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Learning outcomes.
At the end of this module you will be able to:

® Understand and apply the rules for oxidation state (5223)

® Understand how the processes of oxidisation and reduction (redox-process) are

interrelated and run simultaneously (522

® Recognise redox processes as involving a change in oxidation state (5225
® Recognise that oxidation involves the loss of electrons and reduction involves the gaining

of electrons (9226]

® Balance redox equations using the electron balancing metho

0

Redox reactions

Reactions involving transfer of electrons are known as oxidation-reduction (or redox)

reactions. In the following redox reaction:

200+ CU¥ g — Zn*y+ Culy

Electrons are lost by the zinc atom and gained by the copper ion. Everyday examples of redox
reactions include the rusting of iron and biological processes, such as respiration and
photosynthesis

Not all reactions involve electron transfer. In the reaction that occurs in the test for chloride

fons, positive silver ions are attracted to negative chloride ions, and solid silver chloride forms.

Aglua+ Cliy — AgCli

There is no transfer of electrons; the positive silver ions are simply attracted to the negative
chloride ions, and solid silver chloride forms.
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Oxidation and Reduction

atior

| [ the loss of electrons. |

Achemical species s said to be oxidised if it loses electrons, for example, Zn in the reaction:

Zne + Cu¥oy — Zn*q + Cuiy

However, a species is reduced if it gains electrons, for example, Cu?" in the above reaction.

| Reduction is the gain of electrons. |

In redox reactions, both oxidation, o loss of electrons, and reduction, or gain of electrons,
oceur.

Oxidised
o+ O ——— ZFw 4 Cum

iced

Figure 4.1 Redox reaction

Itis relatively easy to work out what has been oxidised and what has been reduced in

204+ CU¥'g — Zn¥ g+ Cuty

ns are clearly shown.

where the charges o

Inreactions such as: 2Nay, + Clag — 2NaCl,

the fact that metals when forming compounds are usually oxidised, since they form positive
ions and therefore lose electrons, can be used. Non-metals, on bonding with metals, usually
form negative ions by gaining electrons, and therefore are reduced. In the above example,
the metal sodium loses electrons and is therefore oxidised. The non-metal chlorine gains
electrons and is therefore reduced.

2Na-2e" — 2Na* oxidation
Cl: +2e"— 201 reduction
2Na+Cl: — 2Na"+2C1
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Rusting of iron

In the rusting of iron, ron reacts with oxygen and water,
forming first Fe*" ions and eventually Fe** ions. In this
reaction the iron atoms lose electrons and are oxidised.
Oxygen atoms gain electrons and are reduced.

Figure 4.2 Iron is oxidised
when rusting occurs

Sample question 1

What is oxidised and what is reduced in the following reaction?
2NaCliy — 2Na + Clagy
Answer:

Sodium ions in sodium chloride gain electrons to form sodium atoms, and are therefore
reduced. Chlori

ns lose electrons to form chlorine molecules, and are o)

it you tnow: S 1

Apples turn brown when cut because certain enzymes and a class of
chemicals known as phenols react n the presence of oxygen. This is an oxidation
reaction.

0o

4.1 What happens in a redox reaction?

4.2 Give two everyday examples of redox reactions.

43 Inthereactions, (i) 2Mg+Osg — 2MgOy, (i) CuSOuum+Mgiy — Cuy+ MgSOauey
(i) 2KCliy — 2K+ Clagy identify:
(a) whatis oxidised?
(b) whatis reduced?

ised.

Oxidising agents

An oxidising agent is a substance that allows oxidation to happen by
gaining electrons tself.

In a redox reaction, the oxidising agent s tself reduced. For example, in the reaction:

Cu i+ Mg — Cuo + Mg,

the copper ion, which is itself reduced, is the oxidising agent.

ND REDU
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/;ww\‘
Cu e Mg —>  Cuw Mg

Oxidising agent

Figure 4.3

Ina number of everyday processes, such as rusting of iron,
combustion of fuels and respiration in
oxygen acts as an oxidising agent. Hydrogen peroxide is a
powerful oxidising agent; it is released by some detergents in
water, and is quite effective at removing stains, by oxidising

ing organisms,

the substances causing the stains. 7
Dilute solutions of hydrogen peroxide are used to lighten Figure 4.4 Use of dilute
hydrogen peroxide

hair. The bleach reacts with the melanin in hair, removing

the color in an irreversible chemical reaction. The bleach oxi

ses the melanin molecule.

