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General context
What is an ionic liquid?

ωLowmeltingtemperature(<100ÁC)

ωLargeliquidustemperaturerange

ωNegligible vapour pressure (at
atmosphericconditions)

ωNonflammable

ωHighthermalandchemicalstabilities

ωHighionicconductivity

http://a.static.trunity.net/files/120301_120400/120306/250px-Sodium_chloride_diagram.jpg

Tfus = 801 ÁC

http://www.eps.hw.ac.uk/images/McKendrick_Fig_3.jpg

Tfus = -25.7 ÁC

Properties
http://www.aiche.org/resources/chemeondemand/webinars/ionic-liquids
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ωPossibilityof tune their propertiesfor a specifictask

106 different combinations

ά5ŜǎƛƎƴŜǊ {ƻƭǾŜƴǘǎέ

Cation Anion

General context
What is an ionic liquid?

Applications

ωSeparation Processing

ωBiotech

ωChemical Processing

ωEngineering and Functional 
Fluids

ωElectrolytes and 
Electrochemistry

ωMetal Processing

ωPolymer and Biopolymer 
Processing

4
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o Usein a large scale leadsto aquatic
environmentalconcerns.

o Althoughionic liquidscannotcontribute
to the air pollution, they alwayspresent
a non-negligiblesolubility in water.
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General context
Environmental impact

Freire et al.,J. Phys. Chem. B, 2008, 112, 1604-1610

ωAdsorptionto soils
ωIncreaseswith the hydrophobicityof the cation;

ωIndependentof the anion;

ωIncreaseswith the cationexchangecapacityandwith
the organicmatter of the soil.

ωBiodegradation

ω> 60% άReadilyBiodegradableέ

ωMost ILsarenon-biodegradable;

ω [(ROCOC1)C1im][C8H17SO4] and most cholinium-
basedILsarebiodegradable.

ωToxicity

ωIncreaseswith alkylchainlength;

ωDecreaseswith functionalizedalkylchains;

ωFluorinatedanionsarethe most toxic. 5
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General context
Treatment of aqueous effluents

Methods

Add salting-out species

IL-rich phase

salt-rich phase

6

Adsorption

Oxidative PhotocatalyticThermal

Degradation

No IL recovery
Addition of acetone  

to recover the IL

ILconcentration inwater

Activated Carbon

Aqueous Biphasic 
Systems
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General context
Objectives

ILs have a wide range of 
applications

Contaminationof 
effluents

It is of vital importance the 
research of methods to remove 

and recover ILs from water stream
7
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http://dinheirodigital.sapo.pt/images_content/2014/cigarro
s-contrabando.jpg http://chavena.com/sites/default/files/artigos/cafe-grao.jpg

Ionic-liquid-based processes
Alkaloids extraction
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Hydrophilic ionic liquidscan form ABSby the 
addition of salting-out inducing salts
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Pre-treatment 

Hydrolysis and/or
Derivatization

Stimulant drugs

Monitoring program

Three main approacheswere proposed:

VTo recycle hydrophilic ionic liquids from aqueous 
solutions

VTo carry out metathesis in the formation of new 
ionic liquid salts

VAs new extractive systems for the most diverse 
added-value compounds
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V Formed when two mutually 
incompatiblesolutions (both 
miscible with water) aremixed;

V Above acritical concentration
spontaneousphase separation
takes place.

Ionic-liquid-based processes
Alkaloids extraction
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Ionic-liquid-based processes
Alkaloids extraction

10

0

20

40

60

80

100

120

[C
2m

im
][C

l]

[C
4m

im
][C

l]

[C
4C

1m
im

][C
l]

[C
6m

im
][C

l]

[C
7m

im
][C

l]

[C
8m

im
][C

l]

[C
10

m
im

][C
l]

[C
12

m
im

][C
l]

[a
m
im

][C
l]

[O
H
C
2m

im
][C

l]

[C
7H

7m
im

][C
l]

[C
2m

im
][C

F3S
O
3]

[C
4m

im
][C

F3S
O
3]

Caffeine

Nicotine

K

0

20

40

60

80

100

120

[C
2m

im
][M

eS
O

4]

[C
2m

im
][E

tS
O
4]

[C
2m

im
][C

l]

[C
2m

im
][C

H3C
O
2]

[C
2m

im
][C

F3
SO

3]

[C
4m

im
][C

H3S
O
3]

[C
4m

im
][B

r]

[C
4m

im
][C

l]

[C
4m

im
][T

FA
]

[C
4m

im
][C

F3
SO

3]

Caffeine

Nicotine
K

CationEffect

Anion Effect

0

20

40

60

80

100

120

[C
4m

im
][C

l]

[C
4C

1m
im

][C
l]

[O
HC

2m
im

][C
l]

[C
7H

7m
im

][C
l]

[C
4m

im
][C

H3S
O
3]

[C
4m

im
][C

F3
SO

3]

Aqueous Phase

Human UrineKcaf

0

20

40

60

80

100

120

[C
4m

im
][C

l]

