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Introduction ⅠIntroduction Ⅰ

• Using ILs & water as a solvent

– ILs have high selectivity and diffusion coefficients

as extraction solvents

– Extraction of  hydrophilic solute from ILs

– Cross - contamination  
• Recovery of ILs from water

• Change of physical properties of ILs

– Requirement of phase behavior of ILs-water



Introduction ⅡIntroduction Ⅱ

• Recovery of biofuels

– Distillation           

highly energy consumption process

– Existing organic solvent (tri-n-butyl phosphate, octan-1-ol etc.)

flammable, toxic and hazardous

- Using ILs (ILs + water)

Mutual solubility affects the selectivity of BuOH.

Lower solubility of ILs in water make the large

selectivity



Introduction ⅢIntroduction Ⅲ

• Extraction of metal ion by crown ether

– Efficiency depends on both the cation and the 
anion.

– Difficulty of transporting inorganic anion to 

organic solvent

– ILs have high solubility with crown ether and

the distribution coefficient

• Hydrophilic products using ILs as a solvent

– Ionic liquid as a catalyst or solvent
• Good selectivity and yield

– Friedel-craft, Diels-Alder, alkylation reaction etc. 



General properties of mixture ILs and waterGeneral properties of mixture ILs and water

• Miscible or immiscible

– [bmim][BF4] is miscible with water at room T

but show UCST at low temperature(-8 and 5℃)

– “hydrophobic” ILs     immiscibility

– The mutual solubility can be quite large

• Effect alkyl chain length and anion

– Halide, ethanoate, nitrate and trifluoroacetate salts
• totally miscible with water

– [PF6], [(CF3SO2)2N] salts
• Immiscible

– Large chain length      Decrease solubility



ILs-vapor system ⅠILs-vapor system Ⅰ

• 1-butyl-3-methylimidazolium hexafluorophosphate [bmim][PF6]

• 1-octyl-3-methylimidazolium hexafluorophosphate  [C8mim][PF6]

• 1-octyl-3-methylimidazolium tetrafluoroborate   [C8mim][BF4]



ILs-vapor system ⅡILs-vapor system Ⅱ

Solubility of Water Vapor in Ionic Liquids



ILs-vapor system ⅢILs-vapor system Ⅲ



◀ Factor to influence the solubility of water▶

• Anion ( [C8mim][PF6], [C8mim][BF4] )

– Van der Waals volume [PF6] : 68Å3 [BF4] : 48 Å3

– High charge density for smaller anion

► large solubility of water

• Temperature 

– Lower temperature Higher solubility

• Alkyl chain
– Increasing the length of alkyl chain length decrease the 

solubility of water

• Chloride impurities

ILs-vapor system ⅣILs-vapor system Ⅳ



◀ Factor to influence solubility ▶

• Water – Water interaction

ILs-vapor system ⅤILs-vapor system Ⅴ



ILs –vapor ⅥILs –vapor Ⅵ

• Henry’s constant & Infinite-Dilution Activity 
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sat

sat

x

L

x

sat

o

P

TH

or

PTH

x

f
PTH

PxP

fxPy

1

1

1

11

0

1

1

1

0

1

111

11111

)(

)(

),(

lim

lim

1

1

=

⋅=

≡

⋅⋅=

⋅⋅=⋅⋅

∞

→

→

γ

γ

γ

γφ



Organic solvents -water vaporOrganic solvents -water vapor



ILs-Liquid ⅠILs-Liquid Ⅰ



ILs-Liquid ⅡILs-Liquid Ⅱ

◀ Factor to influence solubility ▶

• Shorter alkyl chain, smaller anion

► large solubility

• Temperature

►At high temperature, mutual solubility is large



LLE of Water – organic compounds LLE of Water – organic compounds 



Recovery IL from waterRecovery IL from water

• Adsorption of IL from Aqueous phase

– For removal of Ionic liquids in Aqueous phase

– Using Activated carbon



ConclusionConclusion

• ILs is available for extracting solvents 

• Mutual solubility with water is affected by 
species of ILs and their substances

• Relatively high solubilities of ionic liquids in 
water induce another environmental problem 

• Removal of ILs will be especially important 


