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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

1 You will determine the value of x in hydrated sodium carbonate, Na2CO3•xH2O. x is not an integer.

 You will carry out two methods to determine the value of x. Each method involves sodium 
carbonate reacting with excess hydrochloric acid to release carbon dioxide.

Na2CO3•xH2O(s) + 2HCl (aq) → 2NaCl (aq) + CO2(g) + xH2O(l)

 (a) Experiment 1

  You will measure the volume of carbon dioxide released when hydrated sodium carbonate 
reacts with excess hydrochloric acid.

  FA 1 is 0.500 mol dm–3 hydrochloric acid, HCl.
  FA 2 is hydrated sodium carbonate, Na2CO3•xH2O.

  Method

 ● Weigh the container with FA 2. Record the mass.
 ● Fill the tub with water to a depth of approximately 5 cm.
 ●  Fill the 250 cm3 measuring cylinder completely with water. Holding a piece of paper towel 

firmly over the top, invert the measuring cylinder and place it in the water in the tub.
 ●  Remove the paper towel and clamp the inverted measuring cylinder so the open end is in 

the water just above the base of the tub.
 ●  Using the 50 cm3 measuring cylinder, transfer 50.0 cm3 of FA 1 into the flask labelled Z. 

Check that the bung fits tightly into the neck of flask Z, clamp flask Z and place the end of 
the delivery tube into the inverted 250 cm3 measuring cylinder.

 ●  Remove the bung from the neck of the flask. Tip all the FA 2 from the container into the 
acid in the flask and replace the bung immediately. Remove the flask from the clamp and 
swirl it to mix the contents. You may need to shake the flask quite vigorously until the gas 
formed starts to collect in the measuring cylinder.

 ● Return the flask to the clamp. Leave for several minutes, shaking the flask occasionally.
 ● Weigh the container with any residual FA 2. Record the mass.
 ● Calculate the mass of FA 2 added to the flask. Record the mass.
 ●  When no more gas is collected, measure the final volume of gas in the measuring cylinder. 

Record the volume.
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  Results

 [3]

 (b) Calculations

  (i) Calculate the amount, in mol, of carbon dioxide collected in the measuring cylinder at 
room conditions.

 amount of CO2 = .............................. mol

   Hence deduce the amount, in mol, of sodium carbonate present in the FA 2 you added in 
your experiment.

 amount of Na2CO3 = .............................. mol
 [1]

  (ii) Use your answer to (b)(i) and the mass of hydrated sodium carbonate, Na2CO3•xH2O, 
you used in Experiment 1 to calculate the relative formula mass, Mr, of the Na2CO3•xH2O.

 Mr of Na2CO3•xH2O = .............................. [1]

  (iii) Use your answer to (b)(ii) to calculate the value of x in the Na2CO3•xH2O.
   Show your working.

 x = .............................. [2]

I

II

III
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 (c) A student suggests that it would be better to use hot water in the tub. 

  (i) State whether using hot water would be an improvement. Explain your answer.

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

 .....................................................................................................................................  [1]

  (ii) State the effect, if any, that using hot water would have on the value of x calculated.

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

 .....................................................................................................................................  [1]

 (d) Experiment 2

  You will carry out a titration to measure the volume of hydrochloric acid that neutralises an 
aqueous solution of hydrated sodium carbonate, Na2CO3•xH2O.

Na2CO3•xH2O(s) + 2HCl (aq) → 2NaCl (aq) + CO2(g) + xH2O(l)

  FA 3 is 0.100 mol dm–3 hydrochloric acid, HCl.
   FA 4 is an aqueous solution containing 14.30 g dm–3 of hydrated sodium carbonate, 

Na2CO3•xH2O.
  FA 5 is bromophenol blue indicator.

   Method

 ● Fill the burette with FA 3.
 ● Pipette 25.0 cm3 of FA 4 into a conical flask.
 ● Add a few drops of FA 5.
 ● Carry out a rough titration and record your burette readings in the space below.

 The rough titre is .............................. cm3.

 ● Carry out as many titrations as you think necessary to obtain consistent results.
 ● Make sure your recorded results show the precision of your practical work.
 ●  Record, in a suitable form below, all of your burette readings and the volume of FA 3 

added in each accurate titration.

 [7]

I

II

III

IV

V

VI

VII



5

9701/31/O/N/23© UCLES 2023 [Turn over

 (e) From your accurate titration results, calculate a suitable mean value to use in your  
calculations. Show clearly how you obtain the mean value.

 25.0 cm3 of FA 4 required .............................. cm3 of FA 3. [1]

 (f) Calculations

  (i) Give your answers to (f)(ii), (f)(iii) and (f)(iv) to an appropriate number of significant 
figures. [1]

  (ii) Calculate the amount, in mol, of hydrochloric acid present in the volume of FA 3 you 
calculated in (e).

 amount of HCl = .............................. mol [1]

  (iii) Use the equation for the neutralisation to deduce the amount, in mol, of  
sodium carbonate present in 25.0 cm3 of Na2CO3•xH2O.

 amount of Na2CO3 = .............................. mol

   Hence calculate the amount, in mol, of sodium carbonate in 1.00 dm3 of Na2CO3•xH2O.

 amount of Na2CO3 in 1.00 dm3 = .............................. mol  
[1]

  (iv) Calculate the value of x in the sample of Na2CO3•xH2O.
   Show your working.

 x = .............................. [1]
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 (g) The aqueous solution of Na2CO3•xH2O, FA 4, was prepared by weighing and dissolving the 
solid to make 1.00 dm3 of solution.

