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GRADE 11A: Chemistry 4 

Chemical patterns: part 2 

About this unit 
This unit is the fourth 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 be able to 
recognise periodicity in the properties of elements and their compounds, 
particularly the elements of the first transition series.  
 

Expectations 
By the end of the unit, students know the properties of the common 
compounds of silicon, nitrogen, phosphorus, oxygen and sulfur, and the 
characteristic properties of the first-row transition elements. 

Students who progress further predict the likely oxidation states of a 
transition element from its electronic configuration. They understand 
transition metals’ redox systems. 

 

Resources 
The main resources needed for this unit are: 
• class sets of equipment to generate and collect a gas over water 
• oxygen cylinder 
• Hoffmann voltameter 
• pieces of coloured fabric 
• gas jar of nitrogen, magnesium ribbon 
• ammonia solution, solutions of copper salts, dilute sulfuric acid, a range of 

ammonium compounds, assortment of alkaline solutions 
• model building kits 
• samples of silicon, graphite and diamond (or a photograph of diamond) 
• ammonium vanadate(V) solution made up in acidic solution, zinc 

granules; iron(II) chloride solution and iron(III) chloride solution, sodium 
hydroxide solution; potassium sodium 2,3-dihydroxybutanedioate, 
hydrogen peroxide solution (20 vol.), cobalt(II) chloride, CoCl2·6H2O 

• iron(II) chloride solution, iron(III) chloride solution, sodium hydroxide 
solution 

• potassium sodium 2,3-dihydroxybutanedioate, hydrogen peroxide solution 
(20 vol.), cobalt(II) chloride, CoCl2·6H2O 

• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• acid, oxidising agent, oxidant, oxidation state 
• electronic configuration 
• catalyst 
• transition metal 
 

UNIT 11AC.4 
6 hours  
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Standards for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

 11A.21.1 Know the main properties and uses of oxygen, and the test for it.  

 11A.21.2 Know that water is a compound of hydrogen and oxygen.  

 11A.21.3 Show an understanding of the properties of hydrogen peroxide as an acid 
and an oxidising agent and understand the use of peroxides as oxidants in 
rockets and explosives. 

 

 11A.21.4 Know that ozone is a form of oxygen formed when oxygen is subjected to 
electrostatic discharges or high-energy radiation and that it is a powerful 
oxidising agent. 

 

 11A.21.5 Know the physiological effects of ozone and recognise that in the lower 
atmosphere it is a pollutant but that in the upper atmosphere it protects 
living materials from destructive high-energy radiation. 

 

 11A.21.6 Compare the physical and chemical properties of sulfur and oxygen and 
their simple compounds, such as their hydrides. 

 

 11A.21.7 Know and explain the existence of two oxidation states of sulfur in its 
common compounds, as typified by its two common oxides and the two 
acids and series of salts that they form. 

 

 11A.21.8 Know the importance of sulfur dioxide in the preparation of sulfuric acid and 
in food preservation. 

 

 11A.21.9 Know the role of sulfur dioxide in the formation of acid rain and describe 
the main environmental consequences of acid rain. 

 

 11A.21.10 Know that nitrogen is an unreactive gas but that it can form nitrides with 
reactive metals. 

 

 11A.21.11 Know the test for ammonia, the main properties and uses of its compounds 
and their reaction with warm alkali. 

 

 11A.21.12 Know the main properties and uses of nitrates and understand their 
environmental impact. 

 

 11A.21.13 Know why nitrogen and phosphorus exhibit two common oxidation states 
in their compounds and how this leads to two series of compounds. 

 

 11A.21.14 Recognise the importance of nitrogen and phosphorus to living things.  

2 hours 

Oxygen and 
sulfur 
 

2 hours 

Nitrogen and 
phosphorus 
 

1 hour 

Carbon and 
silicon 
 

1 hour 

Transition metals 

 11A.21.15 Compare and contrast the physical and (inorganic) chemical properties of 
the group IV elements carbon and silicon and their properties. 

 

Unit 11AC.4 



297  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AC.4  |  Chemistry 4 © Education Institute 2005 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

 11A.21.16 Know the industrial importance of silicon and the requirement in many 
applications that it should be extremely pure. 

 

 11A.22.1 Know that transition elements typically form more than one stable ion and 
that they have generally similar physical and chemical properties. 

 

10A.19.7 Know that the elements of the first 
transition series (titanium to 
copper) have similar physical and 
chemical properties and relate this 
to their electronic structures. 

11A.22.2 Know the electronic configurations and the typical properties of the first-row 
transition elements. 

