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Free Energy and Equilibrium

– Equilibrium occurs at the lowest value of free energy 
available to the reaction system, when DG = 0

– At equilibrium, DG = 0, Q = Keq so

DG = 0 = DGo + RT ln Keq

DGo = - RT ln Keq

– Use this equation to find Keq given DGo, or to find DGo

given Keq
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• Relationship between DGo and Keq

DGo Keq
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GIBBS FREE ENERGY

At constant T and P
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THIRD LAW OF THERMODYNAMICS

The entropy of a pure crystalline substance at absolute 
zero is 0.
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Standard Molar Entropies / DSo
rxn

aA + bB cC + dD (25oC)

= (cDS0
C + d DS0

D) – (aDS0
A + b DS0

B)

DSo
rxn = m So

product - n So
reactant

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

DSo
rxn = (2 mol NH3 x So NH3) – [(1 mol N2 x So N2) + (3 mol H2
x So H2)]

DSo
rx = (2 x 193) – [(1 x 191,5) + (3 x 130,6) = -197 J/K
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Standard Molar Entropies
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STANDARD FREE ENERGY CHANGES

Standard free energies of formation, DGf are 
analogous to standard enthalpies of formation, 
DHf.

DG can be looked up in tables,or calculated from S° and 

DH.

DGo
sys = DHo

sys - TDSo
sys

DGo
rxn = mDGo

f(produk) - nDGo
f(reaktan)
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THE TEMPERATURE DEPENDENCE OF K

0 0 0

0 0 0 0

0 0

2

2

0 0

1

1

0

2

1 2 1

ln( )

1
ln( ) ( )

ln( )

ln( )

1 1
ln( ) [ ]

G RT K H T S

H S H S
K

RT R R T R

H S
K

RT R

H S
K

RT R

K H

K R T T

D    D  D

D D D D
     

D D
  

D D
  

D
  


