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Unit 1:  Balancing chemical reactions  
Duration 20 min 

Purpose: 

 Balancing chemical equations effectively 

Method Group 
work  

Resources: CAPS document, curriculum tracker, calculator 

Balancing chemical reactions  

Being able to balance equations is important because it allows you to predict how a 

chemical reaction will occur, including what products will be formed, how much will be 

produced and how far a reaction will proceed if you know the amount of reactants. Follow 

the steps below in order to balance chemical reactions effectively.   

 Step 1:  Apply the Law of conservation of Mass to get the same number of atoms of 

every element on each side of the equation.   

Step 2:  Determine and list the number of elements or atoms on the left (reactants) and 

the right hand side (products) 

Step 3:  Balance metals, followed by non-metal first 

Step 4:  Balance chemical formulas by placing coefficients in front of them. Do not add 

subscripts, because this will change the formulas. 

Step 5:  balance oxygen and hydrogen last. 

Example:  

 

Activity 1: Balancing chemical reactions 

Use the above mentioned guidelines or any other techniques to balance the following 

chemical reactions. 

1. )(___)(___)(___ 222 gOHgOgH   

2. )(___)(___)(___)(___ 2224 gOHgCOgOgCH   

3. )(___)(___)(___ 322 sOFegOsFe   

4. )(___)(___)(___ 228 gSOgOsS   

5. )(___)(___)(___ 322 gNHgHgN   
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6. )(___)(___)(___)(___ 223 gOHgNOgOgNH   

Element inventory 

)(___)(___)(___ 222 gOHgOgH   

 Reactants Products 

Elements No. of atoms  No. of atoms  

      

   

 

)(___)(___)(___)(___ 2224 gOHgCOgOgCH   

 Reactants Products 

Elements No. of atoms  No. of atoms  

      

   

   

 

  

)(___)(___)(___ 322 sOFegOsFe   

 Reactants Products 

Elements No. of atoms  No. of atoms  

   

   

 

)(___)(___)(___ 2 sMgOgOsMg   

 Reactants Products 

Elements No. of atoms  No. of atoms  

       

   

   

 

  

)(___)(___)(___ 322 gNHgHgN   

 Reactants Products 

Elements No. of atoms  No. of atoms  

      

   

   

 

)(___)(___)(___)(___ 223 gOHgNOgOgNH   

 Reactants Products 

Elements No. of atoms  No. of atoms  
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Unit 2:  Representing chemical change 
Duration 40 min 

Purpose: 

 To acquaint HoDs with various teaching 

techniques relating to the concept of chemical 

chance representation   

Method Group 
work  

Resources: CAPS document, curriculum tracker, calculator, chemsketch 

 

 

 

 

 

 

 

 

𝐶𝐻4  + 𝑂2 → 
 

𝐶𝑂2 + 𝐻2𝑂 

 

The molar mass of a compound is used to convert from moles to grams 

The molar mass of a compound can be used as a conversion factor to relate the amount 

in moles to a mass in grams for a given substance. Recall that molar mass has units 

grams per mole (𝑔 ∙ 𝑚𝑜𝑙−1. To convert an unknown amount of a compound in moles to 

mass in grams, multiply the amount in moles by molar mass. The formula that relates 

mass, molar mass and number of moles is given by: 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠(𝑛) =
𝑚𝑎𝑠𝑠(𝑚)

𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 (𝑀)
 

Conversion of this type of elements and compounds are summarised in Figure X below: 

 

Mass, Moles and Molecules 

   

Mass of 

compound 

in (grams) 

Amount of 

compound 

(moles) 

Number of 

molecules 

×
1

𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠
 

= 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 × 

× 6.022 × 1023 = 

=
1

6.022×1023
×  
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This diagram shows relationship between mass in grams, amount in moles, and number 

of molecules or atoms for a given compound 

 

 

Example 1 What is the mass in grams of 3.50 mol of oxygen gas? 

 ANALYSE 
Given:  3.50 𝑚𝑜𝑙 𝑂2 
Unknown: Mass of 𝑂2 in grams 

 PLAN 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑂2 ⟶ 𝑔𝑟𝑎𝑚𝑠 𝑂2 

To convert amount of 𝑂2 in moles to mass 𝑂2in grams, 
multiply by molar mass of 𝑂2 

𝑚(𝑂2) = 𝑛(𝑂2) × 𝑀(𝑂2) 
 
 

 SOLVE First, the molar mass of 𝑂2 must be calculated from the 
periodic table:  
𝑀(𝑂2) = 2 × 16 = 32𝑔 ∙ 𝑚𝑜𝑙−1 
 
Now do the calculations 
 
𝑚(𝑂2) = 𝑛(𝑂2) × 𝑀(𝑂2) = 3.50 × 32 
∴ 𝑚(𝑂2) = 112.00𝑔  
 

 CHECK YOUR ANS The answer is correctly rounded off to two decimal places and 
is dimensionally correct.   