  Mass of container + Na2CO3•xH2O  = 32.509 g
  Mass of empty container  = 18.209 g
  Mass of Na2CO3•xH2O  = 14.300 g

  (i) State the maximum uncertainty in a single balance reading for the balance used.

 maximum uncertainty = ± .............................. g

   Calculate the maximum percentage uncertainty in this mass of Na2CO3•xH2O.
   Show your working.

 maximum percentage uncertainty = ± .............................. % 
[1]

  (ii) Using the method in Experiment 2 a student calculated the relative formula mass, Mr, of 
Na2CO3•xH2O to be 242.2. Assume that the uncertainty in the mass of FA 4 is the only 
source of error in the experiment.

   Calculate the maximum value for the relative formula mass of FA 4.

 maximum value for the relative formula mass of FA 4 = .............................. [1]

 [Total: 23]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:
●	 colour changes seen
●	 	the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added
●	 	the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 
must be given.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

2 (a) FA 6, FA 7 and FA 8 are salts each of which contains nitrogen. Each of the nitrogen-containing 
ions is different and all are shown in the Qualitative analysis notes.

  (i) List the nitrogen-containing ions for which you will test.

   .........................  and ......................... and ......................... .

   Select reagents to positively identify the nitrogen-containing ions in each salt. Record 
your tests and the results with each salt in a suitable table in the space below.

 [8]
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  (ii) Use your observations in (a)(i) to determine the formulae of the nitrogen-containing ions 
present in FA 6, FA 7 and FA 8.

 
   FA 6 ......................... FA 7 ......................... FA 8 ......................... [1]

 (b) FA 9 and FA 10 contain the same element. You will identify this element by carrying out tests.

  (i) Test 1

   Heat a small spatula measure of FA 9 in a hard-glass test-tube. Heat until the reaction 
stops.

   After heating, leave the tube to cool and keep it for Test 2. You may wish to start 
(b)(ii) while you wait.

   Record your observations.

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

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

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

   Name one product of the reaction.

product ..............................

   Test 2

   To the cooled solid product of Test 1, add a 2–3 cm depth of distilled water. Shake the 
test-tube and then leave the contents to settle.

   Record your observations.

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

 ...........................................................................................................................................
[3]

  (ii) To a very small spatula measure of FA 9 in a test-tube, add about a 2 cm depth of dilute 
sulfuric acid and about a 2 cm depth of distilled water. Shake to dissolve the FA 9 and 
produce FA 9(aq).

   You will use FA 9(aq) in Test 3 and Test 4.

   Test 3

   To a 1 cm depth of aqueous iron(II) sulfate in a test-tube, add a few drops of FA 9(aq).

   Record your observations.

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

 ...........................................................................................................................................
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   Test 4

   To a 1 cm depth of aqueous potassium iodide in a test-tube, add a few drops of FA 9(aq).

   Record your observations.

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

 ...........................................................................................................................................
 [2]

  (iii) To a small spatula measure of FA 10 in a test-tube, add distilled water to dissolve the 
FA 10. This solution is FA 10(aq). 

   To a 1 cm depth of FA 10(aq), add aqueous sodium hydroxide.

   Record your observations.

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

 .....................................................................................................................................  [2]

  (iv) Identify the element that is present in FA 9 and FA 10.

   element ..............................  [1]

 [Total: 17]
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming
–

barium, Ba2+(aq) faint white ppt. is observed unless 
[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 
low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 
giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 
giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl –(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br –(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

1 You will carry out a titration to determine the concentration of a solution of potassium 
manganate(VII), KMnO4. Potassium manganate(VII) reacts with excess acidified potassium 
iodide to produce iodine. This iodine is titrated with aqueous sodium thiosulfate.

 FA 1 is aqueous potassium manganate(VII), KMnO4.
 FA 2 is 0.500 mol dm–3 potassium iodide, KI.
 FA 3 is 0.120 mol dm–3 sodium thiosulfate, Na2S2O3.
 FA 4 is dilute sulfuric acid, H2SO4.
 FA 5 is starch indicator.

 (a) Method

  Titration

 ● Fill the burette with FA 3.
 ● Pipette 25.0 cm3 of FA 1 into a conical flask.
 ● Use the 25 cm3 measuring cylinder to add 10.0 cm3 of FA 2 to the conical flask.
 ● Use the 50 cm3 measuring cylinder to add 15.0 cm3 of FA 4 to the conical flask.
 ●  Perform a rough titration by adding FA 3 from the burette to the conical flask until the 

solution is yellow. 
 ●  Then add several drops of FA 5. Continue the titration until the mixture in the flask 

becomes colourless. This is the end-point.
 ● Record the initial and final burette readings in the space below. 

 The rough titre is  ....................................................... cm3.

 ● Carry out as many accurate titrations as you think necessary to obtain consistent results.
 ● Make sure any recorded results show the precision of your practical work.
 ●  Record, in a suitable form below, all your burette readings and the volume of FA 3 added 

in each accurate titration.

Keep FA 2 and FA 5 for use in Question 3(b).

 [7]
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 (b) From your accurate titration results, calculate a suitable mean value to be used in your 
calculations. Show clearly how you obtained the mean value.

 The iodine produced by FA 1 required  ....................................  cm3 of FA 3. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to the appropriate number of significant 
figures. [1]

  (ii) Calculate the amount, in mol, of sodium thiosulfate in the volume of FA 3 calculated in (b).

 amount of Na2S2O3 =  ..................................................  mol [1]

  (iii) The reaction by which iodine is produced is shown.

2KMnO4(aq) + 10KI(aq) + 8H2SO4(aq)  6K2SO4(aq) + 2MnSO4(aq) + 5I2(aq) + 8H2O(l)

   During the titration, sodium thiosulfate reacts with the iodine produced.

