Room Temperature lonic Liquids
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What areionic liquids?

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

® No effective vapor pressure, thermal stability, wide
liquid, and large electrochemical window

Cations
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Historical Review

® First discovery of the room temperature ionic liquid

+ N-ethylpyridinium bromide-aluminium chloride melt(Hurley e
1951)

® Development of air- and water-stable imidazolium bas
Wilkes et al.(1992)

® Therange of available anions and cations has
enormoudly in the past decades.

® Application of Chemical synthesis
(Holbrey et al., 1999)

® Extraction of organic solute
(Blanchard et al., NatL
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Preparation (Hagiwara et al., 2000)

® Thereaction of N-alkylimidazole, RIm, with alkyl salts, R’ X In
appropriate organic solvents

¢ Rm+R'X — RR'ImM"X-

® The anion exchange using N-alkylimidazoli
+ Synthesis of alkylimidazolium halides
* RIm+R'X'—» RRIm*X’- A

+ Anion exchange by metath
corresponding acids @
¢ RRIM*X’'- +
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Preparation

® Example :1-Ethyl-3-methylimidazolium tetrafluoroborate
(Holbrey et al, 1999)
+ Tetrafluoroboric acid 0.116 mol(48% solution in water 15.2 cim
+ glver(l) oxide (0.058 mol) in water (50 cmd)

« Solution is stirred for afurther hour until al the silver(l)
completely reacted to give a colorless solution

+ 1-ethyl-3-methylimidazolium bromide(0.116
cm3) was added to the reaction mixture and s

+ Yellow precipitate of silver bromide wa
and heated at 70°C in vacuo.

¢ paeyedlow liquid, yield 21.36 @
¢ Cost

* Preparation : about 7
* Purchasing price
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Properties of lonic Liquids

® Melting point ( -96°C ~)
+ Melting point islowered as increasing length of alkyl chainin
cations. (Larsen et al., 2000)

» Theincreasing disruption of crystal packing overrides increas
der Waals interactions between the larger components.

¢ C-2 position of the imidazolium cation : Hydroger
» Carborane salts : Methylation of the C-2 positic
cations does not lower melting points. (La

 Tetrafluoroborate salts : The evidence
inconclusive.(Holbrey et al., 199€
 In general methylation of C-

— The effect of the van d
over the el ectrostati
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Properties of lonic Liquids

® Density (Hagiwaraet al., 2000)
¢ 1.1 ~ 1.6 g/cm?3 at ambient temperature (291~303K)

¢ The compounds of bulky, and therefore, weakly coordinating
anions such as CF;(CF,),SO, and (CF; SO, ),C possess Ie
high densities regardless of counter ions.

® Viscosity (Hagiwaraet al., 2000)
¢ Several tensto hundred times that of
¢ Longer alkyl chains of cation make

+ Structure and basicity of anior

» The decrease of the size
Interaction but incre
hydrogen bondi
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Properties of lonic Liquids

® Polarity
¢ The simplest indicators of solvent strength

+ Aki et a.(Chem. Commun., 2001)

* [BMIM][PFR{], [Csmim][PF4], [BMIM][NO;], and [N
more polar acetonitrile and less polar than methanc

* Thesesionic liquids are expected to be @t |
water

CCL

¢ Carmichad et a.(J. Phys. Org.
 1-akyl-3-methylimidazoli
* Anion: [PFg], [BF,], [l

* They areinthe sa
alcohols (metf
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Properties of lonic Liquids

m—b—r Water
S F — crem 2-aminomethanol
I:l-'H-rl:lil}-l:ll:I; ELEED | [C4min][NO3]
R —— T Fine] [CBmin][BF4]
oS e THEA] — 1 [C4min][BF4]
P T5]  [C8min][PF6]
I BT T methanol
RS "= [C8min|[BF4]
Armsral raeees | —3iTx]  Dimethyl sulfoxide
§ R ———— == [C8min][(CF3S02)2N]
o — - Fema ) ethanol
1 obemmnnd 2T | 1-butanol
- s JF ) 1- e | [C4min][PF6]
K teainmee E———L [C10minlREA]
P O & E FEIE N N-dimethviformamide
o ————— =7 Chloroform
T ETZE) dichloromethane
e — —___HERY Acetonitrile
; I — =ss7 | etrachloromethane
B i e }_ =

N-Hexane

Thermodynamics & Properties Lab.




