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Molecular Interpretation of the 2nd Law
S=kIn N

k=1.318 x 102 J K
N = # of microscopic states

Case A: Change in Pressure, One Component

Oar — Ox©

Case B: Constant Pressure, Different Components

O — OX€
2 | ° A
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Entropy of Mixing

- only if mixing different species
(no AS for mixing with itself)

Entropy change for mixing 2 ideal gases:

X, P
AS,=—n,Rln P =—n,RIn X ,

X, P
ASz=—nzRIn P =—nzRIn X4
AS, . =AS +AS,=—R(n,In X ;+nzln X,
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Chemical Potential

“Partial Molar Gibbs Free Energy™:
O
o
/ \ E
0G —u S
il -1 @
6 n. : L AG= AG
Gibbs energy EJT.Pony, g AG ' An
An
Progress of change Pure Pure
reactants products

==> of central importance in understanding chemical & physical
equilibria (next few weeks of the course...)

“How does the driving force towards equilibrium change if
the composition of a mixture changes?”
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Describing a Mixture

n,A+nzB+n.C+n,D
GzG(T P nA,nB,nC,nD)
dG=|2G dar+|29 dp+| G dn +
6T P,n,ngn. n, 6P T',n,ngnenp 6”/1 T,P,ng,ne,np
..t 0G dn ,+ G dn,+ 0G dn
6”3 T,P,n,,n-,np 6nC T,P,n, ng,np 6nD T,P,n,,ng ng.

dG=—S8dT+V dP+uw  dn tuzdn,+u.dn.+u,dn,

constant T, P: dG=w,dn +uzdnz+u.dn.+u,dn,

adding proportional amounts:
G n, g ne np
f dGZMAf dnA—I—uBf dnB—i—qu dnC—I—MDf dn ,
0 0 0 0 0

(Sum Rule —const. T, P) G=n_ u,+nzu+n-u-+n,u,
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Describing Ideal Gas Mixtures

relationship to standard pressure:

G=G"+nRTIn—=-
1 atm
pure substance:
u=u'+RTIn P
1 atm
In a mixture:
0 A
=u,+RT1
MA MA n latm

e. g., Gibbs free energy of mixing

P

0
+RT1
s nlatm

w +RTIn

Gintial:nA +nB

1 atm
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Mixing 2 Ideal Gases...

same Iinitial pressure P, same temperature T

Gintial — nA
Gﬁnal — n

AG,,.

A Gmix

previously

also
A Gmix

w,+RTIn

MA—I—RTln

—TAS

mix °

P

latm_

1 atm |

. A Umix

TNy

TN,

=0

w,+RTln

w,+RTIn

P
anal Gmmal_nARTln?-FnBRTln

=n,RTInX +n,RTIn X,

AS .=—n,RnX , —n,RInX,

A[{mix:O
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Describing a Chemical Reaction
aA+bB : ¢cC+dD
G=G(T,P,nA,nB,nC,nD)

dG=—8dT'+V dP+uw dn +uzdnz+u.dn.+u,dn,

closed system: dn, dn, dn. dn,

a b c d (extent of rxn.)
dG==8dT +V dP+u  dn +uzdnz+u.dn.+tu,dn,

constant T, P:
dG=(cu.+du,—aw,~bu,)do

dG=—[(aw,+bu,)~(cu.+du,)]lda
if spontaneous left to right:
dG<0 A da>0 = [(au,+bu,)—(cuc+du,)]>0
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Describing Equilibrium
aA+bB : ¢C+dD

at equilibrium: [(au,+bu,)—(cu.+du,)]=0

dG
E=cuc+duD—am—bub=AG

note that this measure depends on how reaction is written...

C.H,0,4+60,-6CO,+6H,0

per mole of reaction

éC6H1206+02—>C02+H20

also, note assumption that over dG, composition is not
significantly changed
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Describing Ideal Gas Reactions

relationship to standard pressure:

G=G"+nRTIn-=-
1 atm
pure substance:
u=u'+RTIn P
1 atm
In a mixture:
0 A
=u,+RT1
MA MA n latm

e. g., Gibbs free energy of mixing

P

0
+RT1
s nlatm

w +RTIn

Gintial:nA +nB

1 atm
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Describing Equilibrium
N,+3H, 7 2NH,
(_
AG:zMNH3_MN2_3MH2

P P P
AG=2|u%, +RTIn—=|—|u’ 3! i
G Wi, n Tt Wy +RTIn T 3luy, +RTIn o
express all pressures in units of “1 atm”:
P2
AG=AG"+RTIn—-=
Py, Py,
at equilibrium: w12
0 (PNH3>
AG=0=AG +RTIn—————
(PY)(P3)
Peq 2
AG'=—RTInK ; K= <eq NH{Q 3
(PY)(P3)
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