 

 11A.22.3 State some common uses of some transition elements, including examples 
of catalysis by transition metals, and relate these uses to their properties. 

12A.19.10 Explain how the variable oxidation 
states can result in transition metal 
ions acting as oxidising and reducing 
agents. Give examples of transition 
metal redox systems. 

 

 11A.22.4 Know that transition metals can form one or more stable ions through the 
involvement of electrons from the inner (d) orbitals and know that this 
results in multiple oxidation states. 

12A.19.9 Know that in transition metals, d-
electrons can be involved in bonding 
as well as the outer s-electrons, 
resulting in multiple oxidation states. 
Predict from its electronic 
configuration, the likely oxidation 
states of a transition element. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Ask students to demonstrate the need for oxygen in combustion by burning a piece of bread in 
air, then in a gas jar of nitrogen, then in a gas jar of oxygen.  

Show students how to burn safely magnesium ribbon, iron filings, sulfur and carbon in air and 
then ask them to do it for themselves. Tell them to dissolve the products in water and test with 
universal indicator solution to show the basic nature of metal oxides and the acidic nature of 
non-metal oxides. 

Safety: Students must wear safety glasses 
when heating chemicals. Oxygen cylinders must 
be properly secured and should only be handled 
by a teacher. Make sure students do not look 
directly at burning magnesium. Give them 
pieces of cobalt glass to look through. 

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

 

Ask students to electrolyse acidified water using a Hoffmann voltameter. Tell them to test the 
two gases collected for oxygen (relighting a glowing splint) and hydrogen (burning with a 
‘squeaky’ pop). 

Students will need to use a Hoffmann 
voltameter. 

 

Get students to prepare oxygen gas by the catalytic decomposition of 5 vol. hydrogen peroxide 
solution, using MnO2 as a catalyst.  

Ask them to write balanced equations to show what happens when hydrogen peroxide 
dissolves in water and relate this to its behaviour as an acid. 

Demonstrate the effect of hydrogen peroxide solution on pieces of coloured fabrics and 
samples of hair, to show its bleaching properties. Ask students to work in small discussion 
groups to examine the structure of hydrogen peroxide (and other peroxides) and try to 
determine why it is such a good oxidising agent. They can then relate this to the uses of 
peroxides as oxidants in rockets and explosives. 

Safety: Class experiments should use 
concentrations of no more than 5 vol. hydrogen 
peroxide solution. 

Students will need glassware to generate 
oxygen and collect it over water. 

 

 

Ask students to work in small groups to use the Internet or library resources to research the 
structure of ozone, and how it is produced, and the roles of ozone at tropospheric and 
stratospheric levels. Tell them to present their findings as a poster. 

ICT opportunity: Use of Internet.  

Provide students with samples of oxygen and sulfur, data on their formulae, melting points and 
boiling points, and an equation for the reaction of H2S with water. Ask them to work in small 
groups to explain the differences in these properties. 

Ask students to prepare sulfur dioxide by burning a small quantity of sulfur in air and dissolving 
the resultant gas in water to check the pH. Demonstrate the preparation of sulfur trioxide by the 
contact process using platinised mineral wool as a catalyst. Ask students to draw electron 
energy level diagrams to explain how sulfur can have a variety of oxidation states and relate 
these to the formation of sulfur dioxide, sulfur trioxide and sulfuric acid. 

Safety: Sulfur dioxide should be prepared in 
small quantities in a well-ventilated room. Sulfur 
trioxide should be prepared in a fume cupboard. 

Supply students with samples of oxygen and 
sulfur and appropriate data. 

 

2 hours 

Oxygen and sulfur  
Know the main properties 
and uses of oxygen, and the 
test for it.  

Know that water is a 
compound of hydrogen and 
oxygen.  

Show an understanding of 
the properties of hydrogen 
peroxide as an acid and an 
oxidising agent and 
understand the use of 
peroxides as oxidants in 
rockets and explosives.  

Know that ozone is a form of 
oxygen formed when oxygen 
is subjected to electrostatic 
discharges or high-energy 
radiation and that it is a 
powerful oxidising agent.  

Know the physiological 
effects of ozone and 
recognise that in the lower 
atmosphere it is a pollutant 
but that in the upper 
atmosphere it protects living 
materials from destructive 
high-energy radiation. 

Compare the physical and 
chemical properties of sulfur 
and oxygen and their simple 
compounds, such as their 
hydrides. 