 

Example 2 Ibuprofen, 𝐶13𝐻18𝑂2, is the active ingredient in many non-
prescription pain relievers. Its molar mass is 206.31𝑔 ∙ 𝑚𝑜𝑙−1. 
(a) A bottle contain a total mass of 33𝑔 of ibuprofen, how 

many moles of ibuprofen are in the bottle? 
(b) How many molecules of ibuprofen are in the bottle? 
(c) What is the total mass in grams of carbon in 33𝑔 of 

ibuprofen? 

 ANALYSE 

Given:  33𝑔 of 𝐶13𝐻18𝑂2, molar mass 206.31𝑔 ∙ 𝑚𝑜𝑙−1  

Unknown: (a) Moles of 𝐶13𝐻18𝑂2 
(b) Molecules of 𝐶13𝐻18𝑂2 
(c) Total mass of C 
 

 PLAN (a) 𝑔𝑟𝑎𝑚𝑠 ⟶ 𝑚𝑜𝑙𝑒𝑠 

Mass of 

element in  

compound 

(grams) 

Amount of 

element  in 

compound 

(moles) 

Number of 

atoms of 

an element 

in 

compound 

×
1

𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠
 

= 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 × 

× 6.022 × 1023 = 

=
1

6.022×1023
×  
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To convert mass of ibuprofen in grams to moles, divide 
by molar mass of ibuprofen (𝐶13𝐻18𝑂2) 
 

(b) 𝑚𝑜𝑙𝑒𝑠 ⟶ 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 
To find number of molecules of ibuprofen, multiply the 
amount of 𝐶13𝐻18𝑂2 by Avagadro’s number  

(c) 𝑀𝑜𝑙𝑒𝑠 𝐶13𝐻18𝑂2 ⟶ 𝑚𝑜𝑙𝑒 𝐶 ⟶ 𝑔𝑟𝑎𝑚 𝑜𝑓 𝐶 
to find the mass of carbon present in ibuprofen, the two 
conversion factors needed are the amount of carbon in 

moles per mole of 𝐶13𝐻18𝑂2 and molar mass of carbon 
 

 
 

 SOLVE (a) 𝑛(𝐶13𝐻18𝑂2) =
33

206.31
= 0.16𝑚𝑜𝑙 

(b) 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶13𝐻18𝑂2 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 = 𝑛(𝐶13𝐻18𝑂2) × 𝑁𝐴 
∴ # 𝑜𝑓 𝐶13𝐻18𝑂2 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 = 0.16 × 6.022 × 1023 
= 9.6 × 1022𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑜𝑓 𝐶13𝐻18𝑂2 

(c) 1 𝑚𝑜𝑙 𝑜𝑓 𝐶13𝐻18𝑂2 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 13𝑚𝑜𝑙 𝑜𝑓 𝐶 
∴ 0.16𝑚𝑜𝑙 𝐶13𝐻18𝑂2 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑠 0.16 × 13 = 2.08𝑚𝑜𝑙 𝐶 
∴ 𝑚(𝐶) = 𝑛(𝐶) × 𝑀(𝐶) = 2.08 × 12 = 24.96𝑔   

 CHECK YOUR ANS Checking each step shows that the arithmetic is correct and all 
answers have units  

Similar relationship exist for an element within compound 

Percentage composition  

Percentage composition is the number of grams in one mole of a compound  

  

Example 3 Find the percentage composition of potassium dichromate 
(𝐾2𝐶𝑟2𝑂7) 

 ANALYSE 
Given:  𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝐾2𝐶𝑟2𝑂7  

Unknown: Percentage composition  

 PLAN 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 ⟶ 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 ⟶ 𝑚𝑎𝑠𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 
The molar mass of the compound must be found. Then the 
mass of each element present in 1 mole of the compound 
is used to calculate the mass percent of each element.  

 SOLVE 𝑚(𝐾) = 2 × 39 = 78𝑔 
𝑚(𝐶𝑟) = 2 × 52 = 104𝑔 

𝑚(𝑂) = 7 × 16 = 112𝑔 

𝑀(𝐾2𝐶𝑟2𝑂7) = 294  

% 𝐾 =
78

294
× 100 = 36.53% 

% 𝐶𝑟 =
104

294
× 100 = 35.37% 

% 𝑂 =
112

294
× 100 = 38.10% 

 
 

 CHECK YOUR ANS A good check is to see if the results add up to about 100%.  

% 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑎 𝑠𝑎𝑚𝑝𝑙𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑
× 100 
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Example 4 As some salts crystallise from a water solution, they bind 
water molecules in their crystal structure. Sodium 
carbonate forms such a hydrate, in which 10 water 
molecules are present for every formula unit of sodium 
carbonate. Find the mass percentage of water in sodium 
carbonate decahydrate, 𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂, which has a 

molar mass of 286.19𝑔 ∙ 𝑚𝑜𝑙−1.   

