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1 Record the average titre from your Candidate Results Sheet.

Average titre / cm3 ..............................................................................................................
(1 mark)

2 Half-equations for the redox reactions occurring in the reaction between ethanedioic
acid and potassium manganate(VII) in acidic solution are shown below.

H2C2O4 → 2CO2 + 2H+ + 2e–

MnO4
– + 8H+ + 5e– → Mn2+ + 4H2O

Deduce an overall equation for the reaction between ethanedioic acid and
manganate(VII) ions in acidic solution.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(1 mark)

3 The concentration of  the potassium manganate(VII) used was 0.0200 mol dm–3.  Use
your answers from Questions 1 and 2 to calculate the amount, in moles, of  ethanedioic
acid in 25.0 cm3 of  the rust remover solution.  Show your working.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

Section A

These questions are about the task, the investigation of  a rust remover.

You should use your Task Sheet and your Candidate Results Sheet to answer them.

Answer all questions in the spaces provided.
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4 Use your answer from Question 3 to calculate the concentration, in mol dm–3, of
ethanedioic acid in the rust remover solution.

............................................................................................................................................

............................................................................................................................................
(1 mark)

5 The rust remover solution was prepared by dissolving 6.00 g of  the acid supplied by
the manufacturer in water and making up to 1.00 dm3 of  solution.  Use your answer
from Question 4 to calculate the Mr of  the acid.  Assume that the solution is made from
a pure sample of  the acid.

............................................................................................................................................

............................................................................................................................................
(1 mark)

6 Use data from the Periodic Table to calculate the Mr of  ethanedioic acid dihydrate
H2C2O4.2H2O

Give your answer to the appropriate precision.

............................................................................................................................................
(1 mark)

7 Can you use your answers from Questions 5 and 6 to identify the form of  ethanedioic
acid in the rust remover?  Explain your answer.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(1 mark)

Turn over for the next question
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8 For the pipette and the burette, the maximum total errors are shown below.  These
errors take into account multiple measurements.

pipette ± 0.05 cm3

burette ± 0.15 cm3

Estimate the maximum percentage error in using these pieces of  apparatus, and
hence calculate the maximum overall percentage error.  Use the average titre from
Question 1 to calculate the percentage error in using the burette.  Show your working.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

9 Ethanedioic acid is toxic.  Suggest one safety precaution you would take to minimise
this hazard.

............................................................................................................................................
(1 mark)

10 State why the Mr of  a compound may be insufficient on its own to identify the
 compound.

............................................................................................................................................

............................................................................................................................................
(1 mark)
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Introduction

In Section A you determined the Mr of  the ethanedioic acid present in a rust remover.  
Ethanedioic acid is an important industrial chemical with a number of  uses.

11 Ethanedioate ions, C2O4
2–, act as bidentate ligands with transition metal ions.

11 (a) Write an equation for the ligand substitution reaction of  an excess of  ethanedioate ions
with aqueous cobalt(II) ions.

............................................................................................................................................
(1 mark)

11 (b) The table below shows some standard electrode potentials.

Use E values from the table to explain why an iron(III) complex is not formed when
solutions containing ethanedioate ions and iron(III) ions are mixed.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

Turn over for the next question

5
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Section B

Answer all questions in the spaces provided.

E / V

Fe3+(aq) + e– → Fe2+(aq) +0.77

2CO2(g) + 2e– → C2O4
2–(aq) –0.49

更多咨询请登录 www.qyconsult.com 群尧咨询
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12 When a solution containing iron(II) ions is treated with a slight excess of  a solution
containing ethanedioate ions a bright yellow precipitate of  hydrated iron(II)
ethanedioate, FeC2O4.2H2O, is formed.  The precipitate is filtered off, washed with
propanone and then allowed to dry.  A typical yield of  the solid is 95%.

12 (a) Propanone boils at 56 ºC and is miscible with water in all proportions.  Suggest two

reasons why washing with propanone is an effective method for producing a pure, dry
precipitate.

Reason 1 ...........................................................................................................................

............................................................................................................................................

Reason 2 ...........................................................................................................................

............................................................................................................................................
(2 marks)

12 (b) By suggesting a simple test tube reaction, state how the filtrate could be tested to show
that all of  the iron(II) ions have been removed from the solution.  State what you would
observe.

Test ....................................................................................................................................

Observation .......................................................................................................................
(2 marks)

12 (c) Suggest one reason why the typical yield of  iron(II) ethanedioate is less than 100%.

............................................................................................................................................

............................................................................................................................................
(1 mark)

12 (d) Calculate the mass of  hydrated iron(II) ethanedioate, FeC2O4.2H2O that can be formed
from 50.0 cm3 of  a 0.50 mol dm–3 solution of  iron(II) sulfate when the yield of  the
reaction is 95%.  Show your working.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)
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12 (e) The identity of  the precipitate can be confirmed by dissolving it in sulfuric acid and
titrating the mixture with potassium manganate(VII).

12 (e) (i) Use the half-equations given in Questions 2 and 11 (b) to deduce an overall equation
for the reaction between iron(II) ions and manganate(VII) ions in acidic solution.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(1 mark)

12 (e) (ii) Deduce the number of  moles of  iron(II) ethanedioate that would react with one mole of
potassium manganate(VII) in acidic solution.

............................................................................................................................................

............................................................................................................................................
(1 mark)

13 Ethanedioate ions can be used to remove calcium ions from blood plasma.  
A precipitate of  calcium ethanedioate is formed.  Write an ionic equation for the
reaction of  ethanedioate ions with calcium ions.

............................................................................................................................................

............................................................................................................................................
(1 mark)

14 Ethanedioic acid is used to clean marble, a form of  calcium carbonate.  Suggest one

reason why the reaction between ethanedioic acid and marble stops after a short time.

............................................................................................................................................

............................................................................................................................................
(1 mark)

15 Tea leaves contain ethanedioic acid.  Suggest one reason why tea drinkers do not

suffer from ethanedioic acid poisoning.

............................................................................................................................................
(1 mark)
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16 Ethanedioic acid is produced by the oxidation of  carbon monoxide in a multi-step
process.  The equation which summarises the reactions taking place is shown below.

4CO + 4NaOH + O2 + 4HCl → 2H2C2O4 + 4NaCl + 2H2O

Calculate the percentage atom economy for the formation of  ethanedioic acid in this
reaction.  Show your working.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

END  OF  QUESTIONS

8
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