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(2)

(b)

Answer ALL the questions. Write your answers in the spaces provided.
Salt A contains one cation and one anion.

When a sample of A is heated with aqueous sodium hydroxide a gas, B, is given off
that turns damp red litmus paper blue.

When dilute hydrochloric acid followed by aqueous barium chloride is added to a
solution of A, a white precipitate, C, is formed.

Identify A, B and C.

Salt D contains one cation and one anion.
When a flame test is carried out on D, a lilac colour is observed in the flame.

When concentrated sulphuric acid is added to D, brown fumes of an element, E, are
given off together with a colourless gas, F.

F turns acidified potassium dichromate(VI) green.

Identify D, E, and F.

(Total 6 marks)
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A mixture contains 100 g of calcium carbonate, CaCOs, and 10 g of sodium carbonate,
Na,CO;, as an impurity.
Compound Solubility at 20 °C
Calcium carbonate Insoluble in water
Sodium carbonate 21 g in 100 cm® water
(a) Describe how you would use the difference in solubilities of the two compounds to
remove the sodium carbonate from the mixture.
“)
(b) Give a test and its expected result to show that all the sodium carbonate has been
removed.
@1 Q2
(Total 5 marks) T
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3. A halogenoalkane, Y, has the molecular formula C;HoX, where X represents a halogen

atom.

When Y is heated with excess aqueous sodium hydroxide, it is converted into Z,
C4H;,0.

Complete the tables below.

(a)

(b)

(c)

Test Observation Inference
To the solution remaining after
heating Y with excess aqueous
sodium hydroxide,
The atom X
add ..o White precipitate
1St
followed by aqueous silver
nitrate.
2)
Test Observation Inference
................................. fumes
Add phosphorus The gas evolved is
pentachloride to pure Z. | Were seen at the mouth of
. the test tube. ......................................
Test the gas evolved with
damp blue litmus paper. | Ihe litmus paper turned Z is an alcohol.
red.
(2)
Test Observation Inferences
Warm Z with acidified Z is not oxidised.
aqueous potassium ZiSa .,
dichromate(VI). | o Jlcohol.
(2)
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(d) Based on the observations and inferences in (a) to (c), draw the structural formula
of Y.

0y

(Total 7 marks)
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4. A titration is carried out by adding sodium hydroxide solution from a burette to 25.0 cm?
of aqueous 0.0500 mol dm™ butanedioic acid, (CH,COOH),, to which a few drops of
phenolphthalein have been added.
(CH,COOH),(aq) + 2NaOH(aq) — (CH,COONa),(aq) + 2H,O(1)
Diagram I
sodium hydroxide
solution
25.0 cm?® of
butanedioic acid
) * phenolphthalein
)
(a) A preliminary (‘rough’) titration shows that between 23.0cm® and 24.0 cm® of
sodium hydroxide is required to react with the butanedioic acid solution.
Describe the procedure you would follow, using the apparatus shown in Diagram I,
for a second, accurate titration. Include in your description the colour change at the
end point.
“)
J
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table below.

(b) The burette readings recorded by a student carrying out the titrations are shown in the

Titration numbers 1 2 3
ﬁ,fggfcr;idmg 23.90 23.60 23.65
gﬁ;ﬁgﬁ;fﬁing 0.00 0.00 0.15
Titre/cm? 23.90 23.60 23.50
Used in mean (v")

(i) On Diagram II below, show the level of the sodium hydroxide solution when the
final burette reading is recorded in titration 3.

Diagram I1

0}
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(i) Calculate the mean (or average) titre.
Show which titres you have used in your calculation by putting a tick (v”) in the
appropriate boxes in the table on page 8.
(2)
(¢) (i) Calculate the amount (moles) of butanedioic acid, (CH,COOH),, in 25.0 cm® of
the 0.0500 mol dm™ solution.
1)
(i) Calculate the amount (moles) of sodium hydroxide, NaOH, in the mean titre.
1)
(iii) Calculate the concentration of the sodium hydroxide solution in mol dm=. Give
your answer to three significant figures.
m | Q4
(Total 10 marks) | |
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The apparatus used and the recordings made by a student, carrying out an experiment to
determine the enthalpy of combustion of methanol, are shown below.

Diagram
thermometer
beaker
water
spirit lamp

e methanol
Results
Molar mass (methanol) = 32 g mol!

Volume of water in beaker = 50 cm3
Mass of water in beaker =50g

Weighings
Spirit lamp + methanol before combustion = 163.78 g
Spirit lamp + methanol after combustion =163.44¢g

Temperatures
Water before heating = 22.0 °C
Water after heating =435 °C

Specific heat capacity of water = 418 J g °C

Observations
When the spirit lamp was being weighed its mass was continually falling.
A black substance formed on the bottom of the beaker as the methanol
burned.
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blank
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(a) (i) Calculate the amount (moles) of methanol, CH;OH, burned.

2

(i) Calculate the heat gained by the water. Give your answer in kJ.

2

(ii1) Use your values from (i) and (ii) to calculate the enthalpy of combustion of
methanol in kJ mol™. Include a sign with your answer.

2

(b) (i) The thermometer used in the experiment can be read to an accuracy of £0.5 °C.
Calculate the percentage error in the temperature change.

(0

(i) Calculate the maximum temperature change that could have occurred during the
experiment.

0y

N
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(¢) (1) Give a reason why the mass of the spirit lamp fell as it was being weighed.

(i1) Suggest the identity of the black substance that forms on the beaker. State the

effect on the value of the enthalpy of combustion obtained.

(Total 11 marks)
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In an experiment to prepare iodoethane, solid moist red phosphorus is placed into a flask
to which ethanol is added. The flask is then arranged as shown in Apparatus I.
20.0 g of powdered iodine is then added to the flask in small portions. Before each
addition the condenser is removed, the iodine is added and the condenser is immediately
replaced. At least two minutes must be allowed between additions of iodine.
When all the iodine has been added, the flask is allowed to stand for about 10 minutes and
is then heated for an hour in Apparatus I.
2P + 3, — 2PI4
3CH3CH20H + PI; —> 3CH3CH21 + H3PO3
The iodoethane is then removed from the reaction mixture, purified and dried. A final
purification is then carried out using Apparatus II. Iodoethane is collected over a narrow
temperature range.
Apparatus I Apparatus 11
] f L
Heat Heat
Data
Ethanol: colourless liquid, flammable, boiling temperature 78 °C
Iodoethane: colourless liquid, flammable, boiling temperature 72 °C
(a) (i) Give the name of the practical technique carried out in each apparatus shown
above.
APPAratus I ..o e e aee s
APPAratus IL ...
(2)
(i1) Explain why it is important that a stopper should not be placed in the top of the
condenser in Apparatus 1.
1)
J
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(b) (i) Suggest a reason why the iodine is added in small portions and over a period of
time.

(i1)) Give ONE reason why water baths are used in both Apparatus I and
Apparatus II, rather than heating the flasks directly with a Bunsen flame.

(i) Why is the reaction mixture in Apparatus I heated for such a long time after all
the iodine has been added?

(iv) Suggest the readings on the thermometer in Apparatus II between which
iodoethane should be collected.

0y
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(¢c) (i) Calculate the amount (moles) of iodine molecules, I,, in 20.0 g of iodine.

0y

(i) Calculate the maximum mass of iodoethane that would be formed from 20.0 g of
iodine.

[molar mass iodoethane = 156 g mol™!]

2

(ii1) In such a preparation, the yield of iodoethane was 16.7 g. Calculate the percentage
yield.

(0))

(Total 11 marks)
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