Reducing agents

A reducing agent s a substance that allows reduction to happen by
losing electrons itself.

In a redox reaction, the reducing agent is itself oxidised in the reaction. For example, in the

reaction:
Cu™'uq + Mgy — Cu+ Mg™uq

itself oxidised, i the reducing agent.

magnesium, which

Oxidised

Cutw  + Mgl —_—  Cw Mg
Reducing agent

Figure 4.5

Sulfur dioxide, which is sed in industry to bleach wool and paper, for example, acts as a
reducing agent when it bleaches materials. So we can see that a bleaching agent can be
either be an oxidizing or reducing agent. This will depend on the nature of chromophores
that are responsible for the colour of the substanceitis reacting with. The chromophores are
either oxidized or reduced to produce a colorless or whitened substance.
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Sample question 2

Whatis (a) the oxidising agent (b) the reducing agent in the following reaction?

2Mgg + Oz — 2MgOys,

Answer:

(a) Since zinc gains electrons in the reaction, it is reduced, and therefore is the oxidising
agent.

(b) Since magnesium loses electrons in the reaction, itis oxidised, and therefore is the
reducing agent.

Q)]

4.4 Whatis an oxidising agent?
4.5 Whatisa reducing agent?

4.6 Inthereactions, (i) 2Ca0w — 2Caw+Oxg (i) 2Fe™uq+ Clig — 2Fe* i+ 2C )
identify:

() the oxidising agent (b) the reducing agent.

Oxidation numbers

Itis usually easy to work out what s oxi
metal ions, because the gain and loss of electrons i

ised and what s reduced in redox reactions involving
9

readily seen. Redox reactions involvi
covalent compounds are more difficult to keep track of in this way. Consider the reaction
between hydrogen and oxygen, forming water:

2H:H  + :0u0: —» 2H:0:
H
2 molecules. 1 molecule 2 molecules.

Atthe beg
oxygen atoms also share electrons equally. After the rea

ing of the reaction, the hydrogen atoms share a pair of electrons equall

n, each hydrogen atom shares a
pair of electrons with an oxygen atom. Since hydrogen i less electronegative than oxygen,
the sharing is unequal - there is a partial transfer of electrons from the hydrogen to the

oxygen.To keep track of electron shifts like this, and of oxidat

n-reduction in general,
oxidation numbers are very useful.

The oxidation number of an atom is the charge that the atom appears
to have when the electrons are distributed according to certain rules.

According to these rules, electrons shared between unlike atoms are counted with the more
electronegative atom, while electrons shared between like atoms are divided equally
between them.
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@ The language used is clear and simple to allow for use by students of varying reading levels.

@ Simple and helpful logos are used throughout to enhance student understanding,
Corresponding
page in Student's Key fact

@ Activity
Portfolio
@ Question Group work Research

Student’s Portfolio

The Student's Portfolio provides additional material, activities and tasks. The

portfolio book enables students to maintain a record of specific activities
and reflect on their learning, as well as focusing on key words and key facts,
through mind maps and comprehension and recall activities. It also contains
templates for self-assessment and peer assessment. This book works in

conjunction with the Textbook.

Teacher’s Book

The Teacher's Book works in conjunction with the Textbook and the Student's

Portfolio book by providing:

@ Anoutline of the Grade 9 content and skill priorities in the subject
programme

@ Learning outcomes for each module with explanations of how they are
incorporated into lessons

@ Information on topics, questions and research ideas that can be used to
enhance the students'learning

@ Answers to all student questions in the Textbook and Student's Portfolio book

@ Outlines of digital resources for each module and suggestions for integrating them into
classroom work

@ Suggestions of ways to assess student activities with assessment templates

@ A range of other information and suggestions to support teachers in the delivery of the new
course

@ Keyskills literacy and numeracy linked to relevant modules

@ Guidance for the teacher through the module

itional activities and research activities
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Digital resources

The Grade 9 Chemistry digital resources
have been designed to integrate with the Textbook and to complement lessons suggested in the
Teacher's Book. Following the principles of the new national Chemistry subject programme, material
ipation and engagement on the

further enhance classroom learning. These resources

led to suit a range of learner types and to encourage par

is prov
part of the student.

A series of videos allows students to observe science in action across all modules. These videos
reinforce the topic at hand and allow for other perspectives, which may be discussed in class.
Similarly, a series of videos about scientist biographies presents a lively gateway to develop
students'interest in science and initiate student-led research.

