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Instructions

® Use black ink or black ball-point pen.
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centre number and candidate number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

Information

® The total mark for this paper is 50.

® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

® You will be assessed on your ability to organise and present information,
ideas, descriptions and arguments clearly and logically, including your use of
grammar, punctuation and spelling.

® A Periodic Table is printed on the back cover of this paper.

Advice

® Read each question carefully before you start to answer it.

® Try to answer every question.

® Check your answers if you have time at the end.

® Show all your working in calculations and include units where appropriate.
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Answer ALL the questions. Write your answers in the spaces provided.

1 Compound A is an ionic, crystalline solid containing two cations and one anion.
Compound A dissolves in warm water to form a green solution, B.

(@) Give the formulae of two cations which could be responsible for the green colour
of solution B.

(b) When aqueous sodium hydroxide is added to solution B, a green precipitate forms.
When excess aqueous sodium hydroxide is added, this precipitate dissolves
to form a different green solution, C.

(i) Give the formula of the cation in solution B identified by this test.

(c) The green solution Cis divided into two portions.

(i) When aqueous hydrogen peroxide is added to the first portion of solution C,
a yellow solution is formed.

Give the name, including the relevant oxidation number, of the ion
responsible for the yellow colour.
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(ii) When the second portion of solution C is heated, a gas is produced that turns
damp red litmus paper blue.

Identify, by name or formula, the gas produced and write the ionic equation
for its formation. State symbols are not required.

(2)
GAS e
lonic equation
(d) When dilute hydrochloric acid, followed by aqueous barium chloride, is added to
solution B, a white precipitate forms.
Identify, by name or formula, the white precipitate formed.
(1)
(e) Suggest the formula of compound A. Ignore any water of crystallisation.
(1)

(Total for Question 1 = 9 marks)
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2 Two neutral organic compounds, D and E, contain the elements carbon, hydrogen
and oxygen only.
(@) Use this information, and the observations of the two tests on compound D,
to complete the table.
Test Observations Inferences
() Add aspatula measure of | Steamy fumes are formed that The gas produced is
phosphorus(V) chloride turn damp blue litmus paper red
oD e
The group presentin D is
(2)
(i) Add a few drops of D to The solution stays orange State what additional
acidified information this gives about
potassium dichromate(VI) the structure of D
solution and heat the
MIXTUIE e
(1)
(b) The mass spectrum of compound D has the molecular ion peak at m/e = 74.
Draw the displayed formula of compound D.
(1)
\ J
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(c) The results of two tests on compound E are shown in the table.

Complete the table.

Test

Observation

Inferences

() Add afew drops of
E to a solution of
2,4-dinitrophenylhydrazine

An orange precipitate forms

The functional group in E
could be

(i) Add a few drops of E to
Fehling’s solution and heat
the mixture

Solution stays blue

The name of the functional
group in Eis
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(d) (i) E could be one of two unbranched isomers, each containing five carbon atoms per
molecule. Use this information, and the results of tests (c)(i) and (c)(ii), to suggest

8 < the structure of each isomer.
— E (2)
o »n
s = Isomer 1 Isomer 2
= £
i
= &
3 =
b o
& =
o
= Z
a O
> (=]
(ii) State the reagents that could be used in a test to distinguish between the
two isomers identified in (d)(i).
Describe the observations that you would expect when each isomer is tested.
(3)

REAGENTS ..o

Observations in test with
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3 Aqueous hydrogen peroxide is a colourless solution which decomposes slowly at

room temperature to form water and oxygen.
2H,0,(aq) — 2H,0(l) + O,(g)

The concentration of hydrogen peroxide can be expressed as ‘x volume, where
1cm? of hydrogen peroxide solution decomposes to produce x cm? of oxygen at
room temperature and pressure.

A bottle of aqueous hydrogen peroxide is labelled ‘20 volume.
(@) Calculate the concentration of 20 volume hydrogen peroxide in mol dm™.