2Na2S2O3(aq) + I2(aq)  2NaI(aq) + Na2S4O6(aq)

   Calculate the concentration of potassium manganate(VII), in mol dm–3, in FA 1.

 concentration of KMnO4 =  .......................................... mol dm–3 [2]

  (iv) A laboratory technician purchased a bottle containing 50.00 g of potassium 
manganate(VII), KMnO4, for this practical examination. Using your answer to (c)(iii), 
calculate the maximum volume of FA 1, in dm3, that the technician can prepare using the 
contents of this bottle.

 volume of FA 1 =  .................................................. dm3 [1]

 (d) A student suggested that the accuracy of the experiment would be increased by using a 
10 cm3 pipette to measure FA 2.

  State whether the student is correct. Explain your answer. 

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

 .............................................................................................................................................  [1]

 [Total: 14]
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2 You will determine the enthalpy change for the reaction of magnesium oxide with water to form  
magnesium hydroxide. 

MgO(s) + H2O(l)  Mg(OH)2(s)
 
 The procedure will involve two experiments, one with magnesium oxide and the other with 

magnesium hydroxide. In each case you will react the solid with hydrochloric acid.

 FA 6 is magnesium oxide, MgO.
 FA 7 is 2.0 mol dm–3 hydrochloric acid, HCl.
 FA 8 is magnesium hydroxide, Mg(OH)2.

 (a) Experiment 1 is the determination of the enthalpy change of reaction, ΔH1, of magnesium 
oxide with hydrochloric acid. 

MgO(s) + 2HCl (aq)  MgCl 2(aq) + H2O(l)

  (i) Method
 

 ● Support a cup in the 250 cm3 beaker.
 ● Use the 50 cm3 measuring cylinder to transfer 30.0 cm3 of FA 7 into the cup.
 ● Measure and record the temperature of the solution in the cup.
 ● Weigh the container with FA 6. Record the mass.
 ● Tip all of FA 6 into the cup containing FA 7. FA 7 is in excess.
 ●  Stir the mixture until the maximum temperature is obtained. Record the maximum 

temperature.
 ● Weigh the container with any residual FA 6. Record the mass.
 ● Calculate and record the mass of FA 6 used.
 ● Calculate and record the temperature rise.

 [3]

  (ii) Calculate the energy released in your experiment.

 energy released =  ......................................................  J [1]

I
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III
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  (iii) Calculate the enthalpy change of reaction, ΔH1, in kJ mol–1 of MgO(s), for the reaction of 
magnesium oxide with hydrochloric acid. 

   Show your working.

 ΔH1 = ......   ............................. kJ mol–1

 sign              value                     [2]

 (b) Experiment 2 is the determination of the enthalpy change of the reaction, ΔH2, of magnesium 
hydroxide with hydrochloric acid.

Mg(OH)2(s) + 2HCl (aq)  MgCl 2(aq) + 2H2O(l)

  (i) Method 

 ● Place the other cup in the beaker.
 ● Use the 50 cm3 measuring cylinder to transfer 30.0 cm3 of FA 7 into the cup.
 ● Measure and record the temperature of the solution in the cup.
 ● Weigh the container with magnesium hydroxide, FA 8. Record the mass.
 ● Tip all of FA 8 into the cup containing FA 7. FA 8 is in excess.
 ●  Stir the mixture until the maximum temperature is obtained. Record the maximum 

temperature.
 ● Weigh the container with any residual FA 8. Record the mass.
 ● Calculate and record the mass of FA 8 used.
 ● Calculate and record the temperature rise.

 [3]
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  (ii) Calculate the enthalpy change of reaction, ΔH2, in kJ mol–1 of Mg(OH)2(s), for the 
reaction of magnesium hydroxide with hydrochloric acid.

   Show your working.

 ΔH2 = ......   ............................. kJ mol–1

 sign              value                     [2]

 (c) Use your answers to (a)(iii) and (b)(ii) to calculate the enthalpy change, ΔHr, in kJ mol–1, for 
the reaction between magnesium oxide and water. The equation for the reaction is shown.

MgO(s) + H2O(l)  Mg(OH)2(s) 

  Show your working.

 ΔHr = ......   ............................. kJ mol–1

 sign              value                     [1]

 [Total: 12]
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Qualitative Analysis

For each test you should record all your observations in the spaces provided. 

Examples of observations include:
 ● colour changes seen 
 ●  the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added 
 ● the formation of any gas and its identification (where appropriate) by a suitable test. 

You should record clearly at what stage in a test an observation is made. 

Where no change is observed, you should write ‘no change’. 

Where reagents are selected for use in a test, the name or correct formula of the element or compound 
must be given. 

If any solution is warmed, a boiling tube must be used. 

Rinse and reuse test-tubes and boiling tubes where possible. 

No additional tests should be attempted. 

3 FA 9 contains one cation and one anion. The cation is one of calcium, magnesium, manganese(II) 
or zinc. The anion is oxide or carbonate.

 (a) Describe reactions to identify FA 9. You are advised to test for the anion first.
  State any conditions needed for these reactions.

  Carry out your reactions and record all your observations.
  Deduce the formula of FA 9.

  FA 9 is .................... . [4]

[Turn over
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 (b) (i) FA 10 is a solution of a double salt. It contains two cations and one anion, all of which 
are listed in the Qualitative analysis notes.

   Use a 1 cm depth of this solution of FA 10 in a test-tube for Tests 1–3.

Table 3.1

test observations

Test 1
Add an equal volume of FA 2, aqueous 
potassium iodide, then 

add FA 5, aqueous starch.

