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15.2.1Entropy

Entropy
Entropy

= Youmayhave wondered whyitis that endothermic reactions occurat all, afterall, what can be the

drivingforce behind endothermic reactions if the products end upinaless stable, higherenergy
state?

Although the majority of chemicalreactions we experience everydayare exothermic, AH=alone is
notenoughto explain why endothermic reactions occur

The driving force behind chemical reactions cannot be explained by enthalpy changes alone as it does not
sense forchemical to end up in a less stable higher energy state in endothermic reactions

= The answeris entropy
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Predicting Entropy Changes

Chaosinthe universe

= Theentropy (S)ofagivensystemisthe numberofpossible arrangements of the particles and
theirenergyinagivensystem
= |notherwords,itisameasure of how disordered orchaotic asystemis

= Whenasystembecomes more disordered,its entropywillincrease

= Anincreaseinentropymeans that the systembecomes energetically more stable

= Forexample, during the thermaldecompositionof calcium carbonate (CaCO3z) the entropyof the
systemincreases:

CaCO3(s)—CaO(s) + CO,(g)

= Inthis decompositionreaction,agas molecule (CO,)is formed

= The CO, gas moleculeis more disordered thanthe solid reactant (CaCO3), as itis constantly
moving around

= Asaresult,the systemhas become more disordered and thereis anincrease inentropy

= Anothertypical example of asystemthatbecomes more disordered is whenasolid melts
= Forexample, meltingice to formliquid water:

H,0(s)—H,0(l)

= Thewatermoleculesinice areinfixed positions and can onlyvibrate about those positions

= [ntheliquid state, the particles are still quite close togetherbut are arranged more randomly,
inthat theycanmove around eachother

= Watermoleculesintheliquid state are therefore more disordered

= Thus,foragivensubstance,the entropyincreases whenits solid formmeltsinto aliquid

= Inbothexamples, the system with the higher entropy will be energetically favourable (as the
energyofthe systemis more spread out whenitisinadisordered state)

Melting a solid will cause the particles to become more disordered resulting in a higher entropy state
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15.2.2 Calculating Entropy Change

Calculating Standard Entropy Change

= The standard molarenthalpyvalues, S5, relate to standard conditions of temperature and
pressure

= The entropychange, AS5, canbe calculated fromthermodynamic datausing the following
equation:

ASS)9g(reaction) =2S5,9g(products)-ZS=9g(reactants)
= This equationis providedinthe databooklet

= The units of ASsystem- are inJK-'mol-!

= Entropywillchange dependingonthe state of the matter

= Takingwateras anexample the values for S=will be different for the liquid and gaseous phases
B S5505(H,O (1) =70.0JK T mol!
= S5508(H,0O(g)) =188.8 JK'mol!

= Whencalculating AS5, the coefficients used to balance the equation must be applied when
calculating the overallentropy change

= Forexample,whencalculatingthe AS=forthe reactionbelow we need to double the value for $=
(NO(9)

- N;O4(g) —>2NO2(9)
» ASSeg(reaction) =LS%peg(products) - £S=peg(reactants)
" ASE=[(2x S598(NO2)] = $5295(N20.4)

@ Worked example

Whatis the entropy change when calcium carbonate decomposes?

CaCO3(s)—CaO (s)+CO32(g)

L S§298(C8CO3 (S)) = 929 J K'1 mOl_]
B 55,05(Ca0(s))=39.7 JKTmol™!
B 55505(CO5 (@) =213.6 JKTmol™!

Answer:

Step 1: Write out equationto calculate AS=,9g(reaction)
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m ASS)gg(reaction) =255 9g(products) - £S5 9g(reactants)
Step 2: Substitute informulas and thenvalues for S=

= ASSpeg(reaction) =[S7298(Ca0) + S=298(CO2)] - S=298(CaCO3)
s ASS(reaction)=(39.7+213.6)-92.9
= ASE(reaction)=+160.4 JK-Tmol-!

@ Worked example
Whatis the entropy change whenammoniais formed fromnitrogen and hydrogen?

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

= S55508(N2 () =191.6 JKTmol-!

= S5ea(H2(Q)) =131 J K-'mol
s S5598(NH3) =192.3 JK'mol-!

