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CHEMICAL BONDING 
SUMMARY NOTES & PRELIM QUESTIONS 

 

CONCEPT 1 CHEMICAL BONDING 

 

1 Y3EOY/DHS/2008/I/10 
 
The table below gives the atomic structures of four particles. 
 

 Particles 

E F G H 

Protons 7 7 8 8 

Neutrons 7 8 8 9 

Electrons 10 7 10 8 

 
Which particles will combine with each other to form a molecule? 
 
A E and H 
B F and G 
C 2 F 
D 2 G 

 

 

2 Y3EOY/DHS/2009/I/8 
 
The chemical formula of barium oxide is BaO. The chemical formula of sodium 
manganate(VII) is NaMnO4. Predict the chemical formula of barium manganate(VII). 
 
A BaMnO4 

B Ba(MnO4)2 

C Ba2MnO4 
D Ba(MnO4)4 
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3 H2/2010/I/6 
 
Which diagram best represents the structure of solid magnesium oxide? 
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4 The diagram below shows the arrangement of ions in a compound. The metal ions (M) 
are represented by • and the non-metal ions (X) by O. 
 

 
 
What is the simplest formula of this compound? 
 
A M2X 
B MX 
C MX2 
D MX6 

 

 

5 An element Z forms a bromide with formula ZBr3, which has a melting point of 20 ℃ and 
a boiling point of 59 ℃. State or deduce, 
 

 (a) The physical state of the bromide formed at room temperature. 
   
   

   
 (b) The type of bonding present in ZBr3. 
   
   

   
 (c) The valency of Z. 
   
   

   
 (d) Explain your answer in (c). 
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6 The diagram below shows the outmost shell electrons of an atom of element R from 
Period 3. 

 
 (a) What type of element is R? 
   
   

   
 (b) Draw a “dot and cross” diagram to show the bonding in the compound of R with 

chlorine. Your diagram show the outermost shell electrons only. 
 
 
 
 
 
 
 
 
 
 

 (c) (i) Write the formula for the compound of element R with potassium. 
    
    

    
  (ii) Predict the type of bonding present in the compound of R with potassium. 
    
    

    
  

R 

X X 

X X 

X X 
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CONCEPT 2 STRUCTURE AND PHYSICAL PROPERTIES 

 
 Ionic Substances Metallic Substances Covalent Substances 

Simple Molecular Giant Molecular Giant Molecular Layered 

Chemical 
Structure 

Giant ionic lattice structure 
(e.g. NaC𝑙, MgO, FeSO4 etc.) 
 

• Consists of oppositely 
charged ions held together 
by strong electrostatic 
forces of attraction 

 

 

Giant metallic lattice structure 
(e.g. Na, Mg, Cu etc.) 
 

• Consists of metallic 
cations in a sea of 
delocalised electrons held 
together by strong 
electrostatic forces of 
attraction 

 

 

Simple molecular structure 

(e.g. HC𝑙, I2, P4, CH4 e.g.) 
 

• Consists of discrete simple 
molecules held together by 
weak intermolecular 
forces of attraction 

 

 
 

 

Giant molecular structure 
(e.g. diamond, Si, SiO2, SiC 
etc.) 
 

• Consists of atoms held 
together by extensive 
covalent bonds in a giant 
3-dimensional structure 

 

 
 

 

Giant molecular layered 
structure (e.g. graphite, BN etc.) 
 

• Consists of atoms held 
together by covalent 
bonds in giant extensive 
flat parallel layers, with 
adjacent layers held 
together by weak 
intermolecular forces of 
attraction 

 

 

Melting and 
Boiling 
Points 

High melting and boiling 
points 
 

• A large amount of energy is 
required to overcome the 
strong electrostatic forces 
of attraction between 
oppositely charged ions.  

 

High melting and boiling 
points 
 

• A large amount of energy is 
required to overcome the 
strong electrostatic 
forces of attraction 
between cations and sea 
of delocalised electrons 

Low melting and boiling points 
 

• A small amount of energy 
is required to overcome the 
weak intermolecular 
forces of attraction 
between simple 
molecules 

Very high melting and boiling 
points 
 

• A very large amount of 
energy is required to 
overcome the extensive 
covalent bonds between 
all atoms in the giant 3-
dimensional structure 

High melting and boiling 
points 
 

• A large amount of energy is 
required to overcome the 
extensive covalent bonds 
between atoms in each 
layer 
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 Ionic Substances Metallic Substances Covalent Substances 