Test 2
Add aqueous barium chloride (or barium 
nitrate), then 

add dilute hydrochloric acid (or nitric 
acid).

Test 3
Add aqueous silver nitrate, then 

add aqueous ammonia.

Test 4
In a boiling tube, add aqueous sodium 
hydroxide to a 1 cm depth of solution of 
FA 10, then 

warm gently and carefully, then

remove from heat and add one piece of 
aluminium foil to the mixture.

 [5]

  (ii) Identify the three ions in FA 10 by writing the formula of each ion. 

   The three ions are .................... and .................... and .................... . [2]
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  (iii) Identify the two tests in (b)(i) that involve redox reactions. 
   Justify your answer for one of the tests.

   Tests .......... and .......... involve redox reactions.

justification  ........................................................................................................................

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

 .....................................................................................................................................  [2]

  (iv) Give an ionic equation for the reaction of one of the ions in FA 10 with sodium hydroxide 
in Test 4. Include state symbols.

 .....................................................................................................................................  [1]

 [Total: 14]
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming
–

barium, Ba2+(aq) faint white ppt. is observed unless 
[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 
low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 
giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 
giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl –(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br –(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white/pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the answer to each step of your calculations.

1 Iron(III) ions, Fe3+, can oxidise iodide ions, I–, to iodine, I2.

2Fe3+(aq)  +  2I–(aq)  2Fe2+(aq)  +  I2(aq)

 It is possible to determine the rate of this reaction by measuring the time to produce a certain 
amount of iodine. To do this, thiosulfate ions, S2O3

2–, are added to the reaction mixture. The 
thiosulfate ions react immediately with the iodine produced by the reaction and convert it back to 
iodide ions.

I2(aq)  +  2S2O3
2–(aq)  2I–(aq)  +  S4O6

2–(aq)

 Iodine remains in the solution when all the thiosulfate ions have reacted. The remaining iodine is 
detected by starch indicator in the reaction mixture, which causes the solution to turn blue-black.

 In this experiment you will investigate how the rate of the reaction between iron(III) ions and 
iodide ions is affected by the concentration of the iron(III) ions.

 FB 1 is 0.0500 mol dm–3 acidified iron(III) chloride, FeCl 3.
 FB 2 is 0.0500 mol dm–3 potassium iodide, KI.
 FB 3 is 0.00500 mol dm–3 sodium thiosulfate, Na2S2O3.
 FB 4 is starch indicator.

 (a) Method

  Experiment 1

 ● Fill the burette labelled FB 1 with FB 1.
 ● Run 20.00 cm3 of FB 1 into a 100 cm3 beaker.
 ● Use the 25 cm3 measuring cylinder to add the following to the other 100 cm3 beaker: 

 ○ 10.0 cm3 of FB 2
 ○ 20.0 cm3 of FB 3
 ○ 10.0 cm3 of FB 4.

 ● Add the contents of the first beaker to the second beaker and start timing immediately. 
Ignore any initial colouration on mixing.  

 ● Stir the mixture once and place the beaker on the white tile.
 ● Stop timing as soon as the solution turns blue-black.
 ● Record this reaction time to the nearest second.
 ● Rinse both beakers and shake dry.
 ● Rinse and dry the glass rod.
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  Experiment 2

 ● Fill the other burette with distilled water.
 ● Run 10.00 cm3 of FB 1 into a 100 cm3 beaker.
 ● Run 10.00 cm3 of distilled water into the same beaker containing FB 1.
 ● Use the 25 cm3 measuring cylinder to add the following to the other 100 cm3 beaker:

 ○ 10.0 cm3 of FB 2
 ○ 20.0 cm3 of FB 3
 ○ 10.0 cm3 of FB 4.

 ● Add the contents of the first beaker to the second beaker and start timing immediately. 
Ignore any initial colouration on mixing.  

 ● Stir the mixture once and place the beaker on a white tile.
 ● Stop timing as soon as the solution turns blue-black.
 ● Record this reaction time to the nearest second.
 ● Rinse both beakers and shake dry.
 ● Rinse and dry the glass rod.

  Experiments 3 to 5

 ● Carry out three further experiments to investigate how the reaction time changes with 
different volumes of FB 1.

  The combined volume of FB 1 and distilled water must always be 20.00 cm3.
  Do not use a volume of FB 1 that is less than 5.00 cm3.

  The rate of reaction is given by the following expression.

rate =  1000
reaction time in seconds

  Use this expression to calculate the rate for each of your experiments.

    Record all your results in a single table. You should include the volume of FB 1, the volume of 
distilled water, the reaction time and the rate of reaction.

  Results

 [9]

 (b)  On the grid opposite, plot the rate (on the y-axis) against the volume of FB 1 (on the x-axis).  
Include the origin in your plot. Label any points that you consider to be anomalous. Draw the 
line of best fit.

I
II
III
IV
V
VI
VII
VIII
IX



5

9701/34/O/N/23© UCLES 2023 [Turn over

 [4]

I

II

III

IV



6

9701/34/O/N/23© UCLES 2023

 (c) In these experiments, the volume of FB 1 is directly related to the concentration of iron(III) 
ions.  

  Using your graph, state what conclusion can be drawn about the relationship between the 
rate of reaction and the concentration of the iron(III) ions.

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

 .............................................................................................................................................  [1]

 (d) A student wants to increase the concentration of the sodium thiosulfate solution while keeping 
the rest of the experiment the same. The student realises that the amount of thiosulfate ions 
must not be too high otherwise there will be no remaining iodine.

  You will calculate the concentration of thiosulfate ions that will react with all the iodine 
produced in Experiment 1.

