Free Energy Dependence Upon Concentration

· Represents difference between product and reactant properties 

e.g. Change in Enthalpy H  = Hproducts - Hreactants
G
Gibbs Free Energy change for the actual reactant and product concentrations 

G  <  0 spontaneous in the forward direction as it moves to equilibrium)

G  >  0 spontaneous in the reverse direction as it moves to equilibrium

G  =  0 system at equilibrium

G(
Standard Gibbs Free Energy change for standard state in which all reactant and product concentrations are at 1 M.

G( <  0 Mostly products at equilibrium (K > 1)

G( >  0 Mostly reactants at equilibrium (K < 1)

G( =  0 Equimolar mixture of products and reactants at equilibrium (K = 1)

G(′
Standard Free Energy Change for biochemical standard state of pH=7, and all reactant and product concentrations are at 1 M.

G
=
  G(′
     +
R T Ln { [Products]y / [Reactants]x }


   
Reference

   Adjustment for Concentrations

         

Value



R
=
8.314 J/K-mole

T
=
Absolute Temperature (310 K physiological)

[ ] 
=
Reactant or Product Concentration (Molarity)

Q
=
[Products]y / [Reactants]x
Free Energy and Equilibrium Constants

At Equilibrium: G  =  0 and   Q = K (Equilibrium Constant) leading to:

G(′
=  - R T Ln K

K  =
    e - G(′/(RT)
Where K = Equilibrium Constant (Ratio of Equil. Product/Reactant Concentrations)

Free Energy and Electrical Work

The movement of charge across an electric potential has a Free Energy change:

G(′  =  Z F E(′

G(  =  Z F E(
G  =  Z F E

Z  =  Charge

F  =  Faraday’s constant (96,478 Coulombs,  charge for one mole of ±1 charged particles)

E(′  =  Electric Potential (for 1 M concentrations and pH=7) over which charge is moved

Electric Potential and Concentration

G
=
  G(′
     +
R T Ln { [Products]y / [Reactants]x }


   
Reference
 Adjustment for Concentrations

         

Value

Z F E
=
Z F E(′
      +
R T Ln { [Products]y / [Reactants]x }


   
Reference
   Adjustment for Concentrations

         

Value

Nernst Equation

E
=
E(′
      +
{R T/( Z F)} Ln { [Products]y / [Reactants]x }


   
Reference

              Adjustment for Concentrations

         

Value

RT/F
= 0.05916 @ 298K (59.16 mV corresponds to a 10:1 concentration gradient)

RT/F 
= 0.06125 @ 310K (61.50 mV corresponds to a 10:1 concentration gradient)

Free Energy, Enthalpy, Entropy, and Equilibrium Constants

Gibbs Free Energy is defined as:  G = H – T S  

For a chemical reaction, the change in Gibbs Free Energy is:  G = S

calculation from tabulated Enthalpies of Formation

((n H(f (Products)  -  (m H(f (Reactants) where H(f‘s represent enthalpies of formation at the standard state (()

Scalculation from tabulated Absolute Entropies

S((n S((Products)  -  (m S((Reactants) where S(’s represent absolute entropies 

G calculation from tabulated Free Energies of Formation (**only valid at tabulated temperature!!)
G((n G(f (Products)  -  (m G(f (Reactants) where G(f‘s represent free energies of formation

G calculation at other temperatures


G( = (S(
G( changes with temperature; (and S( do not change significantly with temperature

Calculate 1) (,S(,and then G(
G and Equilibrium Constants

G(
=  - R T Ln K 

or  
K  =
e - G(/(RT)

Allows the use of tabulated date to calculate the Equilibrium Constant, K, for any Temperature