 ANALYSE 

Given:  𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂 
Molar mass 286𝑔 ∙ 𝑚𝑜𝑙−1 

Unknown: Mass Percentage of water 

 PLAN 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 ⟶ 𝑚(𝐻2𝑂) 𝑝𝑒𝑟 𝑚𝑜𝑙 𝑜𝑓𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂  
⟶ % 𝑤𝑎𝑡𝑒𝑟 
The mass of water per mole of 𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂 must first 
be found. This value is then divided by the mass of one of 
𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂 

 SOLVE  1 mole of 𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂 contains 10 mole of 𝐻2𝑂. The 
molar mass of water is 18𝑔 ∙ 𝑚𝑜𝑙−1 
𝑚𝑎𝑠𝑠 𝑜𝑓 10𝑚𝑜𝑙 𝑜𝑓 𝐻2𝑂 = 10 × 18 = 180𝑔 
 
The molar mass of 𝑁𝑎2𝐶𝑂3 ∙ 10𝐻2𝑂 = 286 𝑔 ∙ 𝑚𝑜𝑙−1 

∴ 𝑚𝑎𝑠𝑠 % 𝑜𝑓 𝐻2𝑂 =
180

286
× 100 = 62.94% 

 
 

 CHECK YOUR ANS Checking shows that arithmetic is correct and all answers are 
dimensionally correct.    

 

Activity 1: Representing chemical change  

a) How many moles of atom of each element are there in one mole of 
(𝑁𝐻4)2𝐶𝑂3? 

b) What is the mass in grams of 5.25 mol 𝐹𝑒2(𝑆𝑂4)3? 
c) Calculate the mass percentage of water in 𝑍𝑛𝑆𝑂4 ∙ 7𝐻2𝑂 
d How many molecules of asprin, 𝐶9𝐻8𝑂4, are there in a 100.0mg tablet of 

asprin?  
 

  

Unit 3:  Assessment and moderation 
Duration 30 min 

Purpose: 

 Familiarise HoDs and lead teachers with various 
techniques relating to assessment and moderation of 
learner scrips 
 identifying learners’ errors and misconceptions 

 

Method Group 
work  

Resources: CAPS document, curriculum tracker, calculator 
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Familiarise yourself with the following terminologies we come across when 

discussing assessment and moderation 

Terminology 

Term  Explanation  

1. Assessment 

The gathering of evidence to make a judgment or describe the 

status of learning of an individual or group. Assessment should 

be linked to learning and teaching and not be viewed or 

conducted in isolation. The main aim of assessment is not only 

to judge the outcome of learning, but also to provide a supportive 

and positive mechanism that helps learners to improve their 

learning, and teachers to improve their teaching. 2. Assessment 

Task 

This is an assessment activity that is designed to assess a range 

of skills and competencies. 

3. Bias 
Prejudice in favour of or against one thing, person, culture, 

gender, race or group compared with another, usually in a way 

considered to be unfair/unfavourable. 

4. Evidence of 
learner 
performance 

Means the learner’s work that is used to compile his or her 
internal assessment mark. 

5. Fairness 

An assessment should allow for learners of both genders and all 
backgrounds to do equally well. All learners should have equal 
opportunity to demonstrate the skills and knowledge being 
assessed. The fairness of the assessment is jeopardized if bias 
exists either in the task or in the individual doing the rating. For 
a task to be fair, its content, context, and performance 
expectations should: reflect knowledge, values, and experiences 
that are equally familiar and appropriate to all learners; tap 
knowledge and skills that all learners have had adequate time to 
acquire; be as free as possible of cultural, ethnic, and gender 
stereotypes. The assessment conducted should not 
disadvantage any learner on the grounds of race, gender, age or 
social background. 

6. 
Irregularities 
committee 

Means the body established by the school/district to deal with all 
irregularities identified during the examination and formal 
assessment. 

7. Moderation 
The process of verifying results of School Based Assessment 
and the external assessment. 

8. Reliability 

An indication of the consistency of scores across evaluators or 
over time. How consistently a measurement of a skill or 
knowledge yields similar results under varying conditions. That 
is the extent to which measurements are consistent, therefore it 
refers to whether the assessment was consistent or not 

9. 
School Based 
Assessment 

Any assessment task, instrument or programme where the 
design, development, administration, marking, recording and 
reporting has been initiated, directed, planned, organized, 
controlled and managed by an educational body, i.e. school, 
district, provincial department. 

10. Teacher file 

Means the recording and planning documents used by the 
teacher, namely the formal programme of assessment, evidence 
of learner assessment/ performance, all formal assessment 
tasks and marking guidelines, annual teaching plan/work 
schedule, textbook used and other resources 

11. Transparency 
Learners must be informed of the nature of the tasks and the 
criteria used to assess. 

12. Validity 

An indication of how well an assessment actually measures what 
it is supposed to measure. The accuracy of the measurement 
that is whether or not it measures what it is supposed to 
measure. Particularly relevant is content validity, which pertains 
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to the extent to which the content of the test matches the 
instructional objectives. 

