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Instructions

• Use black ink or black ball-point pen.

• Fill in the boxes at the top of this page with your name, 

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.

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

Advice

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

• Keep an eye on the time.

• Try to answer every question.

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

• Eye protection and laboratory coats should be worn throughout the exercise.  

Follow any safety precautions given by the teacher.  The normal health and 

safety rules of the Chemistry Department must be followed.
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Answer ALL the questions. Write your answers in the spaces provided.

1. Introduction

In this exercise, you will prepare a solution of compound A which contains iron(II) ions. 
You will dissolve A in dilute sulfuric acid and make up the solution to 250.0 cm3. 

You will titrate acidified portions of solution A against 0.0250 mol dm−3 potassium manganate(VII) 
solution. The equation for the reaction is

MnO4
− (aq) + 5Fe2+(aq) + 8H+(aq)  Mn2+(aq) + 5Fe3+(aq) + 4H2O(l)

You will use your results to calculate the formula mass of compound A.

You are supplied with
  a sample of solid A in a stoppered container
  0.0250 mol dm−3 solution of potassium manganate(VII)
  dilute sulfuric acid
  distilled (or deionised) water
  apparatus to carry out the exercise. 

Procedure

1.  Weigh the stoppered container of solid A.  Record the mass to at least 0.01 g in Table 1.

2.  Tip the solid into a 250 cm3 beaker and then reweigh the emptied stoppered container. 
Record the mass in Table 1.

3.  Add about 100 cm3 of dilute sulfuric acid to the beaker.  Stir the mixture with a glass rod 
until all the solid has dissolved.

4.  Using a funnel, transfer the solution and washings into a 250.0 cm3 volumetric flask. 
Make up the solution to the mark with distilled water.  Stopper the volumetric flask 
and then invert it a number of times to mix the contents thoroughly.

5.  Rinse a burette with a small quantity of the potassium manganate(VII) solution and 
then fill the burette with this solution.

6.  Using a safety filler, rinse a 25.0 cm3 pipette with a small quantity of solution A and 
then transfer 25.0 cm3 of this solution into a clean 250 cm3 conical flask.  
Use a measuring cylinder to add 15 cm3 of dilute sulfuric acid to the conical flask, 
swirling to mix the solution.   
Place the conical flask on a white tile.

7.  Titrate the solution in the conical flask with the potassium manganate(VII) solution 
until the end-point is reached.  Record your burette readings and titres to the nearest 
0.05 cm3 in Table 2. 

8.  Repeat the titration until you obtain concordant results. 
Record all your readings in Table 2.
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Results 

Measurement Mass / g

Mass of stoppered container plus A

Mass of emptied stoppered container

Mass of A

Table 1
(2)

Titration number 1 2 3 4 5

Burette reading (final) / cm3

Burette reading (initial) / cm3

Titre / cm3

Table 2
(2)

 List the numbers of the titrations that you will use to calculate the mean titre.
(1)

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

 Calculate the mean titre, giving your value to the nearest 0.05 cm3 or to two decimal places. 
(1)

Accuracy (6)
Range (3)
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Calculations and question

For each of the following calculations, give your answer to three significant figures and 
show your working as fully as possible. 

 (a) Calculate the number of moles of potassium manganate(VII) in your mean titre. 
(1)

 (b) Use your answer to (a), and information from the Introduction, to calculate the number 
of moles of Fe2+ in the 25.0 cm3 of solution A in the conical flask.

(1)

 (c) Use your answer to (b) to calculate the number of moles of Fe2+ in the 250.0 cm3 of 
solution in the volumetric flask.

(1)

 (d) Use your answer to (c), the mass of A from Table 1, and the fact that the formula 
of A contains one Fe2+ ion, to calculate the formula mass of A.

(1)

 (e) A student fills the volumetric flask above the mark with distilled water in step 4.  
State what effect this would have on the calculated formula mass of A.

(1)

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

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

(Total for Question 1 = 20 marks)
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2. Introduction

You are provided with three compounds B, C and D. 
B and C are non-cyclic organic compounds each containing one functional group. 
B and C have the same number of carbon atoms. 
D is an inorganic salt which contains one cation and one anion.

Tests

Carry out the following tests, recording your observations and inferences. 

