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GRADE 11A: Chemistry 1 

Bonding in more detail 

About this unit 
This unit is the first of six units on chemistry for 
Grade 11 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and 
Grade 10A. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already know the 
distribution of mass and charge in atoms and ions up to element 56. They 
should be able to show how electronic structure explains the pattern of 
elements in the periodic table and manipulate quantities such as proton 
number and mass number. They should understand ionic, covalent and 
metallic bonding and explain the properties of elements and compounds in 
terms of bond types. 
 

Expectations 
By the end of the unit, students know that weak bonds caused by dipole 
attraction hold particles together and they know of hydrogen bonding and its 
consequences. They recognise that electron-pair repulsion influences the 
shapes of molecules, describe dative bonding and know that compounds’ 
physical properties depend on their bonding type. They recognise the 
significance of s, p, d and f orbitals and hybrids in bonding and molecular 
shape, and distinguish between σ and π bonds.  

Students who progress further differentiate between the different types of 
dipole interactions. They know that compounds’ physical properties depend 
on their bonding type. They determine the type of bonds formed when 
simple compounds form. 
 

Resources 
The main resources needed for this unit are: 
• molecular modelling kit 
• long thin balloons 
• burettes, charged polythene rods 
• card-sort activity on structure and properties 
• samples of substances with giant lattice structures 
• student copies of the periodic table 
• Internet access 
• models and animations of biomolecules (e.g. DNA) 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• van der Waals’ forces, instantaneous dipole, induced dipole, 

electronegativity 
• coordinate (dative) bond 
• electron-pair repulsion 
• lattice 
• shells, subshells, orbitals, sigma bonds, pi bonds, bond hybridisation 
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Objectives for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

 11A.18.1 Know that permanent and induced molecular dipoles can give rise to 
intermolecular forces (van der Waals’ forces), and explain their 
consequences in terms of physical properties of elements and compounds. 

 

 11A.18.2 Describe hydrogen bonding, using ammonia and water as simple examples 
of molecules containing N–H and O–H groups. 

 

 11A.18.3 Know the importance of hydrogen bonding to the physical properties of 
substances, particularly ice and water, and to the structures of important 
organic molecules such as proteins and nucleic acids. 

 

 11A.18.4 Explain the shapes of simple covalent molecules in terms of electron-pair 
repulsion (including lone pairs) and know how molecular shape can give 
rise to permanent dipoles. 

 

 11A.18.5 Describe coordinate (dative covalent) bonding, as exemplified by the 
formation of the ammonium and hydroxonium ions and in the structure of 
carbon monoxide. 

 

10A.17.10 Explain the differing physical properties 
of covalent and ionic compounds in 
terms of their bonding and be able to 
deduce the type of bond from 
information about physical properties. 

11A.18.6 Account for the differences in physical properties of substances by 
reference to different types of bonding: ionic bonding; covalent bonding; 
hydrogen bonding; other intermolecular interactions; metallic bonding. 

 

10A.17.8 Know that some covalent compounds, 
such as the element carbon and the 
compound silicon(IV) oxide, form giant 
molecular structures. 

11A.18.7 Describe, in simple terms, the differences between the lattice structures of 
crystalline solids which are: ionic, as in sodium chloride; simple molecular, 
as in iodine; giant molecular, as in graphite, diamond or silicon(IV) oxide; 
hydrogen bonded, as in ice; metallic, as in copper. 

 

10A.17.2 Deduce the atomic structure of an 
atom or ion of any given element up 
to barium (56) and show how the 
structures explain the pattern of 
elements in the periodic table. 

11A.18.8 Describe the number and relative energies of the s, p, d and f orbitals for 
the principal quantum numbers 1, 2, 3 and 4, and show how this leads to 
the structure of the periodic table. 

  

 11A.18.9 Describe the shape of the s and p orbitals and their hybrids in atoms such 
as carbon and oxygen. 

 

3 hours 

Intermolecular 
forces 
 

1 hour 

Dative bonding 
 

2 hours 

Structure and 
properties 
 

3 hours 

Electron orbitals 
and hybridisation
 

 

 11A.18.10 Describe covalent bonding in terms of orbital overlap, giving σ (sigma) and 
π (pi) bonds; explain bond shape and angles in ethane, ethene and 
benzene in terms of σ and π bonds. 

 

  11A.18.11 Explain the lack of reactivity of the triple bond (as in nitrogen) in terms of 
bonding theory. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Ask students to think about what holds a liquid such as petrol together. Provide data on the 
boiling points of the noble gases and straight-chain alkanes and ask students to discuss why 
the boiling points increase as the atoms or molecules increase in mass. Molecular modelling 
kits will help to explain the degree of intermolecular forces. Use their ideas to develop the 
concept of temporary/induced dipoles. 