  (i) Calculate the amount, in mol, of iron(III) ions in the solution at the start of Experiment 1.

 amount of Fe3+ = .............................. mol [1]

  (ii) Calculate the amount, in mol, of iodide ions in the solution at the start of Experiment 1.

 amount of I– = .............................. mol [1]

  (iii) Use the equation to determine the maximum amount, in mol, of iodine that can be made 
during this reaction.

2Fe3+(aq)  +  2I–(aq)  2Fe2+(aq)  +  I2(aq)

 amount of I2 = .............................. mol [1]

  (iv) Use the equation to determine the concentration, in mol dm–3, of sodium thiosulfate 
solution that will react with all the iodine produced in Experiment 1. 

   Show your working.

I2(aq)  +  2S2O3
2–(aq)  2I–(aq)  +  S4O6

2–(aq)

 concentration = .............................. mol dm–3

 [2]

 [Total: 19]
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2 In this experiment you will determine the relative formula mass of an unknown ion, A2–. The ion is 
present in a salt with the formula Na2A•5H2O.

 You will first determine the enthalpy change of solution, ∆Hsol , for Na2A•5H2O. To do this you will 
measure the temperature change when a known mass of the salt dissolves in a known volume 
of water. You will then use a literature value for the enthalpy change of solution to calculate the 
relative formula mass of A2–.

 FB 5 is the salt, Na2A•5H2O.

 (a) Method

 ● Support the cup in the 250 cm3 beaker.
 ● Rinse the 25 cm3 measuring cylinder with distilled water.  
 ● Use the 25 cm3 measuring cylinder to transfer 20.0 cm3 of distilled water into the cup.
 ● Weigh the stoppered container with the FB 5. Record the mass.
 ● Measure and record the initial temperature of the water in the cup. You may need to tilt 

the cup to make sure that the bulb of the thermometer is covered.
 ● Carefully add all the sample of FB 5 to the water in the cup.  
 ● Stir the mixture and record the minimum temperature that is reached.
 ● Weigh the stoppered container and any residual FB 5. Record the mass.
 ● Calculate and record the mass of FB 5 added to the water and the change in temperature.

 

 [4]

I

II

III

IV
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 (b) Calculations

  (i) Calculate the energy change in the reaction.
  

 energy change = .............................. J [1]

  (ii) A literature value for the enthalpy change of solution, ∆Hsol , for Na2A•5H2O is  
+47.4 kJ mol–1.  

   Calculate the amount, in mol, of Na2A•5H2O in your sample of FB 5.
   Assume that the literature value was measured under the same conditions as your 

experiment.

 amount of Na2A•5H2O = .............................. mol [1]

  (iii) Calculate the relative formula mass of A2–.

 relative formula mass of A2– = .............................. [1]

 (c) A student suggests that the experiment can be made more accurate by increasing the volume 
of water used.

  State whether the student is correct. Explain your answer.

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

 .............................................................................................................................................  [1]

 [Total: 8]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

 ● colour changes seen
 ● the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added
 ● the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 
must be given.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3  FB 6 is a salt which contains a cation and an anion from those listed in the Qualitative analysis 
notes.

 FB 7 is a mixture of two acids. The possible acids are hydrochloric acid, nitric acid and sulfuric 
acid.

 By carrying out the following tests you will identify the ions in FB 6 and determine which acids are 
present in FB 7.

 (a) Carry out the following tests and record your observations in Table 3.1.

Table 3.1

test observations

Test 1
Place approximately one third 
of the sample of FB 6 in a 
hard-glass test-tube and heat 
strongly, then  

leave to cool.

Test 2
To an approximately 2 cm depth 
of FB 7 in a boiling tube add 
carefully the remaining sample 
of FB 6.

Keep this solution for use in 
3(b).

 [4]
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 (b) (i) Choose reagents and carry out tests to identify the cation in FB 6.
   Record your tests and observations.

 [2]

  (ii) State the formulae of the ions present in FB 6.

   FB 6 contains ........................ and ........................ . [1]

 (c) (i) Choose reagents and carry out tests to identify which of the following acids are present 
in FB 7. Use a 1 cm3 depth of FB 7 for each test. 

   Record your observations.

test for hydrochloric acid  ...................................................................................................

observations  ......................................................................................................................

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

test for nitric acid  ...............................................................................................................

observations  ......................................................................................................................

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

test for sulfuric acid  ...........................................................................................................

observations  ......................................................................................................................

 ...........................................................................................................................................
 [4]

  (ii) State the formulae of the acids present in FB 7.

   FB 7 contains ........................ and ........................ . [1]

  (iii) Give an ionic equation for any of the reactions you observed in (c)(i). Include state 
symbols. 

 .....................................................................................................................................  [1]

 [Total: 13]
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 
3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming
–

barium, Ba2+(aq) faint white ppt. is observed unless 
[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 
low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 
giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess  
giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl 
–(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br 
–(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white/pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

1 You will determine the value of x in hydrated sodium carbonate, Na2CO3•xH2O. x is not an integer.

 You will carry out two methods to determine the value of x. Each method involves sodium 
carbonate reacting with excess hydrochloric acid to release carbon dioxide.

Na2CO3•xH2O(s) + 2HCl (aq) → 2NaCl (aq) + CO2(g) + xH2O(l)

 (a) Experiment 1

  You will measure the volume of carbon dioxide released when hydrated sodium carbonate 
reacts with excess hydrochloric acid.

  FA 1 is 0.500 mol dm–3 hydrochloric acid, HCl.
  FA 2 is hydrated sodium carbonate, Na2CO3•xH2O.

