
313  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AC.6  |  Chemistry 6  © Education Institute 2005 

GRADE 11A: Chemistry 6 

Making and using chemicals 

About this unit 
This unit is the sixth 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 earlier 
units in Grade 11A. 

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 
properties of the common compounds of nitrogen and sulfur. They should 
have an understanding of the general chemistry of alkenes and esters. 
 

Expectations 
By the end of the unit, students know the processes for manufacturing 
ammonia, nitric acid and sulfuric acid, and the chemistry behind the 
limestone industry. They know how to make soaps from fats, and how soaps 
and detergents solubilise oily stains. They know the characteristic structures 
of natural and artificial addition and condensation polymers. 

Students who progress further know that economic considerations 
determine what commercial processes commonly exist and where, and that 
economic advantages of such processes must be balanced against 
environmental threats. They know how addition and condensation polymers 
are formed and how their properties can be modified by additives. 

Resources 
The main resources needed for this unit are: 
• video clips of the Haber and contact processes 
• demonstration equipment for the synthesis of sulfur trioxide 
• fume cupboard 
• tin lids, Bunsen burners, limestone or solid calcium carbonate 
• student whiteboards 
• phenylethene, di(dodecanoyl) peroxide, water bath (50 °C), 

methylbenzene, bromine water 
• decanedioyl dichloride (5% in cyclohexane), 1,6-diaminohexane 

(5% solution in sodium carbonate solution) 
• fume cupboard 
• molecular modelling kits (e.g. Molymod) 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• oxidation 
• Haber process, contact process 
• lime, quicklime, slaked lime 
• amide, amino acid 
• macromolecule, repeating units, condensation polymers, addition 

polymers 
• long-chain fatty acids, unsaturated 
• esterification, saponification, solubilise 
 

UNIT 11AC.6 
11 hours 
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Standards for the unit 

11 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

 11A.20.1 Know the essential details of the Haber process for making ammonia 
from nitrogen. 

 

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

11A.20.2 Know the essential details of the commercial oxidation of ammonia to nitric 
acid and of the main commercial uses of nitric acid. 

 

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

11A.20.3 Understand the industrial importance of ammonia and nitrogen compounds 
derived from ammonia and nitric acid. 

 

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.20.4 Know that the Qatar natural gas field is also a source of sulfur and that this 
has consequences for the processes that exploit the gas. 

12A.18.4 Show an understanding of the 
balance that often has to be made 
between the economic advantages 
that industrial processes bring to 
Qatar and the environmental threat 
that they pose. 

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

11A.20.5 Know the essential details of the contact process for manufacturing sulfuric 
acid and understand the industrial importance of sulfuric acid. 

 

 11A.20.6 Know that limestone is a source of many important agricultural and 
industrial chemicals and describe the conversion of limestone into 
quicklime and slaked lime. 

 

 11A.20.7 Describe the manufacture of cement and know how changes at the 
molecular level that take place during the setting of concrete give it its 
strength and durability. 

 

3 hours 

Haber process 
and ammonia 
 

2 hours 

Contact process 
and sulfur 
 

2 hours 

Limestone and 
cement 
 

2 hours 

Natural and 
synthetic 
polymers 
 

2 hours 

Soaps 

 

 11A.24.1 Know, interpret and use the nomenclature and molecular and structural 
formulae of the following classes of compound: … 
• … amides and amino acids. 

 

11A.24.4 Describe the chemistry of alkenes 
as the chemistry of the double 
bond, exemplified by addition and 
polymerisation. 

11A.25.1 Know that a polymer is a macromolecule containing repeating units and 
recognise the difference between condensation and addition polymers. 

 

 11A.25.2 Describe the manufacture and uses of synthetic addition polymers as 
exemplified by polythene and PVC, and of condensation polymers such as 
nylon and polyesters. 

12A.24.7 Know that the properties of polymers 
can be modified by the use of 
additives. 