As an extension, you might give boiling points 
for alkanes of the same molar mass but differing 
degrees of branching. 

Enquiry skill 11A.1.1 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

Give students a list of electronegativities of common elements. Ask them to work out the 
polarities of a range of different covalent bonds. 

Present them with sets of data to demonstrate how molecules with similar molar masses can 
have very different melting points (e.g. HCl and propane). Tell them to work in small groups to 
try to account for these differences using their recent work on bond polarities. Ask each group to 
present their interpretation of one data set to the whole class. Draw out the idea of permanent 
dipole interactions in a whole class discussion. 

These examples need to be carefully selected. 

Enquiry skill 11A.1.8 

 

Students need to appreciate the shapes of simple covalent molecules. A simple visualisation 
can be carried out using long thin balloons. Give students three balloons each. Tell them to 
blow one up and twist it in the middle to represent two groups of electrons; this demonstrates a 
bond angle of 180° and a linear shape. The numbers of groups of electrons can be increased 
by twisting in more balloons (e.g. four groups will give a tetrahedral shape that can be linked to 
methane, ammonia and water). For each example, ask students to draw dot and cross 
diagrams of molecules represented by the given number of electron groups and use these to 
derive the bond angle and molecular shape. 

Take care to reinforce that a group of electrons 
can be a single double or triple covalent bond or 
a lone pair of electrons. 

 

Emphasise the importance of molecular shape on molecular dipoles and how this links to 
intermolecular forces using the following activity. Tell students to run samples of water, 
propanone, ethanol, cyclohexane and methylbenzene from burettes into a beaker and to place 
a charged polythene rod next to the jet. Ask them to make a note of whether the liquid jet is 
deflected by the rod. Then ask them to draw structures of the molecules and to interpret their 
results in small discussion groups. 

Enquiry skills 11A.4.1, 11A.4.2  

3 hours 

Intermolecular forces 
Know that permanent and 
induced molecular dipoles 
can give rise to 
intermolecular forces (van der 
Waals’ forces), and explain 
their consequences in terms 
of physical properties of 
elements and compounds. 

Explain the shapes of simple 
covalent molecules in terms 
of electron-pair repulsion 
(including lone pairs) and 
know how molecular shape 
can give rise to permanent 
dipoles. 

Describe hydrogen bonding, 
using ammonia and water as 
simple examples of 
molecules containing N–H 
and O–H groups. 

Know the importance of 
hydrogen bonding to the 
physical properties of 
substances, particularly ice 
and water, and to the 
structures of important 
organic molecules such as 
proteins and nucleic acids. 

Present students with line graphs of: 
• variation in boiling points of the hydrides of group IV, V, VI and VII elements in periods 2–5; 
• variation in the enthalpy changes of vapourisation of the hydrides of group IV, V, VI and VII 

elements in periods 2–5. 

HF, NH3 and H2O all have much higher values than would be predicted from the other elements. 
Ask students to discuss in small groups why this is. Then, as a class, discuss hydrogen 
bonding, particularly why it is so strong compared with other intermolecular forces and what 
special conditions are needed for it to arise. Students can then draw diagrams for water and 
ammonia and explain why ammonia is so soluble in water. You may wish to demonstrate ‘the 
fountain experiment’ at this stage. 

 
 
 

 
 

 
 
 
Safety: Concentrated ammonia solution needs 
to be handled in a fume cupboard. 
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Objectives Possible teaching activities Notes School resources 

Allow students to research on the Internet the impact of hydrogen bonding on the structure of 
ice, the density of ice and the melting point of ice. Tell them to draw up a summary of these 
properties and to link them to the implications for everyday life (e.g. pipes bursting in winter, ice 
floating in cold drinks, icebergs). They could also incorporate an account of why the unusually 
high melting point and density of ice/water are particularly important for life on this planet.  

ICT opportunity: Use of the Internet.  

Ask students to examine models and animations of biomolecules such as DNA and nucleic 
acids to identify where hydrogen bonding exists and its importance in overall molecular shape. 
 

  

1 hour 

Dative bonding 
Describe coordinate (dative 
covalent) bonding, as 
exemplified by the formation 
of the ammonium and 
hydroxonium ions and in the 
structure of carbon monoxide. 
 

Brainstorm student understanding of covalent bonding. Give them the formulae of carbon 
monoxide, ammonium and hydroxonium ions and ask them to draw dot and cross diagrams for 
each. Students could work in pairs on one example and then report back to the whole class. 
Use their answers in class discussion to develop the idea of dative bonding. 

  

Much of this section is revision and consolidation.  