  Method

 ● Weigh the container with FA 2. Record the mass.
 ● Fill the tub with water to a depth of approximately 5 cm.
 ●  Fill the 250 cm3 measuring cylinder completely with water. Holding a piece of paper towel 

firmly over the top, invert the measuring cylinder and place it in the water in the tub.
 ●  Remove the paper towel and clamp the inverted measuring cylinder so the open end is in 

the water just above the base of the tub.
 ●  Using the 50 cm3 measuring cylinder, transfer 50.0 cm3 of FA 1 into the flask labelled Z. 

Check that the bung fits tightly into the neck of flask Z, clamp flask Z and place the end of 
the delivery tube into the inverted 250 cm3 measuring cylinder.

 ●  Remove the bung from the neck of the flask. Tip all the FA 2 from the container into the 
acid in the flask and replace the bung immediately. Remove the flask from the clamp and 
swirl it to mix the contents. You may need to shake the flask quite vigorously until the gas 
formed starts to collect in the measuring cylinder.

 ● Return the flask to the clamp. Leave for several minutes, shaking the flask occasionally.
 ● Weigh the container with any residual FA 2. Record the mass.
 ● Calculate the mass of FA 2 added to the flask. Record the mass.
 ●  When no more gas is collected, measure the final volume of gas in the measuring cylinder. 

Record the volume.
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  Results

 [3]

 (b) Calculations

  (i) Calculate the amount, in mol, of carbon dioxide collected in the measuring cylinder at 
room conditions.

 amount of CO2 = .............................. mol

   Hence deduce the amount, in mol, of sodium carbonate present in the FA 2 you added in 
your experiment.

 amount of Na2CO3 = .............................. mol
 [1]

  (ii) Use your answer to (b)(i) and the mass of hydrated sodium carbonate, Na2CO3•xH2O, 
you used in Experiment 1 to calculate the relative formula mass, Mr, of the Na2CO3•xH2O.

 Mr of Na2CO3•xH2O = .............................. [1]

  (iii) Use your answer to (b)(ii) to calculate the value of x in the Na2CO3•xH2O.
   Show your working.

 x = .............................. [2]

I

II

III
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 (c) A student suggests that it would be better to use hot water in the tub. 

  (i) State whether using hot water would be an improvement. Explain your answer.

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

 .....................................................................................................................................  [1]

  (ii) State the effect, if any, that using hot water would have on the value of x calculated.

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

 .....................................................................................................................................  [1]

 (d) Experiment 2

  You will carry out a titration to measure the volume of hydrochloric acid that neutralises an 
aqueous solution of hydrated sodium carbonate, Na2CO3•xH2O.

Na2CO3•xH2O(s) + 2HCl (aq) → 2NaCl (aq) + CO2(g) + xH2O(l)

  FA 3 is 0.100 mol dm–3 hydrochloric acid, HCl.
   FA 4 is an aqueous solution containing 14.30 g dm–3 of hydrated sodium carbonate, 

Na2CO3•xH2O.
  FA 5 is bromophenol blue indicator.

   Method

 ● Fill the burette with FA 3.
 ● Pipette 25.0 cm3 of FA 4 into a conical flask.
 ● Add a few drops of FA 5.
 ● Carry out a rough titration and record your burette readings in the space below.

 The rough titre is .............................. cm3.

 ● Carry out as many titrations as you think necessary to obtain consistent results.
 ● Make sure your recorded results show the precision of your practical work.
 ●  Record, in a suitable form below, all of your burette readings and the volume of FA 3 

added in each accurate titration.

 [7]

I

II

III

IV

V

VI

VII
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 (e) From your accurate titration results, calculate a suitable mean value to use in your  
calculations. Show clearly how you obtain the mean value.

 25.0 cm3 of FA 4 required .............................. cm3 of FA 3. [1]

 (f) Calculations

  (i) Give your answers to (f)(ii), (f)(iii) and (f)(iv) to an appropriate number of significant 
figures. [1]

  (ii) Calculate the amount, in mol, of hydrochloric acid present in the volume of FA 3 you 
calculated in (e).

 amount of HCl = .............................. mol [1]

  (iii) Use the equation for the neutralisation to deduce the amount, in mol, of  
sodium carbonate present in 25.0 cm3 of Na2CO3•xH2O.

 amount of Na2CO3 = .............................. mol

   Hence calculate the amount, in mol, of sodium carbonate in 1.00 dm3 of Na2CO3•xH2O.

 amount of Na2CO3 in 1.00 dm3 = .............................. mol  
[1]

  (iv) Calculate the value of x in the sample of Na2CO3•xH2O.
   Show your working.

 x = .............................. [1]
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 (g) The aqueous solution of Na2CO3•xH2O, FA 4, was prepared by weighing and dissolving the 
solid to make 1.00 dm3 of solution.

  Mass of container + Na2CO3•xH2O  = 32.509 g
  Mass of empty container  = 18.209 g
  Mass of Na2CO3•xH2O  = 14.300 g

  (i) State the maximum uncertainty in a single balance reading for the balance used.

 maximum uncertainty = ± .............................. g

   Calculate the maximum percentage uncertainty in this mass of Na2CO3•xH2O.
   Show your working.

 maximum percentage uncertainty = ± .............................. % 
[1]

  (ii) Using the method in Experiment 2 a student calculated the relative formula mass, Mr, of 
Na2CO3•xH2O to be 242.2. Assume that the uncertainty in the mass of FA 4 is the only 
source of error in the experiment.

   Calculate the maximum value for the relative formula mass of FA 4.

 maximum value for the relative formula mass of FA 4 = .............................. [1]

 [Total: 23]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:
●	 colour changes seen
●	 	the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added
●	 	the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 
must be given.

