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1 The concentration of hydrogen peroxide may be given in mol dm–3 or as ‘volume strength’. You will 
determine the concentration of hydrogen peroxide in mol dm–3 and in ‘volume strength’ by a gas 
collection method.

  Hydrogen peroxide decomposes to form water and oxygen. The reaction is much faster in the 
presence of a catalyst such as manganese(IV) oxide.

2H2O2(aq)   2H2O(l)  +  O2(g)

  µ9oluPe strength¶ is defined as the YoluPe oI o[\gen in cP3 produced from the decomposition 
of 1.0 cm3 of hydrogen peroxide at room temperature and pressure. For example, 1.0 cm3 of 
‘100 volume’ hydrogen peroxide will produce 100 cm3 of oxygen.

FA 1 is a solution of hydrogen peroxide, H2O2.
FA 2 is manganese(IV) oxide, MnO2.

(a) Method

  Read the whole method before starting any practical work.

  The diagram below may help you in setting up your apparatus.

clamp
clamp

water
X

 Ɣ  )ill the tuE Zith Zater to a depth oI aEout � cP.
 Ɣ  )ill the ��� cP3 measuring cylinder completely with water. Hold a piece of paper towel 

firmly over the top, invert the measuring cylinder and place it in the water in the tub.
 Ɣ  5ePoYe the paper toZel and claPp the inYerted Peasuring c\linder so that the open end 

is in the water just above the base of the tub.
 Ɣ  5inse the �� cP3 measuring cylinder with a little FA 1 then use it to transIer ��� cP3 of FA 1

into the reaction flask labelled X.
 Ɣ  ChecN that the Eung Iits tightl\ in the necN oI IlasN X, clamp flask X and place the end of 

the deliYer\ tuEe into the inYerted ��� cP3 measuring cylinder.
 Ɣ  5ePoYe the Eung IroP the necN oI the IlasN. 7ip FA 2 into the hydrogen peroxide and 

replace the bung immediately. 5ePoYe the IlasN IroP the claPp and sZirl it to Pi[ the 
contents. 6Zirl the IlasN occasionall\ until no Pore gas is giYen oII. 5eplace the IlasN in 
the clamp.

 Ɣ  Measure and record the Iinal YoluPe oI gas in the Peasuring c\linder in the space EeloZ.

Keep FA 1 for use in Question 2.

  Result

[2]
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(b) Calculations

  6hoZ \our ZorNing and appropriate significant figures in the final ansZer to each step of your 
calculations.

(i) Use the information on page 2 to calculate the ‘volume strength’ of FA 1.

‘volume strength’ of FA 1 = ............................

(ii)  Calculate the nuPEer oI Poles oI o[\gen collected in the Peasuring c\linder.
 [Assume 1 mole of gas occupies 24.0 dm3 under these conditions.]

moles of O2 = ............................ mol

(iii)  Using your answer to (ii) calculate the number of moles of hydrogen peroxide in the volume 
of FA 1 added to flasN X.

moles of H2O2 = ............................ mol

(iv)  Calculate the concentration oI h\drogen pero[ide, FA 1, in mol dm–3.

concentration of H2O2, FA 1 = ............................ mol dm–3

[4]

PMTPMT
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(c) (i) A source of error in this experiment is that some oxygen escapes before the bung can be 
inserted.

 Suggest a change to the practical procedure given in (a) to reduce this source of error.
 You may draw a diagram as part of your answer.

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

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

(ii)  7he error in reading a �� cP3 measuring cylinder is �.� cP3.

 Calculate the Pa[iPuP percentage error in the YoluPe oI h\drogen pero[ide added to 
flasN X in (a).

maximum percentage error in volume of H2O2 = ............................ %

(iii)  Explain why the presence of 20 cm3 oI air in the ��� cP3 measuring cylinder before the 
start of the experiment would decrease the accuracy of the results obtained in (a).

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

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

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

(d) If you repeated the method described using half the mass of FA 2, what volume of gas would 
you expect to collect? Explain your answer.

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

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

[Total: 11]
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2 You will carry out a second experiment to determine the concentration of hydrogen peroxide, FA 1,
in mol dm–3, E\ titration Zith acidified aTueous potassiuP Panganate�VII). The equation for the 
reaction is given below.

2MnO4
–�aT�  �  �+2O2(aq)  +  6H+(aq)   2Mn2+(aq)  +  8H22�l�  �  �22(g)

FA 1 is a solution of hydrogen peroxide, H2O2.
FA 3 is 0.0300 mol dm–3 potassium manganate(VII), KMnO4.
FA 4 is dilute sulfuric acid.