13. Verification 
Confirmation of truth or authority together with the evidence for 
such a confirmation. A formal assertion of validity. 

 

Activity 1: assessment   

 YES  NO 

Do you monitor learner progress by means of continuous assessment?   

Does assessment evidence result in changes to in teaching methods?   

Do you use special diagnostic assessment instruments?   

Do you make special provisions for those with special needs or barriers 

to learning and development? 

  

How many formal examinations do you have per year?   

Are formal assessments supplemented with class tests?   

Do you give learners assignments/projects to do?   

Does your school have an assessment policy?   

Does your school have an assessment plan?   

Are teachers provided with an annual assessment schedule?   

Are learners provided with an annual assessment timetable?   

Are parents provided with copies of assessment timetables?   

Do learners know the assessment processes and procedures?   

Do you provide learners with assessment criteria beforehand?   

Do you regularly inform parents of assessment results?   

Do you address weaknesses identified during assessments?   

Are learners allowed to appeal against assessment results?   

Do you give parents feedback on diagnostic assessment?   

Do you have a safe place to keep assessment instruments?   

Do you enter marks on mark sheets or something similar to these?   

Do you issue reports every term?   

 

Based on the checklist you just completed, do you think that the assessment processes 
and procedures in you school have integrity? If not, in what sense are they inadequate 
and to what extent could these inadequacies affect learner performance? What do you 
think you could do to improve said processes and procedures? 
 

Activity  2: Moderation 

Critique the following scripts and provide effective feedback to the learner (also identify 
common errors and misconceptions). What advice can you give to this teacher? Comment 
on the mark allocation, style of marking, number of ticks and etc.  
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Question 1 

 

The following diagrams represent the combustion 

of ethane (C2H6). Complete the diagrams and write 

a balanced equation for the reaction. Indicate the 

state symbols. (6) 

 

Memorandum 
                                    

2C2H6 + 7O2 → 4CO2 + 6H2O 
 
 
                                                            

 

 

Learner 1 

 
 

 

Learner 2 

 
 

 

Learner 3 
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Learner 4 

 

 

 

  

Unit 1:  Chemical equilibrium 
Duration 15 

min 

Purpose: 

 Familiarise HoDs and lead teachers with various 
techniques relating to assessment and moderation of 
learner scrips 
 identifying learners’ errors and misconceptions 

 

Method Group 
work  

Resources: CAPS document, curriculum tracker, calculator 

 

Background 

Reversible reactions  

In reversible reaction, reactants bond to form products, and products react to form the 

original reactants.  Most chemical reactions are reversible.   

How are reversible reactions represented?  

A double arrow which indicates that reactants react to form products, and that products 

react to form reactants, is used to represent reversible reactions. The reversible reaction of 

ammonia and hydrogen chloride can be represented as follows:  

𝑁𝐻3(𝑔)  +  𝐻𝐶𝑙(𝑔)  ⇋  𝑁𝐻4𝐶𝑙(𝑠) 

This equation shows that the ammonia and hydrogen chloride gases bond to form solid 

ammonium chloride and that solid ammonium chloride can break up into ammonia and 

hydrogen chloride.  

Open and closed systems 

The reversible reaction 𝑁𝐻3(𝑔) +  𝐻𝐶𝑙(𝑔) ⇋  𝑁𝐻4𝐶𝑙(𝑠) is possible only if none of the 

reactants or products escape from the container.  Such a system is known as a closed 

system.   
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The forward reaction can be observed by placing only an open bottle of hydrochloric acid 

near an open bottle of ammonium.  The solid ammonium chloride can be observed as a 

white cloud.  This reaction takes place in an open system.  The ammonium chloride 

disappears into the air as a fine white powder.  

𝑁𝐻3(𝑔)  +  𝐻𝐶𝑙(𝑔)  →  𝑁𝐻4𝐶𝑙(𝑠) 

The heating of ammonium chloride produces the two gases.  If it takes place in an open 

container so that the two gases can escape, only the forward reaction, shown below, will 

take place. The reaction takes place in an open system and the reverse reaction will not 

take place.    

𝑁𝐻4𝐶𝑙(𝑠)  →  𝑁𝐻3(𝑔)  +  𝐻𝐶𝑙(𝑔) 

Note:  A closed system does not necessarily mean that a container has to be closed.  A 

reaction where all the reactants and products are in the liquid phase is a closed system, 

even if it takes place in an open container.  No gases form and therefore no reactant or 

product will escape from the system.     

Reversible reactions in a closed system 

A reversible reaction that takes place in a closed system eventually reaches equilibrium, 

i.e. a point where the rate at which reactants react to form products is equal to the rate at 

which products react to form reactants.   

 

A reversible reaction in a closed system eventually reaches equilibrium 

Chemical equilibrium 

Chemical equilibrium is reached when the rate of the forward reaction is equal to the rate 

of the reverse reaction.  

