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17.1.1 Applying the Equilibrium Law

Explaining Le Chatelier’s Principle
Le Chatelier'sprinciple

= Le Chatelier's principle says thatif achange is made to asystemat dynamic equilibrium, the
positionofthe equilibriummoves to minimise this change

= The principle canbe used to predict changes to the positionof equilibriumwhenthere are
changes intemperature, pressure orconcentration

Explaining Le Chatelier’sPrinciple

= The equilibrium law can explain and quantify the effect of changesinconcentration at a particular
temperature
= These explanations are based ontheideathat K.is not affected byachangeinconcentration
= Rememberthat the positionof equilibriumis affected byachange inconcentration:

Effects of ConcentrationTable

= K.forageneralreactionsuchaA+bB=cC +dDis:
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Equilibrium expression linking the equilibrium concentration of reactants and products at equilibrium

= |fthe concentrationofAincreases
= The positionof equilibriumshifts to the right as the forward reaction works to remove excess
A
= The concentrations of C and Dincrease to minimise this change
= TheconcentrationofB decreases becauseitis beingused up to minimise the change
= Therefore, the value of K.remains unchanged

= |fthe concentrationof Adecreases
= The positionof equilibrium shifts to the left as the backward reactionworks to replace A
= Theconcentrations of Cand Ddecrease to minimise this change
= TheconcentrationofBincreases becauseitis also beingproduced whenC and Dreact
= Therefore, the value of K.remains unchanged

= The HaberProcessisrepresented bythe followingchemical equation:

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

= Anincreaseinthe amount of nitrogenwill cause the following:
= The equilibrium to shift to the right
= Anincreaseinthe amountofammonia
= Adecreaseinthe amountofhydrogen
= K.willremainunchanged
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Graph showing the effects of adding nitrogen on the concentration of reactants and products in the
HaberProcess

Anincreaseinthe amount of nitrogencauses the rate of the forward reactionto increase

This means that more ammoniais produced, causing the rate of the backward reactionto
increase

This process of increasing forward and backward reactions continues until anew equilibriumis
established

The rate at this newly established equilibrium will be higherthan the original rate
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Graph showing the effects of adding nitrogen on the rate of reaction in the Haber Process

= Similarpoints about concentrations and rates canbe made forthe additionof hydrogenorthe
removalof ammonia
= Regardless,the value of K.remains unchanged
= Onlychangesintemperature affect K.
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Equilibrium Problems
Calculationsinvolving K,

= [nthe equilibriumexpression,eachterminside asquare bracketrepresents the concentrationof
that chemicalinmoldm™3

= Therefore,the units of K.depend onthe equilibriumexpression

= Some questions give the numberof moles of each of the reactants and products at equilibrium
togetherwith the volume of the reaction mixture

= The concentrations of thereactants and products canthenbe calculated fromthe numberof
moles and total volume

Equation to calculate concentration from number of moles and volume

@ Worked example

Calculating K.of ethanoic acid
Ethanoic acid and ethanolreact to formthe esterethylethanoate and wateras follows:
CH3zCOOH () + C2H50H (I) * CH3COOCH5 (1) + H2O (1)

At equilibrium, 500 cm3of the reaction mixture contained 0.235 mol of ethanoic acid and 0.035
molof ethanoltogetherwith 0.182mol of ethyl ethanoate and 0.182mol of water.

Use this datato calculate avalue of K.forthis reaction.

Answer:

Step 1: Calculate the concentrations of the reactants and products:
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CHCOOHM = 223 —0470 moldm*
[CHOH()] = 8 o670 moldm?
[CH,COOCH ()] = (% =0.364 moldm®
[H,00) - M gseamoldm®

Step 2: Write out the balanced symbolequationwith the concentrations of each chemical

underneath:
CH,COOH(l) + C,H,OH(I) = CH,COOC,H(l) + H,O(l)
0.470 moldm™ 0.070 mol dm™® 0.364 moldm™® 0.364 mol dm™®

Step 3: Write out the equilibrium constant forthe reaction:

[H,0] [CH,COOC,H.]

K. = [C,H,0H] [CH,COOH]
Step 4: Substitute the equilibrium concentrations into the expression and calculate the
answer:
_(0364)x (0.364)
K = 70070)x (0470)
=4.03

Step 5:Deduce the correctunits for K.