Further classroom discussion and participation is opened up through PowerPoint presentations,
including a thematic presentation of information from the Textbook. Experiment videos allow for
isual review of activities carried out in the classroom. Extra assessment material is provided to

a

support teachers in carrying outa range of oral and written formative and summative assessments.

Guidance for integration of digital resources in the classroom is provided by the digital resource
symbol used throughout the Textbook, as well as the provision of detailed notes and suggestions in
the Teacher's Book.
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‘The main rules are as follows:

In free elements, each atom has an oxidation number of 0. For example, in a nitrogen
molecule (N,) each nitrogen atom has an oxida
‘The sum of the oxidation numbers of all the atoms in a molecule is 0. For example, in
the water molecule (H,0), where hydrogen has an oxidation number of +1 and oxygen
has an oxidation number of -2, the oxidation numbers add up to 0:
HO
2(+1)-2=0
The oxidation number of a simple ion containing one atom is equal to the charge on
the ion. For example, in a chloride ion (CI) the oxidat
The sum of the oxidation numbers of all the atoms in a complex o
n (NO*) where nitrogen has an o
n numbers add

n number of 0.

n number of chlorine is -1.
equalto the

ation

ate

charge on the ion. For example, in a
number of +5 and oxygen has an oxidation number of -2, the oxida

upto
NO*
+5+3(-2)=-1
Hydrogen has an oxidation number of +1
hydrides where itis -1.

compounds, except in metallic

Oxygen has an oxidation number of ~2 i its compounds, except in hydrogen

42

s -1, and when bonded to fluori

The oxidation number of Group 1 elements in their compounds is always +1, and
the oxidation number of Group 2 elements in their compounds is always +2.

The oxidation number of a halogen when bonded to a less electronegative atom is
. Fluorine is the most electronegative element, and always has an oxidation number

of -1

compounds.

Chlorine has an oxidation number of -1 in compounds where it is not bonded to oxygen or

fluorine.
“
Oxidation states ®
5
Oxidation numbers represent the oxidation state of an “
element. As indicated in rule 7, Group 1 and 2 elements 3

in their compounds have just one normal oxidation

state each (1 and 2 respectively). From rule 6, oxygen in

its compounds usually has just one oxidation state.
With the exception of fluorine, the halogens in their

Oxidation number

hhbb

compounds have several oxidation states.

The transition metals each have a number of different
oxidation states in their compounds. Table 4.1
indicates the common oxidation states of a number of

g | ® Onicaton numbers in oxides
 Onidation numbers n hydrides

Figure 4.6 Oxidation numbers of
second period elements n their
oxides and their hydrides
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Learning outcomes
At the end of this module you will be able to:
® Explain the concept of reaction speed (321

® Determine the factors that affect the rate of reactions and explain them in terms of the
kinetic theory of particles (9322]

Explain the difference between catalysts and reagents and the effect on reaction rates [9323)

Explain the effect of inhibitors on reaction rates (8324

\quish between reversible and irrever

Describe chemical equilibrium s a dynamic process and use the Le Chatelier-Brown
principle to predict shifts in chemical equilibrium (3332)

Recognise the effect of changing conditions on the rate of chemical reactions and the state
of chemical equilibrium (5333)

@  Explain chemical equilibrium in terms of the kinetic theory of particles (9334

0

What is the ‘rate of reaction’?

The rate of a chemical reaction tells us how quickly a chemical reaction happens. One of the
slowest rates of reaction is the rusting of iron. A really fast reaction is an explosion, where itis

allover in a fraction of a second.

igure 3.1 A nail rusting has a slow rate explosion has a very
ofreaction fast rate of reaction
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Inindustry itis very important to know how long it willtake for a reaction
to occur. Reactions can take varying amounts of time from start to

finish, so chemists measure how much reactants are used up and how
much product is formed in a certain time.

gure 3.3 Rate at which the
reactants are used up or the
product is formed
What is particle theory?

During a chemical reaction the particles in the reactants are moving all the time. The rate of a
reaction simply depends on how often and how hard the reacting particles collide with each
other. For the particles to react they must collide with enough energy to break the bonds in
the molecules. Once the bonds are broken the atoms can rearrange to make the products.

ReactantA  ReactantB
ReactantA  ReactantB

Unsuccessfulcollsion

~an unsuccessful collision ~a successful collsion

Increasing the rate of a reaction involves increasing the number of successful collisions
between the reacting particles. There are a number of factors that will affect the behaviour of
particles and will have an overall effect.