If any solution is warmed, a boiling tube must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

2 (a) FA 6, FA 7 and FA 8 are salts each of which contains nitrogen. Each of the nitrogen-containing 
ions is different and all are shown in the Qualitative analysis notes.

  (i) List the nitrogen-containing ions for which you will test.

   .........................  and ......................... and ......................... .

   Select reagents to positively identify the nitrogen-containing ions in each salt. Record 
your tests and the results with each salt in a suitable table in the space below.

 [8]
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  (ii) Use your observations in (a)(i) to determine the formulae of the nitrogen-containing ions 
present in FA 6, FA 7 and FA 8.

 
   FA 6 ......................... FA 7 ......................... FA 8 ......................... [1]

 (b) FA 9 and FA 10 contain the same element. You will identify this element by carrying out tests.

  (i) Test 1

   Heat a small spatula measure of FA 9 in a hard-glass test-tube. Heat until the reaction 
stops.

   After heating, leave the tube to cool and keep it for Test 2. You may wish to start 
(b)(ii) while you wait.

   Record your observations.

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

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

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

   Name one product of the reaction.

product ..............................

   Test 2

   To the cooled solid product of Test 1, add a 2–3 cm depth of distilled water. Shake the 
test-tube and then leave the contents to settle.

   Record your observations.

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

 ...........................................................................................................................................
[3]

  (ii) To a very small spatula measure of FA 9 in a test-tube, add about a 2 cm depth of dilute 
sulfuric acid and about a 2 cm depth of distilled water. Shake to dissolve the FA 9 and 
produce FA 9(aq).

   You will use FA 9(aq) in Test 3 and Test 4.

   Test 3

   To a 1 cm depth of aqueous iron(II) sulfate in a test-tube, add a few drops of FA 9(aq).

   Record your observations.

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

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



9

9701/35/O/N/23© UCLES 2023

   Test 4

   To a 1 cm depth of aqueous potassium iodide in a test-tube, add a few drops of FA 9(aq).

   Record your observations.

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

 ...........................................................................................................................................
 [2]

  (iii) To a small spatula measure of FA 10 in a test-tube, add distilled water to dissolve the 
FA 10. This solution is FA 10(aq). 

   To a 1 cm depth of FA 10(aq), add aqueous sodium hydroxide.

   Record your observations.

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

 .....................................................................................................................................  [2]

  (iv) Identify the element that is present in FA 9 and FA 10.

   element ..............................  [1]

 [Total: 17]



10

9701/35/O/N/23© UCLES 2023

Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming
–

barium, Ba2+(aq) faint white ppt. is observed unless 
[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 
low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 
giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 
giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl –(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br –(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

1 When hydrogen peroxide is decomposed by a suitable catalyst, oxygen and water are produced. 
You will determine the concentration of a solution of hydrogen peroxide by decomposing it and 
measuring the mass of oxygen produced.

 FB 1 is aqueous hydrogen peroxide, H2O2.
 FB 2 is the catalyst, manganese(IV) oxide, MnO2.

 (a) Method

 ● Use the measuring cylinder to transfer 25.0 cm3 of FB 1 into a conical flask.
 ● Weigh the conical flask containing FB 1. Record the mass.
 ● Weigh the container with FB 2. Record the mass.
 ● Tip all the FB 2 into the conical flask. Swirl the flask gently.
 ● Weigh the container with any residual FB 2. Record the mass.
 ● Calculate the mass of FB 2 added. Record the mass.
 ● Leave the conical flask and its contents to stand for 30 minutes. Swirl the flask 

occasionally.

While the reaction is taking place, begin work on Question 2 or Question 3.

 ● When the reaction is complete, weigh the flask and its contents. Record the mass.

You will use FB 1 in Questions 2 and 3.

 [3]

 (b) Calculations

  (i) Calculate the mass of oxygen liberated.

 mass of oxygen = .............................. g [1]

  (ii) Give the equation for the decomposition of hydrogen peroxide in (a). Include state 
symbols.

 .....................................................................................................................................  [1]

I

II

III
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  (iii) Calculate the concentration, in mol dm–3, of hydrogen peroxide in FB 1.

 concentration of H2O2 in FB 1 = .............................. mol dm–3 [2]

  (iv) The “volume strength” of hydrogen peroxide is equal to the volume of oxygen, in 
dm3, produced at room conditions, when 1.00 dm3 of a solution of hydrogen peroxide is 
completely catalytically decomposed.

   Use your answer in (b)(iii) to calculate the volume, in dm3, of oxygen produced when 
1.00 dm3 of FB 1 decomposes at room conditions. Your answer to this calculation is 
numerically equal to the “volume strength”, in vol, of solution FB 1. Show your working.

 “volume strength” of H2O2 in FB 1 = .............................. vol [1]

 (c) (i) Describe the observation to determine whether or not the decomposition of hydrogen 
peroxide in FB 1 is complete.

   Explain your answer.

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

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

 .....................................................................................................................................  [1]

  (ii) A student suggests that the experiment in (a) would be more accurate if a loose-fitting 
plug of cotton wool was pushed gently into the mouth of the conical flask during the 
reaction.

   State whether the student is correct. Explain your answer.

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

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

 .....................................................................................................................................  [2]

  (iii) Deduce the mass of manganese(IV) oxide, FB 2, left in the conical flask at the end of 
the experiment. Explain your answer.

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

 .....................................................................................................................................  [1]

 [Total: 12]
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2  The concentration of a solution of hydrogen peroxide can also be determined by titration with 
acidified potassium manganate(VII). The equation for the reaction is shown below.

