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GRADE 11A: Chemistry 2 

How much is there? 

About this unit 
This unit is the second 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 consolidation activities, look at the scheme of 
work for 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 
write balanced molecular and ionic equations for simple reactions. They 
should be able to explain the macro-properties of the different states of 
matter in terms of their micro-structure 
 

Expectations 
By the end of the unit, most students solve problems using the mole, the 
Avogadro constant, molar solutions, molar gas volume and the universal gas 
equation. 

Students who progress further solve complex problems using the mole, 
the Avogadro constant, molar solutions, molar gas volume and the universal 
gas equation. 

 

 

Resources 
The main resources needed for this unit are: 
• two bags of different sized nails (approximately 100 per bag); one set per 

pair of students 
• sealed boiling tubes containing numbers of moles of elements pre-

weighed and labelled (e.g. 0.5 mol of lead, 1.0 mol of sulfur). 
• copper strips, iodine crystals, fume cupboard, accurate balance(s) 
• dilute acids and alkalis, appropriate indicator 
• class sets of equipment to demonstrate Charles’s law and Boyle’s law 
• range of problems for students 
• student copies of the periodic table 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• reacting mass, stoichiometry, mole, Avogadro constant, empirical formula, 

molecular formula 
• concentration, titration 
• molar volume of a gas, ideal gas equation, standard temperature and 

pressure (STP) 
 

UNIT 11AC.2 
9 hours 
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Standards for the unit 

9 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

 EXTENSION STANDARDS 

10A.17.12 Write equations with state symbols 
for simple reactions, including ionic 
equations for reactions in aqueous 
solution, given the formulae of 
reactants and products. 

11A.19.1 Write balanced equations and use them to provide information on 
reacting masses. 

 

 

 
 

11A.19.2 Define a mole of a substance in terms of the Avogadro constant and use it 
in stoichiometric calculations. 

 

 

 11A.19.3 Calculate empirical and molecular formulae using combustion data or 
composition by mass. 

 

 11A.19.4 Determine concentrations of reactants in solutions through acid–base 
titrations with appropriate indicators. 

 

10A.17.13 Use the kinetic particle theory to 
explain the main characteristics of 
the three states of matter and 
changes between the states: 
• the basic assumptions of the 

kinetic theory as applied to an 
ideal gas … 

11A.19.5 Apply the kinetic particle model to an ideal gas and explain, in terms of 
molecular size and intermolecular forces, how the behaviour of real gases 
deviates from the ideal model at high pressures and low temperatures. 

 

 11A.19.6 Define molar volume and use it in calculations on the reacting volumes of 
ideal gases. 

 

4 hours 

Working with 
solids 
 

3 hours 

Working with 
solutions 
 

2 hours 

Working with 
gases 

 11A.19.7 Use the general gas equation PV = nRT and the concept of relative molar 
volume at STP in calculations related to ideal gases. 
 

 

Unit 11AC.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

4 hours 

Working with solids 
Write balanced equations and 
use them to provide 
information on reacting 
masses. 

Define a mole of a substance 
in terms of the Avogadro 
constant and use it in 
stoichiometric calculations. 

Calculate empirical and 
molecular formulae using 
combustion data or 
composition by mass. 

 

 

Provide students with word equations representing a range of reactions. Ask them to write 
balanced formula equations for them. Then get them to work in pairs to mark each other’s work 
and feed back corrections. 

Revise calculating formula mass by carrying out a class quiz. 

Set a problem involving reacting masses (e.g. calculate the mass of carbon dioxide produced by 
heating 15.0 g of limestone) and help students solve it using the teaching approach outlined 
below. 
1 Hold a class discussion on the need to carry out this type of calculation. 
2 Check students’ appreciation of the conservation of mass by placing a volumetric flask 

containing a fixed volume of 1 mol dm–3 hydrochloric acid and a test-tube containing 
0.1 mol dm–3 silver nitrate solution on a balance. Take a mass reading and remove from the 
balance. Mix the two liquids to produce a precipitate. Before putting back on the balance, ask 
students to vote on whether they think the total mass has decreased, stayed the same or 
increased. Reweigh and discuss the result. 