What is the effect of raising the temperature on the rate
of a reaction?

If you change the temperature of the reaction, willthis change the rate of reaction?

@ R TR, Lab Work 6
Activity 3.1 @ALAA

S ﬁ

Figure 3.6 Investigating factors that affect the rate of chemical reaction





OEBPS/image/113.jpg
(ODULE 3 RATES OF REACTION AND CHEMICAL EQUILIBRIUM

Question

What s the effect of temperature on rate of reaction?

We will be using a solution that turns cloudy with the addition of hydrochloric acid. We will test this
at different temperatures by placing it in a flask over a piece of paper with a cross marked on it and
seeing how long itis before we are unable to see the cross because of the cloudiness.

Equipment needed

Sodium thiosulfate (0.05 M)
Thermometer

Bunsen burner Paper

Wire gauze Marker

Graduated cylinder Stopwatch o timer

Dilute hydrochloric acid (3 M) Metal tongs

Safety

@ Use metal tongs when removing the conical flask from the Bunsen burner.

Conducting the activity

1. Marka cross on a piece of white paper.

2. Measure 50 cm’ of sodium thiosulfate solution into a conical lask.

3. Place the flask on a piece of white paper marked with a cross.

4. Record the temperature of the solution using the thermometer.

5. Add 5 cm’ of hydrochloric acid (3 M) and swirl. Start the timer.

6. Record the time i takes for the solution to obscure the cross.

7. Repeat steps 1t 6 at 30°C, 40°C and 50°C, heating the sodium thiosulfate solution i the
flask over a Bunsen burner. Record all your results in a table like the following and note any
conclusions you make from the results.

Room temperature
30
40
50

Q).

3.1 What happens to the rate of reaction as you increase the temperature?
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When you raise the .

temperature the particles have 90 ) ;\O\\O {ﬂ? 6(’ %
+o8 . 25

more energy so they move

Q g v B

around more quickly. This o ® Qo Q o K o
% R " ©

results inmore colisions in a % o s ﬁ )

certain time, and so reactions .

get faster as we raise the Reaction at 30°C Reaction at 40°C

temperature. Figure 3.7 As particls get more energy they move ata
greater speed, and so there are more collsions and reactions
getfaster

3.2 Have you ever tasted milk that has gone off? Some foods react when exposed to air,
and turn into acids. Why do we store milk in a fridge, and why does refrigeration make
it stay fresh for longer?

3.3 Youare asked to make jelly for a party starting in three hours. What will you do to
dissolve the jelly cubes in water as quickly as possible?

Light sticks produce light because of
a chemical reaction. Dropping alight
stick into hot water makes it glow more

intensely, demonstrating that the reaction
oceurs faster at higher temperatures.

Figure 3.8 A chemical reaction
‘makes these light sticks glow

3.4 Define rate of reaction.
3.5  Explain how a change in temperature can affect the rate of reaction.
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00

3.6 Plot the data below on a graph, with time on the x-axis and temperature on the y-axis.
Describe what effect an increase in temperature has on the volume of carbon dioxide

produced.
Volume of €O, produced
Time (s) 20°C 30°C
o o [
20 e ;.
40 14 16
60 18 19
80 2 24
100 25 25

What

N0 @
Activity 3.2 .Am

Question

the effect of concentration?

What is the effect of concentration on rate of reaction?

Equipment needed

Conical flask Basin Water
Bung Graduated cylinder Marble chips
Glass tubing Hydrochloric acid (0.1 M) Stopwatch or timer

Conducting the activity

1. Set up the apparatus as shown in Measuring oinder ~__
Figure o N

2. Place 5 g of marble chipsin the conical  diute I
ey i

3. Adda solution containing 10 cm” of
hydrochloric acid (0.1 M) and 40 cm* Marble _

of water. chips
4. Start the timer as soon as you place

Figure 3.9
the bung in the flask.
5. Time how long it takes to collect 20 cm” of gas.

T

6. Repeat steps 2to 5 using different concentrations of acid as shown in the table.
7. Record all your results in the table.





OEBPS/image/122.jpg
MODULE 3 RATES OF REACTION AND CHEMICAL EQUILIE

carbon dioxide (s)
10 40
20 30
30 20
40 10
50 o

Q).

