
Activities of ions

Total ideal molar Gibbs free energy is written as the sum of ideal chemical potentials for cations and anions



Activities of ions

ideal chemical potential for a species j
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real Gibbs energy is the sum of the chemical potentials of both ions
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All the deviations from ideality are contained in the last term
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γ± defined via the geometric mean
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Mean activity coefficients

we assume,
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Mean activity coefficients

- p cations and q anions
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Mean activity coefficients

- p cations and q anions



Debye–Hückel Limiting law For very low concentrations
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Debye–Hückel Limiting law For very low concentrations

(depends on temperature and solvent)
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Debye–Hückel Limiting law

positive for cations and negative for anions

bO = 1 mol kg-1

For very low concentrations

only valid at very low ionic strengths!



Question

Estimate mean activity coefficient of 5.0 mmol kg−1 KCl(aq) at 25 °C using Debye–
Hückel limiting law.  
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For higher ionic strengths 

Valid over a wider ionic strength range (up to ~0.1 mol/kg).

B is an empirical parameter (Ion-size effects) 



For higher ionic strengths 

B (ion-size effect) and C (a linear correction; CI) are dimensionless empirical parameters 

Useful up to moderate ionic strengths (~0.5 mol/kg).

Valid over a wider ionic strength range (up to ~0.1 mol/kg).

B is an empirical parameter (Ion-size effects) 



Focus 1: Properties of gases

Focus 2: The First Law 

Focus 3: The Second and Third Laws

Focus 4: Physical transformation of 
pure substances 

Focus 5: Simple mixtures

Focus 6: Chemical equilibrium

Focus 17: Chemical kinetics

Focus 18: Reaction dynamics
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Focus 6: Chemical equilibrium

The equilibrium constant

The response of equilibria to the conditions

Electrochemical cells

Electrode potentials



Reaction Gibbs Energy



Reaction Gibbs Energy



Reaction Gibbs Energy



Reaction Gibbs Energy



Reaction Gibbs Energy



Perfect Gas Equilibria



Perfect Gas Equilibria



Perfect Gas Equilibria

Standard Gibbs energy change:
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Standard Gibbs energy change:
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Ratio of product to reactant pressures at any point in time
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Perfect Gas Equilibria

Ratio of product to reactant pressures at any point in time



Reaction quotient



Reaction quotient Example:
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Reaction quotient At equilibrium, 