3 (i) Ask students to write a balanced formula equation: 
  CaCO3 → CaO + CO2 
 (ii) They should then calculate the molar masses for each reactant and product and write 

these under each component in the balanced equation. Use this to reinforce conservation 
of mass: 

  CaCO3 → CaO + CO2 

  100 g 56 g 44 g 
 (iii) Ask students which reactants and products are needed for the question and discard data 

for any others (in this case CaO). Reduce the known mass to 1 g and ratio the unknown 
mass appropriately: 

  CaCO3 → CaO + CO2 

  100⁄100
 g 44⁄100

 g 
  1 g 0.44 g 
 (iv) Take the known mass up to the value given in the question and ratio the unknown mass 

appropriately: 
  CaCO3 → CaO + CO2 
  1 g 0.44 g 
  1 × 15 g 0.44 × 15 g 
 Answer: 15.0 g limestone produces 6.6 g of carbon dioxide. 

Give them copies of this as a template to use in future examples. 

Ask students to work in pairs and give them further examples of increasing complexity 
(e.g. reactants do not react in a ratio of 1:1, the mass of a reactant needs to be calculated from 
a given mass of product). 

 
 
 

 

 
 
 
The discussion could include calculating 
yield/profit in industry, environmental concerns. 

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

 

Unit 11AC.2 
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Objectives Possible teaching activities Notes School resources 

Give students two bags of different sized nails. Ask them to weigh one nail of each size and calculate 
the ratio of their masses. Ask them to repeat the exercise but this time weighing five of each, then ten 
of each, twenty of each, and so on. Tabulate their results and, for each example, calculate the ratio of 
the masses. In each case, as long as the numbers of each nail are the same, the ratio of their masses 
will be the same. Refer to atoms and how small they are. Each type of atom has a fixed mass, 
and these atoms’ masses are in a fixed ratio to each other (just like the nails). Since we cannot 
weigh individual atoms, we need to weigh multiples of them. As long as there are the same numbers 
of each type of atom, the ratio of their masses will remain unchanged. By having the same large 
number (6.02 × 1023, the Avogadro constant) of each, the ratio of masses stays the same. The mass 
we use in this case is the relative atomic mass in grams and is called the molar mass (g mol–1). 

Enquiry skills 11A.3.1, 11A.3.3 

 

 

Students can practise calculating the mass of different numbers of moles of different 
substances, or calculating the number of moles there are in a given mass of a substance. Have 
different samples of elements weighed out into sealed boiling tubes (e.g. 1 mol of lead, 0.5 mol 
of sulfur) in order to give visual consolidation. Using the equations balanced by students in the 
last section, introduce the concept of stoichiometry, by working out how many moles of one 
substance react with how many moles of another substance in each reaction. 

  

 
Ask students to place a clean pre-weighed copper strip (15 cm × 1 cm) into a test-tube with 
approximately 0.3 g iodine crystals in the bottom and warm gently (to prevent iodine vapour 
escaping) until there is no more iodine vapour left. Tell them to weigh the copper plus copper 
iodide, scrape the yellow copper iodide from the surface of the copper and reweigh the copper 
strip, carefully recording all their results. They can then calculate the number of moles of copper 
and iodine that have reacted and from that calculate the formula of the copper iodide. They can 
use their results to calculate percentage errors for the measurements they have made. 

Consolidate the process of determining the molecular formulae of compounds through sample 
calculations. At this stage it would be good to give data for compounds formed by direct combination 
(e.g. FeCl3). Students may find it useful to use the format below to record their calculations. 
 

 Element A Element B 

Mass (g)   

Number of moles   

Ratio of A : B   

Formula   
 
 

Safety: Heat in a fume cupboard or place a 
cotton wool plug in the mouth of the test-tube. 

Enquiry skill 11A.1.5 

 

 

Give students the data for benzene (92% C and 8% H) and ask them to calculate the formula 
for the compound. They will arrive at the formula CH; ask them to draw this compound. This can 
lead on to a class discussion on empirical formulae. Consolidate the concept using examples in 
which students are given a range of examples of molecular formulae from which they derive the 
empirical formulae. 

Now give students data from combustion analysis of hydrocarbons so that they can determine 
the molecular formula/empirical formula of the compound undergoing combustion. 
 

Enquiry skill 11A.3.2  
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Objectives Possible teaching activities Notes School resources 

Discuss with students why it is necessary to be able to calculate the concentration of a solution 
(e.g. environmental analysis, pharmaceutical quality control). Ask them to consider an alkaline 
solution and what they would need to do in order to determine the concentration. 

They will need to understand what concentration means and the appropriate units (g dm–3, 
mol dm–3). Give them short exercises that allow them to practise calculating concentrations of 
solutions. 