2MnO4
–(aq) + 5H2O2(aq) + 6H+(aq)    2Mn2+(aq) + 5O2(g) + 8H2O(l)

 
 FB 1 is aqueous hydrogen peroxide, H2O2.
 FB 3 is 0.0180 mol dm–3 potassium manganate(VII), KMnO4. 
 FB 4 is dilute sulfuric acid, H2SO4.

 (a) Method

  Dilution of FB 1

 ● Pipette 10.0 cm3 of FB 1 into the 250 cm3 volumetric flask.
 ● Make the solution up to the mark using distilled water.
 ● Shake the flask thoroughly.
 ● This diluted solution of hydrogen peroxide is FB 5. 

  Titration

 ● Fill the burette with FB 3.
 ● Pipette 25.0 cm3 of FB 5 into a clean conical flask.
 ● Rinse out the measuring cylinder with distilled water. Use the measuring cylinder to 

transfer 20 cm3 of FB 4 into the same flask. 
 ● Perform a rough titration and record your burette readings in the space below.

 The rough titre is .............................. cm3.

 ● Carry out as many accurate titrations as you think necessary to obtain consistent results.
 ● Make sure any recorded results show the precision of your practical work.
 ● Record, in a suitable form below, all your burette readings and the volume of FB 3 added 

in each accurate titration.

 [7]

I

II

III

IV

V

VI

VII



5

9701/36/O/N/23© UCLES 2023 [Turn over

 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 
Show clearly how you obtained the mean value.

 25.0 cm3 of FB 5 required .............................. cm3 of FB 3. [1]   

 (c) Calculations
 
  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to the appropriate number of significant 

figures. [1]

  (ii) Calculate the amount, in mol, of potassium manganate(VII) present in the volume of 
FB 3 calculated in (b).

 amount of KMnO4 = .............................. mol [1] 

  (iii) Use your answer to (c)(ii) and the equation on page 4 to calculate the amount, in mol, of 
hydrogen peroxide in FB 5 used in each titration. 

 amount of H2O2 = .............................. mol [1]

  (iv)  Calculate the concentration of hydrogen peroxide in FB 1, in mol dm–3.

 concentration of H2O2 in FB 1 = .............................. mol dm–3 [1]

 (d) (i) State which procedure, the method you used in 1(a) or the method you used in 2(a), 
gives a more accurate value for the concentration of H2O2 in FB 1. 

   Explain your answer.

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

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

 .....................................................................................................................................  [1]

  (ii) The uncertainty in reading a 25 cm3 pipette is ±0.06 cm3.
   Explain why this pipette is more accurate than a burette for measuring 25.0 cm3 of a 

solution.

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

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

 .....................................................................................................................................  [1]

 [Total: 14]
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Qualitative Analysis

For each test you should record all your observations in the spaces provided. 

Examples of observations include:
 ● colour changes seen 
 ● the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added 
 ● the formation of any gas and its identification (where appropriate) by a suitable test. 

You should record clearly at what stage in a test an observation is made. 

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 
must be given. 

If any solution is warmed, a boiling tube must be used. 

Rinse and reuse test-tubes and boiling tubes where possible. 

No additional tests should be attempted. 

3 (a) FB 6 is a solution containing one cation and one anion. The anion is listed in the Qualitative 
analysis notes.

  FB 7 is aqueous sodium thiosulfate, Na2S2O3.

  (i) To a 1 cm depth of FB 7 in a test-tube, add an equal volume of FB 6. 
   Record the first change you observe.
   Wash out your test-tube with plenty of tap water as soon as you finish this test.

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

 .....................................................................................................................................  [1]

  (ii) Carry out tests to identify the anion in FB 6. The anion does not contain carbon or sulfur. 
   Record details of your tests and all your observations in a suitable form below. 

 [3]

  (iii) Give the formula of FB 6.

   FB 6 is .............................. . [1]
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 (b) FB 8 is a solution containing one cation and one anion, both of which are listed in the 
Qualitative analysis notes.

  FB 1 is aqueous hydrogen peroxide.

  (i) Use a 1 cm depth of FB 8 for the following tests. Record your observations in Table 3.1.

 Table 3.1

test observation

Test 1
Add aqueous ammonia.

Test 2
Add aqueous barium nitrate or aqueous 
barium chloride, then

add dilute hydrochloric acid.

Test 3
Add an equal volume of FB 1, then

add aqueous sodium hydroxide.

Test 4
Add a few drops of acidified aqueous 
potassium manganate(VII).

 [5]

  (ii) Give the ionic equation for the reaction of FB 8 in Test 1. Include state symbols.

 .....................................................................................................................................  [2]
     
  (iii) Test 3 involves a redox reaction. 
   Using your observations, justify the statement that a redox reaction has taken place.

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

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

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

 .....................................................................................................................................  [2]

 [Total: 14]
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq) NH3(aq)

aluminium, Al 3+(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH4
+(aq) no ppt.

ammonia produced on warming
–

barium, Ba2+(aq) faint white ppt. is observed unless 
[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 
low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 
giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 
giving dark blue solution

iron(II), Fe2+(aq) green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(III), Fe3+(aq) red-brown ppt. insoluble in excess red-brown ppt. insoluble in excess

magnesium, Mg2+(aq) white ppt. insoluble in excess white ppt. insoluble in excess

manganese(II), Mn2+(aq) off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn2+(aq) white ppt. soluble in excess white ppt. soluble in excess

2 Reactions of anions

anion reaction

carbonate, CO3
2– CO2 liberated by dilute acids

chloride, Cl –(aq) gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide, Br –(aq) gives cream / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate, NO3
–(aq) NH3 liberated on heating with OH–(aq) and Al foil

nitrite, NO2
–(aq) NH3 liberated on heating with OH–(aq) and Al foil;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+
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3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.022 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)
Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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