At equilibrium the concentrations of the reactants and products remain constant.  It is a 

dynamic equilibrium – the reaction does not stop.  The forward and reverse reactions still 

take place, but there is no change in the macroscopic properties of the reaction mixture.  

Example: Consider the following reaction that is at equilibrium: 

      𝐴(𝑔)  +  𝐵(𝑔) ⇋ 𝐶 (𝑔) +  𝐷(𝑔)  

The following statements are TRUE: 

R
a

te
 o

f 
re

a
c
ti
o

n
 

Time 

Decrease in rate of forward reaction as concentration 

of reactants decreases  

Increase in rate of reverse reaction as concentration of 

products increases 

Equilibrium 
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R
a
te

 o
f 
re

a
c
ti
o
n
 

Time (min.) 0 4 6 

 [𝐴], [𝐵], [𝐶] 𝑎𝑛𝑑 [𝐷] are constant at equilibrium. 

 [𝐴] × [𝐵] is constant at equilibrium. 

 [𝐶] ×  [𝐷] is constant at equilibrium. 

 Rate of forward reaction = Rate of reverse reaction 
 

The following statements are FALSE: 

 [𝐴]  =  [𝐵] OR [𝐶]  =  [𝐷] at equilibrium. 

 [𝐵]  = [𝐶] OR [𝐴] × [𝐵] = [𝐶] × [𝐷] at equilibrium. 
 

Activity 1: Interpreting chemical equilibrium graphs 

Hydrogen gas and iodine vapour are placed in a closed container at a constant temperature.  
After a period of time the system reaches equilibrium according to the following balanced 
equation:  

H2(g) + I2(g) ⇋ 2 HI(g)  

The sketch graph shows the rate of the forward and reverse reactions as a function of time.  

 

 

 

 

 

 

 

 

 

1. Explain the term ‘chemical equilibrium’.  

2. How many mol HI(g) were initially present in the reaction container? 

3. How many minutes did the system take to reach equilibrium?  

4. Which graph represents the reaction H2(g) + I2(g) → 2 HI(g)?  Give a reason for 
your answer.  

5. Which graph represents the reaction 2 HI(g) → H2(g) + I2(g)?  Give a reason for 
your answer.  

6. What is represented by the horizontal part of the graphs?  

 

The implication of chemical equilibrium  
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Nitrogen dioxide (NO2) is a reddish-brown gas that can be prepared by the reaction of 
concentrated nitric acid (HNO3) with copper.  NO2(g) is always in equilibrium with the 
colourless gas N2O4(g).     

2 NO2(g)    ⇋    N2O4(g) 

          Reddish-brown   Colourless 

In a test tube NO2(g) will have a reddish-brown colour.  If the test tube is placed in ice water 
the colour will gradually become lighter as the NO2(g) is converted into colourless N2O4(g).  
Even if there is still some NO2(g) present, the colour of the gas will remain the same after a 
time and not become any lighter because equilibrium will have been reached.  

In the equilibrium mixture the concentrations of the NO2(g) and the N2O4(g) remain the same 
and as a result the colour of the equilibrium mixture remains the same.  

The equilibrium constant 

The rate of the forward reaction, 2 NO2(g)  →  N2O4(g), depends on the concentration of the 
reactant, i.e. NO2(g).     

Forward rate   [NO2][NO2]  forward rate = k1[NO2]2 

In the same way, the rate of the reverse reaction, N2O4(g)  →  2 NO2(g), depends on the 
concentration of N2O4(g).    

Reverse rate  [N2O4]  reverse rate = k2[N2O4] 

The constants k1 and k2 are the rate constants for the forward and reverse reactions, 
respectively.  

At equilibrium the rate of the forward reaction is equal to the rate of the reverse reaction:   

k1[NO2]2 = k2[N2O4]  
2

2

42

][NO

]O[N
 = 

2

1

k

k
 = constant 

𝐾𝑐 =
[𝑁2𝑂4]

[𝑁𝑂2]2
 

At equilibrium the relationship of products to reactants is a constant.  It doesn’t matter 
whether we begin with N2O4(g), 2 NO2(g) or a mixture of both – at equilibrium the 
relationship is a specific constant value.  This constant value is known as the equilibrium 
constant.  

The law of mass action 

 

In the 19th century, scientists found that the relationship of products to reactants for a 

specific equilibrium reaction is always the same at a specific temperature.  Scientists 

formulated the law of mass action in 1864:  

The law of mass action:  For the general equilibrium equation, Aa + bB ⇋ Cc + dD, the 

relationship between reactants and products at equilibrium can be expressed as follows:   

Kc = 
ba

dc

]B[]A[

]D[]C[
  .......................................................  I 
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Equation I is known as the equilibrium constant expression.  Kc is the equilibrium 

constant.  The following aspects are important when Kc is written for equilibrium reactions:     

 Kc has only a value and no unit.   
 If the balanced equation for a chemical reaction is known, the equilibrium 

constant expression for the reaction can be written.   
 Kc is obtained by the substitution of equilibrium concentrations from 

products and reactants in the equilibrium constant expression.  Square 
brackets are used to indicate equilibrium concentrations.   