[continued] 

Ask students to work in small groups to use the Internet or library resources to research the 
uses of sulfur dioxide, the role of sulfur dioxide in the formation of acid rain, and the 
environmental impact of acid rain. Tell each student to prepare clear notes on one small section 
of the research and then share these with the rest of their group. 

 

ICT opportunity: Use of Internet. 

Enquiry skills 11A.1.1–11A.1.5, 11A.2.2 

 

 
 
 
 

   

Unit 11AC.4 
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Objectives Possible teaching activities Notes School resources 

[continued] 

Know and explain the existence 
of two oxidation states of sulfur 
in its common compounds, as 
typified by its two common 
oxides and the two acids and 
series of salts that they form. 

Know the importance of sulfur 
dioxide in the preparation of 
sulfuric acid and in food 
preservation. 

Know the role of sulfur 
dioxide in the formation of 
acid rain and describe the 
main environmental 
consequences of acid rain. 
 

Ask students use their findings about the impact of acid rain on the environment to develop a 
focused research question, make predictions, and design, carry out and evaluate an 
investigation related to this issue. For example, they could investigate the impact of different 
concentrations of sulfur dioxide on plant growth, using cress in sealed containers. 

  

Ask students to draw a ‘dot and cross’ diagram of N2. Provide them with relevant bond enthalpy 
data and ask them to use this to explain the relative unreactivity of nitrogen. 

Demonstrate the burning of magnesium in nitrogen and use this to lead to a class discussion on 
the formation of nitrides. Ask students to draw dot and cross diagrams to show the structure of 
the nitride (N3–) ion. 

  

Get students to test ammonia solution with damp red litmus paper for the presence of ammonia 
gas.  

Ask students to use the Internet or library resources to research the main uses of common 
ammonium compounds (e.g. ammonium sulfate and ammonium nitrate) and then tabulate their 
results.  

Set up a circus of reactions for students to carry out, such as: 
• adding dilute ammonia solution dropwise to a small volume of dilute sulfuric acid and 

universal indicator in a test-tube; 
• observing the reaction of ammonia solution with solutions of copper salts; 
• gently heating ammonium salts and testing the product with damp red litmus paper; 
• gently heating ammonium compounds with different alkalis and testing the product with damp 

red litmus paper. 

Generate equations for the reactions in a class discussion. 

Students will need: red litmus paper, ammonia 
solution, solutions of copper salts, dilute sulfuric 
acid, a range of ammonium compounds, an 
assortment of alkaline solutions. 

ICT opportunity: Use of Internet. 

Enquiry skill 11A.4.1 

 

 

2 hours 

Nitrogen and phosphorus 
Know that nitrogen is an 
unreactive gas but that it can 
form nitrides with reactive 
metals.  

Know the test for ammonia, 
the main properties and uses 
of its compounds and their 
reaction with warm alkali.  

Know the main properties 
and uses of nitrates and 
understand their 
environmental impact.  

Know why nitrogen and 
phosphorus exhibit two 
common oxidation states in 
their compounds and how 
this leads to two series of 
compounds.  

Recognise the importance of 
nitrogen and phosphorus to 
living things. 

Ask students to obtain data on the world production and use of nitrogenous fertilisers from the 
Internet and to make graphical displays showing changes in use over time and differences 
between continents. 

Then ask them to research the role of nitrates in eutrophication and to use their findings to 
produce posters encouraging the responsible use of fertilisers. 

ICT opportunity: Use of Internet. Use of Excel 
or comparable spreadsheet package. 

Enquiry skill 11A.1.6 

 



300  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AC.4  |  Chemistry 4 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Ask students to consider how nitrogen and phosphorus are able to form different oxidation 
states when given their electronic configurations. Ask them to search the literature to find 
examples of compounds of nitrogen and phosphorus and classify them relative to the oxidation 
state of the nitrogen or phosphorus. 

Students will need a range of chemistry 
reference books. 

Enquiry skill 11A.1.8 

 

 

Divide the class in two. Tell one half of the class to use the Internet or library resources to 
research the importance of phosphorus in living things and the other half to research the 
importance of nitrogen in living things. Ask each group to produce a PowerPoint presentation 
and give a short presentation to the whole class on their findings. Ask each group to produce a 
handout for the rest of the class. 
 

ICT opportunity: Use of Internet. Use of 
PowerPoint and a data projector  

 

1 hour 

Carbon and silicon 
Compare and contrast the 
physical and (inorganic) 
chemical properties of the 
group IV elements carbon 
and silicon and their 
properties.  

Know the industrial 
importance of silicon and the 
requirement in many 
applications that it should be 
extremely pure. 
 

