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1   Titanium is used for hip replacements.  
     
 (a)  Titanium’s strength comes from its metallic structure as shown in Fig. 11.1. 

 

 
 
Use Fig. 1.1 to explain why the metallic bonds in titanium are very strong. 
 [2] 

     
 (b)  Titanium is a transition metal. Calcium is not a transition metal. 

 
Which two statements are correct about both calcium and titanium? 
 
Tick (✓) two boxes. 
 
They both conduct electricity. 
 
They both form cations. 
 
They both form coloured ions in solution. 
 
They both form ions with several different charges. 
 
They both react with cold water. 
 [2] 

     
 (c)  Titanium can be made from titanium oxide by two methods. 

 

 
 
The atom economies of the two methods can be compared using this equation: 
 
atom economy = x 100% 
 
  

     
  (i) What does atom economy tell us about a reaction? [1] 
     

Method 1 uses magnesium reacting with titanium oxide: 
2Mg + TiO2 Ti  + 2MgO 

Method 2 uses the electrolysis of titanium oxide: 
TiO2 Ti +  O2 

mass of atoms in desired product 

Total mass of atoms in react 
 



  (ii) Calculate the atom economy of Method 2. 
 
Give your answer to 2 significant figures. 
 
 
 
                                                
 
                                              Atom economy = ................................................... % [3] 

     
  (iii) Explain, without further calculation, which method has the higher atom 

economy. [1] 
     
  (iv) Jamal and Mia discuss atom economy. 

 

 
Evaluate Jamal and Mia’s comments. 
 [3] 

     
 (d)  Magnesium oxide (MgO) is formed in Method 1. 

 
Complete Fig. 11.2 to show the ‘dot and cross’ diagrams for an Mg2+ ion and an 
O2– ion. 
 
Show all the electrons. 
 

 2+ 2– 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.2 
 
 [2] 

 

Total Marks for Question Set 35 : 14 
 

The method with the higher 
atom economy is more 
environmentally friendly. 

It’s not possible to say. 

Jamal Mia 
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