Salar de Uyuni, Potosi, Bolivia
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What is an ionic liquid ?

An ionic liquid is a salt with melting point
smaller that the boiling point of water. A
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Phase at room temperature Solid
Density 2.165 g/cm3
Melting point 801°C
Boiling point 1413°C

Protrons de guimice Why salts can be liquid at room temperature? e Why is an ionic

liquid, a liquid ?

[AT gy * [XFip It is not possible to calculate A,G
directly using simple methods, but
— Bl (A"} using an appropriate Born-Fajans-

= 8, GT XY Haber cycle (Figure 1), A,.G can
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be estimated using the recently

: N developed principles of Volume-
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it F Based  Thermodynamics (VBT)
Figure 1. Bom—Fajans—Haber cyele for the assevament of the meltemg and simple
(Fusion) of 8 busary salt consposed of cotmplex 1ons ([AJX]), 38 temperatie
T. froen Iathce and solvation energies calculations in combination with

quantum  chemical

Table 1. lon Volums of lons Found in ILs Investgoted Durmg available experimental data.
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Why is an ionic liquid, a liquid ?
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Properties
Ionic liquid
Thermal stability
Very low vapor pressure
Ionic conductivity

Tuning properties

Electrochemical Viscosity Hydrophobic Structural
window degree characteristics

Cation = Negative potential Mainly depends on Polar/non-polar
limit the anion used characteristics of the

Anion — Positive potential substituents
limit

q\J - Some ionic species
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How many RTILs can be prepared?

Cation Anion

Substituent

kY
|
rfactants 7

.v)ther /
More than 1,000,000
possibilities
vs.

600 moleculars solvents

i ope .
General classification ..
| Teem— N

First generation of ionic
liquids

Second generation of ionic
liquids

Third generation of ionic
liquids



A little bit about history
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Room temperature ionic liquids: recognized begihning
The accepted discovery of the first RTIL is related to a

paper published in 1914, where the synthesis of [EtNH;]*
[NO;]- was described.

Melting point: 12 °C

p
405-422

jen, Bull. Acad. Sci. St. Petersburg 1914,
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Room temperature ionic liquids: from the 90 s

Water-stable RTILs

J. S. Wilkes, M. J. Zaworotko,
Chemical Communications 1992, 965-

P.A.Z. Suarez, J. E. LDullius, S. Einloft, R. F. De
Souza, J. Dupont, Polyhedron 1996, 15, 1217-1219.

BE;, PFy, NOy, CH;C00", S0

15 16 17 18 9 LN

M
CH;CHy” ™ “CH,

IEginning

A short history of ionic liquids—from molten salts to neoteric solvents
- John S. Wilkes - Green Chemistry, 2002, 4, 73-80.

N7,
CHyCHCH; CH;

Problems: 1- Melting point for equimolar composition at 40 °C.

2- It is not stable in the presence of water

3- Very narrow electrochemical window (It is not enough for
electrochemical reduction of Al).

Professor Charles L.
Hussey

Professor Robert
Osteryoul

J. Am. Chem. Soc.; 1975; 9711)
pp 3264 - 3265 DOI:
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Problems

«Solvent Innovation Costs: EMIM com Cl-, PF,-, BF,-, CF;S0;"

-Sigr;:.f:ﬁirich - ‘ (Qligch)
*BASF = : Cl': U$100/25 g
PF,~: U$86/5g
BF,~: U$127/5mL
CF3S0;7: U$164/5mL
Purity: Not always appropriate

Especial needs

More than 300 available

Synthesis: First step oas Synthesis: First step -
quaternization

Amines (P) alquilation

Ry

+ R4X —= R;—N—R,; + X

halogenoalkane
Ry Ry
quaternary
ammoniurm
cation

tertiary
amine

quaternary ammoniurn salt

synfzﬁz;irrig‘:;i::ep ) = Synthesis: Second step

NRj

Step 1 ﬂ R'X

Temperature lower than a 40 °C Inert
atmosphere [R"R5N]* X

Step 2a Step 2b
Temperature lower than a 60 °C Without
solvent + Lewis acid- MX, 1) Metallic salt- M*X-
2) Bronsted acid— H*A-

Temperature ~ at 80 °C
[R'R;N]* [Mxy+1]‘ [R'RNJ* [A]

Binary ionic liquids Pure ionic liquids

Reactivity




Purification of ionic liquids immiscible

Synthesis: Ionic exchange with water

washing Active carbon Filter column

Fundamental characterizations
vElemental analysis

v Spectroscopy (UV-Vis, FTIR,
RMN)

vKarl Fisher

_ Purification of ionic liquids miscible -

with water R R
Ionic liquids distillation

washing Active carbon Filter column

o', Maruela A. Gilsa', José N. Canangia Lopes”, Luis P.N. Rabele’
don' & Jascn A Widegren'

Fundamental characterizations
vElemental analysis
v'Spectroscopy (UV-Vis, FTIR,
RMN)

vKarl Fisher

ppnerwees  Tonic liquids distillation

Table 2 | Effects of distillation at 300°C in the Kugelrohr apparatus

lanic liquid Conditions Fraction Fraction
of residue of distillate
decomposed (%) decomposed (%)

[Cemim]INTF;] 8h, 6 mbar
[Codmim][NTF;] 4h, & mbar
[Cgdbul[NTF;] 4h, 6 mbar
[NC222][NTf,] 4h, 6 mbar
[NC32221INTf,] 4h, & mbar
[Campyrr][NTF;] 4h, & mbar
[PCeg e1al[NTF;] 4 h, 6 mbar
[PC4.416][NTF3] 4h, 6 mbar

61sN(CHsOHDIINTH,] 4 h, 6 mbar
[Comim][OTF] 4h, 7mbar
[Cemim][OTF] 4h, 6mbar
[C2dbul[OTH] 4h, 8 mbar
[Camim][PFg] 4h, 6 mbar
[Camim][FAP] 18 h, & mbar

Figure 1| Labelled photograph of the Kugelrohr oven and distillation [P(s-C4)Ci[0Ts] 4h, & mbar

-atus. Th tral v idly rotates. [Comim][0S04C,Hs] Sh, 7 mbar 99
bt U D b e s Bl [PCes g1slldecancate] &h, 7mbar 98 95

[€.mpyrr)* is T-alkyl-1-methylpyrrolidinium; [FAP)  is trifluorotriperfluaroe thylphosphate. A
fraction of 1% represents the limit of our detection, and is thus an upper bound.
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distillation
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Table 4 | Distilistion f appresimataly squimstar mistusss of bonis iquids

e T r € s Tacton 3 saia

Synthesis

Some interesting Properties

6ood thermal stability

Some Properties Needs

Toxicological information
Very low vapor pressure

Developing new ionic liquids
Non flammable Data base with all properties

Good ionic conductivity Real comparison between traditional

Very good electrochemical stability solvents and ionic liquids

Excellent solvent with low or strong Methods of synthesis less expensive

coordinating properties Easier availability

aUST

Solvent with organized structure
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