 (a) Working in a fume cupboard, add half a spatula of phosphorus(V) chloride to 
2 cm3 of B in a dry test tube.  Test any gas given off using damp blue litmus paper.

(2)

Observations

 (b) Mix approximately 2 cm3 of potassium dichromate(VI) solution and about 5 cm3 
of dilute sulfuric acid in a test tube.  Add 8 drops of B and place the test tube in a 
hot water bath.

(1)

Observation

 (c) Using the observations from (a) and (b) only, name the functional group present in B.
(1)

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

 (d) To 2 cm3 of aqueous sodium hydroxide in a test tube, add 6 drops of B.  Then add 
aqueous iodine, drop by drop, until a faint brown colour remains.  
Allow the test tube to stand for a few minutes. 

(1)

Observation
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 (e) What further information can you deduce about the structure of B from your 
observation in (d)?

(1)

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

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

 (f ) The high resolution proton nmr spectrum of B is shown. 

5.0

chemical shift  / ppm

4.0 3.0 2.0 1.0 0.0

  Use your deductions in (c) and (e), the nmr spectrum and the fact that B has two, 
three, or four carbon atoms, to identify B.

  Draw the displayed formula of B and use it to explain how the nmr spectrum 
enables you to identify B.

(4)

  Displayed formula of B

  Explanation

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (g) Add 2 cm3 of 2,4-dinitrophenylhydrazine solution to a test tube, followed by 
8 drops of C.  Shake the test tube gently.

(1)

Observation

 (h) To 3 cm3 of aqueous silver nitrate in a test tube, add dilute sodium hydroxide 
solution, drop by drop, until a precipitate forms.  Allow the precipitate to settle 
and then carefully pour off the liquid, leaving the precipitate in the test tube. 
To this precipitate, add dilute aqueous ammonia solution until the precipitate just 
dissolves.  Add 6 drops of C, shake the test tube gently and place it in a 
warm water bath.

(1)

Observation

 (i) Using the observations from (g) and (h), identify the functional group present in C.
(1)

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

 (j) Use your deduction in (i), and the fact that C has the same number of carbon 
atoms as B, to identify C by name or formula.

(1)
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 (k) Add a few drops of concentrated hydrochloric acid to about half the sample of D 
on a watch glass.  Carry out a flame test on the mixture formed.  In the inference 
column, write the formula of the cation present in D.

(2)

Observation Inference

 (l) (i) Dissolve the rest of D in about 5 cm3 of distilled water in a boiling tube. 
Add 2 cm3 of dilute nitric acid and about 10 drops of silver nitrate solution.  
Keep the resulting mixture for part (ii).

(1)

Observation

  (ii) To the mixture from (l)(i), add about 10 cm3 of dilute ammonia solution.  
Stopper and shake the tube.  In the inference column, write the name or 
formula of the anion present in D.

(2)

Observation Inference

 (m) Give the formula of D.
(1)

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

(Total for Question 2 = 20 marks)
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Turn over     

3. Introduction

In this exercise, you will mix ethanol and water together.  You will measure the 
temperatures of the two liquids before mixing and then the temperature of the mixture. 
You will use your results to find the temperature change.  

You are supplied with
  ethanol
  distilled (deionised) water
  apparatus to carry out the exercise.

Procedure

Record all temperatures to the nearest 0.5 °C.

1.  Using a dry measuring cylinder, transfer 5.0 cm3 of ethanol to a boiling tube.

2.  Measure the temperature of the ethanol and record the value in Table 3.  
Dry the thermometer. 

3.  Using another measuring cylinder, transfer 5.0 cm3 of distilled water to a separate 
boiling tube.

4.  Measure the temperature of the distilled water and record the value in Table 3. 
Calculate the mean starting temperature.

5.  Pour the distilled water into the boiling tube containing the ethanol and stir the 
mixture with the thermometer.  Record the maximum or minimum temperature. 
Calculate the temperature change. 

(6)

Measurement Temperature / °C

Ethanol starting temperature

Distilled water starting temperature

Mean starting temperature

Maximum or minimum temperature reached

Temperature change

Table 3
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 Name all the intermolecular forces present in ethanol and in water.  State which of 
these is most significant in each liquid.  Suggest an explanation for the temperature 
change when the liquids are mixed.

(4)

Ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 3 = 10 marks)

TOTAL FOR PAPER = 50 MARKS
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