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7.1.1 The State of Equilibrium

The State of Equilibrium

Reversible react ion

So me reactio ns go  to  co mpletio n where the reactants are used up to  fo rm the pro ducts and the

reactio n sto ps when all o f the reactants are used up

In reversible reactio ns  the pro ducts can react to  refo rm the o riginal reactants

To  sho w a reversible reactio n, two  half arro ws are used: ⇌

The diagram shows an example of a forward and backward reaction that can be written as one equation

using two half arrows

Dynamic equilibrium

In a dynamic equilibrium the reactants and pro ducts are dynamic  (they are co nstantly mo ving)

In a dynamic equilibrium the rate  o f the f o rward  reactio n is the same as the rate o f the backward

reactio n in a clo sed system and the co ncentratio ns o f the reactants and pro ducts is co nstant

There is no  change in macro sco pic pro perties  such as co lo ur and density as they depend o n

co ncentratio n
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The diagram shows a snapshot of a dynamic equilibrium in which molecules of hydrogen iodide are

breaking down to hydrogen and iodine at the same rate as hydrogen and iodine molecules are reacting

together to form hydrogen iodide

The diagram shows that the concentration of the reactants and products does not change anymore once

equilibrium has been reached (equilibrium was approached using reactants)
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The same equilibrium can be approached starting with the products

A clo sed system is o ne in which no ne o f the reactants o r pro ducts escape fro m the reactio n

mixture

In an o pen system so me matter is lo st to  the surro undings

When a reactio n takes place entirely in so lutio n, equilibrium can be reached in o pen flasks

If the reactio n invo lves gas, equilibrium can o nly be reached in a clo sed system
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The diagram shows a closed system in which no carbon dioxide gas can escape and the calcium

carbonate is in equilibrium with the calcium oxide and carbon dioxide

The diagram shows an open system in which the calcium carbonate is continually decomposing as the

carbon dioxide is lost causing the reaction to eventually go to completion

Exam T ip

A co mmo n misco nceptio n is to  think that the co ncentratio ns o f the reactants and pro ducts is

equal, ho wever,  they are no t equal but co nstant  (the co ncentratio ns are no t changing).The

dynamic equilibrium can be reached by starting either with the reactants o r pro ducts.In bo th

cases, the co ncentratio ns o f the reactants and pro ducts remain co nstant o nce dynamic

equilibrium has been reached.
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7.1.2 The Equilibrium Law

The Equilibrium Constant

Equilibrium expression & const ant

The equilibrium expressio n is an expressio n that links the equilibrium co nstant , K , to  the

co ncentratio ns o f  reactants and pro ducts  at equilibrium taking the sto ichio metry  o f the

equatio n into  acco unt

So , fo r a given reactio n:

aA + bB ⇌ cC + dD

the K is expressed as fo llo ws:

Equilibrium expression linking the equilibrium concentration of reactants and products at equilibrium

So lids  are igno red in equilibrium expressio ns

The K  o f a reactio n is specific to  a given equatio n

Worked example

Deduce the equilibrium co nstant expressio n fo r the fo llo wing reactio ns

1. Ag  (aq) + Fe  (aq) ⇌ Ag (s) + Fe  (aq)

2. N  (g) + 3H  (g) ⇌ 2NH  (g)

3. 2SO  (g) + O  (g) ⇌ 2SO  (g)

Answer:

c

c

c

+ 2+ 3+

2 2 3

2 2 3
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The Size of Kc

The siz e o f K tells us ho w the equilibrium mixture is made up with respect to  reactants and

pro ducts

If K  > 1, the co ncentratio n o f pro ducts is  greater than the co ncentratio n o f reactants and we say

that the equilibrium lies to  the right hand side

If K  < 1, then the co ncentratio n o f reactants is greater than the co ncentratio n o f pro ducts and

we say that the equilibrium lies to  the lef t hand side

K is a co nstant at a specified temperature

Since temperature can affect the po sitio n o f equilibrium it fo llo ws that K  is dependent o n

temperature

Worked example

When the fo llo wing reactio ns reach equilibrium, state whether the equilibrium mixture co ntains

mo stly reactants o r pro ducts.Assume the value o f K co rrespo nds to  the temperature o f the

reactio n mixture

1. Ag  (aq) + Fe  (aq) ⇌ Ag (s) + Fe  (aq)    K  = 7.3 x 10

2. N  (g) + 3H  (g) ⇌ 2NH  (g)                           K  = 2.6 x 10

3. 2SO  (g) + O  (g) ⇌ 2SO  (g)                         K  = 5.0 x 10

Answer:

