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17.1 The Equilibrium Law



17.1.1 Applying the Equilibrium Law

Explaining Le Châtelier’s Principle

Le Chât elier's principle

Le Châtelier'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 can be used to  predict changes to  the po sitio n o f equilibrium when there are

changes in temperature, pressure o r co ncentratio n

Explaining Le Chât elier’s Principle

The equilibrium law can explain and quantify the effect o f changes in co ncentratio n at a particular

temperature

These explanatio ns are based o n the idea that K  is no t affected by a change in co ncentratio n

Remember that the po sitio n o f equilibrium is affected by a change in co ncentratio n:

Effects o f  Co ncentratio n Table

K fo r a general reactio n such aA + bB ⇌ cC + dD is:

c

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

If the co ncentratio n o f A increases

The po sitio n o f equilibrium shifts to  the right as the fo rward reactio n wo rks to  remo ve excess

A

The co ncentratio ns o f C and D increase to  minimise this change

The co ncentratio n o f B decreases because it is being used up to  minimise the change

Therefo re, the value o f K remains unchanged

If the co ncentratio n o f A decreases

The po sitio n o f equilibrium shifts to  the left as the backward reactio n wo rks to  replace A

The co ncentratio ns o f C and D decrease to  minimise this change

The co ncentratio n o f B increases because it is also  being pro duced when C and D react

Therefo re, the value o f K remains unchanged

The Haber Pro cess is represented by the fo llo wing chemical equatio n:

N  (g) + 3H  (g) ⇌ 2NH  (g)

An increase in the amo unt o f nitro gen will cause the fo llo wing:

The equilibrium to  shift to  the right

An increase in the amo unt o f ammo nia

A decrease in the amo unt o f hydro gen

K  will remain unchanged

c

c

2 2 3

c
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Graph showing the effects of adding nitrogen on the concentration of reactants and products in the

Haber Process

An increase in the amo unt o f nitro gen causes the rate o f the fo rward reactio n to  increase

This means that mo re ammo nia is pro duced, causing the rate o f the backward reactio n to

increase

This pro cess o f increasing fo rward and backward reactio ns co ntinues until a new equilibrium is

established

The rate at this newly established equilibrium will be higher than the o riginal rate
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Graph showing the effects of adding nitrogen on the rate of reaction in the Haber Process

Similar po ints abo ut co ncentratio ns and rates can be made fo r the additio n o f hydro gen o r the

remo val o f ammo nia

Regardless, the value o f K  remains unchanged

Only changes in temperature affect K

c

c
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Equilibrium Problems

Calculat ions involving K

In the equilibrium expressio n, each term inside a square bracket represents the co ncentratio n o f

that chemical in mo l dm

Therefo re, the units o f K  depend o n the equilibrium expressio n

So me questio ns give the number o f mo les o f each o f the reactants and pro ducts at equilibrium

to gether with the vo lume o f the reactio n mixture

The co ncentratio ns o f the reactants and pro ducts can then be calculated fro m the number o f

mo les and to tal vo lume

Equation to calculate concentration from number of moles and volume

Worked example

Calculating K o f  ethano ic acid

Ethano ic acid and ethano l react to  fo rm the ester ethyl ethano ate and water as fo llo ws:

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

At equilibrium, 500 cm  o f the reactio n mixture co ntained 0.235 mo l o f ethano ic acid and 0.035

mo l o f ethano l to gether with 0.182 mo l o f ethyl ethano ate and 0.182 mo l o f water.

Use this data to  calculate a value o f K fo r this reactio n.

Answer:

Step 1: Calculate the co ncentratio ns o f the reactants and pro ducts:

c

-3

c

c

3 2 5 3 2 5 2

3

c 
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Step 2: Write o ut the balanced symbo l equatio n with the co ncentratio ns o f each chemical

underneath:

Step 3: Write o ut the equilibrium co nstant fo r the reactio n:

Step 4 : Substitute the equilibrium co ncentratio ns into  the expressio n and calculate the

answer:

Step 5: Deduce the co rrect units fo r K :

All units cancel o ut

Therefo re, K  = 4.03

No te that the smallest number o f significant figures used in the questio n is 3, so  the final

answer sho uld also  be given to  3 significant figures

c

c
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So me questio ns give the initial and equilibrium co ncentratio ns o f the reactants but no t the

pro ducts

An initial, change and equilibrium (ICE) table sho uld be used to  determine the equilibrium

co ncentratio n o f the pro ducts using the mo lar ratio  o f reactants and pro ducts in the

sto ichio metric equatio n

Worked example

Calculating K  o f  ethyl ethano ate

Ethyl ethano ate is hydro lysed by water:

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

0.1000 mo l o f ethyl ethano ate are added to  0.1000 mo l o f water. A little acid catalyst is added

and the mixture made up to  1 dm . At equilibrium 0.0654 mo l o f water are present. Use this data to

calculate a value o f K  fo r this reactio n.