Demonstrate how to carry out an acid/alkali titration (using a strong acid of known concentration 
and a strong alkali of unknown concentration). Give students sample graphs showing how pH 
changes as a titration progresses for strong acid / strong alkali, strong acid / weak alkali, weak 
acid / strong alkali and weak acid / weak alkali and a chart showing the colour changes for 
different common indicators. Ask students to use this chart to explain why the selected indicator 
was used. Take care to show in detail the technique. It may be useful to have a visual record of 
the process (e.g. on CD-ROM) so students can access this at any time. Allow students time to 
practise the titration technique individually. Guide them through the calculation to determine the 
concentration of the alkali. 

  

Now give students a sample of ‘acid rain’ (typically 0.001 mol dm–3 sulfuric acid) and tell them to 
work in pairs to plan, carry out and analyse their own results. 

Enquiry skills 11A.1.4, 11A.1.5, 11A.4.1  

3 hours 

Working with solutions 
Determine concentrations of 
reactants in solutions through 
acid–base titrations with 
appropriate indicators. 

 

Give students a series of practice concentration calculations to carry out. These should be 
graded in difficulty to suit the needs of individual students. 
 

Enquiry skill 11A.3.2  

Give students experimental data on the mass of 1 dm3 of a number of different gases at 25 °C 
and 1 atm pressure. Define standard temperature and pressure (STP). Ask them individually to 
calculate the volume of 1 mol of each gas. This will lead to developing a definition for the ‘molar 
volume of a gas’. 

Now give them sample calculations using reacting volumes to carry out. Good contexts include 
combustion of alkanes and the Haber process. 

  

Ask students to carry out practical work to demonstrate Charles’s and Boyle’s laws and use 
their conclusions to derive the ideal gas equation pV = nRT (make sure students use kelvin 
values for temperature). 

Now give them sample calculations using the ideal gas equation to carry out. 

For a diagram and details of class equipment to 
demonstrate Charles’s Law and Boyle’s laws, 
see: 
chemed.chem.purdue.edu/genchem/topicreview
/bp/ch4/gaslaws3.html 

Enquiry skills 11A.2.1, 11A.2.3 

 

2 hours 

Working with gases 
Apply the kinetic particle 
model to an ideal gas and 
explain, in terms of molecular 
size and intermolecular 
forces, how the behaviour of 
real gases deviates from the 
ideal model at high pressures 
and low temperatures.  

Define molar volume and use 
it in calculations on the 
reacting volumes of ideal 
gases.  

Use the general gas equation 
PV = nRT and the concept of 
relative molar volume at STP 
in calculations related to ideal 
gases. 

Discuss with students the assumptions made (i.e. that molecules of an ideal gas are assumed 
to occupy negligible volume and exert no forces on each other). 

Ask students to work in groups of three or four to consider the impact on the value of pV/RT as 
the pressure increases if the gas is non-ideal. Repeat the exercise to consider the impact on the 
value of pV/RT as the temperature increases if the gas is non-ideal. Present actual graphical 
data for students showing the behaviour of a non-ideal gas and discuss how their predictions 
match real gas behaviour. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

In the blast furnace, iron is produced by the reduction of iron(III) oxide to iron by reacting it with 
carbon monoxide. Carbon dioxide is also produced in the reaction. 

a. How many tonnes of iron oxide are needed to produce 1 tonne of iron? 

b. Assuming iron ore contains 60% iron(III) oxide, what mass of the ore is needed to 
produce1 tonne of iron?  

Give each student a list of Ar values or a copy of 
the periodic table. 

 

Iron burns in chlorine to produce iron chloride. 5.60 g of iron reacts with 10.65 g of chlorine. 

Deduce the equation for the reaction. 

  

Temporary hardness in water is caused by the presence of calcium hydrogencarbonate. This 
solute can be determined by titration with hydrochloric acid: 

 Ca(HCO3)2 + 2HCl → CaCl2 + 2CO2 + 2H2O 

500 cm3 of a water sample requires 6.0 cm3 of 0.25 mol dm–3 hydrochloric acid in a titration. 
What is the concentration of Ca(HCO3)2 present in the water? Give your answer in mol dm–3 and 
g dm–3. 

 
 

100 cm3 of butane undergoes complete combustion. 

a. What volume of oxygen is needed for the reaction? 

b. Air is approximately 20% oxygen. What volume of air is needed for the reaction? 

c. What volume of carbon dioxide is formed? 

  

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 balloon can hold 1000 cm3 of air before bursting. The balloon contains 975 cm3 at 5 °C. Will it 
burst when it is taken into a room at 27 °C? Show the workings to support your answer. 
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