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

A student carried out some tests on four aqueous solutions, labelled A, B, C and D.
Each solution contained one cation and one anion.

(@) Complete the table.

(i)

(i)

(iii)

(iv)

Test

Dilute aqueous
ammonia was added
drop-by-drop to 4cm?
of A until there was no
further change

Dilute aqueous
ammonia was added
drop-by-drop to 4cm’
of B until there was no
further change

Dilute aqueous
sodium hydroxide was
added drop-by-drop to
4.cm® of C until there
was no further change

Dilute aqueous
sodium hydroxide was
added drop-by-drop to
4.cm® of D until there
was no further change

Observation

A pale blue precipitate
formed which
dissolved to give a
deep blue solution

A white precipitate
formed with the first
few drops

This precipitate

dissolved in excess
ammonia to give a
colourless solution

An off-white precipitate
formed which did not
dissolve in excess but
darkened when left

to stand

Inference

The cationin A is

The formula of the
white precipitate is

The formula of the
complex ion which
forms in the colourless
solution is

The cation in C is Fe**

The cation in D is

(v) Name the type of reaction which results in the darkening of the off-white
precipitate in (a)(iv).
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(b) Adding dilute nitric acid followed by aqueous silver nitrate to A and B resulted in
both forming precipitates.
The student was not certain, but suggested that the anion in A was
the chloride ion and the anion in B was the bromide ion.
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State why the student was not certain and outline a further test which could be
carried out to confirm the presence of both these anions.
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(c) The student tested for the anion in C by adding acidified barium nitrate solution
and observed a white precipitate.

Give the formula of the compound in solution C.

(d) The student researched further tests for the anion present in D.
A test was found which involved the addition of sodium hydroxide solution
followed by aluminium and then heating strongly.
Ammonia gas was given off.

Suggest a possible anion present in D.
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(Total for Question 1 = 12 marks)
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2 This question is about the identification of four different organic compounds,
W, X, Y and Z. The molecules of each compound contain a total of three
carbon atoms and only one functional group.

(@) A sample of W gave a positive result with Tollens’ reagent.

Give the positive result and the displayed formula of W.
(2)

(b) A sample of X produced a sweet-smelling substance when warmed with
ethanoic acid and a few drops of concentrated sulfuric acid.

(i) Name the functional group in X identified by this test.
(1)

(ii) There are only two peaks in the >)C NMR spectrum of X.

Draw the displayed formula of X, labelling the carbon environments.
(2)
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(c) A sample of Y gave a positive result when warmed with an alkaline solution
of iodine.

(i) Give two observations of a positive result from this test.

(i) Identify Y by name or formula.

(d) A sample of Z produced bubbles when sodium carbonate solution was added.

Draw the displayed formula of Z, showing all the bonds.
(1)

(Total for Question 2 = 9 marks)
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3 A student was given a 0.0200 mol dm™ solution of ammonium vanadate(V) and asked X
to prepare solutions containing vanadium ions in different oxidation states, and then LK

to confirm the results. A

The student decided to use the three different reducing agents shown. S
zinc sulfur dioxide tin it

(a) The student pipetted 25.0cm’ of the vanadate(V) solution into a flask and added KaS
about 60 cm® of 1 moldm™ sulfuric acid. K

About 5 g of granulated zinc was added to the flask. S

Cotton wool was used to stopper the flask, which was heated and gently boiled ST
for 30 minutes. S

(i) Suggest why only an approximate volume of sulfuric acid was used. K

(i) The cotton wool helps to prevent the reoxidation of the vanadium and to PN
R
allow the escape of hydrogen gas. e

State why hydrogen gas was produced. B
You may include an equation in your answer. S
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(iv) The student concluded that zinc had reduced the vanadium(V) to the
vanadium(ll) oxidation state.
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Explain the sequence of colours that the student would have seen to reach
this conclusion.
Link each colour to the vanadium oxidation state.
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(b) The student was told that sulfur dioxide is toxic and that cylinders of the gas are
not recommended for use in schools.
The student was advised to prepare it within the reaction mixture from
sodium sulfate(IV) and hydrochloric acid.