37 What happens to the rate of reaction as you increase the concentration of the acid?

When you increase the concentration, you increase the number of pa

les, which results
rate of reaction (that s, the

more col

ns in a certain time and 50 you get an increas
reaction gets faster).

e

3.8 Asyou increase the concentration of acid there are more acid particles in the same

volume. Use the particle theory and diagrams to explain why you think this may cause
an overall increase in the rate of a reaction.

What is surface area?

Surface area is the measure of how much surface (of the reactants) is exposed. When a large
piece of solid material is cut into smaller pieces its surface area is increased. What effect will
anincrease of surface area have on the rate of a chemical reaction?

Figure 3.10 You increase the surface area of the potato each time you cut itinto
smaller pieces
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What is the effect of increasing surface area on the rate of a reaction?

Equipment needed

Conical lask. ?ﬂiﬁ oy
Electronic balance eing
Cotton wool

Dilute hydrochloric acid adle ol
Marble chips (5 mm) e
Marble chips (10 mm)

Stopwatch o timer

Conducting the activity Toure ST Ty D eherr o ereaang
B e e R Rt at i S8 the surface area on the rate of areaction
Place 5 g of marble chips (5 mm) into a conical flask.
Add 50 v of dilute hydrochloric acid.
. Place cotton wool in the top of the flask.
Start the timer.
Record the loss in mass every 30 seconds.
. Record your results in a table like the one below.
Repeat steps 2 to 6 using the larger marble chips (10 mm).

0
30
60
9

120

150

180

Q)T

marble chips have the larger surface area?
mportant to keep all other factors in the activity the same?
Plot both sets of results on a graph. Put loss of mass (mass of gas given off) on the
y-axis and time on the x-axis.
size of marble chips reacts faster?
What happens to the rate of reac

n as we increase the surface area?
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The smaller the particle size of a solid, the greater the surface area on which the reaction can
take place, and so the faster the reaction.

ron flings

3.14  Place the three types of iron shown in Figure 3.12 in order of increasing surface area.

3.15 I each type of iron was heated over a Bunsen burner, which would show the greatest

rate of reaction? +

aaaa

What is the effect of using a catalyst?

Transition metals lie in between group 2 and group 3 in the periodic table. Some well-known
transition metals are iron, copper, chromium, nickel and gold. Transition metals and their
compounds are important catalysts. (A catalyst makes something happen without being part
of what happens) How will a catalyst affect the rate of reaction?

Activity 3.4 . A A“

Question

Whatis the effect of a catalyst on the rate of a chemical reaction?

Equipment needed . Manganese dioxide
2testtubes i dhaal
Hydrogen peroxide (6%) ( 15

Manganese dioxide (catalyst) r

Spatula

Wooden splints

Safety
®  Wear safety goggles and gloves atall times 4, qrogen —
when using the hydrogen peroxide. peroxide A B peroxide

Figure 3.13 Investigating the effectofa catalyst
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Conducting the activity

1. Place 5 cm’ of hydrogen peroxide into each of test tubes A and B.

2. Add alittle manganese dioxide to test tube B.

3. Test each test tube with a glowing splint.
4. Note your results.

Make sure that in your results you note answers to the following:

() Did bubbles form in test tube A?

(b) What happened as s00n as you added the catalyst manganese di
() Did the glowing splint relight in each test tube?

(d) Which test tube showed the greater rate of reaction?

() How did you judge the rate of reaction?

00

3.16 The catalyst manganese dioxide speeds up the reaction in the previous activity without
getting used up. How can you get the manganese dioxide back to be used again? (Hint:

itis insoluble in water)

How do catalysts increase the rate of a reaction?

Activation energy is the minimum amount of energy that reactant particles must have in
order for them to react. When you add a catalyst it lowers the activation energy; this makes it

easier for the particles to react, so there is an increase in the rate of reaction.

Did you know?

Enzymes are natural catalysts
in the human body. Without the
enzyme amylase in our saliva it
would take starch several weeks to
break down.

Energy

Actvation
energy without
acaaat

Loweractvation
energywitha
catayst

Resctants

Time
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0o

3.17 What are catalysts?
3.18 Explain how catalysts increase the rate of a chemical reaction.
3.19 Place the reactions in Figure 3.15 in order of increasing rate of reaction.

enp s onp
oiute Diue oiute Concented
hydachioric | = hydrachiric ydochiorc ydrochioic
sdia s s scia
Smallpecesof  Large isceof Podered Smalpicesof

pesss @)

Reversible and irreversible reactions

There are many reactions - like combustion- which are irreversible. In these reactions
reactants form products which cannot be or are not easily turned bac}
products of combustion - water and carbon dioxide - are stable and, therefore, to do not
react with each other to reconvert into the reactants.

to the reactants. The

When we write chemical equations for such reactions, the irreversible nature of the reaction is

represented by the unidirectional arrow: ().

