
 

 
 
A Level Chemistry B (Salters) 
H433/02 Scientific literacy in chemistry  
 
 
Question Set 4 
 



 
 
1   Chromium is a metal with many uses, one of which is the production of a shiny 

chromium plating on steel. 
 

Chromium is made from its ore chromite, FeCr2O4, by the following reactions. Iron 
has one of  its common oxidation states in chromite. 

 
4FeCr2O4 + 8Na2CO3 + 7O2 → 8Na2CrO4 + 2Fe2O3 + 8CO2 equation 4.1 

2Na2CrO4 + H2SO4 → Na2Cr2O7 + Na2SO4 + H2O equation 4.2 

Na2Cr2O7 + 2C → Cr2O3 + Na2CO3 + CO equation 4.3 

Cr2O3 + 2Al → Al2O3 + 2Cr equation 4.4 
 
  

 (a) (i) Complete the table below showing the oxidation states of chromium species in 
the  equations above. 

For each equation state whether chromium has been reduced, oxidised or neither. 

 

 

 

 

 

 
 
 

Equation 
no. 

Oxidation 
state of Cr 
in reactant 

Oxidation 
state of Cr 
in product 

Has Cr been 
oxidised, 

reduced or 
neither? 

4.1    

4.2    

4.3    

4.4    
[4] 
 

  (ii) Calculate the maximum mass of chromium (in kg) that could be obtained from 1000 g 
of chromite. 
 
 
 
 
 

mass = kg 
 

[2] 
 

 (b) (i) Chromium plating is carried out using a solution of chromium(III) chloride with a 
graphite anode. 
 
Write the electron configuration of a Cr3+ ion, using sub-shells and atomic orbitals. 
 

[1] 
 

  (ii) Draw a labelled diagram of a simple apparatus to carry out chromium plating of a 
steel object in a student laboratory. [3] 

 
  (iii) Write a half-equation for the cathode reaction in the cell in (b)(ii). [1] 

 



  (iv) A ‘mole of electrons’ is 96 500 coulombs and a coulomb is a current of 1 amp flowing 
for                          1 second. 
 
Calculate the time (in hours) needed to deposit 26 g of chromium at a current of 5.0 
amps  in the cell in (b)(ii). 
 
 
 
 
 
 
 
 
 
 

time =                               hours 
 

[3] 
 

 (c) (i) In a solution of chromium(III) chloride an equilibrium exists, as shown in equation 4.5. 
 
                               [CrCl2(H2O)4]+ + 2H2O            [Cr(H2O)6]3+ + 2Cl –  

                                      green                   violet        equation 4.5 
 
Name the ligands in the green complex. 
 

[1] 
 

  (ii) Some students have a violet solution of chromium(III) chloride. 
 
Use your knowledge of equilibria to suggest and explain how they might make the violet                     
solution turn green. 
 
Give the name of any reagent required. [2] 

 
 
  



 
 (d) (i) The concentration of an ethanol solution can be measured using the following steps. 

 

Some students add acid and 20.0 cm3 of 0.200 mol dm–3 Cr2O72– to 25.0 cm3 of a ‘low-
alcohol’ beer. 
 

They add excess iodide ions and find that the iodine produced reacts with 27.6 cm3 
of 0.100 mol dm–3 Na2S2O3. 
Calculate the concentration of the ethanol in the beer (in mol dm–3) and then the 
percentage of ethanol (in g per 100 cm3). 
 

 

 

 

 

 

 

 
 

concentration of ethanol                          moldm–3 
 

% ethanol =                  g/100 cm3 
 

[6] 
 

  (ii) Suggest one assumption the students have to make when giving their result. [1] 
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