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(a) Using outer electrons only, draw a dot and cross diagram to show the bonding in a hydrogen
peroxide molecule ​(line 3)​.

[1] 

(b) Use the equation for the decomposition of hydrogen peroxide ​(line 8) ​to calculate the
concentration, in mol dm−³, of aqueous hydrogen peroxide solution in a bottle of '20 volume
hydrogen peroxide' at 25 °C.

[1 mol of oxygen occupies 24 dm³ at 25 °C] 

[2] 

Concentration ​= ​. . . . . . . . . . . . . . . . . . . . .  ​mol dm−³ 

(c) Manganese(IV) oxide ​(line 10) ​and potassium manganate(VII) ​(lines 20-21) ​are typical transition
metal compounds.

(i) Give ​two ​reasons why transition metal compounds can act as catalysts.

[2]
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(ii) Explain why transition metal complex ions appear coloured.

[4] QWC [1]

(d) In an acidic solution, hydrogen peroxide is oxidised to oxygen by potassium manganate (VII)
(lines 20-23).

(ii) Use your answer to (i) and the half-equation given in ​line 23 ​to deduce the overall equation for
this reaction.

[2] 

(iii) 20.0 cm³ of an acidified solution of hydrogen peroxide required 14.80 cm³ of a 0.020 mol dm−³
solution of potassium manganate(VII) for complete reaction. Calculate the concentration, in mol
dm−³, of the hydrogen peroxide solution.

[3] 

Concentration ​= ​.  . . . . . . . . . . . . . . . . . .  ​mol dm​−​³ 
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(e) Explain, using oxidation states, why the decomposition of hydrogen peroxide ​(line 27) ​can be
classified as a redox reaction.

[2] 

(Total 18) 

3.​ Many industrial processes use catalysts.

Explain how a catalyst increases the rate of a chemical reaction. 

[2] 

State ​one ​example of an industrially or environmentally important heterogeneous catalyst. You 
should identify the reaction catalysed and name the catalyst. 

[1] 

(Total 3) 
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