Reversible reactions

ns behave differently.In a reversible reaction, the products can react to
produce the original reactants again. In chemical equations for such rever
use two arrows, as shown below in reaction of hydrogen and iodine:

le reactions, we

Hoa+ Ly = 2HI

The concept of dynamic equilibrium
The concept of dynamic eqt
both directions at the same time. Such reactions are referred to as dynamic reactions and

when the rate of the reactions in both directions is equal, the reaction is in a state of dynamic

jum refers to reversible reactions which occur continuously in

equilibrium.

This does not necessarily mean, however, that the concentrations of the reactants and
products are equal. We say that they are at equilibrium when their concentrations are
constant. In the reaction
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He+ 1z = 2HI
as much hydrogen iodide is decomposing at equilibrium as is being formed, and so the
concentrations of all three substances remain constant. This can be represented on a graph as
follows:
H |« aulbrium concentaion o hyerogen
£ e Equilibrium concentration of hydrogen iodide
/11

Time —»

Only the reactants are found to be present in the initial stages, but as the reaction progresses,
the concentrations of the hydrogen and iodine decrease as that of the product hydrogen
iodide increases. Eventually a point will be reached where changes in the concentrations of
the reactants are no longer observed and equilibrium is reached. The processis said to be
dynamic because neither reaction goes to the end. The reactant amount that remains in such
reversible reactions will depend on these factor

® Temperature ® Pressure

the system
® Concentration of the reactants ® Type of reaction

The rate of the reaction to the left of the equation is called the forward rate, the rate of the
called the reverse rate.

rea

n to the right

: . Ha+1; = 2HI

320 Consider these graphs. Some show concentration of reactants v time, others rate of
reaction v time. Which graphs represent a state of chemical equilibrium? 4
Graph A Graph B ¢

‘

Products :

5 ¢

) ! /

S 3| ‘

Reactants £ ¢

9 ¢

— Time —» ‘

* ¢

O O :
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Graph C GraphD
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Forward Rate:

Time

Time — g

- ey O

Graph E Graph F

=

Products

Concentration

Reactants

Concentration—»

Time —

Time —-

O O

321 Which lines in graph b represent the reactants of the forward reaction and which line
represents the products?
3.22 At which point in graph b is equilibrium reached ?

Equilibrium constant

Taking our example of a reversible reaction from above

Hat Iz = 2HI

we can consider the equilibrium concentrations at a constant temperature of 764 K of the
three species: hydrogen, iodine and hydrogen iodide. The table below shows a number of sets
of different starting concentrations at this temperature. The square brackets denote
concentrations in mol I'.
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1.894 1.896 12.83 459
2265 2840 1715 457
1.699 4057 17.79 457
2484 2514 16.95 460
1971 1.981 1342 461

From the table it can be seen that although the concentrations at equilibrium are very
different there is a constant relationship between them [fourth column in the table] within a
reasonable margin of error:

The square brackets denote concentrations in mol 1.

This relationship could be presented on a graph like thi

350

300

250

200

150

35 40 45 50 55 60 65 70
i)

The straight line is indicative of:

“This constant value is known as the equilibrium constant (K] representing the constant
relationship in terms of molar concentration.

Itis important to remember that this is a constant for different concentrations at a specific
temperature. If the temperature of the reaction changes then the value of K, changes.

Look at the sample calculation for the same reaction at a completely different temperature.
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Sample question 1
Hot b= HI
Ifthe equilibrium [HI] is 0.75 M and the equilibrium [H,] is 0.20 M, what is the equilibrium
(1. if the K. is 0.40?
Answer:
[HI}
D)

[HIis squared because of the coefficient 2 in the balanced chemical equation.

©75)
040=—

(020)[1]
Rearrange as:

(0.75)
1= 02010400

de of the eq ion of equilibrium.
Alarge value of K, as in the table data,, indicates that at equilibrium the concentration of
products s large compared to the concentration of reactants.

From our table, we saw that in the reaction at 764 K H + 1, = 2HI K.is 45.9. This means that
HI predominates at equilibrium at this temperature.

