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GRADE 11F: Chemistry 6 

Some functional groups 

About this unit 
This unit is the sixth of six units on chemistry for 
Grade 11 foundation. 

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 activities, look at the scheme of 
work for Grade 12F. 

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 that 
carbon forms covalent compounds with four bonds and that life is based on 
structures of carbon atoms. 
 

Expectations 
By the end of the unit, students have an understanding of the general 
chemistry of halogenoalkanes, alcohols, alcohols, aldhehydes, ketones, 
carboxylic acids, esters, acyl chlorides, amines and nitriles.  

Students who progress further understand the mechanisms of 
electrophilic substitution and know the fundamental chemistry of arenes and 
substituted arenes. 

Resources 
The main resources needed for this unit are: 
• ‘ball and stick’ molecular model kits (e.g. Molymod) 
• lists of names and structures of a variety of organic compounds 
• names and structures of a variety of organic compounds on cards 
• 2-methylpropan-2-ol and concentrated hydrochloric acid, balance, 

NaHCO3, anhydrous sodium sulfate, distillation equipment (class set) 
• ethanol, sodium dichromate (VII), tin lids, distillation apparatus, 

concentrated sulfuric acid, Tollens’ reagent, Fehling’s solution, sodium 
carbonate, glacial ethanoic acid, pumice stone, glassware to carry out a 
dehydration and collect gaseous products over water, bromine water 

• 2,4-dinitrophenylhydrazine, ethanal, propanone, triiodomethane 
• Dreschel bottles, 0.1 mol dm–3 sodium hydroxide solution, sodium metal 
• pentanol, glacial ethanoic acid 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• halogenoalkanes, alcohols, aldhehydes, ketones, carboxylic acids, esters, 

acyl chlorides 
• nucleophiles, substitution, elimination, hydrolysis, dehydration, 

esterification, condensation, oxidation 
 

UNIT 11FC.6 
10 hours 
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Standards for the unit Unit 11FC.6 

10 hours SUPPORTING 
STANDARDS 

CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

 11F.19.1 Know, interpret and use the nomenclature and molecular and structural 
formulae of the following classes of compound: 
• halogenoalkanes; 
• alcohols; 
• aldhehydes and ketones; 
• carboxylic acids, esters and acyl chlorides; 
• amines, nitriles, amides and amino acids 

12F.18.1 Interpret and use the nomenclature and 
structural formulae of the following 
classes of compound: 
• arenes; 
• halogenoarenes; 
• phenols; 
 

 11F.19.9 Describe the chemistry of halogenoalkanes as exemplified by substitution 
reactions and the elimination of hydrogen halide to form an alkene. 

 

 11FC19.10 Know some of the important applications of halogenoalkanes.  

 11F.19.11 Describe the chemistry of alcohols as exemplified by ethanol, including 
combustion, substitution reactions, reaction with sodium, oxidation to 
carbonyl compounds and acids, dehydration, ester formation and its 
commercial production. 

 

 11F.19.12 Classify alcohols as primary, secondary and tertiary, and describe the 
formation of aldehydes and ketones by oxidation of the corresponding 
alcohol by acidified dichromate. 

 

11F.19.13 Describe the chemistry of the carbonyl group as exemplified by aldehydes 
and ketones. 

11F.19.14 Describe the formation of carboxylic acids and their reactions to form 
esters and salts. 

11F.19.15 Describe the characteristic structure of esters and know that they can be 
hydrolysed to the alcohol and acid. 

2 hours 

Halogenoalkanes
 

4 hours 

Alcohol and 
carbonyl 
chemistry 
 

4 hours 

Carboxylic acid 
and ester 
chemistry 

 

11F.19.16 Know the main commercial uses of esters in perfumes and flavourings. 
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Activities 

Objectives Possible teaching activities Notes School resources 

In a teacher-led session, outline the main rules for naming halogenoalkanes.  

Arrange students into pairs and give them a list of names of a variety of halogenoalkanes. 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 halogenoalkanes to name; get them to mark their 
partner’s responses. Repeat the process by giving them names of halogenoalkanes and asking 
them to produce the structural and/or skeletal formulae.  

Get students, in pairs, to prepare 2-chloro-2-methylpropane from 2-methylpropan-2-ol and 
concentrated hydrochloric acid, followed by neutralization, drying and distillation to purify. A 
teacher-led discussion will lead to an appreciation of the nature of the reaction. 

Ask students to use their textbook, the library or the Internet to research the reactions of 
bromoethane and classify the reactions into substitution or elimination reactions.  

Use the example of the substitution of halogenoalkanes by ammonia to identify the functional group 
amine. In a teacher-led session, outline the main rules for naming amines. Arrange students into 
pairs and give them a list of names of a variety of amines. 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 
amines to name; get them to mark their partner’s responses. Repeat the process by giving them 
names of amines and asking them to produce the structural and/or skeletal formulae. 