 The c that is used as a subscript indicates that concentrations expressed 
in mol∙dm-3 are used to determine the constant.   

 Only concentrations of gases and solutions are used in the expression 
for Kc. 

 Solids and pure liquids present in a heterogeneous equilibrium are not 
included in the expression for Kc.    

 Kc is independent of the reaction mechanism.  Only the specific reaction 
and the temperature can influence the value of Kc.  Kc is therefore always 
given for a specific reaction at a specific temperature.  

 
The meaning of equilibrium constants (KC) 

For any equilibrium Kc is the relationship of the equilibrium concentration of the products to 

the equilibrium concentrations of the reactants: Kc = 
][reactants

[products]
 

Kc = 1:   

The equilibrium concentrations of products are equal to those of the reactants.  

Kc > 1: 

A high Kc value therefore means that the concentration of the products is very high in 
comparison to that of the reactants.  The reaction therefore favours product formation.  We 
say that the equilibrium lies to the right or the equilibrium favours the formation of products.    

Kc < 1: 

A low Kc value means that the concentration of the products is very low in comparison to 
that of the reactants.  The reaction therefore does not favour product formation.  We say 
that the equilibrium lies to the left or the equilibrium favours the formation of reactants.  

Calculations with equilibrium constants 

If the equilibrium concentrations of reactants and products are known, Kc can be calculated 
directly from the equilibrium constant expression, as illustrated in Example 1.  

Example 1 

A mixture of nitrogen and hydrogen reaches equilibrium in a closed container at a specific 
temperature according to the following balanced equation:  

N2(g) + 3 H2(g) ⇋ 2 NH3(g) 

The analysis of the equilibrium mixture produced the following equilibrium constants for 
reactants and products: [N2] = 1 mol·dm-3;[H2] = 2 mol·dm-3;[NH3] = 2 mol·dm-3.  

Calculate Kc at this temperature. 

Solution 
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Kc = 
3

22

2

3

]H][N[

]NH[
 = 

3

2

)2)(1(

)2(
 = 0,5 

 

Example 2 shows a case where Kc as well as the equilibrium concentrations of some of the 

reactants and products are known.  The equilibrium concentration of the unknown reactant 

or product can then be calculated from the given data.  

 

Example 2 

The equilibrium constant for the reaction 

SO2(g) + NO2(g) ⇋ NO(g) + SO3(g) 

 is 4 at a certain temperature.   

The equilibrium concentrations of the reactants and products are as follows:  

[SO2] = 0,2 mol·dm-3; [NO2] = 0,1 mol·dm-3; [NO] = 0,4 mol·dm-3.  

 Calculate the equilibrium concentration of SO3(g).  

Solution: 

Kc = 
]NO][SO[

]SO][NO[

22

3
  4 = 

)1,0)(2,0(

]SO)[4,0( 3
  [SO3] = 0,2 mol·dm-3 

 

The equilibrium concentrations of reactants and products are often unknown.  If only one of 

the products/reactants’ equilibrium concentration is known, the equilibrium concentrations 

of the other one can be determined from the stoichiometry of the reaction.  The following 

steps are followed in such a case:  

 

 Draw a table with a column for each reactant and product in the reaction equation.  
Write the reaction equation at the top of the table with reactants and products above 
the appropriate columns.   

 Indicate the stoichiometry of the reaction in the first row under each reactant and 
product.    

 Indicate the initial concentrations in the second row under the appropriate reactants 
and products.  

 Leave the third row open for the changes that take place during the reaction. i.e. the 
reactants that reacted and the products that formed.  

 Write the given equilibrium concentratiors in the fourth row.   

 Calculate the change in concentration for reactants and products of which both the 
equilibrium and initial concentrations are known.  

 Use the stoichiometry of the reaction to calculate the changes for the other reactants 
and products.   

 Now calculate the equilibrium concentrations from the initial concentration and the 
change in concentration.  
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Example 3 below illustrates the use of these steps in problem-solving.  

 

Example 3 

1 mol H2(g) and 2 mol I2(g) were initially mixed in a 1dm3closed container. The reaction was 

allowed to reach equilibrium at 448 °C according to the following balanced equation:  

H2(g) + I2(g) ⇋ 2 HI(g) 

When the equilibrium mixture was analysed it showed that the equilibrium concentration of 

HI is 1,80  mol·dm-3.  Calculate Kc at 448 °C.  

Solution: 

Write all the given values in the table: 

                      H2(g)      +         I2(g)      ⇋      2 HI(g) 

Stoichiometry 1 1 2 

Initial concentration 

(mol·dm-3) 
1  2  0 

Change in concentration (reactant  

and product) (mol·dm-3) 
   

Equilibrium concentration 

(mol·dm-3 ) 
  1,80  

 

Now calculate the change in concentration of HI – both the initial and equilibrium 

concentrations are known.  Use stoichiometry to calculate the change in concentration of 

H2 and I2.  Then determine the equilibrium concentrations of H2 and I2 by subtraction.     

