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Q1.          (a)     Describe the bonding in, and the structure of, sodium chloride and ice. In each 
case draw a diagram showing how each structure can be represented. Explain, by 
reference to the types of bonding present, why the melting point of these two 
compounds is very different. 

(12) 
 
 
 

(b)     Explain how the concept of bonding and non-bonding electron pairs can be used to 
predict the shape of, and bond angles in, a molecule of sulfur tetrafluoride, SF4. 
Illustrate your answer with a diagram of the structure. 

(8) 
(Total 20 marks) 

  

 
 

  
 
 
 

Q2.          The equation below shows the reaction between boron trifluoride and a fluoride ion. 

BF3 + F– → BF  

(i)      Draw diagrams to show the shape of the BF3 molecule and the shape of the 

BF  ion. In each case, name the shape. Account for the shape of the BF  ion and 
state the bond angle present. 

 
 
 

(ii)      In terms of the electrons involved, explain how the bond between the BF3 molecule 
and the F– ion is formed. Name the type of bond formed in this reaction. 

(Total 9 marks) 

  

 
 

  
 
 
 

Q3.          (a)     Ammonia, NH3, reacts with sodium to form sodium amide, NaNH2, and 
hydrogen. 

(i)      Write an equation for the reaction between ammonia and sodium. 
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............................................................................................................. 

 
 
 

(ii)     Draw the shape of an ammonia molecule and that of an amide ion, NH  

In each case show any lone pairs of electrons. 

NH3                                                  NH  

  

  

  

  

 
 
 

(iii)     State the bond angle found in an ammonia molecule. 

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

 
 
 

(iv)    Explain why the bond angle in an amide ion is smaller than that in an 
ammonia molecule. 

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

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

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

............................................................................................................. 
(6) 

 
 
 

(b)     A salt, X, contains 16.2% by mass of magnesium, 18.9% by mass of nitrogen and 
64.9% by mass of oxygen. 

(i)      State what is meant by the term empirical formula. 

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

............................................................................................................. 
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(ii)     Determine the empirical formula of X. 

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

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

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

............................................................................................................. 
(3) 

(Total 9 marks) 

  

 
 

  
 
 
 

Q4.Which one of the following molecules is not planar? 

A       BF3 

B       NCl3 

C       C2H4 

D       HCHO 
(Total 1 mark) 

 
 
 
 
 

Q5.          Phosphorus and nitrogen are in Group V of the Periodic Table and both elements 

form hydrides. Phosphine, PH3, reacts to form phosphonium ions, , in a similar way to 

that by which ammonia, NH3, forms ammonium ions,   

(a)     Give the name of the type of bond formed when phosphine reacts with an H+ ion. 
Explain how this bond is formed.  

Type of bond ................................................................................................ 

Explanation .................................................................................................. 

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

...................................................................................................................... 
(3) 
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(b)     Draw the shapes, including any lone pairs of electrons, of a phosphine molecule 
and of a phosphonium ion. 
Give the name of the shape of the phosphine molecule and state the bond angle 
found in the phosphonium ion. 

PH3                                                                                            

  

  

  

  

  

  

  

  

Shape of PH3 ...........................              Bond angle in  ........................... 
(4) 

(Total 7 marks) 

  

 
 

  
 
 
 

Q6.In which one of the following species is the shape influenced by the presence of one or more 
lone pairs of electrons? 

A       NH  

B       NH  

C       [CH3NH3]+ 

D       [Co(NH3)6]2+ 

(Total 1 mark) 
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Q7.          (a)     Complete the following table. 
  

  Relative mass Relative charge 

Neutron     

Electron     
 

(2) 
 
 
 

(b)     An atom has twice as many protons as, and four more neutrons than, an atom of 
9Be. Deduce the symbol, including the mass number, of this atom. 

...................................................................................................................... 
(2) 

 
 
 

(c)     Draw the shape of a molecule of BeCl2 and the shape of a molecule of Cl2O. Show 
any lone pairs of electrons on the central atom. Name the shape of each molecule. 

                     BeCl2                                                                Cl2O 

  

  

Name of shape ................................ Name of shape .................................. 
(4) 

 
 
 

(d)     The equation for the reaction between magnesium hydroxide and hydrochloric acid 
is shown below. 

Mg(OH)2(s) + 2HCl(aq) → MgCl2(aq) + 2H2O(l) 

Calculate the volume, in cm3, of 1.00 mol dm–3 hydrochloric acid required to react 
completely with 1.00 g of magnesium hydroxide. 

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

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

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

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

...................................................................................................................... 
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...................................................................................................................... 
(4) 

(Total 12 marks) 
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