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WHAT ARE IONIC LIQUIDS ?

* Organic salts composed of cations and
anions that are liquid at conditions around
room temperature

* No effective vapor pressure, thermal stability,
wide range of liquid, and large




STRUCTURES OF IONIC LIQUIDS

CATIONS ANIONS
H,C— N@/ g @ Cl /[AICL,] Reactive to water
N
1midazolium
R
pyridinium Cl~,Br T Air and water







Historical Review

 First discovery of the room temperature 1onic liquid

— N-ethylpyridinium bromide-aluminium chloride melt(Hurley
etal., 1951)

* Development of air- and water-stable imidazolium based ILs by
Wilkes et al.(1992)

» The range of available anions and cations has expanded
enormously in the past decades.




WHY IONIC LIQUIDS ?

| Traditional process (using organic solvents)

= volatile, toxic, flammable
= Cross-contamination
= violate environmental regulations

- Alternative Solvent




SYNTHESIS

— MeCN —\
/ \ \/\/CI >
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HC N\ 80°C HC— N\ Bu
Cl-

Huddlestone et al



PHYSICAL PROPERTIES

» Melting point ( -96°C ~)
Melting point is lowered with increasing length of alkyl chain in cations

%, Packing inefficiency
Eg. N,N’-dialkylimidazolium salts are liquids at RT

& Methylation of C-2 position increases m.pt.

» Density
1.1 ~ 1.6 g/cm3 at ambient temperature (291~303K)




. Polarity
- Aki et al.(Chem. Commun., 2001)

[BMIM][PF6], [C8mim][PF6], [BMIM][NO3], and
[N-bupy][BF4] are more polar than acetonitrile and




RECOVERY OF ORGANIC PRODUCTS FROM IONIC LIQUIDS
USING SUPERCRITICAL C02 - Blanchard et al.
Recent studies showed that non-volatile organic compounds can be
quantitatively extracted from ILs using supercritical CO,.
E.g.. Organic Solute = Naphthalene

IL = I-n-butyl-3-methylimidazolium hexafluorophosphate
{[bmim][PF]}

Why supercritical CO, ?




Experimental

Solubility measurement:

lonic Liquid : 1-n-butyl-3-methylimidazolium hexafluorophosphate {{bmim][PF6]}
{[bmim][PF6]} should be dried and degassed
Existence of water affects the solubilty of CO, in IL

Measurement Methods:

UV-Vis spectroscopy (To determine the conc. of organic-saturated [omim][PF6]
phase using Beer’s Law)

Gravimetry (For UV-Vis inactive organics)




Results

Solubility Measurement

* Solubility 1s affected by strong intermolecular interaction

« Large dipole moment = Miscibility or large degree of solubility

* Benzene family are completely miscible

* Hexane family are generally immiscible

* Solubilities of solid solute are considerably less than those of the
liquid organics




o Solids are indicated by (sh

solubility dipole .
(zolute mole mornent, analysis method
salute® fraction) {Debye) twavelength (nm)) T ("C) 0

benzene 0.66 & WW—vis (255, 261) 5.5 80
chlorobenzene () [halngen} 0.58 1.62 TUV-via (268, 271) —45 - 132
phenol (alcohol} 0.69 1.45 UV—vis 2TH 40 182
anisole (ether) miscible 1.38 UV-—via {271, 278} -37 154
snifine {famine} | migcible 1.53 UV—via {238, 286) —§ 184
acetophenone (ketone) ) miscible 3.02° UV—via (241} 13 202
benzoic acid (3} (carboxylic agid) - 0,07 1.00 UV—vis (231) 12F 249
methy] benzoate (eetar) - miscibla 2.55 UV—via (2T3) T =12 o
benzamide {3) {amide} 004 - .60 UV—via (225} 128 plic]
henzaidehyde (aldehyde) miscible 2.80 TV —vig (245} =28 178
bexane miagtible 0 gravimetrie . =96 59
1-chlorohexane (halogen) 0.26. 199 gravimetric -84 133
1-hexsanol {alcohal}, 0.26 185 Eravimetric -52 156
butyl ethyl ether (ather} 0.06 1.22 gravimetric —124 - 81
cyclohexane 0,21 _ o gravimetric’ E.5 21
2-hexanone {ketone} . miscibie 268 UV—vis (278) ~57 127
kexgnoic acid (carboxylic acid) 0.15 . 1.5% UVY—vis (219) ~3 - 202
methyl pentanoate {ester) 059 TV—wis (200) 128
hexanamide (<) (amide) ' T 008 ! 3.50 UV—vis (203) 104 925
1,4-butanediol ' 0 B 258 ' gravimetric i6




Discussion

- Solubility

— The compounds most similar to [bmim][PF.] will have
the highest solubility

— Benzene-based compounds are several times greater
than those of their hexane-based counterparts

« Compounds with larger dipole moments, excluding




CONCLUSION

CO, can completely extract a wide array of organic solutes from an
ionic liquid.

Using hexane, benzene roots and their substitute, a correlation
relating dipole moment to the amount of CO, necessary for solute
recovery has been established.

Intermolecular interaction between the organics and [bmim][PF.] do




APPLICATIONS '

Solvent extraction of strontium nitrate by a crown ether using room-temperature
lonic liquids
R~ Improving the ability of crown ethers to remove metal ions from aqueous
solutions.

R~ The highest distribution coefficient value is over four orders of magnitude
greater than those of the conventional extraction systems.

Extract phase D3(with crown D(without crown ether)
ether)




Molecular ordering of organic molten salts
Triggered by single walled carbon nanotubes[SWNT]

— Fukushima et al

Room temperature ionic liquids of imidazolium 1ons upon being
ground with single walled nanotubes form physical gels

PREPARATION OF BUCKY GELS OF ILs

(upper) Transparent
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DSC THERMOGRAMS

eXxo0. 1.0
.:L T, /\ —— cooling
o) 0.0 Sy J \
>
";' 1.0 .heating e W
S Bucky gel of BMIT{,N
e containing 0.5 wt % of SWNTs
@ -20
T
_3.0 .-l.l_.__l_;l.lal-l-l.]-j_.l-l‘_lnll
-100 -80 -60 -40 -20 0 20 40
Temperature (°C)
eXo. 1.0
L Tg —— cooling
v A
o 00—
3 sl
P heating ——
S .10}
£ |
-2.0

-100 -80 -60 40 -20 0 20 40
Temperature (°C)




Electron absorption spectrum of bucky gel of [bmiBF,]

q

:
3|

hebededo b b 2 b 2 221 3 34 A
400 600 800 1000 1200 1400 1600
Wavelength (nm)




XRD PROFILES
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PREPARATION OF BUCKY GEL POLYMERIZABLE OF ILs

1-(4-acryloxybutyl)-3-methylimidazolium
hexafluoro phosphate [ABMIPF ]

l

Suspension

SWNT | +

AIBN, grind for 1 hr




CONCLUSION

Use of polymerizable 1onic liquid as the gelling medium allows for
the fabrication of a highly electro-conductive polymer/nanotube
composite material

&  Substantial enhancement in the dynamic hardness
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