Simple Molecular Giant Molecular Giant Molecular Layered 

Electrical 
Conductivity 

Non-conductor in solid state 
but good conductor in molten 
or aqueous state 
 

• In solid state, ions can 
only vibrate about fixed 
positions, hence they are 
not mobile to conduct 
electricity 

• In molten or aqueous 
state, there is a presence 
of free mobile ions to 
conduct electricity 

Good electrical conductor in 
solid and molten state 
 

• Presence of mobile 
delocalised electrons to 
conduct electricity 

Non-conductor 
 

• Absence of free mobile ions and mobile electrons 

Good electrical conductor  
 

• Non-bonding electrons of 
atoms are delocalised 
over each plane of layers 
to conduct electricity 

Solubility Generally soluble in water and 
insoluble in non-polar organic 
solvents 

Generally soluble in water due 
to chemical reactions 

Insoluble in water but soluble 
in non-polar organic solvents 

Insoluble in both polar and non-polar solvents 

Special 
Properties 

   Extremely hard 
 

• Atoms are held together 
by extensive strong 
covalent bonds in the 
giant 3-dimensional 
structure 

• Used as a cutting tool 

Soft and slippery 
 

• Adjacent layers are held 
together by weak 
intermolecular forces of 
attraction, hence layers 
can slide over each other 
easily 

• Used as a lubricant for 
machinery 
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7 Y3EOY/DHS/2008/I/9 
 
When heated, solid iodine readily sublimes to form iodine vapour. What does this 
information suggest about the nature of the particles in these two physical states of 
iodine? 
 
 Solid Vapour 
A Atomic Molecular 
B Atomic Atomic 
C Molecular Molecular 
D Molecular Atomic 

 

 

8 Copper and iodine are both shiny crystalline solids. The crystal structures of copper and 
iodine are both face-centred cubic. The diagram shows the arrangement of the particles 
in this type of crystal lattice. 
 

 
 
What are the particles present in each lattice? 
 
 copper  iodine 
A atoms anions 
B atoms atoms 
C cations atoms 
D cations molecules 

 

 

9 A compound X contains chlorine and one other element. Which one of the following 
properties of X indicates most clearly whether the bonds in X are ionic or covalent? 
 
A X is a crystalline solid at room temperature. 
B X does not conduct electricity when solid. 
C X conducts electricity when molten. 
D X is almost insoluble in water. 

 

 

10 Which of the following substances is a compound and forms crystals containing simple 
molecules? 
 
A Copper 
B Magnesium oxide 
C Iodine 
D Ice 
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11 Y3EOY/DHS/2009/III/1 
 
The table below shows the properties of four substances, M, N, P and Q. Study the table 
and answer the following questions. 
 

Substance M N P Q 

Appearance Black solid Lustrous, 
silvery solid 

Yellow 
crystals 

White 
crystals 

Melting point/ ℃ 3974 419 113 Decomposes 

Appearance after 
heating for 10 minutes 

No effect Silvery solid Brown solid Decomposes 

Solubility in water Insoluble Insoluble Insoluble Soluble 

Solubility in kerosene Insoluble Insoluble Soluble Insoluble 

Electrical conductivity of 
solid 

Good Good Zero Zero 

Electrical conductivity of 
molten substance 

Not 
applicable 

Good Zero Not 
applicable 

 
 

 (a) A student proposed that substance M is copper(II) oxide, a black powder. Do you 
agree with the student? Give a reason to support your answer. 

   
   

   

   
 (b) (i) Give one evidence to show that substance N is a metal. 
    
    

    
  (ii) Draw a simplified structure to show the bonding in a crystal of substance N. 

Label the particles clearly. 
 
 
 
 
 
 
 
 
 
 

 (c) Explain, in terms of structure, why substance P has a low melting point. 
   
   

   

   

   
 (d) Explain why when water is added to P, the resulting mixture cannot conduct 

electricity. 
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 (e) From the information provided, state with two reasons, what do you think is the 
likely identity of M. 

   
   

   

   

   

   

   
 

12 Y3EOY/DHS/2010/III/1 
 
The table gives some information about some substances. 
 

Substance Melting point/ 
℃ 

Boiling point/ 
℃ 

Electrical 
conductivity in 
aqueous 
solution 

Solubility in 
water 

Magnesium 
chloride 

714 1412 Very good Soluble 

Ammonia -78 -33 Poor Very soluble 

 
 

 (a) What is the physical state of ammonia at room temperature and pressure? 
   