In the example question the K.is low at 0.40 suggesting that the reactants predominate at
this temperature.

The value of the equilibrium constant depends on temperature. I the forward reaction is
exothermic, the equilibrium constant decreases as the temperature rises. If the forward
reaction is endothermic, the equilibrium constant increases as the temperature rises.

0e

3.23 Write the equilibrium constant expressions for the following reactions:
(a) 250:+0:=250, (b) 2NO+0,=2NO: (c) 2NH,=N.+3H:

3.24 I the reaction H; + I, = 2Hl if the equilibrium [HI] is 0.060 M and the equilibrium [1.] is
0.90 M, what s the equilibrium [H.] if the K. is 0407

3.25 Inareaction ata particular temperature between sulfur dioxide and oxygen forming
sulfur trioxide 250, + 0, = 250, it was found that at equilibrium the concentrations of
50,, 0 and SO, were 0.07 mol I.,,0.035 mol I, and 0.03 mol I, respectively.

Calculate the value of the equilibrium constant (K. for this reaction at this temperature.

3.26 What does a small value of (K.) indicate about relative concentrations of species at
equilibrium?
3.27 Ifthe value of (K.) decreases as the temperature increases, what does this indicate?
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Chatelier’s Principle

We use a principle known as the Le Chatelier's principle, named after the French chemist,
Henry-Louis Le Chatelier, (1850 -1936), to predict what happens in chemical reactions where
equilibrium is disturbed. This could be due, for example, to a change in temperature, pressure
or the concentration of one of the species.

Le Chatelier's principle:

If a dynamic equilibrium is disturbed by changing conditions, the position of
equilibrium moves to counteract the change.

We shall look at the example reaction for the production of ammonia from nitrogen and
hydrogen for each type of change.

Change in concentration

In the reaction

N + 3Hsg = 2NHsy

If we add either more N, or H,or both when the reaction is at equilibrium, the balance of the
equation shifts to the right towards the product as more product is produced to return the
reaction to equilibrium.

Nag + 3Hzy —==2NHa,

If more NH, is added when the reaction is at equilibrium, the balance of the equation would
to theleft as more nitrogen and hydrogen would be produced to return the reaction to

Ny + 3Hz =>— 2NHy,,

The reverse s true for a decrease in either the reactants or the products.

Change in temperature

In our reaction

N+ 3Hzg = 2NHs,,

the forward reaction is exothermic. An increase in temperature in the reaction at equilibrium
will shift the equilibrium to the left (the endothermic direction). The reaction producing the
nitrogen and hydrogen will take place preferentially. This will decrease the value K...

Ny, + 3H === 2NH,,

Adecrease in temperature will favour the exothermic reaction, shifting the equilibrium to the
right. This will resultin the value of K. increasing.

N,y + 3H, —==2NH,,
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Change in pressure

This change relates only to reactions where the reactants or products are gases. Equilibrium
reactions involving only liquids and solids will not be affected by changes in pressure.

When a gas s involved in the equilibrium reaction, a change in pressure may affect the
position of the equilibrium.

In the reaction

N, +3H; = 2NH;

there are four molecules on the left and only two on the right.If a mixture of nitrogen,
hydrogen and ammonia at equilibrium is subjected to increased pressure, the equilibrium

shifts to the right, forming more ammonia. This counteracts the effect of the increase in

pressure, as the number of molecules present s reduced.

@ Hydrogen molecule
@ Nitrogen molecule
@ Ammonia molecule

In Figure 3.24 more ammonia molecules are produced to counteract the increase in pressure.

A decrease in pressure will have the opposite effect, causing more hydrogen and nitrogen
molecules to be formed.

It should be noted that in our earlier example reaction

Hy +1, = 2HI

a change in pressure will not alter the equill
on each side of the equati

ium as there are the same number of molecules
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).

3.28 Inthe reaction 250, + 0, = 250, will increasing the concentration of oxygen move the
equilibrium position to the left or the right?

3.29  Ifthe forward reaction is exothermic, how does increasing the temperature of the
reaction affect the value of K.2

3.30 Inthe reversible reaction COCI; = CO +Cl; the forward reaction is exothermic. At
equilibrium, what s the effect of:
(a) decreasing the temperature (€) adding some COCl,
(b) increasing the pressure (d) removing some Cl,

3.31 Why does achange in pressure not affect equilibrium in the reaction: H, +1, = 2HI?