Unit 11AC.6 
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11 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

12A.24.1 Know that proteins are formed from 
combinations of 20 different amino 
acids through peptide bonds and that 
they have a variety of functions in 
living things. Know that they can be 
broken down by hydrolysis into their 
constituent amino acids, which can be 
separated by electrophoresis and ion-
exchange chromatography 

11A.24.8 Know that many organic 
compounds are made from plant 
and animal material. 

11A.25.3 Know that living things produce many natural condensation polymers, such 
as proteins from amino acids, starch and cellulose from glucose, and DNA 
from nucleic acids. 

12A.24.5 Describe the structural features of 
monosaccharides and know that they 
form polysaccharides such as starch 
and cellulose. 

11A.24.15 Describe the characteristic 
structure of esters and know that 
they can be hydrolysed to the 
alcohol and acid. 

11A.25.4 Know that fats and oils are natural esters formed by the alcohol glycerol 
with long-chain fatty acids, and understand the meaning of the term 
unsaturated when applied to these esters. 

 

 

 11A.25.5 Show how the typical structural features of soaps and detergents can 
explain how they can readily solubilise oily stains. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Show students a video of the manufacture of ammonia from nitrogen. Ask each student to 
produce a detailed flow chart for the process.  

Ask students, in pairs, to use their textbook, the library or the Internet to research the history of 
the development of the Haber process and to use the information they find to produce a poster. 

ICT opportunity: Use of the Internet. 

Enquiry skills 11A.1.8, 11A.3.4 

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

Ask students, in pairs, to use their textbook, the library or the Internet to research the synthesis 
of nitric acid from ammonia. Ask them to produce an interactive electronic flow chart, illustrated 
with images from the Internet (e.g. a ‘drag and drop’ activity, or fill in the missing boxes). The 
class as a whole can then use these flow charts to consolidate their learning. 

ICT opportunity: Use of the Internet and 
software to make an interactive flow chart. 

Enquiry skills 11A.1.8, 11A.3.4 

 

3 hours 
Haber process and 
ammonia 

Know the essential details of 
the Haber process for making 
ammonia from nitrogen. 

Know the essential details of 
the commercial oxidation of 
ammonia to nitric acid and of 
the main commercial uses of 
nitric acid. 

Understand the industrial 
importance of ammonia and 
nitrogen compounds derived 
from ammonia and nitric acid. 
 

Ask students to prepare a booklet summarising the industrial uses of ammonia and nitric acid. 
Tell them to represent graphically, using statistics, the growth in worldwide production and uses 
of nitrogenous fertilisers since the Haber process was developed. 

Enquiry skills 11A.2.1, 11A.3.4 

 

 

Get students to obtain statistics on the sulfur content of Qatar gas as part of an industrial visit 
and to find out how desulfurisation takes place and what is done with the sulfur extracted. Ask 
students, working in small groups, to use this data to produce a public information leaflet to 
raise awareness about desulfurisation. 

Visit opportunity: Visit a petrochemical plant.  2 hours 

Contact process and 
sulfur 
Know that the Qatar natural 
gas field is also a source of 
sulfur and that this has 
consequences for the 
processes that exploit the 
gas.  

Know the essential details of 
the contact process for 
manufacturing sulfuric acid 
and understand the industrial 
importance of sulfuric acid.  
 

Show students a video describing the contact process for manufacturing sulfuric acid. Ask 
them, working in groups of three or four, to use this to produce a PowerPoint presentation 
describing the contact process. Put these presentations on the school intranet. Then provide a 
series of structured notes for students to answer individually, using the PowerPoint 
presentations. 

Demonstrate the synthesis of sulfur trioxide by the catalytic oxidation of sulfur dioxide. 

ICT opportunity: Use of PowerPoint and the 
school intranet. 
Prepare structured notes for students. 
 
 

Safety: Carry out synthesis of sulfur trioxide in a 
fume cupboard. 