   

   
 (b) Construct a “dot and cross” diagram to show the bonding in NH3. Your diagram 

show the outermost shell electrons only. 
 
 
 
 
 
 
 
 
 
 

 (c) Ammonia dissolves in water to form an alkaline solution. 
 

  (i) Give the formula of the ion which causes the alkalinity. 
    
    

    
  (ii) Describe what is observed when excess aqueous ammonia is added to 

aqueous zinc sulfate. 
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 (d) Compare the melting points of ammonia and magnesium chloride. Explain, in terms 
of their structures, why they have such different melting points. 

   
   

   

   

   

   

   

   
 (e) An electrolyte is a liquid or solution which conducts electricity. Explain why an 

aqueous solution of magnesium chloride is a good electrolyte while an aqueous 
solution of ammonia is a weak electrolyte. 
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13 Y3EOY/DHS/2010/II/4 
 
The set-up below is used to investigate the neutralisation of dilute sulfuric acid with 
aqueous barium hydroxide. Aqueous barium hydroxide is added from a burette, 1 cm3 
each time, to the sulfuric acid in a beaker. After each addition, the conductivity of the 
solution in the beaker is measured with the ammeter. 
 

 
 
The graph shows how the conductivity of the solution in the beaker changes with 
increasing volume of aqueous barium hydroxide added. 
 

 (a) Write an equation for the reaction between the sulfuric acid and aqueous barium 
hydroxide. 

   
   

   
 (b) Describe and explain the change in the conductivity of the solution in the beaker 

when the first 4 cm3 of the aqueous barium hydroxide is added. 
   
   

   

   

   

   

   

   

   
 (c) State one observation when aqueous barium hydroxide was added to the sulfuric 

acid. 
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Answers 

 

1 C 
2 B 
3 C 
4 B 
5 (a) Liquid 
 (b) Covalent bond 
 (c) 3 
 (d) Bromine has a valency of one. Thus, Z forms 3 covalent bonds with 3 bromine 

atoms. 
6 (a) Not metal or non-metallic 
 (b) Deduct 1 mark for no or wrong key, or if R and C𝑙 are not of similar sizes. 
 (c) (i) K2R 
  (ii) Ionic bonding 
7 C 
8 D 
9 C 
10 D 
11 (a) No. M is able to conduct electricity in solid state. However, copper(II) oxide is an 

ionic compound with no mobile ions or electrons to conduct electricity in solid state. 
 (b) (i) Good conductor of electricity. 
  (ii) 

 
 (c) It has a simple molecular structure. A small amount of heat energy is required to 

overcome the weak intermolecular forces of attraction between the molecules. 
Therefore, it has a low melting point. 

 (d) It is insoluble in water. Therefore, there is no mobile ion.  
 (e) Graphite. It has free-moving electrons, thus allowing it to conduct electricity. It has 

a very high melting point of 3974 ℃ as a very large amount of heat energy is 
required to break the covalent bonds. 

12 (a) Gaseous state 
 (c) (i) OH- 

  (ii) White precipitate formed, which is soluble in excess aqueous ammonia to 
form a colourless solution. 

 (d) Ammonia has a lower melting point than magnesium chloride. Ammonia exists as 
simple molecules, where small amount of heat energy is needed to overcome 
weak intermolecular forces of attraction between the simple molecules. 
Magnesium chloride is an ionic compound. A large amount of heat energy is 
needed to overcome the strong electrostatic forces of attraction between 
oppositely charged magnesium and fluoride ions. 

 (e) Magnesium chloride completely dissociates in water. There is a high concentration 
of ions which are mobile to conduct electricity. Ammonia is a weak alkali which 
only partially ionises and dissociates in water. There is a lower concentration of 
ions in solution as compared to that of magnesium chloride solution. 

https://chemnotcheem.com/


13 
Chem Not Cheem: Chemical Bonding Prelim Questions and Answers  

Find in-depth notes, question analyses and solutions at https://chemnotcheem.com/ 

13 (a) H2SO4 + Ba(OH)2 → BaSO4 + 2H2O 
 (b) The conductivity decreases to zero when the first 4 cm3 of alkali is added. This is 

because as alkali is added, insoluble barium sulfate and water are formed. As 
insoluble barium sulfate cannot dissociate in water to produce mobile ions, hence 
the concentration of mobile ions in the mixture decreases. 

 (c) White precipitate is formed. 
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