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5. Element X forms compounds with two common ions: X+ and X3+. Which group is element  
             X likely to be in? 
 
             (a)          1 
             (b)          2 
             (c)          13 
             (d)          15 
             (e)          17 
 
 
6. Why does a catalyst increase the rate of reaction? 
 
             (a)          Decreases activation energy of the reaction 
             (b)          Increases the temperature of the reactants 
             (c)          Increases the concentration of the reactants 
             (d)          Decreases the pressure of the system 
             (e)          Decreases the surface area of the reactants 

 

7. Acid number is a commonly used metric in the paint industry. It is defined as the mass (in    
            mg) of potassium hydroxide required to completely neutralise the acid in 1 g of paint.  
            A paint has an acid number of 185. What volume of 0.100 M KOH is required to    
            completely neutralise 0.5 g of that paint? 
 

(a) 1.65 mL 
(b) 3.30 mL 
(c) 16.5 mL 
(d) 18.5 mL 
(e) 33.0 mL 

 
 
8. Phosphoric acid is a triprotic acid. What mass of Ca(OH)2 would be required to neutralise  
            100 mL of a 1 mol L−1 solution of phosphoric acid (H3PO4)? 

 
             (a)          3.7 g 
             (b)          4.9 g 
             (c)          7.4 g 
             (d)          11.1 g 
             (e)          22.2 g 

 
 
9. Consider four elements: calcium, oxygen, potassium and sulfur. What would be the correct  
            order if they were arranged according to increasing electronegativity? 
 
             (a)          Calcium < oxygen < potassium < sulfur 
             (b)          Calcium < potassium < sulfur < oxygen 
             (c)          Oxygen < sulfur < potassium < calcium 
             (d)          Potassium < calcium < oxygen < sulfur 
             (e)          Potassium < calcium < sulfur < oxygen 
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          (v)    Draw all potential products of the following reaction: 
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Question 18 
 

An important property of metallic elements is their ability to bond to one or more molecules or ions 
to form metal complexes. Metal complexes may have an overall positive, negative or neutral charge 
depending on the charge on the metal and which molecules or ions are bound to it. Originally, many 
compounds now understood to contain metal complexes were thought of as “adducts” – compounds 
consisting of two chemically distinct species in a fixed ratio. For example, CoCl3:6NH3 was thought 
of as an adduct of CoCl3 and ammonia in a 1:6 ratio.  
 
(a)  What is the charge on the cobalt ion in CoCl3? 

 

 

 

Despite appearing to consist of two pre-existing compounds in fixed ratios, these ‘adducts’ show 
different reactivity from their component parts. In the late 19th century, Sophus Mads Jørgensen 
investigated the reactivity of CoCl3:6NH3 with solutions of hydrochloric acid and silver nitrate. 
 

(b)  Write balanced chemical equations for the following reactions: 

       (i)     Mixing aqueous solutions of CoCl3 and AgNO3 (a precipitate of AgCl is one of the    
                products) 

 

 

 

 

 

       

         (ii)     Mixing ammonia with hydrochloric acid. 
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(i)   Use the data above to answer the following questions. You will need to use similar reasoning to  
        that outlined in the earlier parts of the question. 

        (i)     Write formulae for PtCl2:4NH3, PtCl2:3NH3, and PtCl2:2NH3 that reflect the fact that they  
                contain complex ions. 

 

 

 

 

 

 

        (ii)     The concept of coordination number refers to the number of molecules or ions directly  
                 bonded to the metal centre. For example, the ion [CoCl(NH3)5]2+ has a coordination   
                 number of 6. What is the coordination number of this series of platinum complexes? 
 

 

 

 

        (iii)     Based on the trend in the first three compounds, and considering the experimental data    
                   predict the formula of the complex ion in PtCl2:NH3:KCl. 

 

 

 

 

 

 

 
        (iv)     Predict the formula for A given that it contains potassium, chlorine and a Pt2+ ion  
                   with the same coordination number as in part (ii), but contains no ammonia. 
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Boiling a solution of PtCl2 in ethanol followed by the addition of potassium chloride produces 
yellow crystals of a substance first isolated in the early 19th century. These yellow crystals react 
vigorously with both oxygen gas and hydrogen gas but not with silver nitrate. At the time of its 
discovery, elemental analysis was not possible for all elements but the following percentage 
composition by mass data was found: Pt 50.46%, Cl 27.51%, C 6.21% O 4.14%, H 1.56%. Later 
studies showed that the Pt2+ ion also has the same coordination number as in part (ii).  
 
        (v)     Predict the formula for these yellow crystals. 
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