                     H2(g)       +         I2(g)       ⇋      2 HI(g) 

Stoichiometry 1 1 2 

Initial concentration 

(mol·dm-3) 
1  2  0 

Change in concentration 

(reagent and product) (mol·dm-3) 
0,90   0,90  1,80  

Equilibrium concentration 

(mol·dm-3) 
0,1  1,1  1,80  

 

Note:  Reactants react and become less – as a result the change in reactants is subtracted 

from the initial concentration.  Products form and increase – as a result the change in 

product is added to the initial concentration.      
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Kc = 
]I][H[

]HI[

22

2

 = 
)1,1)(1,0(

)80,1( 2

 = 29,45 

Predicting the direction of a reaction 

Kc values can be used to predict whether a forward or reverse reaction will take place. The 

given concentrations of reactants and products are substituted into the equilibrium constant 

expression. These given concentrations are not necessarily equilibrium concentrations and 

as a result the answer cannot be equated with Kc.  The answer that is obtained in this 

manner is called the reaction quotient, Q.   

By comparing the value obtained for Q with the value for Kc the direction in which the 

reaction will take place can be determined.  

Q = Kc: The system is already in equilibrium. 

Q > Kc:  The concentration of the products is too large and that of the reactants too small.  

As a result products will react to form reactants, i.e. the equilibrium will shift to 

the left.  

Q < Kc: The concentration of products is too small and that of reactants too big.  As a 

result reactants will react to form products, i.e. the equilibrium will shift to the 

right. 
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Example 4 

The Kc for the preparation of NH3 from N2 and H2 is 0,105 at 472 °C.   

N2(g) + 3 H2(g) ⇋ 2 NH3(g) 

 

It was found that 2 mol NH3, 2 mol H2 and 1 mol N2 were in a 1 dm3 container at  

472 °C. Determine whether the reaction is in equilibrium.  If not, how will the reaction mixture 

react to reach equilibrium?  

Solutions: 

Q = 
3

22

2

3

]H][N[

]NH[
 = 

3

2

)2)(1(

)2(
 = 0,5   Kc – the system is not in equilibrium. 

Q > Kc:  NH3 will therefore decompose to form more N2 and H2 until equilibrium  

   is reached.  The reaction will therefore take place from right to left.  

 

Activity 2: chemical equilibrium 

  
Question 1 

The thermal decomposition of calcium carbonate (CaCO3) is an example of a 

heterogeneous equilibrium. The decomposition that takes place in a closed container 

can be represented by the following equation: 

CaCO3(s) ⇌ CaO(s) + CO2(g) 

Initially 10 g of CaCO3(s) is placed in a closed 700 cm3 container and then heated. 

Equilibrium is reached at 900 °C. 

1.1 Why is the above decomposition referred to as a heterogeneous equilibrium?  

1.2 Calculate the mass of unreacted CaCO3(s) that remains in the container at 

equilibrium if Kc for the reaction is 0,0109 at 900 °C. 

2.3 It is found that the value of Kc increases when the container is heated to a higher 

temperature. Is the forward reaction exothermic or endothermic? Use Le 

Chatelier's principle to explain your answer.  

1.4 The volume of the container is now decreased to 250 cm3 while the temperature 

is kept constant. How will each of the following be affected? Write down only 

INCREASES, DECREASES or REMAINS THE SAME. 

 2.4.1 The value of Kc  

 2.4.2 The number of moles of CaCO3(s) present in the equilibrium mixture 

 2.4.3 The concentration of CO2(g) at the new equilibrium  

1.5 More CaCO3(s) is now added to the equilibrium mixture in the 500 cm3 container. 

How will this change influence the number of moles of CO2 (g)? Write down only 

INCREASES, DECREASES or REMAINS THE SAME.  
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 Question 2 

  

2 mol of NO2(g) and an unknown amount of N2O4(g) are sealed in a 2 dm3 container, that 

is fitted with a plunger, at a certain temperature. The following reaction takes place:  

2NO2(g) ⇌ N2O4(g) 

At equilibrium it is found that the NO2 concentration is 0,4 mol∙dm-3. The equilibrium 

constant at this temperature is 2. 

2.1 Calculate the initial amount (in mol) of N2O4(g) that was sealed in the container.  

2.2 The plunger is now pushed into the container causing the pressure of the 

enclosed gas to increase by decreasing the volume. How will this change 

influence the amount of nitrogen dioxide at equilibrium? Only write down 

INCREASES, DECREASES or REMAINS THE SAME. (1)   

2.3 Use Le Chatelier's principle to explain your answer to 2.2 

 

Assessment 

Unit 5:  Formal assessment & Moderation 

Duration 45 min 

Purpose: 
 To develop HoDs as an effective and efficient assessors 
and moderators 
 How can we help you? 