Phase Behavior of lonic Liquid and Water

® The cross contamination of the aqueous and IL rich phases
¢ The presence of IL in the agqueous phase : Environmental prc

¢ The presence of water in the IL phase can dramaticall
physical properties

® General guidelineson IL/water miscibili
¢ Halide, ethnoate, nitrate and trifluorc

¢ [PF] and [(CF;SO,),N] @ Immis

¢ [BF,] and [CF;SO,] : total
the substituents on the c
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Phase Behavior of lonic Liquid and Water

® Vapor—Liquid Equilibria (Anthony et al., 2001)
¢ Using agravimetric microbalance(l GA 003, Hiden Ang

+ Measuring the weight change of IL phase aswe
Into ionic liquid

+ Water is more soluble in systems
rather than [PFg]. => higher che

+ Increasing the alkyl chal
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Phase Behavior of lonic Liquid and Water

® Liquid-Liquid Equilibria (Anthony et al., 2001)
¢ |IL contentsin the water-rich phase : UV-vis spectroscopy
+ Water content in the IL-rich phase : Karl Fisher titrator

¢ The mutual solubilites of water and [Cgmin][PF4] are lowe
those for the equivalent IL with a short alkyl chain, [br

solubilities.
Table 1. LLE Results for water with lonic liquids at ambi

IL in agueous phase

lonic Liquid wt. %
[Cgmin][PF] 0.7£0.1

[bmin][PF] 2.0+0.3
[Csmin][BF,] ‘
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Phase Behavior of lonic Liquid and Carbon Dioxide
(Blanchard et al., 2001)

® |arge quantitiesof CO, dissolvein the IL phase, but no
appreciable amount of IL solubilize in the CO, phase

® Thewater impurity intheIL isthe likely culprit respons
the low CO, solubilities in the water-saturated | L-ricr
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Figure 3. [bmin][PF]-
samples at 40°
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Phase Behavior of lonic Liguid and Carbon Dioxide

Table 2. lonic liquid-CO2 solubility(Xn,) and liquid molar volumes(mL/moal) at 40, 50
and 60°C and elevated pressures (Blanchard et al., 2001)

T=40°C T =50°C

lonic Liquid mL/ mL/
P(bar)  Xcop . P(bar)  Xcop

92.00 0.513 99.2 92.62

[bmin][NO,]

[Cgmin][BF,] 9290 0.708 96.9 9228 0.671 106.1 93.73 0.651 1115

[N-bupy ][BF,] 91.59 0.579

[emim][EtSO,] 92.68
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Phase Behavior of lonic Liquid and Carbon Dioxide

® The solubility of CO2inlILs
¢ The greast solubility in the ILs with the PR anion.
¢ The dlight change with temperature for all of theIlLs
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Figure 4. Liquid phase composition
liquid-CO2 mixtures at 40°C
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Application (1)

® Recovery of organic products from ionic liquids using supercritical
carbon dioxide(Blanchard et al, |& EC, 2001; Nature, 1999)

¢ Measuring the recovery rates of aromatic and aliphatic solutes fro
[bmim][PF]

¢ Thiswork has shown that CO, can completely extract a wide
organic solutes from an ionic liquid.
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Figure 6. Extraction of aromatic s
[bmim][PF] with SCCO, at 4
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Application (11)

® Solvent extraction of strontium nitrate by a crown ether using room-
temperature ionic ligquids(Dai et al., J.Chem.Soc.,Dalton Trans., 1999
¢ Improving the ability of crown ethers to remove metal ions from aque
solutions

¢ The highst distribution coefficient value is over four orders of
greater than those of the conventional extraction system

Extract phase D(with crown ether) D(witho

BuM e2l mPF6 4.2

BuM el mPF6 2.4x10t
EtMe2lmTf2N 4.5x10°
EtMelMTf2N 1.1x10%
PrMe2lmTf2N

PrMelmTf2N
Toluene
Chloroform
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