1 and 2: As K is very much smaller than 1 the deno minato r in the equilibrium expressio n must be

much larger than the numerato r so  the co ncentratio n o f the reactants is much larger than the

co ncentratio n o f pro ducts. The equilibrium mixture co ntains mo stly reactants

3: As K is very much larger than 1 the numerato r in the equilibrium expressio n must be much

larger than the deno minato r so  the co ncentratio n o f the pro ducts is much larger than the

co ncentratio n o f reactants. The equilibrium mixture co ntains mo stly pro ducts

c 

c

c

c

c

c 

+ 2+ 3+
c

-26

2 2 3 c
-18

2 2 3 c
13

c 

c 
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7.1.3 Equilibrium Constant Relationships

Equilibrium Constant Relationships

In the previo us sectio n we saw that the co ncentratio ns o f the substances are raised to  the

po wer o f  the co efficients  fro m the balanced equatio n

This means the K expressio n is dependent o n a specific equatio n

Fo r example, take the reactio n between nitro gen and hydro gen to  make ammo nia

½N     +    1½H   ⇌     NH

The K expressio n fo r this reactio n is:

If yo u do uble the sto ichio metry the equatio n beco mes

N     +    3H   ⇌ 2NH

The new K expressio n fo r this reactio n is then:

What is the relatio nship between these two  K  values? Yo u can pro bably see that when we do uble

the co efficient the new K  is the square o f the o riginal value:

If we reverse the equatio n:

2NH  ⇌ N     +    3H

K   beco mes the recipro cal o f the o riginal K value:

c 

2(g) 2(g) 3(g)

c 

2(g) 2(g) 3(g)

c 

c

c

3(g) 2(g) 2(g)

c c 

Page 8 of 19
For more help visit our website www.exampaperspractice.co.uk



Test yo ur understanding in the fo llo wing example:

Worked example

K  fo r 2NO  (g) + F  (g) ⇌ 2NO F (g) is 7.1 × 10 What is K  fo r the fo llo wing reactio n, at the same

temperature?

NO F (g) ⇌  NO  (g) + ½F  (g)

Answer:

The co rrect o ptio n is B.

The o riginal equatio n has been reversed and halved, so  the K value must be square ro o ted

and inverted to  o btain the recipro cal

c 2 2 2
32

c

2 2 2

c 

Exam T ip

Yo u must use square brackets in equilibrium co nstant expressio ns as they have a speci�c

meaning, representing co ncentratio ns. In an exam answer yo u wo uld lo se the mark if yo u used

ro und brackets
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7.1.4 The Reaction Quotient

The Reaction Quotient

The reactio n quo tient , Q, is the ratio  o f pro ducts and reactants fo r a reactio n that has NOT  yet

reached equilibrium

The expressio n fo r Q is very similar to  K :

It is a useful co ncept because the siz e o f Q can tell us ho w far a reactio n is fro m equilibrium and in

which directio n the reactio n pro ceeds

Fo r Example,

If Q = Kc  then the reactio n is at equilibrium, no  net reactio n o ccurs

If Q < Kc  the reactio n pro ceeds to  the right  in favo ur o f the pro ducts

If Q > Kc  the reactio n pro ceeds to  the lef t  in favo ur o f the reactants

Using values o f the co ncentratio ns o f the substances present we can wo rk o ut if a reactio n is at

equilibrium o r no t, as the fo llo wing example sho ws:

c
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Worked example

The equilibrium co nstant fo r the fo llo wing reactio n:

COI  (g) ⇌ CO (g) + I  (g)

is 5.1 x 10  at 298 K

Deduce whether the fo llo wing reactio n mixture co ncentratio ns represent a reactio n at

equilibrium and fo r tho se no t at equilibrium indicate the directio n is pro ceeding:

Answer:

The reactio n quo tient expressio n is

Reactio n mixture 1:

In this mixture Q >> K , so  Q has to  decrease to  reach K . This means the reactio n must

be mo ving to  the left, in o rder to  reach equilibrium, so  the reactants are favo ured

Reactio n mixture 2:

2 2

-2

c c
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In this mixture, the value o f Q = Kc, so  the reactio n is at equilibrium

Reactio n mixture 3:

In this mixture Q < K , so  Q has to  increase to  reach K . This means the reactio n must be

mo ving to  the right, in o rder to  reach equilibrium, so  the pro ducts are favo ured

Exam T ip

The calculatio n o f Q is no t explicitly part o f the SL co urse, just as calculating Kc values o nly

co mes in HL chemistry. Ho wever, a co mpariso n o f Q and Kc is relevant and the wo rked example is

included o nly to  illustrate ho w Q is determined fro m experimental data.

c c
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7.1.5 Le Chatelier's Principle

Le Chatelier's Principle

Posit ion of  t he equilibrium

The po sitio n o f  the equilibrium refers to  the relative amo unts o f pro ducts and reactants in an

equilibrium mixture.

When the po sitio n o f equilibrium shifts to  the lef t , it means the co ncentratio n o f reactants

increases

When the po sitio n o f equilibrium shifts to  the right , it means the co ncentratio n o f pro ducts

increases

Le Chat elier’s principle

Le Chatelier’s principle  says that if a change is made to  a system at dynamic equilibrium, the

po sitio n o f the equilibrium mo ves to  minimise this change

The principle is used to  predict changes to  the po sitio n o f equilibrium when there are changes in

temperature, pressure o r co ncentratio n

Effect s of  concent rat ion

Effects o f  Co ncentratio n Table
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Worked example

A. Using the reactio n belo w:

CH COOH (l) + C H OH (l) ⇌ CH COOC H (l) + H O (l)

Explain what happens to  the po sitio n o f equilibrium when:

1. Mo re CH COOC H (l) is added

2. So me C H OH(l)  is remo ved

B. Use the reactio n belo w:

Ce  (aq) + Fe  (aq) ⇌ Ce (aq) + Fe  (aq)

Explain what happens to  the po sitio n o f equilibrium when

    3. Water is added to  the equilibrium mixture

Answer:

Answer 1:

The po sitio n o f the equilibrium mo ves to  the left and mo re ethano ic acid and ethano l are

fo rmed.

The reactio n mo ves in this directio n to  o ppo se the effect o f added ethyl ethano ate, so  the

ethyl ethano ate decreases in co ncentratio n.

Answer 2:

The po sitio n o f the equilibrium mo ves to  the left and mo re ethano ic acid and ethano l are

fo rmed.

The reactio n mo ves in this directio n to  o ppo se the remo val o f ethano l so  mo re ethano l (and

ethano ic acid) are fo rmed fro m ethyl ethano ate and water.

Answer 3:

There is no  effect as the water dilutes all the io ns equally so  there is no  change in the ratio  o f

reactants to  pro ducts.

Effect s of  pressure

Changes in pressure o nly affect reactio ns where the reactants o r pro ducts are gases

Effects o f  Pressure Table

3 2 5 3 2 5 2

3 2 5

2 5

4+ 2+ 3+ 3+
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Worked example

Predict the effect o f increasing the pressure o n the fo llo wing reactio ns:

1. N O  (g)  ⇌  2NO (g)

2. CaCO  (s)  ⇌  CaO (s) + CO (g)

Predict the effect o f decreasing the pressure o n the fo llo wing reactio n:

     3.  2NO  (g)  ⇌  2NO (g)  + O (g)

Answer:

Answer 1:

The equilibrium shifts to  the left as there are fewer gas mo lecules o n the left.

This causes a decrease in pressure.

Answer 2:

The equilibrium shifts to  the left as there are no  gas mo lecules o n the left but there is CO  o n

the right.

This causes a decrease in pressure.

Answer 3:

The equilibrium shifts to  the right as there is a greater number o f gas mo lecules o n the right.