Answer:

Step 1: Write o ut the balanced chemical equatio n with the co ncentratio ns o f beneath each

substance using an initial, change and equilibrium table:

Step 2: Calculate the co ncentratio ns o f the reactants and pro ducts:

c

3 2 5 2 3 2 5

3

c
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Step 3: Write the equilibrium co nstant fo r this reactio n in terms o f co ncentratio n:

Step 4 : Substitute the equilibrium co ncentratio ns into  the expressio n:

= 0.28

Step 5: Deduce the co rrect units fo r K :

All units cancel o ut

Therefo re, K  = 0.28

c

c
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17.1.2 Gibbs Free Energy & the Equilibrium Constant

Gibbs Free Energy & the Equilibrium Constant

Gibbs Free Energy & t he Equilibrium Const ant

The equilibrium co nstant, K , gives no  info rmatio n abo ut the individual rates o f reactio n

It is independent o f the kinetics o f the reactio n

The equilibrium co nstant, K , is directly related to  the Gibbs free energy change, ΔG , acco rding

to  the fo llo wing (van't Ho ff's) equatio n:

ΔG  = -RT lnK

ΔG = Gibbs free energy change (kJ mo l )

R = gas co nstant (8.31 J K  mo l )

T = temperature (Kelvin, K)

K = equilibrium co nstant

This equatio n is pro vided in sectio n 1 o f the data bo o klet

Exam T ip

When co mpleting calculatio ns using the ΔG  = -RT lnK equatio n, yo u have to  be aware that:

ΔG  is measure in kJ mo l

R is measured in J K  mo l

This means that o ne o f these values will need adjusting by a facto r o f 1000

This relatio nship between the equilibrium co nstant, K , and Gibbs free energy change, ΔG , can be

used to  determine whether the fo rward o r backward reactio n is favo ured

c

c
Ꝋ

Ꝋ

Ꝋ –1

-1 -1

Ꝋ

Ꝋ –1

-1 -1

c
Ꝋ
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T he relatio nship between the equilibrium co nstant, K , and Gibbs f ree energy change, ΔG

At a given temperature, a negative ΔG value fo r a reactio n indicates that:

The reactio n is feasible / spo ntaneo us

The equilibrium co ncentratio n o f the pro ducts is greater than the equilibrium co ncentratio n

o f the reactants

The value o f the equilibrium co nstant is greater than 1

As ΔG beco mes mo re negative:

The fo rward reactio n is favo ured mo re

The value o f the equilibrium co nstant increases

c
Ꝋ
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Free Energy & Equilibrium Calculations

The relatio nship between Gibbs free energy change, ΔG , temperature and the equilibrium

co nstant, K , is described by the equatio n:

ΔG  = -RT lnK

The rearrangement o f this equatio n makes it po ssible to :

Calculate the equilibrium co nstant

Deduce the po sitio n o f equilibrium fo r the reactio n

Worked example

Calculating K Ethano ic acid and ethano l react to  fo rm the ester ethyl ethano ate and water as

fo llo ws:

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

At 25 C, the free energy change, ΔG , fo r the reactio n is -4.38 kJ mo l . (R= 8.31 J K  mol )

1. Calculate the value o f K  fo r this reactio n

2. Using yo ur answer to  part (1), predict and explain the po sitio n o f the equilibrium

Answers

Answer 1:

Step 1: Co nvert any necessary values

ΔG  into  J mo l :

-4.38 x 1000 = -4380 J mo l

T into  Kelvin

25 + 273 = 298 K

Step 2: Write the equatio n:

ΔG  = -RT lnK

Step 3: Substitute the values:

-4380 = -8.31 x 298 x lnK

Ꝋ

c

Ꝋ

c

3 2 5 3 2 5 2

o Ꝋ -1 -1 -1

c

Ꝋ -1

-1

Ꝋ
c

c
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Step 4 : Rearrange and so lve the equatio n fo r K :

lnK  = -4380 ÷ (-8.31 x 298)

lnK  = 1.77

K  = e

K  = 5.87

Answer 2:

Fro m part (1), the value o f K  is 5.87

Therefo re, the equilibrium lies to  the right / pro ducts side because the value o f K  is po sitive

c

c

c

c
1.77

c

c

c
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