 

 
 
 
 
 

Safety: 2-chloro-2-methylpropane and 2-
methylpropan-2-ol are flammable. Concentrated 
hydrochloric acid is corrosive. 

ICT opportunity: Use of the Internet. 

Enquiry skills 11F.1.6, 11F.1.8 

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

2 hours 

Halogenoalkanes  
Know, interpret and use the 
nomenclature and molecular 
and structural formulae of the 
following classes of 
compound: … 
• halogenoalkanes … 
• amines  

Describe the chemistry of 
halogenoalkanes as 
exemplified by substitution 
reactions and the elimination 
of hydrogen halide to form an 
alkene.  

Know some of the important 
applications of 
halogenoalkanes. Ask students to use their textbook, the library or the Internet to research the uses of 

halogenoalkanes and produce posters of their findings. 
 

ICT opportunity: Use of the Internet.  

4hours 

Alcohol and carbonyl 
chemistry 
Know, interpret and use the 
nomenclature and molecular 
and structural formulae of the 
following classes of 
compound: … 
• alcohols; 
• aldhehydes and ketones; 
• carboxylic acids, esters 

and acyl chlorides 
• amides and amino acids 
[continued] 

 

Whenever you introduce a new category of organic compound, go through the process given in 
previous sections to ensure students are happy with the nomenclature of that type of compound. 

In a teacher-led session, classify a range of alcohols as primary, secondary or tertiary. 

Let students, in pairs, investigate the chemistry of alcohols by using ethanol in a circus of 
experiments, including: 
• igniting a few drops on a tin lid; 
• reacting with sodium and allowing the resultant mixture to evaporate; 
• mild oxidation with acidified sodium dichromate, distilling out the resultant aldehyde and 

testing with Fehling’s solution and Tollens’ reagent; 
• further oxidation with excess acidified sodium dichromate under reflux and testing the 

resultant carboxylic acid with sodium carbonate; 
• esterification by warming ethanol with glacial ethanoic acid; 
• dehydration by passing over heated pumice stone, collecting the product over water and 

testing the gaseous product with bromine water. 

Ask small groups to report their findings and interpretation of one experiment to the class. 
Consolidate each example by asking students to predict the results for different alcohols. Fill in 
any gaps by asking appropriate questions. Add examples of substitution reactions and relate 
these back to the substitution reactions of halogenoalkanes. 

 
 

 

Safety: Sodium needs to be handled with care. 
Ethanol vapour is flammable. Tollens’ reagent 
becomes explosive when dry. Fehling’s solution 
is corrosive. Sodium dichromate (VI) is 
extremely dangerous and can damage the skin. 
Concentrated sulfuric acid is corrosive. Bromine 
water is harmful. When carrying out the 
dehydration always install a trap to avoid 
suckback. 

Enquiry skill 11F.4.1 

 

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

Ask students to use their textbook, the library or the Internet to research the preparation of 
ethanol from petroleum and from sugars by the action of ethanol. Ask them to work in small 
groups to discuss the economics and sustainability of each process. 

ICT opportunity: Use of the Internet. 

Enquiry skills 11F.1.6, 11F.1.8, 11F.2.4, 11F.2.5 

 

Let students, in pairs, investigate the reactions of aldehydes and ketones using ethanal and 
propanone. Use a similar approach to that used with the alcohols (i.e. a circus of experiments 
followed by reporting back and class discussion). Experiments could include: 
• the addition of 2,4-dinitrophenylhydrazine (condensation reaction); 
• testing with Fehling’s solution and Tollens’ reagent; 
• reacting with triiodomethane. 

Safety: Ethanal and propanone are irritants to 
eyes, skin and lungs and are highly flammable. 
2,4-dinitrophenylhydrazine is toxic. Sodium 
hydroxide is corrosive (at concentrations of 
0.1 mol dm–3 or above). 

 

[continued] 

Describe the chemistry of 
alcohols as exemplified by 
ethanol, including 
combustion, substitution 
reactions, reaction with 
sodium, oxidation to carbonyl 
compounds and acids, 
dehydration, ester formation 
and its commercial 
production. 

Classify alcohols as primary, 
secondary and tertiary, and 
describe the formation of 
aldehydes and ketones by 
oxidation of the 
corresponding alcohol by 
acidified dichromate. 

Describe the chemistry of the 
carbonyl group as exemplified 
by aldehydes and ketones. 

Describe the formation of 
carboxylic acids and their 
reactions to form esters and 
salts. 

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

Know the main commercial 
uses of esters in perfumes 
and flavourings. 
 

