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Answer ALL the questions. Write your answers in the spaces provided.
1 Compound A is a white solid that contains one Group 1 cation and one anion.

(a) (1) Describe how you would carry out a flame test on compound A.

(i1) In a flame test, compound A gives a red flame. Deduce the formula of the
cation present.

(b) On prolonged strong heating, compound A forms a white solid, B, and a gas. The
gas turns limewater milky.

(1) Identify, by name or formula, the compound that is dissolved in water to make
limewater.
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(c) When water is added to the white solid, B, it dissolves completely and
exothermically to form solution C.
(1) Identify, by name or formula, the anion present in B.
1)
(i1) Identify, by name or formula, the anion present in C.
1)
(ii1) Suggest a test for the anion present in C. Give the result of your test
(2)
0 L] 0000000000000 OOOOUOO0000 000U O OO OO OO OO
RESUIE e
(d) Suggest the formula of compound A.
1)

(Total for Question 1 = 12 marks)
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2 This question is about two isomeric halogenoalkanes, P and Q.

(a) A hot aqueous solution of silver nitrate is added to each halogenoalkane. Both
halogenoalkanes react to form a yellow precipitate.

(1) Identify, by name or formula, this yellow precipitate.

(i1) The isomers have relative molecular mass 169.9. Deduce the molecular formula
of the isomers.

(ii1) Halogenoalkane P forms the yellow precipitate faster than halogenoalkane Q.
Draw a displayed formula for halogenoalkane P.

(iv) Give the name or structural formula of the alcohol, R, formed by the reaction of
halogenoalkane, P, with hot aqueous silver nitrate.
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(b) When R is boiled with a mixture of potassium dichromate(VI) and dilute sulfuric
acid, the organic product S forms.

(i) Give the colour change you would expect to see.

(2)
From ... B0
(i) Give the name of S.
(1)
(ii1) Give the type of reaction involved in the conversion of R to S.
1)

(Total for Question 2 = 8 marks)
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3 The purity of a sample of potassium iodate(V) was determined by titration.

The steps of the experimental procedure are as follows.

1. 0.100 g of the sample was dissolved in water in a beaker and the solution made up to
100 cm? in an appropriate flask.

2. A 10.0 cm? portion of this solution of potassium iodate(V) was transferred to a
conical flask.

3. An excess of both potassium iodide solution and sulfuric acid were then added to the
conical flask. This produced a solution, T, containing iodine.

4. Solution T was titrated with 0.0200 mol dm™ sodium thiosulfate solution using a
suitable indicator.

5. Steps 2, 3 and 4 were repeated twice.

(a) (i) Name the piece of apparatus used to remove the 10.0 cm? portions of
potassium iodate(V) solution (step 2).

(i1) Name the indicator you would use for the titration and give the colour change
you would expect to see (step 4).
IAECATOL e
Colour change from ... 00

(b) The following results were obtained for the titrations.

Titration number 1 2 3
Final burette reading / cm? 19.50 33.20 46.95
Initial burette reading / cm® 5.00 19.50 33.20
Titre / cm?®

(1) Complete the table by calculating the titres.
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(ii) Explain why the correct value for the mean titre is 13.73 cm®.

(ii1) Calculate the number of moles of sodium thiosulfate in the mean titre.

(c) The ionic equation for the reaction between iodine and sodium thiosulfate in the
titration is shown below.

L(aq) + 2S8,05* (aq) — 2@ (aq) + S406> (aq)

Calculate the number of moles of iodine in solution T using this equation and your
answer to (b)(ii1).

(d) The ionic equation for the reaction of iodate(V) ions with iodide ions is shown below.
105 (aq) + 5I"(aq) + 6H'(aq) — 3Ix(aq) + 3H,O(l)

Using this equation and your answer to (c), calculate the number of moles of
1odate(V) ions which reacted to produce solution T.
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(e) (1) Name the appropriate flask used in step 1.

(ii) Describe how you would make up exactly 100 cm® of potassium iodate(V)
solution in this flask, ready for step 2.

(iii) Calculate the number of moles of potassium iodate(V) in 100 cm® of the
solution, using your answer to (d).

(iv) Calculate the mass of potassium iodate(V) in the sample.

[Assume the molar mass of potassium iodate(V) is 214 g mol ]

(v) Calculate the percentage purity of the sample.

(f) Suggest the most significant hazard in step 3.

(Total for Question 3 = 16 marks)
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4 An experiment to prepare 0.100 mol of 1-bromobutane uses the reaction of butan-1-ol
with hydrogen bromide.

Hydrogen bromide is formed in the reaction mixture from potassium bromide and
moderately concentrated sulfuric acid.

The process has an 80 % yield after purification of the 1-bromobutane.
KBr + H,SO, —» KHSO, + HBr
CH3CH2CH2CH20H + HBr —» CH3CH2CH2CH2BI‘ + Hzo

The steps of the experimental procedure are as follows.

1. Add measured amounts of potassium bromide and butan-I-ol to 10 cm? of water into
a 50 cm® two-necked flask.

2. Fit the two-necked flask with a reflux condenser and a tap funnel.

3. Immerse the flask in a beaker of cold water and add 10 cm?® of concentrated sulfuric
acid from the tap funnel, a few drops at a time.

4. Remove the flask from the cold water and close the tap on the tap funnel. Heat the
mixture under reflux for 30 minutes.

5. Allow the mixture to cool. Then set up the apparatus for distillation. Boil the
mixture and collect the distillate in a measuring cylinder.

6. Transfer the distillate to a separating funnel. The distillate consists of two layers, an
aqueous layer and impure 1-bromobutane. Separate the two layers.

7. Wash the impure 1-bromobutane with concentrated hydrochloric acid and separate
the two layers.

8. Wash the 1-bromobutane layer with sodium hydrogencarbonate solution, releasing
any gas formed.

9. Collect the 1-bromobutane layer in a conical flask and add anhydrous sodium sulfate.

10. Decant the 1-bromobutane into a 50 cm? flask.

Data
Property Butan-1-ol I-bromobutane Water
Density /g cm™ 0.81 1.3 1.0
Molar mass /g mol™! 74 137 18
Boiling temperature / °C 117.3 101.7 100.0
10
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(a) (1) Show, by calculation, that 0.125 mol of butan-1-ol is needed to make 0.100 mol
of 1-bromobutane.

(2)

(ii) Calculate the volume of 0.125 mol of butan-1-ol, in cm’.

()

(ii1) Calculate the minimum mass of potassium bromide required in step 1.

[The molar mass of potassium bromide is 119 g mol™]

1
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(b) Complete and label the diagram below of the apparatus assembled in steps 1, 2 and
3.

[You may assume that the apparatus is suitably clamped.]

C))

tap funnel

concentrated
sulfuric acid

two-necked flask

reactants
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(c) (1) State, with a reason, whether the upper or lower layer contains 1-bromobutane in
step 6.

(i) The product is washed with concentrated hydrochloric acid in step 7 to remove
unreacted butan-1-ol. In step 8, why is the product then washed with sodium
hydrogencarbonate solution and what causes a build up of gas?

(Total for Question 4 = 14 marks)

TOTAL FOR PAPER = 50 MARKS
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