This causes an increase in pressure.

Effect s of  t emperat ure

2 4 2 

3 2

2 2 

2
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Effects o f  Temperature Table

Worked example

Using the reactio n belo w:

H  (g)  + CO  (g)  ⇌  H O (g) +  CO (g)          ∆H = + 41.2 kJ mo l

1. Predict the effect o f increasing the temperature o n this reactio n

Using the reactio n belo w:

Ag CO  (s)  ⇌  Ag O (s) + CO (g)

    2. Increasing the temperature increases the amo unt o f CO (g) at co nstant pressure. Is this

reactio n exo thermic o r endo thermic?

Explain yo ur answer

Answer:

Answer 1:

The reactio n will abso rb the excess heat and since the fo rward reactio n is endo thermic, the

equilibrium will shift to  the right.

Answer 2:

The reactio n will abso rb the excess heat and since this causes a shift o f the equilibrium

to wards the right (as mo re CO (g) is fo rmed) this means that the reactio n is endo thermic

(because endo thermic reactio ns favo ur the pro ducts).

Effect s of  cat alyst s

2 2 2
-1

2 3 2 2

2

2
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A catalyst is a substance that increases the rate o f a chemical reactio n (they increase the rate o f

the f o rward  and reverse  reactio n equally)

Catalysts o nly cause a reactio n to  reach its equilibrium f aster

Catalysts therefo re have no  effect o n the po sitio n o f  the equilibrium o nce this is reached

Exam T ip

Yo u are no t required to  quo te Le Chatelier's Principle in an exam, but yo u must kno w ho w to  apply

it to  systems in equilibrium
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7.1.6 Catalysts & Equilibrium

Catalysts & Equilibrium

Changes in concent rat ion

If all o ther co nditio ns stay the same, the equilibrium co nstant K  is no t affected  by any changes in

co ncentratio n o f the reactants o r pro ducts

Fo r example, the deco mpo sitio n o f hydro gen io dide:

2HI ⇌ H  + I

The equilibrium expressio n is:

Adding mo re HI makes the ratio  o f [ pro ducts ] to  [ reactants ] smaller

To  resto re equilibrium, [H ] and [I ] increases and [HI] decreases

Equilibrium is resto red when the ratio  is 6.25 x 10  again

Changes in pressure

A change in pressure o nly changes the po sitio n o f  the equilibrium (see Le Chatelier’s principle)

If all o ther co nditio ns stay the same, the equilibrium co nstant K  is no t affected by any changes in

pressure o f the reactants and pro ducts

Changes in t emperat ure

Changes in temperature change the equilibrium co nstant K

Fo r an endo thermic reactio n such as:

An increase in temperature:

[H ] and [I ] increases

[HI] decreases

c

2 2

2 2

-3

c

c

2 2
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Because [H ] and [I ] are increasing and [HI] is decreasing, the equilibrium co nstant K

increases

Fo r an exo thermic reactio n such as:

An increase in temperature:

[SO ] decreases

[SO ] and [O ] increases

Because [SO ] decreases  and [SO ] and [O ] increases the equilibrium co nstant K

decreases

Presence of  a cat alyst

If all o ther co nditio ns stay the same, the equilibrium co nstant K  is no t affected by the presence

o f a catalyst

A catalyst speeds up bo th the fo rward and reverse reactio ns at the same rate so  the ratio  o f [

pro ducts ] to  [ reactants ] remains unchanged

Worked example

An equilbrium is established in the fo llo wing reactio n:

AB (aq) + CD (aq)  ⇌   AC (aq)  +  BD (aq)              ∆H = + 180 kJ mo l

Which facto rs wo uld affect the value o f in this equilibrium?

Answer:

Only a change in temperature will affect the value o f K  and any o ther changes in co nditio ns

wo uld result in the po sitio n o f the equilibrium mo ving in such way to  o ppo se this change.

Adding a catalyst will increase the rate o f reactio n meaning the state o f equilibrium will be

reached faster but will have no  effect o n the po sitio n o f the equilibrium and therefo re K  is

unchanged.

2 2 c

3

2 2

3 2 2 c

c

-1

c

c
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