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crystals

e They are molten salts
that happen to be
“molten” around
ambient temperature
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R2

OH
dialkylimidazolium  alkylpyridinium trialkylethoxy pyrrolidinium
Cl _ _
X = PFg NO, Example of naming convention:
BF, CH,CO, 1-n-butyl-3-methylimidazolium
(CF;S0,),N CF,CO, tetrafluoroborate = [omim][BF ]
CF;SO,

Many others — 10° or more possible permutations!




— Organic, inorganic, polymeric materials
Can be catalytic as well as a solvent

Many potential applications
— Separations

— Lubricants

— Heat transfer / thermal fluids
— Plasticizers

J. F. Brennecke and E. J. Maginn, “lonic Liquids: Innovative Fluids for
Chemical Processing™ AIChE Journal 2001, 47, 2384-2389




o Stabili
e Cost

— Can we “design” better ionic liquids?
» Synthesize and test new molecules
» Use molecular modeling to gain fundamental understanding

— Method of use
 Liquid absorbent
o Supported liquid membrane
 Physical / chemical absorbent



[hmmim]: R, = CH;5, R, =CH;,

[omim]: R,=C;H,;,,R,=H

j/_\ Kl_Rl

[hmpy]: R; = CgHy4

Fo,. |=\F



Solubility of Various Gases in [hmpy][Tf,N] at 25°C

0.35

e COo
0.30 11 =& c2H4 % %
A Q2 i
® 0254| v C2H6 §
O ¢ CH4
S ¢
e
o 0.20 -
=] ®
 wr]
o©
& 915 1 ) . $ i $
2 . ey
> 0.10 - B g
@ Y
® = v
0.05 A _ v
g ¢ ¢ % ¢ ¢ ¢
oonfd o 2 R . . .
0 2 4 6 8 10 12 14

Pressure (bar)

Large CO, capacity, good selectivity for physical absorbent!
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C2 Methyl Substitution Effect on CO, Solubility at 25°C
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« Synthesis of new compounds
e Experimental solubility measurements



oStructure of single ion pairs

L ocal ordering and energetics of CO, binding

sPotential parameters for classical condensed phase simulations
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Strong CO, association with anion,
regardless of the cation: anion dominates
CO, physical absorption behavior
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® [hmim][Tf,N], H=31.6 bar
m [hexafluoroimid][Tf,N], H = 28.5 bar
A  [octafluoroimid][Tf,N], H = 27.3 bar
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OH

1-hexyl-3-methylimidazolium 1-hexyl-3-methylimidazolium
lactate methylmalonate

[hmim)][lactate] [hmim][mm]
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— but higher energy cost for regeneration
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Bates, E. D.; Mayton, R. D.; Ntai, 1.; Davis, H. D., J. Awm. Chem., 2002, 124, 926.



[hmim][Tf,N] - Absorption, H = 31.6 bar
[hmim][Tf,N] - Desorption
[omim][acetate] - Absorption, H = 2.99 bar
[bmim][acetate] - Desorption
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Good purity

Reasonable stability

AR
SNTSNTN"ONH,
\—/
~NTf,

Low yields
Moderate purity
Quickly degrades

AN M AN

~NTf,

Good yields of Br
Poor purity
Water soluble

\NJ%N/\/\NHZ
- NTf,

Improving yields

Improving purity

Reasonable stability




Summary

Initiated feasibility study of using ionic liquids for
CO, capture

— Physical
— Chemical

Gaining an understanding of the factors
responsible for high capacity / solubility

Synthesized several new Ionic liquid compounds

Demonstrated 56% increase in low pressure CO,
physical sorption over previous liquids

— EXxpect to do even better

Investigating new compounds
— Chemical complexation
— Better physical absorption



e Research Team
— Prof. Joan Brennecke
— Dr. JaNeille Dixon
— Jessica Anderson
— Dr. Haizhong Zhang
— Dr. Sudhir Aki
— Dr. Mark Muldoon



M = Li, Na, K, Ag
Y = PFg, BF4, NO3,
CF3S03, (CF3S05)-N



Henry's Law Constants for CO,, O,, and N, in Several ILs at 25°C
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Experimental setup:
Gravimetric microbalance
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IH and *C NMR
Br-and NH,* ion-selective electrode

ICP-OES (Inductively Coupled Plasma
Optical Emission Spectroscopy) for Ag*

Karl-Fisher Titration for water content







Mole Fraction of Cu,

Comparison of CO, Solubility of Various ILs at 60°C
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