(a) Method

 Ɣ  )ill the Eurette Zith FA 3.
 Ɣ  3ipette ��.� cP3 of FA 1 into a conical flask.
 Ɣ  8se the �� cP3 measuring cylinder to add approximately 20 cm3 of FA 4 to the conical 

flask.
 Ɣ  3erIorP a rough titration and record \our Eurette readings in the space EeloZ.

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

 Ɣ  Carr\ out as Pan\ accurate titrations as \ou thinN necessar\ to oEtain consistent results.
 Ɣ  MaNe certain an\ recorded results shoZ the precision oI \our practical ZorN.
 Ɣ  5ecord, in a suitaEle IorP EeloZ, all oI \our Eurette readings and the YoluPe oI FA 3

added in each accurate titration.

[7]

(b) From your accurate titration results, obtain a suitable value for the volume of FA 3 to be used 
in your calculations. Show clearly how you obtained this value.

��.� cP3 of FA 1 required ............................ cm3 of FA 3.  [1]

I

II

III

IV

V

VI

VII
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(c) Calculations

  6hoZ \our ZorNing and appropriate significant figures in the final ansZer to each step of your 
calculations.

(i)  Calculate the nuPEer oI Poles oI Panganate�VII) ions present in the volume of FA 3
calculated in (b).

moles of MnO4
– = ............................ mol

(ii)  Calculate the nuPEer oI Poles oI h\drogen pero[ide present in ��.� cP3 of FA 1.

moles of H2O2 = ............................ mol

(iii)  Using your answer to (ii) calculate the concentration, in mol dm–3, of hydrogen peroxide in 
FA 1.

concentration of H2O2 in FA 1 = ............................ mol dm–3

[4]

[Total: 12]

PMTPMT
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3 Qualitative Analysis

  At each stage of any test you are to record details of the following.

● colour changes seen
● the formation of any precipitate
● the solubility of such precipitates in an excess of the reagent added

  :here gases are released the\ should Ee identified E\ a test, described in the appropriate place 
in your observations.

  You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

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

  5inse and reuse test�tuEes and Eoiling tuEes Zhere possiEle.

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

PMTPMT
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 (a)  FA 5, FA 6 and FA 7 are solutions, some of which contain ions that are listed on pages 10 
and 11.

test
observations

FA 5 FA 6 FA 7
(i)  7o a �.� cP depth oI 

solution in a boiling tube 
add aqueous sodium 
hydroxide, then

  warm gently.

Allow to cool, add a piece 
of aluminium foil and warm 
again.

(ii) To a 1 cm depth of solution 
in a test�tuEe add tZo or 
three drops oI acidified 
aqueous potassium 
manganate(VII).

  (Do not use FA 3.)
If no reaction occurs, pour 
the mixture into a boiling 
tube and warm gently.

(iii)  To a 1 cm depth of solution 
in a test�tuEe add a � cP 
depth of ‘10 volume’ 
hydrogen peroxide and 
leave to stand.
(Do not use FA 1.)

(iv) To a 1 cm depth of solution 
in a test�tuEe add a � cP 
depth of dilute hydrochloric 
acid, then

add a 1 cm depth of 
aqueous barium chloride 
or aqueous barium nitrate.

[11]

PMTPMT
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 (b) (i) Identify as many ions present in FA 5, FA 6 and FA 7 as possible from your observations. 
II an ion cannot Ee identified IroP the tests, Zrite µunNnoZn¶ in the space.

cation(s) anion(s)

FA 5

FA 6

FA 7

(ii)  DescriEe another test \ou could carr\ out to confirP the identit\ oI a cation \ou haYe 
identified in (i). 5ecord the reagent�s� and e[pected oEserYation�s� in the space EeloZ.
Do not carry out this test.

(iii)  Write an ionic equation for the reaction that would occur in (ii). Include state symbols.

 .............................................................................................................................................
[6]

[Total:17]
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Qualitative Analysis Notes

1 Reactions of aqueous cations

ion
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 heating –

barium,
Ba2+(aq)

faint white ppt. is nearly always
observed unless reagents are pure no ppt.

calcium,
Ca2+(aq) white ppt. with high [Ca2+(aq)] no ppt.

chromium(III),
Cr3+(aq)

grey-green ppt.
soluble in excess

grey-green ppt.
insoluble in excess

copper(II),
Cu2+(aq)

pale blue ppt.
insoluble in excess

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

PMTPMT
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2 Reactions of anions

ion reaction

carbonate,
CO3

2–

C22 liberated by dilute acids

chloride,
Cl –(aq)

gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br –(aq)

gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I –(aq)

gives 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;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

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

sulfite,
SO3

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

3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carEon dio[ide, C22 gives a white ppt. with limewater (ppt. dissolYes Zith e[cess C22)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

PMTPMT
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