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Answer ALL the questions. Write your answers in the spaces provided.
1 A white solid, A, has one metal cation, and an anion containing two non-metallic elements.

(@) A flame test is carried out on A.

(i) Describe how you would carry out this flame test in the laboratory.

(b) Solid A dissolves in water to form a colourless solution.
This solution decolorises a dilute aqueous solution of iodine.

Dilute hydrochloric acid is added to a fresh solution of A.
A very pale yellow precipitate, B, forms slowly and an acidic gas, C, is given off.

Gas C turns acidified sodium dichromate(VI) from orange to green.

(i) Identify, by name or formula, the precipitate B and the gas C.
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(ii) What is the colour of a dilute aqueous solution of iodine?

(Total for Question 1 = 9 marks)
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2 A white solid, D, is formed when ethanoyl chloride is added to a concentrated
solution of ammonia. The molecular formula of D is C,H;ON.

When solid D is heated with excess aqueous sodium hydroxide solution, ammonia gas
is given off and a solution, E, is formed.

(@) Ammonia has a distinctive smell. Give two other tests, each of a different type,
which could be used to show the presence of ammonia. Give the result of each test.

(b) Excess dilute sulfuric acid is added to solution E and an organic liquid, F, is
distilled from the mixture.

(i) Draw a labelled diagram of the apparatus used for this distillation.
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(i) Addition of pure liquid F to aqueous sodium carbonate gives effervescence.

Identify liquid F by name or formula.

Displayed formula

(i) Write an equation for the formation of solid D from ethanoyl chloride and
concentrated ammonia solution. State symbols are not required.

(Total for Question 2 = 9 marks)
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3 This is an experiment to determine the oxidation number of vanadium in a purple
solution, T, of a vanadium compound.

Preparation of solution T

Solution T was formed when 25.00 cm?of a 0.100 mol dm~3solution of
sodium vanadate(V), NaVO;, was reduced by heating with excess zinc and dilute
sulfuric acid.

When the reduction was complete, the yellow NaVO; solution had turned purple.
Titration of solution T

The mixture was filtered through glass wool, directly into 50.00 cm? of
0.0200 mol dm=3 potassium manganate(VIl), KMnO,, solution.

Further potassium manganate(VIl) solution of the same concentration was added

from a burette to this reaction mixture, which was kept at a temperature of about 80°C.
The end point is reached when all the vanadium ions had been oxidized back into
vanadate(V) ions by the manganate(VIl) ions.

The end point occurred when a further 25.00 cm? had been added.

(a) (i) Draw a diagram of the apparatus for carrying out the titration, while keeping
the titration mixture at about 80°C.
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(ii) What is removed from the reaction mixture by filtering through glass wool?

(iii) Suggest why the mixture is filtered directly into potassium manganate(VIl)
solution before carrying out the rest of the titration.

(b) (i) Calculate the number of moles of vanadate(V) ions, VO3, in 25.00 cm3of a
0.100 mol dm=3solution of sodium vanadate(V), NaVO,.

(ii) Calculate the total volume of potassium manganate(VIl) solution.
Hence the total number of moles of potassium manganate(VIl) used to
oxidize the purple vanadium solution, T.
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(iii) Complete the half equation for the reduction of manganate(VIl) ions to
manganese(ll) ions.

(iv) By considering either the number of electrons transferred or by using the
changes in oxidation numbers, calculate the oxidation number of vanadium in
the purple solution, T.

You must show your working.

(c) In acidic solution, the vanadate ions, VO; are changed into VO;.
Write an ionic equation for this reaction. State symbols are not required.

— R0 O
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(d) Some standard electrode potentials of tin and vanadium are given below.

Sn2*(aq)|Sn(s) -0.14V
V2*(aq) | V(s) -1.18V
V3*(aq),V**(aq) | Pt -0.26V
[VO*(aq) + 2H*(aq)], [V**(aq) + H,O()]| Pt +0.34V
[VO3(aq) + 2H*(aq)], [VO**(aq) + H,O()]| Pt +1.00V

Use these values to predict the lowest oxidation number of vanadium that can be
produced from VO} using tin as the reducing agent. Explain your reasoning.

(Total for Question 3 = 15 marks)
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4 Cholesteryl benzoate was the first liquid crystal to be discovered. It can be prepared
by the following procedure.

Step1 Dissolve 1.0 g of cholesterol in 3 cm? of pyridine in a conical flask.
Step2 Add 0.40 cm? of benzoyl chloride.

Step3  Heat the mixture on a steam bath for about 10 minutes.

Step4  Cool the mixture, and add 15 cm? of methanol.

Step5 Collect the solid cholesteryl benzoate by suction filtration. Rinse the flask
and the crude crystals with a little cold methanol.

Step 6 Recrystallize the cholesteryl benzoate using ethyl ethanoate as the solvent.

Some physical data for the chemicals involved are shown below.

Molar mass Density Melting Boiling
/g mol” /g cm? temperature | temperature
/K /K
Cholesterol 386.7 633
Benzoyl chloride 140.6 1.21 470
Cholesteryl benzoate 490.8 423
Pyridine 79.1 388
Ethyl ethanoate 88.1 190 350

(@) Suggest the apparatus you would use to measure the volume of
benzoyl chloride.

(b) The warning symbols on a bottle of benzoyl chloride are shown below.
Write the meaning of each symbol in the space provided.

11
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() 1 mol of cholesterol reacts with 1 mol of benzoyl chloride to form 1 mol of
cholesteryl benzoate.

(i) Determine which reactant is in excess by calculating how many moles of
cholesterol and of benzoyl chloride are used in the preparation.

(i) Calculate the percentage yield when 0.65 g of cholesteryl benzoate is
obtained.

(d) Suggest how the mixture is cooled in Step 4.

12
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(f) Describe how to carry out the recrystallization to obtain pure dry crystals of
cholesteryl benzoate in Step 6.

(9) How would you show that the recrystallized cholesteryl benzoate crystals in Step 6
are purer than the crude crystals obtained in Step 5?7

(Total for Question 4 = 17 marks)

TOTAL FOR PAPER =50 MARKS
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