[Molar volume of oxygen at room temperature and pressure = 24.0 dm? mol™']

(b) A student carried out a titration to check the accuracy of this concentration by
following the procedure outlined below.

Step 1 Use a pipette, fitted with a pipette filler, to transfer 10.0cm? of the aqueous
hydrogen peroxide to a 250 cm? volumetric flask.

Step 2 Make up the solution to the mark with distilled water.
Step 3 Fill a burette with 0.0200 mol dm™ potassium manganate(VIl) solution.

Step 4 Use a pipette, fitted with a pipette filler, to transfer 25.0 cm? of the diluted
hydrogen peroxide solution to a conical flask. Add approximately 25cm? of
dilute sulfuric acid to the flask and titrate the mixture with the
potassium manganate(VIl) solution.

Step 5 Repeat the titration until concordant results are obtained.
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(i) State what the student should do to the pipette before using it to measure
the volume of solution in Step 1.

(ii) State what the student should do to the diluted hydrogen peroxide solution
made up in Step 2, before using it.

(i) State a check on the burette that the student should make before taking the
initial burette reading in Step 4.

Assume the burette is vertical, securely clamped and in good working order.

(iv) State the apparatus the student should use to measure approximately 25cm?
of dilute sulfuric acid in Step 4.
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(vii) The mean titre of the 0.0200 mol dm= potassium manganate(VIl) solution
was 15.80cm?.
Using information from the procedure and the value of the mean titre,
calculate the concentration in mol dm= of the original hydrogen peroxide
solution used in Step 1.
The equation for the reaction is
2MnO; + 6H" + 5H,0, — 2Mn*" + 50, + 8H,0
(4)
(c) The uncertainty in each burette reading is £0.05 cm?,
Calculate the percentage uncertainty in a titre of 15.80cm?.
(1)
(d) Suggest the reason why the concentration of a 20 volume solution of hydrogen peroxide
decreases, over a period of time.
(1)
(Total for Question 3 = 15 marks)
\
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4 There are two esters with the formula C;H;COOC;H,, which contain a phenyl group.

(@) One of the esters, labelled X, was used to prepare a sample of pure benzoic acid
using the following procedure.

Step 1 Place 3.0cm? of X, 10cm? of dilute sodium hydroxide solution and 10 cm? of
ethanol in a pear-shaped flask.

Step 2 Heat the mixture in the flask, under reflux, for 20 minutes.
Step 3 Pour the contents of the flask into a beaker and place the beaker in an ice bath.
Step 4 Add 5 drops of methyl orange indicator to the beaker and stir the solution.

Step 5 Add 1cm? portions of dilute hydrochloric acid to the mixture in the beaker
until the solution is acidic. Benzoic acid forms as a solid.

Step 6 Filter the benzoic acid under reduced pressure.
Step 7 Recrystallise the benzoic acid using water as the solvent.

Step 8 Weigh the dry benzoic acid crystals obtained.

(i) Suggest a reason for adding ethanol to the mixture of ester X and dilute
sodium hydroxide solution in Step 1.
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(iii) Label the diagram of the apparatus used to filter the benzoic acid under
reduced pressure in Step 6 and give a reason why this type of filtration is used
rather than normal filtration.
(3)

(v) Calculate the percentage yield of benzoic acid, CHsCOOH, in a preparation in
which 1.45 g of benzoic acid is prepared from 3.0 cm? of X, C;H;COOGC;H,.

[The density of Xis 1.02 g cm=.]
(4)
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(b) Complete the structures of the two esters with the formula C;H;COOC;H;,
showing clearly the structure of the C;H; groups.
(2)
0]
g
o)
!
©/ \O/
(c) The part of the high resolution proton nmr spectrum of X corresponding to the
C5H; group consists of two peaks, P and Q.
Peak P is split into seven.
Peak Q is a doublet.
Draw the structure of X and label the protons responsible for peaks P and Q.
(2)
(Total for Question 4 = 15 marks)
TOTAL FOR PAPER = 50 MARKS
\
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