[C
4C

1m
im

][C
l]

[O
HC

2m
im

][C
l]

[C
7H

7m
im

][C
l]

[C
4m

im
][C

H3S
O
3]

[C
4m

im
][C

F3
SO

3]

Aqueous Phase

Human UrineKnic

Thecomplete extractionof archetypal
alkaloidswasachievedin a single step
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General context
Objectives

ILs have a wide range of 
applications

Contaminationof 
effluents

It is of vital importance the 
research of methods to remove 

and recover ILs from water stream
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Ionic-liquid-based processes
Separation of ethanol-water mixtures
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http://images.gizmag.com/hero/8316_9110761742.jpg

http://www.efoodsdirect.com/media/catalog/product/cache/1/thumbnail/9df78ea
b33525d08d6e5fb8d27136e95/c/o/corn2.jpg

https://www.organicfacts.net/wp-content/uploads/2013/05/Cereal.jpg

http://image.dieselpowermag.com/f/tech/1104dp_renewable_diesel_fuel_reinven
ted/36044742/1104dp_04_o%2B1104dp_renewable_diesel_fuel_reinvented%2Bsu
gar_cane.jpg

Pretreatment
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Energetically intensive

Hydrated Ethanol (95% m/m)

Liquid-liquid separation reduces 
40% of energy consumption 

http://www.baff.info/english/background_cycle.cfm

http://bioco.pl/uploads/images/biofuel.JPG
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wH2O

wIL

= 1- wIL - wH2OwEtOH
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Ionic-liquid-based processes
Separation of ethanol-water mixtures

Phase Quantification

IL
+

H2O
+

EtOH

12h at 298 K

3000 rpm for 20 min

Karl Fischer titration

Evaporation by vacuum

[P66614]
+

[CH3SO3]
ᵄ

[NTf2]
ᵄ [N(CN)2]

ᵄ

[Deca]ᵄ

[Phosph]ᵄ
Clς

Brς
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Ionic-liquid-based processes
Separation of ethanol-water mixtures

System D S Max EtOHextraction (%)

[P66614][Phosph] 0.83 5.1 72

[P66614][Deca] 0.82 4.9 70

[P66614]Cl 0.88 6.6 72

[P66614][CH3SO3] 0.82 4.6 65

[P66614]Br 0.70 8.4 78

[P66614][N(CN)2] 0.51 6.8 82

[P66614][NTf2] 0.31 2.0 87

[P66614][B(CN)4] - - 91

[P66614][C(CN)3] - - 80aq
EtOH

IL
EtOH

w
w

D=

aq
W

aq
EtOH

IL
W

IL
EtOH

w
w

w
w

S=

14
Predictedby COSMO-RS

Liquid-liquid extraction coupled to an extractive fermentation 

V IL continuously recycled to the fermentator

V Ethanol concentration carried out by pervaporation

Reduced energy costs



http://path.web.ua.pt

General context
Objectives

ILs have a wide range of 
applications

Contaminationof 
effluents

It is of vital importance the 
research of methods to remove 

and recover ILs from water stream
15

Contaminationof 
effluents
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Mutual solubilitiesof ionic liquids and water
Motivation

Hydrophobic IL

Hydrophilic IL

Affects IL properties:
ü Density
ü Viscosity
ü Surface tension
ü Refractive index
ü Χ

Environmental concerns

TOXICITY
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Mutual solubilitiesof ionic liquids and water
Experimental Procedure

Phase equilibrium apparatus
H2O

content in IL

H2O rich-phase

Aromatic ILs

Aliphatic ILs

IL
content in H2O

Karl Fischer Titration

Conductivity

UV spectroscopy

y = 341.71x
R² = 0.9993

y = 321.70x
R² = 0.9997

0

50

100

150

200

250

300

350

400

450

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

κˁ
 
ό
ҡ
{
ϊ
Ŏ
Ƴ

-1
)

ώǎŀƭǘ ϐ κ όƎϊ[-1)

Calibration curves

Conditions:

V Temperature range: (288.15 ς318.15) K

V Atmospheric pressure

V Minimum equilibrium time of 48h 

IL rich-phase

Only for LLE systems

Aluminium 
block

PID temperature 
controller

Isolated air bath

Refrigerated 
water bath
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Mutual solubilitiesof ionic liquids and water
Cationcore effect

VOnly LLEfor imidazolium-, and
above 298 K for pyridinium-based ILs

VLinesrepresent COSMO-RSpredicted 
results 

VxwҦ [C3C1im]+ > [C3-3-C1py]+

VxILϪому Y Ҧ [C3C1im]+ > [C3C1pyr]+ > 
> [C3-3-C1py]+ > [C3C1pip]+

Experimental Ҧ ώt4444]
+ < [N4444]

+

[PF6]
ς

Solubility of [PF6]-based 

salts in water as function 

of molar volume @298K
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Mutual solubilitiesof ionic liquids and water
Cationalkyl chain length and isomerism

[NTf2]
ς

[RRim]+

R = C1 to C5

[Rpy]+

R = C2 , C6, C8

Å Increasing the alkyl chain length, decreases the mutual solubility.