(i) Suggest why sulfur dioxide is advised to be prepared in this way.

(i) Write the equation for the generation of sulfur dioxide from the reaction
between sodium sulfate(lV) (Na,SO;) and hydrochloric acid.
State symbols are not required.

(1)
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-
(c) After using tin as the reducing agent, the student carried out a titration
with acidified potassium manganate(VIl) to find out how far the vanadium had
been reduced.
(i) State a suitable method to remove the unreacted tin.
(1)
(i) Information about the experiment is shown.
«  25.0cm? of 0.0200 moldm™ ammonium vanadate(V) was reduced by tin
« 20.00cm’ of 0.0100 moldm™ potassium manganate(VIl) was required to
oxidise the vanadium back to its original oxidation state
« the manganate(VIl) half-equation is
MnO; + 8H" + 5¢° —> Mn®>" + 4H,0
Deduce the vanadium ion oxidation state after the reduction by tin.
You must show your working.
(4)
.
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ii) Explain the effect on the titre of leaving the tin in the reaction mixture.
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(Total for Question 3 = 15 marks)
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4 This question is about the preparation of phenylethanamide by the reaction between
phenylammonium chloride and ethanoic anhydride.

CH;
H,C P
NH3CI™ N HN O
—0 0
/ 7
+ O - + HC —c\ + HCI
=0
y OH
H,C
Data
Formene Molar miss Density of_I;qwd Melting teomperature
/ gmol /gcm /°C
phenylammonium chloride 129.5 - 196-198
ethanoic anhydride 102.0 1.08 -
phenylethanamide 135.0 - 113-115

Outline procedure

Step 1 Dissolve 1.0g of phenylammonium chloride in 30 cm® of deionised water in a
conical flask.

Step 2 Dissolve 6.0g of sodium ethanoate in 25 cm’ of deionised water in a separate
conical flask.

Step 3 Carefully add 2.0 cm?® of ethanoic anhydride to the phenylammonium chloride
solution and stir until all the ethanoic anhydride has dissolved. Then add the
solution of sodium ethanoate and continue to stir for a further 3 minutes.

Step 4 Collect the impure sample of phenylethanamide by filtration under
reduced pressure.

Step 5 Recrystallise the phenylethanamide using deionised water.

Step 6 Determine the melting temperature of the crystals of phenylethanamide.
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(@) The use of phenylammonium chloride is preferred to the use of phenylamine in
this preparation.
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Compound State at room temperature Hazard symbols

phenylamine liquid
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Suggest, by referring to both columns of data in the table, two reasons why it is
preferable to use phenylammonium chloride.
(2)

(b) Show, by calculation, that ethanoic anhydride is in excess in this preparation.
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(c) In Step 4, a Biichner flask and funnel were used for suction filtration.

(i) The filter paper used should fit in the funnel and lie flat on the base of the
Blchner funnel rather than curl up the sides of the funnel.

correct incorrect

Explain why it is important to place the filter paper in this way.
(2)

(i) Explain why the solid collected in Step 4 is washed with a small volume of
cold water.
(2)
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(d) In Step 5 the recrystallisation of phenylethanamide involves hot filtration. State
the purpose of this filtration.

(e) Give the two effects of impurities on the melting temperature range of
phenylethanamide.
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(f) Aninfrared spectrum of phenylethanamide and an infrared spectrum of S8
phenylamine were obtained. S5

One of these two spectra is shown with two peaks circled. 52

100 K
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Wavenumber / cm™

Infrared data for some organic functional groups are shown.

Group Wavenumber range /cm’
N—-H stretching vibrations
Amine 3500-3300
Amide 3500-3140
C=0 stretching vibrations
Amides 1700-1630
Carboxylic acid, anhydrides 1850-1800 and 1790-1740

Ketones, alkyl 1720-1700
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Explain why Peak 1 cannot be used to identify the spectrum as being produced
by phenylethanamide but Peak 2 can.
Include reference to the infrared data in your answer.

(3)

(Total for Question 4 = 14 marks)
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