Answer:
Step 1: Write out equation to calculate AS=,9g(reaction)
= ASE)gg(reaction) =255 9g(products) - £S5 0g(reactants)

Step 2: Substitute informulas and thenvalues for S=takinginto account the coefficients

= AS 9g(reaction) = [2 X S$59s(NH3)] - [SF208(N2)+ (3% S5298(H2))]
m ASSyog(reaction) =[2x192.3] -[191.6 + (3 x131)]

s ASSyog(reaction)=384.6-584.6

= ASSyog(reaction)=-200JK-Tmol-!
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15.2.3Gibbs Free Energy

Gibbs Free Energy Change
Gibbsfree energy

= The feasibilityofareactionis determined bytwo factors, the enthalpychange and the entropy
change

= Thetwo factors come togetherinafundamental thermodynamic concept called the Gibbs free
energy (G)

= The Gibbs equationis:

AG-= AHreact‘ion§ - TAssys

tem

= Theunits of AG=areink) mol-!
» The units of AH,gction are inkJ mol-!
= Theunits of TareinK

» The units of AS, e are inJK-'mol-Yand must therefore be converted to k) K-'mol-'by
dividing by 1000)

Calculating AG®
= There are two ways you can calculate the value of AG=

1.Fromthe Gibbs equation, using enthalpy change, AHF, and entropy change, AS=, values
2.From AG=values of all the substances present

Calculating AG° fromthe Gibbs Equation

@ Worked example
AG- fromAH= and ASE valuesCalculate the free energy change forthe following reaction:
2NaHCO3 (s)—>Na2CO3(s)+H20 (I)+ CO4 (g)
= AHF=4135kJmol”
= ASE=4344)K T mol”
Answer:
Step 1: Convert the entropyvalue inkilojoules
= ASE=+344)K T mol! +1000 =+0.344 kJ K-'mol”!
Step 2:Substitute the terms into the Gibbs Equation

* AG" =AHreaction - TA Ssystem§
= =+135-(298x0.344)
= =4+32.49 kJmol-!

The temperatureis 298 K since standard values are quoted in the question
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Calculating AG° from AG° Formation

@ Worked example

AG- fromother AG= valuesWhat s the standard free energy change, AG=, forthe following
reaction?

C2H50H(l) + 302(g)—2C0O3(g) + 3H20(9)

Answer:

= This canbe calculated inthe same wayas youcomplete enthalpy calculations
= AG-=3A GproductsE -ZA Gre.azctantsE

= AG-=[(2xCO2)+(3xH20)] - [(C2H50H) +(3xO>5)]

" AGE=[(2x-394)+(3x-229)]-[-175+0]

* AGE=-1300kJmol-!

= Thiscanalso be done bydrawingaHess cycle - find the waythatis bestforyou
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O ExamTip

Theideaoffree energyis what’s ‘leftover to do usefulwork whenyou've carried out the
reaction.The enthalpychangeis the difference betweenthe energyyouputinto break the
chemicalbonds and the energy out when makingnew bondsThe entropychangeis the ‘cost’ of
carryingourthereaction,so free energyis what you are left with!

15.2.4 Spontaneous Reactions

Spontaneous Reactions

Gibbs free energyprovides aneffective wayof focusingonareactionsystematconstant
temperature and pressure to determine its spontaneity

Forareactionto be spontaneous, Gibbs free energy must be have a negative value (AG=<0)

We canuse the Gibbs equationto calculate whetherareactionis spontaneous /feasible ornot

AGE =DHreaction: - TASsystemg

= WhenAGFis negative, the reactionis spontaneous / feasible and likelyto occur
= WhenAGFis positive,the reactionis not spontaneous /feasible and unlikelyto occur

We canalso look at the the values forenthalpychange, AH, and entropy change, AS
= Dependingonthe value forAHand ASwe candetermine whetherthe reactionis spontaneous
atagiventemperature (7)

Factors affecting AG and the spontaneity / feasibility of a reaction
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@ Worked example

Determiningif areactionis feasible /spontaneous

1.Calculate the Gibbs free energy change forthe followingreactionat 298 K
2.Determine whetherthe reactionis feasible.

2Ca(s)+03(g)—>2CaO(s) AH=-635.5kimol’

= S5[Ca(s)]=41.00JKTmol!
. Sg[Oz(g)] =205.0 J K mol!
= S5[Ca0(s)]=40.00JKTmol-!

Answers:
Answerl:

Stepl:Calculate ASsystem-

" ASsystem =2ASproducts™ = ZA Sreactants
ASsystem =(2xAS=[CaO(s)]) - (2xAS= [Ca(s)] +AS=[O2(9)])
=(2x40.00)-(2x41.00 +205.0)
=-207.0JK'mol”

Step 2:Convert AS=to kJ K'mol-!

