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Basic Principles of solvent extraction method:

• An extractant is a substance primarily responsible for the transfer of a solute
from one phase to another

• The extractant is dissolved in a suitable diluent and together act as a solvent
• The diluent is immiscible with other phase which is usually water
• The extractant reacts with the solute by solvation/Chelation/ion pair formation

etc. to extract from the aqueous phase

The distribution equilibrium between two phases is governed by Gibbs Phase rule----

P+V=C+2 Where, P= number of phases
V= the variance or degree of freedom and
C= number of components

In solvent extraction, P=2 (Aqueous and organic);C=1 (Solute); V=1 at constant temperature and pressure…

So, 2+1=1+2 ie, P+V=C+2 ie, It follows Gibbs Phase rule



Distribution ratio:

The distribution of a solute between two immiscible solvents in contact 
to each other can be described by the distribution ratio ”D”

D= [X]1/[X]2

Where, X represents the stoichiometric or formal 
concentration of a substance X and the subscripts 1 and 2 
refer to the two phases.

As per analytical interest 
D= [X]org/[X]aq

• Distribution ratio is dimensionless quantity
• Separation of two solutes by solvent extraction is expressed by the term 

separation factor (α) which is related to individual distribution ratio

α=DA/DB

Where DA and DB are the respective distribution ratios of solute A and B



• In the simplest extraction case, the distribution ratio is constant in accordance with the classical
Nernst distribution law

• a solute will distribute itself between two immiscible solvents so that at equilibrium, the ratio of the
concentrations of the solute in the two phases at a particular temperature, will be constant, provided
the solute is not involved in chemical interactions in either phases. For such a solute, then

KD=D

Percent Extraction (%E):

%Extraction(E) =100D/( D+Vaq/Vorg )

Where, V represent solvent volume and the other quantities remain as previously defined.
The percent extraction may be vary with the volume ratio of the two phases as well as with D



Classification of extraction system:

On the basis of process of extraction

• Chelate extraction
• Extraction by solvation
• Extraction involving ion-pair formation
• Synergic extraction

Chelate extraction1. 

• Proceeds by the formation of chelate or closed ring structure 
between the chelating agent and the metal ion to be extracted

Examples: 1. Extraction of Uranium with 8-hydroxyquinoline in chloroform
2. Extraction of Iron with cupferron in carbon tetrachloride



2. Extraction by solvation: 

• Extraction proceeds by the process of solvation of the species which is extracted 
into organic phase

• Oxygenated organic solvents ( alcohols, ketone, ether, ester) show some basicity 
therefore, directly solvate protons and metal ions and cause extraction

Examples: 1. Extraction of Uranium with tributyl phosphate from nitric acid
2. Extraction of Iron(III) with diethyl ether from hydrochloric acid

3. Extraction involving ion-pair formation: 

• Extraction proceeds with the formation of neutral uncharged species which in 
turn gets extracted in to the organic phase

• In this case an ion pair is formed between complex of metal ion with high 
molecular weight amine and anionic species of mineral acids

Examples: 1. Extraction of Scandium and Uranium with trioctyl amine from mineral acid



4. Synergic Extraction: 

The phenomenon in which two reagents, when used together, extract a metal ion 
with enhanced efficiency compared to their individual action is called “Synergism”

• In this process a metal ion is extracted by a mixture of an acidic chelating reagent 
and a uncharged basic reagent. 

Examples: 1. Extraction of Uranium with tributylphosphate (TBP) as well as 2-thionyltrifluoroacetone



Factors affecting the extraction efficiency:

1. Choice of solvent
2. Acidity of an aqueous phase
3. Stripping
4. Use of masking agent
5. Salting out agents
6. Backwashing
7. Variation of oxidation state
8. Use of organic acid media



Problems:

1. Twenty milliliters of an aqeous solution of 0.10M butyric acid is shaken with 10 mL ether.
After the layers are separated, it is determined by titration that 0.5mmol butyric acid remains
in the aqueous layer. What is the distribution ratio? What is the percentage extracted?
