 

Unit 11AC.6 
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Objectives Possible teaching activities Notes School resources 

2 hours 

Limestone and cement 
Know that limestone is a 
source of many important 
agricultural and industrial 
chemicals and describe the 
conversion of limestone into 
quicklime and slaked lime. 

Describe the manufacture of 
cement and know how 
changes at the molecular 
level that take place during 
the setting of concrete give it 
its strength and durability. 

Ask students to carry out the following activity in pairs. Place small pieces of solid limestone (or 
calcium carbonate) on a tin lid and heat with two Bunsen burners. After approximately 30 minutes, 
the solid crumbles. When cool, transfer a small portion of the solid into a 1 cm depth of water in a 
test-tube. Then test the solution with universal indicator solution. Record all observations. When 
students have finished the activity, relate their observations to the conversion of limestone into 
quicklime and slaked lime and provide balanced equations for each reaction. 

Ask students, individually, to use their textbook, the library or the Internet to research the 
production of cement and produce an annotated flow chart for the processes involved. 

Then describe to the whole class the chemical changes that occur during the setting of 
concrete. 

Ask students, in small groups, to use this information to design and carry out experiments to 
investigate how altering the composition of concrete changes the strength and durability of the 
resultant concrete. 

Students will need tin lids, Bunsen burners, 
limestone or solid calcium carbonate, test-tubes, 
universal indicator solution. 

Safety: Take care, there is a highly exothermic 
reaction when the solid is put in the water. 
Enquiry skills 11A.4.1, 11A.4.2 
ICT opportunity: Use of the Internet. 

 
 

Students will need cement, gravel, sand, small 
moulds to set the concrete in (e.g. yoghurt pots).
Enquiry skills 11A.1.1–11A.1.5, 11A.1.8, 
11A.3.1–11A.3.4 

 

 

 

 

 

 

 

 

 

 

 

Give pairs of students a list of names of a variety of amides and ask them to build models of 
them using ‘ball and stick’ model kits. To consolidate, give them a number of skeletal and 
structural formulae of amides and ask all students to write down their names; get them to mark 
their partner’s responses. Repeat the process by giving them names of amides and ask them to 
produce the structural and/or skeletal formulae. Encourage the pairs to build models of amino 
acids to consolidate their understanding of the nature of their structure. 

  

Revise the section earlier this year on polymerisation of alkenes using student whiteboards. Ask 
questions and tell students to write an answer quickly on a small whiteboard, which they hold up 
for you to see. Use this to guide you in how much detail is needed on addition polymerisation. 

Ask students to make an addition polymer, polystyrene (poly(phenylethene)), by warming 
styrene in the presence of di(dodecanoyl) peroxide in a water bath. Tell them to observe the 
change in viscosity and, when solid, to dissolve a small quantity in methylbenzene and test with 
bromine water. Ask them to compare this with the reaction of phenylethene with bromine water. 

 
 
 

Safety: Both reactions should be carried out in 
the fume cupboard wearing gloves and goggles 
at all times. 

Enquiry skills 11A.4.1, 11A.4.2 

 

Also ask them to make a nylon by reacting decanedioyl dichloride with 1,6-diaminohexane and 
drawing out the nylon polymer formed at the interface using tweezers. 

Get them to work in pairs to build models (using Molymod kits or similar) of reactants for both 
polymerisation reactions. Using the models, they can show what happens during the 
polymerisation and name the product/s in each case. Clarify the differences between addition 
and condensation polymers in a class discussion. 

  

2 hours 

Natural and synthetic 
polymers 
Know, interpret and use the 
nomenclature and molecular 
and structural formulae of the 
following classes of 
compound: … 
• … amides and amino acids.

Know that a polymer is a 
macromolecule containing 
repeating units and recognise 
the difference between 
condensation and addition 
polymers. 

Describe the manufacture and 
uses of synthetic addition 
polymers as exemplified by 
polythene and PVC, and of 
condensation polymers such as 
nylon and polyesters. 