_ (mol dm™3) x (mol dm™?)
° 7 (mol dm3) x (mol dm™3)

= Allunits cancelout

= Therefore, K.=4.03

= Note thatthe smallestnumberof significant figures used inthe questionis 3,so the final
answershould also be givento 3 significant figures
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= Some questions give the initial and equilibrium concentrations of the reactants butnot the
products

= Aninitial,change and equilibrium (ICE) table should be used to determine the equilibrium
concentrationof the products using the molarratio of reactants and products inthe
stoichiometric equation

@ Worked example
Calculating K. of ethylethanoate
Ethylethanoate is hydrolysed bywater:
CH3COOC,H5 (I) + H20 (1) CHzCOOH () + C2H5OH (1)

0.1000 mol of ethylethanoate are added to 0.1000 mol of water. Alittle acid catalystis added
and the mixture made up to 1dm3. At equilibrium 0.0654 mol of waterare present. Use this datato
calculate avalue of K. forthis reaction.

Answer:

Step 1: Write out the balanced chemical equationwiththe concentrations of beneatheach
substance using aninitial, change and equilibrium table:

Step 2:Calculate the concentrations of the reactants and products:
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[CH,COOC,H.()] = 01'%6055‘ = 0.0654 mol dm®
[H,0()] = % =0.0654 moldm™®
[CH,COOH(l)] = 01'%0? =0.0346 moldm™
[C,H.OH()] = % = 0.0346 moldm™

Step 3: Write the equilibrium constant forthis reactioninterms of concentration:

_ [C,H;O0H] [CHy,COOH]]
K. = "[H,0] [CH,COOC,H,]

Step 4: Substitute the equilibrium concentrations into the expression:

_(0.0346) x (0.0346)
Ko = 7(0.0654) x (0.0654)

=0.28

Step 5:Deduce the correctunits for K.

| (mol dm™3) x (mol dm™>)
¢ (mol dm™3) x (mol dm™3)

= Allunits cancelout
= Therefore, K.=0.28
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17.1.2 Gibbs Free Energy & the Equilibrium Constant

Gibbs Free Energy & the Equilibrium Constant
GibbsFree Energy &the EquilibriumConstant

= The equilibrium constant, K, gives no information about the individualrates of reaction
= |tisindependentofthe kinetics of thereaction

» The equilibrium constant, K., is directlyrelated to the Gibbs free energy change, AG=, according
to the following(van't Hoff's) equation:

AGF =-RTInK

= AGS=Gibbs free energychange (kJ mol-)

= R=gasconstant(8.31JKTmol)

= T=temperature (Kelvin, K)

= K=equilibriumconstant

= This equationis provided insectionlof the databooklet

O ExamTip

When completing calculations using the AG= = -RTInKequation, you have to be aware that:

= AGSismeasureinkJmol-!
= RismeasuredinJKTmol-
This means that one of these values willneed adjusting byafactorof1000

» This relationship between the equilibrium constant, K., and Gibbs free energy change, AG=, can be
used to determine whetherthe forward orbackward reactionis favoured
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Therelationship betweenthe equilibriumconstant, K., and Gibbs free energy change, AG

= Atagiventemperature,anegative AGvalue forareactionindicates that:
= Thereactionis feasible /spontaneous
= The equilibriumconcentration of the products is greaterthan the equilibrium concentration
ofthereactants
= The value of the equilibrium constantis greaterthan|

= As AGbecomes more negative:
= Theforwardreactionis favoured more
= The value of the equilibrium constantincreases
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Free Energy & Equilibrium Calculations

= Therelationshipbetween Gibbs free energy change, AG=, temperature and the equilibrium
constant, K, is described by the equation:

AG==-RTInK

= Therearrangement of this equationmakes it possible to:
= Calculate the equilibrium constant
= Deduce the positionofequilibriumforthereaction

AG
RT

Ink =—

@ Worked example

Calculating K.Ethanoic acid and ethanolreact to formthe esterethyl ethanoate and wateras
follows:

CH3COOH(l) + C2Hs50H (I) 2 CH3COOCH5 (1) + H20 (1)

At 25 °C, the free energy change, AG=, for the reactionis -4.38 kJmol™.(R=8.31 J K- 'mol")
1.Calculate the value of K-.forthis reaction
2.Usingyouranswerto part (1), predict and explain the position of the equilibrium
Answers

Answerl:

Step 1: Convert anynecessaryvalues

= AGSintoJmol™;
= -4.38x1000=-4380Jmol

= Tinto Kelvin
n 254+273=298K

Step 2: Write the equation:
» AG =-RTInK;
Step 3: Substitute the values:

= -4380=-8.31x298xInK.
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Step 4:Rearrange and solve the equationfor Ke:

= InK.=-4380 +(-8.31x298)
= InK.=177

. K.=el77

= K.=5.87

Answer2:
From part (1), the value of K.is 5.87

Therefore, the equilibriumlies to theright /products side because the value of K.is positive
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