Method Group 
work  

Resources: CAPS document, curriculum tracker, calculator 

 

Go through the formal assessment and Memo below and perform the following tasks as 

an assessor, moderator and supporter. 

 assign cognitive levels  

 assign mark allocation and the duration of the paper 

 is this assessment fair and valid? Comment 
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H2 gas 

a)   Do the results support 

Nomusa’s assumption? Discuss 

your answer. 

b)   What length of Mg ribbon was 

needed to produce 40 cm3 H2 gas? 

c)   What volume of gas was 

produced by 8 cm of Mg ribbon? 

d)   Write a conclusion for the 

experiment. 

 

1.   During an experiment done by Nomusa, a piece of 

magnesium ribbon was placed in enough diluted hydrochloric 

acid to cover it. The contents of the flask became warm and 

hydrogen gas and magnesium chloride were produced. She 

collected the hydrogen gas in a gas jar. 

Mg(s)       +       2HCl(aq)              MgCl2(s)       +       H2(g) 

Nomusa now wanted to find out how the length of the 

magnesium ribbon would affect the amount of hydrogen gas produced.  She thought 

that as the length of the ribbon increased the amount of hydrogen gas would 

decrease. To find the answer, she did the same experiment, using different lengths 

of ribbon. Her results are shown in the following graph: 

 

 

e)   Is this reaction endothermic or exothermic? Quote a sentence from the text to 

prove your answer. 

2.   Iron reacts rapidly with oxygen to form magnetic iron oxide (Fe3O4).  

a)      Write a balanced chemical equation for this reaction.                                    

b)      What type of reaction is this?                                                                                                                                            

3.  During an experiment in a laboratory, potassium hydrogen carbonate is heated 

to produce potassium carbonate, carbon dioxide and water. 

 a)  Is this a synthesis or a decomposition reaction?                       

 b)   Calculate the relative formula mass of potassium hydrogen  

          Mg in HCl 
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               carbonate.      

 
4.   When potassium chlorate is heated, it breaks down into potassium chloride 

and oxygen, according to the following equation: 

2KClO3(s)              2KCl(s)       +       3O2(g) 

a) What is the scientific term for the breaking down of a compound by 

heating? 

b) Name another method that can be used to break down a compound 

into other substances.                                                                                                           

c) Give an example of a substance that can be broken down by the 

method mentioned in b).                                                                                                  

5.   Hydrogen gas reacts with oxygen gas to form water vapour, causing a small 

explosion. 

 a)   Write a balanced equation for this reaction.                             

 b)   Is this an exothermic or an endothermic reaction?                   

 c)   If 10 cm3 of hydrogen gas and 8 cm3 of oxygen gas were put  

               into the gas jar at the beginning of the experiment, some  

               oxygen gas does not take part in the reaction, as there would  

               an excess.  

    i)  What volume of oxygen would remain in the container?   

        ii)  What volume of water vapour is formed?    

  6.     Balance the following chemical equations: 

 a)       (NH4)2CO3(s)    NH3(g)  +  CO2(g)  +  H2O(g) 

 b)       lithium + oxygen  lithium oxide 

 c)       Fe2O3(s)  +  Pb(s)    Fe(s)  +  PbO(s) 

         d)       nitrogen  +  hydrogen    ammonia 
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Memorandum 

 

1. a)   No. Her results show that the longer the ribbon, the more gas is 

               produced. 

 b)   5 cm 

 c)   65 cm3 

d)   The volume of hydrogen produced is directly proportional to the length 

of Mg ribbon. 

 e)   Exothermic. “The contents of the flask became warm and 

                hydrogen gas and magnesium chloride were produced.” 

 

2. a)       3Fe(s)  +  2O2(g)    Fe3O4(s) 

 b)       Synthesis reaction 

3. a)       Decomposition reaction 

 b)       Mr(KHCO3)  =  39  +  1  +  12  +  (3 × 16)  =  100 

4. a)       Thermal decomposition 

 b)       Electrolysis 

 c)       CuCl2 

5. a)       2H2(g)  +  O2(g)    2H2O(g) 

 b)       Exothermic 

 c)       i)       2 mol H2 react with 1 mol O2 

                          2 cm3 H2 react with 1 cm3  O2 

         10 cm3 H2 react with 5 cm3 O2  

  Since 8 cm3 O2 was present,  

                   8 – 5 = 3 cm3 O2 will remain 

 
  ii)   2 mol H2 produced 2 mol H2O 

       10 cm3 H2 produced 10 cm3 H2O 

6. a)       (NH4)2CO3(s)    2NH3(g)  +  CO2(g)  +  H2O(g) 

 b)       4Li(s)  +  O2(g)    2Li2O(s) 

 c)       Fe2O3(s)  +  3Pb(s)    2Fe(s)  +  3PbO(s) 

 d)       N2(g)  +  3H2(g)    2NH3(g)  
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