker. A thermometer was used to
measure the temperature of the acid and a clock was started.

Step 2 The temperature of the sulfuric acid was measured every 30 seconds for
22 minutes.

Step 3 50.0cm’ of 1.25 moldm™ sodium hydroxide solution was added to the acid in
the polystyrene cup at 3 minutes and the mixture was constantly stirred.

Step 4 The temperature of the mixture in the polystyrene cup was measured at
3% minutes and then every 30 seconds until the clock reached 10 minutes.

(a) Give the reason why the polystyrene cup in Step 1 was placed in a beaker.

(b) State the purpose of measuring the temperature every 30 seconds for 2> minutes
in Step 2.
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(d) The data from the experiment are shown on the graph.

37
36
35
34 -
33 - XX

32 X X X X

31 X KK
Temperature
/°C

30 : mmmc

29 X

28 omm
27
26 -
25
24
23 X X XXX

22 I I I I | I | I I |
0 1 2 3 4 5 6 7 8 9 10

Time / minutes

(i) Determine the maximum temperature change, AT, for this reaction, using
the graph.
You must show your working on the graph.

(iii) Give a possible reason why the temperature does not appear to change at
various times, such as 5% to 6%2 minutes.
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(iv) State why the data will not result in the standard molar enthalpy change of
neutralisation being calculated.

(e) When calculating the enthalpy change of neutralisation, the two expressions
shown are used.

energy transferred = mass X specific X temperature change
heat capacity

enthalpy change = energy transferred + moles

(i) Explain why it may or may not be valid to assume that the specific heat
capacity of water is suitable to be used for this reaction.

(i) State why the number of moles of sodium hydroxide and not the number of
moles of sulfuric acid is used in the calculation for this experiment.

(Total for Question 4 = 13 marks)

TOTAL FOR PAPER =50 MARKS
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