Know that living things produce 
many natural condensation 
polymers, such as proteins from 
amino acids, starch and 
cellulose from glucose, and 
DNA from nucleic acids. 

Ask students, in small groups, to use the library or the Internet to research the commercial 
manufacture and uses of one polymer from a selection including poly(ethane), PVC, nylon and 
polyesters. Ask each group to produce a handout summarising their findings for the rest of the 
class. 

Provide students with models and 3D applets of naturally occurring polymers. Ask each student 
to produce a summary noting the features that are related to their function. 

ICT opportunity: Use of the Internet. 
Enquiry skill 11A.3.4 
 
 

ICT opportunity: Use of Java applets. 
Enquiry skill 11A.3.4 
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Objectives Possible teaching activities Notes School resources 

2 hours 

Soaps 
Know that fats and oils are 
natural esters formed by the 
alcohol glycerol with long-
chain fatty acids, and 
understand the meaning of 
the term unsaturated when 
applied to these esters. 

Show how the typical 
structural features of soaps 
and detergents can explain 
how they can readily 
solubilise oily stains. 

Write the structure of glycerol on the board or OHP. Ask students to write down the structures of 
the product(s) if this molecule were refluxed with ethanoic acid in the presence of a few drops of 
concentrated sulfuric acid. Ask them to ring and identify all the functional groups involved. Lead 
them to identify the product as a triester. 

Give students structures for a range of saturated and unsaturated fatty acids and ask them 
each to build them using molecular model kits (e.g. palmitic acid, stearic acid, oleic acid). 

Bring the class together and ‘esterify’ a range of these acids with glycerol to produce an oil and 
a fat. Ask students to identify the differences between the two. Then ask them to write out 
equations for the reaction of triesters with sodium hydroxide to produce mixtures of sodium salts 
of fatty acids. Explain that these are the basic components of soaps.  

Ask students to use the library or the Internet to find out about soaps and then write a short 
article for a homemaker to explain why soaps are good at removing greasy stains from fabrics. 

Show the whole class how soaps form a scum with hard water. Ask students to use the library 
or the Internet to research the alternative to soaps – detergents. Ask them to produce a public 
information poster showing the advantages and disadvantages of using detergents. 
 

 
 
 
 

 
 

 
 
 
 

ICT opportunity: Use of the Internet. 
 

Enquiry skill 11A.3.4 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

a. Describe in outline the manufacture of one of the following industrial chemicals: 

 i. sulfuric acid; 

 ii. nitric acid; 

 iii. ammonia. 

b. Discuss the chemical principles which determine the optimum operating conditions for the 
process you describe. 

c. For the substance you have chosen, mention two large-scale uses. 

From G. Hill and J. Holman, 1989, Chemistry in Context, 3rd edn, Nelson, p. 370 

  

Ammonia is manufactured by the Haber process, in which nitrogen reacts with hydrogen 
according to the equation below: 

 N2 +3H2 ⇋ 2NH3 

a. What is the meaning of the symbol ⇋ ? 

b. Name and give a use for one compound manufactured on a large scale from ammonia. 

c. Why is iron used in the Haber process and what effect does it have? 

  

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. Complete the diagram below by writing in  

 i. the common names; 

 ii. the chemical formulae. 

b. Write beside each arrow how the change would be carried out. One example is given. 

 

 

  

Unit 11AC.6 
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 Examples of assessment tasks and questions Notes School resources 

Draw the structures of the polymers formed from the following pairs of monomers showing two 
repeating units. 

a. HO─CH2CH2─OH and HOOC─CH2─COOH 

b. H2N─CH2CH2─NH2 and HOOC─CH2CH2 ─COOH 

From G. Burton, 2000, Salters Advanced Chemistry, Chemical Ideas, 2nd edn, 
Heinemann, p.116 

  

 

Write an account describing how soaps and detergents function as cleaning agents. Give the 
advantages and disadvantages of both. 
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