» ASsystem= =-207.0JK'mol*+= 1000 =-0.207 k) mol-
Step 3:Calculate AG=
* AG"=AHreaction - TASsystem™
AG= =-635.5-(298x-0.207)
=-573.8kJmol-!
Answer 2:
= Since AGSis negative, the reactionis feasible

FactorsaffectingAGandthe spontaneity /feasibility of areaction
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= Wecanalsolookatthe the values forAHand ASto determine whetherthe reactionis
spontaneous /feasible at a giventemperature (7)

= The Gibbs equationwill be used to explainwhat will affect the spontaneity /feasibilityofa
reactionforexothermic and endothermic reactions

Exothermicreactions

= |Inexothermicreactions, AH,qaction
= Ifthe ASy st is positive:
= Boththe firstand second termwill be negative
= Resultinginanegative AG=so thereactionis feasible
= Therefore,regardless of the temperature, an exothermic reactionwith a positive
ASsysem” Willalways be feasible

is negative

» Ifthe ASs st IS Negative:
= The firsttermis negative and the second termis positive
= Atveryhightemperatures, the - TASsys,eméwill be verylarge and positive and willovercome

AHreact/'on§ _
= Therefore, at hightemperatures AG=is positive and thereactionis not feasible

= Since therelative size of anentropychange is much smallerthan an enthalpy change, itis unlikely
that TAS > AHas temperature increases
= Thesereactions are therefore usuallyspontaneous at normal conditions

The diagram shows under which conditions exothermic reactions are feasible
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Endothermicreactions

= Inendothermic reactions, AHeaciion- IS pOsitive
= Ifthe ASsystem- is Negative:
= Boththe firstand second termwill be positive
= Resultinginapositive AGEso thereactionis not feasible

= Therefore,regardless of the temperature, endothermic with anegative ASSystemgwill neverbe
feasible

= Ifthe ASsystem- is pOsitive:
= Thefirsttermis positive and the second termis negative
= Atlowtemperatures,the - 7'A5‘system§ will be small and negative and willnot overcome the
larger AHreaction
= Therefore,atlowtemperatures AG=is positive and the reactionis notfeasible
= Thereactionis more feasible at hightemperatures as the second termwillbecome
negative enoughto overcome the AHeaction- resultinginanegative AG=

= This tells us that forcertainreactions which are notfeasible atroomtemperature, theycan
become feasible at highertemperatures
= Anexample of thisis found in metal extractions, such as the extractionifironinthe blast

furnace, whichwillbe unsuccessful at low temperatures but canoccurat highertemperatures
(~1500°C inthe case ofiron)

The diagram shows under which conditions endothermic reactions are feasible

Summary of factors affecting Gibbs free energy
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15.2.5Free Energy & Equilibrium

Free Energy & Equilibrium

WhenAG<Oforareactionatconstant temperature and pressure, the reactionis spontaneous
When areversible reactionreaches equilibrium, the Gibbs free energyis changing as the ratio of
reactants to products changes
Fornon-reversible reactions:

= Astheamountofproductsincreases,thereactionmoves towards completion

= Thisleadsto adecreaseinGibbs free energy

Forreversible reactions:
= Astheamountofproductsincreases,the reactionmoves towards equilibrium
= Thiscauses adecreasein Gibbs free energy

Atthe point of equilibrium, Gibbs free energyis atits lowestas shown onthe graph:

Gibbs free energy changes as the reaction proceeds
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Insectionlofthe graph,the forward reactionis favoured and the reactionproceeds towards a
minimum value
Havingreached apoint of equilibrium, the Gibbs free energyincreases

= Thisiswhenthereactionbecomesnon-spontaneous (section?2)

The reverse reactionnow becomes spontaneous and the Gibbs free energyagainreaches the
minimum value, so heads back towards equilibrium

Thereactionwillbe spontaneousinthe directionthatresultsinadecrease infree energy
(becomes more negative)

Whenthe equilibrium constant, K is determined fora givenreaction,its value indicates whether
the products orreactants are favoured at equilibrium

AGis anindicationof whetherthe forward orbackward reactionis favoured

Graph fora spontaneous reaction
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Graph fora non-spontaneous reaction

= The quantitative relationship between standard Gibbs free energy change, temperature and the
equilibrium constantis represented by:

AG =-RTInK

Page 14 of 14
For more help visit our website www.exampaperspractice.co.uk



