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Answer ALL the questions. Write your answers in the spaces provided.

1 The table shows a series of tests carried out on a soluble crystalline compound A,
which contains one anion and one cation. For each test, complete the table by filling
in the inference column.

Test Observation Inference
(@) Observe the appearance | Pale green
of A. solid.
(b) Measure the pH of a The pHis 6.0. | The type of reaction that has occurred
dilute aqueous solution when A dissolved in water is

of A using a pH meter.

() Add a few drops of A green The sodium hydroxide is acting as
dilute sodium hydroxide | precipitate
solution to a solution fOrMS.
of A. The formula of the green precipitate

is

(d) Leave a sample of The green The type of reaction that has occurred
the green precipitate precipitate is
formed in (c) to stand in | turns brown
air. onthe surface. | ...

(e) Add excess sodium The green
hydroxide solution to precipitate
a sample of the green dOES NOt |
precipitate formed in (c). | dissolve.
(f) Add barium chloride A white The white precipitate is
solution, BaCl_(aq), precipitate
acidified with L0101 2 1T

hydrochloric acid, to a
solution of A.

(9) Identify compound A by name or formula.

(Total for Question 1 = 9 marks)
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2 Two organic compounds, X and Y, are colourless liquids. Both compounds contain
four carbon atoms and one functional group.

(a) A series of tests was carried out on compound X.

(i) When a few drops of 2,4-dinitrophenylhydrazine solution were added to X, an
orange precipitate was formed. What deduction can be made from the result
of this test alone?

(ii) When X was warmed with Fehling’s solution, a red precipitate was formed.
What further deduction can be made from the result of this test?

(b) Give the two possible displayed formulae of X.

(c) A series of tests was carried out on compound Y.

(i) Adry sample of Y reacted with phosphorus(V) chloride, producing steamy
fumes. What deduction can be made from the result of this test alone?

(ii) No reaction was observed when Y was added to sodium carbonate solution,
Na,CO,(aq). What further deduction can be made from the result of this test?
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(iii) A sample of Y rotated the plane of plane-polarized light. What deduction can
be made about the structure of Y from the result of this test?

(iv) Use your answers to parts (i), (ii) and (iii), and the fact that each molecule of Y
contains four carbon atoms, to deduce the displayed formula of Y.

(v) Describe what you would expect to see if a sample of compound Y was
added to iodine, I, in alkaline conditions.

(Total for Question 2 = 9 marks)
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3 The compound 2-ethanoylaminobenzoic acid can be made by reacting
2-aminobenzoic acid with ethanoic anhydride.

(0] (0]
[ |
C\ heat under C\
OH reflux OH
+(CH,C0),0 ——— + CH,COOH
NH2 NHCOCH3
2-aminobenzoic acid ethanoic anhydride 2-ethanoylaminobenzoic acid

The steps of the experimental procedure are as follows:

1. Measure out 4.00 g of 2-aminobenzoic acid into a pear-shaped flask. Add
ethanoic anhydride.

2. Add anti-bumping granules to the flask, fit a reflux condenser and bring
the mixture slowly to the boil. Heat under reflux for 15 minutes.

3. Allow the reaction mixture to cool and add 5 cm? of water. Bring the
contents of the flask back to the boil and then remove from the heat.

4. Let the reaction mixture cool to room temperature. A pale brown
crystalline solid will form.

5. Collect the solid by suction filtration.
6. Purify the solid by recrystallization using ethanoic acid as the solvent.
7. Determine the melting temperature of the dry solid.

(@) (i) Calculate the minimum volume, in cm?, of ethanoic anhydride needed for
4.00 g of 2-aminobenzoic acid to react completely.

[Molar masses / g mol™": (CH,CO),0 = 102; C,H,(NH,)COOH = 137
Density (CH,C0),0 =1.082gcm]
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(i) A student obtained 2.97 g of 2-ethanoylaminobenzoic acid from 4.00 g of
2-aminobenzoic acid. Calculate the percentage yield obtained by this student.
Give your answer to two significant figures.

(b) (i) When this experiment is carried out, the actual volume of ethanoic anhydride
used is greater than that calculated in (a). Suggest why this is so.

(ii) Anti-bumping granules are added in step 2. What would be observed if
‘bumping’ occurred?

(iii) Ethanoic anhydride is corrosive to both the skin and the respiratory system.
Suggest two precautions to minimise the risks when using ethanoic
anhydride, other than wearing eye protection and a lab coat.
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(iv) Outline how you would carry out the recrystallization in step 6.

(v) Suggest a reason why the recrystallization will slightly reduce the yield of
2-ethanoylaminobenzoic acid.

(vi) Draw a labelled diagram of the apparatus that could be used to find the melting
temperature of the dry solid in step 7.
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(vii) State two ways you would use the results from (vi) to check the identity and
purity of the product.

(Total for Question 3 = 19 marks)
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4 The concentration of a solution of sodium dichromate(VI), Na,Cr,0,, can be found by

27
titration with a solution containing Fe?*(aq) ions in acidic conditions.

A 20.0 cm?® sample of a solution of sodium dichromate(VI), of unknown concentration,
was titrated with a solution of Fe?*(aq) ions, of concentration 0.0500 mol dm=3,

An indicator, diphenylamine, was used. This turned an intense violet colour at the
end point.

The titration was repeated several times and some of the results are shown in the
table below.

Titration number 1 (trial) 2 3 4

Burette reading

final) { e 21.45 4135 21.95

Burette reading 1.20 2145 21.95
(initial) / cm?

Volume of 20.00 19.80

Fe?*(aq) used / cm?

Titre used to
calculate mean (v)

(a) Explain why a trial titration (titration 1) is carried out.

(b) (i) Complete the table and indicate with a tick (v) those titres most suitable for
calculating a mean titre.

Use the titres you have chosen to calculate the mean titre.

Mean titre= ... cm?

11
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(i) Use the equation below, and your mean titre, to calculate the concentration of
the sodium dichromate(VI) solution, in mol dm=.

Cr,0,*(aq) + 6Fe**(aq) + 14H*(aq) — 2Cr**(aq) + 6Fe**(aq) + 7H,0(l)

orange green

(c) Assuming the accuracy of the burette is +0.05 cm? each time the burette is read,
calculate the % error of the titre in titration 3.

(d) Suggest one reason why the indicator diphenylamine is needed, even though
the solution in the titration flask changes colour from orange to green when no
indicator is used.
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(e) A student carrying out one titration left an air bubble in the tip of the burette
before taking the initial reading. This bubble was no longer present when the
student took the final reading.

State and explain what effect, if any, this would have on the titre value. What
effect would the use of this titre have on the calculated concentration of sodium
dichromate(VI)?

(Total for Question 4 = 13 marks)

TOTAL FOR PAPER = 50 MARKS
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