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. 
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Objectives Possible teaching activities Notes School resources 

Tell students, working individually, to draw air through a sample of ethanol and assay for 
ethanoic acid by titration with sodium hydroxide solution at regular intervals to determine the 
degree of oxidation to ethanoic acid. Revise with the whole class the oxidation of ethanol to 
ethanal to ethanoic acid as seen in the previous section of this unit.  

Let students, working individually, produce the sodium salt of ethanoic acid by neutralising a 
carboxylic acid with sodium hydroxide solution and evaporating the product to dryness. 

Enquiry skill 11F.4.1 

 

 

 

Ask students to use their textbook, the library or the Internet to research the production of 
propanoic acid from propanenitrile. 

ICT opportunity: Use of the Internet.  

In a teacher-led session, introduce the concept of esterification using carboxylic acids or acyl 
chlorides with alcohols.  

Arrange students into pairs and give them sets of cards showing the structures of different 
carboxylic acids, acyl chlorides and alcohols. Tell each pair to select one alcohol card and one 
acid or acyl chloride card; explain that one student has to name the two reagents and the other 
has to write out the structure of the products of esterification and then name the resultant ester. 
A point is given for each correct answer. The process is repeated with all the cards, and the 
winner is the student with the most correct answers.  

Let students, working individually, carry out an esterification by warming pentanol with glacial 
ethanoic acid in the presence of a few drops of concentrated sulfuric acid. 

Reverse the card activity above. Give pairs of students sets of cards showing the structures of 
different esters. Tell each pair to select one card; explain that one student has to name the ester 
and the other has to write out the structure of the products of hydrolysis of the ester. A point is 
given for each correct answer. The process is repeated with all the cards and the winner is the 
student with the most correct answers.  

 
 

Prepare suitable sets of cards. 
 
 
 
 
 

Safety: Pentanol is flammable. Glacial ethanoic 
acid is corrosive. 

Enquiry skills 11F.3.1–11F.3.3 

 

4 hours 

Carboxylic acid and ester 
chemistry 

Know, interpret and use the 
nomenclature and molecular 
and structural formulae of the 
following classes of 
compound: … 
• carboxylic acids, esters 

and acyl chlorides;  
• … nitriles … 

Describe the formation of 
carboxylic acids and their 
reactions to form esters and 
salts. 

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

Know the main commercial 
uses of esters in perfumes 
and flavourings. 

Ask students to use their textbook, the library or the Internet to research the main uses for 
esters and produce visual representations of usage. 
 

ICT opportunity: Use of the Internet. 

Enquiry skills 11F.1.8, 11F.3.4 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

 There are four structural isomers of molecular formula C4H9Br. The structures of two of them 
are given below. 

 (1) CH2Br–CH2–CH2–CH3 (2) CH3–CHBr–CH2–CH3  

a. Give the name of isomer (2). 

b. All four structural isomers of C4H9Br undergo similar reactions with ammonia. 

 i. Give the name of the mechanism involved in these reactions. 

 ii. Draw the structural formula of the product formed by the reaction of isomer (1) with 
ammonia. 

c. The elimination of HBr from isomer (1) produces two structural isomers, compounds A and B.  

 i. Give the reagent and conditions required for this reaction. 

 ii. Give the structural formula of the two isomers A and B, formed by the elimination of HBr 
from isomer (1). 

Adapted from AEB 1998, in T. Lister and J. Renshaw, 2000, Understanding Chemistry for 
Advanced Level, 3rd edn, Stanley Thornes, p.294 

 

 

Three different reactions of propan-2-ol are shown below 

CH3CHOHCH3 

 

 

 

 

a. For each of the reactions I, II and III give suitable reagents and conditions. 

b. If 2-methylpropan-2-ol was used as a starting material in a instead of propan-2ol, identify the 
organic products, if any, of reactions I, II and III. You should indicate if no reaction occurs. 

London (Nuffield) 1998, part question, in T. Lister and J. Renshaw, 2000, Understanding 
Chemistry for Advanced Level, 3rd edn, Stanley Thornes, p.318 

 
 

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. Name and draw the full structures of one ketone A and one aldehyde B, each with the 
molecular formula C5H100. 

b. Describe a chemical test which would enable you to differentiate between samples of A and 
B. State the observations you would expect to make for each sample involved and explain 
the chemistry involved. 

c. Give an equation for the reaction of aldehydes B with HCN. 

Adapted from Oxford 1996, in T. Lister and J. Renshaw, 2000, Understanding Chemistry 
for Advanced Level, 3rd edn, Stanley Thornes, p.551 
 

  

 

Unit 11FC.6 

CH3CHBrHCH3 CH3COCH3 CH3CHCH2 

I II III
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