Provide students with a drop and drag activity or sort cards. Tell them their task is to select an 
element or compound (e.g. sodium chloride) and match to it the relevant card giving the 
bonding type and structure. Next get them to add their own cards listing a number of properties 
relating to that substance (e.g. high melting point). Finally, ask them to pass their work to a 
partner who has to explain how the property is related to the bonding type. 

  2 hours  

Structure and properties 
Account for the differences in 
physical properties of 
substances by reference to 
different types of bonding: 
ionic bonding; covalent 
bonding; hydrogen bonding; 
other intermolecular 
interactions; metallic bonding. 

Describe, in simple terms, the 
differences between the 
lattice structures of crystalline 
solids which are: ionic, as in 
sodium chloride; simple 
molecular, as in iodine; giant 
molecular, as in graphite, 
diamond or silicon(IV) oxide; 
hydrogen bonded, as in ice; 
metallic, as in copper. 
 

Allow students to download images of giant lattices from the Internet and use these to make a 
wall display of the different structure types. Alternatively, students could work individually 
matching descriptions to visual representations of structures using cards. 

ICT opportunity: Use of the Internet. 

It would be useful to have a number of models 
and actual samples in the lab for students to see 
and touch (e.g. zinc, copper sulfate, ice, iodine). 
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Objectives Possible teaching activities Notes School resources 

Revisit with students their knowledge and understanding of electron configuration from Grade 
10. Show the class a plot of atomic number versus first ionisation energy (or, if you have time, 
get students to prepare their own). Ask why there is not a regular increase in ionisation energy 
between lithium and neon (and any other examples you care to use). 

 

 

 

 

Using the analogy of a filing cabinet, explain that each shell (drawer) is split into subshells 
(hanging files) and each subshell is further divided into atomic orbitals (folders within the 
hanging file). Each orbital can hold a maximum of two electrons (two sheets of paper). Describe 
the principal quantum numbers, the names of the subshells and the number of orbitals 
associated with each different type of subshell. Finally, show students the relative energy levels 
for each of the subshells. 

Make sure you include information on Hund’s 
rule and Pauli’s exclusion principle. 

 

 

Now get students to fill in an orbital (electrons in box) exercise to show the electronic 
configurations of the first 56 elements. Tell them to shade in one colour all the elements on a 
periodic table where the highest energy electron is in an s subshell and repeat for p, d and f. 
This will allow them to appreciate the blocks on the periodic table and what each different period 
represents.  

A good site for this is 
www.chem.ucalgary.ca/courses/351/Carey5th/C
h02/ch2-3.html 

 

3 hours 

Electron orbitals and 
hybridisation 

Describe the number and 
relative energies of the s, p, d 
and f orbitals for the principal 
quantum numbers 1, 2, 3 and 
4 and show how this leads to 
the structure of the periodic 
table. 

Describe the shape of the s 
and p orbitals and their 
hybrids in atoms such as 
carbon and oxygen. 

Describe covalent bonding in 
terms of orbital overlap, 
giving σ (sigma) and π (pi) 
bonds; explain bond shape 
and angles in ethane, ethene 
and benzene in terms of σ 
and π bonds. 

Explain the lack of reactivity 
of the triple bond (as in 
nitrogen) in terms of bonding 
theory. 
 

Ask why it is that the electronic configuration of carbon is 1s2 2s2 2p2 yet it forms four single 
covalent bonds in methane, two single covalent bonds and one double covalent bond in ethene. 
Encourage students to download Java applets showing the shapes of s and p orbitals. They can 
search the Internet for sites showing the hybridisation of orbitals to form sp3, sp2 and sp orbitals 
and the types of bonds they form in ethane, ethene and benzene.  

Ask students to make molecular energy drawings for N2 in order to establish the type of bonding 
present. From this they will see that the system is stable and a lot of energy is needed to break 
up the molecule, hence N2 is very stable. 

For detail of bonding in oxygen try 
www.mpcfaculty.net/mark_bishop/molecular_orb
ital_theory.htm 

ICT opportunity: Use of the Internet and Java 
applets. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

a. Explain, why silane (SiH4) has a lower boiling point than H2S, which has the same molar 
mass. 

b. Draw a diagram to show how hydrogen bonds form between H2SO4 and H2O. 

  

Draw dot and cross diagrams for SiH4, SF2, COCl2 and HCN. 

For each, draw a diagram to illustrate the shape of the molecule and indicate the approximate 
bond angles. 

  

CO2 and SiO2 are both oxides of group IV elements, yet have very different physical properties. 
Using your knowledge of their structures, explain the differences in the properties given in the 
table below: 
 

 Boiling point/K Solubility in water 

CO2 195 soluble 

SiO2 2503 insoluble 
 
 

 
 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Carbon has an electronic configuration of 122 2s2 2p2. It forms four bonds when it reacts. 
Describe, with diagrams, how the bonding in ethane and ethene occurs. 
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