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1 Thermodynamics

Let usfirst fix someterminologies.

Open systems can exchange both enegy (heat) and
matterwith its surroundings.

Closed systems canexchangeenegy (heat)but notmat-
terwith its surroundings.

| solated systems canexchangeneitherenepgy (heat)nor

matterwith its surroundings. Open  Closed  Lsolated

1.1 Thelst and 2nd L aws

The 1stand 2nd laws of thermodynamicganbe statedasfollows. It is importantto
notethattheseapplyfor enegy andentrofy within anisolatedsystem.

Thelst law :
Thetotal enegy E,; of anisolatedsystemconseres: AE;,; = 0.

The2nd law :
Thetotal entrofy S;.; of anisolatedsystemtendsto increaseAS;.; > 0.

in whichAE,,; andAS,,; arechange®f E;, andsS;,; associateevith processeeccur
ing in thesystem.

A typicalexampleof the2ndlaw is seerin thediagrambelov asspontaneousnixing
of thetwo kindsof gases.
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The entrogy of the systemis closelyrelatedto the randomnes®f the system. In this
exampleof gasmixing, therandomnesscreasespontaneous)ywhich meanghatthe
entrofy alsoincreases.In orderto definethe entropy more preciselyin termsof the
randomnessye needto learnStatisticalMechanics However, thisis beyondthe scope
of this lecturecourse andwe will contentwith the qualitatve connectiorbetweerthe
entrofy andtherandomness.

An importantthing to note hereis thatthe spontaneousixing occurseven when
the gasesareideal i.e., nointeractionbetweernthe molecules.In this case thereis no
enepgy change(gain or loss) upon mixing of the gases. This meansthat, the mixing
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is not driven by the enegy gain but by the entrogy gain in termsof the 2nd law of
thermodynamics.

1.2 GibbsFreeEnergy

Let us now consider a System in contact with —
Surroundinggi.e., heatbath). We assumdhat the Sys-
temis closedandthe total systemof ‘Systemand Sur

roundings’is isolated The Systemcan thus exchange
heatwith the SurroundingsThe Surroundingss, on the

otherhand supposedo belargeenougrsuchthatits tem-

peraturel” is keptconstant.

From the 1stlaw of thermodynamics,the enthaly changeof the total systemis
zero: AH,,; = 0. Becausdahetotal enthalfy changeas the sumof the enthalfy change
of the Systemandthe SurroundingsA Hio, = AHgys + AHgy,y, it follows that

Syste

Surroundings

AH,

Sys

= - AI—Isurlr (1)

In otherwords,the heatis exchangedsolely betweernthe Systemandthe Surroundings
andgoesnowhereelse(becausehe total systemis isolated). The enthalfy gain of the
Systemis preciselyequalto thelossof the Surroundings.
Ontheotherhand,the 2ndlaw predictsthatthe entrofy of thetotal systemtendsto
increase;
AStotad = ASsys + ASsurr >0 (2)

However, this doesnot appearvery usefulasit only dealswith the total systemand
not the Systemin which the processe®f our interestare taking place. We are more
interestedn predictingwhatwill happenin the Systemratherthanin the total system
that include the Surroundings. We thereforewish to separateour discussion orthe
Systemfrom the SurroundingsTo thisend.,it is usefulto definethe Gibbs Free Ener gy
of the Systemby

AGtsys = A]——Isys - TASsys (3)

Thisis usefulbecausave canshav thatthe2ndlaw AS;.; > 0 is essentiallyequialent
to AGss < 0. Thanksto this, we only needto look at the quantities(enthally and
entrofy) of the Systemanddo not have to be botheredby the Surroundings.
Theequvalenceof AS;,; > 0 andAG,,s < 0 canbedemonstratedsfollows. The
essentiapointis thatthe heatbath (= the Surroundings)s large enoughsuchthatthe

* Herewe assumedo be dealingwith solutionphasesystemsasis usuallythe casein biochemistry
suchthatthevolumechangeof thesystemmay be nglected.In this caseit would bejustifiedto consider
thattheenthally andtheintemal enepgy areidentical.In otherwords,we neglectpV in H = U + pV.
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equilibriumis maintainedn the Surroundingsn the courseof the processesccuring
in the System.Thereforewe may put

AGSHH‘ g 0 :> A}-[SLII“I‘ g TASSUIT (4)
PuttingthisandEq (1) into Eq (3), it follows
AGysys = —T(ASsur + ASsys) = =T ASiot (5)

Becaus¢heabsolutgemperaturd” (in Kelvin) is awayspositve, Eq(3) meanghatthe
2ndlaw ASia1 > 0 is equivalentto AGg,s < 0. In otherwords,we canconsiderthat

AGyy effectively containsthe influencesrom the Surroundingsascanbe understood
from thedervationabove.

In summary the direction of the chemicalprocessess e
relatedto the Gibbsfree enegy changesuchthat

e Thereactionin the Systemoccursspontaneouslynly
if AGgys <0

e TheSystems in equilibriumwhenAdG,,; =0 \ /

Progress of change

Gibbs energy

1.3 Standard Gibbs Free Energy and Equilibrium Constant

Let us considera reactionbetween: molesof X andy molesof Y producingz moles
of Z.

X +yY — 27 (6)
The Gibbsfreeenegy changeof thereactionis givenby
AG =AG°+ RTInQ = AG° + RT In l&] (7
(ax)*(ay)

whereay vy 7 aretheactiitiesof X, Y andZ, @ is thereactionquotient, R (= 8.314 x

10~3kImol 'K 1) is the gas constantand AG®° is the standard free energy of the
reaction. At equilibrium,thefreeenepgy changeof thereactionvanishesAG = 0, and
thereactionquotient() is equalto theequilibrium constant K. Then,Eq(7) becomes

0=AG°+RTInK = AG°=-RTIhK (8)

Out of equilibrium, the reactionquotient( is not equalto the equilibrium constant/;
in otherwords,the actvities ax y x aredifferentfrom their equilibriumvalues.AG is
thennotequalto zero,andits signdetermineshe spontaneoudirectionof thereaction:
forwardor backwardreactionwhenAG < 0 or > 0, respectrely.
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Question: Theequilibriumconstanbf areaction,
Cs¢H;0H(aq) — C¢H50 (aq) + H' (aq)
is K =1.3 x 10719 at298K.

Q1. CalculateAG°.

Q2. A mixtureof [C¢H;OH] = 0.1 mol dm ™3 and[CsH50~] = [HT] = 107° mol dm™®
waspreparedWill thereactionoccurspontaneously?

In thisway, AG determineghedirection of the reaction.However, it is important
to notethattherate of thereactionis notdeterminedy AG.
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