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EQUILIBRIUM 
 Certain Temperature and Pressure

Expressed as activity and not 

Concentration



Activity and Concentration 



 If activity coeff.=1    a=C

 In diluent solutions

Mobility, independency of the specie



Keq=activity Coeff. * Kc



Keq=KC

Ion Interaction

Ion pairing

Ion-Association

Ion-Solvent Interaction



& C

Ionic Attraction  &  Solvation



Interaction Types

Ion-Ion Interaction E@ 1/r2

Ion –dipole Interaction E@ 1/r4

Dipole-Dipole Interaction 

Vander-Valse Interaction E@ 1/r

H-bonding



THE  DEBYE-H~CKEL THEORY

 To laws that describe interactions among the ions of an 

electrolyte.  These are 

 (1)  Coulomb's  law,  the inverse-square law of  interaction 

for particles of  unlike charge and of repulsion for particles of 

like charge, 

 F=q1.q2/r2 in the absence of Solvent

 F=q1.q2/Dr2 in the presence of Solvent 

 D is the dielectric Constant of the solvent

 (2) the Boltzmann distribution law,





Assumptions

 1. Ionic radii  r=0

 2. Short range is negligible. 

 3. Viscosity (μ) and Dielectric Constant (D) of the solvent is 

independent form the solute concentration .

 4. Thermal agitation> Columbic forces

 5. 100% dissociation of electrolyte (Ion pairing, Ion 

association can be omitted.)





NaCl===>Na+  +Cl- μ=2C/2=C

0.5 M    μ =0.5

CaCl2 μ=3C     0.5 M    μ=1.5



 The constant A for water at 0°, 25", and 100°C  is 0.492, 0.511,
and 0.596.



DEBYE-HUCKEL LIMITED LAW (DHLL)





NaCl & KClO4





The right figure
 1. HCl in H2O (Polar solvent): DO (Non-Polar solvent) 

mixture

 2. A significant relationship between        and ionic strength

 3.By decrease in D, larger deviation from 1 can be 

observed.

 4. At low D, a weak ion solvation may be occurred.

 5. The formation of ion pair was performed at low 

concentrations of  electrolyte (i.e. HCl )



Extended Deby-Huckel Equation 

(EDHE)

 Ionic size

 The minor interactions

 Ion pairing

 Change in D (H2O:DO mixture)

 Change in viscosity, fluidity, polarability distribution

 Mater Structure (Making or Breaking)





Result: the deviation between experimental and calculated 

activity coefficient was decreased. 

(low ionic strength)





Kiellands assigned to each ion an empirical value of  a  

parameter  a and  used (2-19) to calculate its ctivity coefficient.





parameter 

equation 'up to an ionic  strength of  

the  order  of  4





Mixed electrolyte
 1. complexation and Kinetic studies

 2. The elelctrolytes with low complexation ability

 3. bulky Salts (KClO4, NaClO4, …)

 4. The change in ionic strength (and activity Coeff.) by addition the 

metal ion to the ligand solution should be negligible.



SALT  EFFECTS  ON  EQUILIBRIUM  

CONSTANTS



NONELECTROLYTES  AND  ACTIVITY 

 Nonelectrolytic behavior in solutions containing 

electrolytes

Salting Out

Salting In



Salting Out
 NaCl+ Juice >>>> CO2

 H2O@CO2  + NaCl>>> H2O@NaCl + CO2 (g)

 Improvement in extraction efficiency (E%) by 
decrease in solubility of analyte in aqueous phase

Sw >Ss 

 More Free Solvent Molecules>> Effective Solvation >> 
Decrease in gama





Salting In

 By salt addition, a decrease in extraction efficiency 

may be observed. 

 In the presence of the ionic salt, solubility of the 

non-electrolyte component in aqueous phase was 

improved.

 HCN<<<>>>> H+  + CN-

 MgSO4>>>>> Mg2+  + SO42-

 SOLUBILITY WATER (15%) < SALT (34 %)





Nonelectrolytes in nonaqueous

solvents 

 Activity coefficients of dilute solutions 

 of solutes can be studied experimentally by

 liquid-liquid chromatography

 solvent extraction, 

 light  scattering, 

 vapor pressure,

 Freezing point depression.



 Making Mater Structure 

 Improvement in solvent ordering

 Breaking Mater Structure 

 Decrease in solvent ordering