Å Qualitatively, COSMO-RS predictions are in good agreement with experimental results.

Å ILs solvation in water is entropicallyŘǊƛǾŜƴ Ҧ ŀŦŦŜŎǘǎ ƳƻǊŜ Řƛ-substituted cationsthan 
mono-substituted ones.
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Mutual solubilitiesof ionic liquids and water
Cationalkyl chain length and isomerism

[C4-3-C1py]+

[C4-4-C1py]+

[C4py]+

[NTf2]
ς

VxILҦ [C3-3-C1py]+ > [C4py]+ > 

> [C4-4-C1py]+ > [C4-3-C1py]+

VxwҦ [C4py]+ > [C4-4-C1py]+ >

> [C3-3-C1py]+ > [C4-3-C1py]+

[C3-3-C1py]+
Freire et al., J. Phys. Chem. B2008, 111, 13082-13089

Å [C4py]+ and[C3-3-C1py]+ switch positions

Å Higher deviations between the positional 
isomers

Å parasubstitution contributes for an 
increment of water affinity to IL

Structural 
Isomers

Positional 
Isomers
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ɲsolSm
0 = -4.7N + 10.3

ɲsolSm
0 = -5.2N - 19.4
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0 = -4.5N - 23.2
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Mutual solubilitiesof ionic liquids and water
Cationalkyl chain length and isomerism

[NTf2]
ς

(n + 1) = (n + n)

[CnC1im]+

Asymmetric ILs

[CnCnim]+

Symmetric ILs

V IsomericILs have identicalmutual solubilities

VɲGsol increases with alkyl chain length

VSolubility of ILs in water is entropicallydriven

[CnC1im][PF6]

[CnC1im][NTf2]

[CnCnim][NTf2]
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Mutual solubilitiesof ionic liquids and water
Cationalkyl chain length and isomerism

[NTf2]
ς

[C2C3im]+

VxwҦ  ώ/1C1im]+ < [C2im]+ < [C1im]+

[C2C3im]+Ғ ώ/4C1im]+

[C4C1C1im]+ < [C5C1im]+Ғ ώ/3C3im]+

VxILҦ  ώ/1C1im]+ < [C2im]+ < [C1im]+

[C2C3im]+Ғ ώ/4C1im]+

[C5C1im]+Ғ ώ/3C3im]+ < [C4C1C1im]+

[C1im]+

[C2im]+[C4C1C1im]+

Solubility of [NTf2]-based 

ILs in water as function of 

molar volume @298K
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Mutual solubilitiesof ionic liquids and water
Anion Nature

Å Anion trend Ҧ ώC!tϐς< [NTf2]
ς< [PF6]

ς

Å By molecular dynamics simulation, there is loss of crucial 
anionςwater interaction when FςҦ C2F5

ς

Å Anion plays a dominant role on the ILs mutual solubilities

[FAP]ς [PF6]
ς

Freire et al., J. Phys. Chem. B2008, 112, 1604-1610

[NTf2]
ς

[C2C1im]+
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General context
Objectives

ILs have a wide range of 
applications

Contaminationof 
effluents

It is of vital importance the 
research of methods to remove 

and recover ILs from water stream

It is of vital importance the 
research of methods to remove 

and recover ILs from water stream
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Removing Ionic liquids from aqueous solutions
Adsorption onto activated carbon

▲▄
▲□╪● ║ ╒▄

║ ╒▄

Å B (L·mmol-1) and qmax (mmol·g-1) are empirical 
ŎƻŜŦŬŎƛŜƴǘǎ ƻŦ ǘƘŜ [ŀƴƎƳǳƛǊ equation; 

Å Ce (mmol·L-1) is the equilibrium concentration 
of adsorbateƛƴ ǘƘŜ ƅǳƛŘ phase;

Å qe (mmol·g-1) is the equilibrium concentration 
of adsorbatein the solid phase.

100 200 300

400 500

200 rpm for 4 days
at 308 K

UV spectroscopy

IL quantification 
beforeand after

experiments

Conductivity

or

Aromatic ILs Aliphatic ILs

0.0

0.2

0.4

0.6

0.8

0.0 0.5 1.0 1.5 2.0

q
e

(m
m

o
l·
g-

1
)

Ce (mmol·L-1)

0.0

0.2

0.4

0.6

0.8

0.0 0.5 1.0 1.5 2.0

q
e

(m
m

o
l·
g-

1
)

Ce (mmol·L-1)

Langmuir model

╚▀
▲▄
╒▄

Apparent adsorption 
coefficient



http://path.web.ua.pt

Removing Ionic liquids from aqueous solutions
Adsorption onto activated carbon
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VAromaticityincreases IL adsorption

VAlkyl chain length favours the adsorption of ILs

VSymmetric ILs adsorbed less onto AC
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