Allow students to examine samples of silicon, graphite and diamond (or a photograph of a 
diamond). Then ask them to build molecular models to represent all three. Tell them to use 
these models to interpret data relating to their physical properties (e.g. melting and boiling 
points, electrical conductivity, solubility in water). 

Provide information on zone refining and ask students to explain in their own words what the 
process is and why it is necessary. 

Tell students to make pyramidal shapes from card and attach them together to simulate 
bonding in silicates. Peer teaching in small groups will allow them to consolidate their 
understanding of what is occurring.  

Tell students to study the similarities and differences between the chemical reactions of carbon 
and silicon, and to consider the physical and chemical differences between their oxides in terms 
of their different structures. 

Students will need: model building kits, samples 
of silicon, graphite and diamond (or a 
photograph of a diamond), information on zone 
refining. 
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Objectives Possible teaching activities Notes School resources 

Refer back to the work done in Unit 11AC.1 and use these ideas to help students write detailed 
electronic configurations for atoms of the first row of the d block (Sc to Zn). Take special care to 
highlight copper and chromium. Also use the work to reinforce the fact that the transition metals 
have similar chemical and physical properties. 

Provide students with samples of a range of compounds of the elements above (with their 
formulae). Ask students to determine the oxidation states of the transition metal in each 
compound. This allows them to compile a chart of the most common oxidation states of the 
metals. Ask students to work out the electronic configuration for each of the oxidation states 
identified. Class discussion should lead to an appreciation of the fact that transition metals can 
form one or more stable ions through the involvement of electrons from the inner (d) orbitals, 
resulting in multiple oxidation states.  

Explain to students how to carry out practical work to observe the reduction of the VO3
– ion 

through a series of oxidation states (as observed by the colour changes) to V2+ by adding zinc 
granules to a solution of ammonium vanadate(V). 

The change from one oxidation state of a metal to another is a redox reaction. Students can 
therefore consider the relative stability of different oxidation states of a given transition metal by 
looking at standard electrode potentials for these. Tell students to prepare iron(II) hydroxide and 
iron(III) hydroxide and account for the change of colour of iron(II) hydroxide on exposure to air. 
Ask them to write out the electronic configurations of the metal ions involved. 

Safety: Ammonium vanadate(V) is toxic and 
should only be handled by students in solution, 
when it is classified as an irritant. Cobalt chloride 
solid is toxic. Gloves and eye protection should 
be worn when handling it. The hydrogen 
peroxide solution is an irritant. The mixture 
froths as the reaction progresses, so place it in a 
spill tray and stand clear of the reaction. 

Students will need: ammonium vanadate(V) 
solution made up in acidic solution, zinc 
granules; iron(II) chloride solution and iron(III) 
chloride solution, sodium hydroxide solution; 
potassium sodium 2,3-dihydroxybutanedioate, 
hydrogen peroxide solution (20 vol.), 
cobalt(II)chloride, CoCl2·6H2O 

Enquiry skill 11A.1.6 

 1 hour 

Transition metals 
Know that transition elements 
typically form more than one 
stable ion and that they have 
generally similar physical and 
chemical properties.  

Know the electronic 
configurations and the typical 
properties of the first-row 
transition elements.  

State some common uses of 
some transition elements, 
including examples of 
catalysis by transition metals, 
and relate these uses to their 
properties. 

Know that transition metals 
can form one or more stable 
ions through the involvement 
of electrons from the inner (d) 
orbitals and know that this 
results in multiple oxidation 
states. 
 

Ask students to use the Internet or library resources to research the uses of transition metals as 
catalysts, paying particular attention to any processes currently being used in Qatar. Tell them 
to carry out and observe the reaction of the 2,3-dihydroxybutanedioate anion with hydrogen 
peroxide, both in the presence and in the absence of cobalt(II) chloride. Encourage them 
discuss their observations in small groups. The colour changes during the reaction will give 
clues as to the nature of the reaction occurring. 
 

ICT opportunity: Use of Internet.  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Give an account of the role of sulfur dioxide in the environment. Give suggestions on how any 
negative environmental impact can be reduced. 

Enquiry skill 11A.2.4  

Describe and explain the differences in physical properties of carbon dioxide and silicon(IV) 
oxide. 

  

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. 

a. Write the electronic configuration for each of the following: 

 i. Cu2+  

 ii. Fe3+ 

 iii. Ni2+ 

 iv. V3+ 

b. Explain why Cu2+ behaves as a typical transition metal but Cu+ does not. 
 

  

 

 

Unit 11AC.4 
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